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In the article titled “Local Dimming Algorithm of Automotive
LCD Instrument Based on Otsu and Maximum Entropy” [1],
Figures 2–9 have been replaced within the article due to legal
reasons. As a result of this the change to the sample figures,
Table 3 has also been revised and updated within the article.
This does not affect the conclusions of the article.

FIGURE 2: Block effect simulation diagram.

ðaÞ ðbÞ

ðcÞ ðdÞ
FIGURE 3: Effect comparison of backlight smoothing algorithm: (a) original image; (b) backlight image; (c) traditional BMA; (d) improved BMA.
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ðaÞ ðbÞ

ðcÞ ðdÞ
FIGURE 4: Effect comparison of pixel compensation algorithm: (a) original image; (b) backlight image; (c) traditional pixel compensation;
(d) improved pixel compensation.

ðaÞ ðbÞ

ðcÞ ðdÞ
FIGURE 5: Sample image: (a) low brightness; (b) high brightness; (c) low contrast; (d) high contrast.
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FIGURE 6: Low brightness image simulation diagram: (a) max; (b) average; (c) sqrt; (d) SD; (e) ECM; (f ) CDF; (g) IMF; (h) new.
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FIGURE 7: High brightness image simulation diagram: (a) max; (b) average; (c) sqrt; (d) SD; (e) ECM; (f ) CDF; (g) IMF; (h) new.
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FIGURE 8: Low contrast image simulation diagram: (a) max; (b) average; (c) sqrt; (d) SD; (e) ECM; (f ) CDF; (g) IMF; (h) new.
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FIGURE 9: High contrast image simulation diagram: (a) max; (b) average; (c) sqrt; (d) SD; (e) ECM; (f ) CDF; (g) IMF; (h) new.

TABLE 3: Objective evaluation results.

Algorithm
Low brightness High brightness Low contrast High contrast

SER OFR CR SUM SER OFR CR SUM SER OFR CR SUM SER OFR CR SUM

Max 65 80 60 70.71 70 80 68 68.73 70 80 80 77.20 75 80 80 78.33
Average 85 50 70 63.38 80 80 85 83.16 80 62 80 69.17 80 80 85 81.92
Sqrt 65 65 50 60.34 70 80 72 71.26 70 74 70 72.40 75 85 80 79.74
SD 80 60 60 64.09 70 80 80 76.33 70 70 80 71.19 75 85 85 81.66
ECM 70 70 60 66.89 70 80 75 73.16 70 74 80 73.60 75 85 80 79.74
CDF 80 70 60 68.94 70 80 80 76.33 70 71 80 71.80 75 85 80 79.74
IMF 85 55 80 68.91 70 80 85 79.50 80 62 80 69.17 75 85 85 81.66
New 85 85 70 80.34 80 80 85 83.16 80 82 80 81.20 80 85 85 83.33
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With the economic growth in recent years, urban construction has also developed rapidly. In developing countries, the pursuit of
rapid development has also brought about huge energy consumption, energy shortage, and environmental pollution. It is urgent to
find and develop renewable energy. In order to understand the role of renewable energy materials in urban landscape design and
ecological environment protection, replace nonrenewable materials with renewable energy materials, and reduce urban pollution,
we analyze the available energy for buildings in urban areas and optimize the allocation of various available resources. Energy,
improve energy efficiency, so as to save energy, protect the environment, and coordinate the development of energy, economy,
and environment. Renewable energy is also known as alternative energy, sustainable energy, or nontraditional energy. It is
energy that can be obtained from nature and can be replenished naturally. Experimental results prove that the energy required
for traditional material consumption is much higher than the consumption of renewable energy, and its range is more than
50%. Renewable energy can replace the role of nonrenewable energy. This article hopes to stimulate more relevant architects to
think about this subject through the research and analysis of renewable energy.

1. Introduction

The rational use of renewable resources such as solar energy,
geothermal energy, and bioenergy in urban buildings will
contribute to the sustainable development of urban energy,
economy, and environment. Through the analysis of the avail-
able energy in urban buildings, rationally optimizing the dis-
tribution of various available energies and improving energy
efficiency, the goals of energy conservation, environmental
protection, and coordinated development of energy, economy,
and environment can be achieved. With the development of
the new era, the concept of sustainability has gradually pene-
trated into the hearts of the people, and the design of gardens
must also develop with the trend of the times. Starting with the
functionality of the garden, to a certain extent, make the
garden a purification system for the urban environment and
play a role in buffering air pollution. Therefore, on this basis,
the design of urban gardens must be highly coordinated with

the planning of related cities, and the different functions of
gardens should be brought into play according to the content
of urban planning. Therefore, it is necessary to study the
design of urban building energy system and coordinate the
available energy distribution of various buildings from the
urban planning level. In this way, the sustainable use of energy
can be ensured, the utilization of energy can be maximized,
and the urban ecologicalization can be realized.

Renewable energy collection embedded system is a technol-
ogy that uses renewable energy to have the characteristics of
wide distribution, sustainable collection, and low cost, and to
efficiently collect and store renewable energy while replacing a
single battery as the energy supply unit of the embedded system.
However, in terms of energy harvesting and storage, the tech-
nology is still affected by environmental changes and the limita-
tions of traditional energy storage technologies, resulting in
irregular and unpredictable input energy in the energy harvest-
ing process, energy conversion, and high energy consumption
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of the energy storage system. The development and utilization
of new energy and renewable energy are the basic requirement
for implementing the scientific development concept and
building a resource-saving and environment-friendly society.
It is an urgent need to adjust the energy structure, save energy
and reduce emissions, and reasonably control the total energy
consumption. At the same time, it is also an important way to
protect the ecological environment, deal with climate change,
develop the rural economy, and cultivate strategic emerging
industries. This paper aims to explore the relationship between
urban landscape design and ecological environmental protec-
tion in the application of environmental protection and
renewable new energy materials, in order to make a certain
contribution in this regard, so as to inspire more relevant
architects to think about this topic.

For sustainable development, experts at home and abroad
have conducted many studies. Samadi P is concerned about
the load dispatching and power trading issues in systems with
high penetration of renewable energy (RER). The game theory
method is used to simulate the interaction and excess genera-
tion between users. The simulation results show that the pro-
posed algorithm reduces the user’s energy expenditure. The
proposed algorithm also promotes the use of RER by encourag-
ing users to consume excess power locally instead of reinjecting
it into the grid [1]. Yang P formulated the cost minimization
problem of storage and power generation planning, while con-
sidering the initial investment cost and operation/maintenance
cost, and proposed a distributed optimization framework to
overcome the difficulties caused by the large-scale optimization
problem. The results will help to make decisions about energy
storage and power generation capacity planning in future
decentralized grids with high renewable penetration rates [2].
Rezaei R’s model focuses on the unified theory of technology
acceptance and use (UTAUT), which is extended to study the
factors that influence the intention to use renewable energy.
Using the structural equation model’s multiple techniques
and adding attitude variables as mediating variables in the
model, it was found that the predictive ability of the model
increased by 19%, providing evidence for five mediation paths
in the cognitive process of renewable energy use intentions [3].
Wu Y considered cost-effective energy dispatch for residential
smart grids equippedwith centralized renewable energy. Quan-
tify the best use of renewable energy to achieve a trade-off
between the system-wide benefits of using renewable energy
and the related costs due to its fluctuation; evaluate how the
fluctuation of renewable energy affects its optimal develop-
ment. A distributed algorithm with high computational effi-
ciency is proposed to determine the best use of renewable
energy and related energy scheduling decisions [4]. Rahim S
conducted a comparative evaluation of the performance of
home energy management controllers designed based on heu-
ristic algorithms, introduced general demand-side manage-
ment (DSM) architecture, and used a combination model of
time-of-use electricity prices and inclined block rates for energy
pricing. The simulation results show that all the designed
energy management models have significantly achieved our
goals and proved to be a cost-effective solution to improve
the sustainability of the smart grid [5]. The purpose of the
Athari M H study is to use an optimized fuzzy logic controller

(FLC) to examine the impact of time-varying power prices on
the performance of the energy storage components of the
grid-connected hybrid renewable energy system (HRES). Con-
sidering that the grid electricity price has a considerable impact
on the performance of the energy storage components running
on the grid-connected HRES, because the weekly and daily
optimized FLC results in less working hours of fuel cells and
electrolyzers, and less SOC fluctuations [6]. The Dogan E
empirical study analyzed the impact of actual income, renew-
able energy consumption, nonrenewable energy consumption,
trade opening, and financial development on CO2 emissions in
the first few countries listed in the EKC model. It is found that
by using CADF and CIPS unit root tests, the analyzed variables
become stable at the first-order difference, and the analyzed
variables are cointegrated by using the LM bootstrap cointegra-
tion test. The increase in renewable energy consumption, trade
opening, and financial development reduced carbon emissions,
while the increase in nonrenewable energy consumption con-
tributed to the level of emissions [7]. These studies provide a
lot of reference for this article, but due to insufficient relevant
research data and old research methods, the conclusions of
the research cannot convince most people.

The innovations of this paper are as follows: (1) The con-
cept, technical principles, and characteristics of regional build-
ing energy planning are analyzed. On this basis, the method of
urban regional building energy planning is studied, and the
basis of urban regional building energy planning is proposed.
(2) Through analysis and evaluation, the available amount of
conventional energy and renewable resources in urban areas
can be obtained, which can provide strong data support for
the comprehensive planning of urban building energy, thereby
promoting energy, economic, and sustainable development.
(3) Use the urban building energy planning method proposed
in this paper to carry out energy planning for new urban
buildings, combining theoretical research with practical engi-
neering cases.

2. Research and Use Methods of Renewable
New Energy Materials

2.1. Renewable New Energy. Renewable energy is also called
alternative energy, sustainable energy, or nontraditional
energy. It is energy that can be obtained from nature and can
be supplemented naturally, such as wind energy, solar energy,
hydro energy, geothermal energy, biological energy, and ocean
energy. [8]. The main reasons why humans use renewable
energy are as follows. The advancement of science and tech-
nology has made such energy more “easy to use.” Fossil energy
is limited, not only will its price increase day by day, but it will
eventually run out. Certain renewable energy sources (e.g.,
wind, hydro, and solar) do not emit greenhouse gases (e.g., car-
bon dioxide) and therefore do not increase the risk of the
greenhouse effect. To improve energy supply security, reduce
reliance on imported fossil fuels, andmeet the demand for sus-
tainable energy. As a clean energy source, renewable energy is
environmentally friendly and sustainable. However, along with
its advantages, the use of renewable energy is still limited due
to some disadvantages.
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First of all, one of the main disadvantages is climate depen-
dence, because these energies continue to exist in different geo-
graphical spaces, so the available energy changes in the order of
magnitude all the time [9]. The solution at this stage is to apply
multiple forms of renewable energy hybrid collection technol-
ogy to enable the energy collection system to continuously col-
lect energy from the natural world. The second disadvantage is
that the energy collection efficiency is low, and the energy
collection cost is high. In addition to geothermal energy collec-
tion, compared with traditional energy collection technology,
the cost of renewable energy collection is much higher than that
of traditional energy collection systems. Therefore, reducing the
cost of renewable energy collection and improving energy utili-
zation efficiency are key issues. The third is technology develop-
ment and commercialization. Nowadays, some high-efficiency,
stable, and sustainable collection technologies for renewable
energy are still under development [10]. Practice has proved
that renewable energy can not only provide clean alternative
energy, but more importantly, it can also stimulate the develop-
ment of related industries such as equipment manufacturing. It
is an effective way to speed up the transformation of economic
development mode and the adjustment of economic structure
in the post-international financial crisis period.

Renewable energy harvesting application technology
mainly includes five parts: energy harvesting, electric energy
conversion, electric energy transmission, electric energy stor-
age, and electric energy use. Due to the frequent and unpredict-
able changes of renewable energy, the collected energy cannot
be directly supplied to the load. Therefore, the collected energy
needs to be rectified or stored to supply power to the load [11].
The main function of the regenerative energy storage system
(ESS) and energy management system (EMS) is that in addi-
tion to efficient storage of the collected energy, it can also play
a role in “shaving peaks and filling valleys” to reduce energy
fluctuations and slow down the load caused by fluctuations.
The energy management system includes data acquisition
and monitoring system, automatic power generation control
and economic dispatch control, power system state estimation,
safety analysis, and dispatcher simulation training system.
Renewable resources and nonrenewable resources are generally
shown in Figure 1:

In the analysis of the energy storage process, the part of the
object or space that is delineated in order to determine the
research object is called the energy storage system. It includes
energy and matter input and output, energy conversion, and
storage equipment. Energy storage system (ESS) can be divided

into physical energy storage, chemical energy storage, and elec-
tromagnetic energy storage in terms of characteristics and
methods. Among them, flywheel technology, pumped water
energy storage, and compressed air energy storage technology
belong to physical energy storage; superconducting and super-
capacitors are electromagnetic energy storage technologies;
lead-acid, lithium ion, sodium sulfur, and liquid batteries are
electrochemical energy storage technologies [12, 13]. Small-
scale low-power storage technologies are mainly lithium-ion
batteries, lead-acid batteries, and super capacitors. Traditional
ESS is mainly based on lead-acid batteries and lithium-ion bat-
teries. Energy storage systems often involve multiple energies,
multiple devices, multiple substances, and multiple processes.
They are complex energy systems that change over time and
require multiple indicators to describe their performance.
Commonly used evaluation indicators include energy storage
density, energy storage power, energy storage efficiency, energy
storage price, and impact on the environment. With the devel-
opment of ESS technology, people are paying more and more
attention to supercapacitor technology. Table 1 shows the com-
parison of the characteristics of three energy storage devices.

The role of the EMS is to protect, detect, and control the
ESS to ensure the safe and efficient operation of the ESS and
to extend the service life of the ESS. The main functions of
EMS include protection functions, state and parameter esti-
mation, and energy balance and redistribution functions
between single cells [14].

With the development of China and the further improve-
ment of people’s living standards, people have higher and
higher requirements for the comfort of the indoor thermal
environment of residential buildings, which will lead to a
further increase in the energy consumption of residential build-
ings [15]. Currently, urban energy, economic, and environ-
mental issues have become issues of concern to the world.
How to use energy reasonably, improve the overall energy effi-
ciency of urban buildings, optimize the energy distribution of
urban buildings, and protect the urban environment on which
mankind depends for survival is a long-term interest issue in
the world today.

2.2. Renewable Energy Collection.We conduct research on tra-
ditional wind energy collection, solar energy collection, and
storage technologies. The structure, parameters, and their
mathematical models and equivalent circuits of energy con-
version devices will be analyzed separately [16]. At the same
time, the I-V curve and P-V curve of solar energy collection

(a) Renewable resources (b) Non-renewable resources

Figure 1: Renewable and nonrenewable resources.
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and the Cp-λ, Cp-ω characteristic curves of wind energy
collection are listed for the model.

Wind energy is a kind of available energy provided to
human beings due to the work done by air flow and belongs
to renewable energy. The kinetic energy of air flow is called
wind energy. Wind energy harvesting includes energy conver-
sion devices (WT) and control systems. In wind energy collec-
tion technology, accurate modeling of wind energy conversion
devices is particularly important. Because in order to efficiently
collect and transform wind energy, MPPT is required. The
MPPT technology is inseparable from an accurate wind energy
conversion devicemodel. TheWTmechanical energy collection
model is as follows:

Pm = 1
2 pπr

3v3Cp, ð1Þ

where Pm is the mechanical power (W), r is the radius of the
WT blade, v is the wind speed, and Cp is the power coefficient.
Expressed by the tip speed ratio function Cp, the relationship
between the power factor and the tip speed ratio is shown in
the following formula:

Cp λ, βð Þ = c1 c2∂ − c3β½ �e−c6∂ + c7λ, ð2Þ

∂ = 1
λ + 0:05β

� �
−

0:025
1 + β3

� �
, ð3Þ

where λ is the tip speed ratio and β is the blade pitch angle
because the constant parameters are different for different
WTs. For the convenience of research, suppose the blade pitch
angle β ofWT is 0. Therefore, the maximummechanical power
at a given wind speed P max is:

P max = 1
2 pπr

3v3Cp λopt
� �

, ð4Þ

λopt =
rw
v

⟶wopt =
λoptv

r
: ð5Þ

The above formula can be rewritten as:

Pmax =
1
2 pπr

5 Cpmax

λ3opt
∗
λ3optv

3

r3
, ð6Þ

Kopt =
0:5pπr5Cp max

λ3opt
: ð7Þ

From the above reasoning, the relationship between the
power coefficient and the tip speed, as well as the relationship
between the power and the angular speed of the rotor, can be
obtained.

Figure 2 is a schematic block diagram of the wind energy
collection system. The control system can sample the motor
speedω and output voltage, current, and power. Then, the sys-
tem will calculate the maximum power point. If the output
power of the WT needs to be adjusted, the control system
can adjust the WT gearbox or control the DC-DC circuit to
achieve MPPT.

Solar energy is produced by the fusion of hydrogen and
helium atoms inside the sun to release huge nuclear energy,
which is the radiation energy from the sun. The vast majority
of human energy needs come directly or indirectly from the
sun. Solar energy collection technology is similar to wind
energy collection technology and also requires mathematical
modeling of energy harvesting devices, and at the same time
depicting output characteristic curves and MPPT strategy
design based on mathematical models [17]. Different from
wind energy harvesting, the solar energy output energy wave-
form changes more slowly. Therefore, the output voltage of
the device can be regarded as direct current and does not
require AC-DC rectification.

After the PV device is made, it needs to be packaged. The
package structure mainly includes the front plate, solar cell,
sealing layer, back plate, protective frame, and junction box
[18]. The front panel can increase the mechanical strength
and rigidity of the PV. It should be noted that the front panel
must have good penetration and low reflectivity for light with
wavelengths from 350nm to 1200nm; the back panel provides
physical protection for the PV and can pass through the back
panel. Surface reflection improves the efficiency of PV.We use
the single diode model to describe the characteristics of the

Table 1: Comparison of characteristics of three energy storage devices.

Lead-acid batteries Lithium ion battery Super capacitor

Energy density (Wh/kg) 25-55 85-300 5-55

Power density (W/kg) 25-55 160-500 699 − 105

Cycle life (times) <499 499-3000 >106

Cell voltage (V) 1-2 2-3 3-5

Equivalent internal resistance (Ω) <1 <1 <0.01
Self-discharge High Low Generally

Safety Generally Lower High

Environmentally destructive Higher Generally Lower

Market Saturation Develop Great potential

4 Journal of Nanomaterials
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photovoltaic cell, and the PV equivalent circuit is shown in
Figure 3:

According to Kirchhoff’s first law definition [19], the
battery output current satisfies the formula:

I = Iph,cell − Id,cell − IRsh,cell
: ð8Þ

In order to determine the volt-ampere relationship of the
PV cell, it is necessary to determine the parameters such as
the sum of the cell. The function relationship between the
induced current of the PV cell equivalent circuit and the
irradiance and temperature is shown in the formula.

In order to determine the volt-ampere relationship of the
PV cell, it is necessary to determine the parameters such as
the sum of the cell. The function relationship between the
induced current of the PV cell equivalent circuit Iph,cell and
the irradiance and temperature is shown in the formula:

Iph,cell =
G
Gref

Isc,ref + KiΔTð Þ, ð9Þ

where V is the output voltage of the PV cell and Tref is the
output current of the PV cell. The current absorbed by the
internal resistance of the PV cell equivalent circuit Gref is
as follows:

Id,cell = Is,cell exp
V + IRs,cell

nV th,cell

� �
− 1

� �
, ð10Þ

where V is the output voltage of the PV cell and I is the
output current of the PV cell. The current absorbed by the
internal resistance of the PV cell equivalent circuit is as
follows:

IRsh,cell
=

V + IRs,cell

� 	
Rsh,cell

, ð11Þ

where Ish,cell is the shunt resistor of the PV cell. Saturation
current of PV battery diode:

Is,cell = Isref ,cell
T
Tref

� �3
exp

qRq

nK

� �
: ð12Þ

For any given x ∈ X, there is a uniquely
determinedμAðxÞ ∈ ½0, 1� membership function value corre-
sponding to it, and the fuzzy set can be expressed as:

μ~A xð Þ: X⟶ 0, 1½ �: ð13Þ

Generally, the expression of fuzzy sets is as follows:

~A = μ~A x1ð Þ
x1

+ μ~A x2ð Þ
x2

+⋯+ μ~A xnð Þ
xn

: ð14Þ

This method of representation is also called Zadeh nota-
tion. It can also be expressed in ordinal notation:

~A = x1, μ~A x1ð Þð Þ, x2, μ~A x2ð Þð Þ,⋯, xn, μ~A xnð Þð Þf g, ð15Þ

Or, use vector notation:

~A = μ~A x1ð Þ, μ~A,⋯, μ~A xnð Þf g: ð16Þ

The definition of the distance function is as follows: For all
x!1 ∈ Γ

d x!
� 	

=min x! + x!1




 


� 	
: ð17Þ

D

C

Gearbox

Control system

L

R

C

W

Out

Figure 2: Wind energy collection system.

+
–

Ph, cell
D

Rs, cell

Iph, cell

Rsh, cell

Figure 3: PV equivalent circuit diagram.
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From the definition, when the unknown point is on the
boundary, the function value is 0. Find the nearest point on
the boundary and mark the nearest point, the value of the dis-
tance function is

d x!
� 	

= x! − x!c



 


: ð18Þ

From the definition of the distance function, the specific
definition of the signed distance function is:

ϕ x!
� 	

= d −x!
� 	

= 0, x! ∈ Γ

ϕ x!
� 	

= −d x!
� 	

x! ∈ ψ
: ð19Þ

The signed distance function is a subset of the implicit
function and has all the properties of the implicit function dis-
cussed in the previous section. Using the signed distance func-
tion can simplify many level set methods for dealing with
implicit functions.

Zi = TT xnm−f ∉ R
nð Þ: ð20Þ

When solar and wind energy are sufficient, that is, the col-
lected energy is greater than the energy consumed by the
equipment, in order to avoid energy loss and maximize the
use of the collected energy, it is necessary to store the excess
energy [20]. Due to the irregular, unpredictable, and serious
environmental impacts of the output power of solar and wind
energy collection systems, the ESS of the collection system is
mostly multicell cascade. This increases the difficulty of mon-
itoring the battery module [21].

2.3. Regional Planning of Urban Landscape Design. Urban
landscape is a broad, comprehensive, and difficult to define
profession in architecture. A city is a complex organism,
and housing and architecture should be the main body of
it, complemented by a space environment other than archi-
tecture. The two together are called urban landscape.

Landscape planning refers to the activities of compre-
hensively determining and arranging the nature, scale,
development direction, main content, infrastructure, com-
prehensive spatial layout, construction staging, and invest-
ment estimation of landscape construction projects. Urban
garden planning is a complex and important project. Cer-
tain principles must be followed to achieve good results.
The construction of gardens on the basis of following the
corresponding principles can achieve a multiplier effect
with half the effort. Urban landscape refers to the natural
landscape beauty inherent and created by the landscape
function in the human settlement environment. It can
make the city have natural landscape art and make
people feel comfortable and happy in urban life. Generally
speaking, urban landscape design needs to follow the fol-
lowing principles:

(1) The principle of function. The main function of
urban gardens is to maintain the physical and mental
health of residents and protect the local natural ecol-
ogy. Humans and nature are the two key points of
garden construction and cannot be ignored

(2) The principle of economy and efficiency. There is no
doubt that economy is the foundation of garden con-
struction, and efficiency is the driving force of

Hot user

Feed water
pump Deaerator

Chemical
hydration

Condensate backwater

Boiler Steam turbine

(a) Back pressure steam turbine unit process

Hot user

Condenser

Condensate
pump

Feed water
pump

High pressure
heater

Deaerator Low pressure
heater

Chemical
make-up water

Boiler
Steam turbine

(b) Pumping condensing unit

Figure 4: Typical process of two groups of units.

Table 2: Changes under different voltages and currents.

Experimental parameters Parameter value

Charge switching frequency 1 khz

Circuit PWM modulation pulse frequency 400 khz

Buck mode input voltage range 5V-25V

Buck mode input current range 0-1.5 A

Buck mode output voltage 5V

Boost mode input voltage 3V-12V

Boost mode input current range 0-5A

Boost mode output voltage 15V
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garden construction. How to achieve economy and
efficiency is a key issue that relevant departments
and units should think about

(3) The principle of recycling and regeneration. As the
concept of sustainable development gains roots in
the hearts of the people, recycling and regeneration
have become the focus of urban development. We
must not only make good use of the recycling and
regeneration functions of nature, but also must pro-
tect these functions. Nature’s gifts to us are never
infinite, and if we abuse them uncontrollably, the
consequences will be disastrous

How to comprehensively utilize the energy resources
available in the region is the key to the energy planning of
urban buildings. It is particularly necessary to consider
advanced and reasonable comprehensive utilization technolo-
gies of energy resources in the regional building energy plan-
ning and to rationally configure various resource supply
systems. The back pressure steam turbine unit refers to the
steam turbine unit that directly supplies the steam of the steam
turbine to heat users for heating, and this unit corresponds to
the condensing unit [22]. The exhaust steam condensing unit
has holes in the appropriate position, and the steam turbine
condensing unit that releases part of the steam for heating is
called the exhaust steam condensing unit. The steam extraction
method of this unit is divided into two types: adjustable exhaust
and nonadjustable exhaust. Provide thermal users with adjust-
able output, and the system uses nonadjustable output. The
typical flow of the unit is shown in Figure 4.

The heat, power, and cold cogeneration system is based
on the basic idea of cascade utilization of energy, uses natu-
ral gas as fuel, and uses natural gas-burning equipment such
as micro internal combustion engines, gas internal combus-
tion engines, and small gas turbines. The waste heat gener-
ated after the high-temperature exhaust gas is used for
heating in winter, cooling in summer, or supplying domestic
hot water [23]. The system makes full use of high-
temperature exhaust gas and increases system efficiency to
80%, thereby saving a lot of time. Compared with the central
power generation-long-distance power transmission, the
natural gas heat-electricity-cooling three-electric system sig-
nificantly improves the overall energy efficiency. For exam-
ple, the current output efficiency of large power plants is
about 30%-40%. If the cogeneration system is used for
waterfall energy utilization, the efficiency of the power sup-
ply system can be increased by about 40% compared with
the conventional power generation system. At about 80%,
there is no transmission loss problem.

District cooling technology can also use rivers and lakes,
sea water, urban sewage, or steam produced by thermal power
plants as cold and heat sources. Combining the actual situa-
tion of the urban area, the Dalong Lake and the hot water
pipeline of the thermal power plant can be used. Therefore,
the regional cooling in the urban area is suitable for heating
pipelines and the surrounding areas of rivers and lakes. The
application object is the density of buildings and the larger plot
ratio. At the same time, with the application of a large temper-
ature difference and a small flow energy supply system, the
pipe diameter of the entire system can be reduced, and the

Table 3: Different energy harvesting classifications.

Energy harvesting technology Equivalent internal resistance Output voltage (V) Output power Conversion efficiency

Electromagnetic induction technology 25-450 0-13 0.1-0.5W 35%-50%

Gear transmission technology 50-200 0-8 0.1-1.3W 20%-35%

Piezoelectric ceramic technology 50-280 0-30 10mW-30mW 80%-85%

RF receiving technology 5 k-45 k 0-0.5 0.002mW-0.1mW 5%-15%
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Figure 5: Changes in step-up and step-down.
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flow rate of the water pump can be reduced, thereby saving
operating costs and initial equipment investment. Therefore,
through the combination with district cooling technology, ini-
tial investment and operating costs can be saved [24].

3. Experiments and Results of Renewable New
Energy Materials

3.1. Energy Changes. In the experiment, we first display the
collected energy conversion efficiency and make statistics
on the changes under different voltages and currents. The
results are shown in Table 2:

It can be seen that in this experiment, the input voltage
range of the step-down mode is 5V-25V, the output voltage
is 5V, and the output current range is 0A-1.5A; the input
voltage range of the step-up mode is 3V-12V; and the out-
put voltage range is 5V-25V.

The capability classification of different energy harvest-
ing technologies is shown in Table 3:

We compare the two-stage charge pump with the single-
stage boost. Under the same experimental conditions, when
the two-stage charge pump and the single-stage boost/buck
circuit rise from 4.5V to 15V and from 24V to 5V, apply

the voltage simulated by OrCAD—the time results are
shown in Figure 5, where Figure 5(a) is boost and
Figure 5(b) is buck:

It can be seen that when the buck/boost topology circuit
is used alone for voltage regulation, as the horizontal axis
voltage rises, the conversion efficiency decreases almost lin-
early. The secondary voltage regulating circuit added with
the charge pump will slow down the decline of the conver-
sion efficiency of the circuit at the mode switch by changing
the mode of the charge pump voltage regulation [25].

3.2. Comparison before and after Transformation. The ultimate
goal of developing new energy is to realize the sustainable
development path of low energy consumption, high energy
efficiency, less pollution, and diversified energy supply for eco-
nomic and social development. We calculate the carbon emis-
sion reduction and energy saving of new energy and renewable
energy in the region, and the results are shown in Table 4:

We compare new energy materials using wind and solar
energy with traditional materials. By comparing their carbon
dioxide emissions, recycling capacity, time cost, and energy
consumption, we first make statistics on carbon emissions,
and the results are shown in Figure 6:
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Figure 6: Comparison chart of carbon emissions statistics.
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It can be seen from the comparison of the figure that in
the comparison of the carbon emissions of different mate-
rials within one month, the carbon emissions of traditional
materials are much greater than that of solar and wind
energy, with an average daily emissions of about 0.4, which
is twice as high as that of solar and wind energy. Many, great
damage to the environment, needs to be changed.

We have carried out statistics on the recycling capacity of
different materials, conducted multiple simulations, and took
the average value for comparison. The results are shown in
Figure 7:

It can be seen that the current recycling rate of materials
is not ideal, especially in traditional materials, the recycling
rate is about 35%, while for renewable energy, the recycling
rate can reach about 85%, which greatly improve the protec-
tion of the environment.

We have made statistics on the time required after each
piece of material is produced. Of course, due to the lack of rel-
evant technology, our statistical time is only fuzzy time and
not very accurate. The statistical results are shown in Figure 8:

As can be seen from the figure, in the time shown for the
production of materials, the average time required for mate-
rials produced by traditional methods is about 0.6 h, while
the average value of wind energy and solar energy is about
1 h. This is due to the requirements of solar and wind energy
for climate. Higher, the display is not stable, which also
causes the traditional method to produce materials faster
than renewable energy. We use environmentally friendly
materials to plan the city, and the virtual image is shown
in Figure 9:

At present, the environment in which we live has
become worse due to energy consumption, and people have
gradually realized the importance of protecting the environ-
ment. Therefore, we have compared the energy consumed by
different materials, and the results are shown in Figure 10.

It can be clearly seen that the energy required for the
consumption of traditional materials is much higher than
that of renewable energy, which is more than 50% higher.
This is also due to the different production methods of the
materials. Regarding the role that different materials can
play in urban landscape design, we have compared the exist-
ing data and obtained relevant results. The results are shown
in Figure 11.

It can be seen that in the eyes of most people, traditional
materials have been more and more questioned due to their
serious damage to the environment. People’s pursuit of envi-
ronmentally friendly materials and renewable energy has
become more and more urgent. Advantages, it has become
more and more people’s first choice [26].

4. Discussion

Carbon dioxide and other greenhouse gas emissions are
causing global climate change, posing a serious threat to
human survival and sustainable economic and social devel-
opment. Therefore, climate change is not only an environ-
mental issue, but also a development issue.

By analyzing and researching the energy planning con-
cepts, technical principles and characteristics of building
regional energy planning, it is concluded that the building
regional energy planning mainly includes the setting of
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regional energy-saving strategic goals. Determine the avail-
able energy resources and the development of energy con-
struction in the region. And forecasting the energy load of
the region, select the appropriate energy system and techni-
cal route, and evaluate the energy utilization rate of the
regional energy system and the possible impact on the
environment.

In the field of architectural planning, how to rationally
arrange the location of buildings and plants to achieve natu-
ral ventilation and natural lighting, and in a single building,
how to integrate solar energy, solar cells, solar water heaters,
range hoods, biogas, and geothermal heat to make rational
use of ground-floor dwellings are all issues that need to be
considered. In this regard, this paper proposes some techni-
cal solutions by adopting the method of software-assisted
analysis. Among them, the key to passive design is to handle
the relationship between the building and the environment
and nature, plan and overall design in the plot, and choose
the appropriate building layout and courtyard shape, and
the environmental elements such as plants and ponds must
be reasonably matched with the building.

For natural ventilation, the key is to organize the ventila-
tion channels and vents; for natural lighting, the building’s
shading system and day lighting system must follow the angle
and track of the sun. These are all used in traditional resi-
dences, especially in the planning of new residential districts,
and they should be planned and laid out in detail. For the
use of energy, priority is given to selecting renewable energy
sources, such as solar energy, biogas energy, and geothermal
energy. Solar energy is abundant, and solar power generation
is nowmainly used in areas where there is no grid, and it needs
to be popularized due to its high cost. Solar water heaters have
a big trend and can be used in engineering and construction
applications, but they still face many challenges.

Generally speaking, the use of renewable energy in daily
life has been very extensive, and various energy sources have
their own application ranges and limitations. In order to
make the effective use of renewable energy, various energy
sources should complement each other in the application.
This article analyzes the device and packaging structure of
the PV cell and then in-depth study of the equivalent circuit
model of the PV cell. According to the PV cell equivalent
circuit model, the mathematical model and power-voltage
output characteristic curve of the PV cell are derived. In this
way, based on the output characteristic curve and mathe-
matical model of the PV cell, the PV cell can be controlled
by MPPT to obtain the maximum output power.

5. Conclusion

At present, most countries in the world have realized the
importance of a good and environmentally friendly living envi-
ronment to people, and have begun the ecological construction
and design of modern human settlements, and have achieved
some results, solving the problem of satisfying people’s living
conditions. Quality requirements, so in the contemporary
human settlement environment, we should see the ecological
philosophy and spiritual connotation of traditional residential
buildings, which in many aspects show its advanced and mod-
ern concept of ecological environmental protection. Fully use
and use it for reference to the modern living environment,
and build a modern residential area suitable for modern people
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with a good ecological environment, energy saving, and intelli-
gent. This is also our long-term pursuit of the modern living
environment. Of course, the research in this article also has
its shortcomings. The article only considers the comparison
of solar energy and wind energy to renewable energy, and does
not give more introduction to other environmentally friendly
energy sources. The design of energy harvesting does not meet
the design requirements. Therefore, in future research, this
paper will design a self-starting system for the energy harvest-
ing system to further improve the efficiency of energy harvest-
ing. According to the characteristics of wind and solar hybrid
energy harvesting, a dedicated energy harvesting controller
chip is designed to reduce the energy consumption of the
energy harvesting circuit, reduce the circuit volume, and
improve the efficiency of energy harvesting. However, due to
the limitation of time and technology, we did not further dis-
cuss the design of urban garden landscape. We will also con-
duct in-depth discussions in the follow-up, in order to make
certain contributions in this regard.
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In the era of technological advancements in healthcare and medicine, monitoring of health status and treatment conditions has
been made convenient by the development of various categories and forms of biomedical sensors. They have been
incorporated within watches and mobile phones and can be worn as stand-alone based on user preference. However, the
longevity, cost, and sustainable functionality have impeded its adoption within the population. In this review article, we have
introduced a concept of bridging the textile industry and biomedical sensors to yield a self-powered biomedical system that
operates on textile-based energy harvesters. Textile-based wearable systems have been compared to E-skin-based systems. The
energy released by different actions in human motion has been quantified along with insights on its effective utilization in the
form of energy harvesters in the subsequent sections. Information on designing such a textile-based system with schematics
has been done. This review focuses on the development and connection of textile-based energy harvesters to existing models of
biomedical sensors.

1. Introduction

Traditionally, hospitals with state-of-the-art instruments
and patient monitoring facilities have taken precedence
when an individual needs aid with diagnosis, treatment,
operation, or postoperative care. Monitoring of an individ-
ual’s vital organs/systems, such as heart rate, body tempera-
ture, and ECG, has been done in the presence of a doctor
within a hospital or a doctor’s office room. It is also well
known that the treatment of certain medical conditions that
necessitate intensive care units (ICU) is expensive not only
for the patient but also for the hospital because they must
invest in the upkeep of medical equipment such as blood

pressure cuffs, oxygen saturation meters, thermometers,
breathing, and urinal tubes [1, 2]. Even when the patient is
shifted from an ICU room to a general care unit, the major-
ity of the equipment is shifted as well for postoperative mon-
itoring. However, various tubes and needles on the patient
body, even after surgery for the monitoring of the vitals,
cause a great deal of pain and discomfort as by this stage,
the effect of anesthesia given during the operation wears
off. This prompted the health-care professionals in the med-
ical field to raise the need for an effective and less expensive
setting for the patient’s treatment. Consequently, the inte-
gration of nanotechnology, medical, and electronics had
opened ways to develop biomedical devices with outstanding
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features of drug delivery, real-time health monitoring of
physiological parameters, and even the recording of nerve
stimulation [3]. This gave birth to the smart health monitor-
ing systems that possessed sensors for obtaining medical
information from the patient connected to them that can
sometimes wirelessly transfer real-time details to the moni-
tor of the health-care professional were known as portable
biomedical devices, which revolutionized the health-care
system. With the boom of material science and miniature
technology, biomedical devices could also be implanted or
attached to the skin (wristwatches/smart bandages).

Medical treatments, on the other hand, can sometimes
last for months, and in other cases, the patient may need
to make the device a permanent part of their life. For such
long-term use, biomedical devices had to be built with large
batteries, which resulted in substantial models that required
frequent replacement, as well as increased consumer dis-
comfort. Moreover, this psychologically creates a negative
impact on the wearer’s mind reminding them of the partic-
ular medical condition, which has clinically proven to
impede recovery rates. Additionally, the apparent visibility
of such devices implanted or attached to the skin is hard to
miss for an onlooker who quickly identifies the wearer to
be a patient or sick, which no wearer finds appealing as for
most people their treatment tends to be a matter of privacy.
These limitations of traditional biomedical devices have
undoubtedly raised the need to develop a self-sustaining
power system for a biomedical device to counter the need
for frequent replacement of batteries.

The progress of fabrication technology and biocompati-
bility has seen the textile industry contributing to the bio-
medical field in intensely effective ways. Due to the
material advancements made, biosensors can now be inte-
grated into textiles to make wearable clothes for people [4].
This textile-based system processes and transmits the biosys-
temic data with vital information directly to the health pro-
fessional, thus solving the psychological impact of wearing
visible biomedical devices and increasing the mental as well
as emotional wellbeing, therefore overall benefitting the
health of the individual. Textile-based biomedical devices
also possess the ability to not only harvest but also self-
generate energy.

In this review paper, we aim to emphasize the impor-
tance of these textile-based energy harvesters. We begin by
highlighting the different categories of wearable health
devices and elaborate on the unique features of human
motion to understand the energy generated from a human
body. This will be followed by the various textile-based
energy harvesting systems for application in the biomedical
field and an overview of self-powering textile-based wearable
systems. The relevant information will be summarized in the
final section of this review.

2. Different Types of Wearable Biomedical
Devices [WBD]

2.1. E-Skin-Based WBD. Electronics that possess an excellent
ability to stretch and showcase elasticity/flexibility with a
certain extent of self-healing capabilities are referred to as

electronic skin. These are popularly used in the field of pros-
thetics development, artificial intelligence, robotics, and now
even in health monitoring systems [5–8]. E-skin-based
WHC devices mimic the capabilities of the human skin
and try replicating its function towards external environ-
mental stimuli such as heat, pressure, and temperature.

E-skin, also known as artificial electronic skin, comprises
sensors and actuators that receive the biosystemic informa-
tion and convert it into a form of signal that can be proc-
essed, communicate the information, and self-powered.
The regions of the skin on which these components are
put; biocompatibility and ability to stretch in response to
the demands of human mobility, as well as comfort and
lightweight for the user with a reasonable shelf life, are all
factors in the material selection process. Biofluid-proof
materials are required in some instances. The overall device
performance of such WBD pertains to the type of materials
and substrates used, dimensional structures incorporated
into the design, signal processing units, overall architecture,
and design formed and size of the storage units. The appeal
of E-skin-based WBD devices to potential wearers ultimately
depends on functionality but is also more influenced by cost
and esthetic appearance.

Typical substrates used for making flexible E-skin-based
WBD include a wide variety of polymers segregated and
chosen based on Young’s modulus (for flexibility) and deg-
radation temperature (transition temperature, Tg) in addi-
tion to the factors mentioned in the above paragraphs
(refer to Table 1). These include poly-dimethyl-siloxane
(PDMS), poly-ethylenetereph-thalate (PET), poly-ethylene-
napthalate (PEN), poly-ether-sulfone (PES), poly-ether-
ether-ketone (PEEK), polycarbonate (PC), and polyimide
(PI) [9–15]. In some cases where the transparency of the
appearance of the device needs to be altered, liquid crystal
polymer and eco-flex are also utilized as substrate materials
that are opaque and translucent in nature [16–18].
Figure 1 illustrates the different types of such WBD devices
used in the health-care system.

A key component in these WBDs is the range of sensors
used. Sensors tend to make or break the entire functionality
of the device [11, 12]. The different types of sensors used are
demonstrated in Figure 2.

The interaction of the biotic and abiotic components, as
well as a robust interface between them, is the key focus for
E-skin-based or any skin-based implants [19, 20]. From a
manufacturing standpoint, Ray et al. [21] emphasized the
necessity of biointegrated devices for health monitoring to
be user-specific. There must be excellent compatibility of
the implant-/skin-based devices with the texture of the skin,
size of the body part, and lifestyle of the wearer. One of
many drawbacks of such an approach is the utilization of
gel-based adhesive sensors in the manufacturing of skin-
based biomedical devices that cause skin irritation. More-
over, large-scale manufacturing of such a technology cannot
dwell into the user-specific details; thus, the end product
might be of comfort to some but discomfort to others. Apart
from this, the dynamic nature of the human biology system
that is in continuous contact with rapidly evolving environ-
ments poses a significant challenge to the performance of
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these devices. Moreover, they do not provide continuous
health data (real time), making it hard for the health profes-
sional to determine the disease onset, which is attributed to
the limited power from batteries requiring replacements.
This naturally creates the need to develop a counter mecha-

nism that can record and transmit continuous biosystemic
data without causing discomfort and involving replacements
of batteries. The interconnection between textile-based
WBD (parent system) with textile-based energy harvesters
as power supply unit is the proposed solution in our work.

Table 1: Substrates used to develop E-skin-based WBD.

Substrate material Td
0C
� � σ

Wm−1K−1 Transparency Young’s modulus Pa References

PDMS 150 0.15-0.17 Transparent 0.3-3M [9–13]

PET 120 0.15-0.24 90% transparent 2800-3100M [9, 14, 15]

PEN 160 0.15 87% transparent 2500M [9, 14–16]

PES 190 0.18 89% transparent 2400-2800M [10, 14, 15]

PEEK 240 0.25 NA 3600M [10, 14]

PC 150 0.19 92% transparent 2400M [15]

PI >300 1.3 30%-60% transparent 2500M [10, 14]

Liquid crystal polymer (LCP) >350 0.3 Opaque NA [17]

Ecoflex NA NA Translucent 0.027-0.029M [18–20]

E-skin for brain
interface

E-skin for cardiac
monitoring

E-skin for monitoring of
wound

E-skin for sensing
motion

E-skin for prosthetics

E skin for insole

E skin for
monitoring
body
temperature

Figure 1: Showcases the various forms of E-skin-based WBD system application.
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Figure 2: Different types of sensors applied in E-skin-based WBD.
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2.2. Textile-Based WBD. Textile-based wearable biomedical
devices (WBD) had been the invention that was born out
of necessity on the battlefield. The concept of an “intelligent
garment” was developed since people’s lives depend on
immediate medical attention, which is not always possible
in a war zone. Primary objectives were to constantly monitor
the vital organs of the soldier/wearer with additional features
of military benefit including enemy weaponry knowledge by
measuring the penetration of bullets on the garment. A
group of doctors residing on the military base camp was sent
the information directly transmitted from the garment, thus
enabling constant monitoring. Smart textiles were born as a
result of this concept gaining traction in the fields of material
science, electronics, and medicine.

As clothes are worn at all times by people of all age
groups, making these clothes, the source of medical infor-
mation has gained monumental appeal from the biomedical
professionals. Unlike noninvasive (electronic skin) and
invasive (implants) counterparts that result in psychological
stigmatization and discomfort in terms of physical wear-
ability and technical drawbacks as highlighted in the above
section, the textile-based health monitoring system provides
the wearer with mental, psychological, and overall well-
being. This is mainly achieved due to the easy incorpora-
tion of energy harvesters into the framework design of
smart textiles.

From the customer/patient point of view, the function-
ing of smart textile is as simple as wearing a new shirt. The
functionality of such a patient-oriented biomedical inven-
tion is summarized in Figure 3.

The sensory unit constitutes arrays of wearable sensors
integrated within or onto the textile because the textile is
made up of flexible fiber. This allows for the gathering of
biomechanical data to be done without interruption while
taking into account the natural or movement-induced defor-
mation that occurs in humans. Based on the type of stimuli,
sensors could be piezoelectric, capacitive, resistive, and tri-
boelectric, which will be explained later in this review.

Research and development of low-dimensional elec-
tronic systems have made it possible to integrate various

components onto various substrates and, more importantly,
textile products. Simultaneous research into the deposition
of coatings onto fibers to synthesize conductive materials/
polymers has backed up the former. Further research has
now enabled these conductive materials to function as actu-
ators and transducers, which are crucial components of the
processing unit shown in Figure 3.

We have taken this one step further and categorized
smart textiles into three broad categories, namely, active,
passive, and very active smart textiles. Passive smart textiles
are believed to be the primitive of the group as these only
possess the capacity to make changes to their properties
based on stimuli. Optical fibers are popular inventions that
come under this category.

Active materials, on the other hand, are the next genera-
tion of materials capable of making decisions about how to
react to external stimuli. However, the convergence of the
textile industry and biomedical field took place on the devel-
opment grounds of third-generation smart textiles. These
not only could sense and make decisions but also configure
themselves based on the stimuli, thus opening opportunities
to monitor health via apparel and clothing, known as very
active smart textiles.

Furthermore, the interpretation and response unit is
nearly identical to that of an E-skin-based WBD, with
the exception of the level of monitoring, which is not con-
tinuous in an E-skin-based WBD due to battery and
energy requirements.

Modern society is showing signs of becoming more
health conscious. The demand to have a constant update
on health and having control over it has pushed even the
biggest telecom companies, IT industry, and brands to
incorporate health applications within mobile phones and
gadgets to make them more appealing. However, these are
not built to provide disease onset information, postoperative
care, or well-rounded health information. Many medical
professionals find data from such devices unreliable due to
the vulnerability of glitches.

Thus, the goal of this review is to emphasize the neces-
sity of using the human body as a source of energy and
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Figure 3: Patient-oriented textile-based WBD.
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storing it in order to power the WBD, which can only be
truly effective with a textile-based approach. The following
section will comprehend this approach better by highlight-
ing the enormous amount of energy that can be harnessed
from various parts of the human body.

3. Underutilized Marvel: The Human Motion

The calculations of energy given out by the different body
parts have been provided by Riemer and Shapiro [22] in
their comprehensive work. Our human body per day
releases energy equivalent to 20 kilograms of AA batteries
with 2500mAh each, approximately around 800-850 in
number. Thermal and movement centered activities are a
common outlet for such energy expenses. We can eradicate
the adversities associated with modern technology that lack
the convenience of long-haul usage attributed to exhaustible
power sources/batteries by harvesting this unexploited
energy source to power electronics.

The energy to perform human motion is gained from
biomolecules such as carbohydrates, proteins, and fats.
Energy converted from them by our body for utilization
(specific energy) is 35 to 100 times more than the batteries
used in the present day, according to Rome, L. C [23]. How-
ever, more than 70% of the energy consumed is released
towards the atmosphere, thus bringing the mechanical effi-
ciency of the body to less than 30%, validated by Vélez Día
and Moreno Gutiérrez [24] in their study. Another reason
why the marvel of human motion needs to be explored is
to harness all the wasted energy.

According to studies, when a person moves freely, such
as during running, energy is generated in various parts of
the body. The data in Table 2 depicts this energy in terms
of power.

Ultimately, these energies are born and released by the
muscles involved in the respective motion. Therefore, to
effectively harvest the energy, it is vital to consider the mus-
cular phases—positive muscle work and negative muscle
work. These phases occur during a single act of motion.

Any work done by muscles to generate motion is consid-
ered the positive phase of work of the muscle and the termi-
nation of the motion is the negative phase, in which energy
is absorbed to perform this task. Eminent works of Riemer
and Shapiro [25] and Alexander [26] validated that the con-
traction of muscle fibers due to the application of torque at
the muscle joint in the same direction of the angular velocity
results in motion constituting the positive phase. However,
an energy harvester present at this phase to extract the
energy developed here would increase the minimum energy
required to perform the task, also known as metabolic cost.
The body would have to exert more energy to perform the
same task which would lead to a detrimental effect on health;
therefore, knowing which energy to harvest is crucial. On the
other hand, the negative phase involves the opposite of the
former. Therefore, an energy harvester placed at this point
would hamper no natural motion. Additionally, more
energy harvesting can be performed in the regions where
the human body gives off energy to the environment.

The heat generated from the human system, according
to Carnes, if quantified, amounts to around 100W, which
is released towards the surroundings is underutilized.
Thermo-electrical generators can only make use of sensible
heat and not latent heat. The temperature difference is the
main driving force for sensible heat, and occasions such
as sweat evaporation harbor in latent heat. Consider the
movement of the arms, the first motion is related to the
movement of the elbow (between the forearm and upper
arm), and the second motion is related to the upper arm
and humorous bone involving the changes in the move-
ment of the shoulder. It was recorded for an average male
subject, and the percentage of negative work was between
35-40% for the elbows and 60-63% for the shoulders. An
average of 2.2W of power was generated just by casual
walking in these regions, quantified by Winters [27] and
his research team.

The most common act of carrying a heavy load on the
shoulder may be a bag among children or military troupe
or lifting heavy bags of groceries since the power generated
as negative work is going to increase for both arm and shoul-
der. This concept is also called the center of mass motion. In
efforts to simplify, it can be best understood as quantifying
the energy from a relative motion between the bag and the
person carrying it. Research has shown that for each kilo-
gram, 1W of energy could be available for usage. Thus, the
region of shoulders could have energy harvesters, and hands
could have special gloves possessing them. This energy could
power up WBD that serves monitoring purposes for the
upper body in addition to the energy dissipated as heat.

Heel strike, for instance, while walking, occurs each time
when the heel strikes the ground. Fair to say, the higher the
distance between the heel and the ground higher the energy
release. This means that jumping, jogging, and other activi-
ties can provide more energy release than walking at a casual
pace. Shorten [28], a researcher engaged in quantifying
energy loss during heel strike, relied on a previous study
[25] that showed energy loss occurs when walking towards
the sole. More than 10 J of energy loss occurred based on
his calculations when his heel struck the ground. This
energy, if harvested, could provide power to the biosensors
in WBD. The amount of energy harvested depends on the
area of contact from where the loss takes place. In this case
of heel strike, socks and shoes are the only two things that

Table 2: Energy expenditure by various parts of the body.

Body movement Energy released (W)

Elbow 0.78W

Finger motion 6.9-19mW

Shoulders 1.34W

Breathing band 0.83W

Hip 7.2W

Knee 33.5W

Ankle 18.9W

Heel strike <10W
Blood pressure <1W
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provide continuous and maximum contact. Socks and soles
of shoes developed with energy harvesters could be material-
ized through the merging of the textile industry and elec-
tronics. Not only can it harvest, but when connected to
WBD can provide sustainable livelihood for the long haul
as it could probably serve as an inexhaustible source of
power to the biomonitoring devices, thus enlightening the
importance of developing textile-based energy harvesters.
As mentioned in earlier sections, textile products and
apparel are the most effective since they are the only compo-
nents with the most considerable contact with the skin and
human body. As a result, establishing a link between
textile-based energy harvesters and wearable biomedical
devices is the most natural strategy for addressing contem-
porary difficulties and the key to revolutionizing the
biomedical-electronics industry.

4. World of Smart Textile

4.1. Birth and Development of Fabrics. The textile industry
has come far from producing fabrics, polymers, and
apparel merely for esthetic needs. In the age of personal-
ized health care, personal attire has become the primary
medium to deliver medical services. Textiles have been
well known to outperform traditional electronics in terms
of stretchability and comfort. Modernization has enabled
the textile industry to enter an entirely new genre of appli-
cation by utilizing various techniques to impart functional
qualities to their polymers.

A textile-based monitoring system, as explained earlier,
requires sensing and transducing functions; these capabili-
ties can be built into the system either by coating it on the
textile and using it as the substrate or by using a polymer
that itself has transducing capabilities, thus earning itself
the name of smart textile. It is essential to understand the
hierarchy of processes involved in fabric development. A
piece of fabric is an amalgamation of individual fibers (yarn)
interconnected in various manners such as knitting, weav-
ing, net formation, tufted, and nonwoven. Additionally, the
evolution of composite fabrics enables the fabrication of
multi-functional fabrics, formed when two or more types
of fabric are interconnected. The following Figure 4 show-
cases the various forms of fabric development for a clearer
understanding [29].

The coating of functional materials (sensing and trans-
ducing) can occur during the lower dimensional stage of
the hierarchy and, in the final, thus being more flexible than

traditional electronics. However, one must keep in mind that
each fabric structure has its own properties and will serve a
specific application better than others. Therefore, the choice
must be based on the common ground where the application
meets the properties offered by the polymer.

The geometrical properties of a fiber are its area of cross
section and length; the chemical properties of a fiber are
determined by its reactivity/inertness to alkaline and acidic
environments; and the physical properties of a fiber are
determined by the crystallography of the polymer used to
make it. Tracton’s [30] and Luo and Van Ooij’s [31] elabo-
rative works provide insightful light on this aspect. The final
performance of the coated polymer will depend on the inter-
facial reaction (between the surface of coating and the sur-
face of fiber) as the surface chemistry will also determine
the nature of bonds formed between the coating layer and
fiber and dictate the reversibility of the process.

4.2. Designing. The process and approach to designing are
quite different from the traditional method of printing elec-
trical components onto a circuit board. This variation is
attributed to the versatility of textiles. As explained above,
it is a very application-based approach.

The first step must be to realize what is the expected
function of the smart textile and the degree of wearability
(ranges from static to fully wearable). Based on step one,
the substrate, fabric structure, sensing, and transducer-
coating materials should be decided which becomes step 2.
During the coating process, it is extremely crucial to obtain
a uniform layer of coating. Cover factor C and power factor
(PF) must be calculated according to Equations (1) and (2).
According to Tracton and colleagues’ paper, the penetration
of the coating into the fiber is calculated using

C = w ∗ dw + f ∗ df −w ∗ f ∗ dw ∗ df

� �
, ð1Þ

where w is the number of warp threads per inch, f is the fill-
ing threads per inch, dw is the diameter of warp in inches,
and df is the diameter of the filling yarn in inches.

PF = Fabric Density
Fiber Density = W ∗VFabric

W ∗VFiber
= VFiber
VFabric

ð2Þ

In the scenario of nonuniform coating, micro-cracks for-
mation probability increases, leading to overall deforma-
tions. Moreover, the optimal functioning of the sensor is
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Figure 4: Variations in fabric development.
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inversely proportional to the nonuniformity of the coating.
Therefore, proper adhesion of the coating, as well as its uni-
form thickness, plays a prime role. Mechanical, chemical,
and plasma-based surface modifications can aid in ensuring
the same. The research of Luo and Van Ooij is an excellent
resource for learning more about surface modification tech-
niques. In step 3, the chosen transducing material will deter-
mine the kind of power source and the system would need to
function. In step 4, the data transferring system must be
finalized. In addition, since the necessity for textile-based
energy harvesters has been established in previous sections,
step 5 is an extra step indicated by this study, which is to
introduce connections between the parent system and an
energy harvester that can aid in the constant supply of
energy. Finally, in step 6, testing of the entire set-up must
be performed.

4.3. Textile-Based Energy Harvesters. Textile-based energy
harvesters provide numerous advantages over standard bat-
teries in various biomedical devices already in use, including
unlimited capacity, convenience, low maintenance, and no
need for battery replacement. There are undeniably a slew
of concerns at the individual, technical, and environmental
levels that are driving the shift to textile-based energy har-
vesters. These energy harvesters make use of the energy that
is wastefully released by the human body (mentioned in sec-
tion III). On an average day, inclusive of all the activities per-
formed by a normal individual, the biomechanical energy
sums up to approximately 70W. Thus, being able to utilize
this and use it as a source of power for smart textiles rather
than regular batteries is an intriguing, environmentally
benign, and sustainable option that deserves careful consid-
eration. Textile-based energy harvesters like smart textiles
follow a similar process of fabrication. These harvesters
can sense and transform energy from one form to another.
They come in a variety of shapes and sizes, depending on
the type of energy they convert or transform.

4.3.1. Triboelectric Energy Harvester. Mechanical energy
expensed by the body is the leading source for the generation
of electricity. It is an amalgamation of two processes: triboe-
lectrification (resultant of the physical contact between two
materials with varied electron affinity) and electrostatic
induction (the potential difference that is created when two
opposite charge carrying materials are separated). The shift
towards miniature technology has shown property enhance-
ment as the size of materials shifts from the macro-micro-
nanoscale. This section will focus on energy harvesting tri-
boelectric nanogenerators (TENGs). In 2012, Wang and
his team introduced this concept and demonstrated its capa-
bilities. Many notable research works have also showcased
the advantages offered by TENGs [32–37]. TENGs can
potentially harvest energy from sound, wind and vibrations.
Furthermore, its fabrication involves materialistic diversity,
thus aiding in choosing the material as specific as the appli-
cation demands.

Zou et al. [38] have proved, and the TENGs can be made
of materials such as cotton, wool, silk, artificial fiber, rubber,
and polyurethane. As explained in Section 4, fabrics can be

coated with various functional materials. Therefore, bridging
the two concepts gives birth to a textile-based triboelectric
energy harvester [39, 40]. A common concern with textile-
based biomedical systems is washability. This concern was
washed away by Ning et al. [41] who worked on a textile-
based TENG that could generate a peak voltage of about
1050V by measuring the friction within the clothes during
everyday activities. They used nanofiber with high hydropho-
bic properties to impart the convenience of washing. The
nanofiber was then woven into a nonwoven textile substrate
via a shuttle flying process, and they have shown that a sim-
ple fabric (lab coat) can be incorporated with such a func-
tionalized polymer fiber to generate electricity (Figure 5).

Their work intends to showcase the importance of bridg-
ing the merits of textile-based energy harvesters to solve the
predicament faced by textile-based WBDs. In their work,
they used electricity to power 54 LEDs. By replacing the
LEDs with an inlet with a textile-based WBD system, we
can have a sustainable long-lasting energy source that will
ultimately enable continuous monitoring of vitals.

Zhou et al. [42] proved that using functional fiber
inserted into textile could aid physiological monitoring using
the power it generated in a newly published study. A combi-
nation of nylon fabric (positive) and polyester (negative)
served as the source for triboelectrification with a conductive
silver fiber fabric at the center. These textile-based TENGs
developed by team Zhou et al. [43] were breathable, wash-
able, and convenient, and they went on to produce alternat-
ing current by exploiting the energy expense at the arm
joints during elbow movement. These composite fibers can
feed in energy to textile-based WBDs, as shown in Figure 6.

When the principle behind the different forms of textile-
based energy harvesting is understood, this enables the con-
junction of two other energy harvesting systems as well.
Interconnection between the two energy harvesting systems
and material compatibility with textile manufacturing pro-
cesses must be well understood before undertaking such a
feat. To guide the reader towards understanding the same,
we have highlighted the works of Chen et al. Chen et al.
[44], in their work, explained the energy harvesting from
not only mechanical sources but also solar at the same time.
Another important highlight of their research was the inter-
connection technique used to connect the two different
energy harvesters. They developed two modules, one being
the module that harnesses energy from incident radiation
of the sun, hence photovoltaic, and the second being the tri-
boelectric/TENG, which harnesses power from the friction
in the body motion, the action of wind blowing, vibrations,
and deformations.

This was achieved using a polymer fiber-based solar cell
and interlacing two polymer fibers with varied electron affin-
ity to generate a triboelectrification effect. Another impor-
tant aspect to note is that they ensured all the chosen
polymer-fiber/electrodes were compatible for industrial tex-
tile processing. Figure 7 shows the interlayer distinction of
one such fabric-based TENG in the form of a yarn.

Within the photovoltaic module, the ZnO/dye becomes
the interface region where electrons and holes get separated
due to the energy from incident sunlight, forming electron-
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hole pairs. The wire-shaped counter electrode acts as a col-
lector for holes, while electrons move through the semicon-
ductor’s conduction band. They are then collected at the
photo anode, thus generating electricity from solar energy.
Within the TENG module, the two PTFE strips are placed
adjacently and interlaced with the copper electrode. When
any deformations occur, mechanical excitation causes the
two PTFE strips to come into contact, followed by deforma-
tion removal, resulting in a backflow of electrons between
the electrodes, eventually leading to the current generation,
as seen in Figure 8.

Both the independent modules were interconnected by
counter electrodes, and copper was used as the common
electrode. The interconnection procedures and materials
used are explained in the same work. Moreover, the interla-
cing and other processes are also presented as visual aids/
videos for the reader in their supplementary information.
Thus, this work showcases the vast potential of such hybrid
textiles possessing more than one energy harvesting system.
The electricity generated from their hybrid textile was signif-
icant enough to charge a cell phone and an electronic watch
under ambient conditions. If in a similar manner, this power
generated could be connected to a textile-based WBD (par-
ent system), this could lead to a fully self-powered textile-
based biomedical device.

4.3.2. Piezoelectric Energy Harvesting. Piezoelectricity is the
term for the generation of electricity by converting mechan-
ical energy to electrical energy through the use of a specific
material and motions involving any compression-based
deformations (from the human body’s perspective), whether
caused by movements, the wind, or being struck/squeezed.
Thus, most wearable electronics possess a piezoelectric com-
ponent within their design. Textile-based piezoelectric
energy harvesting similarly will possess a patch of piezoelec-
tric material at the location of the source of mechanical
energy [45–50]. Just as TENGs for triboelectric generators,
here for piezoelectric energy harvesting, we have piezoelec-
tric nanogenerators (PENGs). Polyvinylidene fluoride
(PVDF) is the most commonly utilized material component
for textile-based PENG because it is easy to incorporate into
a fabric substrate [51, 52].

For a personalized health monitoring system, such a
fabric-based patch can be directly attached or incorporated
into the textile, with the help of interconnections, and the
energy generated from the PENG module can be utilized
to power the textile-based WBD (parent system) [53, 54].
Qin et al. [55] developed ZnO-based PENG on a Kevlar fiber
by hydrothermal process. Since the fiber is coated with ZnO
utilizing a fiber and twisted layer, the force created by
stretching can be determined as illustrated in Figure 9. Tet-
raethoxysilane was utilized as a mechanical strengthening
component, and the whole structure generated a voltage of
2.2V with a current of 60-120 nA. This fabric-based PENG
could be used to detect heartbeat and extract energy from
it to create power under low-frequency biomechanical
energy conditions.

Yang et al. [56], in their works, explored a similar appli-
cation of employing ZnO nanowires for textile-based PENG.

Mn Cul
CuZnO/Dye

Figure 7: Fabric-based TENG in yarn form.

Washable
TNG for
arm joint
energy
extraction

Figure 6: Arm joint energy exploitation by washable TENG.

TNG
incorporated
into lab coat

Figure 5: Application of lab coat.
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They were able to produce an oscillating voltage up to 50mV
during the action of stretching and releasing. An ultrahigh
piezoelectric voltage of 0.79Vm N − 1 was developed by
Chen and his team. They synthesized lead zirconate titanate
(PZT) fibers via sol-gel technique, and a layer of polydi-
methylsiloxane (PDMS) was coated on it. On the application
of pressure, the strain created flowed through the PZT fiber
and passed the PDMS to generate charges during their test-
ing. They suggested that by using more efficient piezoelectric
material to coat a fiber substrate, the output voltage of 1.63V
that was observed could be improved. Further to harness the
energy from a human arm, Zhang et al. developed a woven
fabric generator of BaTiO3-PVC composite fiber, which pro-
duced a voltage of 1.9V. Gu et al. [57] further added to this
research where they explained vertically aligned PENGs
yield more voltage. In their work, a voltage of around
209V was generated. This was a huge leap in the PENG
research. Such high output, if interconnected to a textile-
based WBD, could promote the shift towards a self-
powering health monitoring system.

Thus, it is logical to say that in order to produce flexible
textile-based PNG, the two electrodes used for PENG must
be flexible and fibrous, or else attaching to the human body
may not be a comfortable fit. We would like to highlight the
work of Ji et al. [58] and the team, as they developed a yarn-
based PENG in the form of a core-shell structure. There

were two conductive threads used, an inner layer (inner elec-
trode) and an outer layer (outer electrode). The piezoelectric
nanofiber BNT-ST/PVDF was wound around the inner elec-
trode. The core-shelled piezoelectric yarn/nanofiber was
braided with two strands of conductive thread (outer elec-
trode). For interested readers who wish to understand the
synthesis process of BNT-ST/PVDF nanofibers, it has been
elaborately explained in Ji et al.’s works.

This specific structural integration of components leads
to improved performance and durability as it is sensitive
towards bodily deformations. The core-shelled piezoelectric
yarn, which was braided with the electrodes, was then
directly stitched onto fabric to yield the final textile-based
PENG. When this textile-based PENG was tested, the output
voltage was found to be 50 kPa. Their work investigated that
the voltage variation is based on the length of the PENG
patch stitched, the stitching interval between the yarns and
the pattern of stitching. Thus, these factors must be consid-
ered as prime factors to evaluate the voltage output with pre-
cision. They are able to introduce this patch in gloves and
elbow region as a guard, and a considerable amount of
power can be generated as a result of stretching and bending
of these parts as illustrated in Figure 10.

Thus, if a shirt with textile-based WBD is developed, it
could incorporate these PENG patches at the source of defor-
mations, with proper interconnections between different
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modules, as shown by Chen et al. in their study. It may self-
generate the power required to run the device without the
need for batteries to be replaced.

4.3.3. Thermoelectric Energy Harvesters. Thermoelectric
energy harvesting systems have gained attention primarily
because of their working principle. It functions based on
the heat released by the human body and the temperature
gradient of the environment. It requires no additional defor-
mations or body movements or external sources of energy
such as sunlight. A thermoelectric energy harvester generally
possesses two sides: cold and hot (refer to Figure 11). The
hot side, which is between the rough skin surface and
smooth thermoelectric element, generates thermal contact
resistance. Subsequently, on the cold side, the heat is
released via convection. Normally, this region needs to have
a high surface area for higher convection. To incorporate the
thermoelectric materials onto textile, a preferred polymer is
poly (3, 4- ethylenedioxythiophene): poly (styrene sulfonate)
(PEDOT: PSS). This is a type of conductive polymer com-
plex. The main advantage of this polymer complex is the
ease with which it can be transformed into a full-fledged
textile-based system. Coating and spinning are the two main
methods that facilitate this incorporation.

In previous research works, both in-plane and out-of-
plane devices based on thermoelectric polymer-based tex-
tiles have been explored. Du et al. [59] coated cotton with
PEDOT: PSS and used a silver wire. The cotton strip was

35mmx 5mm, and it produced a maximum power output
of 12.16 nW. Using vapor deposition, p-doped PEDOT-Cl
was deposited onto cotton for an out-of-plane thermoelec-
tric device by Allison et al. [60]. The power generated was
around 4.5 nW.

In the most recent research work, Lund et al. [61] and
the team have developed eight thermocouples whose each
leg pair generates 2.3 nW per degree at a gradient of temper-
ature 65K with an overall power output of 1.2 microwatts.
The highlight of this research is not only the high power
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output but the compatibility of their textile-based thermo-
electric material with the existing textile manufacturing pro-
cesses for large-scale applications. This group has also
created plain and dyed conductive polymer rolls that are
wash and wear-resistant and ready to be woven and sewn.

Another intriguing finding from their research is the use
of conducting paste as an interface between thermocouples
to lower component contact resistance. To generate the
out-of-plane layout, they perform embroidery by hand to
hold the different layers of wool fabric in place, as shown
in Figure 12. Wool fabric was chosen for its comfort and
ability to generate a temperature gradient. Therefore, when
this textile-based thermoelectric energy harvesting system
is worn in low-temperature conditions, the body becomes
the hot region, and the external environment becomes the
cold; thus, the heat will flow from hot to cold region, which
results in the production of electricity, as shown in
Figure 12. With such research happening, in our review,
we would like to highlight once again the importance of cre-
ating a link between textile-based energy harvesters and
textile-based biomedical wearable devices. This could revo-
lutionize the field of health monitoring systems forever, as
the main drawback of traditional biomedical devices can be
addressed.

5. Conclusion

An increasingly health-conscious and convenience-driven
culture has prompted the convergence of technology and
medicine. As a result, a variety of invasive and noninvasive
wearable devices that can capture biosystemic data have
been developed, and they have proven to be useful in disease
diagnosis and detection. However, their effective acceptance
by wearers/patients has been hampered by their perfor-
mance life-span, wearability, expense, and comfort. Further-
more, its psychological impact has been identified as a
contributing factor in slow recovery rates. Fortunately, with
the advancement in miniature technology and the textile
industry, this new fusion can be the solution to the predica-
ments faced by traditional wearable devices. The solution
lies in bridging textile-based wearable biomedical devices

with textile-based energy harvesters which can provide the
continuous source of power that can be generated from the
wasteful energy released by various human motions using
source-specific textile-based nanogenerators. Therefore, we
hope to plant a seed of thought in the minds of the readers
and researchers about the importance of textile-based energy
harvesters and their vast but less explored potential.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors would like to thank the Innovation in Science
Pursuit for Inspired Research (INSPIRE) Faculty Program
through the Department of Science and Technology (DST)
funded by the Ministry of Science and Technology (DST/
INSPIRE/04/2017/002629).

References

[1] S. Park and S. Jayaraman, “Smart textile-based wearable bio-
medical systems: a transition plan for research to reality,” IEEE
Transactions on Information Technology in Biomedicine,
vol. 14, no. 1, pp. 86–92, 2010.

[2] M. Anderson, “What are the components of a patient monitor-
ing system? ATL Technology,” 2020, https://atltechnology
.com/blog/components-of-patient-monitoring-systems/.

[3] Y. Zhang, J. Ding, B. Qi et al., “Multifunctional fibers to shape
future biomedical devices,” Advanced Functional Materials,
vol. 29, no. 34, p. 1902834, 2019.

[4] S. M. A. Iqbal, I. Mahgoub, E. Du, M. A. Leavitt, and
W. Asghar, “Advances in healthcare wearable devices,” NPJ
Flexible Electronics, vol. 5, no. 1, 2021.

[5] S. J. Benight, C.Wang, J. B. H. Tok, and Z. Bao, “Stretchable and
self-healing polymers and devices for electronic skin,” Progress
in Polymer Science, vol. 38, no. 12, pp. 1961–1977, 2013.

[6] A. dos Santos, E. Fortunato, R. Martins, H. Águas, and R. Igreja,
“Transduction mechanisms, micro-structuring techniques, and
applications of electronic skin pressure sensors: a review of
recent advances,” Sensors, vol. 20, no. 16, p. 4407, 2020.

Direction of
current flow

D
ire

ct
io

n 
of

he
at

 fl
ow

Skin
Temp: 35°C

Temp: 30°C – 35°C
Surrounding

Wool

Figure 12: Embroidery into wool fabric and current generation.

11Journal of Nanomaterials

https://atltechnology.com/blog/components-of-patient-monitoring-systems/
https://atltechnology.com/blog/components-of-patient-monitoring-systems/


[7] H.-H. Chou, A. Nguyen, A. Chortos et al., “A chameleon-
inspired stretchable electronic skin with interactive colour
changing controlled by tactile sensing,” Nature Communica-
tions, vol. 6, no. 1, p. 8011, 2015.

[8] T. Someya andM. Amagai, “Toward a new generation of smart
skins,” Nature Biotechnology, vol. 37, no. 4, pp. 382–388, 2019.

[9] J. Mark, Polymer Data Handbook, Oxford University Press,
New York, 1999.

[10] M. C. Bélanger and Y. Marois, “Hemocompatibility, biocom-
patibility, inflammatory and in vivo studies of primary refer-
ence materials low-density polyethylene and
polydimethylsiloxane: a review,” Journal of Biomedical Mate-
rials Research, vol. 58, no. 5, pp. 467–477, 2001.

[11] B. A. Grzybowski, S. T. Brittain, and G. M. Whitesides,
“Thermally actuated interferometric sensors based on the
thermal expansion of transparent elastomeric media,” The
Review of Scientific Instruments, vol. 70, no. 4, pp. 2031–
2037, 1999.

[12] T. N. Tran, J. A. Heredia-Guerrero, B. T. Mai et al., “Bioelasto-
mers based on cocoa shell waste with antioxidant ability,”
Advanced Sustainable Systems, vol. 1, no. 7, article 1700002,
2017.

[13] D. Sun, Characterization of Medical Grade Poly-
Dimethylsiloxane as Encapsulation Materials for Implantable
Microelectromechanical Systems, Case Western Reserve Uni-
versity, 2014.

[14] A. Nathan, A. Ahnood, M. T. Cole et al., “Flexible electronics:
the next ubiquitous platform,” Proceedings of the IEEE,
vol. 100, pp. 1486–1517, 2012.

[15] J.-g. Liu, H.-j. Ni, Z.-h. Wang, S.-y. Yang, and W.-f. Zhou,
“Colorless and transparent high–temperature-resistant poly-
mer optical films–current status and potential applications in
optoelectronic fabrications, in: optoelectronics-materials and
devices,” in Optoelectronics - Materials and Devices, IntechO-
pen, 2015.

[16] M. Kaltenbrunner, T. Sekitani, J. Reeder et al., “An ultra-
lightweight design for imperceptible plastic electronics,”
Nature, vol. 499, no. 7459, pp. 458–463, 2013.

[17] C. J. Lee, S. J. Oh, J. K. Song, and S. J. Kim, “Neural signal
recording using microelectrode arrays fabricated on liquid
crystal polymer material,” Materials Science and Engineering
C, vol. 24, no. 1-2, pp. 265–268, 2004.

[18] M. Irimia-Vladu, P. A. Troshin, M. Reisinger et al., “Environ-
mentally sustainable organic field effect transistors,” Organic
Electronics, vol. 11, no. 12, pp. 1974–1990, 2010.

[19] P. Boonvisut and M. C. Çavuşoğlu, “Estimation of soft tissue
mechanical parameters from robotic manipulation data,”
IEEE/ASME Transactions on Mechatronics, vol. 18, no. 5,
pp. 1602–1611, 2013.

[20] E. Series, Super-soft, addition cure silicone rubbers, smooth-on,
2015.

[21] T. R. Ray, J. Choi, A. J. Bandodkar et al., “Bio-integrated wear-
able systems: a comprehensive review,” Chemical Reviews,
vol. 119, no. 8, pp. 5461–5533, 2019.

[22] R. Riemer and A. Shapiro, “Biomechanical energy harvesting
from human motion: theory, state of the art, design guidelines,
and future directions,” Journal of Neuroengineering and Reha-
bilitation, vol. 8, no. 1, p. 22, 2011.

[23] L. C. Rome, L. Flynn, E. M. Goldman, and T. D. Yoo, “Gener-
ating electricity while walking with loads,” Science, vol. 309,
no. 5741, pp. 1725–1728, 2005.

[24] D. Vélez Día and S. S. Moreno Gutiérrez, “Biomechanics and
motor control of human movement,” XIKUA Boletín Científ-
ico de La Escuela Superior de Tlahuelilpan, vol. 1, no. 1, 2013.

[25] J. Ortiz, Wearable technologies, Intech Open, Rijeka, Croatia,
2018.

[26] R. M. Alexander, “Biomechanics and motor control of human
movement. David A. Winter,” The Quarterly Review of Biol-
ogy, vol. 66, no. 1, pp. 106–106, 1991.

[27] A. D. Winter, E. A. Patla, S. J. Frank, and E. S. Walt, “Biome-
chanical walking pattern changes in the fit and healthy
elderly,” Physical Therapy, vol. 70, no. 6, pp. 340–347, 1990.

[28] M. R. Shorten, “The energetics of running and running shoes,”
Journal of Biomechanics, vol. 26, pp. 41–51, 1993.

[29] L. M. Castano and A. B. Flatau, “Smart fabric sensors and e-
textile technologies: a review,” Smart Materials and Structures,
vol. 23, no. 5, article 053001, 2014.

[30] A. A. Tracton, Coatings Technology Handbook, Taylor & Fran-
cis, 2006.

[31] S. Luo and W. J. Van Ooij, “Surface modification of textile
fibers for improvement of adhesion to polymeric matrices: a
review,” Journal of Adhesion Science and Technology, vol. 16,
no. 13, pp. 1715–1735, 2002.

[32] Z. L. Wang, L. Lin, J. Chen, S. Niu, and Y. Zi, “Harvesting body
motion energy,” in Triboelectric Nanogenerators, pp. 207–236,
Springer, Switzerland, 2016.

[33] J. Y. Park, M. Salauddin, and M. S. Rasel, “Nanogenerator for
scavenging low frequency vibrations,” Journal of Micromecha-
nics and Microengineering, vol. 29, article 053001, 2019.

[34] F. Yi, Z. Zhang, Z. Kang, Q. L. Liao, and Y. Zhang, “Recent
advances in triboelectric nanogenerator-based health monitor-
ing,” Advanced Functional Materials, vol. 29, no. 41, article
1808849, 2019.

[35] F. Invernizzi, S. Dulio, M. Patrini, G. Guizzetti, and
P. Mustarelli, “Energy harvesting from human motion: mate-
rials and techniques,” Chemical Society Reviews, vol. 45,
no. 20, pp. 5455–5473, 2016.

[36] Z. L. Wang, “Triboelectric nanogenerators as new energy tech-
nology for selfpowered systems and as active mechanical and
chemical sensors,” ACS Nano, vol. 7, no. 11, pp. 9533–9557,
2013.

[37] J. Chen, Triboelectric Nanogenerators, Georgia Institute of
Technology, Atlanta, GA, USA, 2016, http://hdl.handle.net/
1853/54956.

[38] Y. Zou, V. Raveendran, and J. Chen, “Wearable triboelectric
nanogenerators for biomechanical energy harvesting,” Nano
Energy, vol. 77, p. 105303, 2020.

[39] K. Parida, G. Thangavel, G. Cai et al., “Extremely stretchable
and self-healing conductor based on thermoplastic elastomer
for all-three-dimensional printed triboelectric nanogenerator,”
Nature Communications, vol. 10, no. 1, p. 2158, 2019.

[40] T. He, Q. Shi, H. Wang et al., “Beyond energy harvesting-
multi-functional triboelectric nanosensors on a textile,” Nano
Energy, vol. 57, pp. 338–352, 2019.

[41] C. Ning, L. Tian, X. Zhao et al., “Washable textile-structured
single-electrode triboelectric nanogenerator for self-powered
wearable electronics,” Journal of Materials Chemistry A,
vol. 6, no. 39, pp. 19143–19150, 2018.

[42] Z. Zhou, S. Padgett, Z. Cai et al., “Single-layered ultra-soft
washable smart textiles for all-around ballistocardiograph, res-
piration, and posture monitoring during sleep,” Biosensors and
Bioelectronics, vol. 155, p. 112064, 2020.

12 Journal of Nanomaterials

http://hdl.handle.net/1853/54956
http://hdl.handle.net/1853/54956


[43] T. Zhou, C. Zhang, C. B. Han, F. R. Fan, W. Tang, and Z. L.
Wang, “Woven structured triboelectric nanogenerator for
wearable devices,” ACS Applied Materials & Interfaces, vol. 6,
no. 16, pp. 14695–14701, 2014.

[44] J. Chen, Y. Huang, N. Zhang et al., “Micro-cable structured
textile for simultaneously harvesting solar and mechanical
energy,” Nature Energy, vol. 1, no. 10, 2016.

[45] W. Deng, T. Yang, L. Jin et al., “Cowpea-structured PVDF/
ZnO nanofibers based flexible self-powered piezoelectric
bending motion sensor towards remote control of gestures,”
Nano Energy, vol. 55, pp. 516–525, 2019.

[46] B. Yang and K.-S. Yun, “Piezoelectric shell structures as wear-
able energy harvesters for effective power generation at low-
frequency movement,” Sensors and Actuators A: Physical,
vol. 188, pp. 427–433, 2012.

[47] E. Nilsson, L. Mateu, P. Spies, and B. Hagström, “Energy har-
vesting from piezoelectric textile fibers,” Process Engineering,
vol. 87, pp. 1569–1572, 2014.

[48] D. Matsouka, S. Vassiliadis, and D. V. Bayramol, “Piezoelectric
textile fibres for wearable energy harvesting systems,” Mate-
rials Research Express, vol. 5, no. 6, article 065508, 2018.

[49] E. Yang, Z. Xu, L. K. Chur et al., “Nanofibrous smart fabrics
from twisted yarns of electrospun piezopolymer,” ACS Applied
Materials & Interfaces, vol. 9, no. 28, pp. 24220–24229, 2017.

[50] W. Zeng, X.-M. Tao, S. Chen, S. Shang, H. L. W. Chan, and
S. H. Choy, “Highly durable all-fiber nanogenerator for
mechanical energy harvesting,” Energy & Environmental Sci-
ence, vol. 6, no. 9, p. 2631, 2013.

[51] F. Mokhtari, G. M. Spinks, C. Fay et al., “Wearable electronic
textiles from nanostructured piezoelectric fibers,” Advanced
Materials Technologies, vol. 5, no. 4, p. 1900900, 2020.

[52] F. Mokhtari, Z. Cheng, R. Raad, J. Xi, and J. Foroughi, “Piezo-
fibers to smart textiles: a review on recent advances and future
outlook for wearable technology,” Journal of Materials Chem-
istry A, vol. 8, no. 19, pp. 9496–9522, 2020.

[53] Z. L. Wang, “From nanogenerators to piezotronics—A decade-
long study of ZnO nanostructures,” MRS Bulletin, vol. 37,
no. 9, pp. 814–827, 2012.

[54] Z. L. Wang and J. Song, “Piezoelectric nanogenerators based
on zinc oxide nanowire arrays,” Science, vol. 312, no. 5771,
pp. 242–246, 2006.

[55] Y. Qin, X. Wang, and Z. L. Wang, “Microfibre-nanowire
hybrid structure for energy scavenging,” Nature, vol. 451,
no. 7180, pp. 809–813, 2008.

[56] R. Yang, Y. Qin, L. Dai, and Z. L. Wang, “Power generation
with laterally packaged piezoelectric fine wires,” Nature Nano-
technology, vol. 4, no. 1, pp. 34–39, 2009.

[57] L. Gu, N. Cui, L. Cheng et al., “Flexible fiber nanogenerator
with 209 V output voltage directly powers a light-emitting
diode,” Nano Letters, vol. 13, no. 1, pp. 91–94, 2013.

[58] S. H. Ji, Y.-S. Cho, and J. S. Yun, “Wearable core-shell piezo-
electric nanofiber yarns for body movement energy harvest-
ing,” Nanomaterials, vol. 9, no. 4, p. 555, 2019.

[59] Y. Du, K. F. Cai, S. Z. Shen et al., “Multifold enhancement of
the output power of flexible thermoelectric generators made
from cotton fabrics coated with conducting polymer,” RSC
Advances, vol. 7, no. 69, pp. 43737–43742, 2017.

[60] L. K. Allison and T. L. Andrew, “A wearable all-fabric thermo-
electric generator,” Advanced Materials Technologies, vol. 4,
no. 5, p. 1800615, 2019.

[61] A. Lund, Y. Tian, S. Darabi, and C. Müller, “A polymer-based
textile thermoelectric generator for wearable energy harvest-
ing,” Journal of Power Sources, vol. 480, article 228836, 2020.

13Journal of Nanomaterials



Research Article
Properties and Modification of Bismuth-Layered Structure
Ferroelectric Materials and Application in Sports

Guorong Jiang

School of Sports, Jiujiang University, Jiujiang, 332005 Jiangxi, China

Correspondence should be addressed to Guorong Jiang; 2021001548@poers.edu.pl

Received 8 March 2022; Revised 18 June 2022; Accepted 7 July 2022; Published 24 August 2022

Academic Editor: Awais Ahmed

Copyright © 2022 Guorong Jiang. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Bismuth-layered oxides are a very important class of ferroelectric materials. Due to their special structure, they have outstanding
features in many aspects, such as high Curie temperature, large spontaneous polarization, polarization stability to temperature,
high voltage resistance, low dielectric loss, and excellence. Due to its antifatigue properties, the system is very suitable for
applications in nonvolatile random access memory and high-temperature sensors. The purpose of this paper is to study the
application of the performance and modification of bismuth-layered ferroelectric materials in sports scientific research.
Proposed the combination of new materials and sports scientific research projects. This article uses sample analysis and (the
comparative experiment method is a method to compare the experimental group and the control group to illustrate the
superiority of the experiment) comparative experiment methods, sets up an experimental group and a control group,
summarizes the algorithm rules through the study of the microscopic properties of nanomaterials, and designs a numerical
simulation program. The experimental results in this article show that after receiving hyperbaric oxygen recovery in the first
week, the heart rate of the experimental group subjects has a significant change, which is significantly lower than the initial
value (p < 0:05), from 58.0 to 53.0, The higher pressure oxygen had a very significant drop before recovery, from 62.9 to 53.0.
In the second week and the third week, the heart rate index decreased significantly after 1 hour of hyperbaric oxygen recovery
(p < 0:01), from 54.3 to 49.3 and 56.1 to 52.4, respectively. After the fourth week of intensity training, the heart rate increased
significantly from the initial value (p < 0:05), from 49.6 to 55.2. After 1 hour of hyperbaric oxygen recovery, there was a
significant decrease compared with before the hyperbaric oxygen recovery (p < 0:05), dropped from 55.2 to 53.1. Illustrate the
success of the experimental results. It also completed the subject of interaction and combination of the performance and
modification of bismuth-layered ferroelectric materials in sports scientific research.

1. Introduction

In a certain temperature, the ferroelectric material exhibits
the characteristics of spontaneous polarization when there
is no external electric field, and its polarization may have
multiple directions. When an electric field is applied, the
polarization direction changes with the change of the electric
field. Generally, after the temperature exceeds a certain
value, the spontaneous polarization of the ferroelectric mate-
rial will disappear, and the ferroelectric material will become
paraelectric. The transition between ferroelectricity and
paraelectricity is called ferroelectric phase transition. Many
physical properties of crystals at this temperature are differ-
ent from usual, and the temperature of this transition is the

Curie point of ferroelectrics. In addition to spontaneous
polarization, the hysteresis loop is also an important way
to observe whether a crystal is a ferroelectric. Research
shows that the polarization intensity and direction of the
crystal will exhibit a dielectric characteristic different from
ordinary materials with the applied electric field. Ferroelec-
tric materials are special electrolytes and have been exten-
sively studied. It has a variety of polarization modes, which
have different effects at different frequencies, so that the
dielectric spectrum of different materials is very different.
From the microscopic mechanism, it can be attributed to
two different types: (1) displacement type and (2) order
and disorder type. Frequency-tunable materials have poten-
tial applications in the fields of frequency selection,
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absorption, imaging, and biology. Certain elements are sen-
sitive to temperature changes. Doping these elements in fer-
roelectric materials can affect its dielectric properties.
Ferroelectric materials are widely used in subject interaction
due to their unique properties.

Multiferroic materials with ferromagnetism and ferro-
electricity are mainly concentrated in transition metal (rare
earth element) oxides, mainly due to their complex elec-
tronic structures and competing interactions. These compe-
titions include charge, spin, orbital, and lattice degrees of
freedom, which are more easily regulated by external means
(such as electric field, magnetic field, and stress). At the same
time, multiferrocity requires that the d or f orbitals of tran-
sition metals or rare earth elements must be partially filled
with local electrons, and through exchange interactions
between local moments, magnetic order (time reversal bro-
ken) is caused. On the other hand, for ferroelectric materials,
in order to induce spontaneous polarization (spatial inver-
sion broken), empty d orbitals are required. Few systems
can meet these two requirements at the same time, so there
are very few multi-iron materials in nature. According to
the microscopic sources of different iron-containing proper-
ties, multicore materials can be divided into different types,
and the magnetic properties of materials can generally be
divided into paramagnetic, antiferromagnetic, and ferro-
magnetic. When the magnet is lower than the Curie temper-
ature, it is ferromagnetic; when it is higher than the Curie
temperature, it is macroscopically paramagnetic. Adjacent
magnetic atoms have different magnetic coupling results,
leading to different magnetic orientations, leading to differ-
ent magnetic step settings. In the rectangular perovskite sys-
tem, ferromagnetism (FM), the magnetic orientation of all
its atoms is the same. For diamagnetism, there are four dif-
ferent magnetic orientations, namely, A-type diamagnetism
(A-AFM): the orientation of the magnetic order of the atoms
in the plane is the same, and the magnetic order of the atoms
in the plane is opposite. Diamagnetic C-type (C-AFM): the
magnetic order of atoms in the plane is diamagnetic order,
and the magnetic order of atoms in the plane is diamagnetic.
The magnetic order between the outer atoms is the same.
Antimagnetic G (G-AFM): the magnetic sequence of the
nearest neighbor is opposite. E-AFM: the magnetic orienta-
tion of diamagnetism is along the AC plane, and individuals
with the same magnetic orientation are saw-shaped.

From 1935 to 1938, Basheer et al. discovered that the
simple structure of potassium dihydrogen phosphate
(KDP) and many of its isomorphic crystals are also piezo-
electric, and all have high room temperature electromechan-
ical coupling coefficients. But they did not propose the
concept of piezoelectric effect [1]. The piezoelectric effect
was first discovered in quartz crystal by Nie et al. in 1880.
Its discovery led to the rapid development of piezoelectric
devices and piezoelectric materials. However, due to time
constraints, their research did not further analyze other
media and materials related to the piezoelectric effect [2].
In 1954, Ketwong et al. discovered the quasihomomorphic
phase boundary (MPB) of Pb (Zr,Ti)O3(PZT) system solid
solution. The ferroelectric near MPB has excellent dielectric
and piezoelectric properties, and it is close to BaTiO3

ceramics. The high electromechanical coupling coefficient
has made piezoelectric materials widely used, but their
research stopped here, and the ferroelectricity of subsequent
perovskite structure compounds was not found [3].

The innovations of this paper are as follows: (1) in the
research content, the macroscopic research method, the
transfer matrix method, is selected to study the microstruc-
ture characteristics of the crystal. The characteristic matrix
is used to express its interaction with electromagnetic waves.
(2) The Bi4Ti3O12 crystal was selected as the bismuth-
layered ferroelectric material in this article. The crystal has
stable properties, relatively good ferroelectricity, and conve-
nient preparation. (3) The research and introduction of the
ferroelectric polarization value have been carried out, mak-
ing the concept of perfecting the text clear.

The new materials adopted in this article are combined
with traditional sports scientific research to meet the needs
of subject interaction.

2. Performance and Modification of Bismuth-
Layered Structure Ferroelectric Materials
and Application Methods in Sports Scientific

2.1. Ferroelectricity. The ferroelectric system is a substance
that has spontaneous polarization after transitioning from
a high-temperature phase to a low-temperature phase, and
its polarization direction can be reversed by an external elec-
tric field [4]. Many properties of ferroelectric systems are
similar to ferromagnets. For example, electric polarization
(P) corresponds to magnetization (M), electric field (E) cor-
responds to magnetic field (H), and electric displacement
(D) corresponds to magnetic flux density (B) [5]. At the
same time, ferroelectric materials can form domains, and
their polarization and electric displacement exhibit electric
hysteresis loop behavior in the applied electric field. There-
fore, ferroelectric materials can be used for data storage.
Research has found that ferroelectric materials can also be
used as capacitors, because the concentration of charge den-
sity in ferroelectric materials will cause them to have a high
dielectric constant [6].

The early work of ferroelectric materials mainly
focused on Rochelle salt, KNa(C4H4O6)·4H2O. Although
the research of Rochelle’s salt has established many basic
properties of ferroelectric materials, the complex structure
and the large number of atoms in each cell make it diffi-
cult to give a microscopic theory to clarify ferroelectricity
from an experimental point of view [7]. At present, the
widely studied ferroelectric system is the perovskite struc-
ture oxide ABO3. The ideal perovskite structure is charac-
terized by a cation (B) with a small particle radius, in the
center composed of an anionic oxygen octahedron, and
the particle radius. The larger cation (A) is at the apex
of the primitive cell [8]. The relatively simple structure
of perovskite allows researchers to study its ferroelectric
properties in detail and have a deeper understanding of
the basic principles of ferroelectricity [9].

Table 1 is an introduction to 32 crystallographic point
groups.
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Symmetry determines whether the system is ferroelec-
tric. Among the 32 crystallographic point groups, 11 crystal-
lographic point groups have a center of symmetry
(centrosymmetric); that is, they do not have ferroelectricity;
in the remaining 21 point groups, the O point group does
not have ferroelectricity. The remaining 20 all show piezo-
electric effect, but only 10 point groups have its specific
polarity direction [10].

2.2. Preparation Technology. The traditional solid-phase
melting process is used to manufacture bismuth-coated
ceramic powder. The uniformity of the powder is low, and
the melting temperature is high [11]. It is difficult to obtain
ceramic samples with high density and excellent perfor-
mance [12]. In recent years, some liquid chemical methods,
such as sol-gel method, hydrothermal synthesis method, and
other powder preparation methods, have gradually attracted
the attention of scientific researchers [13]. The use of liquid
chemical methods to manufacture ceramic powder can
achieve molecular-level mixing between the various compo-
nents of the material [14], with high product purity, large
powder specific surface area, and high ceramic fusion tem-
perature, which can also be reduced to a certain extent.
The sol-gel method was used to prepare ceramic powder
(K0.16Na0.84)0.5Bi4.5Ti4O15 (KNBT) [15], and the phase
structure and electrical properties were studied. Studies have
found that when the composition temperature is 500°C,
single-phase KNBT ceramic powder can be formed, and
the Curie temperature of the ceramic sample is 659°C [16],
which is higher than the Curie temperature of KNBT
ceramic prepared by traditional methods. The ferroelectric
ceramics of the SrBi4-xCexTi4O15 system can also be suc-
cessfully prepared by the sol-gel method. The study found
that all ceramic samples formed a typical phase structure
with a bismuth layer, and the Curie temperature of the
samples was above 500°C [17]. In short, the use of differ-
ent powder preparation techniques will definitely have dif-
ferent effects on the structure and performance of ceramic
samples [18]. This liquid chemical method can prepare
ceramic powder with uniform particle size and large spe-
cific surface area. However, the cost of raw materials used
in this type of process is high, the experimental process is
complicated, and the organic solvent used in the reaction
process is toxic and difficult to achieve. Batches of lead-
free bismuth piezoelectric ceramics have a wide range of
applications in industrial production and can be used in
the research of this article [19].

Lead-free dual-structure piezoelectric materials are widely
used in the research of ferroelectric thin films and devices due
to their fatigue resistance and high-temperature Curie char-
acteristics [20]. However, due to the limitation of its own
structure, it is difficult to effectively improve the two-level
performance of ceramics, ferroelectric properties, and piezo-
electric properties [21, 22]. The physical and chemical prop-
erties of materials are determined by the structure of the
material, and the structure of the material is related to the
composition of the material. Therefore, replacing the compo-
sition and structure of ceramic crystals with doping is an
effective measure to improve the electrical properties of bis-
muth ceramics [23, 24]. This type of method has low prepa-
ration cost and simple process and is suitable for a wide range
of applications [25]. At present, the doping modification
methods of bismuth lead-free piezoelectric ceramics mainly
include A-site substitution, B-site substitution, and additive
modification [26].

2.3. Transfer Matrix Method. The matrix transmission
method (TMM) is a method that combines the knowledge
of Maxwell’s equations (It is a set of partial differential
equations established by British physicist James Clark Max-
well in the 19th century to describe the relationship
between electric field, magnetic field, charge density, and
current density.) and optical matrices to calculate the trans-
mission and reflection propagation of electromagnetic
waves in multiple layers of different media structures. The
propagation of electromagnetic waves in the intermediate
layer is considered to be the superposition of incident elec-
tromagnetic waves and reflected electromagnetic waves. The
tangent continuous state of the electromagnetic field is sat-
isfied at the limit of each intermediate layer, and its interac-
tion with electromagnetic waves can be represented by a
characteristic matrix. Assuming that the field vectors on
both sides of the dielectric layer are EI and HI and EII
and HII, the relationship between them can be linked by
the characteristic matrix:

E1

H1

" #
=M

E11

H11

" #
: ð1Þ

For interface I,

E1 = Ei1 + Er1 = Et1 + Er2′

H1 =Hi1 cos θi1 −Hr1 cos θi1

( )
: ð2Þ

In the same way, in interface II,

EII = Ei2 + Er2 = Er2 + Er3′

HII =Hi2 cos θi2 −Hr2 cos θi2

( )
: ð3Þ

The thickness of the medium nb is b (that is, the dis-
tance between the interfaces I and II), and the formula of

Table 1: 32 crystallographic point groups.

T Th O Td Oh

C4 S4 C4h D4 C4v D2d D4h

D2 C2v D2h

C2 Cs C2h

C1 Ci

C3 S6 D3 C3v D3d

C6 C3h C6h D6 C6v D3h D6h
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the transmission field Et1 on the interface I and the incident
field Ei2 of the interface II is shown in

Et1 = Et10e
−i kxx+kzzð Þ

���
z=0

,

Et2 = Et10e
−i kxx+kzzð Þ

���
z=b

= Et1e
iδb :

8><
>: ð4Þ

The phase difference when the electromagnetic plane
wave crosses the two interfaces perpendicularly is

δb = −kzhb = −
ω

c
nbb cos θb: ð5Þ

The same goes for

E′r2 = Er2e
iδb : ð6Þ

Organize to get

E1 = cos δbEII −
1
ηb

sin δbHII,

H1 = −iηb sin δbEII + cos δbHII,

8><
>: ð7Þ

where

ηb =
ffiffiffiffiffi
ε0
μ0

r ffiffiffiffiffi
εr
μ0

r
cos θb: ð8Þ

In matrix form, there are

E1

H1

" #
=

cos δb −
1
ηb

sin δb

−iηb sin δb cos δb

2
64

3
75 EII

HII

" #
: ð9Þ

The characteristic matrix of any dielectric layer j is

Mj =
cos δj −

i
ηj

sin δj

−iηj sin δj cos δj

2
64

3
75: ð10Þ

For the case in TTE mode, where

δj = −
ω

c
njhj cos θj,

nj =
ffiffiffiffiffi
ς0
μ0

r ffiffiffiffiffi
μ j

εj

s
cos θj:

8>>><
>>>:

ð11Þ

In the case of TM mode, the other formulas are the
same, but the key variables are replaced:

nj =
ffiffiffiffiffi
μ0
ε0

r ffiffiffiffiffi
μ j

εj

s
cos θj: ð12Þ

For multilayer media, it can be applied layer by layer,
then:

E1

H1

" #
=M1M2 ⋯MN−1MN

EN+1

HN+1

" #
=

A B

C D

" #
EN+1

HN+1

" #
:

ð13Þ

The transmittance T , reflectance R, and absorptance A
are

T = tj j2,
R = rj j2,
A = 1 − T − R:

8>><
>>: ð14Þ

Among them,

δa = −
ω

c
naa cos θa,

δb = −
ω

c
nbb cos θb,

ηa =
ffiffiffiffiffi
ε0
μ0

r ffiffiffiffiffi
ε0
μ0

r
cos θa,

ηb =
ffiffiffiffiffi
ε0
μ0

r ffiffiffiffiffi
ε0
μ0

r
cos θb:

8>>>>>>>>>>>><
>>>>>>>>>>>>:

ð15Þ

In summary, the introduction of the transmission
matrix method is complete, and the experiment is ready
to begin.

3. Performance and Modification of Bismuth-
Layered Structure Ferroelectric Materials
and Application Experiments in
Sports Scientific

3.1. Preparation and Application of Bi4Ti3O12 Powder.
Bi4Ti3O12 material has a low forbidden band width and pho-
tocatalytic activity, and its absorbable spectral range can be
extended to the visible light range through the method of
nanomaterialization or doping modification of the material.
This plays an important role in improving the utilization of
sunlight. In addition, it is a typical ferroelectric material with
good ferroelectric and piezoelectric properties. In this chap-
ter, Bi4Ti3O12 powder is prepared by hydrothermal method,
and the role of hydrothermal temperature in the preparation
process is discussed. The key work of this chapter is to apply
ultrasound and light to Bi4Ti3O12 powder at the same time.
It is expected that ultrasound can be used to activate the pie-
zoelectric properties of bismuth titanate, to achieve polariza-
tion of bismuth titanate powder, and to improve its
photocatalytic efficiency.

In this paper, Bi4Ti3O12 powder is prepared by hydro-
thermal method. The preparation process can be divided
into three steps: preparation of hydrothermal reaction pre-
cursor, hydrothermal reaction, and heat treatment of hydro-
thermal product. Among them, bismuth nitrate is used as
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the titanium source, tetrabutyl titanate is used as the bis-
muth source, and 3mol/L NaOH solution is used as the
mineralizer for the hydrothermal reaction. First, 30mL of
glacial acetic acid and 30mL of ethylene glycol methyl ether
are mixed, and then, 9.7 g of bismuth nitrate is added to
form solution A; then, 5.10 g of tetrabutyl titanate is dis-
solved in 20mL of ethylene glycol methyl ether to form solu-
tion B. Finally, solution B was slowly added to solution A,
and an appropriate amount of ethylene glycol methyl ether
was added to prepare a 0.05M bismuth titanate sol. After
drying the sol, a dry gel is obtained, and the dry gel is ground
and dissolved in a mineralizer to prepare a hydrothermal
reaction precursor. After the preparation of the hydrother-
mal precursor is completed, the hydrothermal precursor
solution is put into the reaction kettle and put into the oven
for hydrothermal reaction. Through literature research and
consideration of experimental safety, three hydrothermal
temperature points of 160°C, 180°C, and 200°C that do not
exceed 200°C are selected for the experiment, and the hold-
ing time is 24 h.

The main experimental drugs are shown in Table 2.

3.2. Objects of Experiments. The subjects of this study are
divided into the excellent long-distance runner group (case)
and the general population control group (control group).

The basic situation of the outstanding long-distance run-
ner group is shown in Table 3.

The athletes and ordinary personnel in this experiment
were taken from two classes in a major physical education
department and a certain electrical engineering department

with the same basic situation, each with 130 students as
samples.

The basic situation of the control group is shown in
Table 4.

3.3. Test Instrument and Test Index. The equipment used in
the exercise capacity test is hyperbaric oxygen equipment,
0.035MPa, and the maximum working load is 0.05MPa.

In the HRV test, the omega wave test and analysis sys-
tem are used to collect signals, and Excel is used for index
calculation. Use the SPSS24.0 software statistical package to
perform statistical processing on the data. p < 0:05 indicates
a significant difference.

4. Application of the Performance and
Modification of Bismuth-Layered
Ferroelectric Materials in Sports Scientific

4.1. Influence of Bi4Ti3O12 on the Quiet Heart Rate of Middle
and Long Distance Runners. Figure 1 shows the initial value
of heart rate in the experimental group during the experi-
mental period, before the recovery of hyperbaric oxygen,
and the change of resting heart rate after 1 hour of recovery.

After receiving hyperbaric oxygen recovery in the first
week, the heart rate of subjects in the experimental group
changed significantly from the initial value (p < 0:05), from
58.0 to 53.0, before the higher oxygen pressure was restored.
There has been a very significant drop, from 62.9 to 53.0. In
the second week and the third week, the heart rate index
decreased significantly after 1 hour of hyperbaric oxygen

Table 4: Basic situation of the control group.

Group Number Average age Average height Average weight

Control 130 21.53 173.4 63.99

Male 65 20.29 174.95 69.23

Female 65 19.96 163.03 56.97

Table 2: The main drugs needed for the experiment.

Reagent name Specification Manufacturer

Bismuth nitrate Analytically pure Sinopharm

Tetrabutyl titanate Analytically pure Sinopharm

Ethylene glycol monomethyl ether Analytically pure Sinopharm

Glacial acetic acid Analytically pure Coron

Acetylacetone Analytically pure Sinopharm

Disodium ethylenediaminetetraacetate Analytically pure Sinopharm

Tert-butanol Analytically pure Sinopharm

Table 3: Basic situation of the athlete group.

Group Number Average age Average height Average weight
Main item Sport level

5/10 km Marathon International master Master

Athlete 130 23.1 169.29 55.53 91 31 43 79

Male athlete 65 24.27 174.98 61.48 46 15 11 50

Female athlete 65 20.84 163.53 49.48 45 16 32 29
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recovery (p < 0:01), from 54.3 to 49.3 and 56.1 to 52.4,
respectively. After the fourth week of intensity training, the
heart rate increased significantly from the initial value
(p < 0:05), from 49.6 to 55.2. After 1 hour of hyperbaric oxy-
gen recovery, there was a significant decrease compared with
before the hyperbaric oxygen recovery (p < 0:05), dropped
from 55.2 to 53.1.

The changes in heart rate variability of the experimental
group before and after recovery using hyperbaric oxygen in
the first week are shown in Figure 2.

It can be seen that there is no significant change in the
time domain indicators of heart rate variability.

The initial value of the experimental group in the second
week, before the recovery of hyperbaric oxygen, and the
change of heart rate variability index after the recovery of
hyperbaric oxygen for 1 hour are shown in Figure 3.

In the second week, the time domain indicators SDNN,
RMSSD, and PNN50 of the experimental group showed a

slight upward trend from the initial value before the hyper-
baric oxygen recovery and 1h after receiving the hyperbaric
oxygen recovery, but there was no significant difference. One
hour after the recovery of hyperbaric oxygen, the change
before the recovery of higher pressure oxygen was not obvi-
ous. The VLF in the frequency domain indicators of the sub-
jects decreased sequentially, but there was no significant
difference. The change of HF and LF is not obvious.

The initial value of the experimental group in the third
week, before the recovery of hyperbaric oxygen, and the
change of heart rate variability index after the recovery of
hyperbaric oxygen for 1 hour are shown in Figure 4.

It can be seen from the above table that in the time
domain index, the initial value of PNN50, the value before
hyperbaric oxygen recovery, and the value after hyperbaric

–200

0

200

400

600

800

1000

SDNN RMSSD RNN50 VLF LF

V
al

ue

Type

Initial value
Before recovery
1 h a�er recovery

�e heart variability index changes in week 2

Figure 3: The initial value of the experimental group in the second
week, before the recovery of hyperbaric oxygen, and the change of
heart rate variability index after 1 hour of hyperbaric oxygen
recovery.
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Figure 4: The initial value of the experimental group in the third
week, before the recovery of hyperbaric oxygen, and the change
of heart rate variability index after 1 hour of hyperbaric oxygen
recovery.
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oxygen recovery 1 h showed a sequential upward trend, and
the initial value after 1 h hyperbaric oxygen recovery
appeared compared with the initial value. There was a signif-
icant increase (p < 0:05), from 19.93 to 35.12, and the
RMSSD value also showed an upward trend, but there was
no significant change. In the frequency domain indicators,
both VLF and LF showed a downward trend and then an
upward trend. HF showed a sequential upward trend, but
there was no significant difference. LF/HF showed a down-
ward trend, but it did not appear significant.

The initial value of the experimental group in the fourth
week, before the recovery of hyperbaric oxygen, and the

change of heart rate variability index after the recovery of
hyperbaric oxygen for 1 hour are shown in Figure 5:

In the time domain index, the value of RMSSD in the
experimental group was higher after 1 hour of hyperbaric
oxygen recovery, and there was a significant increase
(p < 0:05), from 108.91 to 111.70, while the changes in
SDNN and PNN50 were not very obvious and not signifi-
cant. In the frequency domain parameters of the subjects,
HF increased significantly (p < 0:05) from 1354 to 1683 after
receiving hyperbaric oxygen treatment for 1 hour than
before hyperbaric oxygen recovery. LF also increased from
the initial value before hyperbaric oxygen recovery. After
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Figure 5: The heart variability index changes in week 4.

Table 5: The experimental group did not apply hyperbaric oxygen for two weeks during the observation period to restore the changes in
heart rate variability.

Heart rate variability index First week of observation period Second week of observation period

SDNN 85.12 70.80

RMSSD 85.65 81.54

PNN50 22.04 19.99

VLF 305.77 209.38

HF 165.13 1095.35

LF 817.80 537.79

HF/LF 1.17 1.35

Table 6: The calculated ferroelectric polarization of ABX3 perovskite halide compounds.

System Px Py Pz Ptot

MASncl3 -8.68 0.94 9.58 12.96

MASnBr3 8.03 8.67 -15.08 19.16

MASnI3 -3.78 0.00 15.63 16.08

MAPbCl3 4.01 4.59 -11.48 13.00

MAPbBr3 -3.38 -3.60 11.70 12.70

MAPbI3 2.68 2.68 13.52 14.03

FASnCl3 3.30 -4.64 -13.85 14.98

Px refers to the microscopic component of the material on the x-axis.
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receiving treatment for 1 hour, the trend of AIDS decreased,
but there was no significant change.

In the fifth and sixth weeks, the experimental group
stopped hyperbaric oxygen during the observation period
and resumed the initial value of the heart rate on the week,
as shown in Table 5.

The subjects’ various time-domain indicators have
declined, but there is no significant difference, and there is
little change. The values of VLF and LF have a downward
trend, HF does not change significantly, and LF/HF rises,
but there is no significant difference. SDNN is an indicator
of heart rate variability; generally, it is greater than 100.

4.2. Iron Polarization Value. The ferroelectric polarization
value is zero for the antiferroelectric structure (λ = 0), and
the subsequent trend shows that a nonmonotonic line
increases with λ. The nonmonotonic behavior as a lambda
function is common in the case of organic-inorganic hybrid
compounds. At the same time, the components of the total
ferroelectric polarization vector and the modulus of the vec-
tor are calculated by the first principles, as shown in Table 6.

The estimated Rashba coefficient in organic halide
perovskite is shown in Table 7.

4.3. Bi4Ti3O12 Microstructure and Ferroelectric Properties.
Table 8 is the crystal information and refinement conditions
of Bi4Ti3O12 at room temperature.

It can be seen from the table that the contribution of the
total spontaneous polarization of Bi4Ti3O12 is better, and the
ferroelectricity is increased. It shows that the phase reversal
does come from signal polarization reversal and ferroelectric
behavior, which is higher than 0.26 nm in OPP mode.

5. Conclusions

The experimental results show that the performance and
modification research of the bismuth-layered ferroelectric
material proposed in this paper is applied in sports scientific
research. Compared with the current traditional sports sci-
entific research, due to the use of a new type of bismuth-
layered ferroelectric material, as a result, the effect of scien-
tific research is better. After athletes use the material for
long-distance running assistance, all data and performance
have increased significantly. The observation effect is better,
the data collection is more accurate, and it is more conve-
nient for sports-assisted scientific research personnel and
researchers to judge and test. In this paper, sample collection
method, comparison experiment method, and transmission
matrix method are used to design a method to calculate
the transmittance and reflectance of electromagnetic wave
propagation in multilayer different media structures by com-
bining the knowledge of Maxwell’s equation and matrix
optics. And the changes in heart rate variability before and
after 4-week recovery with hyperbaric oxygen in the control
and experimental groups were also tested. The experimental
results showed that after receiving hyperbaric oxygen recov-
ery in the first week, the heart rate of the experimental group
subjects changed significantly, which was significantly lower
than the initial value (p < 0:05), from 58.0 to 53.0. There was
a very significant drop before hyperbaric oxygen recovery,
from 62.9 to 53.0. In the second week and the third week,
the heart rate index decreased significantly after 1 hour of
hyperbaric oxygen recovery (p < 0:01), from 54.3 to 49.3
and 56.1 to 52.4, respectively. After the fourth week of inten-
sity training, the heart rate increased significantly from the
initial value (p < 0:05), from 49.6 to 55.2. After 1 hour of

Table 8: Crystal information and refinement conditions of Bi4Ti3O12 at room temperature.

Atom Site X y z 100Uiso/A2 Occupancy

Bil 4a 0.25 0.7726 (14) 0 0.95 0.505

Lal 4a 0.25 0.7726 (14) 0 0.95 0.495

Bi2 8b 0.244 (9) 0.7266 (9) 0.21672 (8) 1.05 0.757

La2 8b 0.244 (9) 0.7266 (9) 0.21672 (8) 1.05 0.243

Bi3 8b 0.248 (8) 0.7804 (8) 0.10695 (10) 1.09 0.952

La3 8b 0.248 (8) 0.7804 (8) 0.10695 (10) 1.09 0.018

Ti1 8b 0.252 (19) 0.257 (4) 0.0586 (4) 0.19 0.75

Table 7: Estimated Rashba parameters for organohalide perovskites.

Er Ke aR
VB CB VB CB VB CB

MASncl3 7.19 182.38 0.04 0.16 0.37 2.28

MASnBr3 18.87 143.52 0.03 0.09 1.28 3.29

MASnI3 28.44 99.45 0.04 0.06 1.56 3.12

MAPbCl3 7.81 113.41 0.02 0.09 0.65 2.56

MAPbBr3 25.88 120.30 0.04 0.08 1.28 3.01

MAPbI3 72.62 136.01 0.08 0.08 1.86 3.50

FASnCl3 8.62 142.97 0.0.3 0.13 0.49 2.18
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hyperbaric oxygen recovery, there was a significant decrease
compared with before the hyperbaric oxygen recovery
(p < 0:05), dropped from 55.2 to 53.1. It illustrates the suc-
cess of the experiment results after the ferroelectric material
is used in sports scientific research. It also completed the
subject of interaction and combination of the performance
and modification of bismuth-layered ferroelectric materials
in sports scientific research. The shortcomings of this article
are as follows: (1) use long-distance running as the basis of
the subject for research and does not consider sports such
as long jump and various ball sports. In future research,
the research content can be gradually improved and
expanded to more sports items. (2) Among the research
materials in this article, due to the limitation of experimental
site and funding, only the research on Bi4Ti3O12, a layered
bismuth ferroelectric material, has been carried out. In
future research, efforts can be made to find bismuth-
layered ferroelectric materials with cheaper prices, better
experimental results, and ferroelectric properties more in
line with experimental requirements. (3) Due to time and
space constraints, this article only conducted a 4-week train-
ing for the two groups to collect heart rate indicators. In
future research, the experimental time and interval length
can be extended to ensure the scientific reliability of the
experimental results.
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Knee arthritis is one of the common diseases with the highest incidence in osteoarthrosis, which seriously affects people’s health,
and as the patient’s medical history prolongs, the pain degree becomes more and more serious. In recent years, with the rapid
development of nanotechnology, its application scope has gradually been involved the medical field. The application of
nanotube-targeted drugs to treat osteoarthritis can repair bone to a certain extent and relieve patient pain symptom. Sports
rehabilitation therapy, as an important nursing method in orthopedic treatment, can improve the patient’s body recovery
ability and enhance the therapeutic effect of surgery. Based on this, this article proposes the application research of a nanotube
combined with exercise rehabilitation therapy in the treatment of patients with knee arthritis. The research carried out in this
article is mainly divided into three parts: the first part is the research of titanium dioxide nanotubes in orthopedic treatment,
studying the diameter and drug loading of nanotubes, research on how to target the damaged bone tissue and release drugs,
and discussing the tissue compatibility and safety of nanotubes to the human body; the second part is the study on exercise
rehabilitation therapy in orthopedic treatment and study on how to exercise properly to enhance the patient’s body recovery;
the third part is clinical investigation and research, according to the observation group in contrast with the indicators of the
control group to draw conclusions. The results of this experiment show that in the clinical treatment of knee arthritis surgery,
in the analysis of postoperative patients, the scores of the three groups of patients before treatment were relatively low, with
scores ranging from 5 to 8, but the scores of the observation group were significantly higher than those of the first and second
groups. The observation group ranged from 7 to 10. The joint scores of the observation group gradually increased at 1 week
and 2 weeks after treatment. The increase in functional score was more pronounced. For patients with a longer medical
history, perform appropriate helping exercises. Titanium dioxide nanotubes have good antibacterial properties as an endoplant
and good histocompatibility with human bones. In the observation group combined with exercise therapy, various
complications such as pain, swelling, and muscle atrophy were relatively small, allowing the patient to speed up the recovery of
various body functions.

1. Introduction

As one of the human organs, bones have important func-
tions that many other organs do not have, such as maintain-
ing body posture, exercising, and supporting muscles and
organ tissues. Degenerative osteoarthritis, also known as
osteoarthritis, degenerative arthritis, senile arthritis, and
hypertrophic arthritis, is a degenerative disease caused by

aging, obesity, strain, trauma, congenital abnormalities of
joints, joint degeneration of articular cartilage, and joint
edge and subchondral bone-reactive hyperplasia caused by
many factors such as deformity. Osteoarthritis [1] is a kind
of synovial arthritis, which is very common in clinical treat-
ment, and knee osteoarthritis [2, 3] has the highest inci-
dence. It is more common in middle-aged and elderly
people and occurs in weight-bearing joints and joints with
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more activities (such as the cervical spine, lumbar spine,
knee joint, and hip joint). Excessive weight bearing or use
of these joints can promote degenerative changes. At the
onset, symptoms include cartilage damage, joint pain, infec-
tion, and a prolonged medical history. Relevant investiga-
tions have shown that every year, more than one million
arthritis patients undergo implant repair [4] and related
knee joint surgery. Some patients undergo a series of com-
plications such as internal infections after the surgery,
which leads to implantation failure. A second operation
is required. Curing OA can only slow symptoms or delay
the progression of the disease. OA treatment methods
are divided into surgical treatment and nonsurgical treat-
ment. Relieving or eliminating pain and controlling the
development of inflammation are the main methods for
the treatment of OA at present. With the continuous
development of tissue engineering and materials science,
researchers have used nanoparticles as drug carriers to
inhibit the inflammatory response and promote cartilage
repair in OA patients. Therefore, in order to solve a series
of problems that may arise, it is a common method to use
therapeutic drugs to treat bone diseases. It is a common
method to transport the therapeutic drugs to the damaged
bone tissue through a certain carrier. Because the compo-
sition and function of bone tissue are quite different from
other human tissues, especially in cases of fracture,
trauma, or cancer with impaired blood supply, the effect
of medication is not good.

Infection of the implant site in orthopedic treatment [5,
6] is one of the most difficult complications in orthopedic
surgery, ranging from delaying the treatment cycle and
increasing treatment costs to amputation or death due to
infection. There are generally two reasons for orthopedic
prosthesis infection: firstly, bacterial adhesion [7] forms a
biofilm on the surface of the implant, which hinders the
body’s immune response and the killing effect of antibiotics
on bacteria. Secondly, because the implant material has poor
biocompatibility and cannot form a firm bond with human
bone, the fiber layer of the implant osseointegration interface
will reduce the local resistance of the host. Therefore, finding
nanomaterials with excellent antibacterial properties [8] is of
great value for reducing the infectivity of internal implants
and prolonging the service life and promoting the develop-
ment of high-end orthopedic implants with independent
intellectual property rights. In the nursing process before
and after orthopedic surgery, rehabilitation training is an
important part of fracture recovery treatment and the effect
of independent exercise is unmatched by other treatment
methods. It can enhance the recovery effect of the patient’s
function, which is very conducive to the recovery of the
patient’s body, and greatly reduces the postoperative mortal-
ity and disability rate of the patient. Based on this, nanotubes
combined with exercise rehabilitation therapy [9–11] have
great application potential in the treatment of knee arthritis.
As a plant medicine carrier in orthopedics, it has a good
clinical effect and has great potential for improving the clin-
ical treatment of knee arthritis. However, for the research on
knee arthritis injury caused by nanotubes and exercise reha-
bilitation therapy, the definition and thinking of traditional

exercise therapy have not been removed, so that the two can-
not be well combined.

Nanomaterials are widely used in energy, materials, biol-
ogy, medicine, and other fields due to their superior physical
and chemical properties. With the development of materials
science, osteoarthritis has been developed and its focus is on
repair and reconstruction. Finding materials with good
human tissue compatibility, strong mechanical properties,
and strong antibacterial ability has always been a difficult
point in orthopedics. As a newly developed material, TiO2
nanotubes [12, 13] have better human tissue compatibility
and strong anti-infection performance than commonly used
orthopedic materials such as stainless steel, titanium alloy,
polyethylene, and ceramics. In addition, by changing the
diameter of the nanotube, the thickness of the tube wall,
the length of the tube, and the amount of drug loaded, the
damaged bone tissue can be targeted and the drug can be
released, which has a long-lasting antibacterial effect of the
implant. In addition, its nanopore morphology [14] can be
suitable for a variety of cell adhesion and growth, achieving
good compatibility with human tissues [15]. On this basis,
as an important integrated treatment, nursing staff must
develop a corresponding rehabilitation exercise plan for the
patient. And according to the degree of disease and medical
history of orthopedic patients, the patients are arranged for
corresponding preoperative and postoperative exercises.
Compared with injection of DEX or CDMP-1 alone, intra-
articular injection of CDMP-1 and DEX-loaded discoid lipid
nanoparticle DLNPs can significantly reduce the levels of
inflammatory factors in serum and synovial tissue of knee
arthritis and can significantly reduce the levels of inflamma-
tory factors in knee arthritis. Promote the repair of damaged
cartilage, and delay or avoid the occurrence of joint replace-
ment surgery. This study suggests that the discoid lipid
nanoparticles loaded with synergistic drugs with sustained
release have broad development space in clinical prac-
tice [16].

The research carried out in this paper is mainly divided
into three parts: the first part is the research of titanium
dioxide nanotubes in orthopedic treatment. Titanium diox-
ide nanotubes are another form of TiO2. Because nanotube
nanofilms have a relatively large surface area ratio, so, it
has a high adsorption capacity and can achieve compatibility
with human tissues, especially the addition of other equip-
ment to the nanotubes for assembly into advanced nanoma-
terials, which will improve all aspects of the performance of
titanium dioxide to a certain extent. In this paper, TiO2
nanotubes are used as antibacterial drugs and growth factor
carriers to study the application of knee arthritis; the second
part is the study of sports rehabilitation therapy in orthope-
dic treatment. Rehabilitation exercises for orthopedic
patients can reduce postoperative pain, eliminate swelling
in the surgical area and surrounding areas, avoid various
complications such as muscle atrophy, and enable patients
to speed up the recovery of various body functions. In the
orthopedic nursing process, the nursing staff should pay
close attention to the various indicators of the patient’s body
and do a good job in the communication between the doctor
and family members and the content of family care. The self-
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confidence of recovery must be established for the patient, so
that the patient’s sports rehabilitation can be realized. The
third part is the clinical investigation and research part.
Investigate the therapeutic improvement degree, clinical
effect, and patient satisfaction of titanium dioxide nanotubes
as a new nanomaterial in the treatment of knee arthritis.
This article will discuss in detail the advantages and disad-
vantages of nanotechnology and explore the feasibility of
nanotechnology combined with sports rehabilitation therapy
to treat knee arthritis. In this paper, the efficacy, clinical
effect and patient satisfaction of titanium dioxide nanotubes
as a new nanomaterial in the treatment of knee arthritis were
investigated. This article will discuss in detail the advantages
and disadvantages of nanotechnology and explore the feasi-
bility of combining nanotechnology with the rehabilitation
of knee arthritis [17].

2. Treatment of Knee Arthritis Based on
Titanium Dioxide Nanotubes

The TiO2 nanotube materials prepared in orthopedic
research are often prepared using the surface layer of pure
titanium or titanium alloy. Observing the TiO2 nanotube
under an electron microscope, it can be found that it is com-
posed of a large number of uniform tubular structures. Each
tubular structure is hollow in the middle, the top is open,
and the bottom is closed. The specific surface area of the
entire tubular structure is large and porous. This is a special
structure used for drug carrier adsorption. The research of
TiO2 nanotubes in orthopedics can be divided into two
aspects: one is to study the biocompatibility of TiO2 nano-
tubes, that is, to study bone fusion and bone growth, and
to study the application of TiO2 nanotubes as antibacterial
drug carriers, including drug load, anti-infection, and antitu-
mor. Related studies have found that TiO2 nanotubes can
resist the adhesion of bacteria and the surface layer of nano-
tubes with a diameter of 80 nm can resist the adhesion of
bacteria and promote the production of biofilms. Because
of this feature, it can reduce the risk of infection for patients,
so it is a new type of simple antibacterial nanomaterial.

2.1. Biocompatibility of TiO2 Nanotubes

2.1.1. Research on Histocompatibility. TiO2 nanotubes have a
special structure that promotes bone formation. The frosted
surface of the nanotube is conducive to cell adhesion, cell
proliferation, and cell diffusion. Its structure diagram is
shown in Figure 1.

It can be seen in Figure 1 that it has the following
characteristics:

(1) Compared with traditional titanium, the growth
capacity of osteoblasts on the surface of nanotubes
is increased by 200%–300%, which can greatly
improve the activity of osteoblasts and the deposi-
tion of materials on the surface of bone cells

(2) Previous studies have shown that the enhancement
of bone formation ability on the surface of nanotubes
is related to the diameter of nanotubes. The diameter

of TiO2 nanotubes can significantly promote the
adhesion and proliferation of osteoblasts, thereby
affecting the differentiation and proliferation of oste-
oblasts. When the diameter of the nozzle is about
30nm, it is conducive to cell adhesion; when the
diameter is 100nm, the cell adhesion begins to
decrease. Under this condition, the proliferation of
osteoblasts and the increase of alkaline phosphatase
activity begin to accelerate. When the diameter is
between 30nm and 100nm, TiO2 nanotubes are very
suitable for osseointegration surgery

(3) The biocompatibility of titanium nanoparticles’ sur-
face layer with osteoblasts is quite good, which can
cause the nanomaterials to merge with primitive
bone cells, boosting the stability of the interior com-
ponents [18]

(4) The special structure of nanotubes not only pro-
motes bone fusion but also eliminates the body’s
immune rejection response

(5) The research on nanotubes is limited and not com-
prehensive enough

2.1.2. Research on Improving Biocompatibility with Growth
Factors. TiO2 nanotubes can use the combination with
growth factors to enhance bone formation and promote tis-
sue compatibility. The TiO2 nanotube array can be used as a
carrier to achieve bone cell fusion of human bone. Relevant
studies have shown that the combination of TiO2 nanotube
array and bone morphogenetic protein can greatly promote
the differentiation of stem cells into bone cells in the human
body, resulting in better surgical results. However, although
TiO2 nanotubes can improve the adhesion and activity of
fibroblasts, no studies have shown that TiO2 nanotubes can
promote the adhesion and growth of fibroblasts [19].

2.2. Application of TiO2 Nanotubes as Drug Carriers

2.2.1. Loaded Silver (Ag). Silver has been widely used as an
antibacterial substance a long time ago, and its antibacterial
mechanism is more complicated. In recent years, with the
production of nanosilver, silver as an antibacterial drug has
become more and more popular. Due to its good electrical

Figure 1: Structure diagram of titanium dioxide nanotubes.
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conductivity, nanosilver particles occupy an extremely
important position in the field of microelectronics. The sur-
face effect and quantum size effect of nanosilver particles
also make them have some special uses, such as surface-
enhanced Raman applications and medical applications
[20]. Silver nanoparticles have a large surface area, so they
can be in contact with microorganisms. They can attack bac-
teria and release a substance to damage the cell wall, which
can effectively kill bacteria. The study found that the anti-
bacterial activity after loading silver was significantly higher
than that of the control titanium surface and the nonsilver
nanotube surface and it had no adverse effect on the adhe-
sion and growth of bone cells. Zhao et al. found that the sur-
face layer of titanium dioxide nanotubes containing silver
nanoparticle bubbles immersed in AgNO solution can effec-
tively kill early bacteria and effectively inhibit bacterial adhe-
sion. However, it is worth noting that Ag+ may also cause
cell toxicity in humans, especially in areas where Ag+ may
accumulate. Therefore, it is necessary to deeply study the
regulation of the nanotube structure and the release control
of silver and other metal ions.

2.2.2. Contains Antibiotics. TiO2 nanotubes are used as a
powerful carrier to release antibacterial drugs, thereby form-
ing a local receptor system on the bone surface. The research
results of Popa et al. showed that lyophilization of gentami-
cin into TiO2 nanotubes can resist the growth of bacteria to a
certain extent and will not affect the adhesion, proliferation,
and proliferation of osteoblasts near the nanotubes. Differ-
entiation. Research by Gulati et al. found that a titanium
rod with a diameter of 70mm was placed in a TiO2 nano-
tube in a PBS solution, and it was found that the drug was
released slowly within 6 hours before the rapid release and
the drug was released with zero-order kinetics. The above
two-stage drug release stage shows that TiO2 nanotubes
meet the needs of targeted drug release. In addition, in order
to delay the release time of the drug and achieve long-term
antibacterial effect, the TiO2 nanotube drug carrier can be
covered with a polymer coating and the drug release can
be controlled by a slow speed.

2.2.3. Containing Antimicrobial Peptides. Antibacterial pep-
tides (AMPs) are a kind of peptides, composed of no more
than 50 amino acids. This is an antibiotic and is unlikely
to develop resistance. Related studies have shown that the
use of vacuum-assisted physical adsorption technology to fill
antimicrobial peptides into TiO2 nanotubes can achieve tar-
geted effective sterilization and inhibit bacterial adhesion
and the release kinetics of nanotubes is closely related to
the crystal type. Nitric oxide (NO), also known as an endo-
thelial relaxing factor, can relieve the body’s vascular ten-
sion, and by producing some substances, it destroys the
bacterial cell membrane and DNA, thereby producing anti-
bacterial effects. Smith et al.’s experimental research on ani-
mal implantation showed that the NO release system with
titanium dioxide nanotubes as a carrier was discussed. The
surface of titanium dioxide nanotubes can significantly
reduce the surrounding NO level, fibrous tissue thickness,
and macrophage concentration. Therefore, the NO release

system using titanium dioxide nanotubes as a carrier needs
further research and demonstration. In addition, the combi-
nation of antibacterial drugs albumin and quaternary
ammonium salts with titanium dioxide nanotubes must be
further studied for verification. So far, more than 1200 anti-
microbial peptides have been identified. The antibacterial
peptides were loaded onto the titanium dioxide nanotubes
by physical methods to study the antibacterial ability of the
antibacterial peptides against Gram-positive bacteria and
Staphylococcus aureus. After 2 hours of cultivation, the anti-
bacterial peptides on the surface of the nanotubes can
destroy bacteria and reduce the number of bacteria.

2.2.4. Antibacterial Agent. Gentamicin in the antibacterial
inner plant coating is a broad-spectrum antibiotic that has
been extensively studied and is more sensitive to Staphylococ-
cus aureus. Related studies have found that 80nm nanotubes
loaded with gentamicin have better antistaphylococcal effects
than nanotubes without gentamicin. Compared with tradi-
tional titanium sheets, TiO2 with or without gentamicin can
significantly facilitate cell adhesion, proliferation, and differ-
entiation of adult bone. Gallium nitrate is a new type of anti-
bacterial agent. The gallium ions formed by ionization can
strongly resist the production of iron ions, thereby inhibiting
the metabolic activity of bacteria. Gallium nitrate can resist
the production of E. coli and the accumulation of E. coli. The
titanium gallium nitrate plate was immersed in the serum
and incubated at 36°C. Antibacterial activity can be main-
tained for up to 30 days. Therefore, implants coated with gal-
lium nitrate can resist the reproduction of bacteria on its
surface.

2.2.5. Contains Antitumor Drugs. Because of the larger spe-
cific surface area and better surface activity of TiO2 nano-
tubes, a large number of researchers have studied in vitro
the filling, release, and anticancer effects of doxorubicin
and 5-fluorouracil on TiO2 nanotubes. The physical adsorp-
tion method can be used to fill doxorubicin into the TiO2
nanotubes, and the pH value can be adjusted by adjusting
the release solution. Corresponding in vitro experiments
show that the best loading time is 12 hours, and the total
release rate of doxorubicin is greater than 75%. Nanotubes
loaded with uracil have very good drug release kinetics and
selective killing ability to cancer cells. In summary, TiO2
nanotubes are promising anticancer drug carriers.

2.3. Problems with TiO2 Nanotubes. At present, although a
large number of studies have been conducted on TiO2
nanotubes at home and abroad, there are still deficiencies in
clinical application treatment, so there is no generally recog-
nized stable application. TiO2 nanotubes have better human
histocompatibility and strong anti-infective properties. At
present, the preparation of uniform and stable nanotubes
requires a lot of material research. The study of TiO2 nano-
tubes in knee arthritis is mainly limited to in vitro studies,
so it is impossible to specifically express the specific condi-
tions in vivo. The coating and drug loading of TiO2 nano-
tubes are incomplete in terms of drug loading, targeted
drug release, and stability. Based on this, although the
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research on TiO2 nanotubes is not thorough enough, the
preparation process of TiO2 nanotubes is less complicated
and less harmful to the human body, has large drug loading,
and has good antibacterial properties. It is a promising ortho-
paedic implant material with great potential value.

3. Research on Sports Rehabilitation in
Knee Arthritis

In the nursing process before and after orthopedic surgery,
rehabilitation training is an important part of fracture recov-
ery treatment and the effect of independent exercise is
unmatched by other treatment methods. It can enhance
the recovery effect of the patient’s function, which is very
conducive to the recovery of the patient’s body. Through
postinjury rehabilitation training, the body’s energy metabo-
lism can be balanced, preventing weight gain and shortening
the time required to resume exercise after injury [21].

3.1. Necessity of Sports Health Treatment in the Treatment of
Knee Arthritis. Symptoms of knee stiffness usually occur
after knee surgery, which will greatly affect the patient’s
walking posture and reduce the subjective well-being of life.
Relevant studies have shown that the incidence of knee stiff-
ness after knee surgery is 10% to 16%. However, proper
exercise, light stretching, and regular walking can signifi-
cantly reduce the occurrence of knee stiffness. This article
studies the effect of sports rehabilitation therapy on knee
stiffness. It is found that good therapeutic effects have been
obtained in the early rehabilitation training investigation of
patients with knee stiffness.

This study selected 60 patients with knee stiffness after
surgery, including 38 males and 22 females, with an average
age of 47 years. The patients were divided into three groups
according to the order of admission.

3.2. Method. Group 1 uses common knee joint treatment
clinical methods and conventional medical care, group 2
uses TiO2 nanotubes to carry antibacterial drugs for knee
arthritis treatment and conventional medical care, and
group 3 uses TiO2 nanotubes to carry antibacterial drugs
for knee arthritis treatment and professional sports rehabil-
itation therapy, among which group 1 and group 2 are used
as the control group and group 3 is used as the observation
group. Before rehabilitative training, their body will experi-
ence different pain conditions; the specific method is as
follows:

(1) Psychological counseling

In the course of rehabilitation training after knee arthri-
tis surgery, the patient’s confidence in recovery plays an
important role in the recovery of the disease. Because of
the stiffness of the knee, the flexion and extension of the
patient are restricted to a certain extent, which greatly affects
the quality of life of the patient, and the patient often feels a
decrease in inner happiness. Therefore, nurses should pay
close attention to the patients actively and give them a cer-
tain degree of psychological counseling, so that the patients

can control their emotions and have an optimistic and con-
fident attitude towards recovery. In addition to eliminating
the patient’s dependence on psychological surgery and
equipment, we should also actively cooperate with nursing
staff to carry out functional exercises.

(2) Pain care

Patients with stiff knees will experience pain after sur-
gery, which is the main reason that affects the recovery of
patients. Before the anesthesia effect disappears, advance
recovery training is required. During exercise, an analgesic
pump can be used to reduce the pain caused by exercise.
After the analgesic pump is relieved, analgesic drugs can be
taken immediately to reduce pain and accelerate the recov-
ery of knee joint function.

(3) Actively exercise

From the patient’s activity ability, guide and encourage
the patient to exercise actively and tell the patient not to rush
to achieve the immediate effect of overexercising, but to
exercise patiently and confidently, so as to promote fracture
recovery.

(4) Dynamic auxiliary physical therapy

For patients with a long medical history, appropriate
assistance exercises should be carried out. Because the
patient has not recovered well, he cannot carry out voluntary
exercise training and needs to rely on others to carry out
exercises within a certain range of strength. Only in this
way can the health recovery of the illness be achieved. There-
fore, the nurse or family member must provide some help to
the patient, especially when lying down [22].

(5) Massage

For patients with stiff knee joints, caregivers should
actively tell their family members to massage the biological
part of the patient’s muscles. Massage can promote blood
circulation and increase the blood supply to the osteoarthri-
tis surgery site, reduce muscle swelling and pain, and
improve patient satisfaction with nursing. However, it is
worth noting that during exercise, the strength of the mas-
sage should be adjusted to avoid secondary injuries. The
intensity should not be too high; otherwise, the exercise
effect will be difficult to achieve.

The observation group adopted the above nursing
methods, while the control group adopted methods (1),
(2), and (3). The postoperative active and assisted activity
records of the control group and the observation group are
shown in Table 1. The autonomous and assisted movement
ranges of the two groups of patients have been expanded.
However, the movement angle of the observation group
was significantly higher than that of the control after recov-
ery. (P < 0:05).

3.3. Evaluation Index. The range of flexion motion between
the maximum flexion and the maximum elongation of the
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active and passive angles of the knee joints in the two groups
were evaluated.

The simple life scale is used to assess the quality of life of
patients after surgery. The indicators include physical pain,
limb stretching, mental health, social activities, and overall
health. 10 points in the score is the upper limit; the higher
the score, the better the patient’s quality of life. The quality
of life scores of the observation group was higher than that
of the control group in all indicators. Therefore, it can be
concluded that, compared with ordinary nursing care, the
addition of specialized exercise therapy intervention after
surgery can effectively speed up the recovery of knee joint
function and not only improve the patient’s quality of life
during illness but also make the patient recover better and
better. At the same time, from the perspective of the patient,
the communication between the doctor and the patient is
increased and the patient’s satisfaction with the treatment
is improved. The postoperative quality of life of the patients
was assessed by observing various indicators.

3.4. Statistical Methods. SPSS statistical software can analyze
the relationship between single variables and multiple vari-
ables. The chi-square test was used to compare the incidence
of intraoperative and postoperative complications and the
rate of stone clearance. The factors with statistical signifi-
cance (P < 0:05) were used as independent variables and
whether blood transfusion treatment was used as the depen-
dent variable. The t-test was used for comparison between
groups. When P < 0:05, it is considered statistically signifi-
cant. The chi-square test formula is as follows:

χ2 = 〠
k

i=1

f i − npið Þ2
npi

: ð1Þ

Among them, χ2 is the test statistic, n is the number of
experiments, and f i is the group frequency.

3.5. Advantages of Sports Health Treatment. In the course of
rehabilitation training after knee arthritis, the patient’s con-
fidence in recovery plays an important role in the recovery of
the condition:

(1) Because of the stiffness of the knee, the patient’s flex-
ion and extension are restricted to a certain extent,
which greatly affects the patient’s quality of life.
The caregiver and family members massage some
of the patient’s muscles. Massage can promote blood

circulation and improve the osteoarthritis surgery
site. Blood supply can reduce muscle swelling and
pain and stiffness

(2) Normal nursing includes effective methods such as
psychological counseling, pain nursing, massage,
and adding exercise fixation belts. The observation
group’s nursing involves professional sports rehabil-
itation and rehabilitation projects. In the process,
rehabilitation training is an important part of frac-
ture recovery treatment and the effect of indepen-
dent exercise is unmatched by other treatment
methods. It can enhance the recovery effect of the
patient’s function, which is very conducive to the
recovery of the patient’s body, and greatly reduces
the postoperative mortality and disability rate of
the patient

(3) During training, attention should be paid to alleviat-
ing the pain of the patient, such as early recovery
training before the effect of anesthesia disappears.
During exercise, an analgesic pump can be used to
reduce the pain caused by exercise. After the analge-
sic pump is relieved, analgesic drugs can be taken
immediately to reduce pain and accelerate the recov-
ery of knee joint function

Because the number of research subjects in this study is
small, the results of the survey have certain flaws. If the
number of researchers is expanded, I believe that more valu-
able research results can be obtained.

4. Survey Results and Analysis

In this study, 60 patients with knee stiffness after surgery
were selected as the research objects, including 38 males
and 22 females, with an average age of 47 years. According
to the order of admission, the patients were divided into
an observation group and two control groups. Among them,
age, gender, and knee stiffness are the characteristics of this
experiment, which are important factors that determine the
degree of nanomaterials for knee injury repair.

Group 1 adopts common knee joint treatment clinical
methods and routine medical care, group 2 adopts TiO2
nanotubes to carry antibacterial drugs for knee arthritis
treatment and routine medical care, and group 3 adopts
TiO2 nanotubes to carry antibacterial drugs for knee arthritis
treatment and professional sports rehabilitation therapy,
among which group 1 and group 2 are used as the control
group, and group 3 is used as the observation group. Specific
investigation and research found that among the three
groups compared, the observation group had higher scores
of physical pain, physical function, mental health, social
function, and overall health compared with the control
group. It can be seen that rehabilitation nursing intervention
is more effective than conventional nursing. Promote the
recovery of knee joint function, improve the quality of daily
life, and help patients return to normal home and work life
better and faster.

Table 1: The range of physical activity of the three groups of
patients.

Group

Before recovery After recovery
Autonomous
range of
motion

Power
range of
motion

Autonomous
range of
motion

Power
range of
motion

Group 1 61.65 68.32 77.14 92.17

Group 2 63.47 72.16 87.42 101.42

Group 3 69.21 75.85 98.18 110.26
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It can be seen in Figure 2 that the knee joint activity
scores of the three groups before and after treatment are sig-
nificantly different. The scores of the three groups of patients
before treatment were relatively low, but the scores of the
observation group were significantly higher than those of
groups 1 and 2. The joint scores of the observation group
gradually increased one week and two weeks after treatment.
The functional score increased more significantly. For
patients with a long medical history, carry out appropriate
help exercises. Because the patient has not recovered well,
he cannot carry out voluntary exercise training and needs
to rely on others to carry out exercises within a certain range
of strength. Therefore, the nurse or family member must
provide some help to the patient, especially when lying
down. Patients with stiff knees will experience pain after sur-
gery, which is the main reason that affects the recovery of
patients. Before the anesthesia effect disappears, advance
recovery training is required. During exercise, an analgesic
pump can be used to reduce the pain caused by exercise.
After the analgesic pump is relieved, analgesic drugs can be
taken immediately to reduce the pain and accelerate the
recovery of knee joint function, so the observation group
can achieve a healthy recovery from the disease. Therefore,
compared with patients without nanomaterials to heal knee

joints and conventional treatment, patients after using nano-
tubes and exercise rehabilitation therapy are more effective
for knee arthritis recovery.

It can be seen in Figure 3 that the pain scores of the three
groups before and after treatment are significantly different.
Before the treatment, the scores of the three groups of
patients were relatively low but the scores of group 3 were
significantly higher than those of groups 1 and 2. The pain
scores of one week and two weeks after treatment were sig-
nificantly reduced. Compared with the control group, the
observation group’s pain score decreased more obviously.
The use of the sports fixation belt device is customized for
patients with special conditions. The exercise fixation belt
used for postoperative recovery can reduce the swelling of
the patient’s body, help restore the patient’s muscle strength,
accelerate the patient’s nerve to touch recovery, and enhance
the patient’s ability to take care of themselves. Before the
anesthesia effect disappears, advance recovery training is
required. During exercise, an analgesic pump can be used
to reduce the pain caused by exercise. After the analgesic
pump is relieved, analgesic drugs can be taken immediately
to reduce the pain and accelerate the recovery of knee joint
function.

It can be seen in Figure 4 that the scores of pains, mental
health, social function, and swelling of the three groups
before and after treatment have obvious differences. The
scores of various indicators of the observation group are sig-
nificantly higher than those of the control group. In the
course of rehabilitation training after knee arthritis surgery,
the patient’s confidence in recovery plays an important role
in the recovery of the disease. Because of the stiffness of the
knee, the flexion and extension of the patient are restricted
to a certain extent, which greatly affects the quality of life
of the patient, and the patient often feels a decrease in inner
happiness. Therefore, nurses should pay close attention to
the patients actively and give them a certain degree of psy-
chological counseling, so that the patients can control their
emotions and have an optimistic and confident attitude
towards recovery.

It can be seen in Figure 5 that all the study subjects are
very satisfied with the preoperative and postoperative care.
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Figure 2: Comparison of knee joint activity scores before and after treatment in the three groups.
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Figure 3: Comparison of pain scores before and after treatment in
the three groups.
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The patient’s critical period is 24 hours after the operation.
The nursing staff carefully observe the changes in the
patient’s physical signs. The patient will be tested every half
an hour after the operation. If any abnormality is found,
please inform the doctor for proper treatment in time. After
the vital signs are stable, test once every 2 hours. When the
patient was conscious, the nursing staff did the first time to
tell the patient the news of the success of the operation
and actively guided the family members to master some of
the contents and methods of nursing, which greatly helped
the patient to relieve the pressure and improve the family’s
understanding of nursing work. In addition, nurses observe
the color and volume of the urinary tube and nephrostomy
tube at regular intervals and make a record; for patients with
knee stiffness, the nurse should actively tell the family to
massage the patient’s biological muscles, which can promote
blood circulation. Increasing the blood supply to the osteo-
arthritis surgery site can reduce muscle swelling and pain
and improve patient satisfaction with nursing care.

5. Conclusions

Osteoarthritis is a type of synovial arthritis, which is very
common in clinical treatment, and knee osteoarthritis has
the highest incidence. In recent years, TiO2 nanotubes, as a
newly developed material, have better human tissue compat-
ibility and strong anti-infection performance than com-
monly used orthopedic materials such as stainless steel,
titanium alloy, polyethylene, and ceramics. In addition, by
adjusting the diameter and drug loading of the nanotubes,
the damaged bone tissue can be targeted and the drug can
be released and the internal implantation has a long-lasting
antibacterial effect. Sports rehabilitation therapy combined
with important nursing methods in orthopedic treatment
can enable patients to speed up the recovery of various body
functions. In this paper, the research of titanium dioxide
nanotubes in orthopedic treatment is carried out and how
the diameter and drug loading of TiO2 nanotubes affect
the recovery of damaged cells, as well as the tissue compati-
bility and safety of nanotubes to the human body. At the
same time, a comprehensive analysis of the enhancement
of exercise rehabilitation therapy to the patient’s physical
recovery ability is also carried out. Clinical investigation
and analysis showed that according to the assessment of
the simple life scale, the postoperative quality of life, social
activities, mental health, and physical function of the obser-
vation group were higher than those of the control group.
The movement of nanomaterials is of great importance in
research in many fields of medicine, which are used as drug
carriers, antibacterial drugs, anticancer drugs, and smart tar-
geted drugs. In summary, in the clinical treatment of knee
arthritis surgery, titanium dioxide nanotubes have good
antibacterial properties as an endoplant and good histocom-
patibility with human bones. In the observation group com-
bined with exercise therapy, various complications such as
pain, swelling, and muscle atrophy were relatively small,
allowing the patient to speed up the recovery of various body
functions. At the same time, nurses should actively pay
attention to patients and give patients a certain degree of
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Figure 4: Comparison of quality of life scores before and after treatment in the three groups.
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Mineral admixtures are frequently utilized as cement substitution materials in high-performance concrete (HPC), and so many
studies have explored the influence of mineral admixtures on the rheological behavior of HPC. Investigations were done to
examine the impact of nanosilica less than 100 nm on HPC by substituting copper slag at a fixed substitution of forty percent
for fine aggregate. Concrete samples were cast by substituting cement with nanosilica at (0.5, 1, 1.5, 2, 2.5, and 3) percentages.
Examinations on mechanical properties and durability were done on specimens. The above tests demonstrated an increase in
water demand because of the increase in the nanosilica substitution percentage. Mechanical and durability properties were
improved at a larger rate with the incorporation of nanosilica. The outcomes indicated that colloidal nanosilica is an effective
material that enhances the microstructure and acts as a catalyst for pozzolanic activity. The incorporation of nanosilica
improves the strength up to two percentage substitution level.

1. Introduction

HPC on the other hand is a concrete that is proved to give
good strength as well as good durability. HPC has been
generally utilized across the globe for the past thirty years.
Compressive strength might differ from 50 to 200MPa. Not-
withstanding strength requisites, durability properties are
essential in producing high-performance concrete. Conse-
quently, it is important to utilize large amounts and worth
resources to convene up above prerequisites. Aggregates
comprise around 70 to 80 per cent of the volume of the
concrete, and thus, there is fast growth in the utilization of
normal aggregate worldwide. The industrialization has

prompted the creation of tremendous waste materials and
side effects that leads to ecological issues. Hence, there is a
vital requirement to discover and use substitute materials
for aggregates by using waste materials and results utilizing
no characteristics change that prompts a maintainable and
better environment alongside specialized benefits. There is
an enhancement in strength property of HPC while mineral
admixtures are utilized since fractional replacement to con-
crete because of fortifying of the interfacial transition zone.
These days, the utilization of nanomaterials in concrete is
acquiring significance attributable to their improved prop-
erty in the hardened and non-hardened conditions of con-
crete because of its particular superficial region. The
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materials utilized in nanosize are nanosilica, nano-TiO2,
nano-Fe2O3, nano-Al2O3, and carbon nanotubes/strands.
Among all the nanomaterials, nanosilica is the most gener-
ally used material in concrete due to pore filling impact
[1]. A limited quantity of nanosilica, typically at 0 to 5 per-
centage substitution, is sufficient for enhancement in HPC.
The addition of nanosilica speeds up the hydration cycle
and responds with (CaOH2), creates more amounts of (C-
S-H), and improves the mechanical properties. Cement
combined with nanosilica brings a compact microstructure
with a smaller quantity of calcium hydroxide crystals. Pozzo-
lanic reactivity is faster in concrete when nanosilica is added
up to three percentages. Substitution of nanosilica in con-
crete resulted in increased mechanical properties [2–5] and
development in tensile strength [6] and improvement in
abrasion resistance compared to conventional concrete to a
significant stage. Research on permeability properties of
nanosilica concrete proved that there is a decrease in absorp-
tion properties compared to conventional concrete [2, 6].
Substitution of nanosilica with GGBS resulted in prolonged
hydration speed [7]. The increase of nanosilica content in
concrete revealed decreased chloride particle entrance.
Nanosilica addition worked on the compressive strength
because of the speed increase of hydration [8–10]. The high
amount of waste glass powder with nanosilica is made con-
ceivable in concrete [11]. The adverse consequences of
sludge inclusion in setting time and mortar strength provi-
sions could be repaid by utilizing nanoparticles [12, 13].
The inclusion of nanoparticles could increase the strength
of concrete by 15 to 20 percentages [14]. Additionally, nano-
silica particles work on exhibition sludge combinations in
tile creation with a decrease in water assimilation and expan-
sion to wear [15]. The (CaOH2) formed at some point in
hydration to form added (C-S-H) gel. In this manner, nano-
silica goes about as the focus of nucleation because of its
high surface region, hence speeding up the hydration [16].
Likewise, expanding how much nanosilica brings about
agglomeration forestalling the uniform appropriation of
nanosilica particles inside the mortar because of its high
explicit surface energies. In this manner, the enhancement
of mechanical properties is diminished by increasing the
nanosilica content. Nanosilica could absorb other Ca+2 par-
ticles and reduce the convergence of calcium particles,
speeding up the disintegration of C3S, which expands the
pace of hydration successfully [17]. Adding colloidal nanosi-
lica is more straightforward and effective than incorporating
powdered content [18, 19]. The vast majority of examina-
tions reduced the investigation of the properties of substitu-
tion of nanosilica in concrete. A couple of exploration was
completed to decide concrete’s mechanical properties and
porousness with nanosilica. Numerous analysts announced
extraordinary and incongruous ideal amounts of nanosilica
alongside a few strange impacts, which need a lot of fixations
in additional exploration [1, 11–17]. The ideal amount of
nanosilica should show up for every material separately.
The usage of waste produced from industry is the major
challenge confronted today because of the removal cost
and potential contamination issue. The above issue can be
resolved or even disposed of alongside the accomplishment

of asset protection, assuming that it is proficiently utilized.
Fayalite slag is a derivative acquired during the refining pro-
cess of copper. Fayalite slag tracks down its utilization in
sandblasting, cutting devices, rail line counterweight, black-
top asphalt, and concrete [20]. Many kinds of exploration
were done to concentrate on the conceivable outcomes of
utilizing waste materials as fractional/complete substitution
of concrete [21]. The utilization of copper slag as a replace-
ment for fine aggregates further develops strength and dura-
bility parameters at similar usefulness. At the same time,
superplasticizer is a vital fixing in HPC prepared by copper
slag to give great functionality and better consistency. The
utilization of Fayalite slag in concrete clinker formation
and the impacts of copper slag on the properties of concrete
have been examined by numerous analysts [22–24]. A few
works detailed the mechanical properties of concrete pre-
pared using fayalite slags substitution for sand, and crushed
stones show more development than ordinary cement
[25–27]. For each huge load of copper delivered, roughly
2.2 to 3 tons of slags were created according to a logical esti-
mate. According to the review in 2010, copper slag creation
was assessed by around 30 tons everywhere. Copper slag is a
throwaway material that gives probable, natural, specialized,
and financial advantages in concrete and cement.

Improvement of nanosilica based on HPC is relied upon
to decrease cement utilization meant for environment con-
servation and economic benefits [1]. Even though there is
not much information on adding nanoparticles in concrete,
less consideration has been made on the importance of
nanosilica in concrete. Additionally, it creates an interest in
concrete innovation and is relied upon to work on the
mechanical properties. The impact of copper slag as a partial
substitution for sand on high-performance concrete was
examined by different researchers [25–27]. As a primer
work, an ideal amount of copper slag to be utilized in the
research was examined and found as forty percentage substi-
tutions is the perfect material for fine aggregate substitution.
Here, the examination is reached out to explore the impact
of the addition of nanosilica on HPC at consistent slump
where copper slag is consolidated as a fractional substitution.

2. Materials

OPC 53 grade was utilized, and the specific gravity of the
same is 3.15. River sand with a specific gravity of 2.67 and
fineness modulus of 2.92 was utilized, and copper slag was
used as a substitution material. The chemical properties of
copper slag are displayed in Table 1. Polycarboxylic ether-
based superplasticizer with a specific gravity of 1.09 and
pH more noteworthy than 6. Chloride concentration
under 0.25 percentage was utilized in this research. Colloi-
dal nanosilica have a specific gravity 1.32, and pH9.5 was
used. Standard consistency and setting time tests were per-
formed in concrete with nanomaterials at different substi-
tution levels. XRD investigation of nanosilica has shown
that a wide summit shifted between 15° and 30° was
acquired by mixtures in nanostructure and amorphous
nature shown in Figure 1.
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2.1. Experimental Study. The experimental study is divided
into two stages; initially, the percentage of copper slag is
optimized with water-reducing admixtures. These cement
matrix cubes of 70 × 70 × 70mm were cast with copper slag
substitution of 0, 10, 20, 30, 40, and 50 percentages by weight
of fine aggregate. Due to the lower water binder ratio,
cement mortar cubes with superplasticizer results were
improved than cubes without superplasticizer. Based on
compressive strength, the ideal substitution of copper slag
used for fine aggregate is 40%. The second stage of the study
involves the study of the impact of nanosilica substitution
for cement in mortar cubes. For this study, mortar cube of
70 × 70 × 70mm was cast by stable 40% of copper slag as
substitution and nanosilica of 0.5, 1, 1.5, 2, and 2.5 and per-
centage by weight of cement with w/b 0.32 and constant rate
of superplasticizer of 0.5 percentage. The cast cubes were
tested for compressive strength at 3, 7, 28, 56, and 90 days.

Further, ACI [27] technique for mix proportioning was
taken to show up at the orientation mix extent for M60
grade of concrete. Seven mixes of concrete at various doses
of colloidal nanosilica N0, N0:5, N1, N1:5, N2, N2:5, and

N3 correspondingly (0, 0.5, 1, 1.5, 2, 2.5, and 3) weight frac-
tion of cement were ready for workability between twenty-
five to fifty mm with forty percentage substitution. The w/
b proportion for all mix replacements was reserved at 0.32.
The water-reducing admixture content was changed in each
mix with the goal that the drop is kept up with at the
required range, and details are shown in Table 2.

2.2. Casting and Testing of Specimens. The ingredients are
mixed in a dry state. Later, nanosilica with water is added
to get the uniform scattering of nanoparticles. The mixed
matrix was filled in three layers, and compaction was done
with the vibrating table. Slump properties of the concrete
matrix were studied to understand the influence of nanosi-
lica inclusion in the slag concrete. The samples were covered
and were kept at room temperature until the demolding
period. The samples were then demolded after twenty-four
hours. The curing process is done till the required period
and tested at the expected age. Cube of size 100 × 100 ×
100mm were casted to determine the compressive strength
of the samples at three, seven, twenty-eight, fifty-six, and
ninety days. Cylinder specimens of size 150 × 300mm were
cast to find the split tensile strength of concrete. Rapid chlo-
ride penetration test was conducted on cylinders of size
100 × 50mm, where the samples were placed in the cell, with
liquid storage on every face. To perform the test, one cylin-
der was placed in the solution of sodium chloride with 3%
concentration and the other with the solution of sodium
hydroxide. The quality of electric current travelled through
the concrete are measured by keeping potential variation of
60V DC for 6 hours. Overall charges transferred (Coulomb)
are closely connected to the specimen’s chloride ion penetra-
tion. To perform the sorptivity test, 100 × 100mm cubic
samples set over the steel network in tub of water and bot-
tom portion are submerged to five-millimeter depth. The
other faces of the specimen are fixed such that it is saturated
for 40mm from the lower part such that progression of
water is made from base surface.

3. Results and Discussions

3.1. Impact of Nanosilica on Strength Properties of Cement
Mortars. From Figure 2, it is clear that the strength of the
cement matrix with 2% nanosilica has higher strength than
the control specimen. The improvement in three-day com-
pressive strength was 26.88, 53.82, 81.54, 99.62, 96, and
85.52 percentage for N0:5, N1, N1:5, N2, N2:5, and N3 cor-
respondingly than the control sample N0. Many outcomes
have centered on the outstanding exposition in the prema-
ture strength. Moreover, the prime objective of pozzolanic
material is strength advancement and decrease of pore size
appropriation; based on this. The strength development is
obtained up to 2% addition of nanosilica, which decreases
the compressive strength [28]. The strength increase for
the N2 mix is 22.9 and 14 percentages at the twenty-eight
and ninety days correspondingly. In comparison, strength
increases for the N3mix diminished to 13.5 and 6.9 percent-
ages at twenty-eight and ninety days. Samples with high
nanosilica content experience excessive self-drying and

Table 1: Chemical properties of copper slag, cement, and
nanosilica.

Materials Weight (percentage)

Silicon dioxide 26.72

Aluminum oxide 0.25

Ferric oxide 69.33

Calcium oxide 0.16

Sodium carbonate 0.6

Manganese oxide 0.25

Copper oxide 1.3

Titanium dioxide 0.5

Specific gravity (cement) 3.11

Initial setting (cement) 30 minutes

Final setting time (cement) 450 minutes

Specific surface area (m2/gm) (nanosilica) 206

pH value (nanosilica) 4.3

Silica content (nanosilica) 99.9

Carbon content (nanosilica) 0.08

Figure 1: SEM of nanosilica.
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breaking, and this can be by changing water and superplastici-
zer content [29–32]. Development in compressive strength by
adding nanosilica came about because of both densification
and filler impact of interfacial transition zone [33].

3.2. Impact of Nanosilica on Workability. Incorporating cop-
per slag enhances workability because of its shiny surface,
and less water absorption is shown in Figure 3. In any case,
a higher level of copper slag incorporation brings bleeding
due to the incorporation of nanosilica. Water particles are
promptly drawn at nanosilica because of their elevated
explicit surface region and larger reactivity. In this way, the
consistency of the mix was expanded, bringing about a
decline in usefulness upon the substitution of nanoparticles.
To prevail over this problem, the quantity of superplasticizer
was altered. Research on the impact of the substitution of
nanosilica on cement concluded that incorporating nanoma-
terials to cementitious mixes decreases workability because
of timely relations between the nanomaterials and cementi-
tious matrix [34].

3.3. Impact of Nanosilica on Strength Properties of Concrete
Containing Copper Slag. Results obtained from the samples
are shown in Figures 4 and 5. Differences in compressive
strength are noted because of the incorporation of nanosilica
in slag concrete at 3, 7, 28, 56, and 90 days. The blends N0:5,
N1, N1:5, N2, N2:5, and N3 improved compressive strength
of 41.2, 57.5, 76.7, 90, 76.4, and 73.6 percentages corre-

spondingly as for the control mix. A similar pattern was seen
on any remaining long periods. It was seen that the com-
pressive strength upgraded up to two percentage of nanosi-
lica substitution and afterwards declined to some extent.
The more prominent utilization of calcium hydroxide is seen
in the early ages because of the improved hydration. The
outcome obtained is profitable for nanosilica substitution
of two percentages by weight of cement. Hydration items fill
the pores between the concrete in this manner, shortcutting
the penetration of water to the unhydrated particles and
bringing down the strength gain beyond two percentage sub-
stitution of nanosilica. It was found that the improvement in
ninety-day compressive strength was 7.1, 12.8, 22.8, 27.9,
22.2, and 18.7 percentages for N0:5, N1, N1:5, N2, N2:5,
and N3 mixes correspondingly compared to the control
specimen. An increase in strength is recognized in the way
that calcium hydroxide liberated during the process of
hydration is used by nanosilica, bringing about higher
strength at early ages. Additionally, the results of hydration
fill the pores and make them denser. Mix N2 shows the
greatest strength obtained at the entire period, and the pro-
portion of addition in compressive strength concerning
twenty-eight days was higher.

Figure 5 shows the difference of split tensile strength
owing to the incorporation of nanosilica at entire ages. Sam-
ples of N0:5, N1, N1:5, N2, N2:5, and N3 increased 4.2, 9.9,
15.6, 17.8, 14.5, and 12.1 correspondingly by reference to the
control sample at three days. Seven days, strength obtained

Table 2: Mix design properties.

Properties
Mix designation

N0 N0.5 N1 N1.5 N2 N2.5 N3

Cement (kg/m3) 518 514 510 508 505 503 500

Colloidal nanosilica 0 4 8 10 13 15 18

Fine aggregate (kg/m3) 350 350 350 350 350 350 350

Water (kg/m3) 150 150 150 150 150 150 150

Copper slag (kg/m3) 240 240 240 240 240 240 240

Coarse aggregate (kg/m3) 1130 1130 1130 1130 1130 1130 1130

Super plasticizer (percentage) 0.42 0.42 0.43 0.45 0.5 0.55 0.55
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Figure 2: Impact of nanosilica on compressive strength properties of concrete containing copper slag.
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was 4.8, 11.3, 17.3, 22.5, 19, and 15.4 percentages corre-
spondingly for N0:5, N1, N1:5, N2, N2:5, and N3 compared
with the control specimen. The improvement in strength
was found to be 7.8 to 26.3 and 7.9 to 27.4 percentages for
nanosilica mixes correspondingly than the control sample
at twenty-eight and ninety days. This phenomenon is pri-
marily due to a stronger attachment between the aggregate
and cement matrix.

The reduction in mechanical properties with more
prominent than two percentage of nanoparticle substitution
is accredited to the explanation that the number of nanopar-

ticles is larger. On this junction, nanosilica is a replacement
material for cement utilized for filling the pores yet does not
engage in the hydration cycle.

3.4. Impact of Nanosilica on Chloride Ion Penetration. The
capacity of concrete to oppose the access of chloride particles
is an important constraint in deciding the service life of steel
in concrete in marine conditions. It is likewise critical to
research the conduct of cement containing substitutions like
copper slag concerning protection from chloride particle
infiltration. The rapid chloride penetration results of
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Figure 3: Impact of nanosilica on cement mortar strength.
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nanosilica with a forty percentage aggregate substitution
by copper slag at twenty-eight and ninety days are shown
in Table 3. It was noticed that every mix contained a small
vulnerability towards chloride. Values of Coulombs were
reduced by substituting nanosilica up to two percentages
demonstrating that the concrete became denser—further
addition of nanosilica results in small enhancement in
Coulomb. The above perspective has been shown in the
compressive strength result from which it very well may
be presumed that concrete shows more protection from
chloride ion penetration than different mixes. In this
research, it was seen that concrete with nanosilica showed
extremely low chloride particle penetration compared with
other concretes. The decrease in chloride particle entrance
might be because of the fuse of round particles like nano-
silica and copper slag, which brought about the improve-
ment of the molecule. Coulomb charges passed at ninety
days are low compared to twenty-eight days due to dense
microstructure.

3.5. Impact of Nanosilica on Sorptivity. The main strength of
water suction is capillary pressure [35]. The sorptivity coef-
ficient is a significant boundary to forecast the life of a struc-
ture [35]. Substitution of nanosilica quantity from zero to
two percentages causes a reduction in the sorptivity esteem
by 44.3 and 57.8 percentages at twenty-eight and ninety days
correspondingly. Being extremely fine particles, nanomateri-
als fill up the pores in concrete, consequently decreasing the
capillary pores.

4. Conclusions

Based on the experimental investigation on utilization of
nanosilica in concrete with forty percentage of copper slag
as fine aggregate substitutions, the following conclusions
have arrived:

(i) As the quantity of nanosilica was raised to three
percentages, the consistency was improved while
the setting time was reduced because of the
increased hydration rate. The nanosilica inclusion
has increased the compressive strength of concrete
containing forty percent copper slag as a weight
fraction for fine aggregate compared to the control
mix. The strength increment was observed up to

two percent of nanosilica substitution, beyond
which the strength decreases

(ii) The highest strength properties were found in con-
crete containing copper slag in the samples contain-
ing two percentages of nanosilica. The above
reaction brings about higher creation of calcium sil-
icate hydrate gel. Further addition of nanosilica
results in higher quantity than the amount of free
lime and directly affects the pozzolanic activity. It
very well may be acknowledged that the ideal nano-
silica substitution is two percentage

(iii) Rapid chloride penetration test containing nanosi-
lica in concrete was exceptionally low at twenty-
eight and ninety days. The charges passed were
not exactly aligned with the control specimens

(iv) Sorptivity results of concrete containing nanosilica
and copper slag decrease with an increment in
nanosilica content because of the consolidated
activity of pore filling impact. The highest decrease
in sorptivity values was seen in mixes with two
nanosilica percentages
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With the rapid development of the integrated circuit industry, ferroelectric thin film materials and technologies have become
increasingly important. Ferroelectric materials have been widely used in aerospace, information storage, artificial intelligence,
microelectromechanical, wearable devices, and other fields. Traditional sports is an important carrier of traditional culture. It
contains the sports cultural resources created and precipitated by the Chinese nation for thousands of years, and all sectors of
society are also paying great attention to this. Under the background of the market economy system and the major premise of
the vigorous development of the cultural industry and sports industry, industrialization is obviously the inevitable choice for
traditional sports to break through the difficulties and seek development, and it will also promote the further inheritance and
promotion of traditional sports. The complex combination causes its performance to decrease or even fail. Therefore, it cannot
cause foresee losses and disasters. It has important application value and significance to master the performance changes and
mechanisms of ferrous film materials under different adding environments. This paper takes ferroelectric Pb
(Zr0.52Ti0.48)O3(PZT)Bi3.15Nd0.85Ti3O12(BNT) as the research object, proposes the preparation of sol coating for thin film
materials, and studies the preparation parameters PZT of the sol electric ferroelectric method. Electrical method and BNT
electrical film properties affect iron and physical experiments on the properties of iron. The influence of the best sol-iron
coating method on the electrical properties of PZT and BNT films is the ferroelectric properties of the 700°C layer of high-
temperature gas, 10-layer PZT films, and 8-layer BNT films. The elasticity and elastic moduli of PZT and BNT films are
66.8MPa and 99.6MPa and 159.3GPa and 189GPa, respectively; the elastic coefficients of PZT and BNT films are15:4 × 1010
N/m2 and18:4 × 1010 N/m2, and their elastic coefficientsje31jdecrease with accompanying increase in swallowing. And with the
disease of reading and writing field strength, as the speed becomes faster and slower, the carriers have more time to move to
the brain wall, so the intensity is also intuitive. It has strong practicability and feasibility to popularize the material and
manufacture the equipment of the current sports equipment club.

1. Introduction

Intel and IBM jointly launched a 45-nanometer processor
chip in 2007, using high-dielectric constant hafnium dioxide
to replace the previous silicon dioxide gate insulating layer,
which solves the leakage that occurs as the processor
becomes smaller. This technological invention has brought
historical changes to the IT industry, and the research on
hafnium dioxide has also kicked off an upsurge. With the
progress of people’s research work, hafnium dioxide has
been widely used in the fields of electronics, optics, and so

on. In 2006, Setter mentioned in a review of ferroelectric
thin film materials, characteristics, and applications that fer-
roelectric field effect transistors (FeFET) will be used as a
fast, low-energy, and nonvolatile storage technology for a
long time in the future. In these devices, information will
be permanently stored in the gate insulating layer in the
form of polarization state and can be read nondestructively
in the form of a threshold voltage change. Although as early
as 1974, Wu had put forward the concept of ferroelectric
field effect transistor experimentally, but for a long time,
there are still many difficulties in practical application. For
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example, it is difficult to obtain materials with strong stabil-
ity. This is mainly due to the thermodynamic mismatch of
known ferroelectric materials such as lead zirconate titanate
(PZT), strontium bismuth tantalate (SBT), and strontium
titanate (STO) on silicon. In addition, because silicon has a
very small band step, in order to obtain low leakage current
devices, thick film and precious metal electrodes must be
used. In order to improve the stability of direct contact
between ferroelectric materials and silicon, many methods
such as the introduction of buffer layers have been tried,
but these methods have reduced the scalability of such
devices. To make matters worse, when the buffer layer is
introduced, the existence of a higher depolarization field will
degrade the information storage capacity. Therefore, in
order to obtain a highly reliable ferroelectric field effect tran-
sistor, a new ferroelectric material with semiconductor com-
patibility is urgently needed. The ferroelectric thin film
material proposed in this paper can satisfy this point.
Although, in recent years, the traditional sports industry
has gradually attracted the attention of people from all walks
of life and has achieved certain results, but compared with
the industrialization of most modern sports events, there is
still a big gap. Especially in the context of the new era, how
traditional sports can seize the economic and cultural double
stilts to move forward steadily and realize the real industrial-
ization of traditional sports requires further theoretical and
practical discussions.

Through the investigation of the high dielectric constant
gate insulating layer material, it can be found that only a few
metal oxides have both semiconductor compatibility and
sufficient energy band gap, and hafnium dioxide is one of
them. Hafnium dioxide is an inorganic substance and an
oxide of hafnium element. It is a white solid at room temper-
ature and pressure, insoluble in water, insoluble in hydro-
chloric acid and nitric acid, and soluble in concentrated
sulfuric acid and hydrofluoric acid. However, for a long
period of time in the past, it is generally believed that haf-
nium dioxide does not have a noncentrosymmetric crystal
structure, so hafnium dioxide cannot be a good ferroelectric
material. However, many experiments in recent years have
shown that hafnium dioxide-based ferroelectric thin film
materials with ferroelectric properties can be obtained by
controlling the material structure by methods such as dop-
ing and stress clamping. This is of great significance for the
development of the next generation of ferroelectric memory
that is compatible with semiconductor processes, can be
miniaturized, and has low power consumption. In addition,
the anti-irradiation ability of ferroelectric materials in
extreme working environments has made them always
regarded as one of the choices of aerospace-grade chip mate-
rials. However, after reaching a certain radiation dose, the
performance of memory based on traditional ferroelectric
materials will drop sharply. Therefore, research on the anti-
radiation ability of ferroelectric hafnium dioxide devices has
also become very important. This research has laid the foun-
dation for us to explore the connotation and essence of
industrialization. In terms of industrialization paths, cultural
industrialization paths and sports industrialization paths
have always been the focus and hotspot of research, provid-

ing reference for the research on traditional sports industri-
alization paths.

For structures with conductive oxide (IrO2) and metal
(Pt) top electrodes, Brewer et al. studied the influence of
gamma radiation on the dielectric and piezoelectric response
of Pb[Zr0.52Ti0.48]O3(PZT) thin film stacks. When exposed
to 2.5Mrad (Si)60Co gamma radiation, the sample usually
shows degradation of various key dielectric, ferroelectric,
and electromechanical responses. However, the low-field,
relative permittivity εr is largely unaffected by the irradiation
of samples with two types of electrodes. The sample with the
Pt top electrode showed a significant degradation of the
remanent polarization and the overall piezoelectric response,
as well as the shrinkage of the polarization hysteresis curve
and the generation of multiple peaks in the dielectric
constant-electric field curve after radiation. However, sam-
ples with oxide electrodes are largely unaffected by the same
radiation dose, and any change in functional characteristics
is less than 5%. The results show the radiation-induced
changes in the number of defects or defect energy in the
PZT with a metal top electrode. However, they did not con-
sider the change and particularity of the dielectric constant
of the PZT film after radiation, and there are still errors in
the experiment [1]. Ferroelectric perovskite oxides are a
promising photosensitive layer for photovoltaic applications
due to their very high stability and the solar energy conver-
sion mechanism associated with ferroelectrics they replace,
which may lead to very high efficiency. One of the biggest
challenges so far is to reduce their band gap to the visible
light region while maintaining ferroelectricity. In order to
solve these two problems, Pamela et al. replaced Fe with
Co cations to carry out the elemental composition engineer-
ing of BiFeO3 as a means to adjust the characteristics of tran-
sition metal-oxygen bonds. They formed an epitaxial, pure
phase, and stable BiFe1-xCoxO3 film through solution treat-
ment, x ≤ 0:3, and the film thickness is as high as 100 nm.
Importantly, the band gap can be adjusted from 2.7 eV to
2.3 eV after cobalt substitution while enhancing ferroelec-
tricity. As a proof of concept, unoptimized vertical devices
have been fabricated, and it is gratifying that the electro-
optic response in the visible light region of the Co-
substituted. However, his method of substituting Co cations
for Fe to reduce the band gap is not of high value for
enhancing ferroelectricity, and further research is needed
[2]. Shin and Son deposited epitaxial Bi2FeMnO6 (BFMO)
film on Nb-doped SrTiO3 (Nb:STO) substrate by pulsed
laser deposition. X-ray diffraction confirmed that the
100 nm thick BFMO film has relatively high tetragonality,
with a high cla ratio of 1.04. The BFMO film has low leakage
current, good ferroelectric properties and an enhanced rem-
anent polarization of about 25.0μC/cm~2. Compared with
conventional ferroelectric films (such as PbTiO3 films),
BFMO films have a larger ferroelectric domain structure
due to their high domain wall energy. However, they did
not make a detailed study on the ferroelectric fatigue of
Nb-doped BFMO film, and there are still insufficient studies
on the ferroelectric properties of BFMO film [3].

The innovation of this paper is to improve the prepara-
tion method of traditional ferroelectric thin film materials.

2 Journal of Nanomaterials
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The sol-gel method is used to prepare ferroelectric thin
films. It has precise composition control, easy adjustment,
low annealing temperature, and easy to produce large-area
thin films. It also has good ferroelectric properties for the
prepared ferroelectric thin film. In addition, the research of
this paper can also put forward suggestions for improving
the equipment manufacturing and equipment production
in the sports industry and provide a novel research direction
for the development of sports.

2. Preparation and Performance Analysis of
Ferroelectric Thin Film Materials

2.1. Ferroelectric Materials. Materials, information, and
energy are the three pillars of human civilization, and mate-
rials are the material basis for the improvement of human
production and living standards. The research, development,
and application of new materials are the cornerstone of pro-
moting social and technological progress. Since Schmid
defined multiferroic materials in 1994 [4, 5] (referring to a
class of materials with more than one ferroelectric sequence
parameter for single-phase materials), the definition of mul-
tiferroic materials has been continuously broadened. At
present, it is considered that the four basic order parameters
of multiferroic materials are electric dipole moment, mag-
netic moment, elastic moment, and spin pole moment [6]
(see Figure 1). That is to say, a multiferroic material is a
material that has two or more basic ferroelectric characteris-
tics (including ferroelectricity, antiferroelectricity, ferromag-
netism, antiferromagnetism, and ferroelasticity).
Multiferroic materials have unique physical and magneto-
electric application functions, such as polarization reorienta-
tion or induction of ferroelectric phase transition under the
action of a magnetic field and magnetization reorientation
or induction of ferromagnetic phase transition under the
action of an electric field. So they have emerged in many
cutting-edge technology applications, such as sensors,
energy converters, signal generation and processors, filters,
information storage, and microwave devices. The research
of multiferroic materials continues to attract the attention
of many scholars and has become one of the key subjects
of condensed matter physics and material science research
[7, 8].

Multiferroic materials are mainly divided into two types:
one is a single-phase multiferroic material, and the other is a
composite multiferroic material. Single-phase multi-iron
materials are represented by BiFeO3 and TbMnO3. BiFeO3
has ferroelectricity and antiferromagnetism at room temper-
ature. TbMnO3 has a large magnetoelectric coupling coeffi-
cient but a low Curie temperature. In 1972, Van Suchtelen
et al. proposed a mixed preparation method of ferroelectric
phase and ferromagnetic phase, which is composed of ferro-
electric materials and ferromagnetic materials in different
combinations. There are currently three types of structures
of 0-3, 1-3, and 2-2 [9, 10], which are characterized by a rel-
atively high Curie temperature, a large magnetoelectric cou-
pling coefficient, and performance far higher than single-
phase materials and are available for selection. Because of

this, composite multiferroic materials have become one of
the hotspots in the research of multiferroic materials.

The essential feature of ferroelectric materials is the exis-
tence of spontaneous polarization, and the spontaneous
polarization can change with the change of electric field
[11], which is why the name of ferroelectric materials comes
from. There is a hysteresis relationship between the polariza-
tion intensity of the ferroelectric material and the electric
field intensity. When the polarization strength of the ferro-
electric material increases, the electric field strength of the
material does not increase immediately but changes only
after a certain period of adaptation, as shown in Figure 2:

Ferroelectric thin films have good properties, such as fer-
roelectricity, piezoelectricity, pyroelectricity, electro-optics,
and nonlinear optics [12, 13], and can be widely used in
microelectronics, optoelectronics, integrated optics, and
microelectronic mechanical systems. Other fields are cur-
rently one of the frontiers and hotspots of high-tech
research [14].

After nearly a century of development, ferroelectric
materials have formed five major types of structural systems:
perovskite type, lithium niobate type, bismuth-containing
layered, pyrochlore type, and tungsten bronze type structure
system [15, 16]. Perovskite-type ferroelectrics are currently
the most widely used, perfect perovskite structure, usually
expressed by ABO3. At present, the main research is barium
titanate (BaTiO3), lead titanate (PbTiO3), and other repre-
sentative perovskite-type ferroelectric materials, as well as
their performance research such as A/B and AB position
ion substitution [17, 18].

2.2. Test and Characterization Methods of Thin Film
Materials and Development Overview. In recent years, the
application of ferroelectric thin film materials has gradually
increased. In the aerospace, automotive, and sports indus-
tries, ferroelectric thin film materials have potential applica-
tions. With the maturity of the preparation process of
ferroelectric thin film materials, the performance of this
material has been greatly improved. Its piezoelectric effect,
pyroelectric effect, electro-optic effect, and acousto-optic
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Figure 1: Multi-iron coupling order parameter.
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effect have been developed relatively maturely. And the cost
has been greatly reduced, so its application fields have been
expanded, and it can be used to manufacture precision parts
for microwave circuit plug-ins and turbocharged propulsion.
There are also reports on their applications in the sports
industry and electronic fields. In the sports industry, the
use of nanomaterials to develop volleyballs that do not touch
water and dust is more conducive to the promotion of sports
activities. Performance characterization (detection and eval-
uation) is particularly important for the future application of
materials. It is not only related to the correct evaluation of
materials but also lays the foundation for the design and
application of materials. The detection and evaluation of
materials has a wealth of content, such as the detection
and analysis of key issues such as elastic modulus, plastic
strain, fracture toughness, and fatigue [19, 20]. At present,
the application scope of ferroelectric thin film and magneto-
electric composite thin film involves all aspects of functional
thin film materials and devices. It is represented by applica-
tions in the fields of microelectromechanical systems, sen-
sors, detectors, and information storage. It is constantly
advancing social progress and changing people [21]. There-
fore, it is indispensable to understand the mechanical
parameters of thin film materials such as elastic modulus,
Poisson’s ratio, residual stress, fatigue strength, and fracture
strength before designing and manufacturing new materials
and devices. The mechanical properties of thin film mate-
rials directly affect the quality of new materials and devices.
The traditional testing methods are mostly suitable for bulk
materials, which poses great challenges to the mechanical
parameter testing of microcomponents and functional
thin-film devices [22, 23].

2.3. Application of Ferroelectric Thin Film. In previous stud-
ies, significant progress has been made in the preparation of
ferroelectric thin films, the synthesis of multilayer films, per-
formance, testing, microstructure, and the integration of fer-
roelectric thin films into heterostructures [24]. The
discovery of SrBi2Ta2O9 (SBT) makes FRAM very suitable
for its excellent fatigue resistance, excellent storage perfor-

mance, and low leakage current. However, the use of ferro-
electric thin films is not limited to ferroelectric memories
[25]. Utilizing the dielectric, ferroelectric, piezoelectric, elec-
trostatic, pyroelectric, optical, electro-optical, and other
properties of ferroelectric film, its application is extended
to separation devices [26]. In this way, the main application
of ferroelectric film in the memory of multilayer capacitors,
nonvolatile ferroelectric dynamic random access memory
(NVFRAM), smart cards, infrared detectors, infrared sen-
sors and inverters, etc., will be extended. According to the
physical results, the application of ferroelectric thin film
can be classified as shown in Table 1.

New applications of ferroelectric thin films are still being
proposed, such as the use of iron thin films such as laser
disks, microwave waveguides, solar cell energy storage
capacitors compatible with solar cells, and powerful electron
emission sources [27].

2.4. Methods of Fatigue Characteristics of Ferroelectric
Capacitors. The relationship between temperature and
fatigue rate, when the temperature rises, the fatigue rate also
rises rapidly. It can be expressed as

T Að Þ = T0 × 1 − R Sð Þ × log A½ �: ð1Þ

Among them, T0 is the initial residual polarization, TðAÞ
is the residual polarization after reading and writing, and R
ðSÞ is a temperature-dependent phase.

εdμR Sð Þ = A × exp −
Ba

kbT

� �
: ð2Þ

Among them, Ba is the activation energy, T is the tem-
perature in Kelvin, KB is the Boltzmann constant, and A is
a proportional coefficient.

In this study, similar electrical performance characteriza-
tion was performed on the devices before and after fatigue,
and the modified SE model was used to fit the measured cur-
rent under low field. The following can be drawn:

In
RSE

T2/3

� �
= In D Sð Þð Þ − A

DT

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
AB

4πε20εdεst

s !
− b

ffiffiffiffi
V

p" #
,

ð3Þ

D Sð Þ = 2a
2πmeffd

h2

� �3/2
μE, ð4Þ

b =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2Neff
8πε0εdB

s
, ð5Þ

log
RPF
E

� �
=

−a φt − aE/πεdε0ð Þ1/2Â ÃÂ Ã
DBT ln 10

+ log Bð Þ, ð6Þ

where meff is the effective mass of electrons, DB is Boltz-
mann’s constant, h is Planck’s constant, μ is the mobility
of carriers in the film, E is the applied field strength, φB is
the barrier height at the interface, φt is the bound energy
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Figure 2: Hysteresis loop diagram of ferroelectric materials.
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level in the material, ε0 is the dielectric constant in vacuum,
εd is the dynamic dielectric constant of the ferroelectric
material in the infrared region, εst is the static dielectric con-
stant of the ferroelectric material, and Neff is the depletion
layer at the cross section charge density, including bound
charge and shallow ions. B is the remanent polarization of
the ferroelectric material, S is the applied voltage, and A is
the unit point charge. The improved SE model takes into
account the influence of polarization at the metal-
ferroelectric-metal interface on the maximum field strength.
If the ferroelectric polarization is not taken into account, the
calculated Schottky barrier will be much lower than the
actual one.

The next step will be to discuss the situation in the low
field. According to the improved SE model, the magnitude
of the tunneling current mainly depends on the free carriers
of the injected metal passing through the Schottky barrier of
the ferroelectric layer interface. The larger the actual value of
the Schottky barrier, the smaller the value of the tunneling
current. Here, first define the “significant” barrier б:

σie = σb −

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
aB

4πε20εdεst

s
: ð7Þ

The value at each voltage can be obtained by fitting the
slope of the straight line.

The Seebeck effect, as the most basic theoretical basis for
ferroelectric performance, was first discovered by Seebeck in
1821. When two different materials are connected end to
end into a closed loop, two connection points are formed.
The two connection points are made by certain means. If
the temperature difference is formed at the position, then
an electric current is formed in the closed circuit. It can be
expressed by a formula:

Giu = αab C1 − C2ð Þ, ð8Þ

where αab is the thermoelectromotive force rate. For the
same material, when it approaches zero, αab can be regarded
as a constant, which is named Seebeck coefficient, namely,

αab = lim
∇C

Giu

∇C
= dviu

dc
: ð9Þ

In a certain period of time, the change in heat at the con-
nection point in the entire closed loop, that is, the transfer of
heat is proportional to the current, and the ratio of the
change in heat at the connection point Rt to the current I
in unit time Rd is

Rd

Rt
= πI, ð10Þ

where π is the Peltier coefficient, the unit is V, and its mag-
nitude is related to the material and voltage of the closed
loop.

The Thomson effect, which is a secondary thermal effect,
when a current flows through a uniform conductor with a
temperature gradient, in addition to generating Joule heat
related to resistance, the conductor also absorbs or releases
heat. This effect of absorbing or releasing heat is called the
Thomson effect. It has a small heat absorption and release
and is reversible, so it is very difficult to measure and easily
confused with Joule heating.

Rd

Rt
= τI

Rt

t

� �
: ð11Þ

The three do not exist independently of each other but
are inseparable from the mutual influence of the three of
the same substance. The relationship between them is

πab = αabC, ð12Þ

dαab
dC

=
γa − γb

C
: ð13Þ

It can be seen that the three-point iron effect is revers-
ible, and the Joule heat generated by the internal resistance
of the material corresponding to it is irreversible.

The thermoelectric conversion device can directly con-
vert heat energy and electric energy, and it provides a scal-
able, reliable, and environment-friendly energy conversion
method. The conversion efficiency of the thermoelectric
conversion device can be determined:

λ =
Pe − Po

Pe
×

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1 + ZP

p
− 1ffiffiffiffiffiffiffiffiffiffiffiffiffi

1 + ZP
p

+ Pe/Poð Þ
, ð14Þ

Table 1: Application of ferroelectric thin film.

Performance Main components

Dielectric Capacitors, dynamic random access memory (DRAM)

Piezoelectricity Surface acoustic wave (SAW) devices, miniature piezoelectric motors, miniature piezoelectric actuators

Pyroelectricity Pyroelectric detector and array

Ferroelectricity Ferroelectric random access memory (FRAM)

Electro-optic effect Optical modulator, optical waveguide

Acousto-optic effect Acousto-optic deflector

Photorefractive effect Optical modulator, optical holographic memory

Nonlinear optical effect Optical frequency doubler

5Journal of Nanomaterials
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where Pe and Po are the temperature of the hot and cold
ends of the ferroelectric material and the ZP value is a
dimensionless thermoelectric figure of merit. It is the deci-
sive factor that determines whether the thermoelectric mate-
rial can be widely used. Its size can be defined as

ZP =
δ2

d
, ð15Þ

where P is the average temperature, which reflects the
electrical transport characteristics of the thermoelectric
material, and d is the thermal conductivity, which reflects
the heat transport characteristics of the material.

2.5. Ferroelectric Thin Film Materials in Sports. At present,
ferroelectric thin film materials are widely used in sports
measurement sensors. It has both piezoelectricity and
mechanical properties of soft film. Pressure sensors made
with it can be used to detect human body signals such as
pulse and heart sounds. The pulse and heart sound signal
carries important physiological parameter information of
the human body. Through effective processing of the signal,
the waveform and the number of heart rate can be accurately
obtained, which can provide a reliable basis for physical fit-
ness measurement. In addition, sensors made of ferroelectric
thin-film materials have a large frequency response range,
pyroelectric effect, and other characteristics and have great
application potential. In terms of vibration detection, it is
mainly used in music pickup, machine condition monitor-
ing, bearing wear, fan airflow, rope breakage, etc., as an
accelerometer in acceleration detection and in nondestruc-
tive testing. When it appears in the form of a sensor array,
it can also be used to monitor human movement, sports
scoring, switches, and microphones. With the improvement
of the production process of ferroelectric thin film materials,
the continuous decline of production costs, and the continu-
ous development and in-depth research in various aspects, it
is reasonable to believe that the application prospects of fer-
roelectric thin film materials in the sports industry must be
very broad.

3. Preparation of Ferroelectric Thin Film

3.1. Film Preparation Method. Although the pulsed laser
deposition (PLD) film-making technology has only a history
of more than 50 years, it is a promising manufacturing tech-
nology with distinct advantages and disadvantages. The
main advantages are as follows: (1) the element measure-
ment ratio of the film material and the target material can
be consistent under appropriate conditions. (2) It can pre-
pare many inorganic thin film materials such as refractory
materials, metals, semiconductors, insulators, and some
organic thin film materials. (3) Multilayer films, heteroge-
neous films, etc., can be prepared, and the target change is
convenient and flexible. (4) It is convenient to adjust the
deposition parameters and growth rate, the deposition tem-
perature is low, and the film quality is high. The disadvan-
tages are also obvious: the uniformity of the film formation

is poor, the formation of a large area film is difficult, and
mass production and preparation cannot be carried out.

The sputtering method started in 1940 and developed
rapidly with the rise of the semiconductor industry and
was officially born in the 1970s. Its advantages are mainly
reflected in the following: (1) the film-forming temperature
is usually lower than 500°C; it is compatible with microelec-
tronics technology and can be used to make devices. (2) The
prepared film is of good quality without pinholes and cracks.
(3) The crystallization performance is good, and an epitaxial
single crystal film can be obtained. The main disadvantages
are slow film growth rate, long preparation time, deviation
of film composition and target material, etc.

Metal organic chemical meteorological deposition
(MOCVD) uses metal organic compounds as the material
source for chemical vapor deposition. After more than 30
years of development, it has been relatively perfect. The
method can precisely control the composition and thickness
of the thin film; it is easy to produce a large-area film, the
deposition temperature is low, and the uniformity and
repeatability of the prepared thin film are high. However,
due to the high toxicity of raw materials and the high cost
of materials and equipment, the application scope of
MOCVD is limited.

The sol-gel method uses inorganic metal salts or metal
alkoxides prepared with liquid chemical reagents as solvents
and alcohol solutions as solvents, and the two are mixed.
After a series of hydrolysis, carbonization, and carbonization
reactions, they are transparent and uniform. Use different
methods. The precursor solution is aged; then, the precursor
solution matures to polymerize and gel the solute; finally, the
gel is dried and baked to remove organic compounds and
obtain a thin film material. The processing equipment
requirements are simple and easy to apply. The chemical
uniformity is good and can reach the molecular level. The
stoichiometry is accurate, quantitative and uniform doping
can be achieved, the doping range is wide, the manufactur-
ing temperature is low, and it is compatible with semicon-
ductors. The sol-gel method also has certain limitations.
The alkoxides that can be selected are limited, expensive,
and easy to pollute the environment; during the drying pro-
cess, organic matter volatilizes and cracks occur; when dif-
ferent materials are prepared, it is difficult to control the
changes in process parameters. The above four methods
for preparing ferroelectric thin films have their own advan-
tages and disadvantages, and they need to be selected
according to different needs. The bulging sample is a self-
clamping free film, which is prepared by chemical etching
in the later stage. At the same time, it is necessary to quickly
prepare a film sample with good uniformity and stable per-
formance. These differences indicate that the preparation
method also has a certain impact on the performance of
the material.

In Table 2, various properties under different prepara-
tion processes are compared. It can be seen that the film pre-
pared by the sol-gel method has higher remanent
polarization, and it also has the smallest coercive field and
the largest dielectric constant. It reached 0.8 and 46, respec-
tively. These indicators are important because a higher
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a smaller coercive field means lower power consumption,
and a higher dielectric constant means smaller leakage.
Therefore, this paper chooses the sol-gel method as the
method of preparing the film.

3.2. Preparation of Sol-Gel Film

3.2.1. Experimental Supplies. The chemicals used in the
experiment are shown in Table 3.

During the reaction process, a certain chelating agent
(acetylacetone) is added to the solution to control the poly-
condensation rate and hydrolysis rate of the alkoxide while
also keeping the titanium and zirconium ions in a stable
state to obtain a uniform gel. After adding a certain amount
of acetic acid, it can not only adjust the pH of the solution
but also act as a catalyst.

Pt metal has stable properties and low diffusion perfor-
mance and can prevent mutual diffusion between interfaces.
The atomic weight of platinum is 195.078, which is slightly
smaller than that of gold, and the atomic number is 78,
which belongs to the transition metal. Therefore, Pt thin film
is selected as the bottom electrode of the substrate. At the
same time, the Ti film is selected as the buffer layer connect-
ing SiO2/Si to enhance the bonding strength of the Pt layer.
The substrate used in the experiment was provided by
Peking University Microelectronics, and the structure from
top to bottom was Pt/Ti/SiO2/Si/SiO2, as shown in
Figure 3. The total thickness is 500μm, the thickness of the
Pt layer is 150nm, the thickness of the Ti layer is 20 nm,
the thickness of the SiO2 layer is 20μm, and the preferred
orientation of the Pt layer is (111).

3.2.2. PZT Film Preparation. For the preparation of PZT film
precursor, the selected composition ratio is
Pb:Zr:Ti =1.15 : 0.52 : 0.48, which is near the quasihomotype
phase boundary. An excess of 15% of lead is used to suppress
the formation of oxygen vacancies caused by lead volatiliza-
tion during annealing. The preparation steps of the PZT pre-
cursor solution are as follows:

(1) Use an electronic balance to weigh out 3.774 g lead
acetate, 2.009 g zirconium nitrate, and 1.500 g butyl
titanate. Dissolve zirconium nitrate and butyl tita-
nate in ethylene glycol methyl ether solution and stir
evenly. Add 3 to 5 drops of acetylacetone to the butyl
titanate solution as a stabilizer

(2) Lead acetate is relatively insoluble, so after it is dis-
solved in ethylene glycol methyl ether, it is heated
in a hot water bath while stirring on a magnetic stir-

rer. The temperature is set to 60°C, and it is
completely dissolved and placed at 120°C. Dry in a
vacuum drying oven (model DZF-6020) for
5~ 10min to remove crystal water, and then add a
little glacial acetic acid after cooling to room
temperature

(3) Slowly dissolve the zirconium nitrate solution in the
lead acetate solution, stir it evenly, and then add the
butyl titanate solution to the mixed solution to form
a light yellow precursor solution

(4) Add a proper amount of ethylene glycol methyl ether
to adjust the concentration of the precursor solution
to 0.3mol/L, and add a proper amount of formamide
to prevent the prepared film from cracking. After
continuous stirring for 8-10 h, aging for 4-7 days,
the solution is a light yellow transparent liquid with-
out precipitation, and the preparation is complete.
The flow chart is shown in Figure 3

3.2.3. Preparation of BNT Film. The preparation of BNT film
precursors is relatively simple, and the preparation steps are
as follows:

(1) According to the stoichiometric ratio of Bi3.15Nd0.85-
Ti3O12, weigh appropriate amounts of nitric acid
(Bi(NO3)3·5H2O) and neodymium nitrate
(Nd(NO3)3·6H2O), of which bismuth nitrate is
weighed 10% more to make up Bi element volatiliza-
tion loss during subsequent processing

(2) Place the weighed sample in a clean beaker, add 5mL
of glacial acetic acid and 4mL of ethylene glycol
methyl ether to the beaker, respectively, and place
it on a magnetic stirrer and stir (the solution is pur-
ple), which is the A solution

(3) In another clean beaker, add 4mL of ethylene glycol
methyl ether and 4 drops of acetylacetone, stir
appropriately to make the mixture even. After peel-
ing the skin on the electronic balance, add a certain
weight of butyl titanate (C16H36O4Ti) solution to
the beaker to form solution B

(4) After stirring the A and B solutions for 5-10 minutes,
slowly add the A solution to the B solution to obtain
a mixed solution (wine red), and adjust the concen-
tration to 0.01mol/L. Stir on a magnetic stirrer for
5 to 8 hours, and a light yellow BNT precursor will
be obtained. Let it stand for 4 to 7 days to age the
solution. If no precipitation appears, the preparation
is complete. The schematic diagram of the process is
shown in Figure 4

After the preparation of the precursor solution is com-
pleted, the preparation of the film can be carried out. The
spin-coating preparation process is carried out in an ultra-
clean room, which has a grade of 10,000. The homogenizer
is a KW-4B homogenizer produced by Beijing Saidecase
Electronics Co., Ltd. When the film is prepared by the spin

Table 2: Comparison of film properties under different preparation
methods.

PLD Sputtering MOCVD Sol-gel

2Pr (C/cm2) 49 23 27 29

Rectify the field (MV/cm) 1.2 0.9 2.1 0.8

Dielectric constant 44 31 24 46

7Journal of Nanomaterials
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coating method, the effect of the parameter setting of the
homogenizer on the performance of the film is mainly
reflected in the uniformity of the film, and the annealing
process mainly controls the ferroelectric properties of the
film, such as the size and orientation of the crystal grains,
and the defects in the film.

After many experiments and comparisons with other
documents, the spin coating process parameters are set to
low speed 400 r/s and high speed 4000 r/s, and the spin coat-
ing time is 10 s and 40 s, respectively. The air humidity in the
ultraclean room is controlled between 39% and 48%, the
temperature is changed between 17.4 and 22.2°C, and the

Table 3: Summary of experimental drugs.

Drug name Molecular formula Purity Molar mass (g/mol)

Zirconium nitrate Zr(NO3)4·5H2O Analytically pure 425.16

Lead acetate (CH3COO)2Pb·3H2O 99.1% 383.25

Butyl phthalate C16H36O4Ti 98.7% 351.67

Neodymium nitrate Nd(NO3)3·6H2O 98.5% 328.16

Bismuth nitrate Bi(NO3)3·5H2O 99.3% 491.38

Ethylene glycol monomethyl ether C3H8O2 99% 77.41

Acetylacetone C5H8O2 98% 101.79

Formamid CH3NO Analytically pure 48.35

Acetic acid CH3COOH Analytically pure 62.83

+

++

++ Mixture

Stir and let stand

PZT precursor
Body solution

Zirconium nitrate + ethylene glycol methyl
ether

Slow the solution
add to solution A

Solution A

Lead acetate + ethylene glycol methyl
ether + ice acetic acid

Butyl titanate + ethylene glycol methyl
ether + Acetylacetone

Figure 3: Schematic diagram of the preparation process of PZT precursor solution.

Neodymium Nitrate

+ +

+Butyl titanate
Ethylene glycol methyl ether

+ acetylacetone

Glacial acetic acid + ethylene glycol
methyl ether + A solution

Bismuth Nitrate

Mixture

Stir and let stand

BNT precursor
Body solution

Figure 4: Schematic diagram of the preparation process of BNT precursor solution.
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humidity and temperature remain basically unchanged dur-
ing a single spin coating. The rapid annealing process is
divided into three small stages: the first stage is drying, and
18 s is heated from room temperature to 180°C and main-
tained for 300 s; the second stage is pyrolysis, and 20 s is
heated from 180°C to 400°C and maintained for 300 s; the
third stage is annealing, and 20 s is heated from 400°C to
700°C and kept for 600 s; that is, a complete annealing is
completed.

When the spin coating reaches the desired thickness, the
annealing process is completed, and the film preparation is
completed. The Ni layer in the Ni/PZT composite film is
sputtered by the MIS800 multifunctional ion beam magne-
tron sputtering composite coating equipment. The sputter-
ing voltage is 2 kV, the current is 50mA, and the
sputtering time is 20min. The thickness is about 100nm,
and then, a 5-10nm Ag layer is covered on the surface of
the nickel layer as a protective layer to prevent oxidation
of the nickel layer.

4. Influence of Preparation Parameters on the
Ferroelectric Properties of PZT Thin Films

4.1. Effect of Annealing Environment on the Ferroelectric
Properties of PZT Thin Films. When annealing at the same
temperature, the environment of the sample can also affect
the intrinsic properties of the film, and the difference in oxy-
gen partial pressure will produce different effects. Figure 5
shows the XRD pattern of the PZT film under annealing
environment.

Annealing in air has a low oxygen partial pressure, and
there are usually more oxygen vacancies generated during
annealing, resulting in more defects in the film; the existence
of defects will increase the leakage current of the film, reduce
the polarization of the film, and reduce the residual polariza-

tion. The value becomes smaller; at the same time, the
increase of defects makes the clamping effect more signifi-
cant and inhibits the reversal of the ferroelectric domain,
and the electrical domain reversal is difficult; that is, the elec-
tric coercive field of the ferroelectric film becomes larger.
Annealing in an oxygen atmosphere significantly increases
the oxygen partial pressure ratio, inhibits the generation of
oxygen vacancies, and reduces the number of internal
defects in the film, making the film denser and improving
the ferroelectric properties.

4.2. Structure and Conductivity of Ferroelectric Thin Films.
First, the structure and ferroelectric properties of the pre-
pared ferroelectric thin film were characterized.
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Figure 5: XRD pattern of PZT film under air and oxygen annealing
atmosphere.
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Figure 6 shows the capacitance-voltage test of the pre-
pared 15 nm thick sample. The electrode area of the test
device is 30μm× 30μm, the applied field strength range is
±3MV/cm, and the test frequency is 50 kHz. From the fig-
ure, you can see a “butterfly-shaped” CV curve unique to
ferroelectric materials. Two obvious “bulges” can be
observed around ±0.8MV/cm, which is a characteristic of
ferroelectric capacitors. The reason is that the movement
of the domain wall near the coercive field will increase
significantly.

Figure 7 shows the displacement current during the
PUND (positive up, negative down) test. A polarization cur-
rent of about 0.1 A cm-2 can be observed at the rising edge of
the first positive pulse and the falling edge of the third pulse,
which is also one of the current characteristics of ferroelec-
tric materials.

4.3. Fatigue Characteristics Analysis of Ferroelectric
Capacitors. In PZT-based ferroelectric capacitors, there have
been many reports that the rate of device fatigue is closely
related to pulse width, pulse amplitude, and temperature.
These characteristics are related to various fatigue mecha-
nisms such as domain wall pinning, redistribution, and
injection of oxygen vacancies.

In this experiment, the fatigue characteristics of the
device were also characterized under these different experi-
mental conditions. The first research is the relationship
between fatigue characteristics and pulse amplitude. The fre-
quency of the pulse is fixed at 0.91MHz, as shown in the
inset in Figure 8; the amplitude of the pulse varies from
0.8MV·cm-1 to 1.8MV·cm-1, as shown in Figure 8. In the lit-
erature, hafnium dioxide-based ferroelectric materials will
have the characteristic of “wake-up” in the polarization
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intensity during the first 200 reads and writes; that is, the
polarization intensity will first increase with the increase in
the number of reads and writes. This phenomenon has also
been observed in this experiment. When the reading and
writing field strength is 1.8MV·cm-1, the residual polariza-
tion intensity increases from 12μC·cm-2 to 13μC·cm-2 after
reading and writing 200. It was also at this moment that
fatigue began to occur. When the reading and writing field
strength is reduced to below 1.3MV·cm-1, the “wake up”
phenomenon disappears, and the device shows fatigue char-
acteristics directly from the beginning of reading and writ-
ing. When the reading and writing field strength decreases
from 1.8MV·cm-1 to near 0.9MV·cm-1 of the material coer-
cive field, the fatigue rate increases significantly.

Figure 9 normalizes the fatigue rate under various field
strengths (PðNÞ/P0, where PðNÞ represents the residual
polarization after reading and writing N times and P0 repre-
sents the initial residual polarization of the device). It can be
seen very clearly that as the reading and writing field
strength decreases, the fatigue rate of the device is gradually
increasing.

In this paper, the fatigue characteristics are studied, and
it can be seen that the device is more likely to exhibit fatigue
characteristics at a voltage close to the coercive field. There-
fore, in order to better study the characteristics of fatigue
characteristics under proton irradiation, in this chapter, we
have carried out fatigue tests on the device near the coercive
field, and we can see that the fatigue has a tendency to first
improve and then decrease.

Table 4 summarizes the changes of various ferroelectric
properties under irradiation. It can be seen that the dielectric
constant, the coercive field, and the residual polarization
under 2.5MV·cm-1 only slightly changed. Irradiation even
has an inhibitory effect on fatigue. In general, the perfor-
mance of devices based on ferroelectric thin films does not
change significantly under proton irradiation.

5. Conclusions

Ferroelectric thin film materials can greatly improve the
overall performance of sports facilities, improve sports
equipment, improve the quality of new equipment, and pro-
mote athletes to obtain excellent results. Therefore, the
application of ferroelectric thin film materials to sports will
have a lasting high-quality impact on the sports industry.
Ferroelectric thin film materials have great potential and
can improve all aspects of sports. Sports activities require

specific equipment and equipment, as well as the material
texture and design of the equipment, which play a vital role
in the development of sports. The application of ferroelectric
thin film materials in the sports industry is mainly reflected
in two aspects: one is the application in sports infrastructure,
such as the construction of sports venues, sports equipment,
sports clothing, and sports biology. The second is the appli-
cation in sports equipment, such as enhanced golf, tennis,
swimming, racing, and cycling. The core part of sports
industrialization refers to the industrial phenomenon that a
certain sports event takes competition activities as the leader,
achieves a high degree of marketization, and forms a consid-
erable economy of scale, thus presenting an industrial phe-
nomenon. Such industrialization has played a decisive role
in the development of sports. The extension of sports indus-
trialization refers to the industrialization of all sports-related
departments. They will promote the development of sports,
but they are not decisive. The industrialization of sports is
the same as the socialist modernization construction in
China. Its foothold can only be based on the national condi-
tions. The industrialization of sports can only give full play
to its own advantages and adapt to the requirements of the
socialist market economy only if it conforms to the national
conditions. Its basic feature is that the industrialization of
sports is a direction for China to deepen the reform of
sports. It is the process of sports from a closed system run
by the state to an open system run by the state and society.
What needs to be emphasized is the social and economic
benefits of sports. In this paper, PZT and BNT ferroelectric
films were prepared by sol-gel method, and PZT and BNT
were used as the research objects to study the influence of
sol-gel method preparation parameters on the properties of
PZT and BZT ferroelectric films. When the annealing tem-
perature increases, the degree of crystallization of the film
increases. When the film is annealed in an oxygen atmo-
sphere, the oxygen partial pressure increases, reduces the
oxygen vacancy concentration, suppresses the occurrence
of defects, and improves its ferroelectric properties. The
increase of film thickness can increase the average size of
crystal grains, reduce the internal stress of the film, and also
improve the ferroelectric properties of the film. When
annealed in an oxygen atmosphere at 700°C and a thickness
of 10 layers, the ferroelectric properties of the PZT film are
the best. The BNT film has the best ferroelectric perfor-
mance when it is annealed in an oxygen atmosphere at
700°C, and the thickness is 8 layers. Then, using electrical
characterization and other methods to study its fatigue

Table 4: Comparison of device performance indicators under different irradiation doses.

Dose(ions/cm2) Dielectric constant Coercive field (MV/cm)
2Pr (μC/cm2)
(at 2.5MV/cm)

2Pr (μC/cm2)
(at 1.3MV/cm)

2Pr after cycling (μC/cm2)
(at 1.3MV/cm)

Mean values Range Percentage

Initial state 39.4 1.12/-0.68 24.9 13.9 1.5 ~ 5.5 2.75 23%

5 × 1013 12.6 2.1 ~ 8.8 4.66 36%

1014 39.2 1.19/-0.56 24.4 11.4 3.6~ 10 4.78 54%

5∗1014 10.7 1.6 ~ 8.4 5.52 43%

1015 38.8 1.07/-0.59 23.6 9.8 1.2 ~ 6.6 3.24 26%
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mechanism and anti-irradiation performance, it is con-
cluded that the occurrence of the ferroelectric film fatigue
process is closely related to the magnitude of the applied
field strength, the frequency of read and write pulses, and
the temperature, and these characteristics all point to the
main fatigue mechanism caused by charged carrier injection.
The performance of the device is stable under proton irradi-
ation, and the fatigue characteristics are even improved. This
paper studies the excellent performance characteristics of
ferroelectric thin films that can be used in the optical and
sensing sports industry. Sensors made of ferroelectric thin
film materials have sufficient sensitivity and accuracy to per-
form online in-body monitoring and are widely used in the
sports industry. However, there are still some shortcomings
in the research of this paper. Although the mechanism of
ferroelectric thin film fatigue is proposed in this paper, the
improvement of fatigue has not been achieved. It is hoped
that this problem that hinders commercial application can
be completely solved in future work. And in future research
work, I will propose methods for ferroelectric material opti-
mization from more perspectives based on existing technol-
ogies and methods and continuously improve the quality
and efficiency of research work.
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3D printing, known as the “new industrial revolution,” has set off an upsurge in the scientific and technological field in recent
years, and 3D printing of digital light processing technology has even improved the performance and efficiency of 3D printing.
This technology uses the projection principle to form; no matter the size of the workpiece, the forming speed is not affected. It
uses very cheap lamp radiation, the system has no injection-molded components, there is no nozzle clogging problem of
traditional molding systems, and maintenance costs are greatly reduced. In this paper, based on digital light processing 3D
printing technology, light-curing reactive functional materials commonly used in digital light processing 3D printing are
prepared. In the past, most of these materials were imported. In this paper, by adjusting the DLP technology, a water-soluble
photocurable reflection material is constructed, a method for shaping the reaction material. It conducts experiments on the
preparation and performance research of water-soluble photocurable reaction materials through formulation and process
optimization. It prepared a water-soluble photocurable reactive functional material and compared it with traditional imported
materials. Due to the characteristics of UV curing and good mechanical properties and water solubility, it provides a new idea
for the preparation of 3D printing-related functional materials.

1. Introduction

Digital light processing (DLP) refers to digitally processing
an image signal and then projecting it to the desired point.
In 3D printing, because of its high-precision casting technol-
ogy, it can achieve excellent performance in material, detail,
and surface material casting.

Nowadays, there are many types of 3D printing mate-
rials, the common ones are ABS, PLA, and Nylon. There
are many more, such as resins under DLP/SLA molding
technology and metals (such as aluminum, iron, steel, silver,
gold, and titanium) for industrial-grade models, ceramics,
etc. There are also various materials with special properties,
such as magnetic materials, conductive materials, wood-like
materials, elastic materials, and hard materials like concrete,

special inks for bio-3D printing. These materials are suitable
for different application fields and show their own character-
istics, and 3D printing of functional materials is also
included in this category.

Functional materials refer to materials with excellent
electrical, magnetic, optical, thermal, and other functions
and special physical, chemical, and biological effects, which
can complete the mutual transformation of functions, and
are mainly used to construct various functions. Because
3D printing has the advantages of short manufacturing
cycle, high molding precision, and customization, the tech-
nology is widely used in many aspects, and printing mate-
rials are the key. Among them, the vacancy of
photocurable reactive functional materials as supporting
materials has affected the development of digital light
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processing 3D printing technology in China. In this paper,
with digital light processing technology as the core, a water-
soluble photocurable 3D printing reactive material was pre-
pared and studied. This is of great significance for the develop-
ment of digital light processing technology 3D printing and
related functional materials. The innovation is that it canmake
up for the current situation of relying on imports of this mate-
rial and play a certain reference role in promoting the develop-
ment of related materials in China.

2. Related Work

Due to the increasing popularity of 3D printing, 3D
printing-related technologies are becoming an emerging
core competitiveness. Huang and Lin combined the “Con-
ceive, Design, Implement, Operate” (CDIO) framework
with 3D printing tangible to propose a novel technical
thinking [1]. Xu et al. developed a framework to study
the innovation capabilities of multilayer innovation ecosys-
tems involving science, technology, and business subeco-
systems. They selected China’s 3D printing ecosystem as
a case study, in addition to analyzing the interplay
between the science, technology, and business layers [2].
Vanderburgh et al. highlighted recent advances in 3D
printing of tissue-engineered structures. They defined it
as the layer-by-layer fabrication of a part guided by digital
information in a 3D computer-aided design file. In this
structure, they recapitulated the physical and cellular prop-
erties of the tissue microenvironment and it was used to
study disease progression mechanisms and screen drugs
[3]. Xu et al. proposed a combination of 3D scanning
and cement mortar-based 3D printing for developing a
new process for replicating decorative parts of historic
buildings. The process was traditionally labor-intensive
and expensive to build, but they developed and presented
a layered algorithm for model slicing and an improved
scanline algorithm for nozzle paths [4]. Ho et al. prepared
stereolithography (STL) format computer models and
contrast-enhanced CT of 3D printed models for 3D print-
ing in the medical field. Their proposed 3D-printed model,
generated from a strong and flexible plastic material, suc-
cessfully replicated the anatomical details of the aortic
structure and pathology [5]. The printability of the mate-
rials used in extrusion-based 3D printing was one of the
most important properties, especially when manufacturing
objects of architectural complexity. However, this parame-
ter is affected by several factors (temperature, composition,
and additives), which makes comprehensive evaluation
and classification challenging. Kim et al. evaluated the
printability of food inks for 3D food printing applications
by systematically adjusting dimensional stability testing,
handling performance evaluation, and shear rheology test-
ing using edible hydrocolloids as reference materials. Thus,
a high-quality solution is proposed [6]. To date, most
printable thermoset materials suffer from complex pro-
cesses, poor thermodynamic properties, and slow printing
speeds. Wang et al. developed a photosensitive composite
ink for fast photocuring printing, which has a good auxil-
iary role for 3D printing under digital light processing [7].

However, the photosensitive composite ink they developed
is lacking in the accuracy of 3D printing and is prone to
errors in more complex model processing tasks, so it still
needs to be improved before it is widely used.

3. Technical Setup and Material Preparation
Method of 3D Printing Based on Digital
Light Processing

DLP 3D printing based on digital light processing mainly
uses DMD chips developed by TI. It uses a high-pixel dig-
ital light processor (DMD) optomechanical to project
model slices to solidify liquid photopolymer layer by layer
[8]. In a DLP projection system, the core element is its
DMD chip. The DMD chip can deflect the microscope
to different angles to complete the light modulation [9].
The size of the DMD micromirror is generally 7.6μm,
the minimum is 5.4μm, and the maximum is 13.6μm.
There are two types of arrangement: square arrangement
and rhombus arrangement. In order to facilitate the
deflection of the mirror, there is a certain gap between
the arrays, so the actual size of the chip and the projection
size are not only determined by the size of the mirror
[10]. Figure 1 shows the layout of the lower exposure 3D
printing system and DMD chip lens.

3.1. DLP Technology Adjustment. When DLP technology is
applied to 3D printing, the reflectivity and diffraction per-
formance of the DMD chip microprocessor can be affected
due to the higher photoresponse of the photoinitiator in
the photosensitive material to higher energy light. The
energy rate of the system also has an effect [11]. Excessive
use of light energy can cause excessive system losses, fail
to reach projection targets, or even damage equipment.
Therefore, the reflectivity of the DMD chip in different
light zones, as well as in the DMD window, will be the
main estimate.

According to the DMD chip guidance given by TI, DMD
chips suitable for visible light, ultraviolet light, and near-
infrared wavelengths also have different energy utilization
rates for different light wavelengths under different human
radiation angles, as shown in Figure 2.

The DMD window is optimized by coating for the wave-
length of 420~700 nm in the visible light band to improve
the transmission efficiency. The ultraviolet band is opti-
mized for the light wavelength of 355~400 nm, and the opti-
mized effect is shown in Figure 3.

In 3D printing applications, the typical wavelengths used
by DLP technology are 355nm and 405nm, mainly deter-
mined by the light source [12]. The optimization effect of
visible light band and ultraviolet light band in Figure 3
shows that the DMD chip for ultraviolet band should be
used as the core of the system. It ensures that the system
has a high light energy consumption rate. If the visible light
region DMD chip is used, the system loss will increase. If the
wavelength of the light source is 355nm, the utilization rate
is only 70%, and the waste of system energy is huge [13].
After completing the above settings, it can print the material.
The specific process is shown in Figure 4.
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After understanding the working principle and opera-
tion process of DLP technology, the next article will intro-
duce the curing and molding mechanism of the functional
materials to be prepared. It studies the effect of process con-
ditions on the properties of the material before and after cur-
ing to determine the optimal formulation of the material.
This provides a certain theoretical basis and practical
methods for the localization of digital light processing 3D
printing materials.

3.2. Construction Principle of Water-Soluble Photoreactive
Materials. Light-curing 3D printing materials are composed
of a solid material and a support material. The material

responsible for building the solid part of the part is called
the solid material. It directly affects the molding accuracy
and surface quality of solid parts and is a key functional
material for photocuring 3D printing [14]. The composition
of the material includes prepolymer, monomer, and photoi-
nitiator, as shown in the following formula. The polymeriza-
tion cross-linking reaction allows the liquid resin to form a
cured product in a very short time:

X − Y⟶
hv X

Y

� �
,

X
Y

� �
⋅ ⟶ X ⋅ +Y :

ð1Þ

It abstracts hydrogen atoms from hydrogen atom donors
such as prepolymers and active monomers, such as photoi-
nitiator ITX, to make them active free radicals. After the pre-
vious step is completed, as shown in the following formula,
the polymerization and cross-linking reaction is further ini-
tiated.

X⟶
hv

X,

X ⋅ ⟶RH XH + R:
ð2Þ

The photocurable reactive materials mainly include
three stages of chain initiation, chain growth, and chain
termination [15].

(1) Chain initiation

The photoinitiator (I) absorbs light energy under the
irradiation of a UV lamp. It transitions from the ground
state to the excited state, forming active radicals (R). The
active free radical then undergoes an addition reaction with
the monomer (M) to form a monomer free radical, as shown
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in the formula:

I⟶
hv

R,

R ⋅ +M⟶
hv

R −Mð Þ:
ð3Þ

(2) Chain growth

The above process is repeated continuously, so that
active radicals and monomers are rapidly added to form
macromolecules. Light-curing printing materials change
from liquid to solid:

R‐Mð Þn ⋅ +M⟶
hv

R −M −Mð Þn ⋅ ð4Þ

(3) Chain termination

Common chain terminations include disproportionation
termination and coupling termination. With the continuous
progress of the chain growth reaction, the content of free
radicals in the chain increases continuously, and the photo-
curing reaction ends [16].

3.3. Curing and Characterization of Reactive Materials

(1) Viscosity

The viscosity of the reactive material is measured accord-
ing to the specified standard. It puts an appropriate amount
of liquid reaction material into the barrel of the digital viscom-
eter and then puts the barrel into a constant temperature water
tank. It uses a No. 21 rotor tomeasure the viscosity of the reac-
tion material at different temperatures [17].

Viscosity is an important process parameter characteriz-
ing the jetting properties of photocurable 3D printing sup-
port materials, which determines whether the reactive
material can be smoothly and steadily ejected from the noz-

zle [18]. It is subjected to shearing force. It simplifies the
injection process, and the viscosity of the reaction material
is shown in the formula:

τ = F Aj ,

D = dx
dz

� �
dtj ,

η = τ Dj :

ð5Þ
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τ is the shear stress, F is the shear force, A is the area
where the shear force acts, and D is the shear rate. dx/dz is
the shear deformation, dt is the shear force action time,
and η is the viscosity of the reaction material.

(2) Surface tension

It measures the surface tension of the reactive material. It
puts an appropriate amount of liquid temperature-sensitive
reactive material sample into the barrel of the automatic sur-
face tensiometer and then puts the barrel into a constant
temperature water tank. It chooses the platinum plate
method to test the surface tension of the reaction material
at different temperatures. The specific process is as follows:

P =mg + Lγ cos θð Þ − shρg: ð6Þ

(3) Volatilization rate

It adds the reaction material to the beaker. The mass
of the beaker is M0, and the total mass after adding the
reaction material is M1. After being placed at different
temperatures for different times, it measured a total mass
of M2. The volatilization rate α of the reaction material
is calculated as follows:

α = M1 −M2
M1 −M0

: ð7Þ

(4) Curing shrinkage

Under the condition of 25°C, it uses the ZMD-2 elec-
tronic densitometer to measure the density of the reaction
material before curing and the density of the cured product,
and the curing shrinkage can be calculated by the formula:

Δ = ρ1 − ρ0
ρ0

: ð8Þ

(5) Solubility

It cuts the cured product of the reaction material to
obtain a sample with a size of 10 × 10 × 4mm3. The mass
of the sample is called M0, and the sample is soaked in dis-
tilled water of different temperatures for a certain period of
time. It takes a filter paper with a quality of M1 for filtration
and puts the filter paper and the sample into a vacuum dry-
ing oven for drying, and the quality after drying isM2. Then,
the reaction material solubility S is calculated by the follow-
ing formula:

S = M0 − M2 −M1ð Þ
M0

: ð9Þ

The photocuring reaction process of the photocurable
monomer is as follows:

R ⟶
violetray

R,
R ⋅ +mPEG400DA⟶ R − PEG400DAm,

R ⋅ +R − PEG400DAm ⋅ ⟶ R − PEG400DAm − R,
R − PEG400DAm ⋅ +R − PEG400DAm ⋅ ⟶ R − PEG400DAm − R:

ð10Þ

R is a photoinitiator, R is a free radical, and PEG400DA
is polyethylene glycol 400 diacrylate.

Surface tension is also an important process parameter
for light-cured 3D printing reaction materials, which deter-
mines whether the reaction materials can be smoothly and
stably ejected from the nozzle [19]. During jet printing, the
reactive material droplets have a tendency to automatically
shrink into spherical shapes. The air resistance and the
change of the mass of the reaction material droplets are
ignored, and the force of the reaction material is simplified.
The surface tension of the reactive material is shown in the
formula:

α = ω

γ
: ð11Þ

In the formula, α is the surface area of the new surface, ω
is the work done when the new surface is generated, and γ is
the surface tension coefficient.

3.3.1. Experiments on the Preparation and Performance of
Water-Soluble Photocurable Reactive Materials. Before the
experiment, the water-soluble photocurable monomer must
first be provided for the preparation of the water-soluble
photocurable 3D printing reaction material. Single-ended
hydroxyl PEGmA, also known as polyethylene glycol acry-
late monoester, has good UV curing properties. Because of
its special molecular structure, PEGmA and its cured prod-
ucts have good water solubility and can be easily removed
by water gun [20]. In addition, PEGmA has the advantages
of nontoxicity and low volatilization rate. Therefore,
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Figure 5: 1H NMR spectrum of single-end hydroxyl PEGmA.
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PEGmA provides a new idea for the preparation of water-
soluble photocurable reactive materials. However, it is cur-
rently difficult to purchase pure PEGmA in the market,
and the domestic synthesis process and purification method
of PEGmA are not mature, and there is no commercial
PEGmA, so it is necessary to make PEGmA.

3.4. Synthesis and Purification of Single-Ended Hydroxyl
PEGmA. It firstly adds a certain amount of reactant polyeth-
ylene glycol into a 250ml container equipped with a ther-
mometer, a constant pressure dropping funnel, a water
separator, and a condenser. In the flask, it heated the mix-
ture to 60°C with magnetic stirring. After the p-
toluenesulfonic acid and hydroquinone were completely dis-
solved, the temperature was raised to 120°C. It continues to
magnetically stir for 10 to 15 minutes, and after no bubbles
are produced, it filters. The filtered product was added to a
rotary evaporator, distilled under reduced pressure, and tol-
uene was removed to obtain a crude product of PEGmA.

It uses a pipette to, respectively, measure a certain
amount of reaction solution and distilled water (mass ratio
1 : 10) into a conical flask, add indicator phenolphthalein,
and mix evenly. It is titrated to a reddish color with standard
NaOH solution, shaken, and the end point of the titration is
that the red color does not fade within 30 seconds. It records
the amount of NaOH solution consumed and calculates the
acidity and esterification of the sample.

The formula for calculating acidity is as follows:

AV = CVMr
ms

: ð12Þ

In the formula, AV is the acidity value of the sample; C is
the mass concentration of the standard NaOH solution; V is
the volume of the NaOH solution consumed when the titra-
tion reaches the end point; Mr is the relative molecular mass
of NaOH; ms is the mass of the sample taken.

The calculation of the degree of esterification of the
esterification reaction is as follows:

DE = Ai − At

Ai
: ð13Þ

Among them, DE is the esterification degree of the sam-
ple; Ai is the initial acidity value of the sample; At is the acid-
ity value of the sample measured at a certain time.

Figure 5 is the 1H NMR spectrum of single-ended
hydroxyl PEGmA. It can be seen from Figure 5 that, com-
pared with pure polyethylene glycol, characteristic peaks
appear at the chemical shifts of 5.8-6.5 in the hydrogen
spectrum of single-end hydroxyl PEGmA, corresponding
to the 3 Hs of the terminal alkenyl group. The character-
istic peaks at chemical shifts 4.2-4.4 correspond to the 2
Hs on the carbon atom of the ester group and the 2 Hs
on the methylene group connected to the terminal
hydroxyl group. It has characteristic peaks at chemical
shifts of 3.6-3.8. The characteristic peaks at chemical shifts
of 3.5 to 3.6 correspond to 82 Hs in the oxyethane struc-
ture of the monoester, which indicates that the oxyethane
structure (ether chain structure) of polyethylene glycol is
not destroyed. In conclusion, the esterification reaction of
polyethylene glycol and acrylic acid occurred to generate
single-end hydroxyl PEGmA. The peak shape in the figure
is sharp, and there are few impurity peaks, which proves
that the purity of the monoester is high.

3.5. Preparation of Reactive Photocurable 3D Printing
Materials. Single-end hydroxyl PEGmA has excellent UV
curability and can be cured quickly under the action of
photoinitiator. And its cured product has good water solu-
bility and mechanical properties, which can support the
molding of solid materials [21]. After it has been formed,
the PEGmA cured product can be removed by flushing with
a water gun. Therefore, PEGmA meets the performance of
water-soluble functional materials, which provides a new
idea for the preparation of water-soluble photocurable 3D
printing materials. In this section, on the basis of the synthe-
sized water-soluble PEGmA as the photocurable monomer,
a new type of water-soluble functional material, reactive
photocurable 3D printing functional material, was prepared.
It analyzes the influence of monomers, types, and contents

Table 1: Basic formula of water-soluble photocurable 3D reactive materials.

Materials PEGmA Polyethylene glycol 369 ITX Other agents

Proportion of the 1st blend/wt% 75 12 2 2 9

Proportion of the 2nd blend/wt% 65 12 2 2 8

Proportion of the 3rd blend/wt% 43 6 2 1 7

Proportion of the 4th blend/wt% 22 6 1 1 6

Proportion of the 5th blend/wt% 15 3 1 1 4

O N
O

N

Figure 6: Schematic diagram of the structure of photoinitiator 369.

S

O

Figure 7: Schematic diagram of the structure of the photoinitiator
ITX.
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of photoinitiators on the properties of the material, studies
the preparation process of the material, and analyzes its cur-
ing and forming mechanism. It finalizes the optimal formu-
lation of water-soluble photocurable 3D reactive materials.
The basic formula is shown in Table 1.

It formulates photoinitiator 369 and ITX, polyethylene
glycol, and photocurable monomer PEGmA into a clean
beaker. It was stirred with a magnetic stirrer until the photo-
initiator 369 and ITX were completely dissolved. It is then
added with the inhibitor according to the formula, and stir-
ring is continued until the inhibitor is completely dissolved.
When it forms a transparent and uniform solution 1, it
needs to be sealed for later use. 369 is a photoinitiator with
high sensitivity range and high UV absorption, which
belongs to the cleavage type photoinitiator [22].

369 is often used to initiate free radical photopolymeri-
zation and is light yellow powdery crystal. Its structural for-
mula is shown in Figure 6.

ITX is a highly efficient hydrogen abstraction photoini-
tiator, which is light yellow crystalline powder. Its pseudo-
nym is isopropylthioxanthone, and its structural formula is
shown in Figure 7.

369 is not only a cleavage free radical photoinitiator, but
also a hydrogen-donating polymer photoinitiator, which can
donate hydrogen to the hydrogen abstraction initiator ITX.
Therefore, 369 is often compounded with ITX as a coinitia-
tor, which can improve the initiation efficiency [23]. The
volatilization of some components in the reaction material
not only affects the performance of the reaction material
but also causes pollution to the environment and harm to

the human body. Therefore, the volatilization rate is also a
factor that must be considered for the reaction material.

Table 2 shows the volatilization rates of the reacted
materials with a monomer concentration of 75wt% stored
at 55°C in different environments for different times. It can
be seen from Table 2 that after the reaction material was
stored at 55°C for 72 h, the volatilization rate was only
0.72% in the highest case. Therefore, the reactive functional
material has good long-term spraying stability and can meet
the requirements of long-term spraying.

3.6. Properties of Water-Soluble Photocurable Reactive
Materials before Curing. As mentioned above, viscosity is
an important process parameter that determines whether
the reaction material can be smoothly and stably ejected
from the nozzle. If the viscosity is too high, the required
shear force is too large, and the reaction material will not
be ejected from the nozzle smoothly. If the viscosity is too
low, it is easy to cause ink leakage, thus affecting the molding
quality and accuracy [24]. Therefore, the reactive material
should have a suitable viscosity to ensure the smooth prog-
ress of photocuring 3D printing. The suitable viscosity range
in this experiment is 10~25mPa·s. There are many factors
that affect viscosity, but the most important are temperature
and monomer content.

A photocurable reaction material with a monomer con-
tent of 75wt% was prepared, and the effect of temperature
on the viscosity of the reaction material was studied. At
the same time, the photocurable monomer PEGmA was pre-
pared into reaction materials with contents of 60wt%,

Table 2: The volatilization rate of reaction materials containing 75wt% PEGmA in different environments.

Storing time 8 16 24 32 40 48 56 64 72

Wet environment 0.18 0.24 0.29 0.33 0.48 0.40 0.59 0.60 0.69

Dry environment 0.15 0.23 0.26 0.29 0.38 0.39 0.49 0.56 0.68

Hot environment 0.28 0.33 0.39 0.47 0.51 0.55 0.62 0.68 0.72

Cold environment 0.01 0.12 0.2 0.35 0.38 0.52 0.64 0.65 0.68
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Figure 8: Effect of temperature and monomer content on viscosity of reaction material.
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65wt%, 70wt%, 75wt%, 80wt%, and 85wt%, respectively,
and the effect of monomer content on the viscosity of the
reaction material was studied. The results are shown in
Figure 8.

It can be seen from Figure 8(a) that describing the effect
of temperature on the reaction material, as the temperature
increases, the viscosity of the reaction material gradually
decreases, but the decreasing range gradually decreases.
When the temperature reaches the interval of 45-60 degrees,
the viscosity tends to be stable around 30. This is because the
temperature increases, the intermolecular distance in the
reaction material solution increases, the interaction force
weakens, the resistance decreases, and the viscosity
decreases. However, when the temperature is too high, the
activity of the monomers in the reaction material solution

increases, and a curing reaction is likely to occur. This causes
the viscosity of the reaction material to rise sharply, and the
solidified product of the reaction material is likely to cause
clogging of the nozzle and damage the nozzle.

At the same time, Figure 8(b) shows that the viscosity of
the reaction material increases gradually with the increase of
the content of photocurable monomers. This is because
when the content of the photocurable monomer is low, the
effect of monomer molecules is weak. Each monomer mole-
cule can be considered to exist individually, so the viscosity
of the reactive material is low. However, when the monomer
content is high, the intermolecular interactions of the mono-
mers also increase significantly. At this time, the monomers
no longer exist alone but exist in the solution in the form of
aggregates. This in turn increases the viscosity of the solu-
tion, affecting the jetting process and part quality. Therefore,
the content of monomers should be controlled to ensure the
working stability of light-curing 3D printing.

Surface tension is also an important process parameter
that determines whether the reaction material can be
smoothly and stably ejected from the nozzle. The surface
tension of the reactive material is too high, the required volt-
age exceeds the upper limit, and the reactive material cannot
be ejected. If the surface tension is too low, the reactive
material cannot form effective droplets, which affects the
molding quality and accuracy. Therefore, the reaction mate-
rial should have a suitable surface tension to ensure stable
ejection of the reaction material. The suitable surface tension
range in this experiment is 25~35mN/m. It mainly studies
the effect of temperature, monomer content, and leveling
agent content on the surface tension of reactive materials
[25, 26].

It prepares reactive materials with a monomer content of
75wt% and studies the effect of temperature on the surface
tension of reactive materials. It prepared the photocurable
monomer PEGmA into reactive materials with contents of
60wt%, 65wt%, 70wt%, 75wt%, 80wt%, and 85wt%,
respectively. It studies the effect of monomer content on
the surface tension of reactive materials. The results are
shown in Figure 9.

It can be seen from Figure 9 that with the increase of
temperature, the surface tension of the reaction material
gradually decreases. When the temperature exceeds 80, the
surface tension drops below 36. This is because as the tem-
perature increases, the intermolecular distance in the solu-
tion increases, the intermolecular interaction force
weakens, and the surface tension decreases accordingly.
But when the temperature is too high, the monomer is easy
to solidify and block the nozzle. Therefore, a suitable work-
ing temperature can reduce the surface tension of the reac-
tion material and ensure stable work. It can be seen from
Figure 9 that with the increase of the content of the photo-
curable monomer, the surface tension of the reaction mate-
rial decreases, but the decrease is smaller. This is because
the pure PEGmA monomer has a low surface tension of only
32.667mN/m. The surface tension of the solvent polyethyl-
ene glycol is as high as 57.13mN/m. The higher the mono-
mer content, the higher the viscosity of the reaction
material. The lower the thermal stability, the easier it is to
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Figure 9: Effect of temperature and monomer content on the
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cure in advance and block the nozzle. Therefore, the higher
the monomer content, the lower the solvent content, which
is more conducive to the reduction of surface tension. The
surface tension of the reactive material cannot be lowered
by substantially increasing the monomer content [27].

3.7. Properties of Water-Soluble Photocurable Reactive
Materials after Curing. There are many factors that affect
the curing shrinkage of reactive materials. In this section,
the effects of the content of photocurable monomers on
the curing shrinkage and mechanical properties (tensile
strength, impact strength, and hardness) of reactive mate-
rials are studied. It was prepared as reactive materials with
monomer contents of 60wt%, 65wt%, 70wt%, 75wt%,

80wt%, and 85wt%, respectively. At 25°C, it studies the
effect of photocurable monomer content on curing shrink-
age of reactive materials.

It can be seen from Figure 10 that the higher the content
of the photocurable monomer, the higher the tensile
strength, impact strength, and hardness of the reaction
material. This is because the photocurable monomer forms
a three-dimensional space network structure after curing,
which has higher mechanical properties and greater hard-
ness. This in turn gives the reactive material suitable
mechanical properties to aid in solid material shaping.
Therefore, the higher the monomer content, the highest
mechanical properties of the reactive material. In addition,
under the influence of different environments, the reactive
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Table 3: Effect of monomer content on hardness under different conditions.

Photocurable monomer content/wt% 60 65 70 75 80 85

Hard/HA 29 33 38 42 48 53

Soft/SA 14 18 20 29 30 39

Medium/MA 23 20 25 34 32 43
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materials are still stable. Table 3 shows the effect of mono-
mer content on hardness under different conditions.

3.8. Performance Comparison of Water-Soluble Photocurable
3D Printing Reactive Materials and Traditionally Used
Foreign Materials. In this section, the performance data of
the water-soluble light-curing 3D printing materials
obtained by the experiment are compared with the perfor-
mance of the traditional imported commonly used materials
Fullcure705 and stig3, as shown in Table 4.

It can be seen from Table 4 that the viscosity of the
water-soluble photocurable reactive materials prepared in
this paper is the lowest compared with the imported photo-
curable reactive materials Fullcure705 and stig3. It is only
49.85mPa·s, which is beneficial to the stable ejection of the
reaction material. Moreover, the surface tension is high,
reaching 37.64mN/m, which is beneficial to assist the mold-
ing of solid materials. In other properties, the solubility is as
high as 80.12%, which is beneficial to the water washing and
removal of the reaction material, which is also the key per-
formance of the reaction material. And its volatilization rate
is low, only 0.2%, and its mechanical properties are as high
as 41HA. This is beneficial to ensure the ejection stability
of the reaction material and assist the molding of the solid
material. Compared with all key data, the reaction materials
prepared in this paper have better comprehensive properties
and are more suitable as functional materials for digital light
processing 3D printing.

4. Conclusions

In this chapter, using the synthesized single-end hydroxyl
PEGmA as a photocurable monomer, using its UV-curing
properties and the water solubility of the cured product,
and using polyethylene glycol, 369, and ITX coinitiators as
raw materials, a kind of PEGmA was prepared. In addition,
the curing molding mechanism and water-solubility charac-
teristics of the material were also analyzed, the influence of
each component of the material and the molding process
conditions on the properties before and after curing were
studied, and the optimal formulation of the water-soluble
light-curing reactive material was optimized and deter-
mined. Finally, by comparing the prepared functional mate-
rials with the traditional imported materials, it is found that
the materials prepared in this paper have better performance
in various key indicators. In the future, the author hopes to
optimize the formulation of this material through more
experiments, so that it can be prepared in batches and can
be used in more places.
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At present, the world-wide heavy-haul transportation technology of cargo trains has developed rapidly. Heavy-haul railway
transportation has received extensive attention due to its large capacity, high efficiency, and low transportation costs. In order
to understand the role that ferroelectric materials can play in the dynamic response of a heavy-duty railway surrounding rock
structures in crosstunnels, this article introduces the domain structure of ferroelectric materials, derives the calculation method
of the dynamic response of the surrounding rock structure, simulates the dynamic response characteristics through the
corresponding formula, and analyzes the changes of the heavy-duty railway in the presence and absence of water. The situation
was analyzed. The research results found that the increase of axle load will increase the bending moment of the invert
structure. When the axle load is 30 t, the V-class surrounding rock is the most unfavorable working condition and the bending
moment value of the invert structure is the largest at this time. When the added value of contact pressure is generally around
6.5 kPa, the railway as a whole can maintain a stable state.

1. Introduction

With the continuous improvement of my country’s railway
network, “passenger high speed” and “freight heavy duty”
have become the two important directions of today’s railway
development. The structural stress forms and disease charac-
teristics of heavy-duty railway tunnels are very different
from those of ordinary railway tunnels. The bottom of the
tunnel is the foundation that bears the load of trains and
structures. Coupled with the effect of geological factors such
as groundwater, the diseases at the bottom of the tunnel are
particularly prominent, manifesting as lining cracks, venting
and sinking of the basement, external squeezing of the side
ditch, and mud and mud. Damage to the tunnel bottom
causes a decrease in the safety reserve of the tunnel structure

in terms of strength, rigidity, and stability. These diseases
not only endanger driving safety and deteriorate driving
conditions but also increase tunnel maintenance costs and
shorten tunnel service life.

Ferroelectric materials have some very excellent proper-
ties, such as dielectric properties. Ferroelectric materials
include layered ferroelectric ceramics, relaxor ferroelectric
ceramics, and antiferroelectric ceramics. When there is an
external electric field, the positive and negative charges
inside the ferroelectric material will shift to a certain extent,
which will cause the charge centers to no longer overlap, and
the so-called dipoles will appear. The applied electric field
can drive the polarization direction of the dipole to move
in the direction of the applied electric field, resulting in
dielectric polarization. If we place a uniform dielectric

Hindawi
Journal of Nanomaterials
Volume 2022, Article ID 1647261, 12 pages
https://doi.org/10.1155/2022/1647261

https://orcid.org/0000-0003-4448-2542
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/1647261


between the two poles of a capacitor, under the polarization
of this dielectric, the capacitance value of the capacitor will
increase several times compared with the capacitance value
of the vacuum medium. This property is called dielectric.
Ferroelectrics have the characteristics of large dielectric con-
stant and obvious nonlinear effects. The spontaneous polar-
ization of ferroelectric materials originates from the electric
dipole generated by the noncoincidence of the positive and
negative charge centers inside the unit cell. Perovskite struc-
ture ferroelectrics are currently the most widely studied,
simplest, and most representative ferroelectric materials.

For the related applications of ferroelectric materials and
the characteristics of railway dynamic response, experts at
home and abroad have done a lot of research. In order to
study the mechanism behind the collapse evolution, Xiao
et al. conducted in situ microseismic (MS) monitoring in
the left main/auxiliary power house. The temporal and spa-
tial characteristics of stress-structure-controlled collapse are
summarized and introduced. These methods provide a con-
sistent set of results, that is, tensile fracturing is the most
active rock mass fracturing mechanism in the evolution of
stress-structure-controlled collapse. In addition, the evolu-
tion of microseismic activity during the development of the
study collapse was also obtained. The results provide a direct
case history, which will help predict and support stress-
structure-controlled collapse disasters and help excavate
deep-buried caves on site [1]. He et al. proposed an innova-
tive roof-cutting and pressure-relief technology in response
to the complex construction technology and high roadway
construction costs in the traditional technology of retaining
lanes along the goaf. A number of mechanical models of
the “surrounding rock structure-roadside support” were
established, and the design formulas for the support resis-
tance of each roadway were obtained. The results show that
through presplitting blasting, the lower foundation roof falls
enough to better support the upper roof, thereby limiting the
rotation deformation of the upper roof and reducing the
impact load of the roof fracture [2]. Yan et al. deal with sev-
eral types of inclination rail defects by simulating the accel-
eration system installed on the locomotive and theoretically
study the feasibility of monitoring the inclination rail joint
defects. The quantitative relationship between the axle box
acceleration characteristics (peak) and the rail defects was
determined by simulation. Therefore, the proposed method
combines defect analysis and comparison with theoretical
results, will enhance the ability of long-term monitoring
and evaluation of the track system, and provide a more sen-
sible preventive track maintenance strategy [3]. Cai et al.
comprehensively studied the new track dynamics behavior
of a polyurethane foam-cured ball in heavy-duty railway
tunnels. First, based on the multibody system dynamics the-
ory and finite element method, a dynamic model of the
vehicle-track-tunnel interaction system is established. Then,
the dynamic effect of the polyurethane foam-cured road ast
track on the train and surrounding infrastructure is calcu-
lated and compared with the dynamic effect of the tradi-
tional road ast track [4]. In order to study the adaptability
of cement-modified expansive soil as a filling material for
heavy-duty railway subgrades, Cai et al. carried out different

axle loads, trains, speeds, and service environmental condi-
tions based on the test section of the cement-modified
expansive soil subgrade of the Menggan Railway. The results
show that the dynamic parameters decay linearly along the
depth and lateral direction of the subgrade in the same infill
structure layer. The dynamic stress attenuation at the bot-
tom of the subgrade surface is about 49%, and the dynamic
stress attenuation at the bottom of the lowest subgrade is
76% [5]. Based on the train longitudinal dynamics theory
and the vehicle-track coupling dynamics theory, Liu et al.
established a heavy-duty train-track coupling dynamics
model considering the longitudinal, lateral, and vertical
forces of the coupler and traction system. The inspection
conditions and mechanical properties of the locomotive
under traction and braking conditions are analyzed, and
the process and extent of the influence of traction, braking
force, and coupler force on the locomotive performance
are studied, and the theoretical model is verified by train
[6]. The focus of Holder et al.’s research is the laboratory
characterization of the lateral load path through the Skl-
type fastening system using new instrument technologies
that are subjected to heavy freight rail loading conditions.
The investigation of the performance of the fastener system
includes the evaluation of the lateral load distribution
through the superstructure of the track and the evaluation
of the single fastener system. The observations of this study
will help the railway industry to improve the design of fas-
tener systems and develop mechanical track structure design
methods [7]. These studies have provided some references
for this article, but due to certain problems in related
research methods and data, the results of the experiment
have not been accepted by the public.

The innovation of this article is that the article puts for-
ward the theoretical calculation method of the surface load
of the ballast bed based on the measured data combined with
the existing specifications and the research results at home
and abroad according to the characteristics of the ballast
bed and the wheel-rail action mode. The elastic layered sys-
tem is used to derive the elastic mechanics analytical solu-
tion of the surface load of the invert structure, which is an
elastic foundation beam. The model and the load structure
model provide the initial conditions of the load.

2. Response Characteristic Analysis Method

2.1. Ferroelectric Materials. A ferroelectric material is a kind
of dielectric material. It has spontaneous polarization in two
or more directions within a certain temperature range, and
its spontaneous polarization will occur with the direction
and magnitude of the external field (common electric field,
temperature field). When the ferroelectric is below the criti-
cal temperature, it will transform from the paraelectric phase
to the ferroelectric phase. This critical temperature is the
Curie temperature (CT) [8, 9]. Figure 1 shows the change
in the crystal structure of a ferroelectric material with a
perovskite structure from a paraelectric phase to a ferroelec-
tric phase. The general formula of perovskite is ABO3: A and
B are metal ions, and O is oxygen ion. Above the Curie tem-
perature, the perovskite ferroelectric material has a cubic

2 Journal of Nanomaterials



crystal structure. At this time, the positive and negative
charge centers coincide and the ferroelectric material is in
a nonpolarized state, that is, the paraelectric phase; when
the temperature drops below the Curie temperature, the
atoms in the unit cell will move the ferroelectric material.
Due to the different displacements of the positive and nega-
tive ions, the positive and negative charge centers no longer
overlap, resulting in an electric dipole moment. Polarization
refers to the electric dipole moment per unit volume, that is,
at the Curie temperature. The following ferroelectric mate-
rials exhibit ferroelectricity in the macroscopic view [10].

As a kind of dielectric material, a ferroelectric material
has other characteristics besides showing ferroelectricity,
such as dielectric, piezoelectricity, pyroelectricity, photoelec-
tric effect, acousto-optic effect, and optical transition effect
[11]. These different characteristics also make ferroelectric
materials have a wide range of applications. In the applica-
tion of ferroelectric materials, ferroelectric memory uses
the polarized bistable state for information storage, so it
has the advantages of nonvolatile, fast reading and writing,
fatigue resistance, radiation resistance, etc. and is considered
to be one of the most potential new types of memory at pres-
ent; ferroelectric memory has been commercialized [12].
The hysteresis loop of ferroelectric materials is shown in
Figure 2.

Important parameters such as spontaneous polarization
CP, remanent polarization OP, coercive field BG, and ferro-
electric loss can be obtained by measuring the hysteresis
loop. It is precisely because of these advantages that ferro-
electric memory has been widely used in both civilian and
military fields [13, 14]. Ferroelectric memory is currently
the only new-generation memory that has been widely used,
and its advantages and application areas are shown in
Figure 3.

Ferroelectric memory allows designers to write data to
nonvolatile memory faster and more frequently and at a
lower price. The failure of the ferroelectric thin film is caused
by the abnormal evolution of the ferroelectric single domain.
The essential reasons for determining ferroelectric domains
and domain flipping are the microstructure of ferroelectric
thin films such as lattice defects, interface terminal types,
and oxygen vacancies [15]. With the miniaturization and
high integration of ferroelectric memory, the size of
ferroelectric thin films in the thickness direction is close to

the nanometer scale and the polarization/domain structure
and evolution are increasingly restricted by the abovemen-
tioned factors.

2.2. Heavy-Duty Railway Tunnel Structure. The tunnel bot-
tom structure is the main load-bearing structure of heavy-
duty railway tunnels, and the load size is mostly determined
based on the experience of ordinary railway tunnels. The
accurate theoretical calculation method can quickly calculate
the dynamic load on the surface of each structural layer and
determine the initial load conditions of the calculation
model, which has important guiding significance for the
design of heavy-duty railway tunnels [16].

Based on the force mode of the track bed structure of the
heavy-duty railway tunnel under the action of sleepers, a cal-
culation method for the dynamic load on the sleeper bottom
surface is proposed, that is, the static axle load/wheel weight
is converted to the dynamic axle load/wheel load according
to the train speed, combined with the contact area of the
sleeper bottom surface. The additional value threshold of
the dynamic load caused by the train is calculated.

σ = P ∗ 1 + βvð Þ
BL

, ð1Þ

where σ is the stress, P is the static axle load, and β is the
dynamic impact coefficient, also known as the velocity influ-
ence coefficient.

The dynamic load on the surface of the track bed struc-
ture is calculated according to formula (1), which is different
from the actual “saddle-shaped” or “triangular” load distri-
bution on the surface of the track bed structure. The error
is compensated [17]. Table 1 compares the calculated results
of formula (1) with the measured dynamic load threshold on
the surface of the track bed structure.

According to D’Alembert’s principle, the dynamic differ-
ential equation of the structure can be obtained as follows:

M½ � ϕf g + C½ � ϕf g + K½ � ϕf g = F tð Þ½ �: ð2Þ

Among them,M stands for the mass matrix, C stands for
the damping matrix, K stands for the stiffness matrix, and ϕ
stands for displacement.

Regarding the formula as a constant coefficient differen-
tial equation, the displacement of the structure can be used

c
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Figure 1: The crystal structure from the paraelectric phase to the
ferroelectric phase of the perovskite structure.

E

P
+Pr

C

B

G

FE

D
O

–Pr

Figure 2: Schematic diagram of hysteresis loop of ferroelectric
material.
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to approximate the velocity and acceleration of the structure
through a finite difference expression. One of the most
effective solutions is the central difference method. The
method assumes

ϕf g = 1
Δt2

ϕt−Δtf g − 2 ϕf g + ϕt+Δtf gð Þ,

ϕtf g = 1
2Δt −ϕt−Δtf g + ϕt+Δtf gð Þ:

ð3Þ

Based on the abovementioned formula, we can get

1
Δt2

M½ � + 1
2Δt

� �
ϕt+Δtf g = F tð Þ½ � − K½ � − 2

Δt2
M

� �
: ð4Þ

The theoretical basis of the finite element method is the

weighted residual method and the variational method. The
weighted margin method commonly used is the configura-
tion method, the least square method, the moment method,
and the Galerkin method, among which the Galerkin
method is the most widely used. The variational method is
aimed at solving the continuum problem. For the function
of the unknown function, there are

Π =
ð
γ

F u, ∂u
∂k

� �
dγ +

ð
γ

E u, ∂u
∂x

� �
dΓ: ð5Þ

In the formula, u is an unknown function, F is a specific
operator, and E is a specific operator.

Next, the discrete unit is determined, the finite element is
divided, and the displacement interpolation function is
determined. The matrix form is generally
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Figure 3: Ferroelectric memory application.

Table 1: Comparison of calculation results and formulas.

Surrounding rock level Train axle weight (ton) Tunnel form Cumulative dynamic load threshold Formula calculated value

III 26

Single-line ballastless 81.6 425.44

Double-line ballast
143.2 425.44

125.6 425.44

IV
26

Two-wire ballastless

129.5 425.44

29 163.3 532.74

V
26 120.1 425.44

29 164.1 532.74
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u =
u

v

 !
=

Ni 0
0 Ni

 !
Ni 0 Nj

0 Ni 0

" #
= Ni,Nj,Nm½ �ac:

ð6Þ

In the formula, N is the interpolation function matrix
and ac is the nodal displacement matrix.

According to the element displacement obtained in the
previous step, the stress-strain equation of each element
can be solved according to the geometric and physical equa-
tions and the stress-strain matrix is obtained as follows:

ε =
εx

εy

εxy

0
BB@

1
CCA = Lu = LNae = Bi, Bj, Bm½ �ae = Bae,

σ =
σx

σy

σxy

0
BB@

1
CCA =Dε =DBae = Sae,

S =DB =D Bi, Bj, Bm

� �
= Si, Sj, Sm
� �

:

ð7Þ

In the formula, B is the strain matrix, L is the differential
operator, S is the stress matrix, and D is the elastic matrix.

Based on the principle of virtual work, the stiffness
matrix equation is established as follows:

Ff ge = K½ �e uf ge: ð8Þ

In the formula, fFge is the vector of the concentrated
force on the nodes of the element, ½K�e is the element stiff-
ness matrix, and fuge is the displacement vector of the ele-
ment nodes.

The stepwise integration method is a kind of direct inte-
gration method. It uses finite difference instead of the deriv-
ative of displacement γ″ with γ″ respect to time and
expresses the sum with the combination of displacements
to obtain the recurrence formula of each time interval and
then obtain the response of the entire time history. The con-
tent of the method is as follows:

γ′ and γ″ can be expressed by displacement γ:

γ″ = 1
Δt2

δt−Δt − 2δt + δt+Δtð Þ,

γ′ = 1
2Δt −δt−Δt + δt+Δtð Þ:

ð9Þ

The recurrence formula of the stepwise integration
method is as follows:

1
Δt2

M + 1
2Δt C

� �
δt+Δt =Qt − K −

2
Δt2

M
� �

δt : ð10Þ

The definition of the distance function is as follows for
all x!1 ∈ Γ:

d x!
� �

=min x! + x!1

��� ���� �
: ð11Þ

From the definition, when the unknown point is on the
boundary, the function value is 0. Find the closest point on
the boundary and mark the closest point and the value of
the distance function is

d x!
� �

= x! − x!c
��� ���: ð12Þ

From the definition of the distance function, the specific
definition of the signed distance function is

ϕ x!
� �

= d −x!
� �

= 0, x! ∈ Γ,

ϕ x!
� �

= −d x!
� �

, x! ∈ ψ:
ð13Þ

The signed distance function is a subset of the implicit
function and has all the properties of the implicit function
discussed in the previous section [18]. Using the signed dis-
tance function can simplify many level set methods for deal-
ing with implicit functions.

Zi = TT xnm − f ∉ Rnð : ð14Þ

Meet the orthogonal normalization condition, namely,

bTj bk = δjk, ð15Þ

in which, at the time, j = k, δjk = 1; otherwise, δjk = 0.

Xij′ = d + BBT Xij − d
	 


= d + BZj: ð16Þ

The formula is inverse transformation. In actual opera-
tion, due to the influence of noise data or different transfor-
mation methods, there are errors between them, as shown as
follows:

εj = Xij − Xij′ = Xij − d − BBT Xij − d
	 


: ð17Þ

The vibration load caused by train operation is generally
a small amplitude load, and the shield tunnel lining and sur-
rounding rock generally only undergo elastic deformation
under the action of the train vibration load [19].

2.3. Heavy-Duty Railway. Chloride ions corrode the steel
bars, resulting in the continuous loss of the effective cross-
sectional area of the steel bars, and the load-bearing capacity
is obviously reduced. The corrosion of the steel bars causes
the rust expansion effect, causing the concrete protective
layer to crack. The continuous development of the cracks
also accelerates the corrosion of chloride salts and reduces
the bearing capacity of the concrete. Chloride ions invade
the reinforced concrete structure and severely reduce the
bonding force between the steel bar and concrete, which will
cause the steel bar and concrete to not work together nor-
mally [20, 21]. Therefore, the corrosive effect of chloride
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ions is one of the main reasons that affect the service life of
reinforced concrete structures.

Among the diseases of heavy-duty railway tunnels, the
most frequent occurrence is water seepage diseases. Water
leakage is the most common disease in well-known railway
tunnels and has less harm to the tunnel structure. Therefore,
the number of diseases at the bottom of the tunnel is ranked
second, which is sufficient to explain the heavy-duty railway
tunnels. The problem of the disease at the bottom of the tun-
nel is particularly prominent, which indicates that the bot-
tom of the tunnel is the main place where the disease of
the heavy-duty railway tunnel occurs. The conditions of
the disease at the bottom of the tunnel are shown in Figure 4.

From the point of view of the location of the disease, dif-
ferent diseases occurred in the upper arch wall structure and
the lower tunnel bottom structure of the heavy-duty railway
tunnel [22]. Comparing the disease rates of passenger-cargo
railway tunnels and heavy-duty railway tunnels, the disease
rate of heavy-duty railway tunnels is much higher than the
average disease rate of the whole road tunnel, indicating that
the high disease rate of heavy-duty railway tunnels is its pri-
mary feature [23].

Because the heavy-duty train runs on continuous rails,
the train vibration load generated by the interaction between
the heavy-duty train and the rail is continuous in space and
time. Then, the discrete fastener system distributed at a cer-
tain interval in the track structure converts the continuous
excitation load on the upper part into multiple vertical exci-
tation loads that act on specific positions of the track struc-
ture and then transfer them to the concrete track bed, and
then, the track bed is transferred to the shield segment tun-
nel, and finally, the load is transferred to the soil layer [24].
Among them, under the action of the vibration load of the
heavy-duty train, the vibration load curve of each fastener
system can be obtained from the actual measurement situa-
tion [25].

Based on the vertical dynamics analysis model of the
subway train in the shield tunnel, the vibration load of the
subway train required for the similar model test is realized
by applying a vertical excitation load on the position of the
fastener on the concrete track bed and through multiple
excitations. The device applies the fastener load at a certain
time interval to simulate the effect of the train.

3. Response Characteristic Experiment
and Results

3.1. Foundation Beam Calculation. Single-track heavy-duty
railway tunnels and double-track heavy-duty railway tunnels
are usually only equipped with the floor structure under the
condition of level II surrounding rock. Therefore, this exam-
ple is based on the Winkel foundation beam theory to ana-
lyze the single-track and double-track heavy-duty railways
of level II surrounding rock. The internal force calculation
of the tunnel was the floor structure. The internal force solu-
tion of the calculation model for the slab structure of the
class II surrounding rock single-track tunnel under the
action of 27 t axle load is shown in Table 2.

The theoretical calculation of the bending moment and
shear force of the calculation model of the elastic foundation
beam bottom plate of the single-track tunnel is shown in
Table 3.

We list the converted concentrated loads corresponding
to the characteristic points on the surface of the invert struc-
ture of the single-track tunnel under the condition of the 27 t
axial load of the III-level surrounding rock. The boundary
constraint conditions of the invert structure are considered
in accordance with the consolidation, and the internal forces
of the invert structure under different concentrated loads are
solved. The overlay is shown in Table 4.

Then, the internal force of the invert structure under the
action of concentrated force is solved and listed in Table 5.

It can be seen that the concentrated load of F1~F5 will
cause the bending moment value of the corresponding char-
acteristic point to increase. After the internal force is super-
imposed, it is found that the bending moment value of the
single-track tunnel invert structure under the symmetrical
load is also symmetrically distributed and the bending
moment value at the center of the line maximum.

3.2. Dynamic Response Characteristic Analysis. Since the left
amplitude of the surface load of the invert structure is larger
than the right amplitude as a whole, the structural bending
moments show the same regularity. The bending moment
theory of the invert structure is obtained by summing the
bending moments under the action of the equivalent 7 con-
centrated loads of the 27 t axle load calculated. We compare
the theoretical calculation solution of the bending moment
of the invert structure corresponding to different working
conditions with the measured data, and the results are
shown in Figures 5 and 6.

The measured data show that the decrease of surround-
ing rock conditions and the increase of axle load will
increase the bending moment of the invert structure. When
the axle load is 30 t, the V-level surrounding rock is the most
unfavorable working condition and the bending moment
value of the invert structure is the largest at this time. For
the lateral distribution of the bending moment of the
inverted arch structure, the value of the bending moment
of the heavy-duty line, that is, the left line and the right rail
position, is the largest and gradually decreases with the
increase of the lateral distance. There is a certain error in
the analysis of the bending moment under the most unfavor-
able conditions. According to the most unfavorable princi-
ple, it is considered that the calculation method of the
curved elastic foundation beam can be applied to the design
of the invert structure of the double-track heavy-duty rail-
way tunnel.

The change curve of the additional value △P of the con-
tact pressure of the no. 1 measuring point at the bottom left
of the center line and the no. 2 measuring point below the
center line with and without water is shown in Figure 7.

It can be seen that when the surrounding rock at the bot-
tom of the tunnel is in anhydrous conditions, the additional
value of contact pressure △P below the center line fluctuates
at about 6.5 kPa and the additional value of contact pressure
on the left and right side△P is stable at about 5.8 kPa but the
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Figure 4: Classification of diseases in heavy-duty railway tunnels.

Table 2: Calculating model of the slab structure of the single-track tunnel in surrounding rock.

Internal solution Feature location
q1-q2 load section q2-q3 load section

Uniform load Triangular load Uniform load Triangular load

Bending moment (KN∗m)

Left sulcus −11.13 −1.76 −4.01 −0.64
Line left rail 3.72 0.74 0.41 0.11

Line center 4.44 1.02 4.44 1.02

Right track 0.41 0.11 3.72 0.74

Right sulcus −4.01 −0.64 −11.13 −1.76

Shear force (kM)

Left sulcus −30.06 −3.31 −3.62 −0.52
Line left rail −9.02 −2.17 −5.21 −1.07
Line center 5.44 1.09 −5.43 −1.09
Right track 5.22 1.07 9.02 2.19

Right sulcus 3.62 0.52 30.06 3.31

Table 3: Moment and shear force calculation model for elastic foundation beam bottom plate of single-track tunnel.

Axle load Internal solution Left sulcus Line left rail Line center Right track Right sulcus

27 t
Bending moment (KN∗m) −17.87 5.21 10.25 5.21 −17.87

Shear force (kM) −37.73 −16.71 0 16.71 37.73

30 t
Bending moment (KN∗m) −18.54 6.46 11.46 6.46 −18.45

Shear force (kM) −40.31 −17.01 0 17.01 40.31

Table 4: Characteristic points of single-track tunnel invert structure.

Serial number Feature point location C0 C1 C2 C3 C4 Bending moment (KN∗m)

1 Left sulcus −1:17E − 03 1:17E − 03 −1:42E − 03 −2:56E − 03 2:76E − 03 1.53

2 Line left rail −2:41E − 03 2:41E − 03 −3:01E − 03 5:14E − 03 −5:44E − 03 4.31

3 Line center −2:62E − 03 2:62E − 03 −3:16E − 03 −5:58E − 03 −6:01E − 03 8.08

4 Right track −2:41E − 03 2:41E − 03 −3:01E − 03 −5:58E − 03 −5:44E − 03 4.31

5 Right sulcus −2:62E − 03 2:62E − 03 −3:16E − 03 −5:58E − 03 −6:01E − 09 1.53
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overall situation is relatively stable. The additional value of
the contact pressure below the center line is slightly reduced
compared with that below the center line, indicating that the
effect of the excited vibration load below the center line is
more obvious than that of other positions.

In order to understand the role of the domain structure
of ferroelectric materials, we compare the elastic energy,
depolarization energy, and various abilities of the ferroelec-
tric material domain structure and the railway surrounding
rock structure under traditional materials. The comparison
result is shown in Figure 8.

It can be seen in Figure 8 that after comparing the elastic
properties of different materials, it can be seen that the elas-
tic properties of traditional materials vary greatly, and as the
number of uses increases, their elastic properties must show
a certain degree. In the case of ferroelectric materials, the
elastic performance is much better than that of traditional
materials and the increase rate is about 30%.

We compare the depolarization energies of the two
materials, and the results are shown in Figure 9.

As can be seen, in the comparison of the depolarization
energy of traditional materials and ferroelectric materials,
the depolarization energy of traditional materials is much
higher than that of ferroelectric materials and as the number
of tests increases. The depolarization energy of traditional
materials shows an upward trend, while the trend of ferro-
electric materials shows a downward trend.

We compare the various abilities of the two materials,
and the results obtained are shown in Figure 10.

It can be seen that for the supernatural power of mate-
rials, the difference between ferroelectric materials and tradi-
tional materials is not much. In this simulation test, there is
no obvious difference between the values obtained by the
two. This shows that ferroelectric materials have no special
advantage over traditional materials in terms of abilities.

4. Discuss

4.1. Surrounding Rock Structure. Based on a variety of
research methods such as the on-site large-scale in situ
vibration test, long-term remote monitoring, theoretical
derivation, numerical simulation, and data investigation,
the dynamic characteristics, load theoretical calculation
methods, calculation models, and fatigue damage evolution
laws of heavy-duty railway tunnel structures are carried
out. The dynamic response and stress distribution character-
istics of different structural parts of heavy-duty railway tun-
nels are clarified.

The heavy-duty railway tunnel is divided into two major
structural parts, the upper arch wall structure and the lower
tunnel bottom structure, to analyze the dynamic response
and stress distribution characteristics, respectively. The
increase of the axle load of the heavy-duty train, the decrease
of the surrounding rock conditions, and the decrease of the

Table 5: Calculation results of bending moment of surrounding rock invert structure.

Serial number Feature point location F1 F2 F3 F4 F5

1 Left sulcus 4.71 16.65 21.48 −2.01 −2.25
2 Line left rail 1.77 2.34 3.31 1.54 0.77

3 Line center 1.38 2.03 8.08 2.03 1.38

4 Right track 0.77 1.54 4.31 2.34 1.77

5 Right sulcus 0.76 1.02 1.63 1.86 1.29
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Figure 5: Bending moment of invert structure of class IV heavy-duty railway tunnel.
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distance from the train load acting position will increase the
dynamic load increment on the surface of the structure and
the internal force of the structure.

The dynamic response and stress distribution character-
istics of the arch wall structure are clarified: single- and
double-line tunnels and ballastless and ballasted tunnel arch
wall structures have similar dynamic load distribution laws
under various working conditions and under the most unfa-
vorable working conditions (class V) (surrounding rock, 30 t
axle load). The maximum power increment does not exceed
5%, which is less affected by the power of heavy-duty trains.

The surface load distribution and vertical transmission
laws of the various structural layers of the heavy-duty rail-
way tunnel bottom structure are clarified: (1) the heavy-
duty train load gradually decreases with the increase of the
vertical depth during the transmission of the tunnel bottom
structure, and the track bed structure has a large rigidity and
a filling layer. The large thickness has a buffer effect on the
dynamic load. When the dynamic load is transmitted to
the surface of the surrounding rock, there has been a signif-
icant attenuation but the maximum power increase of the
single-track tunnel is still 38.26% and 9.6% of the double-
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Figure 6: Bending moment of invert structure of V-class surrounding rock heavy-duty railway tunnel.
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track tunnel is much higher than the arch wall structure.
Therefore, the dynamic impact of the heavy-duty train on
the tunnel structure is mainly focused on the structure at
the bottom of the tunnel. (2) In the single-track heavy-
duty railway tunnel, due to the symmetry of the structure,
the lateral distribution of the additional train load on the

surface of each structural layer at the bottom of the tunnel
is in a “triangular” distribution, which is represented by
the largest line center and gradually attenuates with the
increase of the lateral distance. (3) In double-track ballasted
and unballasted heavy-duty railway tunnels, the dynamic
load distribution on the surface of the track bed, the surface
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of the invert, and the surface of the surrounding rock shows
that the dynamic effect of the train is mainly concentrated
on the position of the track of the heavy-duty line. There is
a difference in the dynamic load distribution on the surface
of the two types of ballast beds. The surface of the filled layer
of the ballastless bed is “saddle shaped,” and the ballast bed
has a “triangular” load, and the dynamic load value of the
ballast bed is higher than that of the ballastless bed. (4)
The influence rate of the axle load on the dynamic increase
of the tunnel bottom structure is up to 33.5%~48.2%, and
the influence rate of surrounding rock conditions is up to
19.7%~24.3%. Therefore, axle load is the main factor affect-
ing the dynamic response of the tunnel bottom structure.

4.2. Ferroelectric Materials. Ferroelectric materials are widely
used in the manufacture of modern electronic devices due to
their excellent dielectric properties, piezoelectric properties,
and polarization reversibility. The microstructure of ferro-
electric materials determines the macroscopic properties of
ferroelectric materials to a certain extent, and the simulation
of their microstructure is of great significance in material
design. At present, the traditional phase field method used
to calculate and simulate ferroelectric materials has limita-
tions such as many material parameters, energy potential
wells, and unobvious symmetry, which seriously hinder fer-
roelectric materials, especially the microstructure of new fer-
roelectric materials.

This paper establishes a theoretical framework for non-
traditional phase field simulation of tetragonal and orthogo-
nal ferroelectric phases. Based on the characteristic function
of the ferroelectric material variant, use it as the phase field
simulation sequence parameter to construct the anisotropic
properties of the ferroelectric variant, which presents a mul-
tipotential well structure, and use it to replace the traditional
phase field method to describe higher-order polynomials in
ferroelectric materials. Using the anisotropic properties of
ferroelectric variants to replace the polynomial of the inter-
nal energy of the traditional phase field method, an uncon-
ventional phase field method suitable for tetragonal and
orthogonal phase ferroelectric domain structures has been
developed. The nontraditional phase field method requires
few parameters and can also describe the multipotential well
structure of the ferroelectric material variant, and the poten-
tial well structure is obvious and the symmetry is obvious.

5. Conclusion

This study found that under different axle loads and sur-
rounding rock conditions, the fatigue damage of the tunnel
bottom structure of the single- and double-track heavy-
duty railway tunnel is significantly higher than that of the
arch wall structure and it is mainly concentrated in the posi-
tion of the heavy-duty line track and decreases with the
increase of depth. The track position of the infill structure
began to show damage after 50 years of operation and devel-
oped downward; when the operation time exceeds 100 years,
the fatigue damage of the inverted structure and the damage
of the infill structure are connected. The fatigue damage of
the single-track tunnel is always symmetrical, while the

double-track tunnel expands to the bottom of the side trench
structure half of the heavy-duty line. Of course, there are
some shortcomings in the research of this paper. The data
studied in this paper are basically based on simulation
results, and no real field investigation has been carried out.
In the collected data, the factors that may damage the track
in the tunnel are not considered. Completely, the experi-
ments in this article cannot draw very perfect conclusions.
This also requires that in today’s research, we need to
increase the scope of data and conduct real data investiga-
tions in order to obtain better research results.
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In the rapid development of urban traffic, the small clearance interchange tunnel has always been a difficult problem for heavy-
duty railways, so special requirements are also put forward for materials. Bainite steel with excellent comprehensive mechanical
properties is considered to replace traditional high manganese, the best material for steel. This article first improves the process
of the material and analyzes the structural dynamics of the material through different isothermal cooling to analyze the
different performances of the material on the heavy-duty railway. Using traditional theoretical data analysis, theoretical data
calculation, numerical analysis simulation, and on-site engineering monitoring technical means is to complement the
construction of the soft rock underground tunnel in the subway section at the intersection of the small clear distance line to
the existing surrounding rock tunnel wall in the section. The degree of deformation affects the change law, and the related
technical issues of engineering control are analyzed. Finally, the control measures of full-face grouting reinforcement with steel
flower pipes and the final construction plan of constructing the left line, right line, and undercut section in sequence are
proposed. FLAC numerical simulation software was used to complete the feasibility evaluation of the control measures for the
deformation of the ground and lining induced by the construction of the cross tunnel. The results show that the maximum
deformation of the ground surface is reduced by 35.4% compared with no control measures, and the longitudinal deformation
range of the ground surface and the vault is reduced by 28.9%.

1. Introduction

Throughout the world of underground cities, the smooth
utilization, development, and comprehensive utilization of
public space in underground cities have been rapidly devel-
oped and gradually become an effective and important way
to effectively solve the serious crisis of underground
resources and local soil ecological environment pollution in
various underground cities. After our country has entered
the 21st century, our country’s underground and above-
ground urban rail transportation vehicle transportation sys-

tem infrastructure has initially entered a new stage of rapid,
healthy, and orderly development. According to statistics, as
of the end of 2016, a total of 30 major large- and medium-
sized cities in northern mainland China have completed
and opened underground and aboveground urban rail tran-
sit automobile public transportation, a total of 133 operating
subway lines, and a total of annual operating subway line
mileage. The maximum length is 4152.8 kilometers, of which
the cumulative operating mileage of Beijing Metro in 2016
was 3168.7 kilometers, accounting for 76.3%. Construction
of Nanning Metro began in 2011, and Line 1 was opened
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for operation in September 2016. Up to now, Nanning has
planned 8 lines, including 187 stations, 22 transfer stations,
and 4 vehicle lines.

With the continuous increase in the depth of under-
ground space excavation and planned mileage, the number
of stations and transfer stations will also continue to increase,
and the cross construction of two or more tunnels will
become increasingly apparent. In addition, due to the dense
high-rise buildings in the urban areas of our country and
the developed subway underground tunnel transportation
network, the building pile foundations, municipal tunnel
pipelines, underground tunnel structures, and other ancient
buildings during the construction of subway underground
tunnels have formed the use of space in the urban newly built
subway tunnels. Large space restrictions cannot be avoided
by design. Therefore, the probability of overlap between
new tunnels and existing tunnels is greatly increased. How-
ever, the continuous construction of the existing new build-
ing tunnels will cause great disturbance to the surrounding
building stratum structure, causing three or even four times
of large stress between the existing new tunnel and the struc-
tural stratum, causing the existing new tunnel and steel struc-
ture stratum to occur the stress adds a large internal force and
stratum deformation, causing sudden surface deformation
values, and there is a major construction risk. Excessive
deformation of the tunnel may directly cause the main struc-
ture of the existing domestic road tunnels to fail to fully meet
the road operation safety requirements, and the ground will
also have depressions. When severely damaged, road opera-
tions and traffic safety accidents will occur directly and cause
great operational safety hazards. In order to ensure the safe
and smooth operation of our country’s urban rail network
transportation, how to effectively supervise, control, and
accurately evaluate the direct impact of the delayed construc-
tion of urban new railway tunnels on the existing urban new
tunnels has gradually become a key academic research topic
today.

At present, the research on the influence of new energy
materials on the dynamic interaction between the surround-
ing rock and structure of the heavy-duty railway tunnel with
a small clear interval is mainly in these directions. Yanowitz
et al. layered the dolomite and rock limestone together and
performed a separate downgrading modulus treatment.
There was a problem that the dolomite rock surrounding
rock model hierarchical modulus was low. According to the
surrounding rock model ED (China Dynamics Yang) for
tunnel engineering along the Chengdu-Chongqing Railway
Modulus classification and quantitative model classification
processing system, the dolomite surrounding rock is sepa-
rately downgraded, which solves the problem of low dolo-
mite surrounding rock model classification modulus, but
the materials targeted in this direction are relatively limited
[1]. Correa et al. established a three-dimensional numerical
prototype virtual statistical model of the length of the subway
tunnel based on the various geological surrounding rock
deformation risk conditions in the domestic subway tunnel
site engineering design and the results of this research, and
calculated the collapse of the base layer of the domestic
subway exit tunnel through the tunnel numerical prototype

simulation, the design process of the surrounding rock defor-
mation during the construction, and the analysis of the
deformation process of the base layer of the subway tunnel.
After the design is completed, the exit tunnel of the existing
domestic subway tunnel station exit tunnel and the newly
built foreign existing domestic expressway Yangtze River
Bridge station tunnel subway base collapsed surrounding
rock statistics on the relatively large risk of construction
deformation due to the collapse of the arch bottom. It is con-
cluded that there may be a high-strength plasticity metro
tunnel arch underneath part of the area under the subway
arch of the newly built domestic existing expressway station
tunnel, and there may be a greater risk of deformation of
the surrounding rock when the base of the subway tunnel
collapses. There is a certain amount of simulated data [2].
In the actual construction design stage of the railway elevated
tunnel project, Yamada et al. formulated practical and feasi-
ble overall construction technology according to the actual
construction situation of the weak layer and the horizontal
hard rock layer in the railway tunnel, in order to effectively
ensure the entire tunnel construction design project. Quality
and safety are effectively guaranteed, and a detailed discus-
sion of how the overall construction technology of the hori-
zontal hard rock layer of the tunnel should be applied in
the actual railway tunnel engineering construction design
process is given, but the research is too theoretical [3]. Liu
et al. conducted a comprehensive analysis of the movement
measurement of the local stress and deformation of the sur-
rounding rock structure of 8 underground tunnels located
in 12 shallow and deep buried sections of the underground
tunnel, and analyzed the tunnel surroundings of each section
of the shallow tunnel under the shallow and deep buried sec-
tion of the underground tunnel. The research and analysis
results of the local movement and deformation of the rock
structure’s overall movement law are compared and analyzed
in depth. The research and analysis of the overall local defor-
mation movement law of the surrounding rock structure of
each section of the underground tunnel is divided into the
first rapid movement displacement of the surrounding rock
of the underground tunnel-rapid movement displacement
stable deformation—slow motion displacement stabilizes
deformation—fast displacement stabilizes four different pro-
cess stages. Through the simulation of the statistical numer-
ical comprehensive analysis of the tunnel FLAC3D, the
method of supporting treatment of the advanced and late
construction conditions and the supporting method of the
advanced and late construction treatment and the supporting
method of the advanced construction support and the
advanced construction treatment method of the under-
ground tunnel are analyzed in depth. The overall local defor-
mation of the rock structure is directly affected by the
movement, and this analysis has not kept up with the back-
ground of the times [4]. Rynning et al. take the tunnel under-
neath the surrounding rock of the railway bridge section as
an example. It conducts on-site monitoring through the
deformation of the surrounding rock and performs necessary
numerical simulations. Through statistical analysis of the
experimental results, it can be seen that in the process of ran-
domly excavating objects, the displacement of the object
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section near the face of the object changes greatly, the maxi-
mum and minimum of the vertical square displacement are
at an arch, and the maximum and minimum horizontal dis-
placements are it is in an arched waist, and the material
requirements of this research are too low [5]. Sonntag, Based
on the situation of a large-scale railway branch tunnel in the
planning, construction and design stage, Sonntag D studied
the classification of surrounding rock and analyzed and
guided the construction design and planning of the railway
tunnel in combination with the thickness variation of the
tunnel surrounding rock and the influence of related factors.
At the same time, it provides an important reference and
evaluation basis for the construction evaluation of similar
tunnel projects, but the data used is not representative [6].
Sorgenfrei and Tsatsaronis take the railway sandy tunnel
deep-buried railway single-track tunnel railway surrounding
rock tunnel as the key object of the subject research; through
the numerical statistical measurement and analysis of the
measured railway load data of the railway surrounding rock
tunnel, the research establishes the railway based on the BQ
numerical calculation index. The numerical calculation and
analysis method of the measured load of the surrounding
rock, but the application range of this method for calculating
the measured load of surrounding rock is too narrow [7].

The two materials used in the main test materials in this
paper are the new Si-Mn-Cr series low- and medium-sized
carbon fiber low-alloy steel developed by Xihua University.
The low-alloy steel is heated under air-cooled and high-
pressure conditions. Bainite without activated carbonized
substance, through the contact fatigue strength test of the
roller rolling gear, the direct influence of the smooth differ-
ence between the roller load and the gear rolling on the roll-
ing contact fatigue test performance of the alloy steel used
in the switch fork machine of the heavy-duty high-speed
railway in China is studied. And further analyze the struc-
ture, phase, fracture morphology, and hardness change law
and explore the fatigue damage mechanism and fatigue
performance of heavy-duty railway frog steel. Using tradi-
tional theoretical data analysis, theoretical data calculation,
numerical analysis simulation and on-site engineering mon-
itoring combined technical means is to construct the soft
rock underground tunnel in the subway section at the inter-
section of the small clear distance line to the existing soft
rock tunnel wall in the section. The degree of deformation
affects the change law, and the related technical issues of
engineering control are studied in depth.

2. Overview of the Close Construction of
Subway Tunnels

2.1. Classification of Close Construction of Subway Tunnels.
The primary technical problem that the direct technical
construction of underground construction projects must
face in the near future is that the close construction of
new underground constructions may have a certain impact
on the original air stability performance of the underground
construction structure, breaking the original balance mode.
The main reason for the impact of this change is closest
to the essence. The continuous construction of the new sur-

rounding rock project may cause the stress system in the
solid surrounding rock to redistribute again and again, which
directly leads to a series of surrounding rock mechanical and
physical behaviors. This force characteristic is related to
many factors such as engineering and hydrogeological condi-
tions, engineering construction sequence, spatial position
relationship, and construction method, such as loading,
unloading, horizontal, vertical, and spatial different effects
under different conditions [8, 9].

Generally, the construction when the new construction
is adjacent to the existing construction and the construction
of the new construction may adversely affect the normal
function use of the existing construction is called the near
construction. When the new construction and the existing
construction are both tunnel constructions, those that meet
the above conditions can be defined as the adjacent con-
struction of the tunnel construction. From the perspective
of the construction location relationship of the grounding
space, the construction location of the short-distance
grounding of the tunnel can be divided into three kinds of
construction location spatial relations: one-way parallel,
overlapping, and two-way crossing [10, 11].

2.1.1. Side Wear. When a new tunnel passes through an
existing tunnel, the surrounding rock and stratum are dis-
turbed due to the construction of the new tunnel, and the
surrounding rock of the existing tunnel will also relax.
Therefore, the load on the lining of the existing tunnel will
increase. The lining structure will undergo a certain tensile
deformation to the new tunnel side, and biased pressure
may occur. In subway engineering, the side-crossing prob-
lem mostly belongs to section crossing or the foundation
pit crossing existing tunnel.

2.1.2. Underwear. When the newly built tunnels on both
sides pass through the lower intersection of the existing tun-
nels on both sides, the two tunnels are in a downward cross-
ing relationship. With the continuous excavation of the two
newly built line tunnels, the interlayer lining space structure
of the existing line tunnels may also continue to sink. At the
same time, due to the excessive settlement of the tunnel, it is
very likely that the gradient is unevenly distributed. The
main reason is the change in the positional relationship of
the interlayer space structure of the two tunnels. If the loca-
tion is different, the excessive settlement may cause the track
structure variation. The settlement value is too large to
exceed the tunnel management standard, resulting in the
temporary suspension of trains along the line.

2.1.3. Put on.When the new tunnel crosses the upper part of
the existing tunnel, the two tunnels are in an upward pass
relationship. With the excavation of new tunnels, due to
the unloading effect of the soil, the existing tunnels will
undergo vertical uplift deformation, which may be unevenly
distributed. If the deformation is too large, it will also bring
safety hazards to the safe operation of the train.

According to the way of crossing, it can be divided into
three types: up, down, and side. Underpass mainly refers to
crossing the existing sections, stations, buildings, bridges,
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pipelines, railways, highways, etc.; upward crossing mainly
refers to new projects crossing existing sections and under-
ground pipelines; side crossing can refer to new projects
crossing pile foundations or parallel tunnels, and their struc-
tural relationships are shown in Figure 1.

Here is a basic classification according to the characteris-
tics of the tunnel force conditions under different force ele-
ments of the remote connection time, space, and remote
connection construction method, which can be roughly
divided into two newly built simultaneous tunnels in the
short-distance and long-distance period. Two or more new
tunnels are short-distance close to each other during the
construction of two basic force types [12, 13].

The highway design requires that the new construction
of the existing highway tunnel is connected with the new
existing tunnel and the new highway tunnel is connected
in coordination with the new construction of the existing
highway tunnel according to the highway design require-
ments. The connection of the newly built highway tunnel
also occupies the relationship between the space distance
and the location of the tunnel as well as the mobile rate. It
is subdivided into three cases: parallel tunnels, overlapped
tunnels, and interlaced tunnels, as shown in Table 1.

Two or more new tunnels will be constructed at the same
time at a close distance. According to the spatial position
relationship between the new tunnel and the neighboring
existing tunnels, Table 2 further subdivides them into three
cases: parallel tunnels, overlapping tunnels, and intersecting
tunnels [14, 15].

2.2. Zoning of the Impact Degree of Close-Up Construction.
According to different classifications of close-range con-
struction of subway tunnels, the influence degree of con-
struction is also different. The extent of the impact of the
construction of a new project in the underground project
on the surrounding existing projects varies depending on
the spatial position and can be expressed by the degree of
proximity. At present, there are few researches on the adja-
cent tunnel engineering at home and abroad, and most of
them are based on a scattered specific project summary,
lacking systematic rules. The earliest method to study the
construction of short-distance connection engineering is
Japan. Due to the small land area in Japan, in order to make
full use of the existing underground resources, there are
many application cases of new tunnel connection engineer-
ing in the construction of short-distance connection engi-
neering. Promulgated the “Guidelines for the Close-up
Construction of Existing Railway Tunnels”, which has car-
ried out a more comprehensive and systematic theoretical
explanation of the research on the problems of the construc-
tion of the short-distance connection engineering tunnels,
and has directness in solving the construction problems of
the existing underground railway tunnels. This paper com-
prehensively analyzes and considers various factors such as
the building scale, construction design plan, geological space
movement relationship between the structures, engineering,
and ground hydrogeological objective conditions of different
newly built tunnel projects, so that the construction of differ-
ent newly built projects can be compared to the different

existing railways. The direct impact caused by the perfor-
mance of the structure is of different severity and can be
divided into four categories: the more specific and intangible
impact consideration scope, the attention consideration
scope, the consideration scope of measures taken when nec-
essary, and the careful consideration scope, as shown in
Table 3.

When a new line traverses an existing line, the division
of its proximity is shown in Figure 2.

For the construction of two or more crossing tunnels, it
is necessary to consider both the lateral impact range of the
new tunnel construction on the existing tunnel and the lon-
gitudinal impact range that may be affected. The vertical and
horizontal impact range of the existing tunnel by the new
tunnel is shown in Figure 3.

When the longitudinal oblique line of the new tunnel in
the existing tunnel overlaps with the area where the weak
damage of the existing tunnel is weakly damaged and the
damage is doubled, the intensity of the tunnel longitudinal
oblique line overlaps again. If the landslide strength of the
existing newly built new tunnel is weak and the damage
affects the damage hazard again and the longitudinal slash
of the tunnel overlaps again, then the strength of the newly
built longitudinal landslide of the existing tunnel is the weak
damage effect. The area of damage hazard is divided into the
intensity range, and at the same time, the part of the inten-
sity influence range is still not necessary to separately focus
on the comprehensive consideration of the strength rupture
effect of the newly built transverse landslide of the existing
tunnel [16, 17].

Regarding the new longitudinal landslide, it can be
divided according to the range of damage intensity. The for-
mat of the strength impact division criteria can be redeter-
mined according to the Moore-Coulomb strength division
criteria format and the potential longitudinal landslide
strength fracture cross section of the newly built longitudinal
landslide. The oblique angle of the fracture cross section is
generally 45° + φ/2. Among them, the division scope of the
hazard zone for the strength damage of the newly built lon-
gitudinal tunnel can be divided according to the longitudinal
oblique line of the newly built tunnel and the existing tunnel
in which the transverse oblique line of the new tunnel over-
laps the longitudinal oblique line on the main axis. The line
position is redivided to increase the 2D intensity influence
division range (D is the equivalent diameter of the newly
built tunnel). Among them, 2D is the depth range involved
in the oblique line deformation of the ground outside the
included angle of the tunnel fracture [18, 19]. In the same
way, the45° + φ/2stratum oblique line from the top of the
existing domestic newly built tunnel intersects the longitudi-
nal and horizontal axis of the domestic newly built existing
tunnel structure, which can be used to determine that the
existing domestic tunnel structure of the affected vertical
axis intersects the construction scope of the new tunnel, as
shown in Figure 4.

For the specific nearby construction of underground
engineering, the size of the existing tunnel and the newly
built tunnel and the design distance between the two are
known. According to the Moore-Coulomb failure criterion,
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the impact range of the nearby construction can be deter-
mined. The close construction of shield tunnels and general
undercut tunnels has similar rules [20, 21].

For a shield tunnel, along tunneling direction, the cutter-
head pushing pressure and cutterhead excavation have a dis-
turbance influence zone on the front soil. When there are

Dynamic train load Heavy haul rail way Railway damage Tunnel displacement

Train test tunnel Tunnel structure Wall rock defects

Figure 1: Analysis of the relationship between the various structures of the railway tunnel.

Table 1: Construction classification and engineering application of new tunnels adjacent to the existing tunnels.

Engineering applications Type

When constructing new tunnels in parallel with the existing tunnels and planning new subway lines Tunnel side by side

Due to the space conditions, the two tunnels must be built on top of each other Tunnel overlap

Due to space constraints, the two tunnels must be constructed in a staggered way Tunnel staggered

Pass through the existing tunnel from the upper or lower part of the existing tunnel. It is a
transfer node for multiple lines

Tunnel crossing

Table 2: Construction classification and engineering application of two or more new tunnels at the same time.

Engineering applications Type

Due to conditions, the two tunnels were constructed in parallel to the left and right at a
short distance. Usually, the two tunnels are mostly uplink and downlink

Side by side tunnel

Due to conditions, the two tunnels were constructed in close distance and overlapped with
the upper and lower ones, which are more common in the upper and lower lines of the tunnel

Tunnels overlap up and down

Due to conditions, the two tunnels were built diagonally and staggered at close distances. Tunnel diagonally staggered

Due to conditions, the space of the two tunnels is twisted and cross-constructed, which is mostly
seen in the simultaneous construction of two subway lines or the positional relationship between
the main line and the vehicle line

Tunnel space cross torsion

Table 3: Division and measures of proximity.

Proximity
division

Divide content Measure content

No influence
Do not consider the scope of the impact of new

construction on the existing structure
Generally do not take corresponding measures

Pay attention
to the scope

Usually no adverse effects but a certain range

Usually by adopting appropriate construction methods, based on
the monitoring data during construction combined with the allowable

values of displacement and deformation of the existing structure,
comprehensively determine whether to take other measures
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existing structures in this influence zone, it is the approach
construction. This process is the shield which passes through
the affected zone. At this time, the main moving soil body in
front is generally set to the pressure control state of the com-
pressed moving soil, and it can directly face the direction of
the upper shield tunnel construction area to introduce
another shield tunnel that is tangent to the existing shield
tunnel of the upper shield. The longitudinal shear of 45° −
φ/2 with the height of the tunnel horizontal plane passes
through the line of the failure zone. At this time, when the
existing tunnel of the upper shield machine intersects with
the shear failure zone in a straight line, it can be directly con-
sidered that the existing tunnel of the upper shield machine

has entered a larger area that passes through the influence
zone [22, 23]. In the same way, introduce a horizontal shear
line that is tangent to the existing shield tunnel passing
downward and is 45° − φ/2 to the horizontal plane of the
tunnel to pass through the failure zone. When the lower
shield tunnel has an existing shield tunnel and when the tun-
nel and this line have not been sheared and intersected, it
can be directly considered that the existing tunnel of the
upper shield has entered a larger area that passes through
the influence zone, as shown in Figure 5.

2.3. Analysis of Risk Factors in the Existing Tunnel
Engineering. Urban subway tunnel construction has a great

1.5D

1.5D

1.5D

3.0D

45°

45°

Pay attenction to the scope

Pay attenction to the scope2.5D

2.5D

2.5D

3.5D

Slide by side

1.0D 1.0D

Figure 2: Dividing the proximity of a new tunnel through an existing tunnel.

45°

Weak impact zone

Unaffected area

Existing tunnel

Figure 3: The existing tunnels affected by the construction of new tunnels.
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impact on the surrounding environment. The deformation
of the existing tunnels mainly depends on the engineering
and hydrogeological conditions of the tunnel, the character-
istics of the new tunnel, the characteristics of the existing
tunnel, and the spatial relationship between the new tunnel
and the existing tunnel. Among them, engineering hydroge-
ology is particularly important, which is an uncontrollable
factor. The spatial position relationship between new tunnels
and the existing tunnels is extremely sensitive to the defor-
mation of the ground and lining [24, 25].

Whether it is a new underground tunnel project or an
existing tunnel project, it is in a complex hydrogeological
environment. Taking Nanning as an example, the Quater-
nary stratum in Nanning area mainly includes fill, silty clay,
silt, silt sand, medium-coarse sand, round gravel, and peb-
bles; the lower bedrock is mostly soft rock, such as mudstone
and siltstone . The cohesive force of silty clay is 20~65 kPa,
the internal friction angle is 5~15°, and the characteristic
value of foundation bearing capacity is 90~220 kPa; the
cohesive force of silt clay is 15 kPa, the internal friction angle
is 10°, and the characteristic value of foundation bearing
capacity is 120 kPa. Among them, the characteristic value
of foundation bearing capacity indicates the maximum
allowable foundation pressure of the building foundation,
and if the pressure exerted by the foundation on the founda-
tion is greater than this value, excessive deformation may
occur [26].

In this paper, the length of the shield machine is consid-
ered to be 9m. Considering the larger model, the excavation
distance is 3m each time, that is, two ring segments. In the
process of shield tunneling, in order to maintain the stability
of the excavation surface, it is necessary to adjust the soil
pressure inside the shield machine’s soil bin from time to
time. In the actual construction process, the supporting
pressure is 0.25MPa. During the excavation of the soil of
each section of the tunnel, a supporting force of 0.25MPa
was added to the face of the tunnel at the same time. When
the shield machine enters the hole completely, the relevant
commands are compiled according to the process shown in
Figure 6 until the shield machine exits the hole [27].

On the one hand, the impact of the construction of the
new project on the existing subway tunnel is mainly trans-

mitted through the deformation of the interlayer soil. On
the other hand, the physical and mechanical properties of
the stratum in which the existing subway structure is located
also have a greater impact on the stratum deformation
induced by construction disturbance, and the deformation
will be transferred to the existing structure. Therefore, the
deformation of the soil between the newly built tunnel and
the existing tunnel during continuous failure is directly
related to the deformation value of the existing structure.
In areas with better stratum conditions, the structural defor-
mation of the existing subway tunnels induced by the con-
struction of new tunnels is small, while in areas with poor
soil mechanical properties, rich water content, and high
groundwater levels, due to the self-excavation of the new
tunnel construction, poor stability, resulting in increased
stratum deformation, and due to poor stratum mechanical
properties, the existing subway structure will deform even
more [28].

3. The Impact of New Energy Materials on the
Dynamics Analysis of Heavy-Haul Railways

3.1. Changes in the Performance of Steel Used in Heavy-Duty
Railway Frogs. After different heat treatment processes, the
hardness of steel used on the plosive of heavy-duty railway
is improved to some extent compared with that of the orig-
inal sample. At the same temperature of austenite steel inte-
grated treatment, the maximum hardness of the iron alloy
steel used on the frog of heavy-duty high-speed railway train
after air cooling is about 47.4 HRC, the highest hardness of
the steel used after heat treatment of isothermal boiler is
next, and the lowest iron hardness of the steel used after fur-
nace cooling is about 42.3 HRC. This is mainly because the
iron alloys used in China's high-speed railways cannot be
rapidly cooled, and the heat dissipation is slow, and the heat
dissipation performance of metal alloys and metal elements
such as carbon atoms and iron is poor. The rich carbon sul-
phide austenite will rapidly diffuse and transform to other
carbon-rich alloy martensite, which will increase the super-
heated and undercooled saturation of the structure of the
rich carbon alloy martensite, and improve the solid activity
and insolubility of the carbon contained in the steel during

Existing
tunnel

45°

New tunnel

Figure 4: Construction scope of new tunnels affecting the existing tunnels.
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the reaction of the main carbon-generating martensite heat-
ing process. In addition, the supercooling diffusion rate of
the iron and steel used on all types of train vehicle frog of
heavy-duty China high-speed railway is larger in air cooling,
and the steel generated by carbon mixture in steel species
has more understrip bainite, so the supercooling hardness
of steel is the highest. Since the steel in China's high-speed
railway has the slowest cooling diffusion rate in the furnace,
the cooling diffusion of carbon and other metal alloys is
insufficient, and the steel stays in the high-temperature envi-
ronment for a long time during the cooling process, so the
hardness is extremely small. The change rule of hardness
of steel sample used on heavy-duty railway frog after heat
treatment is shown in Figure 7.

When heat treatment is performed under isothermal
conditions, some metal alloys and nonmetallic carbons in
iron and steel used in frog vehicles for heavy-duty China
high-speed railway frog vehicles and train-mounted iron

and steel have low thermal diffusivity and heat dissipation
reaction capacity under isothermal conditions. It is not
possible to directly carry out high-temperature thermal
diffusion for a long period of time or short distance in the
residual undercooled and overheated austenite. Bainite will
grow in the carbon-depleted zone containing a small
amount of residual undercooled or warm and overheated
high-temperature austenite at the grain boundary tempera-
ture. In nucleus, with the growth of bainite, the content of
metal elements such as Si hinders the rapid precipitation of
metal carbides in the grain boundary temperature, which is
more conducive to the continuity of the high-temperature
cold-hot reaction of the grain boundary. The metal steel of
steel has better compression resistance and impact tough-
ness; however, when heat treatment is performed at a higher
grain boundary temperature isothermally or heat treatment
at a temperature, the heavy load capacity of China's high-
speed rail will vary. The carbon content of some steel with

Shield tunnel

Short-distance shield
construction affected area

45°

45°

Existing tunnel

Figure 5: Schematic diagram of shield tunneling through adjacent affected area.

Supporting force Application of shield
thrust

Activation of segments

Shield tunneling

Hadrening of slurry
parameters

Relieve the grouting pressure of
the last section

Remove the thrust of the last
section of the shield

Figure 6: Shield tunnel simulation method.
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a small amount of residual supercooled and superheated
austenite metal elements may also increase significantly, so
its impact toughness can be improved. For the same cooling
method, increasing the austenitizing temperature will
increase the impact toughness value of heavy-duty railway
bainitic steel. This is mainly because they increase the tem-
perature of the two-austenite carbon gas compound, the
energy diffusion between the two elements of carbon and
metal alloys is more complete, the carbon content in the aus-
tenite increases and the stability is enhanced, and the final
amount retained austenite. The increase makes the impact
toughness increase to a certain extent. Compared with the
traditional high manganese steel, the steel used in heavy-
haul railway has to go through more processes and be made
more complex, so its performance will be stronger. Figure 8
shows the influence of heat treatment on the impact tough-
ness of bainitic steel used in heavy-duty railway frogs.

3.2. Dynamic Analysis of Heavy-Duty Trains. Heavy-haul
train generally refers to a kind of a super-long and over-
weight freight train which is organized by large special
trucks and pulled by two or more machines on the transpor-
tation line where the freight volume is concentrated. Heavy-
haul trains have large load capacity. There are a large num-
ber of trains. The primary task of high-speed railway bridge
research is to determine the impact of train operation on the
substructure. This has always been the focus and difficulty of
engineering research. At present, there are two main
methods. The first is to use structural dynamics to establish
train and substructure and the overall coupled dynamic
equation of the track, but due to the many factors involved
in the train-track coupled dynamic equation, it is difficult
to solve the equation and it is difficult to apply it to practical
engineering. The second is to directly fit the train load
expression considering factors such as vehicles and tracks.
However, there are many factors that affect the operation
of high-speed trains, so it is difficult to determine an accu-
rate expression that considers all influencing factors, but it
is possible to obtain simplified expressions that can be
applied to engineering problems. At present, there are
mainly two train load simulation methods: the first kind of

track vibration acceleration is regarded as a random process,
and the acceleration data is transformed into a force model
by a data transformation method; the other is based on the
excitation caused by track irregularity and a comprehensive
consideration of vehicle and track factors for load fitting.

The differential equation of vehicle dynamic balance can
be expressed as follows:

m2y1 + c y1 − y0ð Þ + k y1 − y0ð Þ = 0,
yr = y1 − y0,

m2yr + cy2 + kyr = −m2y0:

ð1Þ

Using the D’Alembert principle, the interaction force
between the wheel and rail is as follows:

P tð Þ = m1 +m2ð Þg + m1 +m2ð Þy0 +m2yr: ð2Þ

The idea of the track measured acceleration method is
mainly based on the random vibration load model. By treat-
ing the environmental vibration induced by the train as a
random process, the track measured acceleration data can
be expressed in the following complex series:

x tð Þ = 2 〠
N/2ð Þ−1

k=1
CKj j cos kw0t + βkð Þ,

CK = 1
N

〠
N−1

n=0
x tkð Þ exp −i

nkπ
N

� �
:

ð3Þ

Assuming that the orbital vibration is a Gaussian sto-
chastic process with a zero mean value, the following trigo-
nometric expression of acceleration can be obtained
through numerical changes:

x tð Þ = 2 〠
N/2ð Þ−1

k=1
ak cos kw0tð Þ + bn sin kw0tð Þ: ð4Þ
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Figure 7: The effect of heat treatment on the hardness of heavy rail frog steel.
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In the above formula,

ak = CK + CK
�!,

bn = i CK + CK
�!� �

,

w0 =
2π
NΔt

,

ð5Þ

where ak represents the change amplitude of a numerical
value, bn represents the acceleration, and w0 represents the
period of track vibration.

Incorporating Equation (4) into the dynamic balance
differential equation, ignoring the influence of transient
response, the following load excitation model can be
obtained as follows:

P tð Þ = m1 +m2ð Þ + 〠
N/2ð Þ−1

k=1
m1 +m2ð ÞAK − k2w2

0m2P2
� �

: ð6Þ

At present, the main method of statistics is to accurately
analyze and describe the unevenness of the electric locomo-
tive running track at the same time through the high-
frequency density function statistics of the random power
sequence amplitude of the electric locomotive running track
irregularity and the random density power spectrum high-
frequency density function statistical method. Electric loco-
motive running track uneven smooth random density power
sequence spectrum high-frequency amplitude value density
function calculation in the function of the statistical method
is a general high-frequency spectrum random power ampli-
tude density calculation function statistics that can use uni-
form value and square value to be accurate. Analyzing and
describing the data characteristics of the random power
sequence spectrum and the mathematical structure of the
random frequency spectrum, many developed countries
have preliminarily determined the functions in the calcula-
tion of the high-frequency density function of the random
power sequence spectrum along with the uneven running
track of their electric locomotives.

w1 =D i, jð Þ,wk−1 =D O, Pð Þ, I −O ≤ 1, J − P ≤ 1,
I −O ≤ 1, J − P ≤ 1:

ð7Þ

The main constraint optimization problem is defined as
the following formula:

minLPELM = 1
2 αk k2 + C

1
2〠

n

i=1
γik k2: ð8Þ

The constraints are as follows:

h xið Þα = tTi − γTi , i = 1,⋯, n: ð9Þ

The optimization problem encountered can be trans-
formed into the following equation:

α =HTφ, φi = CγI , h xið Þα − tTi + γTi = 0, i = 1,⋯, n, ð10Þ

where T is the Lagrange multiplier matrix. The final output
weight α is calculated as the following formula:

α =HT I
C

+HHT
� �−1

T: ð11Þ

Therefore, the output function of the extreme learning
machine can be defined as the following formula:

f xj
	 


= h xið ÞHT I
C

+HHT
� �−1

T , j = 1,⋯, n: ð12Þ

It is fitting to obtain the following power spectra of track
irregularity:

SV Ωð Þ = KAαΩ
2
c

Ω2 Ω2 +Ω2
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 ,

Sc Ωð Þ = 4KAvΩ
2
c

Ω2 Ω2 +Ω2
c

	 

Ω2 +Ω2

s

	 
 :
ð13Þ

80

70

60

60

50

50

40 40

Im
pa

ct
/ (

J)

Im
pa

ct
/ (

J)

Furnace cold Air cooling

880°C wife body
910°C wife body

320°C isothermal 300°C isothermal

Figure 8: The effect of heat treatment on the impact toughness of steel used in heavy-duty railway frogs.

10 Journal of Nanomaterials



3.3. Forces on the Structure of the Tunnel Bottom under the
State of Vacant Surrounding Rock. In underground rock
engineering, the surrounding rock mass whose stress state
changes due to excavation is called surrounding rock. There
are roughly two kinds of relationships between ore bodies
and surrounding rocks: there are significant differences in
fabric and content of useful components between ore bodies
and surrounding rocks, and the contact boundary is clear,
such as the relationship between vein filling ore bodies and
surrounding rocks. In this study, indoor model tests and
finite element numerical simulations are used to study the
process of underground water erosion on the surrounding
rock at the bottom of the heavy-duty railway tunnel during
the operation period due to the dynamic load of heavy-
duty trains, and quantitatively analyze the voids. The change
law of contact pressure and the transmission characteristics
of earth pressure under the condition of the tunnel excava-
tion process were monitored for the clearance convergence
of the lining structure of the typical section of the left and
right shield tunnels, as shown in Table 4.

The above research is based on indoor model tests to
qualitatively study the process of underground water erosion
on the surrounding rock at the bottom of the heavy-duty
railway tunnel structure due to the dynamic load of heavy-
duty trains during the operation period. The following quan-
titative analysis of the contact pressure during the erosion
process and the transmission characteristics of earth pres-
sure is as follows: the change curve of the additional value
ΔP of the contact pressure at the bottom left of the center
line, the bottom left of the center line, the bottom of the cen-
ter line, the second point, and the bottom right of the center
line, the point 3, when there is water and no water, and the
additional value ΔP change curve.

The following can be seen from Figure 9:

(1) When the surrounding rock at the bottom of the
tunnel is in anhydrous conditions, the additional
value of contact pressure ΔP below the centerline
fluctuates around 6.5 kPa, and the additional value
of contact pressure on the left and right sides ΔP is
stable at around 5.8 kPa, but the overall situation is
relatively stable. The additional value of the contact
pressure below the left and right sides of the center
line is slightly reduced compared with that below
the center line, indicating that the effect of the
excited vibration load below the center line is more
obvious than other positions

(2) When the surrounding rock at the bottom of the
tunnel is in a water-rich condition, the additional
value ΔP of the contact pressure at the three measur-
ing points under the floor is lower than the ΔP when
there is no water, which indicates that the water
body between the structure and the surrounding
rock is to a certain extent play a role in buffering
the excitation load. After 100 s of excitation, ΔP
began to rise and gradually stabilized at about
5.5 kPa at 100 s. The initial contact pressure value Δ
P on the left and right sides of the center line is about

4.5 kPa, and after a period of excitation, it starts to
increase and finally stabilizes at about 5.0 kPa, with
a change value of about 0.5 kPa

Therefore, on the whole, the stress of the tunnel bottom
structure in the state of empty surrounding rock is relatively
stable, although there are different pressures in different
positions. But the overall fluctuation is not big.

4. Experimental Results and Analysis

4.1. Comparative Analysis of Ground Surface Measurement
and FLAC Simulation Data. FLAC (Fast Lagrangian Analy-
sis of Continua) is a continuum mechanics analysis software
developed by Itasca Company. It is an internationally used
professional analysis software for geotechnical engineering.
It has powerful calculation functions and extensive simula-
tion capabilities, especially in the analysis of large deforma-
tion problems. Combining the layout of the measuring
points, this paper selects four sections of 172, 175, 178, and
182 to analyze the measured data on the surface. The specific
data is shown in Figure 10.

It can be seen from Figure 10 that the measured data has
2 to 3 large settlements depending on the time. Taking sec-
tion 182 as an example, the tunnel face of the left-line shield
tunnel reaches the measuring point, and a large area of set-
tlement occurs on the ground surface with the largest settle-
ment. The value is located directly above the center of the
tunnel, and the surface settlement value is still increasing
the next day, which is mainly due to the disturbance of the
surrounding soil by the construction gap and the shield
machine. On July 15th, the right-line shield tunnel was exca-
vated to the location of the measurement point. At this time,
the measurement point directly above the center of the left-
line shield was still growing. After 7 days, the shield machine
was far away from the measurement point, and the maxi-
mum surface settlement was at above the center of the
right-line shield tunnel, and its value is 26.1mm. On Octo-
ber 21, the face of the undercut tunnel has completely passed
through the section of the measurement point. Since the left
and right shield tunnels are both within the affected area of
the undercut tunnel, the ground surface around the left and
right shield tunnels has changed again. Settlement occurred
again. As the net distance between the left-line tunnel and
the right-line tunnel is slightly smaller than that of the
undercut tunnel, the increase at this stage is not large.

The final maximum surface settlement is located directly
above the center of the excavated tunnel, its value is
46.8mm, and the maximum value obtained by simulation
is 42.05mm. Because of the damage of the measuring point
of the 178 sections, only the surface settlement induced dur-
ing the construction of the tunnel is shown in the figure, so
the deformation value is much smaller than the final simu-
lated settlement value. The development law of the ground
surface in the simulation has been verified in the actual mea-
surement, but its value still has a certain deviation compared
with the actual measurement. The actual measurement data
is slightly larger than the simulated value. The main reasons
for the difference are as follows:
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(i) The problem of groundwater was not considered in
the simulation. For undercut tunnels, water-free
operation must be ensured, and the ground settle-
ment induced by the lowering of the water level is
very large

(ii) The creep effect of rock and soil is not considered in
the simulation

(iii) The uncertainty of the load on the upper part of the
ground. The dynamic load of vehicles has a greater
impact on the deformation of the ground. In the
simulation, the ground load is considered as a uni-

form load, and the operation of heavy-duty vehicles
will inevitably increase the settlement of the ground

(iv) The rock and soil are heterogeneous, because the
thickness and mechanical parameters of the rock
and soil body at each section will have a certain dif-
ference, and the rock and soil are treated according
to the same thickness of each section during the
simulation

In the simulation, the soil layer is considered as waiting
for homogeneity, and the ground load is simplified as a heap
load, so the simulation results in the uniform and smooth

Table 4: Convergence and deformation of the overpass tunnel to the existing left-line shield tunnel.

Section position (m) y = 12 y = 27 y = 51 y = 75 y = 87
After the left-line shield is completed (mm) 7.59 7.85 8.12 9.12 12.52

After the right-line shield is completed (mm) 8.02 8.15 8.23 9.23 11.52

After digging is completed (mm) 7.56 7.86 8.62 7.99 12.56
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curve. The measured data are all nonsmooth broken line
segments. The measured value is slightly larger than the
simulated value on the whole, and the error is about 20%.
The measured data of individual points is smaller than the
simulated value. However, the deformation development
law of the simulated curve and the measured curve is more
consistent. For surface subsidence, the maximum value is
not directly above the intersection, but at the almost parallel
position of the three tunnels. The measured maximum value
is 46.8mm. The excavation of three tunnels is disturbed, so
the surface deformation is relatively large.

4.2. Experimental Data Analysis

(1) Based on the results of numerical simulation of this
project, reasonable construction methods and sup-
porting measures for this project are given. That is,
within the affected area of the upper and lower cross-
ing sections, the left and right main line shield tun-
nels shall be constructed first, and then, the
construction of the crossing section of the outbound
line shall be continued. The undercut tunnel adopts
a horseshoe-shaped composite lining structure, a
comprehensively advanced small pipe presupport,
and a step (reserved core soil) method for tunnel con-
struction. Three control methods are put forward
through advanced geological exploration, full-face
grouting of steel flower pipes, stratum reinforcement,
and strengthened inspection and monitoring, and the
grouting range and grouting parameters of steel
flower pipes are given

(2) Lagrange algorithm is very suitable for simulating
large deformation problems. FLAC adopts the
explicit finite difference scheme to solve the govern-
ing differential equation of the field and applies the
mixed element discrete model, which can accurately
simulate the yield, plastic flow, and softening to large
deformation of materials, especially in the fields of
elastic-plastic analysis of materials, large deforma-
tion analysis, and simulation of construction process.
The FLAC analysis results show that the use of steel
flower pipe grouting reinforcement is more obvious
for controlling surface deformation than tunnel
vaults and convergence. Among them, the maximum
deformation of the ground surface is 35.4% less than
that without reinforcement measures. The longitudi-
nal deformation range of the ground surface and the
vault is reduced by 28.9% compared with no rein-
forcement measures

5. Conclusion

This paper systematically analyzes and summarizes the large
degree of risk impact, the characteristics of the stress condi-
tions, and the degree of deformation of the tunnel through
the construction of the subway and railway tunnels under
different construction methods. It focuses on the analysis
of various factors that affect the safety risks of the new sub-
way tunnel project crossing the new existing subway tunnel

proximity project. The main factors are the existing railway
engineering and the tunnel hydrogeological environmental
conditions, the existing subway tunnel engineering status,
and the new subway tunnel engineering status. There are
four main aspects of the relationship between crossing the
newly built subway tunnel and the three-dimensional space
connection position of the existing subway tunnel. The steel
of the railway tunnel frog bainite plate in the heavy load
engineering of the tunnel is in the process of material com-
pression processing due to the continuous change of disloca-
tions and the combination and entanglement to form
multiple dislocation cells, which hinder the slippage of dislo-
cation cells. The steel processing hardness of the bainite
plate gradually doubled from 450HV to 608HV, showing
obvious work hardening and smoothness. The FLAC analy-
sis results show that the use of steel flower tube grouting
reinforcement is particularly obvious for controlling the sur-
face and the tunnel vault. After the reinforcement measures
were taken, the maximum deformation of the ground sur-
face was reduced by 35.4%, and the influence of the defor-
mation of the ground surface and the vault along the axial
direction of the tunnel was reduced by 28.9%. Finally, the
method is used to carry out dynamic numerical simulation
during the construction phase of the tunnel with a small
clear distance to analyze the stability of the surrounding rock
of the tunnel. Due to the complex construction process of
the small clear distance tunnel, in the numerical simulation
modeling process, the boundary between the upper and
lower steps is regarded as the boundary layer of soil and
rock, and the grouting of the leading small pipe is equivalent
to the entity, without considering the groundwater and
actual working conditions. The impact of this coupling on
the model in this paper can be further considered in future
research.
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With the rapid development of modern medical technology, more and more clinicians use computerized medical images as the
main diagnostic basis. At the same time, the generation of massive medical image information promotes the development of
medical image management. Aiming at the above two problems, a medical image reporting system based on physical
examination is designed and implemented, in which the medical image reporting system is an independent and complete
system including login, registration, appointment, triage and doctor workstation (inquiry, report editing, and report printing),
and other modules. Using the methods of literature review, expert interview, case analysis, and rational analysis, combined
with nanotechnology research, this paper takes urban population health as the starting point and health promotion as the
background. As the basis of systematic comparison, the theory, position, and function of health promotion are discussed in
detail. Among them, Chinese Center for Disease Control and Prevention, World Health Organization, and Subscriber Data
Center are the collection sites for the literature data mentioned in this article. With the construction of healthy towns and the
development of social movements, the establishment of healthy sports to improve health promotion system aims to help sports
play an important role in promoting healthy development. The results show that the average scores of step test for boys and
girls in the test are 72.97 and 68.77, respectively, while the average scores of distance running in the national physique
monitoring are 66 and 63. Therefore, in the newly established scoring standard, the step test scores of boys with 66 points are
72, while those of girls with 66 points are 68.

1. Introduction

Health promotion is a global strategy initiated by the World
Health Organization (WHO), aiming at solving major chal-
lenges related to human health due to the speed of action.
Using health promotion in urban planning is about creating
a healthy city. The concept of health promotion aims to raise
public awareness, encourage citizens to cooperate with local
governments and social organizations, and create a series of
effective health and environmental support, services, and

interventions that affect human health, so as to achieve the
purpose of health promotion. Urbanization is the general
trend of the development of modern human society and
the objective and inevitable result of the development of
social productive forces. In the 2015 edition of the World
Population Situation Report, it is estimated that in 2015,
the urban population of the world will reach 54.4%, and that
of developed countries will reach 81.6%. Today, when build-
ing a well-off society in an all-round way, China has entered
a period of rapid urbanization, and it is estimated that the
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level of urbanization will reach 50% in 2010. Rapid urban-
ization has brought about a series of changes. On the one
hand, with the rapid development of urban construction,
especially industrial towns, it is faced with overcrowding,
homelessness, water shortage, and food insecurity, as well
as many social, health, environmental, and other problems.
Social problems such as environmental pollution are more
and more important problems affecting human health. On
the other hand, in the era of urban development, with the
emergence of modern science and technology, the working
and living conditions of urban residents have undergone
earth-shaking changes. The intensification of social compe-
tition, the quickening pace of life, the improvement of
intelligence, and the reduction of physical labor, the low
grain output, and food shortage make people more
vulnerable.

In view of the severe challenges brought by the urban-
ization process to human health, in order to ensure the
sustainable development of cities and embody the concept
of “people-oriented” urban development, the World
Health Organization recommends that people in cities live
a healthy life on a global scale. At present, many cities are
building health promotion systems to build a healthy and
harmonious affluent society, while the economy is growing
rapidly. According to the concept of the World Health
Organization, the importance of a healthy city means
“ensuring the development of healthy life and work” to
serve the broad masses of the people. To become an
organic combination of healthy people, healthy environ-
ment, and society necessary for development, it must be
suitable for the healthy development, growth, and enjoy-
ment of human life.

Traditionally, health check-ups are usually done manu-
ally. Heavy business, insufficient statistics, poor manage-
ment, and many other shortcomings are the result of
human activities or complete lack of goal setting. Because
of the extensive use of computer technology in disease man-
agement, the use of environment becomes more and more
difficult for health promotion management. In the past,
medical records and medical certificates were all paper,
and many other medical records contained the results of
medical examinations. This kind of storage system takes
up a lot of space, and data is easy to be decomposed and lost.
Importantly, it is difficult for Chinese Center for Disease
Control and Prevention (CDC) to make statistical analysis
and make effective use of medical information. The results
of statistical analysis provide information for CDC’s
decision-making. Due to the rich experience in manage-
ment follow-up and management and the rapid develop-
ment and progress of network and computer technology,
the use of advanced network and computer technology in
medical care has become the inevitable status quo of the
development of physical research methods. Using computer
software for medical research can save a lot of people and
property. It is necessary to know the authenticity of medical
records, functional test results, other diagnostic criteria, and
medical evidence of professionals, as well as the principles,
information, and conditions of managing physical examina-
tion. The document is being worked out and will continue

to study the medical information physical examination
work. It is meaningful to build this part of Subscriber Data
Center (SDC) knowledge.

2. Related Work

In the related fields of nanotechnology and health promo-
tion, experts at home and abroad also have many research
achievements. Mihail et al. discussed the progress of nano-
technology development since 2000, the achievements in
the past ten years, and the global opportunities in research,
education, innovation, and social achievements by 2020
[1]. Reis and Damgé thought that only through nanoparti-
cles or biochips can nanoparticle-mediated materials be
delivered to plants and advanced biosensors for precision
agriculture [2]. The research of Falagan-Lotsch et al. intro-
duced a new method of breast cancer nanodrugs based on
active targeting. This method uses a multifunctional inor-
ganic nanoplatform with biomedical relevance [3]. The
research goal of Lee et al. was to provide a comprehensive
overview of oil-water separation by nanotechnology and
organic chemistry and to raise awareness of the environ-
mental problems of water purification by nanotechnology
[4]. Lisa et al. thought that although the side effects of med-
ical interventions are well known and widely investigated,
the possible unexpected effects of health promotion inter-
ventions are rarely discussed in the research [5]. These sys-
tems studied by Hors-Fraile et al. can be used to create
tailor-made health interventions, thus reducing the cost of
health care and fostering a healthier lifestyle among people
[6]. However, due to the incomplete data of nanoanalysis,
there are some controversies about the methods used in
these studies, resulting in the related results not being recog-
nized by the public.

3. Nanotechnology-Based Medical Examination
Reporting System

This topic is a series of medical examination management
system software developed based on Microsoft data. The
software needs to be implemented in several stages, from
registration to medical certificate issuance, changing the
way of completing some work ahead of schedule, improving
work efficiency, and simplifying workflow and product dis-
tribution [7]. Through large-scale data analysis, extensive
analysis, and investigation, it is easy to generate reports such
as quality statistics, turn data into useful information in
decision-making, and provide faster decision-making sug-
gestions for decision makers [8].

Individual nanoparticles such as nanotubes and nano-
rods have only one direction of electron motion left in it.
Individual nanoparticles include nanoparticles, nanotubes,
nanorods, and nanoviruses. Two-dimensional nanomateri-
als and three-dimensional nanoparticles are represented by
nanoparticles, nanostructures, nanoceramics, and nanobo-
dies. Nanocomposites are the most widely used materials
today. From the point of view of morphology and structure
analysis, nanoscale materials with one or more dimensions
are called nanoparticles [9]. When nanoparticles are reduced
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to the atomic or molecular level, materials show many spe-
cific effects, such as topological effect, dielectric reduction,
large size, small size, and macroscopic quantum tunneling
effect. Among the core materials, nanoparticles exhibit spe-
cial physical and chemical properties such as optics, electric-
ity, magnetism, mechanics, and heat. Different from the
conventional properties in nanobelts and chemical con-
verters, it can open the energy gap of graphene and increase
the transmission current management ratio. Graphene is
expected to be used in more industries in the near future
[10]. Figure 1 shows the application schedule of graphene
in displays and electronic devices.

In this paper, the change of PEG structure was detected
and characterized by FT-IR spectra. The analysis of PEG,
HO-PEG-OTs, and HO-PEG-N3 in this paper can help to
understand the structure and display process of medical
imaging system. Figure 2 shows the FT-IR spectra of PEG,
HO-PEG-OTs, and HO-PEG-N3, respectively. Among
them, 3440 cm-1, 2887 cm-1, and 1108 cm-1 are the O-H
telescopic vibration absorption peaks of PEG, C-H telescopic
vibration absorption peaks of methylene, and C-O telescopic
vibration absorption peaks, respectively [11, 12]. In contrast,
the FT-IR spectrum of HO-PEG-Ts not only has the charac-
teristic absorption peak of PEG but also has two characteris-
tic peaks of benzene ring skeleton vibration at 1648 cm-1
and 1594 cm-1. At the same time, the absorption peak of
O-H stretching vibration at 3440 cm-1 obviously weakened,
which indicated that the hydroxyl group at one end of

PEG successfully reacted with p-toluenesulfonyl chloride to
form p-toluenesulfonate. In the FT-IR spectrum of HO-
PEG-N3, two peaks at 1648 cm-1 and 1594 cm-1 disap-
peared, but the characteristic absorption peak of azide group
appeared at 2106 cm-1. It shows that the tosyl group of HO-
PEG-Ts is replaced by azide group [13].

The amino group at the end of DSPE reacts with PEG
modified by chloroformate to obtain DSPE-PEG conjugate.
Its characterization was mainly carried out by FT-IR and
nuclear magnetic resonance. Infrared contrast is shown in
Figure 3. In the infrared spectrum of DSPE-PEG, the charac-
teristic peaks of DSPE (2887 cm-1 and 2851 cm-1) and PEG
(1111 cm-1) appeared. Therefore, we can judge that DSPE-
PEG long-acting phospholipid was successfully synthesized,
and its nuclear magnetic resonance further proved the struc-
ture of the compound. Among them, the peak at the chem-
ical shift of 0.86 ppm is the methyl peak of DSPE, 1.23 ppm
is the methylene peak of DSPE alkyl chain, and 3.51 ppm is
the characteristic peak of polyethylene glycol.

Up to now, micronanomaterials can be derived from
fiber structures such as ceramics and polymers, spherical
structures, and tubular structures. However, the most com-
mon product of electrospinning is fiber structures. At pres-
ent, there are two shortcomings in electrospinning
technology: most fibers are nonwoven fabrics. The voltage
required for the electrospinning process is very high. To
expand the application of fiber in microelectronic devices,
people have invented and developed many methods,
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Figure 1: Timing diagram of graphene application in displays and electronics.
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including parallel double-electrode collection method and
magnetic field electrospinning, to prepare micronanofibers
[14]. By controlling the above experimental parameters,
fibers with different morphologies such as coaxial structure,
beaded structure, porous structure, red blood cell structure,
ribbon structure, patterned fiber structure, spider web struc-
ture, and array structure can also be obtained [15]. Nonwo-
ven fabric fiber is the most common fiber morphology.
Electrospun fibers play an important role in the fields of sen-
sors, filtering devices, tissue scaffolds, implant coating films,
and wound dressings. As shown in Figure 4, there are many
application fields of electrospun fibers [16].

Up to now, there are many methods to prepare nanoma-
terials, such as vacuum condensation method, ball milling
method, chemical vapor deposition method, hydrothermal
method, sol-gel method, spraying magnetron method, nano-
printing method, electrostatic spinning method, and tem-
plate method. Sequential or random nanostructures can be

obtained by these methods. These electrothermal technolo-
gies can produce long-sized nanofibers with uniform diame-
ters and different compositions. Fibers can be organic or
inorganic [17, 18]. The method has the characteristics of
simple operation process and wide application. According
to the physical state of nanomaterials, it can be divided into
gas phase method, liquid phase method, and solid phase
method. In recent years, hydrothermal method, magnetron
spraying method, chemical vapor deposition method, and
electric drying method have been adopted. Nanotechnology
has attracted much attention because of its simple tools, low
cost, high efficiency, and convenience. With the progress of
science and technology, people have a deeper understanding
of nanomaterials, and the application of nanomaterials in
people’s lives is also more extensive [19].

In today’s society, which has stepped into the post-
Moore era, devices are gradually developing towards the
fields of multifunction, miniaturization, and flexible
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Figure 3: FT-IR spectra of PEG, DSPE, and DSPE-PEG.
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wearable. As a representative, ZnO (ZnO) is a semiconduc-
tor material of group II-IV direct band gap compounds. It
can be used as a display interface module for medical imag-
ing systems. It is an ideal material for developing ultraviolet
detectors, blue-ultraviolet light emitting devices, and blue
laser. In addition, compared with Si, GaAs, and InP, ZnO
has higher breakdown electric field, thermal conductivity,
electron saturation rate, and radiation resistance due to its
unique wide bandgap structure [20]. It is ZnO that has these
excellent properties at the same time, which has aroused
extensive research by researchers. ZnO fiber has special crys-
tal structure, wide band gap, high breakdown electric field,
high thermal conductivity, high electron saturation rate,
high radiation resistance, and so on and has many excellent
properties, which can emit blue-violet light. As a typical rep-
resentative of the third generation semiconductor, ZnO has
a very wide application prospect. For example, it can be used
in blue LED, photodetector, flexible nanosolar cell, nanopie-
zoelectric material, ZnO arrester, and tester and can also be
used to prepare ZnO carriers. In addition, it can also be used
to make facial masks. Figure 5 shows the application picture
of ZnO [21].

However, these methods can only prepare ZnO thin
films and short nanowires, which greatly limits the prepa-
ration of ZnO-based devices. Compared with other tech-
nologies, electrospinning technology has its unique
advantages. For example, the device is simple, the cost is
low, the applicable materials are wide, the modification is
strong, the fiber morphology is diverse, and the specific
surface area is large. In addition, it can prepare ultrathin
fibers and long continuous fibers. Ce-ZnO prepared by
electrospinning is spun. Long filiform ones have the
advantages of large specific surface area, especially suitable
for sensing applications and so on. In the literature on the
properties and applications of electrostatically woven
nanofibers, the application of electrospinning ZnO nanofi-
bers is also very extensive, among which the representative
applications are shown in Table 1.

PVDF has five different crystal phases, of which β phase
has the best piezoelectric properties. In the process of elec-
trospinning, the parameters such as voltage, polymer solu-
tion pushing speed, and boiling point of solvent are closely
related to the formation of β phase PVDF. In order to study
the influence of PVDF nanofiber membranes on the output
performance of devices, it prepared a series of PVDF nano-
fiber membranes with different parameters and assembled
them into devices for performance testing. Table 2 summa-
rizes the parameters of these different samples. The defini-
tions and dimensions of ZnO and PVDF are explained in
the texts of Tables 1 and 2, and the display modules in the
subsequent system architecture design are better con-
structed. Among these parameters, it changed the voltage
and spinning time of electrospinning, and other constant
parameters can be seen in the experimental part. When the
spinning voltage is 12KV, the α phase peak at 18.4° and
26.7° shifts to the β phase peak at 20.6°, showing an obvious
broad peak at 20.1. This shows the transformation of PVDF
from α phase to β phase during spinning. The output voltage
results also show that when the voltage is 12KV, the output

value is the largest. In addition, the film thickness is also an
important parameter that affects its output performance. As
we know, for friction nanogenerators, the smaller the film
thickness, the better the device output performance, while
for piezoelectric devices, the increase of film thickness in a
certain range is beneficial to the device output performance.
Therefore, it is very important to find an optimal film thick-
ness for PVDF film used as both friction material and piezo-
electric material. PVDF nanofiber membranes with different
thicknesses were prepared by controlling the spinning time.
The thickness of PVDF film increases with the extension of
spinning time. When the PVDF thickness is 145.3μm, the
maximum output voltage of 98V is obtained. Therefore,
the best preparation conditions are as follows: spinning volt-
age 12KV and spinning time 2h.

Figure 6 shows the XRD patterns of the prepared pure
ZnO and cerium-doped ZnO nanofibers, which reflect the
crystalline characteristics of pure ZnO and cerium-doped
ZnO nanofibers. The clear diffraction pattern has higher
peak position and narrower half-peak width, which indicates
that pure ZnO and cerium doped ZnO have good crystallin-
ity. XRD spectrum shows that pure ZnO nanofibers have
hexagonal wurtzite structure (observed by JCPDS36-1451);
the 2θ values of the strong diffraction peaks are 31.77°,
34.42°, and 36.26°, respectively; and the corresponding dif-
fraction planes are (100), (002), and (101), respectively.
Compared with pure ZnO, the diffraction peak of CeO2
(JCPDS34-0394) appears at the crystal plane (111) of 2θ =
28:55° after cerium doping. Moreover, by comparing the
XRD profiles of pure ZnO and cerium-doped ZnO, it can
be seen that the peak position of cerium-doped ZnO has a
small angle (~0.31degree) shift. The radius of cerium atom
is larger than that of zinc atom, which will make the crystal
lattice of ZnO larger. According to Bragg formula, the lattice
parameters are related to the interplanar spacing d. With the
increase of atomic radius, the diffraction peak shifts to a
small angle. It shows that cerium ions are successfully doped
into the crystal lattice of ZnO. XRD results show that the
synthesized nanofibers are the mixed phase of hexagonal
ZnO and cubic cerium oxide. In XRD pattern, except Ce ele-
ment, there are no other peaks. Therefore, the prepared sam-
ple is a combination of high-purity hexagonal ZnO and
cubic ceria.

ZnO

Figure 5: Application picture of ZnO.
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Although the physical conditions of different materials
are different, the thermal conduction modes are different
due to different compounds. There are also significant differ-
ences in thermal conductivity. However, in different states of
matter, one thing is similar, that is, heat in matter is trans-
ferred by collision and particles. The thermal conductivity
κ of all solids can be directly expressed as the thermal con-
ductivity of atomic gas as a thermal conductor, namely,

K = 1
3CvΛ: ð1Þ

Among them, C represents thermal conductivity of the
solid per unit volume. V represents the average velocity of
hot carrier movement per unit volume. Λ represents the
mean free path of hot carrier movement per unit volume.

f = 1
ehwIk − 1 ,

ð2Þ

U = 〠
3N

i=1

hw

ehwIKBT − 1 :
ð3Þ

Assuming that the number of vibration modes of the
crystal with a given polarization mode is DðωÞdω in the fre-
quency range of ω + dω, the formula can be changed into
integral form:

U =
ð

hw

ehwIkBT − 1D wð Þdw, ð4Þ

C = dU
dT

= 3Vh2

2π2v3kBT
2

ðwD
0

w4ehw/r

ehw/r − 1
À Á2 dw: ð5Þ

The relaxation time of phonon scattering is a function
τ ðωÞ related to phonon frequency. According to the empir-
ical formula of scattering probability of inverse scattering
between phonons, impurity scattering, and boundary scat-
tering, the relaxation time of inverse scattering can be
obtained as follows:

τ−1umkl = B1w
2T exp −B2

T

� �
, ð6Þ

τ−1imp = A1w
4, ð7Þ

Table 1: Diameters, properties, and applications of electrospun ZnO-based nanofibers.

Material
Fiber

diameter/nm
Performance Application

Cu-ZnO 100 HRP2 protein detection limit is 10 μg/ml Biological sensor

ZnSe/ZnO 200
Short circuit current density 6.60mA/cm2.

Maximum power conversion efficiency of 1.24%
Solar battery

ZnO/CNFs-PA 150
At a current density of 200mAg-1,

the capacity is 702mAhg-1
Lithium ion battery

CuO-ZnO
312
183

The maximum adsorption capacity of
Congo red dye is 126.4mg/g

Shows significant antibacterial activity
against Staphylococcus aureus

ZnO/PVA 200 Detection limit for NO2 is 10 ppm Sensor

PVDF-HFP/Co-ZnO 300 Maximum output voltage 2.8 V Nanogenerator

ZnO/Al2O3/AuNPs 200
Detection limits of 0.19 μM and 15.0 μM for
tea phenol and hydroquinone, respectively

New sensor (detection of tea
phenol and hydroquinone)

TMCNF/ZnO 200 Ultrafast cycling stability (452mA hg−1 after 500 cycles) Lithium ion battery

PA6/PPy/ZnO 80 Urea detection limit is 0.011mg DL−1 Biological sensor

ZnO/PU 250 Improve photocatalytic efficiency
Organic pollutant degradation and

wastewater purification

Table 2: Dimensions of PVDF nanofibers electrospun with different process parameters.

Sample Applied voltage (KV) Applied time (h) Diameters of nanofibers (nm) Thickness of the film (μm)

1 10 1 180 68

2 12 1 160 68

3 14 1 152 68

4 16 1 122 68

5 18 1 123 68

6 12 0.5 160 37

7 12 1.5 160 97

8 12 2 160 145

9 12 3 160 189
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τ−1bdy =
vg
L
, ð8Þ

τ−1tol w, T , Lð Þ = τ−1umkl w, Tð Þ + τ−1imp wð Þ + τ−1bdy Lð Þ, ð9Þ

Λ−1
ef f w, T , Lð Þ =Λ−1

umkl w, Tð Þ +Λ−1
imp wð Þ +Λ−1

bdy Lð Þ: ð10Þ
The longitudinal acoustic lattice wave (LA) and the

transverse acoustic lattice wave (TA) are not distinguished,
and the thermal conductivity of germanium at low tempera-
ture is well predicted. Callaway model considers isotope
impurity scattering, inverse scattering, normal scattering,
and boundary scattering, respectively; and the expression
of relaxation time is

τ−1C = τ−1I + τ−1U + τ−1N + τ−1b , ð11Þ

Aw4 + BUT
3w2 + BNT

3w2 + c
L
, ð12Þ

Aw4 + BU + BNð ÞT3w2 + c
L
: ð13Þ

Holland model is an extension of Callaway model. Dif-
ferent relaxation time approximations are adopted, so that
the calculated results can accord with the experimental
results at high temperature. The formula for calculating the
thermal conductivity of Holland mode is

KH = KL + KT , ð14Þ

KL = 1
3

ðθr/T
0

CLT
3x4ex ex − 1ð Þdx

τ−1L
, ð15Þ

KT = 2
3

ðθr/T
0

CLT
3x4ex ex − 1ð Þ−2dx

τ−1L
: ð16Þ

This indicates the contribution of the two transverse
acoustic lattice waves TA to the thermal conductivity. When
Holland model calculates the relaxation time, the thermal
conductivity of LA is integrated in the whole frequency
range:

τ−1L = vb
FL + Aw4 + BLw2T3 , ð17Þ

τ−1T = vb
FL + Aw4 + BTwT

4 w <w1ð Þ , ð18Þ

τ−1T = vb
FL

+ Aw4 + BTwT
4 + BTUw

2

sinh x w1 <w <w2ð Þ :

ð19Þ
The SW potential of silicon contains a two-body poten-

tial term and a three-body potential term, and the specific
expression is

u3 ri, r j, rk
À Á

= ε h rij, rik, θjik
À Á

+ h rji, r jk, θjik
À Á

+ h rki, rkj, θikj
À ÁÄ Å

:

ð20Þ

It can be seen from the above that such formulas related
to thermal conductivity can help the construction of the
LCD display interface in the health promotion system.
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4. Health Promotion System Experiment

Two common items, football and yoga, were selected in the
experiment. Through nanotechnology, health promotion
and health examination decision-making are studied. The
former focuses on the quality of endurance and strength,
while the latter focuses on the quality of practicing soft keys.
The subjects were 137 males and 90 females. The hypothesis
of this study is that students with higher endurance and
strength qualities are more likely to get high scores in foot-
ball matches, while students with flexible choice qualities
are more likely to get good results in yoga activities. The
main purpose of the experiment in this section is to establish
the performance prediction model of health promotion and
predict the results of these two items for the theme experi-
ment to verify the accuracy of the hypothesis. It randomly
selects the historical data of 136 men and 77 women in a
football project and 66 men and 138 women in a yoga pro-
ject to build the performance prediction models of the two
projects. Through correlation analysis, it is found that the
test indexes with higher correlation coefficient with football
performance are step test and long standing jump. The test
index with higher performance correlation coefficient of
yoga is forward flexion, which is consistent with the results
of the questionnaire. When building the partition model,
the four data sets are divided into 4, 4, 4, and 5 subsets,
respectively. To verify the health promotion model, Table 3
shows the division of the subdivision model.

On this basis, a performance prediction model is estab-
lished for each subset of men’s soccer, women’s soccer, yoga
men, and yoga women. The physical fitness data of these
students have been used to verify the model. Of the four data
sets, only one, two, and three made accurate predictions,
with the accuracy rates of 99.2, 95.5, and 97.8%, respectively.
The physical health data of 37 males and 90 females were
included in the prediction model with the same degree to
predict the performance of each student in health promotion
activities. The results are shown in Figure 7. Therefore, the
result of achievement prediction is consistent with the level
of students’ physical quality.

From the comparison of events, the expected perfor-
mance of yoga events is higher than that of football events,
because students’ soft back quality is better than endurance
and strength quality. From the comparison of men and
women, the performance of women’s football is better than
that of men’s football. Although men are usually less flexible
than women, their yoga performance is not inferior to that
of women. The reason may be that the gender orientation
in football and yoga is obvious. Teachers will take care of
disadvantaged gender groups and give them higher scores.
This has a certain influence on the results of the health pro-
motion system under nanotechnology. The results of data
standardization are shown in Figure 8 and Table 4.

There are 1, 2, 3, and 4 categories. In terms of male or
female, the degree of similarity is similar to normal distribu-
tion. The more equal the classification of boys, the greater

Table 3: Segmentation results of the segmentation model.

Soccer-men Number of people Soccer-women Number of people Yoga-male Number of people Yoga-female Number of people

Cluster 1 66 Cluster 1 31 Cluster 1 24 Cluster 1 52

Cluster 2 29 Cluster 2 19 Cluster 2 17 Cluster 2 38

Cluster 3 20 Cluster 3 15 Cluster 3 15 Cluster 3 23

Cluster 4 11 Cluster 4 12 Cluster 4 10 Cluster 4 15

Cluster 5 10

0

10

20

30

40

50

60

70

80

Sc
or

e

Grade range

[6
5,

 7
0]

[7
0,

 7
5]

[7
5,

 8
0]

[8
0,

 8
5]

[8
5,

 9
0]

[9
0,

 1
00

]

Soccer - Men
Soccer - Women

Grade range

[6
5,

 7
0]

[7
0,

 7
5]

[7
5,

 8
0]

[8
0,

 8
5]

[8
5,

 9
0]

[9
0,

 1
00

]

Yoga - Male
Yoga - Women

0

10

20

30

40

50

60

Sc
or

e

Figure 7: Number distribution of grade predictions.

8 Journal of Nanomaterials



RE
TR
AC
TE
D

the difference between girls. The figure clearly shows the
number of each type and the difference between the sexes.
This is important because the classification and analysis of
the variable table can be used to evaluate whether the type
is reasonable. After the differential function is detected, the
formula Xi = ðX1i, X2i, X3i, X4i, X5i, X6Þ is normalized. To
obtain the required difference, it is necessary to compare it
with the value of Y and classify the scores according to the
rules. In this study, boys are used as case studies. According
to the boys of four classes, five data sets of 20 people were
selected, and the first data was normalized (Figure 9).

Then discriminate and predict the data (as shown in
Figure 10).

First of all, according to the different data units of the
training samples, this paper is dedimensioning, that is, stan-

dardization. Then, SPSS software is used to quickly cluster
the standardized data. Finally, Fisher linear discriminant
function is obtained, and the classification model is con-
structed. In Figures 9 and 10, the probability of dividing
men and women is 99.3% and 99.2%, respectively, which
indicates that the distribution model has a high probability
of distribution results. Finally, according to the existing sam-
ples’ 1, 2, 3, and 4 categories, this cycle is obtained, and a
total of 20 model cycles are tested by the difference program.
The correct rate was 99.5%. As long as the six types of infor-
mation and their corresponding numerical values are stan-
dardized and modeled, the model can be inspected.
Moreover, the six indicators proposed in this study have
not been combined with the research. Samples measure the
internal characteristics of the human body. Based on the
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Figure 8: Sample data normalization.

Table 4: Effects of nanosystems on health promotion.

Z height Z weight Z lung capacity Z balance ability Z body composition Z cardiovascular

Male

1 0.81401 0.85614 0.12564 0.36451 1.31456 0.53122

2 1.61914 1.03153 0.25612 0.24561 0.08312 0.23641

3 0.40257 0.95212 0.23152 1.13212 0.42312 1.05641

4 1.21362 0.22314 2.32212 1.61251 0.64652 0.51312

5 2.63296 0.22315 0.38515 0.16965 1.06315 2.84165

6 1.82162 2.54512 0.56123 0.05561 3.31322 0.51233

7 0.00214 0.95451 1.75123 0.26341 0.75612 0.26452

Female

1 0.13564 0.45612 0.54522 0.39231 0.56123 0.75562

2 1.34561 0.15532 0.72131 1.00324 0.59221 0.75562

3 1.36123 0.28512 1.12356 0.15633 0.35121 1.65612

4 0.75132 2.35612 0.43221 0.34551 2.61521 0.75612

5 0.35641 0.69122 0.00656 0.67512 0.27512 0.75612

6 0.94512 1.24562 1.54233 0.54512 0.68963 0.75612

7 0.75212 1.23136 0.86312 0.34752 1.30312 1.95612

9Journal of Nanomaterials



RE
TR
AC
TE
D

intelligent health promotion service system, the correspond-
ing index data of human body can be measured by simple
instrument operation. It not only simplifies the process of
obtaining test data but also reduces human error, which pro-
vides important scientific and technological support for
studying physical health. Through the above data analysis,
it can know that the physical health of boys is evenly distrib-
uted, which accords with normal distribution, while that of
girls is unevenly distributed, showing a trend of two-level
differentiation. As the social rhythm continues to accelerate,
the pressure on students becomes more and more. For a long
time, it has formed bad living habits, such as excessive intake
of fat and calories. In addition, the structure of food is not
very reasonable, and there is a lack of adequate physical
exercise, which leads to physical deterioration, great influ-
ence on physical health and polarization. This needs atten-
tion. Therefore, it must pay more attention to the
problems of physical health and adopt practical and feasible
countermeasures to further improve the physical health in
the actual process. This model can be used to comprehen-

sively evaluate the physical health of individuals and groups.
In the process of applying this model, it is only necessary to
standardize all kinds of index values actually measured by
each individual into the corresponding model for calcula-
tion, so that the physical health level of an individual or a
group can be obtained. The establishment of the grading
model avoids the score according to each item in the stan-
dard. It then uses the weight to calculate the total score in
this complicated process. To some extent, this simplifies
the operation procedures, achieves the goal of simplicity,
and then makes the evaluation results very clear and
effective.

5. Discussion

Through the analysis of the model of the article, the article
constructs the health promotion system from the aspects of
physical quality, skills, and shape; tests the physical health
data; realizes real-time analysis; and gives warnings. The
early warning mechanism accurately provides health
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information and is supplemented by early warning state-
ment. This kind of early warning statement is predictive,
and if individuals are allowed to develop continuously, phys-
ical health may be damaged. According to the warning state-
ment, targeted prevention and exercise can effectively avoid
this kind of future harm. The health examination manage-
ment system introduced in this paper is based on the actual
application requirements of the physical examination insti-
tute of the Center for Disease Control and Prevention. It is
developed by Delphi and SQL server 2000. Through the
comprehensive application of data analysis, data encryption,
software reuse and other technologies, and information
maintenance, it perfectly shows the modular design idea,
and at the same time, it integrates the management mode
of modern CDC physical examination center into it. The
system has the characteristics of strong practicability, good
real-time, high work efficiency, and easy data maintenance,
which has brought higher economic benefits and good social
reflection to the physical examination of center for disease
control.

This paper designs the input module and physical exam-
ination and perspective module. The result is automatically
judged. Single-particle imaging and single-particle spectros-
copy based on the optical properties of metal nanoparticles,
with nanoscale spatial resolution and millisecond temporal
resolution, have become important tools for studying the
behavior and function of biomolecules at the single-cell
level. It uses bar code to scan and input the whole process,
which simplifies unnecessary time in work. It provides users
with a variety of flexible access methods. Customized human
search object function, powerful demand function, and sta-
tistical analysis function help users easily understand daily
tasks and problems and calculate relevant information. Data
from the health screening system have been analyzed and
evaluated by nanotechnology and medical promotion verifi-
cation data, providing detailed data of disease prevention.
The advantages of this system include developing a suitable
C/S search engine, which is convenient and fast to use,
improving the efficiency, improving the running speed of
SDC, and realizing the verification data to test the physical
form. It improves the speed and efficiency of data retrieval,
the sorting of selection and record results, the sorting of peo-
ple and laboratories, and the combination of physical
screening software and verification tools to ensure that data
will not be lost. It simplifies the workflow of SDC, improves
performance, and provides detailed information during data
analysis. Due to the limitation of resources, time, hardware,
or other conditions and the standardization of medical
information disclosure, there is no integration between the
standardization of CDC management model and the stan-
dardization of information system model, and the system
still has a lot of room for development. Even if there is rela-
tively complete physical examination data, more detailed
data mining research is needed. The system design should
also fully consider the future upgrade and expansion of the
system to promote the integration of the existing system
and the proposed system. This system only realizes the inter-
face with some inspection instruments, and it needs to
reserve interfaces for other system equipment.

In view of vital capacity and cardiovascular index,
according to relevant research, the vital capacity and maxi-
mum oxygen uptake of human body are closely related to
body weight, height, body surface area, chest circumference,
and sitting height. Therefore, according to different gender,
age, race, region, and different types of sports groups or indi-
viduals, comparing and analyzing this index of vital capacity,
and carrying out quantitative analysis on it, it can objectively
reflect the differences among different individuals and carry
out evaluation. Body mass index, the individual’s fatness,
and thinness directly affect the level of physical health.
One of the criteria to measure the individual’s weight is
the height and body mass index (BMI). According to the
BMI value, it can know the fat and thin level of individual
figure. Therefore, the new early warning indicators in this
paper still retain the height and weight indicators, body
composition, and balance index. Body composition includes
internal indexes related to physical health level, such as bone
density and muscle. It can reflect the existing level of each
index inside the body of the tested person and the ability
of balance and coordination. Balance ability is to analyze
the individual balance ability through the completion result
of a given action. If the two indexes of body composition
and balance ability are too low, early warning is needed so
as to exercise pertinently and improve the physical health
level.

6. Conclusion

Health promotion is the process of improving the health sta-
tus of different groups of people. It improves people’s life-
style by means of sports intervention. It promotes the
formation of healthy sports knowledge, improves the sports
environment, and improves the quality of life. Health pro-
motion system is a service and safety system that can pro-
vide sports health services for people, improve sports
health, promote environmental conditions, meet the scien-
tific needs of human health, and improve people’s quality
of life and health level. The goal system of sports promotion
is to form healthy sports knowledge, including the formation
of sports positive attitude, sports true values, and emotional
sports positive experience. Sports lifestyle includes reason-
able sports lifestyle, colorful sports activities, and sports con-
tent. The formation of a healthy sports environment
includes the development of sports facilities, the formation
of a strong institutional network, the formation of a good
sports atmosphere, and other components. Health promo-
tion action system includes raising residents’ awareness of
sports, encouraging residents to improve sports, shaping
sports lifestyle, and improving sports environment. The
safety system of sports promotion includes organizational
guarantee, talent guarantee, fund guarantee, and facility
guarantee. This is the guarantee for the smooth operation
of the sports health promotion operation system and the
realization of the sports health promotion purpose. Commu-
nity organization network is an organization and operation
organization that cooperates with sports health promotion
association, individual community sports association, and
community sports associations led by various committees
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to promote community health. This paper basically realizes
the medical image transmission and storage system based
on ultrasonic equipment. However, there are still some
problems in this system due to various reasons such as short
development time and insufficient manpower. Therefore, in
order to become a mature and stable system and put it into
hospital use, it should continue to improve the problems
existing in the system. The following aspects need to be com-
pleted. The encryption algorithm involved in the system
only refers to the method of regular expression matching
when the user logs in. Therefore, there are not many encryp-
tion algorithms used in the system, which leads to the low
security performance of the system. Therefore, the following
work needs to study the knowledge related to software
encryption. The encryption algorithm is used in the pro-
gramming that the system needs to be encrypted to improve
the security of the system to prevent malicious damage by
illegal personnel. The system needs to generate standard
DICOM files for the transmission and storage of medical
images, such as images collected by video acquisition card,
patient basic information, examination information, and
diagnosis information. The analysis and format conversions
of DICOM files are involved when the patient history exam-
ination needs to consult DICOM files. In order to realize the
above two aspects, this paper uses the executable file in
DCMKT. However, the files in DCMKT are not flexible
enough to realize the system functions accurately. Therefore,
in the following work, it is necessary to reduce the reference
to the executable files in DCMTK and fully grasp the
DICOM protocol. Using c++ programming language to
develop DICOM can accurately realize the functions
required by the system. The actual use of the hospital needs
to be integrated with the hospital information system, health
examination information management system, and other
information systems. Due to the lack of actual installation
test in the hospital, this system has poor compatibility and
can only be used as an independent system. Therefore, in
the following work, according to the HIS system and health
examination information management system of the hospi-
tal, the data interface between medical image reporting sys-
tem and HIS system and health examination information
management system is designed and implemented, so that
the medical image reporting system can exchange data with
HIS system and health examination information manage-
ment system.
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Swarm intelligence algorithm is an emerging evolutionary computing technology, which has become the focus of more and more
researchers. It has a very special connection with artificial life, especially evolutionary strategies and genetic algorithms. The
swarm intelligence algorithms you see include genetic algorithm, particle swarm optimization algorithm, and ant colony
algorithm. This part of the content has been supplemented in the article. Evolutionary computing is a group-oriented random
search technology and method produced by simulating the evolutionary process of organisms in nature. Evolutionary
computing is based on natural selection strategy: survival of the fittest, elimination of the unfit, and individuals with large
fitness values have a higher survival probability than individuals with small fitness values. The purpose of this paper is to study
the structure optimization of carbon nanotubes based on swarm intelligence algorithm and evolutionary computation. It is
expected to optimize the structure of carbon nanotube materials with the help of intelligent evolution algorithm, so that it can
be used in more fields. In this paper, the preparation process and principle of carbon nanotube-based gas sensors are studied,
and the preparation process of the side-heated gas sensor is selected. This paper focuses on the strain sensing performance of
carbon nanotubes, analyzes various parameters that characterize the sensing performance, and proposes feasible technical
routes for improvement, optimization and improvement. The experimental results in this paper show that when different
proportions of oxides are added, the tensile strength of carbon nanotube materials is increased by about 8%, and the elastic
modulus is increased by up to 40%. After adding CNFs, the tensile strength increased by up to 18%, and the elastic modulus
increased by up to 50%.

1. Introduction

With the continuous advancement of science and technol-
ogy, polymer materials are more and more widely used in
daily life, and with the high requirements for the perfor-
mance of polymer materials, this problem was not solved
until the emergence of nanopolymers. Polymer materials
are materials based on polymer compounds, materials
composed of compounds with relatively high molecular
weight, including rubber, plastics, fibers, and polymer-
based composite materials. Polymers are the form of life.
In fact, every advance of human society is closely related to
the development of new materials. In the 21st century, with
the continuous development of science and technology, the

understanding of human beings is constantly expanding,
and the exploration of nanomaterials has promoted the
development of human beings in a deeper direction. Since
the end of World War II, optimization computing has been
widely introduced and used in the scientific community.
Since optimization algorithms already have the advantage
of effectively dealing with complex problems that are diffi-
cult to solve by traditional methods, these algorithms and
designs are sought after as soon as they are published. The
optimization algorithm can use the mathematical modeling
method to convert the actual problem into an optimization
problem and convert the optimization problem into a stan-
dard optimization model. It has a simple structure and
flexible calculation and can solve many complex problems.
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How to combine the swarm intelligence algorithm with evo-
lutionary computing and carbon nanotube structure optimi-
zation is the problem to be explored in this paper.

With the increase of function dimension, traditional
optimization methods cannot solve complex function opti-
mization problems well. The evolutionary algorithm that
simulates the biological evolution process can get a set of
solutions in one run. This main advantage is introduced into
the optimization problem, which effectively solves many
complex optimization problems. The swarm intelligence
optimization algorithm has good heuristics, parallelism,
and distribution and can solve complex function optimiza-
tion problems well, save resources, and improve efficiency.

Based on the work of genetic operator impact analysis,
this paper proposes GPs based on edit distance 1 and 2
population diversity control, respectively. The influence of
genetic operators in GP on the population and its diversity
is analyzed and compared, and the correlation between pop-
ulation diversity and individual fitness is explored.

2. Related Work

With the development of the times, more and more people
conduct research on optimization calculation. Bhattacharjee
and Sarmah attempt algorithmic advantage to solve combi-
natorial problems. In the improved version of CSA, the local
randomized wandering repair operator is used. And in the
improved version of FA, variable distance shifts for local
search are applied. The firefly algorithm is proposed by
simulating the natural phenomenon of firefly swarming
activities in nature at night. In the swarming activities of
fireflies, each firefly communicates with its companions for
food and courtship by emitting fluorescein. The efficiency
of the proposed algorithm is demonstrated through experi-
ments using a large number of benchmark problem
examples [1]. Ntouni et al. proposed a robust iterative
optimization algorithm based on standard particle swarm
optimization (PSO) techniques called acceleration-assisted
PSO (A-APSO). He implemented the A-APSO algorithm
to evaluate the detector weights. The results show that the
error performance is better than the weight values evaluated
by the PSO algorithm when A-APSO weights are used [2].
Gao et al. proposed a protein structure prediction method.
He used three different structural evolution methods, includ-
ing an improved particle swarm optimization (PSO) algo-
rithm, random perturbation, and fragment replacement, to
update the protein structure while keeping the secondary
structure unchanged. The high success rate and the accuracy
of the results demonstrate the reliability of the method [3].
Zhong et al. proposed to extend the multidimensional simi-
larity space region with group similarity and firstly used the
optimal value of the iterative clustering function as the clus-
tering quality index. In addition, he also proposed the fuzzy
high-order hybrid clustering (F-HOHC-SIS) algorithm,
which can effectively control the convergence speed and
reduce the computation time, while improving the anti-
interference capability [4]. In cloud environments, various
meta-heuristics can be used to solve scheduling problems
that fall under the NP-complete problem. Two of the funda-

mental goals of computer science are to discover algorithms
that can be shown to perform well and yield optimal or
suboptimal solutions. Heuristics, on the other hand, try to
provide one or all goals at a time. Tabaghchi proposes task
scheduling algorithms to reduce the idle time of virtual
machines while achieving load balancing and reducing the
running time. According to the results obtained, he reduced
the manufacturing time and energy consumption using the
proposed algorithm [5]. Son et al. proposed an optimization
method to design radar absorbing structures made of fiber-
reinforced plastic structures. In the optimized design, the
objective function is set to maximize the absorption band-
width of the X-band stealth. The results confirmed that
using the S-FSM not only the electromagnetic performance
of the samples could be detected but also the defects caused
by the manufacturing process [6]. Ahmadi et al. describe the
optimization of parameters involved in the production of
nanofibers. Single-walled carbon nanotubes were used to
improve the mechanical properties. The results show that
the concentration has a greater effect on the fiber diameter
than other parameters in PAN and PAN/CNT nanofibers.
However, excessive CNTs have a negative effect on elonga-
tion and modulus due to the aggregation of CNTs within
the nanofibers. The results showed that the PAN nanofibers
have an amorphous structure compared to the conventional
PAN nanofibers [7]. Lu et al. proposed carbon nanotube
bucky paper as a sensing layer in composite materials. Bucky
paper is a special kind of carbon nanotube thin layer, which
looks very similar to ordinary carbon fiber paper. People also
call it “Bucky paper.” It is made of only one-fifty thousandth
of a human hair, made of molecular weight. The experimen-
tal results show that the resistance temperature coefficient of
the bucky paper is related to the curing behavior of the resin,
and a critical value of the resistance temperature coefficient
is determined. In addition, by monitoring and optimizing
the curing parameters, the properties of the composites can
indeed be improved [8]. Although these theories have ana-
lyzed the optimization calculation and carbon nanotube
structure to a certain extent, the combination of the two is
insufficient and not practical.

3. Swarm Intelligence Algorithm and
Evolutionary Computation for Carbon
Nanotube Structure Optimization Methods

3.1. Overview of Carbon Nanotubes. Since the 1990s, carbon
nanotubes have been paid attention to by scientists. Unlike
other materials, carbon nanotubes have two different struc-
tures, so carbon nanotubes have many applications in many
fields. Carbon nanotubes have two structures, single-walled
carbon nanotubes, and multiwalled carbon nanotubes.
Single-walled carbon nanotubes can be regarded as hollow
cylinders made of a layer of graphite curled, while multi-
walled carbon nanotubes are composed of a group of coaxial
graphene. In the development of carbon nanometers, its
electrical properties have received extensive attention
[9, 10]. Nanomaterials are materials with nanoscale
structures, which can be divided into zero-dimensional
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nanomaterials and one-dimensional nanomaterials accord-
ing to their specific dimensions. It has been asserted that
when people can arrange and combine substances on a
very small scale, they will obtain various novel materials
[11, 12]. The change in properties caused by the ratio of the
number of atoms on the surface of the particle to the total
number of atoms increases sharply as the particle size
decreases. For example, when the particle diameter is
10 nm, the particle contains 4000 atoms, and the surface
atoms account for 40%; when the particle diameter is 1 nm,
the particle contains 30 atoms, and the surface atoms account
for 99%. Nanomaterials have attracted attention as a poten-
tial dielectric material, and most of the current research on
this material focuses on the effect of nanoceramic doping
on the dielectric properties of ceramics [13]. The electronic
properties of metallic carbon nanotubes are not sensitive to
the chemical environment, but its electrical conductivity is
very superior. It can be used as a wire, and its electrical
conductivity far exceeds that of copper, while the internal
electronic properties of semiconducting carbon nanotubes
are affected by the environment and other substances. In
the traditional manufacturing process, the oxide surface is
usually coated on the ceramic surface by chemical means.
This method can reduce the loss and increase the energy
storage density, but since the oxide is a nonferroelectric, the
ferroelectric properties of the ceramic itself will interfere
[14, 15]. In order to meet the use of nanomaterials in defense
and communication, we usually incorporate dopants into the
original materials to modify their defects. This method has a
good effect and has been widely used in the storage field. In
use, it is found that when the doping substances reach a cer-
tain limit, the dielectric and ferroelectric properties of
ceramics will exhibit relaxation ferroelectric phenomena
[16, 17]. The application of nanoceramic materials in capac-
itors requires a stable dielectric temperature. This is achieved
by adding rare earth elements. This method can inhibit the
growth of crystal grains and can also obtain dense and fine
powders. Figure 1 is an image of nanopowders. This material
can be fired into high-density ceramics [18, 19].

Until the end of the last century, the first International
Conference on Nanoscience and Technology was held in
the United States, which formally combined theoretical
research with contemporary science and technology, mark-
ing the official birth of nanotechnology [20]. When the size
of the material is at the nanometer level, the number of
atoms on the surface of the material will increase dramati-
cally, which will far exceed the number of ordinary mate-
rials, and the chemical activity of the material will be
greatly increased at this time. At the same time, nanomateri-
als are equal to or smaller than the wavelength of light wave,
de Broglie wavelength, and coherence length of supercon-
ducting state, and the periodic boundary of the material is
destroyed, resulting in “novel” optical, electrical, magnetic,
acoustic, and thermodynamic properties. In addition, nano-
materials also have quantum size effects and macroscopic
quantum tunneling effects. These unique characteristics pro-
vide conditions for the wide-scale application of nanomate-
rials. With the continuous and in-depth development of
theory and practice, nanostructures that are not called sys-

tems have been established. With the maturity of applica-
tion, the uniqueness of nanomaterials plays a pivotal role
in the fields of biotechnology and advanced manufacturing.
Figure 2 is a schematic diagram of common nanomaterials.

3.2. Overview of Optimization Calculations.With the contin-
uous development of the production economy, the scale of
computation involved is increasing, especially in the fields
of management and engineering. With the continuous
development of computer technology, and in order to
reduce the complexity of the calculation, the optimization
calculation came into being. In essence, optimization refers
to the use of certain rules to meet the needs of users.

Evolutionary computing is a stochastic optimization
method that simulates the genetic mechanism of the animal
kingdom. It has the idea of “survival of the fittest.” There-
fore, when using evolutionary thinking to solve target
optimization problems, genetic operations and natural
selection become its important components. Evolutionary
algorithms iteratively generate multiple solutions to each
problem during the optimization process and continue to
generate better solutions. The optimization function is called
the fitness function. Each solution is called an individual,
and all individuals in each generation form a group. The fit-
ness value of individuals in each group is different. With
iteration, better individuals are obtained through certain
evolutionary strategies, such as crossover and mutation.
When the algorithm terminates, the individual with the best
fitness value in the entire population is selected as the solu-
tion to the problem. Figure 3 shows the basic structure of the
optimization calculation.

Evolutionary algorithm is a random search method.
Compared with other enumeration techniques and heuristic
search techniques, the global optimal solution probability of
this problem is higher. The evaluation information of the
objective function is used to make it actionable and general.
It is concise in form, can be operated with massively parallel
computers, and can be easily combined with other methods.
At present, evolutionary computing mainly includes genetic
algorithm, evolutionary strategy, and evolutionary planning.
Genetic algorithm refers to the population of solution sets,
and the population is composed of several individuals
encoded by genes. In essence, genetic algorithm is an optimi-
zation algorithm, which is a random search algorithm that
uses the idea of natural selection and biological evolution
to search for the optimal solution in the search space.

min g að Þ a ∈Qjf g: ð1Þ

Formula (1) represents the function expression of the
function optimization model, where a represents the deci-
sion variable, gðaÞ represents the objective function, and Q
represents the spatial subset.

min g að Þ:st ∗ p að Þ ≥ 0: ð2Þ

Formula (2) represents the decision variable inequality.

Q = a ∈Ws p að Þ ≥ 0jf g: ð3Þ
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Formula (3) represents the feasible region of the deci-
sion solution, which is the set of all solutions in layman’s
terms.

In order to get the optimal solution for the region, we
need to optimize the model.

∀a ∈QI a ∈Ws
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
〠 a1 − a ∗ð Þ2

q
< a

����
� �

: ð4Þ

When formula (4) is satisfied gða ∗Þ ≤ gðaÞ, we say that
the model has an optimal solution. Figure 4 shows the basic
flow structure of the algorithm.

β = Tmax − Tmin
2p − 1 : ð5Þ

Formula (5) represents the precision of binary encoding,
among them, T represents the range of values, and p repre-
sents the length of the encoded symbol.

k = Tmin + 〠
p

o=1
wo ∗ 2o−2

 !
∗
Tmax − Tmin

2p − 1 : ð6Þ

Formula (6) represents the decoding function expression
when the encoded length is k.

f p =wp,
f p =wp+1 ⊕wp,

(
ð7Þ

wp = f p,
wp =wp+1 ⊕ f p:

(
ð8Þ

Formulas (7) and (8) represent binary codes under dif-
ferent Gray codes.

In the genetic algorithm, we usually use the fitness func-
tion to judge the situation of the individual. The fitness func-
tion satisfies the generality, so the calculation steps can be
reduced in the actual use process.

Fitness g að Þð Þ = g að Þ: ð9Þ

Formula (9) represents the functional expression of the
maximal optimization problem.

Fitness g að Þð Þ = −g að Þ: ð10Þ

Formula (10) represents the functional expression for
the minimal optimization problem.

Computers have been developing and progressing con-
tinuously since their appearance in 1946 and have been fully
used in various fields of social production. Although the
development is very rapid, the production needs of human
beings are also expanding, and the traditional computing
performance cannot meet the current development needs,
so high-performance computing came into being. With
the ever-increasing demand for computing power, high-
performance computing is also evolving. The current
research directions of high-performance computing include
cluster computing, network computing, cloud computing,
and FPGA-based reconfigurable heterogeneous computing
[21]. The initial high-performance computing focused on
the computing field, but with the continuous improvement
of high-performance computing, high-performance comput-
ing has basically become an essential means of research, and
high-performance computing can be seen in various fields.
From computers, minicomputers to mainframes, the devel-
opment and replacement of computers are fast, but they still
cannot meet the needs of computing. Scientific computing,
network computing, terminal computing, cloud computing,
supercomputing, intelligent computing, GPU computing

Figure 1: Nanopowder image.
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Figure 2: Common nanomaterial quiz structure.
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and other computing modes, concepts, technologies, and
applications dominate the progress and development of
science and technology. Quantum computing, brain-like
computing, borderless computing, human-machine-object
ternary fusion computing, data-intensive computing, etc.
have brought computing into the era of diversity. Although
high performance computing has many advantages, the
issues affecting the development of high performance com-
puting are power consumption, energy efficiency ratio,
energy saving, ecological environment and industrialization,
performance and scalability, reliability and fault tolerance,
application efficiency and applicability, efficient manage-
ment, and low threshold operation [22, 23].

Figure 5 is a schematic diagram of a high-performance
scientific computing cluster architecture.

China’s research on high-performance computing is rel-
atively late, and the pace of research has been officially
started since the advent of China’s first shared storage mul-
tiprocessor system. The Dawning 400A, developed in 2004,
has entered the top ten in the world in computing power.
In 2017, the world’s first optical quantum computer that sur-
passed the early classical computers was born. The successful
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Figure 3: Basic framework of genetic algorithm.
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development of the E-class system in 2018 shows that
China’s computing level has entered the forefront of the
world and occupies a very important position in the field
of high-performance computing. Figure 6 is a schematic dia-
gram of a high performance computing architecture.

GC-MS is an analytical instrument that can obtain a set
of chronological data during the experiment. During the
experiment, the target object is composed of t parts, then
each component is 1, 2, 3 ... n; the specific function expres-
sion is as follows:

W1 =W11,W12,ΛW1M , ð11Þ

W2 =W21,W22,ΛW2M , ð12Þ

WN =WN1,WN2,Λ,WNM: ð13Þ
Among them, W stands for different components.
Introducing the above formula into a matrix, it can be

simplified to

W =

W11, W12, Λ W1M

W21, W22, Λ W2M

Λ Λ Λ Λ

WN1, WN2, Λ WNM

0
BBBBB@

1
CCCCCA
: ð14Þ

If the matrix is the distribution of n mixtures during
the experiment; then, it can be represented by a two-
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Figure 5: High-performance scientific computing cluster architecture.
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dimensional matrix. Each row represents a time point, and
each column represents the distribution status. The spe-
cific function expression is as follows:

E =

E11, E12, Λ E1N

E21, E22, Λ E2N

Λ Λ Λ Λ

EU1, EU2, Λ EUN

0
BBBBB@

1
CCCCCA
: ð15Þ

Among them, E represents a two-dimensional matrix.

QK Cð Þ = 2
R cð Þ〠

n

k=1
Nuk ∗ Yuk: ð16Þ

Among them, Q represents the set of indicators, and
QKðCÞ represents the indicators under point C.

α Cð Þ =
ð1
M

QK Cð Þ − 1
m
〠
m

k=1
QK Cð Þ

 !3

: ð17Þ

Among them, according to 0 <QKðCÞ ≤ 1, 0 ≤ αðCÞ <
0:57 can be obtained.

β Cð Þ = 1 − 2 ∗ α Cð Þ: ð18Þ

Among them, according to 0 ≤ αðCÞ < 0:57, 0 ≤ βðCÞ ≤ 1
can be obtained.

QWj c, rð Þ = 1ffiffi
c

p
ð+∞
−∞

j rð Þχ ∗
w − t
c

� �
dw: ð19Þ

Among them,QWjðc, rÞ is the wavelet coefficient, χðwÞ is
the wavelet basis function, and jðrÞ is the analysis signal.

LV =W diag s vð Þ
� 	

DU +Qv , v = 1, 2,Λ, V : ð20Þ

Among them, L stands for cubic matrix, W stands for
pure chromatogram, and D stands for pure mass spectrum.

4. Swarm Intelligence Algorithm and
Evolutionary Computation for Carbon
Nanotube Structure
Optimization Experiment

4.1. Experimental Material Parameters. Materials are the
material basis for human survival and the symbol of human
material civilization. Materials are the backbone of modern
science and technology. At the same time, the progress of
science and technology has put forward higher requirements
for materials. The structural optimization of carbon nano-
tube materials explored in this paper is expected to bring
infinite possibilities for development through the optimiza-
tion of material structure. The material parameters involved
in this paper are as follows.

As can be seen from the data in Table 1, assuming that
the diameter of the nanoparticles is 10 nm and the thickness
of the interface layer is 10 nm, when the volume of the nano-
particles increases continuously, the elastic modulus of the
material will also change and show a certain linear law.
When the diameter of the nanoparticle is 11.3 nm and the
volume fraction is 6%, its elastic modulus is 0.31, and when
the volume fraction is 10%, its elastic modulus is 0.35. When
the diameter of the nanoparticle is 12.4 nm and the volume
fraction is 6%, its elastic modulus is 0.32, and when the vol-
ume fraction is 10%, its elastic modulus is 0.33. When the
diameter of the nanoparticle is 13.24 nm and the volume

Table 2: Nanoparticle unit cell elastic stiffness matrix.

Z (GPa) 1 2 3 4 5

1 6.98 5.32 5.01 -0.31 -0.05

2 7.63 6.31 5.21 -0.04 1.37

3 6.31 4.74 6.97 1.43 0.39

4 5.02 5.25 3.28 0.41 1.39

5 -0.41 -0.03 -0.15 0.039 0.52

Table 3: Matrix action energy.

Grain
size

Volume
Energy
is 5%

Energy
is 10%

5% energy
per unit
volume

10% energy
per unit
volume

10 4258 -304 -402 -0.09 -0.015

11.27 6512 -501 -456 -0.08 -0.06

12.3 7365 -536 -526 -0.07 -0.03

13.2 8964 -648 -614 0.06 -0.054

14.1 10254 -712 -715 -0.043 0.048

Table 4: Single cell model and single cell mechanical properties.

Performance PI
Volumetric
fraction 5%

Volumetric
fraction 10%

Young’s modulus 4.15 4.6 4.79

Volume 5.4 5.87 7.43

Lamé constant 4.62 4.71 6.25

Shear modulus 1.53 1.63 1.71

Poisson’s ratio 0.35 0.36 0.37

Table 1: Mechanical parameters of composite materials.

Grain size
Volumetric fraction 6% Volumetric fraction 10%
A (GPa) B (GPa) c A (GPa) B (GPa) c

10 4.52 1.68 0.32 5.23 1.93 0.35

11.3 4.47 1.65 0.31 5.22 1.9 0.35

12.4 4.45 1.65 0.32 5.2 1.87 0.33

13.24 4.43 1.63 0.32 5.17 1.85 0.34

14.8 4.4 1.61 0.31 5.13 1.83 0.33
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fraction is 6%, its elastic modulus is 0.32, and when the
volume fraction is 10%, its elastic modulus is 0.34. When
the diameter of the nanoparticle is 14.8 nm and the volume
fraction is 6%, its elastic modulus is 0.31, and when the
volume fraction is 10%, its elastic modulus is 0.33. Accord-
ing to the data, when the particle diameter increases, the
elastic modulus decreases and the change trend is relatively
gentle.

According to the data in Table 2, there are many factors
that affect carbon nanomaterials, and anisotropic materials
are used in the experiment. However, according to the data
in Table 2, the values of many materials can be regarded as
zero, and there are also many materials whose values are
relatively close under certain conditions. In fact, when
determining the range of particle variation, the number
of atoms increases at a certain rate, and when the volume
fraction of nanoparticles is 6%, the number of unit cells

surges, and the number of filled molecular chains also
increases rapidly.

4.2. Correlation between Material Structure and Matrix.
Nanocomposites consist of filler particles, a polymer matrix,
and an interface between the two. In order to explore the
relationship between the properties and energy of nanoma-
terial structures, it is necessary to perform single-point
energy calculations to obtain the interaction energy between
the two.

According to the data in Table 3, when the nanoparticles
embedded in the unit cell are enlarged, the number of atoms
around them will also increase, and the number of non-
bonded pairs between the nanomaterial structure and the
matrix will also increase, so the interaction between the
two also increases. When the diameter of the material is
10 nm and the volume is 4285, the energy ratios are -0.09
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and -0.015 in different cases, respectively. When the diame-
ter of the material is 11.27 nm and the volume is 6512, its
energy ratios are -0.08 and -0.06 under different conditions,
respectively. When the material has a diameter of 12.3 nm
and a volume of 7365, its energy ratios are -0.07 and -0.03
under different conditions, respectively. When the diameter
of the material is 13.2 nm and the volume is 8964, its energy
ratios are 0.06 and -0.054 under different conditions, respec-
tively. When the diameter of the material is 14.1 nm and the
volume is 10254, its energy ratios are -0.043 and 0.048 under
different conditions, respectively. According to this data, the
qualitative correlation between the elastic properties of
nanomaterials and the action energy is also related to the
volume of nanoparticles. When the diameter of nanoparti-
cles increases, the body-to-surface ratio decreases, resulting
in a decrease in the number of nonbonded pairs, weakening
the interaction energy, and reducing the elastic modulus of
the composite.

4.3. Single-Cell Model and Single-Cell Mechanical Properties.
Combined with molecular dynamics, this experiment simu-

lates the mechanical properties of nanomaterials, explores
the effects of nanoparticles and volume, and explores the
relationship between the number of nanoparticles and the
properties of composite materials.

According to the data in Table 4, when the PI of the
nanomaterial is 4.15 and the volume fraction is 5%, the
Young’s modulus of the material is 4.6, and when the vol-
ume fraction is 10%, the Young’s modulus of the material
is 4.79. When the PI of the nanomaterial is 5.4 and the vol-
ume fraction is 5%, the Lame constant of the material is 4.71,
and when the volume fraction is 10%, the Lame constant of
the material is 6.25. When the PI of the nanomaterial is 1.53
and the volume fraction is 5%, the shear modulus of the
material is 1.63, and when the volume fraction is 10%, the
shear modulus of the material is 1.71. When the PI of the
nanomaterial is 0.35 and the volume fraction is 5%, the
Poisson’s ratio of the material is 0.36, and when the volume
fraction is 10%, the Poisson’s ratio of the material is 0.37.
According to this data, the Young’s modulus, shear modu-
lus, Lame constant, and volume of the composites all
increased when nanoparticles were added to the material.
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And the data show that the difference becomes more obvi-
ous with the increasing volume, but the Poisson’s ratio does
not change much.

5. Swarm Intelligence Algorithm and
Evolutionary Computation for Structure
Optimization of Carbon Nanotubes

5.1. Gas Sensitivity of Carbon Nanotubes. Sensors are an
important tool in modern technology. Gas sensitivity is an
important branch of sensors that can detect different gases.
Therefore, gas sensors are widely used in food and medical
fields. Based on this, in order to find out the optimal doping
concentration of carbon nanotubes for the two metal oxides,
we analyzed them as follows.

According to the data in Figure 7, in order to explore the
doping concentration of carbon nanotubes to different
oxides, we analyzed the nanomaterials at different tempera-

tures. When the experimental temperature is 150 degrees
Celsius, the sensitivity of tin oxide is 0, and the sensitivity
of indium oxide is 0.4 in the case of dopant. When the dop-
ing content of tin oxide is 1%, the sensitivity of the sensor is
1.5, and when the doping content of indium oxide is 1%, the
sensitivity of the sensor is 1.2. When the doping content of
tin oxide is 3%, the sensitivity of the sensor is 2.4, and when
the doping content of indium oxide is 3%, the sensitivity of
the sensor is 3. When the doping content of tin oxide is
5%, the sensitivity of the sensor is 3.6, and when the doping
content of indium oxide is 5%, the sensitivity of the sensor is
2.4. When the doping content of tin oxide is 7%, the sensitiv-
ity of the sensor is 2.5, and when the doping content of
indium oxide is 7%, the sensitivity of the sensor is 2. Accord-
ing to the data, when the doping content of tin oxide is 5%,
the sensitivity of the sensor is the best, and when the doping
content of indium oxide is 3%, the sensitivity of the sensor is
the best.
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When the experimental temperature is 250 degrees Cel-
sius, in the case of dopant, the sensitivity of tin oxide is 1,
and the sensitivity of indium oxide is 0.8. When the doping
content of tin oxide is 1%, the sensitivity of the sensor is 4.8,
and when the doping content of indium oxide is 1%, the sen-
sitivity of the sensor is 2.2. When the doping content of tin
oxide is 3%, the sensitivity of the sensor is 5.3, and when
the doping content of indium oxide is 3%, the sensitivity of
the sensor is 5.1. When the doping content of tin oxide is
5%, the sensitivity of the sensor is 11, and when the doping
content of indium oxide is 5%, the sensitivity of the sensor is
5.7. When the doping content of tin oxide is 7%, the sensitiv-
ity of the sensor is 7, and when the doping content of indium
oxide is 7%, the sensitivity of the sensor is 4. According to
the data, when the doping content of tin oxide is 5%, the
sensitivity of the sensor is the best, and when the doping
content of indium oxide is 5%, the sensitivity of the sensor
is the best.

According to the data in Figure 8, when the experimental
temperature is 350 degrees Celsius, in the case of dopant, the
sensitivity of tin oxide is 3.2, and the sensitivity of indium
oxide is 2.1. When the doping content of tin oxide is 1%,
the sensitivity of the sensor is 3.7, and when the doping con-
tent of indium oxide is 1%, the sensitivity of the sensor is 3.4.
When the doping content of tin oxide is 3%, the sensitivity
of the sensor is 4, and when the doping content of indium
oxide is 3%, the sensitivity of the sensor is 6.2. When the
doping content of tin oxide is 5%, the sensitivity of the sen-
sor is 7, and when the doping content of indium oxide is 5%,
the sensitivity of the sensor is 4.3. When the doping content
of tin oxide is 7%, the sensitivity of the sensor is 4.2, and
when the doping content of indium oxide is 7%, the sensitiv-
ity of the sensor is 3. According to the data, when the doping
content of tin oxide is 5%, the sensitivity of the sensor is the
best, and when the doping content of indium oxide is 3%,
the sensitivity of the sensor is the best.
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According to the experimental data, the sensitivity of
carbon nanotubes changes differently at different tempera-
tures. The sensitivity of tin oxide is the best at 350 degrees
Celsius, and the sensitivity of indium oxide is the best at
300 degrees Celsius.

5.2. Performance of Carbon Nanotube Materials. According
to Figure 9, the tensile strength, elongation, and Young’s
scale of the original nanomaterials all decreased to varying
degrees, mainly due to the structural defects induced by
the agglomerates in the matrix, resulting in a decrease in
the mechanical energy of the nanomaterials. The improved
agglomerates show an initial decrease in energy, allowing
them to be more uniformly dispersed in the matrix, while
improving the interfacial interaction with the matrix. From
a macroscopic point of view, the elastic modulus is a mea-
sure of the resistance of an object to elastic deformation.
From a microscopic level, as long as it is a factor that can
interfere with the strength of the inspection, it can affect
the elastic modulus.

According to the data in Figure 10, after the nanopar-
ticles are modified, the Young’s modulus and shear modu-
lus of the composite have increased to varying degrees.
And according to Figure 10, it can be seen that with the
increase of the graft ratio, there will be an increasing
trend, and at the same time, the performance of the com-
posite material will decrease with the increase of the drop
of nanoparticles.

6. Conclusions

With the development of science and technology, people’s
production needs are increasing, and traditional computing
power cannot meet the needs of production. Therefore,
optimal computing has become a current research hotspot.
With the gradual deepening of people’s understanding of
natural science, more and more materials are produced.
The purpose of this paper is to study the structure optimiza-
tion of carbon nanotubes based on swarm intelligence
algorithm and evolutionary calculation. Although this paper
discusses the structure and optimization calculation of
carbon nanotubes, there are still shortcomings: when the
single-objective particle swarm optimization algorithm
solves high-dimensional complex problems, it is still easy
to fall into the local optimal solution, and the convergence
accuracy still has a large room for improvement.
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High dimensionality of the feature space is one of the problems in the field of text classification. Identification of optimal subset of
features can optimize text classification process in terms of processing time and performance. In this paper, we propose a novel
Relevant-Based Feature Ranking (RBFR) algorithm which identifies and selects smaller subsets of more relevant features in the
feature space. We compared the performance of the RBFR against other existing feature selection methods such as balanced
accuracy measure, information gain, Gini index, and odds ratio on 3 datasets, namely, 20 newsgroup, Reuters, and WAP
datasets. We have used 5 machine learning models (SVM, NB, kNN, RF, and LR) to test and evaluate the proposed feature
selection method. We found that the performance of the proposed feature selection method is 25.4305% times more effective
than the existing feature selection methods in terms of accuracy.

1. Introduction

Massive amount of information is generated and pushed
into the digital world every second through various sources
such as web pages, blog contents, eBooks, social media con-
tents, and review documents. As the content is increasing
day by day, it becomes difficult to convert the content into
an organized form which causes many problems such as dif-
ficult in searching and lack of summarization. Automatic
text classification is one of the way to efficiently organize
the documents. Supervised machine learning models such
as support vector machines (SVM) [1], Naïve Bayes (NB)
[2], k nearest neighbor (kNN) [3], random forest (RF) [4],

and logistic regression (LR) [5] are very efficient in organiz-
ing content into one or more topics (or classes). There are
wide applications of machine learning in the field of text
classification such as spam detection [6], sentimental analy-
sis [7], and topic classification [8].

There are three stages in text classification known as pre-
processing, feature selection, and final classification. The
preprocessing stage is responsible for formatting and remov-
ing useless words. Stop word removal, stemming, and text
representations are few task performed in the preprocessing
stage. Stop word removal eliminates useless symbols such as
“is,” “was,” “that,” and punctuation marks. Stemming is
responsible for converting all the derived words into its root
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form (e.g., “running” is converted to “run,” and “walked” is
converted to “walk”). Word representing formats the docu-
ment into usable text. Features are identified in this stage.
There are many text representations such as Bag-of-Words
(BoW) [9] and n-gram [10].

A feature is the indivisible atomic unit in a text docu-
ment. A text corpus may contain many documents D = fd1
, d2, dng. Each document contains m number of unique fea-
tures, and the entire text corpus contains k number of
unique features such as F = f f1, f2,⋯, f kg. As the number
of documents increases, the corresponding feature size also
increases which increases the classification complexity,
increases time, and decreases the accuracy. Hence, an opti-
mal subset of F should be found to represent the document
much better and increase the classification performance. The
total number of subset possibility is 2k − 1 (excluding the
null set), so it is not practically possible to brute force all
the combinations; thus, there are various feature selection
algorithms which are aimed at finding out the optimal com-
binations in much easier way.

There are three types of feature selection methods
known as filter based, wrapper based, and embedded based
[11]. Filter-based methods are model independent which
picks the features based on statistical methods like correla-
tion and chi-square. Filter-based methods are faster than
the other two types but it cannot identify the dependency
between the features. Wrapper-based methods are model
dependent that means for each model, separate sets of fea-
tures are selected. Wrapper-based methods use an evalua-
tion strategy to pick the optimal subset. The embedded-
based method combines both the filter based and wrapper
based. Wrapper-based methods inherit both the positives
and negatives of filter and wrapper based.

In this paper, we propose a filter-based feature selection
method called as Relevant-Based Feature Ranking (RBFR)
algorithm which identifies the most important features and
removes irrelevant features from the feature space. The pro-
posedmethod first ranks all the features according to twomet-
rics known as true positive rate (TPR) and false positive rate
(FPR). Then, the features from top TPR are picked; within
the chosen list, the features with high FPR are removed. The
list is appended by the common features selected by odds ratio
(OR), information gain (IG), and chi-square feature selection
methods. We have compared the proposed method with
well-known standard feature selection methods such as bal-
anced accuracy, OR, IG, and Pearson correlation. The main
contributions are listed as follows:

(i) To develop a filter-based feature selection method
which is able to pick the most important features
that could describe the target class better

(ii) To identify and eliminate overlapping or weak fea-
tures that poorly represent the target class

(iii) To utilize the merits of other filter-based methods to
pick correct features

The above-mentioned contributions are aimed at pick-
ing the high rich features that could represent the target class

better than the other features; additionally, the error in the
selected features should be identified and removed to
increase the performance. Moreover, the high features
selected by other filter-based methods are also utilized in
the feature selection process.

The rest of the paper is organized as follows. Section 2
briefs the literature related to feature selection. Section 3
contains the working of the proposed algorithms. Section 4
presents the experimental results and the comparison with
existing machine learning models and with other existing
works. Finally, the conclusion is present in Section 5.

2. Related Works

In this section, we brief the recent works in the field of fea-
ture selection in text classification and list out the compari-
son, merits, and limitations.

A research work done by [12] proposes a feature selec-
tion method that uses correlation between each feature to
the class. They have strengthened the positive features and
weakened the negative features. A margin-based feature
selection is implemented to increase the performance of
the classification. They have evaluated their proposed
filter-based method in thirteen datasets and showed the
superiority over existing feature selection methods.

Feature selection can also be done in many stages. A
work by [13] proposes a three-stage feature selection. In
the first stage, they have incorporated particle swarm opti-
mization to search for optimal features in the feature space.
The second stage, the redundant features are found and
removed from the selected features. The last stage is used
to measure each feature for their significance; if the measure
is too low, they are deleted from the feature space. Thus, one
stage for selecting the features and two stages for removing
irrelevant features are used.

The feature selection proposed by [14] focuses on select-
ing features in two decision levels. In the first level, they have
used learners to find the relevant features. The filtration of
learners is done to find the high confident learners. The
elected learners are allowed to vote in the second level to
pick the most relevant features among the feature space.

Clustering is used for grouping features and picking the
relevant features in a work proposed by [15]. The redun-
dancy and relevancy problems are solved by the clustering
algorithm. A sorting algorithm is used which arranges all
the features in the clustering space. Correlation is the main
metric used in the sorting algorithm to rank all the features.

An embedded based feature selection was proposed by
[16] for classification on Twitter review. As it combines both
filter and wrapper methods, it eliminates the semantic prob-
lem. Transfer learning is used along with filter-based
methods such as information gain, Pearson’s correlation,
and wrapper-based methods such as expectation maximiza-
tion. A weight-based deep learning model is implemented to
test the performance of the proposed method.

The irrelevant and redundant features present in the text
corpus create a negative impact in text classification. A
hybrid filter-based feature selection introduced by [17] com-
bines principal component analysis and information gain. In

2 Journal of Nanomaterials



their experiment, they found that their proposed feature
selection method reduces the dimension of data significantly
by picking the correct feature subset thus reducing the train-
ing time.

A comparison of feature selection was done by [18]; they
have used seven filter-based methods, two wrapped-based
methods, and one embedded-based method to test the sig-
nificance of the classification. Three models artificial neural
network, support vector machine, and random forest were
used in their experiment. Several combinations of feature
selection and classifiers are made, and the most appropriate
subset is found based on the training performance.

Instance selection is the method of selecting/removing
instance. Reducing the number of instances is also one of
the methods to increase the performance of the classifica-
tion. Ensemble methods are also popular in feature selection
such as in [19] where the authors have used both feature
selection and instance selection. Three-feature selection
algorithms along with instance selection are used in their
experiment. Two ensemble-based techniques are used in
the experiment.

Redundancy and dependency identification is generally
good in filter-based methods [20]; a work [21] shows that
mutual information feature selection is effective in finding
correlation between the features and the target class. When
it comes to the fuzzy-based environment, the mutual infor-
mation like other filter-based methods is weak in calculating
correlation and dependencies. They adopted a fuzzy inde-
pendent classification on a fuzzy-based data space; then,
based on the proportion of classification error, they adjust
the fuzzy-based feature selection.

Feature selection is optimized by using genetic program-
ming as mentioned in [22]. A hybrid feature selection is
done by merging multiple filter-based feature selection
methods. A feature construction algorithm is utilized to
optimize the selected features. Nine datasets were used in
their experiment, and the comparison shows that the feature
construction algorithm is effective (Table 1).

From the above-mentioned literature, the feature selec-
tion needs lots of improvement, especially when considering
the relevancy. Thus, we propose a feature selection which is
able to extract the relevant features which improves the effi-
ciency of the text classification.

2.1. Few Existing Feature Selection Methods. This section
presents an overview of three popular feature selection
filter-based methods.

2.1.1. Information Gain. Information gain [28] is a super-
vised feature selection methods which is used to rank the
feature according to the word’s contribution based on its
presence or absence in a particular set of text inputs [29].
IG is calculated as

IG = −〠
m

i=1
P cið Þ log P cið Þ + P tð Þ〠

m

i=1
P ci tjð Þ log P ci tjð ÞP �tð Þ

�〠m

i=1P ci ∣�tð Þ log P ci ∣�tð Þ,
ð1Þ

where m represents the total number of target classes. If
binary classification is used then m value is 2. PðCiÞ
denotes the probability of class i. PðtÞ is the probability
of the word t when t is present in the document, and sim-
ilarly, Pð�tÞ represents the probability of the word t when t
is absent in the document. Pðci ∣ tÞ and Pðci ∣�tÞ are the
conditional probabilities.

2.1.2. Chi-Square. Chi-square [30] is the test of indepen-
dence of a feature with the target class. It is used to measure
how much a term is diverged from its dependent class [31].
CHI is calculated using the formula shown as follows:

CHI = t tp, tp + f pð Þ + veprob
�

+ t f n, f n + tnð Þ + veprob
� �

+ t f p, tp + f pð Þ − veprobÞ + t tn, f n + tnð Þ − veprob
� �

:

ð2Þ

The symbols +veprob and −veprob represent the probabil-
ity of the positive class and the negative class, respectively.

2.1.3. Pearson Correlation. Pearson correlation is one of the
good statistical measures to test the dependence of a feature
towards the target class [32]. It is unaffected by overfitting
[33]. It is calculated by the formula as described as follows:

PC =
Cov X, Yð Þ
σXσY

: ð3Þ

The existing feature selections have lots of problems
such as lack of representation of class unique features, prob-
lems in removing the unless and common features, and
unable to perform negativity test.

2.2. Overall Drawbacks in Existing Feature Selection
Methods. Feature selection is done to reduce the dimension-
ality of features in the dataset. Good features need to be
identified to separate the classes. As the number of features
increases, the complexity of the classifier is also increased;
this creates a need for better feature selection methods [34].

Most existing feature selection methods use a weighted
method such as frequency and distribution; these feature
selection methods fail to pick the class unique features; that
is, when one feature is very specific to one class or few clas-
ses, that feature is very important for a classifier to deter-
mine the class as the classifier feels very easy to identify
the class.

Another problem in the feature selection is many
methods rely on positive test; that is, if a feature is present,
then an appropriate class can be identified; however, nega-
tivity test is also one of the powerful methods to eliminate
weak candidates in the classification. There are only limited
methods for the negativity test.

Combining two or more feature selection methods lets
the classifier enjoys the advantages of multiple feature selec-
tion methods. The existing methods are least focused on
ensembling. Hence, by the use of ensemble technique, the
performance of feature selection can be improved.
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3. Relevant-Based Feature Ranking Algorithms

Feature selection is one of the important steps in text classi-
fication. The existing problem in ranking features is lack of
identification of dependence. A good feature is identified
by the following characteristics:

(i) A feature present in only one class is uniqueness,
and it helps to identify the class correctly

(ii) A feature present in all the classes is not a good sign
to identify a class

(iii) A feature is absent in one or more classes is also
uniqueness, and it helps in negativity test

Consider a sample dataset as described in Table 2. There
are two classes; one class is representing the topic astron-
omy, and other class is representing the topic society. Let
us take the feature “planet” which is a unique feature in
the topic 1; similarly, the feature “marriage” is a unique fea-
ture for the topic 2. The words “people” and “life” are pres-
ent in both the topics. The ACC2 ratings are displayed in the
last column; it is noted that for the unique feature “planet”
and the nonsignificant feature “life” have the same rating,
which is not a good sign for the classification. Hence, the rat-
ing methodology should be optimized to select the rich
features.

The proposed feature selection algorithm takes this
ranking problem in consideration and is aimed at assigning
a rank based on its relevance towards the target class. If the
feature represents the class fully, then high weight is given;
similarly, when the feature is present in almost all the clas-
ses, then it is less likely that the proposed algorithm will pick
this particular feature. The RBFR algorithm works in the fol-
lowing steps:

(1) Rank the features based on TPR-FPR

(2) Within the list, remove the features with low FPR

(3) Merge three filter-based FS algorithm selected
features

(4) Rank the features based on class unique weights

The feature ranks are given based on four metrics known
as true positive (TP), true negative (TN), false positive (FP),
and false negative (FN), which are defined as follows:

(i) TP: if a feature is present in the positive class

(ii) TN: if a feature is absent in the positive class

(iii) FP: if the feature is present in the negative class

(iv) FN: if the feature is absent in the negative class

The rich features for each class are determined by the
ACC2 (TPR-FPR) [35], but there are high chances that the
negative features are also selected alone with the rich fea-
tures. Hence, a second level filtration on the basis of FPR
could remove the weakly represented features.

3.1. Feature Selection Methods. To increase the rate of repre-
sentation, three popular feature selection methods, namely,
information gain, chi-square, and Pearson correlation, are

Table 1: Comparison of recent works related to imbalanced classification.

Reference Technique Methodology Comments

[23] Extreme gradient boosting
Time-, frequency-, and spatial-based features
were extracted by the proposed algorithm.
Random forest is used for classification.

Correlation in time-based features can be
improved. Embedded FS can be incorporated.

[24] Orthogonal least squares

The authors have improved the speed of
fetching the best features using orthogonal least

squares. They have compared mutual
information and other embedded methods.

Multiple correlation coefficient and the
canonical correlation coefficient can be

improved when feature generation and instance
generation methods are used.

[25]
Centroid mutation-based

search

A set of features which can represent a strong
convergence to a set of classes is identified. This
increases the position of classification margin

and reduces the error.

The noisy features can be identified and
removed before finding the strong convergence.

[26]
Balanced pointwise
mutual information

A deep learning model is employed in Twitter
text classification. Special characters like emoji

are used as features to classify tweets.

Spam detection can be implemented to increase
the accuracy.

[27] Term weighting

Most of the feature selection methods just use
frequency. The authors used category

information as additional metric to select
features for classification.

Semantics information can degrade the
performance of the classification.

Table 2: Problems in feature selection.

Feature Class 1 Class 2 TRP FPR
Accuracy measure

(ACC2)

Planet 5 0 0.5 0 0.5

People 1 2 0.1 0.2 0.1

Life 9 4 0.9 0.4 0.5

Marriage 0 9 0 0.9 0.9
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used to extract features. If a feature is selected by at least two
of the feature selection methods, then that feature is also
selected as per equation (4) for classification.

F = F1 ∩ F2ð Þ ∪ F1 ∩ F3ð Þ ∪ F2 ∩ F3ð Þ: ð4Þ

F1, F2, and F3 in equation (4) represent the features
selected by information gain, chi-square, and Pearson corre-
lation, respectively. The details of the feature selection algo-
rithms are briefed in the following subsections.

3.2. Class Unique Features. A feature is important based on
how it represents the class. If a feature is present in only
one class, then the feature is very important because it is
very unique to a class. Similarly, if a feature is present
across many classes, then it is very less important. After
the second level of filtrations, a unique weight is calculated
for each feature. This weight is based on the occurrence of a
feature across various classes. Consider Table 3 which dis-
plays feature wise and class wise frequency, where Fi,j rep-
resents the frequency of feature i in the class j. The first
step is to remove the less class wise frequent term as per
the condition in

〠
i

〠
j

Fi,j >
σ

n
: ð5Þ

The average of all frequency count is calculated, and
the first step is to remove all the entries which have the
frequency less than the average frequency. Then, an
inverse class frequency is calculated to find out whether
a feature is common or rare. A term which is very impor-
tant is then filtered using a threshold value as described in
equation (6), where jCj is the total number of classes in
the classification. FðcÞ represents the number of classes
the feature f represent.

Threshold fð Þ = TF ∗ log
Cj j

F cð Þj j
� �

: ð6Þ

3.3. Machine Learning Models. The proposed feature selec-
tion algorithm is tested using five machine learning
models which are briefed in the following subsections.

3.3.1. k Nearest Neighbor. kNN is the machine learning
models that finds distances between each instance. When a
new sample or instance needs to be classified, the kNN finds
the k closest neighbors from the instance, and the target class
is found by majority voting. Some statistical methods are
used to fix the value of K before starting the classification.
It is better to fix the value of K as odd number. kNN is called
as lazy classifier because it does nothing in the training
phase; the distance calculation and the majority voting are
done only in the classification phase.

3.3.2. Naïve Bayes. One of the most used classifiers in the field
of text classification is Naïve Bayes. This model works with the
probability concept of Bayes theorem. NB groups the instances
based on similarity and determines the class of the new sample
based on how much it is related with each class.

3.3.3. Support Vector Machines. Support vector machines are
the most used classifier in the text classification domain.

Input: F= set of features in the text corpus
Output: S – top N rich features
Begin:
1 For each f in F
2 TPR score = TP/TP + FN
3 FPR score = FP/TN + FP
4 L = {top k1 features with high TPR-FPR score}
5 For each f in L
6 If FPR(f)<TH then
7 Remove f from L
8 F1 = top N features from IG = −∑m

i=1PðciÞ log PðciÞ + PðtÞ∑m
i=1PðcijtÞ log PðcijtÞ + Pð�tÞ∑m

i=1Pðcij�tÞ log Pðcij�tÞ
9 F2 = top N features from CHI = tðtp, ðtp + f pÞ + veprob + tð f n, ð f n + tnÞ + veprobÞ + tð f p, ðtp + f pÞ − veprobÞ + tðtn, f n + tnÞ − veprobÞ
10 F3 = top N features from Pearson Correlation
11 Common Features = ðF1 ∩ F2Þ ∪ ðF1 ∩ F3Þ ∪ ðF2 ∩ F3Þ
Return L ∪ Common Features

Algorithm 1: RBFR.

Table 3: Feature weights.

Feature Class 1 Class 2 Class 3 Class 4

1 F1,1 F1,2 F1,3 F1,4

2 F2,1 F2,2 F2,3 F2,4

3 F3,1 F3,2 F3,3 F3,4

Table 4: Dataset description.

# Dataset name
Number of
documents

Number of
features

1 Reuters [36] 1504 2886

2 WAP [37] 1560 6852

3 20 newsgroup [38] 18828 17425
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SVM can classify both linear as well as nonlinear data. A
support vector is an end point in each class. The SVM model
fixes a linearly separatable margin between the class; this
margin is used to classify the instances.

3.3.4. Random Forest. RF is an ensemble-based classifier.
The RF uses multiple decision tree. The number of DT
is fixed before the start of classification. Each decision tree
receives unique set of input and trained separately. Then,
the output of each DT is used in majority voting to deter-
mine the final class.

3.3.5. Logistic Regression. LR is a special type of classifier
that is used to classify linear data. LR constructs a margin
which separates the classes. The new instances are assigned
a class based on the position where it resides with respect to
the margin.

4. Results and Discussion

We have used three benchmark datasets for evaluating our
proposed feature selection algorithm. Table 3 contains the
descriptions of all datasets.

4.1. Dataset Description. The three datasets contain different
instances, number of classes, and number of features as
shown in Table 4. We have taken random 2500 features
from each dataset for our experiment.

4.2. Performance Evaluation. In order to test the perfor-
mance of our proposed feature selection algorithm, we have
used four standard metrics: accuracy, precision, recall, and
F1-score. The formulas for calculating all the metrics are
shown as follows:

Accuracy =
TP + TN

TP + TN + FP + FN
,

Precision =
TP

TP + FP
,

Recall =
TP

TP + TN
,

F1‐Score = 2 ∗
Precision ∗ Recall
Precision + Recall

:

ð7Þ

All the documents are preprocessed; stemming and stop
word removal are done before the classification; also, a

Table 5: Performance in Reuters.

Feature selection kNN NB SVM RF LR
P R F P R F P R F P R F P R F

CHI 52 55 56 83 60 70 11 67 19 81 96 88 89 78 83

ACC2 56 79 66 77 89 86 60 90 72 83 96 89 73 93 82

NDM 71 80 75 86 90 88 78 96 86 83 77 80 75 86 80

IF 76 67 71 81 98 89 97 85 91 95 87 91 94 84 89

GI 89 88 88 85 74 79 93 81 87 62 94 75 52 71 60

RBFR 64 95 76 93 97 95 94 84 89 95 92 93 91 89 90

Table 6: Performance in WAP.

Feature selection kNN NB SVM RF LR
P R F P R F P R F P R F P R F

ACC2 38 32 35 88 86 87 54 67 60 82 99 90 58 97 73

CHI 83 91 87 87 94 90 94 75 83 94 84 89 7 14 9

NDM 60 88 71 65 94 77 25 22 23 93 47 62 75 87 81

GI 98 74 84 90 84 87 83 93 88 91 98 94 83 52 64

IF 80 88 84 92 87 89 88 96 92 93 97 95 91 81 86

RBFR 91 95 93 94 95 95 86 89 87 97 98 97 68 71 69

Table 7: Performance in 20 newsgroup.

Feature selection kNN NB SVM RF LR
P R F P R F P R F P R F P R F

ACC2 98 64 77 87 94 90 67 70 68 92 91 91 82 86 84

CHI 93 79 85 92 90 91 79 79 79 95 94 94 77 72 74

NDM 97 78 86 92 60 73 92 96 94 74 79 79 59 57 58

GI 81 91 86 99 95 97 91 98 94 95 92 92 80 40 53

IF 90 86 88 84 93 88 86 86 86 96 96 96 95 58 72

RBFR 98 90 94 91 91 91 98 97 97 95 96 96 44 64 52
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Figure 1: The accuracy comparison of kNN in Reuters dataset.
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Figure 2: The accuracy comparison of kNN in WAP dataset.
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Figure 3: The accuracy comparison of kNN in 20 newsgroup dataset.

Table 8: Accuracy comparison.

Model Two stage [39] Noun based [40] RBFR

LR 81.79% 74.91% 87.01%

kNN 85.94% 76.48% 89.6%

SVM 87.12% 81.44% 92.13%

NB 90.31% 87.8% 93.96%

RF 88.32% 88.91% 92.47%
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Figure 4: Continued.
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second level of filtering is done by identifying the frequent
words. The frequent words are features that are present in
almost every document. The datasets are divided as per 10-
fold validation.

The characteristics of the features that are selected by a
feature selection algorithm can be analyzed to test the effec-
tiveness of the feature selection algorithm. If unique features
are selected and high rank is given to those features, then it is
more likely that the performance of the classification will be
good. Similarly, if irrelevant features are assigned higher
ranks, then that will cause very poor performance in classifi-
cation. The proposed feature selection method removes the
high false rates thus provides a way to rank good feature.
This is one of the reasons for the good performance of each
classifier. Along with the ranking, the RBFR also considers
top selected features from three well-known filter-based
methods, and the common features present in them were
selected. The precision, recall, and F1 comparison are shown
in the Tables 5–7 for the datasets Reuters, WAP, and 20
newsgroups, respectively.

From the performance comparison tables, it is clear that
the RBFR method identifies the rich features present in the
corpus and ranks them higher than the irrelevant features.
Precision is one of the good measures to judge a classifica-
tion. It indicates the quality of positive predictions. The
RBFR has higher precision in majority cases while compared
with other feature selection methods.

The ensemble of three filter-based feature selection
increases the chance of selecting high rich features. As the
selected features contain high level features, the classification
using RBFR method is much higher than the classification
done by other feature selection algorithms. Figures 1–3 dis-
play the accuracy of kNN in the three datasets. We have

compared our proposed feature selection algorithm with
other two works, and Table 8 shows the comparison.

The participation of multiple number of features in the
process of classification is one of the important stages as it is
not only responsible for increasing the efficiency of classifica-
tion but also reduces the presence of simultaneous informa-
tion redundancy. To solve the problems which affect the
classification performance, the number of features should be
selected optimally. If the feature size is very high, it increases
the time of training rapidly; also if the size is too small, the
accuracy becomes very low. Hence, the optimal number of fea-
tures is determined by linearly increasing the number of fea-
tures and stop when the performance degradation is observed.

In our experiment, we noticed that the optimal feature
size is 600; after that, the accuracy of the classifiers seems
to reduce. Among the classifiers, random forest seems to
have increased accuracy even after 600; this is because the
random forest can reduce the dimensionality by branching
over the data. Up to 1400, the random forest classifier pro-
duces acceptable accuracy.

From Figure 4, it can be seen that among the existing
feature selection methods, our proposed method outputs
better performance in terms of accuracy, and SVM classifier
produces the best accuracy when the number of features is
600. From the analysis, it can be found that as the number
of features increases, there is a positive fluctuation in the
classification performance. This is because, more sufficient
knowledge can be derived in the training stage to improve
the accuracy of the classification. Information duplication
may arise when the number of features is increased too
much; hence, an optimal count is preferred.

The number of neighbors plays a critical role in classifica-
tion. From Figure 5, it can be observed that as the number of
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Figure 4: The accuracy comparison when the number of features changes: (a) kNN classifier; (b) LR classifier; (c) NB classifier; (d) SVM
classifier; (e) RF classifier.
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neighbor’s increases, the performance also increases, but after
75, the classifier stabilizes. The proposed feature selection pro-
duces better results than the other feature selection methods
because the removal of noise and redundant features.

5. Conclusions

Feature selection is one of the important stages in improving
the performance of text classification. The existing feature
selection methods can identify rich features present in the
text corpus, but still lots of irrelevant features are also selected
which degrades the performance of the text classification. In
this work, we propose a ranking-based feature selection
model which can identify and eliminate the irrelevant fea-
tures from the selection set. We have implemented the pro-
posed feature selection model in three datasets and
compared with five existing filter-based feature selection
methods, namely, ACC2, NDM, CHI, GI, and IG. The
machine learning models used for classification were kNN,
SVM, NB, LR, and RF. The experiment result shows that
NB outperforms the classification task with 93.96% accuracy.
In future work, we aim to rank the features based on its
semantics and implement deep learning-based classification.
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Semiconductor oxide-sensitive materials can be divided into n-type materials and p-type materials according to this characteristic.
The carriers in n-type materials are mainly electrons, which are formed by the existence of a large number of oxygen vacancies in
the material’s crystal lattice. Common n-type materials include SnO2, In2O3, and ZnO. This article is aimed at studying the effect
of SnO2-based composite gas-sensitive materials on the treatment process of volatile organic compounds. In this paper, the
biomembrane method, the ultrafiltration membrane transmembrane pressure difference method, and the chemical reaction
activity analysis method in the membrane treatment detection method are proposed, and then, the empirical kinetic model for
the preparation of SnO2-based composite gas-sensitive materials is established, and the TPU nanometer is analyzed. The cross-
sectional scanning of the composite material explored the effect of the curing agent content on the SnO2-based composite gas-
sensitive material and analyzed the mechanical properties of the material. The experiment in this article uses 15 orders of
magnitude of mechanics, which improves the scientific nature of the article. The experimental results show that the material
modification has a better improvement effect on the film treatment process of volatile organic compounds.

1. Introduction

1.1. Background. With the development and progress of
society, the population of urban areas has expanded, the flow
of motor vehicles has increased, and chemical products have
increased, but they have strong chemical activity. Some
VOCs are also highly toxic and have certain hazards to the
atmospheric environment and organisms. Affected by
changes in the intensity of emission sources and traffic activ-
ities, VOCs exhibit regular daily and seasonal changes. The
literature shows that there is a significant seasonal variation
in the concentration of VOCs, which reaches the highest
value in winter and drops to the lowest value in summer.
Due to the low temperature in winter and the increase in
coal consumption for heating, the increased VOC emissions
increase the concentration level in the atmosphere, and the
high temperature in summer reduces the consumption of
coal and other energy sources. At the same time, high tem-
perature promotes the elimination of some VOCs in the

atmosphere and reduces the level. In addition, in the chem-
ical plant area, VOCs are greatly affected by changes in tem-
perature. Olefin compounds such as isoprene are mainly
derived from the natural emissions of plants, and their
changes show significant characteristics of plant emissions.
However, none of these methods can fundamentally solve
the volatility problem of volatile organic compounds such
as styrene.

1.2. Significance. For the detection of harmful gases, there are
currently two methods: large analytical instruments and gas
sensors. Although large-scale analytical instruments have
the advantages of accurate and high-precision gas detection,
they cannot be the main method for gas detection due to
their high price, inconvenience to carry, and inability to
complete rapid detection. For more than half a century,
through the continuous efforts of scientists, the application
of semiconductor oxide sensors in real life has become more
and more extensive. At the same time, the nanofiber
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material has the advantages of uniform thickness and good
morphology consistency, which reduces the influence of
the morphology on the gas-sensing properties and facilitates
the comparison of the gas-sensing properties of different
materials. However, semiconductor gas sensors still have a
series of problems such as inaccurate gas detection and poor
accuracy. Therefore, it is necessary to develop high-
performance gas sensors to complete the detection of the
types and concentrations of harmful gases.

1.3. Related Work. Volatile organic compounds are an
important air pollutant and have a huge destructive effect
on the human living environment. Zheng et al.’s research
is aimed at evaluating the efficiency of removing volatile
organic compounds (VOC) from process gases in the eastern
Polish food industry plant, which produces high-quality ani-
mals (geese, ducks, and pigs) and vegetable fats using two
phases: method combined with biological purification and
membrane separation. The research was conducted on a
semitechnical scale and compared the effects of traditional
and two-stage biological filtration under the same process
conditions. The concentration of VOC in the process gas is
measured by a multigas detector. In addition, the tempera-
ture and humidity of the gas are determined by a thermal
anemometer under the filter bed, followed by two different
types of filling materials (a mixture of stumps and bark,
and a mixture of stumps, bark, and compost: European
Union and Poland national standard methods) and two
kinds of membranes (using three-layer semipermeable
membrane fabrics with different air permeability and water
tightness) were analyzed [1]. VOC (volatile organic com-
pounds) are mainly produced in workplaces or laundry
shops using spray paint processes or organic solvents.
Large-scale plasma treatment of exhaust gas under industrial
or municipal conditions requires a high-efficiency plasma
conversion process at a high processing speed, that is, a large
volume flow. Due to the use of plasma processing steps, the
integration of the plasma unit into the existing system puts
forward requirements for pipeline system compatibility
and minimum pressure drop. The innovative rotating elec-
trode sliding arc plasma device described in this article can
meet these conditions. The system consists of propeller-
shaped high-voltage electrodes in a grounded metal pipe.
The design of the high-voltage electrode eliminates the pres-
sure drop inside the air system. In contrast, the plasma
device itself can drive exhaust gas with a tube diameter of
20 cm at a volume flow rate of up to 300 cubic meters per
hour. They are composed of various forms of hydrocarbons.
Because of their low concentration, they are diluted in the
atmosphere, so it is difficult to burn directly with traditional
burners. In this research, Sun et al. proposed a new form of
VMDC (volume matrix dump) burner to process this low-
calorie VOC gas. The burner configuration combines the
characteristics of a plasma burner, dump burner, and vol-
ume matrix burner. Therefore, VMDC is configured to
ensure sufficient decomposition temperature and residence
time for stable flame formation and VOC decomposition.
[2]. Although wood-based panels release harmful formalde-
hyde, they are still widely used. In order to protect humans

from exposure to formaldehyde, we have successfully pro-
duced particle board by surface treatment of wood fibers
and the use of unsaturated polyester resin (UP) as a
formaldehyde-free binder. Phenolic (PF) aqueous solutions
are used to treat wood particles to make them more compat-
ible. Wan et al. inspected whether the mechanical properties
of particleboard meet the national standard and M-1 level
(ANSI A208.1-1999). The water absorption test confirmed
the dimensional stability of FF particleboard. The perfor-
mance of PF-treated FF particleboard is several times better
than that of untreated FF particleboard. In addition, the
effect of PF treatment on the adhesion of wood particles
and UP interface was also studied by SEM, DMTA, and con-
tact angle measurement. The results confirmed that PF treat-
ment improved the interfacial adhesion between UP and
wood particles [3]. Although his experimental studies have
improved the interfacial adhesion between UP and wood
particles, the adhesion is still insufficient.

1.4. Innovation. This paper introduces the curing kinetic
parameter algorithm of unsaturated polyester resin, mem-
brane processing detection method, chemical reaction activ-
ity analysis method, and other methods and then constructs
the empirical kinetic model of unsaturated polyester resin,
the preparation of cellulose nanocrystals, and study on the
apparent kinetics of curing of unsaturated polyester resin
and finally analyze the cross-sectional scan of the TPU
nanocomposite, explore the effect of curing agent content
on the gel time of unsaturated polyester resin, and analyze
the mechanical properties of the material. According to the
conclusions obtained after the comparison, the mechanism
of the enhanced gas sensing properties of the composites
and the mechanism of the conductivity type transition were
analyzed.

2. Experimental Method

2.1. Gas Sensor Production. The experiment mainly uses hol-
low ceramic tubes to prepare indirectly heated gas sensors
for gas sensitivity testing [4]. There are two ring electrodes
in the middle of the ceramic tube, and each ring electrode
leads out two pins. Put the metal oxide sensitive material
prepared after the experiment into a mortar, add an appro-
priate amount of deionized water to it, and grind for 15-20
minutes, so that the sensitive material and deionized water
are fully mixed to obtain a paste with good uniformity mate-
rial [5, 6]. Use a brush to evenly coat the polished material
on the middle part of the two electrodes of the ceramic tube,
and the thickness should cover the electrodes. After drying
at room temperature, put the coated ceramic tube in the
muffle furnace, raise it to 300°C at a rate of 2°C/min, keep
it for 120 minutes, and then lower it to room temperature
at a rate of 3°C/min to ensure that the material is firmly
attached to the electrode surface [7]. Pass the heating wire
in the middle of the processed ceramic tube, weld the heat-
ing wire and the ceramic tube to the hexagonal base, aging
in the air at a temperature of 300°C for 1 week, and then
obtain a gas sensor that can be tested [8].
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The static test system consists of air distribution box, DC
power supply, A/D data acquisition card, and computer. The
volume of the gas distribution box is 50 l, which is mainly
used to prepare the required concentration of gas. The DC
power supply is used to provide stable voltage, test voltage,
and heating voltage for the gas sensor. The A/D data acqui-
sition card (model USB7360B) is mainly used to convert the
analog signal obtained by measuring the voltage of the sen-
sitive element into a digital signal and then upload it to the
computer for analysis by the software in the computer.

Since the VOC gas in this experiment is obtained
through the vaporization of the corresponding organic solu-
tion, a heating crucible is equipped in the gas distribution
box, which is to accelerate the evaporation of organic gas,
and it is equipped with a gas exchange device and a test cir-
cuit [9]. During the test, the relationship between the volume
V of the organic liquid to be injected and the gas concentra-
tion c in the gas distribution box is as shown in the formula:

p ∗w% ∗ v
M

=
V ∗ c

22:4 ∗ 273 + Tð Þ/273 : ð1Þ

After simplification, you can get

v =
V ∗ c ∗M ∗ 273

273 + Tð Þ ∗ 22:4 ∗ p ∗w%
: ð2Þ

In the formula, M represents the molar mass of the gas
to be tested, p represents the density of the organic liquid,
w% represents the mass fraction of the component to be
tested in the organic liquid, V represents the volume of the
test chamber, and T is the temperature of the test chamber.
For p-type materials, the expression of the response value S
of the gas

S =
Rg
Ra

=
Ug 10 −Uað Þ
Ua 10 −Ugð Þ : ð3Þ

For n-type materials, the gas response value S can be
expressed as

S =
Ra
Rg

=
Ua 10 −Ugð Þ
Ug 10 −Uað Þ : ð4Þ

In the formula, Ua and Ug are the voltage values of the
tested component measured by the static test system in air
and organic gas, respectively.

2.2. Membrane Treatment and Detection Method

2.2.1. Ultrafiltration Membrane Transmembrane Pressure
Difference Method. The experiment uses the change of trans-
membrane pressure difference as the basis for evaluating the
fouling rate of the ultrafiltration membrane, and the trans-
membrane pressure difference is monitored online by a pres-
sure gauge [10]. The detected water quality data includes the
turbidity, SDI, and CODMn of the incoming and outgoing
water of each processing unit. The surface morphology

changes of ultrafiltration membranes under different opera-
tion modes are analyzed.

In order to explore the pollution mechanism of ultrafil-
tration under different pretreatment conditions, the experi-
ment refers to the Darcy resistance model [11] and
analyzes each part of the resistance generated during the
ultrafiltration process. The formula is as follows:

J = Δp

μ Rm + Rf + Rc

� � =
Δp
μRt

: ð5Þ

Each resistance can be calculated by the following for-
mula:

Rm =
Δp
μjiw

, ð6Þ

Rf =
Δp
μjiw

− Rm, ð7Þ

Rc =
Δp
μj

− Rm + Rf

� �
, ð8Þ

where jiw is the initial membrane water flux, m3/(m2·h) and j
is the membrane water flux after pollution, m3/(m2·h).

Membrane treatment ultrafiltration technology has
broad prospects in the treatment of volatile gases, sewage,
drinking water, and surface water due to its own advantages.
Based on the current problems of ultrafiltration, this
research studies the pollution mechanism of ultrafiltration
membranes to alleviate membrane pollution and reduce
the cost of ultrafiltration. It also compares and analyzes the
current commonly used pretreatment methods to find out
suitable pretreatment methods such as Figure 1 shows the
ultrafiltration device and its simple schematic diagram.

2.3. Chemical Reaction Activity Analysis Method. Although
the content of VOCs in the atmosphere is small, they can
undergo a series of chemical reactions with oxidants such
as OH radicals, HO2 radicals, and O3 in the atmosphere
and play an important role in the elimination of atmospheric
oxidants, thereby affecting the global OH radicals Distribu-
tion. On the other hand, VOCs can interact with NOx in
the atmosphere and have an important impact on the forma-
tion of tropospheric ozone on a regional or even global scale.
VOCs and ozone and other photochemical oxidation prod-
ucts can endanger the health of exposed people. VOCs have
high volatility and also have characteristics such as perme-
ability and lipophilicity. Most of the aromatic compounds
are toxic and harmful substances. Due to the high lipophilic-
ity, these compounds will enter the human body through
respiration and be enriched. People who are exposed to these
low-concentration toxic and harmful pollutants for a long
time will produce chronic hazards. This hazard is often dif-
ficult to attract people’s attention. These pollutants mainly
irritate the eyes and nasal mucosa through contact with the
respiratory mucosa, resulting in chronic bronchitis and
asthma. Physiological dysfunctions such as lung cancer and
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lung cancer aggravate the condition of hypertension and
heart disease.

At present, there are two main methods used to measure
the reactivity of VOCs and their contribution to ozone pro-
duction: First, the reactivity of VOCs species is expressed as

Li
OH = VOCs½ �i × KOH

i : ð9Þ

Calculate the reactivity of each component of VOCs and
then add the LiOH of each species in the component:

LOH =〠 VOCs½ �i × KOH
i , ð10Þ

Φofp = ξMIR × ρ c2 − c12ð Þ: ð11Þ

2.4. Performance Indicators of Gas Sensors. The perfor-
mance of the gas sensor is mainly judged by the following
aspects: the response value of the gas sensor, the working
temperature, the selectivity, the response-recovery time,
the stability, etc.

The response of the gas sensor to the gas to be measured
will be affected by temperature, because the gas to be mea-
sured requires a certain amount of energy to react on the
surface of the gas sensor [12, 13]. When the temperature is
too low, the energy provided is too little, which will result
in too little gas to be measured on the surface of the sensor,
resulting in a relatively low response value; when the tem-
perature is too high, it will lead to waste of energy and even
damage to the device [14]. At a specific temperature, the sen-
sitive element will show the maximum response value of the
gas to be measured, and this temperature is usually called the
optimal working temperature of the element. A lower opti-
mal working temperature or even room temperature opera-
tion is one of the necessary conditions for a sensor with good
performance [15, 16].

Selectivity is obtained by comparing the response value
of the sensor to a specific gas with the response value of
other gases [17]. It is known that the sensitive element will
respond to a variety of gases when working at the optimal
operating temperature, which will cause errors in the mea-
surement. Therefore, it is necessary to prepare components
with good selectivity.

Industrial ultrafiltration device

Laboratory ultrafiltration device

Pressure valve

Nitrogen
pressurized

bottle

Collection
device

Pressure Solute

Principle of ultrafiltration

Membrane

Liquid

Permeate

Figure 1: Ultrafiltration experimental device and principle.
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When it comes into contact with the gas to be measured,
it takes a certain time for the sensitive element to reach the
maximum response value [18]. The time when the initial
state reaches 90% of the maximum response value is usually
defined as the response time; similarly, when it is separated
from the gas to be measured, the sensitive element needs

to be restored. It takes a certain time to restore to the origi-
nal state. Usually, the time from the maximum response
value to 10% of the maximum response value is defined as
the recovery time. Shortening the response-recovery time is
helpful for continuous detection, so the response-recovery
time is also an important parameter of the gas sensor.
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Figure 3: DSC curves of composite gas-sensitive materials at different heating rates.

Table 1: Characteristic temperature of DSC curve (°C).

Β (°C/min) Ti (°C) Tp (°C) Tf (°C)

2 46.8 54.5 62.5

5 65.1 73.1 81.2

10 76.9 91.0 107.2

20 82.6 100.8 125.7

Table 2: Composite gas-sensitive material curing kinetics data.

Β (°C/min) Tp (°C) Tp (K) 1/Tp −ln β/T2
P ln β

2 54.5 327.6 3:053 ∗ 10−3 10.890 0.693

5 73.1 346.3 2:888 ∗ 10−3 10.085 1.609

10 91.0 364.2 2:746 ∗ 10−3 9.493 2.303

20 100.8 374.0 2:671 ∗ 10−3 8.853 2.996

(a) (b)

Figure 2: Transmission electron microscopy (TEM) photo of cellulose nanocrystals (a) 70,000 times magnification and (b) 40,000 times
magnification.
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If the gas sensor is used for a long time or stored for a
long time, its internal structure will change, causing the
resistance to drift when measuring gas [19]. This will cause
problems such as a decrease in the response value, which will
affect the accuracy of the measurement. Therefore, stability
is the decisive factor for whether the gas sensor can be
applied in real life. The performance of these sensors is
mainly determined by the characteristics of sensitive mate-
rials. Therefore, in order to make a gas sensor with good per-
formance, it is necessary to prepare a sensitive material with
good characteristics.

For gas sensors, sensitive materials with good character-
istics must be prepared. The gas-sensing characteristics of

sensitive materials are mainly determined by factors such
as the composition of the material, the morphology of the
material, the porosity of the material, the size of the grain
size of the material, and the specific surface area of the mate-
rial. Therefore, improving the gas-sensing properties of sen-
sitive materials can be achieved through physical
modification and chemical modification.

3. Experimental Inquiry

3.1. Establishment of an Empirical Kinetic Model of
Unsaturated Polyester Resin. The curing kinetics of unsatu-
rated polyester resins can be roughly divided into two
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Figure 4: ln ðβ/T2
PÞ ~ 1/Tp and ln β ~ 1/Tp of the curing reaction of composite gas-sensitive materials.
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categories: empirical kinetic models and mechanism kinetic
models [20]. The former does not consider the specific reac-
tion process between the reactants, but a curing kinetic
model equation established by mathematical simulation of
a series of kinetic parameters measured through experiments
during the curing reaction process. The latter is a curing
kinetic model based on the principle of free radical polymer-
ization. Unsaturated polyester resins include chain initia-
tion, chain extension, and chain termination during the
curing process, which are related to each other, and the reac-
tion is difficult to stay in a certain way. In the first stage, with
many parameters, it is difficult to get a suitable model.
Therefore, empirical kinetic models are more commonly
used to analyze the curing kinetics of unsaturated polyester
resins.

The kinetic model of the n-order reaction model of
unsaturated polyester resin is expressed as

da
dt

= kn 1 − að Þn: ð12Þ

Curing reaction rate equation:

da
dt

= An 1 − að Þn exp −
E
RT

� �
: ð13Þ

The expression of the autocatalytic model is

da
dt

= 1 + k2a
mð Þ 1 − að Þn, ð14Þ

where k1 is the reaction rate constant when t = 0 and k2 is
the reaction rate constant when t > 0, and both conform to
the Arrheriu formula. m and n are the reaction order. Gen-
erally, it is assumed that the reaction order is 2 (i.e., m + n
= 2). Equation (14) is widely used to describe the autocata-
lytic model of isothermal curing behavior of epoxy resin;
afterwards, Ahmed et al. [21] did further research on Equa-

tion (14) and found that when k1 = 0, it can be better used to
study the isothermal curing kinetics of unsaturated polyester
resin; the equation is as follows:

da
dt

= k2a
m 1 − að Þn: ð15Þ

For this equation, there are also many application exam-
ples. Researchers have studied the curing kinetics of unsatu-
rated polyester resin/composite initiation system and BMC
materials and found that the selection of Equations
(9)–(15) can well describe the curing reaction of unsaturated
polyester resin.

3.2. Preparation of Cellulose Nanocrystals

3.2.1. Extraction of Cellulose Nanocrystals. According to
related literature, cellulose nanocrystals (CNs) are extracted
from cotton linters by sulfuric acid acidolysis. The specific
steps are as follows: disperse 20 g of cotton linters in
175ml with a concentration of 30% (v/v) sulfuric acid solu-
tion. The stirring was continued for 6 hours at a speed of
100 rpm at 60°C. After the reaction, the residual sulfonic acid
groups on the surface of CNs were removed. Finally, freeze-
dry at a low temperature of -50°C for more than 3 days. The
CNs from which the distilled water has been removed are
ground to obtain a white powder.

3.2.2. The Acetylation Process of Cellulose Nanocrystals.
Weigh 5 g of CNs in 100ml of anhydrous pyridine to ultra-
sonically disperse for 15min to obtain a CNs suspension.
Place it in a three-necked flask. Then, prepare a mixed solu-
tion of 25ml of acetic anhydride and 20ml of anhydrous
pyridine. Add the acetic anhydride pyridine solution drop-
wise to the CN pyridine suspension through a separatory
funnel to carry out the acetylation reaction. The acetylation
process is carried out in a three-necked flask by condensing
reflux. React at 400 rpm for 5 h at °C. After the reaction, the
product in the three-necked flask was poured into 1 l of

(a) (b)

(c) (d)

Figure 6: (a) GO/TPU, (b) GOE/TPU, (c) GOS/TPU, and (d) cross-sectional SEM image.
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distilled water to terminate the reaction, and the cellulose
nanocrystals were precipitated, washed three times with ace-
tone centrifugal precipitation, and then washed three times
with distilled water. Then, it was dialyzed in distilled water

for 12 hours, and finally, the acetylated cellulose nanocrys-
tals were freeze-dried, and the freeze-dried acetylated cellu-
lose nanocrystals were ground to obtain a white powdery
product (ACN).

Figure 2 shows a transmission electron microscopy
(TEM) image of cellulose nanocrystals (CNs), using sulfuric
acid hydrolysis to remove the amorphous areas in the linters
cellulose and successfully extract CNs. After observation, the
extracted CNs have a rod-like nanomorphology structure.
The length of CNs was measured with the Image-Pro soft-
ware to measure the average size length: length L = 310:1 ±
47:8nm and width D = 18:9 ± 6:2nm.

3.3. Study on the Apparent Kinetics of Curing of Unsaturated
Polyester Resin. When using the DSC method to solve the
curing kinetic parameters of the SnO2-based composite
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Figure 7: The effect of the amount of curing agent on the time of the composite gas-sensitive material was studied.
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sensitive materials.

Table 3: Mechanical properties of the composites.

Sample
Tensile
strength
(MPa)

Flexural modulus of
elasticity (MPa)

Elongation at
break (%)

0 38.42 2020.95 2.117

0.1 57.05 1678.46 4.189

0.25 53.31 1547.16 3.983

0.5 44.68 1721.01 2.896

0.75 45.96 1843.57 2.774

1 34.69 1931.86 1.951
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gas-sensitive material, it is necessary to test the DSC curves
at different heating rates. The test result is shown in Figure 3.

In order to study the curing reaction kinetics of SnO2-
based composite gas-sensitive materials, it is necessary to
solve the kinetic parameters such as the apparent activation
energy (E) and reaction order (n) of the gas-sensitive mate-
rials and use the curing kinetic equation to describe the
parameters and curing conditions. Table 1 shows the charac-
teristic temperature (°C) of the DSC curve. Table 2 shows the
curing kinetics data of the gas-sensitive material.

As shown in Figure 4, in order to achieve the above goal,
linear fitting of the above known points can be obtained: −
ln β/T2

P ~ 1/Tp has a slope of 5:111 ∗ 103 and an intercept
of -4.683, then E/R = 5:111 ∗ 103, ln ðAR/EÞ = 4:683, so that
the activation energy of DHEM50-1 resin system E = 42:48
kJ/mol, frequency factor A = 5:523 ∗ 105. By linear fitting,
it can be known that the slope of ln β ~ 1/Tp is −5:81 ∗
103, then E/nR = 5:81 ∗ 103, since E has been obtained,
substituting can be obtained n = 0:880.

Using the DSC method to solve the kinetics of composite
gas-sensitive materials , the curing characteristic tempera-
ture of composite gas-sensitive materials can be preliminar-
ily estimated. The relationship between temperature T and
heating rate β is T = C + Bβ (°C).

Use T-β to plot and get three different straight lines
through linear fitting. As shown in Figure 5, when β = 0,
the temperature of the composite gas-sensitive material is
51.5°C, the curing temperature is 57.8°C, and the postcuring
temperature is 62.8°C. The above experiment test has no
other fillers, and the dosage is small. Therefore, in actual
production, it needs to be adjusted according to different
situations.

4. Material Performance Analysis

4.1. Sectional Scanning Analysis of TPU Nanocomposite. The
fracture surface morphology of TPU and its composites was

analyzed. Figure 6 shows the fracture SEM images of GO/
TPU, GOE/TPU, GOS/TPU, and GOES/TPU composites
with a filler content of 2wt%. From Figures 6(a) to 6(d), it
can be seen to varying degrees that the fracture surface has
begun to become rough, with wrinkles and gullies appearing,
which indicates that there is a strong interface interaction
between the nanoparticles and the matrix. In addition, the
composite material in Figure 6(d) is the roughest, and it is
magnified to observe that GOES nanoparticles prepared by
the stitching effect of EDA and SiO2 coating can effectively
improve the mechanical properties of TPU. This shows that
this unique stitched and multisize graphene-based material
helps to enhance the interface interaction between the filler
and the matrix.

4.2. The Effect of Curing Agent Content on the Time of
Composite Gas-Sensitive Materials. Figure 7 shows the effect
of curing agent content on the time of the composite gas-
sensitive material. It can be seen from Figure 7 that when
the composition ratio, temperature, and other conditions
of the composite gas-sensitive material remain unchanged,
with the increase of the initiator MEKP and the accelerator
TZ-9, the time of the composite gas-sensitive material grad-
ually shortens, and the time decreases gradually. This is
because the amount of initiator methyl ethyl ketone perox-
ide added is greater than the amount of accelerator cobalt
salt added, so the greater the amount of initiator added,
the more initial free radicals generated per unit time of
methyl ethyl ketone peroxide, and the increase of initial free
radicals can be accelerated resin free radical reactions; these
reactions are exothermic reactions, which will increase the
temperature of the system and accelerate the reaction rate
again; however, the reaction rate of the composite gas-
sensitive material cannot be increased indefinitely. This is
mainly because the content of double bonds in the compos-
ite gas-sensitive material is limited, and these double bonds
can only react with a limited number of free radicals. There-
fore, when the initiator content increases again, the
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Figure 9: Stress-strain curve of graphene oxide/hydroxylated carbon nanotubes synergistically modified composite gas-sensitive material.
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composite gas-sensitive material time will be shortened, but
the downward trend will decrease. When the initiator MEKP
in the DHEM50-1 composite gas-sensitive material is added
in the amount of 0.8-2wt%, the time of the DHEM50-1
composite gas-sensitive material is in the range of 19-28min.

4.3. Mechanical Properties. As shown in Figure 8 in conjunc-
tion with Table 3, the elongation at break and tensile strength
of the material first increase and then decrease.

Figure 9 shows the tensile strength curve of GO-
MWCNTs/EP material. Combined with the data in Table 3,
it can be seen.

As shown in Figure 9, on the other hand, in the GO/EP
system, when the GO content is 0.25wt%, the mechanical
properties of the material are the best, while in the GO-
MWCNTs/EP system, when our GO content is reduced
from 0.25wt%. When it reaches 0.1wt%, it can be seen from
the graph that MWCNTs decreases with the decrease of GO
content. The above experiments all show that the content of
GO will enhance the material to a certain extent and is ben-
eficial to the performance of the material.

5. Conclusions

The environmental effects of volatile organic compounds in
the atmosphere are mainly manifested in their strong chem-
ical activity. These active substances can participate in atmo-
spheric chemical reactions, change the chemical properties
of the atmosphere, and then change the air quality. This arti-
cle mainly discusses the influence of composite gas-sensitive
materials on the treatment process of volatile organic com-
pounds exhaust gas membrane. It is hoped that effective
treatment methods can be explored to reduce the emission
and absorption of volatile organic compounds, so as to
achieve the purpose of protecting the environment and
improving human health. The double bond of the composite
gas-sensitive material can undergo free radical polymeriza-
tion with the double bond in the double bond monomer
molecule as the crosslinking component under light condi-
tions and form a more complex three-dimensional network
structure under thermal initiation conditions. Combination
of volatile organic compounds reduces pollution emissions.
However, as far as the current situation is concerned, the
technology is not perfect enough, and further research and
development are needed. There are many ways to improve
the gas sensing properties. The influence of the composite
materials formed by doping on the gas sensing mechanism
is relatively complicated. The relationship between the het-
erostructures composed of different materials and the gas
sensing properties needs to be further studied.
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Nanotechnology is an alternative material manufacturing technology, and the research field involves a broad field of modern
technology, especially in the field of high-end manufacturing. Nanotechnology is a technique for studying the properties and
applications of materials with structural dimensions in the range of 1 nanometer to 100 nanometers. Medical imaging refers
to the technology and processing process of obtaining internal tissue images of the human body or a certain part of the
human body in a noninvasive way for medical treatment or medical research; the acquired image can be further processed
to restore the original image that was not clear enough to highlight some characteristic information in the image. The
appearance of medical imaging has promoted the development of the medical field. The purpose of this paper is to study
the application of nanoscale microparticle technology in medical imaging diagnosis and treatment. It is expected that the
combination of nanotechnology and medical imaging will improve the accuracy of medical imaging diagnosis. This paper
mainly introduces the general methods and technologies of technical development of medical imaging instruments and
briefly shows the process of data and image analysis. The experimental results in this paper show that when other
conditions remain unchanged, the image quality will change when the quality factor of the image changes. When the
image quality is 60%, the image transmission rate is about 5.5FPS, which is relatively stable and can be used in the
medical field.

1. Introduction

With the continuous rise of science, all fields of society have
developed rapidly, and scientific research has reached the
level of microscopic molecules, providing new possibilities
for scientific research. The development and popularization
of medical imaging technology and the substantial improve-
ment of computer computing power have greatly promoted
the development of medical image processing technology.
With the continuous development of nanotechnology, a
large number of nanomaterials appear in the field of social
production and are widely used in the biological field. When
nanobiology develops to a certain technology, nanomaterials
can be used to make nanobiological cells with recognition
ability, and the biomedicine of cancer cells can be absorbed
and injected into the human body, which can be used for

targeted killing of cancer cells. With the improvement of liv-
ing standards, people pay more and more attention to their
own health. How to combine nanotechnology and medical
imaging technology to improve the level of medical diagno-
sis is a problem that should be considered at present. Since
the development of medical imaging, in addition to X-ray,
there are other imaging technologies. In terms of informa-
tion application, image files and image digitized files can
be exchanged and viewed, and the medical digital image
transmission protocol technology has been developed.

The combination of medical imaging and nanotechnol-
ogy can accurately extract images of lesions, reduce manual
workload, improve image extraction speed, and make diag-
nosis results more accurate. Combining multiple imaging
modes to achieve complementary advantages of each imag-
ing mode is of great significance in biomedical imaging.
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The combination of the two further enhances the digitiza-
tion of hospitals and drives the development of the biomed-
ical industry.

In this paper, an evaluation version of the X-ray medical
imaging diagnostic instrument is designed, which provides
the conditions for the secondary development to realize the
digital acquisition and diagnosis of medical imaging data.
In this paper, an image compression algorithm based on
adaptive truncation coding is proposed, which solves the
problem that excessive coding of unimportant coefficients
brings workload to image compression.

2. Related Work

The broad application of nanotechnology in the biological
field provides the possibility for the development of the
medical field. Image-guided core needle biopsy is an impor-
tant tool in the treatment of musculoskeletal tumors.
Although the diagnostic yield and accuracy of this procedure
are high, nondiagnostic results may occur. Nondiagnostic
CNB results can cause unnecessary anxiety and can lead to
repeat biopsies and delays in treatment. The Chinese name
of CNB is fine needle biopsy, which refers to taking biopsies
from the body for pathological examination, that is, observ-
ing cell morphology and the relationship between cells
under a microscope. Lin et al. believe that understanding
the radiological and histological factors that affect the diag-
nostic rate of CNB in musculoskeletal lesions can help radi-
ologists select lesion sites for biopsy and help manage
physician and patient expectations for biopsy results. Infor-
ming radiologists about the factors associated with low diag-
nostic rates during CNB of musculoskeletal lesions can
improve diagnostic rates, demonstrating that this technique
can be used in diagnosis [1]. Medical imaging is the founda-
tion of child care, and much of the field of medical imaging
relies on ionizing radiation: radiography, fluoroscopy, CT,
and nuclear imaging. Frush and Sorantin believe that many
considerations for this imaging of children differ in terms
of appropriate radiation use, other factors that determine
examination quality, opportunities for participation and
education through the Internet, and translation of research
work. Given these needs, it is imperative to explore the con-
tribution of the pediatric radiology community and its
impact, especially in improving the value of children’s care
[2]. Exposure to low-dose radiation has increased exponen-
tially due to the influx of diagnostic imaging and medical
procedures that use radiation, and this set dose limit essen-
tially limits the use of medical radiation for diagnosis due
to public health concerns. Low-dose radiation refers to ion-
izing radiation with a low energy transfer linear density at a
dose of 100mSv and below, and its main health risk is ran-
dom effects. Rpsgt investigated radiation exposure concerns
in the form of a retrospective review of previous experimen-
tal studies and an observational evaluation of the health
effects of low-dose radiation. These studies show that high
doses of ionizing radiation have toxic effects and increase
cancer risk. Furthermore, the limitations of radiation in
medical imaging are based on the assumption that the health
risk of low-dose radiation is a linear extrapolation of high-

dose radiation [3]. Mobile devices and software now have
sufficient computing power, speed, and complexity to inter-
pret radiology examinations in real time. Venson et al. con-
ducted a multivariate user study exploring image-based
diagnostic capabilities using mobile devices and traditional
workstations. Using CT, MRI, and radiographic datasets,
they performed a task analysis between subjects, showing
that for images from emergency mode, a mobile interface
can provide accurate interpretation and rapid response,
which may benefit patient healthcare [4]. As technology
nodes shrink below 45nm, high power issues have become
a major disadvantage of CMOS logic circuits. Emerging
spintronic nanodevice-based hybrid memory logic architec-
tures have recently been investigated to overcome these
issues. Deng et al. conducted a research on the architecture
design of multicontext hybrid STT-MTJ/CMOS logic struc-
ture. Experimental results show that their advantages and
disadvantages depend on the application being addressed.
Finally, they also propose some design considerations and
strategies to further optimize its reliability performance [5].
Breast cancer is a leading cause of suffering and death in
women. The limitations of current diagnostic and therapeu-
tic approaches have led to new strategies that positively
impact survival and quality of life in breast cancer patients.
Falagan-Lotsch et al. present an emerging approach based
on actively targeted breast cancer nanomedicines. This
approach uses a multifunctional inorganic nanoplatform
with biomedical relevance, and nanotechnology offers real
possibilities for reducing breast cancer mortality through
early cancer detection, more precise diagnosis, and more
effective treatment with minimal side effects [6]. The spread
of antibiotic resistance and the growing prevalence of
biofilm-associated infections are driving the need for new
approaches to treating bacterial infections. Nanotechnology
offers an innovative platform for addressing this challenge
and even has the potential to manage infections involving
multidrug-resistant (MDR) bacteria. Michal and Ehud sum-
marize recent advances in the field of antimicrobial nano-
medicines over the past few years and describes their
unique properties, modes of action, and activities against
MDR bacteria and biofilms and discusses biocompatibility
and commercialization [7]. With the development of nano-
technology, there has been great interest in using nanomed-
icine strategies to enhance the radiation response of tumors.
Nanomaterials containing high-Z elements to absorb radia-
tion rays (such as X-rays) can act as radiosensitizers, depos-
iting radiant energy within tumors and enhancing
therapeutic efficacy. Song et al. believe that nanoscale car-
riers are capable of delivering therapeutic radioisotopes into
tumors for internal RIT or delivering chemotherapeutic
drugs to synergistically combined chemoradiotherapy. As
revealed by recent studies, the tumor microenvironment
can be modulated by various nanomedicine approaches to
overcome hypoxia-related radioresistance. The tumor
microenvironment means that the occurrence, growth, and
metastasis of tumors are closely related to the internal and
external environment of tumor cells. It not only includes
the structure, function, and metabolism of the tumor tissue
but also is related to the internal environment (nuclear and
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cytoplasmic) of the tumor cell itself [8]. Although these the-
ories describe nanotechnology and medical imaging, they
are rarely combined and are not practical.

3. Nanotechnology and Medical Imaging
Diagnostic Methods

3.1. Overview of Nanotechnology. Nanomaterials are mate-
rials with nanoscale structures, which can be divided into
zero-dimensional nanomaterials and one-dimensional
nanomaterials according to their specific dimensions. It has
been asserted that when people can arrange and combine
substances on a very small scale, they will obtain various
novel materials [9, 10]. The change in properties caused by
the ratio of the number of atoms on the surface of the nano-
crystal particles to the total number of atoms increases
sharply with the decrease of the particle size. For example,
when the particle diameter is 10 nm, the particle contains
4000 atoms, and the surface atoms account for 40%; when
the particle diameter is 1 nm, the particle contains 30 atoms,
and the surface atoms account for 99%. Until the end of the
last century, the first International Conference on
Nanoscience and Technology was held in the United States,
which formally combined theoretical research with contem-
porary science and technology, marking the official birth of
nanotechnology [11]. When the size of the material is in
the nanometer level, the number of atoms on the surface
of the material will increase dramatically, which will far
exceed the number of ordinary materials, and the chemical
activity of the material will be greatly increased [12]. At
the same time, nanomaterials are equal to or smaller than
the wavelength of light wave, de Broglie wavelength and
coherence length of superconducting state, and the periodic

boundary of the material is destroyed, resulting in “novel”
optical, electrical, magnetic, acoustic, and thermodynamic
properties. In addition, nanomaterials also have quantum
size effects and macroscopic quantum tunneling effects.
These unique characteristics provide conditions for the
wide-scale application of nanomaterials [13, 14]. Macro-
scopic quantum tunneling is one of the fundamental quan-
tum phenomena, that is, when the total energy of a
microscopic particle is less than the height of the potential
barrier, the particle can still pass through the potential bar-
rier. With the continuous and in-depth development of the-
ory and practice, relatively systematic nanostructures have
been established at present. With the maturity of applica-
tion, the uniqueness of nanomaterials plays a pivotal role
in the fields of biotechnology and advanced manufacturing
[15, 16]. Nanorobots are the most tempting content in the
application of nanotechnology in the medical field. They
can act as miniature doctors in biomedical engineering and
solve problems that are difficult for doctors to solve with tra-
ditional techniques. Figure 1 shows the nanomaterial
structure.

Since the introduction of carbon fiber in the 1960s, it has
become one of the widely used materials for composite
materials due to its excellent characteristics such as high
strength and high modulus and is widely used in the fields
of structural materials and high-temperature materials, and
it has the effect that other materials cannot match [17]. With
the development of nanotechnology, researchers have
applied nanotechnology to composite materials, specifically
carbon fibers, and made them into new nanoreinforced
materials. The material plays a pivotal role in the modifica-
tion of polymer-based materials. In terms of specific func-
tions, polymer-based materials have the advantages of two
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Figure 1: Nanomaterial structure.

3Journal of Nanomaterials



types of polymer materials, so they are nanocomposite mate-
rials with special performance materials [18, 19].

In the middle of the last century, the emergence of
new substances made nanomaterials develop by leaps and
bounds. In the subsequent gradual development, with the
continuous exploration of theories by researchers, the
scope of application of nanomaterials has become more
and more extensive [20]. In recent years, the continuous
improvement of science and technology has forced the
upgrading of traditional materials. Traditional scientific
and technological materials have been unable to meet the
requirements of modern technology due to various func-
tional limitations. New nanomaterials have a lot of room
for development. From the offline situation, the entire
nanomaterials are still in their infancy, and the follow-up
development is still very violent. The focus of the first
stage of development is to accurately control the number
of atoms below 100. The second stage is the production
of nanostructured substances, in which nanostructured
substances and nanocomposites reach practical levels. In
the third stage, it will be possible to mass-produce com-
plex nanostructured substances. At this stage, although
researchers choose different nanomaterials for experi-
ments, so far there is no satisfactory result. In short, nano-
materials are very important functional materials, and the
research and application of their properties still require
continuous research and exploration [21, 22].

3.2. Image Processing Technology. Image processing refers to
the process of analyzing images using computer technology
[23]. Images are the basic tools for perception of the world
and an important source of information for us. The subject
of this article is the diagnosis and treatment of medical
imaging. In the medical field, we often use imaging tech-
niques, such as common B-ultrasound images and electro-
cardiograms [24, 25]. Therefore, it is necessary to focus on
the research of image processing technology. Figure 2 shows
the structure of the common ultrasound system.

In order to understand the information conveyed by the
image, we need to collect data on the entire image. For the
images collected by B-ultrasound, we need to process the

B-ultrasound images because of external environmental
interference during the acquisition process.

h að Þ = k að Þ ∗ gq + f s: ð1Þ

Formula (1) represents the noise model, kðaÞ represents
the original image, hðaÞ represents the actual image, and f s
represents the noise.

h að Þ = k að Þ ∗ gq: ð2Þ

In the process of image processing, if the various points
of the image are connected, the diagnostic information can
be more accurate. In this case, we define the functional
expression of the digital image as

g a, bð Þ =

g 1, 1ð Þg 1, 2ð Þ⋯ g 1, nð Þ
g 1, 2ð Þg 2, 2ð Þ⋯ g 2, nð Þ

⋮

g n, 1ð Þ g n, 2ð Þg n, nð Þ

2
666664

3
777775, ð3Þ

where ða, bÞ represents a floating image point.

Sg a, bð Þ = y Sg g a, bð Þð Þ� �
: ð4Þ

Sgða, bÞ represents the gray value of the target point, g
represents the displacement function of the image, and y
represents the change function of the pixel value. The pre-
mise of pixel value transformation is spatial transformation,
but this transformation does not occur in all cases. Figure 3
is a schematic diagram of image space conversion. When it
changes, the function expression can be described as

Sg a, bð Þ = Sg g a, bð Þð Þ: ð5Þ

When formally transforming the image space, we need to
determine the transformation process, especially the parameter
transformation.We need to find the corresponding relationship

Control system

Signal emission Signal reception Conversion Buffer Deal with Show

Figure 2: Ultrasonic flaw detector structure.
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between the parameters. The main operation process is shown
in Figure 4.

Entropy was originally used to represent the energy dis-
tribution in thermodynamics, and it has also made some
progress in the medical field in recent years. We define its
function expression as

F að Þ = −q〠
m

i=1
ki, ln kið Þ ð6Þ

Among them, ∑m
i=1ki = 1, when k1 = k2 = k3 =⋯km, F

takes the maximum value.

Q að Þ =
ð1
0
Qint að Þ +Qimage að Þ� �

dc, ð7Þ

where QintðaÞ represents the internal energy, and its form is
as follows:

Qint að Þ = 1
4 χ cð Þ a′ cð Þ�� 3 + η cð Þ a″ cð Þ�� 3����� �

: ð8Þ

Among them, χðcÞ and ηðcÞ represent the weight
coefficient.

In the process of image processing, entropy is mainly
used to distinguish the foreground color and the background
color. The main basis for distinguishing the foreground
color and the background color is the gray value, and there
is a big difference in the distribution of the gray value
between the two. We express the expression of gray value
as follows:

D1 að Þ = −q〠
q−1

i=0
ki ln kið Þ, ð9Þ

k ið Þ = g ið Þ
∑q−1

j=0g ið Þ
: ð10Þ

Among them, gðiÞ is the gray value function, q is a con-
stant, and kðiÞ represents the gray value range of 0–1.

Reference 
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Figure 4: Image conversion process.
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Y

Figure 3: Principle of spatial transformation.
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The entropy of the part greater than the threshold q is
expressed as

D2 að Þ = −q〠
255

i=q
ki ln kið Þ, ð11Þ

k ið Þ = g ið Þ
∑255

j=qg jð Þ
: ð12Þ

Among them, gðiÞ represents the gray value function, q is
a constant, and kðiÞ represents the gray value range in q-255.

The sum of the two entropies is

D að Þ =D1 að Þ +D2 að Þ: ð13Þ

When DðaÞ is the largest, the threshold a is the maxi-
mum entropy threshold, that is, the threshold that distin-
guishes the foreground color from the background color.

Q̂ = s ∗ �Q + d ∗Q: ð14Þ

Formula (14) represents a filtering algorithm, which can
suppress the formation of noise. Q̂ represents the image gray
value, and Q represents the pixel gray value.

h a, bð Þ = ∑cdt c, dð Þu a, b, c, dð Þ
∑cdu a, b, c, dð Þ , ð15Þ

u a, b, c, dð Þ = exp −
a − cð Þ3 + j − dð Þ3

χ
+ t a, bð Þ − u c, dð Þk k

χ

 !" #
,

ð16Þ

where χ represents the standard deviation of the intensity of
the Gaussian function and formulas (15) and (16) represent
the double filtering algorithm.

WY að Þ bð Þ =〠
p

t b, kð Þa kð Þ ð17Þ

Among them, tðb, kÞ represents the weight coefficient,
and a and b represent the pixels.

f o, pð Þ =〠 t oð Þ − u pð Þk k3i , ð18Þ

f o, pð Þ =〠k jð Þ t oj
� �

− u pj
� �� �

: ð19Þ

i represents the standard deviation of the Gaussian func-
tion, and the value of kðjÞ is determined according to the
specific Gaussian function.

Smoothing the image is a very common technique. The
gray value is calculated by calculating the weighted average
value of the pixel points. The weighted average value is its
core content, which is defined as

y að Þ = u

∂
ffiffiffiffiffiffi
2π

p e− a−εð Þ2/2∂2 : ð20Þ

Among them, the expected value of the Gaussian distri-
bution is ε, the standard deviation is ∂, and the standard
Gaussian distribution is ε = 0, ∂ = 1.

In practical processing, we often use Gaussian blurred
two-dimensional Gaussian distribution density distribution
function, and its expression is expressed as
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Figure 5: “X-ray” working principle.
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Figure 6: Image processing and diagnosis process.
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H a, bð Þ = 1
2πλ2

e− a2+b2ð Þ/2λ2 , ð21Þ

where λ represents the standard deviation.

3.3. Overview of Medical Imaging Equipment. Science bene-
fits the world. With the continuous development of science
and technology, medical technology is also constantly
improving, and various medical imaging equipment has
begun to be used in the medical field [26]. The “X-ray” we
often hear is a typical imaging device. Due to the difference
in tissue density and thickness of the human body, the X-
ray measurement that passes through the inspected part will
be absorbed to different degrees due to the difference in tis-
sue density and thickness, and the final effect on the screen
or film will be displayed as images with different degrees of
blackening due to different measurement. In the mid-
1890s, scientists discovered a ray that was invisible to the
naked eye but had strong penetrating power during experi-
ments. After continuous exploration, it is found that the
ray can examine the internal mechanism of the object and
display the outline of the internal organs. We can analyze
and judge its health status through images [27, 28]. The
working principle of “X-ray” is shown in Figure 5.

In order to save the image for a long time and use it
more conveniently, we transmit the medical image informa-
tion to the monitor, and the doctor can use the network to
share the image resources and improve the work efficiency.
At the same time, doctors can compare different imaging
data of patients on the same device to improve the accuracy
of diagnosis [29, 30]. When the image resources can be
extracted on the device, the main purpose is to perform fea-
ture extraction; the purpose is to quantitatively analyze the
lesion characteristics extracted in the first step, such as the
size, density, and morphological characteristics of the lesion.
At this time, we abandon the way of storing image data in
the past, which saves management expenses to a certain
extent, and at the same time facilitates access. Figure 6 shows
the image processing and diagnosis flow [31].

4. Application Experiments in Medical Imaging
Diagnosis and Treatment

4.1. Image Processing Data. The image examination per-
formed by the patient in the hospital must be processed to
obtain the information transmitted by the image, and the
doctor can prescribe the right medicine according to the
information. The most important thing in image processing
is to remove noise and signal effects. In fact, different thresh-
olding will give different results, so I was able to experiment
with images for different threshold ranges.

According to the data in Table 1, we have conducted
experiments with different threshold processing schemes.
First, we set the compression index as PSNR. When the
noise parameter is 1.2, the Bayes threshold is 52.93, the hard
threshold is 41.56, and the soft threshold is 37.01. When the
noise parameter is 0.9, the Bayes threshold is 52.03, the hard
threshold is 39.74, and the soft threshold is 36.28. When the
noise parameter is 0.6, the Bayes threshold is 48.72, the hard
threshold is 32.74, and the soft threshold is 34.71. When the
noise parameter is 0.3, the Bayes threshold is 37.22, the hard
threshold is 35.19, and the soft threshold is 32.47. When the
noise parameter is 0.1, the Bayes threshold is 42.63, the hard
threshold is 31.29, and the soft threshold is 28.31. According
to the data, when different noise parameters are selected, the
obtained image effects are different. Generally speaking, the
larger the set range, the higher the threshold simulation
index.

According to the data in Table 2, we set the compression
index as MMSIM to conduct experiments with different
threshold processing schemes. When the noise parameter
is 1.2, the Bayes threshold is 0.998, the hard threshold is
0.993, and the soft threshold is 0.982. When the noise
parameter is 0.9, the Bayes threshold is 0.995, the hard
threshold is 0.984, and the soft threshold is 0.982. When
the noise parameter is 0.6, the Bayes threshold is 0.992, the
hard threshold is 0.977, and the soft threshold is 0.973.
When the noise parameter is 0.3, the Bayes threshold is
0.989, the hard threshold is 0.964, and the soft threshold is
0.947. When the noise parameter is 0.1, the Bayes threshold

Table 1: Comparison of simulation results of PSNR image
processing.

Simulation metrics
Category

1.2 0.9 0.6 0.3 0.1

Bayes threshold 52.93 52.03 48.72 47.22 42.63

Hard threshold 41.56 39.74 37.24 35.19 31.29

Soft threshold 37.01 36.28 34.71 32.47 28.31

Table 2: Comparison of simulation results of MMSIM image
processing.

Simulation metrics
Category

1.2 0.9 0.6 0.3 0.1

Bayes threshold 0.998 0.995 0.992 0.989 0.984

Hard threshold 0.993 0.984 0.977 0.964 0.943

Soft threshold 0.982 0.982 0.973 0.947 0.921

Table 3: Imaging-related indicators.

Group 1 2 3 4

Number 65 60 80 70

Angle of abduction (°) 41 38 42 39

Proportion (%) 85 90 88 89

Anteversion angle (°) 22 18 17 19

Proportion (%) 76 88 87 89

Table 4: Image evaluation index analysis.

Projects Clarity Resolution

Group 1
Experimental group 17 0.9

Original image 11 1.3

Group 2
Experimental group 16 0.9

Original image 11 1.3
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is 0.984, the hard threshold is 0.943, and the soft threshold is
0.921. According to the data, the optimal parameters can be
selected according to different requirements during image
noise reduction.

4.2. Imaging-Related Indicators. With the continuous devel-
opment of science and technology, medical technology is
also constantly improving. The development of imaging
technology has promoted the progress of medical level.
Based on this, we have briefly analyzed the relevant indica-
tors of imaging. The details are as follows.

According to the data in Table 3, the abduction angle
of the first group is 41°, the proportion in the safe area is
85%, the anteversion angle is 22°, and the proportion in
the safe area is 76%. The second group had an abduction
angle of 38°, 90% in the safe zone, and an anteversion
angle of 18°, which was 88% in the safe zone. The third
group had an abduction angle of 42°, 88% in the safe zone,
and an anteversion angle of 17°, which was 87% in the

safe zone. The fourth group had an abduction angle of
39°, 89% in the safe zone, and an anteversion angle of
19°, which was 89% in the safe zone.

4.3. Image Evaluation Metrics. After image processing, it
needs to be evaluated; we usually use resolution and sharp-
ness. In order to explore the effect of image processing, we
compare and analyze the indicators of the processed image
and the original image. The details are as follows.

According to the data in Table 4, we have conducted
two sets of experiments when evaluating the image quality,
and the clarity of the original image has reached level 11,
and its resolution is 0.9. The first group of processed
images has a sharpness of 17 levels and a resolution of
0.9. The second group of processed images has a sharpness
of 16 levels and a resolution of 0.9. According to the data,
the sharpness of the processed image is obviously
improved, but the resolution is decreased, but in actual sit-
uation, it does not affect the diagnosis result. It can be
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seen that the processed image is helpful for medical diag-
nosis [32].

5. Application Analysis of Medical Imaging
Diagnosis and Treatment

5.1. Transmission Image Quality Factor System Performance
Evaluation. Image quality is an important factor affecting
doctors’ diagnosis results, and the dynamic adjustment of
image quality factors during image transmission has an
important impact on image quality. When the user zooms
and rotates the image, the original quality of the image will
be reduced. For this reason, we briefly analyze the quality
factor of image transmission. The details are as follows.

According to the data in Figure 7, we have carried out
experimental analysis on the quality factor MPR frame
rate in different ranges. At this time, the network environ-
ment of image transmission, network morbidity and image
output device are all the same. In this case, we found that

when the quality factor is 40%, the image transfer rate is
7.6FPS for the first time, 5.1FPS for the second time,
and 7.5FPS for the third time. The image transmission
rate of the fourth time is 6.4FPS, the image transmission
rate of the fifth time is 7.2FPS, the image transmission rate
of the sixth time is 7.7FPS, and the image transmission
rate of the seventh time is 4.2FPS. When the quality factor
is 50%, the first image transfer rate is 5.9FPS, the second
image transfer rate is 4.6FPS, and the third image transfer
rate is 7FPS. The image transmission rate of the fourth
time is 5.4FPS, the image transmission rate of the fifth
time is 6.6FPS, the image transmission rate of the sixth
time is 7.2FPS, and the image transmission rate of the sev-
enth time is 4.1FPS. According to the data, the smaller the
image quality factor is, the larger the image transmission
rate is generally, but the image transmission rate will fluc-
tuate during the same type of transmission process.

In order to prevent the chance of the experimental data,
we used different quality factors to carry out the comparison
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experiment again. According to the trend of the experimen-
tal data, when the quality factor is 70%, the first image trans-
mission rate is as high as 6.2FPS, and the subsequent
transmission rate drops sharply. When the quality factor is
60%, its image transfer rate remains the same as in the pre-
vious experiment. It can be seen that the smaller the image
quality factor is, the larger the image transmission rate is
generally, but when the quality factor is 60%, the level is rel-
atively middle [33].

According to the data in Figure 8, we have conducted
experimental analysis on the quality factor of DVR frame
rate in different ranges. At this time, the network environ-
ment of image transmission, network morbidity and image
output device are all the same. In this case, we found that
when the quality factor is 40%, the image transfer rate is
11.7FPS for the first time, 9.6FPS for the second time, and
10FPS for the third time. The image transmission rate of
the fourth time is 9.5FPS, the image transmission rate of

the fifth time is 12FPS, the image transmission rate of the
sixth time is 9FPS, and the image transmission rate of the
seventh time is 12.6FPS. When the quality factor is 50%,
the first image transfer rate is 10.3FPS, the second image
transfer rate is 9.2FPS, and the third image transfer rate is
9.5FPS. The image transmission rate of the fourth time is
9.3FPS, the image transmission rate of the fifth time is
11.4FPS, the image transmission rate of the sixth time is
8.5FPS, and the image transmission rate of the seventh time
is 11.3FPS. According to the data, the smaller the image
quality factor, the larger the image transmission rate, but
the image transmission rate will fluctuate during the same
type of transmission, which is the same as the MPR frame
rate test result.

Similar to the DVR frame rate experiment, we conducted
a second experimental comparison of DVR frame rate mea-
surements. According to the data results, when the quality
factor is 70%, the fluctuation of the image transmission rate
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is too large, which is not suitable for image transmission.
Secondly, according to the data, it can be found that when
the quality factor is 60%, the fluctuation of the image trans-
mission rate is small, which is suitable for image
transmission.

5.2. Image Processing Performance Analysis. With the con-
tinuous development of imaging technology, medical imag-
ing examination has become an indispensable inspection
method in hospitals, providing strong support for clinical
diagnosis and diagnosis. In order to explore the performance
of image processing, we analyzed different situations of the
image, as follows.

According to the data in Figure 9, this experiment
retrieves the validity of medical images. When the usage rate
of Fc1 was 22%, the image efficiency rate was 70%, and when
the usage rate was 25%, the image efficiency rate was 69%.
When the usage rate is 28%, the image efficiency rate is

68%, and when the usage rate is 31%, the image efficiency
rate is 67.3%. When the usage rate is 34%, the image effi-
ciency rate is 67%, and when the usage rate is 37%, the image
efficiency rate is 60%. When the usage rate of Fc2 was 22%,
the image efficiency rate was 68%, and when the usage rate
was 25%, the image efficiency rate was 68.3%. When the
usage rate is 28%, the image efficiency rate is 68.1%, and
when the usage rate is 31%, the image efficiency rate is
67%. When the usage rate is 34%, the image efficiency rate
is 66.5%, and when the usage rate is 37%, the image effi-
ciency rate is 60%. According to this data, there is no signif-
icant difference in the imaging efficiency between Fc1 and
Fc2.

When the usage rate of Fc3 was 22%, the image effi-
ciency rate was 68%, and when the usage rate was 25%, the
image efficiency rate was 65.7%. When the usage rate is
28%, the image efficiency rate is 65.6%, and when the usage
rate is 31%, the image efficiency rate is 65%. When the usage
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rate is 34%, the image efficiency rate is 64.5%, and when the
usage rate is 37%, the image efficiency rate is 64.1%. When
the combined use rate of Fc1 and Fc3 was 22%, the imaging
efficiency rate was 73%, and when the utilization rate was
25%, the imaging efficiency rate was 74.6%. When the usage
rate is 28%, the image efficiency rate is 72%, and when the
usage rate is 31%, the image efficiency rate is 71%. When
the usage rate is 34%, the image efficiency rate is 70.7%,
and when the usage rate is 37%, the image efficiency rate is
68.3%. From this data, it can be seen that when Fc1 and
Fc3 are used in combination, the imaging efficiency is greatly
improved.

5.3. Image Size Data Evaluation. In addition to the transmis-
sion rate and the image quality factor, the image quality is
also related to the size of the image itself. For this reason,
we have analyzed images of different sizes. The details are
as follows.

According to the data in Figure 10, we have conducted
quality assessment on images of different data sizes. When
the image is 110M, the frame rate of the first test of the
image is 13.2FPS, and the frame rate of the second test of
the image is 12.7FPS. The frame rate of the third test of
the image is 14.2FPS, and the frame rate of the fourth test
of the image is 14FPS. When the image is 200M, the frame
rate of the first test of the image is 8FPS, and the frame rate
of the second test of the image is 7.8FPS. The frame rate for
the third test of the image was 8.2FPS, and the frame rate for
the fourth test of the image was 8.8FPS. When the image is
300M, the frame rate of the first test of the image is
6.4FPS, and the frame rate of the second test of the image
is 6FPS. The frame rate for the third test of the image was
5.7FPS, and the frame rate for the fourth test of the image
was 6.2FPS. When the size of the image data is the same,
the DVR and MPR transmission rates of the images are quite
different. According to the data, the size of the image data
has a great influence on the image quality.

6. Conclusions

With the continuous progress of science and technology, the
combination of science and technology and medical treat-
ment has become the general trend. The continuous devel-
opment of nanotechnology provides conditions for the
development of the medical field. The purpose of this paper
is to study the application of nanoscale microparticle tech-
nology in medical imaging diagnosis and treatment. It is
expected that the combination of nanotechnology and med-
ical imaging will improve the accuracy of medical imaging
diagnosis. Although this paper has carried out some research
on this basis, there are still some problems: the image pro-
cessing method is very successful in the edge detection of
the low-frequency part of the image, and the scale factor
can be accurately calculated, but the sensitivity to the high-
frequency part of the image is weak.
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With the development of people’s living standards, the growing prosperity of the motherland, the traditional culture has been paid
more and more attention, and traditional martial arts as a part of traditional culture is not only good for viewing but also
strengthens the body, so it has been loved by many people. Traditional martial arts training is a high-collision, injury-prone
sport, and making a good buffer protector can improve the safety of martial arts trainers and reduce the concept or degree of
injury to athletes. Nanomaterials are materials produced by nanotechnology that are extremely small in one-dimensional, two-
dimensional, or even three-dimensional directions, and are several nanometers long in at least one direction. The purpose of
this paper is to study a new type of nanomaterial with buffering effect, so as to understand the actual protective effect of body
protectors made of this material on martial arts trainers. In this paper, a net-like plant fiber nanobuffer material is proposed,
and the relevant mechanical experimental tests are carried out on the material. According to static tensile experiments, the
mesh nanofiber material can withstand a pressure of 1.2 million Pa under 90% strain, while ordinary fiber materials can only
withstand a pressure of 700 thousand Pa under 80% strain. And the resilience of the mesh nanofiber material reaches 1.8mm/
s, while the maximum of ordinary fiber material is only 0.6mm/s, which means that the protective gear made of mesh
nanofiber material can significantly improve the stress bearing capacity of the protective gear and improve the rebound effect.

1. Introduction

With the development of science, technology, and industry,
nanomaterials have become important materials used in many
fields, and the protective ability of nanomaterials has become
a concern in all kinds of intense sports or training venues. Espe-
cially in the training of martial arts, trainers will be subjected to
various shocks, and the degree of shock is also different. These
shocks will lead to changes in the trainer’s athletic state, and
serious injuries will lead to fractures of athletes. In order tomin-
imize the injury of personnel during the training process, it is
necessary to select appropriate buffer nanomaterials as body
protectors to achieve the effect of buffering and antiseismic, so
as to protect the trainers and avoid serious injuries to the
trainers during the training process. Generally, an appropriate
buffer pad is added to the protective gear to absorb the impact
energy of the outside world on the product, so as to achieve
the buffer effect and protect the trainer. The foammaterial used

to reduce shock and vibration during martial arts training is the
buffer. The whole product and package are called protective
gear, and the buffermaterial in the buffer system plays a decisive
role. The function of martial arts is not only limited to fighting
but also has dance, art, technology, maintenance, health, gover-
nance, and other categories. However, due to historical reasons
and social development factors, traditional martial arts have
developed to today, and its functions have included fitness,
health preservation, competition, and fighting. The most com-
mon ones are performance and display [1].

In martial arts training, the buffer material plays a very
important role in protecting the human body and can
greatly avoid personal injury. Therefore, it is very necessary
to conduct in-depth research on buffer materials. For the
research on protective gear of nanomaterials, some scholars
have published relevant academic articles on it. Among
them, Jung et al. identified potential nucleophiles that could
be incorporated into PIMs by quantitatively comparing the
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reactivity of multiple small-molecule nucleophile scaffolds as
organophosphate scavengers. Jung et al. provided new
insights into PIM as a reactive material for CWA decontam-
ination and its potential use in protective gear [2]. Heinze
and Carastan investigated the effects of fumed silica content,
ultrasonic energy used during silica particle dispersion, and
humidity during storage to analyze the performance changes
of STF. In stable samples, water uptake results in a substan-
tial loss of maximum viscosity. Humidity on the sample
reduces the overall viscosity but does not prevent the sample
from turning into a gel if the parameters used cause the STF
to become unstable. Shearing STF reduces its maximum vis-
cosity, more so in higher viscosity samples [3]. Cerium oxide
nanoparticles (CeNPs) have been shown to have antioxidant
capacity. However, their efficiency in scavenging reactive
oxygen species (ROS) and their underlying mechanisms
remain unclear. Filippi et al.’s study found that ceria nano-
particles (CeNPs) and nanorods (CeNRs) exhibited stronger
scavenging activity than OH generation in phosphate-
buffered saline (PBS) and alternative lung fluid (SLF). These
insights are important for understanding the redox activity
of cerium nanomaterials and providing clues to the role of
CeNPs in biological and environmental processes [4].
Rzayev highlighted the ability of molecular bottle brushes
as highly tunable building blocks for the creation of nano-
structured materials through molecular templating, solution
polymerization, and melt self-assembly. Rzayev also high-
lighted recent achievements in the synthesis of discrete
nano-objects, micellar structures, and periodic nanomateri-
als from bottlebrush copolymers and briefly discussed future
opportunities in this field of polymer science [5]. Zheng et al.
first described the mode of action of silver nanoparticles (Ag
NPs) in disrupting bacterial cell outer membranes and their
intracellular components, then allowing them to exhibit
broad-spectrum antibacterial effects. Zheng et al. next
invented an emerging high-efficiency antibacterial agent,
ultrasmall silver nanoclusters (Ag NCs). Ag NCs are ultra-
small NPs with core size less than 2nm, and they contain
‘countable’ Ag atoms as cores and protected by a certain num-
ber of organic ligands. The atomically precise properties of Ag
NCs provide a good platform for designing and manipulating
Ag NCs at the atomic level to achieve optimized antibacterial
efficacy, which is also beneficial for antibacterial mechanism
research [6]. The effects of adding anatase nano-TiO2, nano-
SiO2, etc. on the crystallization and morphology of C-S-H
were systematically studied by Li H experiments. Further
characterization was carried out by microscopy to investigate
the effect of nanomaterials on the C-S-H morphology. Differ-
ent nanomaterials have different C-S-H morphologies. Pure
CSH is sheet-like structure, nano-TiO2 is CSH and rod-like
structure, nano-SiO2 is CSH and particle agglomeration, and
C-S-H and GO or CNT form a C-S-H structure grown on a
template [7]. Although the above studies have promoted the
research and application of nanomaterials to a certain extent,
most of them are in the field of theoretical chemical reactions,
and there are relatively few physical analyses of the buffering
properties of nanomaterials. Therefore, this paper has impor-
tant value and significance for the research on the body pro-
tector of buffer type nanomaterials.

The innovations of this paper are as follows: A new type
of mesh plant fiber nanomaterial is proposed as a buffer pro-
tector, which has better buffer performance and can protect
the key body parts of traditional martial arts trainers. And
the relevant mechanical experiments were carried out on
the nanomaterials, and the specific data obtained were used
as the basis to make the results more credible.

2. Based on Buffered Nanomaterials

2.1. Buffered Nanomaterials

2.1.1. Nanotechnology and Nanomaterials

(1) Definition

The so-called nanotechnology refers to the general term
of the manufacturing technology whose processing accuracy
or processing size is one order of magnitude. The lattice
spacing of metal crystal lattices is about 1 to 100 nanometers,
so the precision of nanofabrication has reached the limit.
Nanotechnology includes a variety of advanced science and
technology, such as nanomaterials, nanofabrication, nanotri-
bology, nanometer measurement, nanocontrol, nanoelectro-
nics, nanomicroscopy, nanobiology, and a number of high-
tech groups. Among them, bionanotechnology is a bottom-
up molecular self-assembly strategy, and molecular compo-
nents will spontaneously organize into stable structures [8,
9]. A schematic diagram of nanotechnology is shown in
Figure 1.

Nanomaterials are materials that have at least one
dimension in three-dimensional space on the nanometer
scale (1-100 nm), nanomaterials are the basic units built
around them. This corresponds to a dense scale of about
10 to 1000 atoms [10, 11].

(2) Characteristics of nanomaterials

Nanomaterials are some low-dimensional materials, and
nanomaterials can be single crystal, polycrystalline, crystal
structure, quasicrystalline or amorphous phase, glassy,
metal, ceramic, oxide, or composite material [12, 13]. The
manufacturing methods of nanomaterials include general
artificial methods, artificial nanomaterials, reduction of
single-phase products, heat treatment, and natural nanoma-
terials. Table 1 shows the characteristics of nanomaterials
with different diameters.

(3) Classification

Nanomaterials can be mainly divided into nanoceramics,
bulk, fibers, and powder materials according to their proper-
ties, as shown in Figure 2.

There is also a particularly familiar nanomaterial: nano-
membranes, which are often used in cellphone screens or fil-
ters. Nanofilms are divided into particle films and dense
films. Particle films are thin films of nanoparticles with very
small gaps between them [14, 15]. The dense film is a thin
film having a dense film layer with a particle size of nanome-
ter scale. Nanomembrane can be used for gas catalysis (such
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as automobile exhaust gas treatment) materials, filter mate-
rials, high-density magnetic recording materials, photosensi-
tive materials, flat panel display materials, superconducting
materials, etc. [16], as shown in Figure 3.

(4) Application fields of nanotechnology

At present, nanotechnology is widely used in many
industrial, medical, energy, environmental protection, home
and military fields, as shown in Figure 4.

2.1.2. Buffer Material. Buffer materials, as the name suggests,
are elastic materials with a cushioning effect. At present,
most of the research on cushioning materials is in the
aspects of colloid, cotton, wool, leather, plant fibers, and
mixed cushioning materials. The more typical ones are
foamed polyethylene, foamed aluminum, cardboard fibers,
etc., as shown in Figure 5. As a new type of environmental
protection material, foamed polyethylene is more and more
widely used in many fields, which has attracted the attention
of many researchers on its cushioning, protection, and other
properties. Due to its special electromagnetic shielding per-
formance, sound insulation performance, sound absorption
performance, energy absorption performance, vibration iso-
lation, and damping performance, foamed aluminum mate-
rials are widely used in military equipment, shipbuilding,
trains, automobiles, tunnel engineering, construction, and
other industries. Waste paper fiber belongs to plant fiber,

so the basic principle of using it as the main raw material
to prepare buffer material is the same as the current domes-
tic and foreign researchers using plant fiber to prepare buffer
material. In both of them, the fiber material is mixed with
other additives, and foaming is formed by the action of the
foaming agent [17, 18].

The chemical theory of a plant fiber, the concept of liq-
uid foaming, and the associated theory of surface chemistry
are used to produce the network structure of the reticulated
plant fiber material [19]. The key is to first use the pressure
difference between the inside and outside of the bubble to
form a cavity inside the material, that is, to “squeeze” the
space out of the solution, while “squeezing” the space, let
the fibers adsorb around the bubble and gather into “arches.”
In order to make the material have the necessary physical
and mechanical properties, the fibers should be connected,
and before this, the “arch” fibers must be “oriented.” Under
the combined action of hydrogen bonds and adhesives, an
effective and stable connection between fibers is formed.
When the solution is excluded, it becomes an ultralight-
weight material with a plant fiber network structure that
meets various properties. Figure 6 is a schematic diagram
of the internal structure of the material similar to the “truss
structure.” The truss in the truss structure refers to the truss
beam, which is a latticed beam structure. The truss structure
is often used in public buildings such as large-span work-
shops, exhibition halls, gymnasiums, and bridges. Since most
of them are used in the roof structure of buildings, trusses
are usually also called roof trusses [20]. Plant fibers consti-
tute “truss members,” and the connection points between
fibers with rubber compound constitute “truss nodes” [21].

2.2. Traditional Martial Arts. Traditional martial arts is a
wonderful flower in Chinese history. It is deeply rooted in
the fertile soil of Chinese culture. After thousands of years of
development and precipitation, it is an important part of Chi-
nese culture. Chinese martial arts can survive for thousands of
years and maintain an active development trend. It is

�e science and technology of
making substances with single atoms and

molecules, and studies the properties
and applications of materials with a

structure size in the range of 1to100 nanometers

Nanotechnology

Figure 1: Schematic diagram of nanotechnology. Image source: https://www.sohu.com/a/415689238_120779191.

Table 1: Characteristics of nanomaterials with different diameters.

Diameter/
nm

Total number of atoms
N

Percentage of the surface
atoms

1 30 100

5 4000 40

10 30000 20

100 3000000 2
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Nano powder also
known as ultrafine powder,
generally refers to powder

or particles with particle size
below 100 nanometers

Nanofibers
refers to a wire-like

material with a diameter on the
nanometer scale and a large length

(a)

Nano-block
a nano-grain material obtained
 by high-pressure molding of
nano-powder or controlled

crystallization of metal liquid

Nano ceramics
using nano-powder to modify
existing ceramics, by adding or
generating nano-scale particles,
whiskers, wafer fibers, etc. into

the ceramics, the grains, grain boundaries
and the combination between them all

reach the nano-level

(b)

Figure 2: Common Nanomaterials. (a) Nanopowders and fibers. (b) Nanobulk and nanoceramic. Image source: http://www.ex-dna.com/a/
news/company_news/151.html. Image source: http://www.520730.com/wanwuzhi/shoucang/530333.html.

Dense film

Particle film

Figure 3: Nanofilm. Image source: https://www.smzdm.com/p/13577501/.
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fundamentally because it has rich traditional cultural connota-
tions inside. However, in modern times, with the emergence
and rapid development of Chinese competitive martial arts,

the traditional connotation of martial arts has gradually
become blurred, and especially the fighting ability, which is
the essence of martial arts, has gradually faded out of people’s

Nanotechnology

Information

Military Home

Energy
Environmental friendly

Figure 4: Applications of nanotechnology.

Foamed polyethylene

Foamed aluminum

Figure 5: Buffer material. Image source: https://www.foodjx.com/chanpin/5042386.html.
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attention, which has greatly misled people’s understanding of
martial arts. Due to the requirements of “high, difficult, new,
and beautiful” put forward by competitive sports, in order to
pursue the ranking and performance of the competition, tradi-
tional martial arts also excessively pursue the elegant move-
ments and ignore the cultivation of its exercises, which has
led to the fading of the cultural connotation of traditional mar-
tial arts. Figure 7 shows two traditional martial arts well
known in China [22].

Tradition is to standardize and model a certain material-
ized spirit, so that living life can be condensed into rigid con-
cept. It also restricts the life and practice of future
generations, and becomes an example of their words and
deeds. A “tradition” must have the following characteristics
to be called a tradition. First, it has a long time span (time
characteristics), and secondly, it has strong spatial binding
force (regional characteristics), and thirdly, there are specific
audiences (population characteristics). Traditional martial
arts can be defined as follows: Chinese national fighting
sports with a long history of development before modern
China, with certain regional characteristics and practice
crowds. Martial arts is a national sports event produced
under the background of Chinese farming society, with tac-
tical movements as the main content, routines, exercises,
and fighting as forms of expression, focusing on both inter-
nal and external training. In terms of its time logic, tradi-
tional martial arts mainly refers to the martial arts before
the old China, and it is the folk martial arts in the cold
weapon era of ancient China. However, people only define
traditional martial arts by time, which largely confuses the
value and function characteristics of traditional and nontra-
ditional martial arts. According to the value of martial arts,
traditional martial arts and competitive martial arts corre-
spond, but this ignores the existence of military martial arts,
and only distinguishes them from the perspective of West-
ern sports, and limits the value of traditional martial arts
to the category of sports. Therefore, traditional martial arts
exist not only in ancient times but also in modern times. It
is developed by working people’s long-term practice and
accumulation. It has far-reaching implications and a long
history. It takes traditional Chinese culture as the theoretical
basis and takes offensive and defensive skills as the main
purpose of activities. It combines physical fitness, self-
defense, entertainment, and aesthetics, and it is a physical
exercise with strong national traditional characteristics

[23]. Table 2 is a comparison of the force methods of differ-
ent types of boxing in traditional martial arts, and Table 3 is
a comparison of the force methods of different boxing
methods of the same type.

From Tables 2 and 3, it can be seen that for different
martial arts, their moves are different, the force is also differ-
ent, and the parts of the force used in battle and the strength
and parts of the blow are different. Therefore, it is necessary
to wear protective gear for important parts of the human
body to prevent serious injury.

2.3. Body Protector. According to the relevant regulations of
the General Administration of Sports of the People’s Repub-
lic of China, the national and provincial competition rules
for traditional martial arts include head guards, clothing,
leg guards, guards, thin belts, and mouth guards. When
these basic protective gears are used, none of them can par-
ticipate in the competition, and they must pass the security
check before the competition and stamped with the seal
before they can be used during the competition. However,
judging from the current domestic competition scene, pro-
tective gear and other equipment are rarely used. One team
member believes that the protective gear will affect the per-
formance and when the level of confrontation reaches a cer-
tain level, the protective gear basically cannot protect the
participants, and the protective gear does not really play its
role. At the same time, female martial arts athletes will use
some protective gears in the competition process and daily
training of athletes in order not to damage the body.
Figure 8 shows several common body protective gears.

3. Static Tensile Experiments of
Nanobuffer Materials

3.1. Mechanical Model of Nanobuffer Material. According to
the compression characteristics of the buffer material, a set
of modulus can be used to characterize its linear elastic
properties, that is,

E∗

Es
= C1

ρ∗

ρs

� �2
: ð1Þ

Among them, E∗ is the elastic mode of the cushioning
material, Es is the elastic mode of the matrix, ρ∗ is the den-
sity of the cushioning material, and ρs is the density of the
matrix. C1 is the scale factor.

G∗

Es
= C2

ρ∗

ρs

� �2
: ð2Þ

Among them, G∗ is the shearing die of the buffer mate-
rial and C2 is the proportional coefficient.

In the nonbombing phase,

σe1
∗

Es
= C3

ρ∗

ρs

� �2
: ð3Þ

Figure 6: Schematic diagram of the internal structure of the mesh
fiber material of the “truss structure.”
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Among them, σe1
∗ is the elastic limit of the buffer mate-

rial and C3 is the proportional coefficient.
For plastic buffer materials, the ultimate strength is

σp1
∗

σys
= C4

ρ∗

ρs

� �3/2
: ð4Þ

Among them, σp1
∗ is the collapse limit of the buffer

material and σys is the yield strength of the matrix.
For a two-dimensional closed-cell buffer material, when

it is compressed, its stress is:

σ = σys C1
ρ∗

ρs

� �3/2
+ C2

ρ∗

ρs

�" #
: ð5Þ

Huashan tournament Shaolin kungfu

Figure 7: Traditional martial arts. Image source: http://www.changjunwenhua.com/pic_detail.php?cid=2&id=48.

Table 2: Comparison of different types of force in traditional martial arts.

Fist name Fist for example Fist boxing method for example Hard way

Straight-line boxing Forward punch South boxing: lunge step double punch boxing Straight impact strength

Long curve boxing Swing Split boxing: a lotus hand Curve whip

Short curve boxing Hook Fanzi fist: a wild horse running groove Short-range impact

Table 3: Comparison of force methods of the same type of traditional martial arts and different styles of punches.

Boxing Example action (punch punch) Hard way

Eight extremes boxing Hold the fist In the storage of strength, cross-strength, a word to support strength

Taijiquan Cover hands and punch with arm Long storage strength, wrapped silk strength, elastic strength

Nanquan Single butterfly step punch Short storage strength, long inch strength, drill strength

Waist support

Wrist guard Elbow pads

Knee pads Foot protector

Figure 8: Several common body protectors. Image source: https://shi222.sm160.com/Company/OfferDetail/1-000-7754-861.html.
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The relationship between porosity and density is

P = 1 − ρ∗

ρs

� �
× 100%: ð6Þ

Substitute into the previous formula to get

σ = σys C1 1 − Pð Þ3/2 + C2 1 − Pð Þ� �
: ð7Þ

That is to say, the porosity is inversely proportional to
the strength of the buffer material.

For a buffer material, its ability to absorb energy can be
expressed as

W =
ðε
0
σdε: ð8Þ

In formula, W is the absorption force per unit volume
and ε is the strain.

Its ideal energy absorption efficiency is

I = 1
σmax

ðε
0
σdε: ð9Þ

For the constitutive formula of the nanobuffer material,
the constitutive relation of ben’gou materials mentioned in
this paper is a mathematical model, which is an abstract
reflection of the macroscopic properties of materials. One
of the core tasks of studying the mechanical properties of
materials is to establish constitutive equations that can
describe the mechanical responses of materials under vari-
ous loads. The parameters of the material constitutive equa-
tion are determined by a certain range of strain rate and
temperature experiments, and the correctness of the consti-
tutive equation can be verified by comparing the predicted
value of the constitutive equation with the experimental
results; it can be expressed as

σ = f ε, ε∗, Tð Þ: ð10Þ

For its mechanical properties, it can be expressed as

σ = A + Bεnð Þ 1 + Clnε∗ð Þ 1 − Tmð Þ: ð11Þ

The compressive stress-strain constitutive relation for
the buffer material is

σ = E0 f εð Þ: ð12Þ

In formula, E0 is the initial modulus, f ðεÞ is the shape
function, and it has

f εð Þ = εφ εð Þ = ε aε−p + bεqð Þ: ð13Þ

If the factor of strain rate is introduced, and f ðεÞ is
regarded as the series, the constitutive relation is

σc = E0 ε∗ð Þf εð Þ: ð14Þ

In formula,

E0 ε
∗Þ = kε∗,

f εð Þ = 〠
10

i=0
Aiε

i:
ð15Þ

Considering that the strain rate factor is related to the
strain, the more complete constitutive formula is obtained as

σc =M ε, ε∗ð Þf εð Þ,

M ε, ε∗ð Þ = ε∗

ε∗0

� �n εð Þ
:

ð16Þ

In formula, ε∗0 is the static strain rate and nðεÞ is a linear
function:

n εð Þ = aε + b: ð17Þ

3.2. Static Tensile Test. In this paper, the nanobuffer material
within a certain density range is selected for stress testing at
different strain rates. The density range is between 1 and 20
nanometers. The test conditions are as follows: temperature
T = 20°C, relative humidity 75%, and the load is gradually
increased to the limit on the test sample along the thickness
direction at a speed of 10mm/min. The experimental equip-
ment is shown in Table 4.

Table 4: Experimental equipment.

Equipment name Model Performance

Electronic balance MP200-II Capacity 180 g/0.02 g

Oven Universal 1m3 5 kw

Digital microscope US MOTICDMEB5 1.3 million pixel objective lens: oil lens 100x eyepiece 5x

Environmental scanning electron
microscopy

Netherlands XL30 ESEM-TMP The resolution is 25 cm under 1KV voltage

Fourier infrared spectrometer
American Nicoli 360

intelligent
4000-400 cm-1

Compression box 2
According to packing cushion material creep

characteristics

Blender 7312-I Manufactured by experimental method
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The basic process of this paper is first to stretch and test
the test sample according to the experimental equipment in
Table 4. The stretching method is to gradually increase the
load and record the stretched length of the buffer material
in the process and then calculate the strain diagram accord-
ing to the equation and then slowly withdraw the recovery
length of the material and then calculate the rebound curve
of the material according to the equation.

The strain curve is obtained according to the previous
constitutive formula, and compared with the common fiber
material, the results are shown in Figures 9 and 10.

According to Figure 9, it can be seen that the mesh nano-
fiber material can withstand a pressure of 1.2 million Pa
under 90% strain, while the ordinary fiber material can only
withstand a pressure of 700 kPa under 80% strain. It can be
seen that the use of mesh nanofiber materials can signifi-
cantly improve the bearing capacity of stress. According to
Figure 10, it can be seen that the resilience of the meshed
nanofiber material is significantly higher than that of ordi-
nary fiber materials. Under 90% strain, its resilience reaches
1.8mm/s, while the maximum of ordinary fiber materials is
only 0.6mm/s. It can be seen that the mesh nanofiber
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material can significantly improve the stress bearing capacity
of the protective gear and improve the rebound effect.

4. Discussion

Although the experiments in this paper have specific evi-
dence that the mesh nanofiber material can significantly
improve the stress bearing capacity of the protective gear
and improve the rebound effect. However, there are still
some shortcomings:

(1) In practice, some buffer materials will rupture due to
too fast drying or excessive external force during the
drying process, or due to too slow drying, small bub-
bles will merge into large bubbles, which will affect
the shape of the space inside the material. And it will
cause internal stress defects and thus affect the
strength of the sample, which should be strength-
ened on the drying process

(2) It is recommended to conduct further research on
the microscale of the pores of the buffer material
and the size of the truss structure

(3) The recovery performance and compressive stress
performance of cushioning materials with different
densities will be different. Further experiments are
needed to analyze the cushioning and resilience per-
formance of materials under different densities, and
verification tests should be carried out for this
material

(4) In this paper, only the resilience and compressive
stress of the buffer material are tested, and some
characteristics of the buffer material need to be fur-
ther discussed and studied

5. Conclusions

In the abstract, this paper first gives an overview of the over-
all content of the full text and then introduces the back-
ground of traditional martial arts in the introduction and
introduces the protective effect of buffered nanomaterial
protective gear on martial arts trainers. Then, the innovation
points of this paper are summarized, and some related
researches are listed in the related work part, so as to under-
stand the current situation of the related content of this
paper. Then, in the theoretical research part, the definition,
characteristics, classification, and application fields of buffer
nanomaterials are first introduced, and then, the relevant
content of buffer materials is introduced, and the character-
istics of traditional martial arts and the force application
methods of different martial arts are introduced. Then,
introduce the related content of body protector. Finally,
the stress bearing performance and resilience performance
of the mesh nanofiber material and ordinary fiber material
are tested by mechanical experiments. It is concluded that
the mesh nanofiber material can significantly improve the
stress bearing capacity of the protective gear and improve
the rebound effect, which can better provide safety protec-

tion for traditional martial arts trainers. In the future devel-
opment, nanomaterials will be more and more widely used,
such as the addition of nanoparticles to the martial arts pro-
tective ware of textile and chemical fiber products, which can
remove flavor and sterilization. Although the chemical fiber
material is strong, but there are annoying electrostatic phe-
nomenon, adding a small amount of metal nanometer parti-
cles can eliminate the electrostatic phenomenon.
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The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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The damage self-diagnosis function puts forward higher requirements for the research and development of intelligent structural
health monitoring, and in most cases, it is necessary to monitor the load first, especially the monitoring of the impact load. The
development of smart materials and structures is based on advanced sensing systems. In order to achieve this purpose, a high-
speed demodulation system based on fiber grating with double long period grating is studied, and then, a damage self-
diagnosis system based on fiber grating is constructed. The system can realize the strain distribution and impact load
monitoring of the structure. After quantitative analysis of the signal, an advanced information identification method is used to
realize the impact load location. This paper focuses on the data preprocessing process of bridge health monitoring. In view of
the characteristics of high data complexity, large amount of data, and many noise components in the process of structural
monitoring, this paper adopts basic data cleaning for the original data set, including data dimensionless and missing value
processing. Based on the digital twin technology, the composition of the digital twin KNN model of bridge swivel construction
monitoring and management is analyzed, and the digital twin system architecture of bridge swivel construction monitoring
and management is built. The function display of the monitoring platform, including setting a variety of permission login
modes, displaying BIM model, geographic information, and weather environment; monitoring data entry and addition,
deletion, and modification; data chart analysis and export; and email warning, to verify the feasibility of the application of
digital twin technology in bridge monitoring, and the advantages of the intelligent monitoring system are obtained. The strain
error is found to be less than 15.48 μℇ in the research, which is within the range of the fiber grating. This method can
effectively monitor and forecast these distributed, nonlinear, strongly coupled, multivariable, and time-varying complex
structures. By monitoring bridges, the original monitoring data of bridges can be obtained, and scientific research data and
analysis services can be provided. In particular, the damage caused by shock and vibration is monitored, so that the
accumulation of damage can be detected before it threatens the safety of the structure, so that the damaged structure can be
repaired in time to ensure the safe operation of the structure.

1. Introduction

With the development and progress of technology, a complete
digital twin system is built from the perspective of bridge
swivel construction monitoring and management and inter-
acts with other digital twin systems to realize the interconnec-
tion of everything. The digital twin system of bridge swivel

constructionmonitoring andmanagement includes five levels:
user domain, digital twin, measurement and control entity,
real physical domain, and cross-domain functional entity.
Digital twin is a simulation process integrating multidisciplin-
ary, multiphysics, multiscale and multiprobability by making
full use of physical model, sensor update, operation history,
and other data to complete the mapping of physical entities
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in virtual space, so as to reflect the whole life cycle process of
physical entities.

A structural health monitoring system is an important
application direction of intelligent structure, which has
attracted more and more people’s attention. In the process of
bridge swivel construction, monitoring technology is used to
ensure the smooth progress of the swivel process and the safety
of the swivel construction, and to provide data support for
decision-making at each stage. At the same time, it can detect
the bridge structure, compare the monitoring data with the
previous calculation results, and check each other to ensure
the quality of the structure. According to the monitoring
results, the design and construction process of the swivel bridge
can be optimized. In addition, the data obtained from the con-
struction monitoring can supplement the bridge construction
data, improve the bridge life cycle data, and provide an impor-
tant basis for the later bridge operation and maintenance [1].

In this paper, the sensing model of the uniform period
fiber grating and its Fourier transform demodulation theory
are studied, and the transmission response characteristics of
the uniform period fiber grating are deduced according to
the coupled mode theory. In the process of bridge operation,
in order to ensure the safety performance and durability of
long-span bridges, we need to monitor the health of bridge
structures, establish a real-time and smooth network monitor-
ing system, understand the health status of bridge structures,
and ensure their normal work and operation. According to
the calculation results andmonitoring element analysis, sensor
model, and using BIM technology, the measurement point
layout and early warning mechanism design of the back-
ground swivel bridge monitoring scheme are carried out.
According to the characteristics of bridges spanning high-
speed railways when rotating, a bridge-building comprehen-
sive information model is established. According to the char-
acteristics of the swivel construction of the bridge spanning
high-speed railway, combined with the background engineer-
ing, the swivel balance system is studied, which is used to
adjust the unbalance of the cantilever end during the bridge
swivel process, ensure the stability of the swivel process, and
improve the construction safety.

2. Related Work

Digital twins are increasingly being introduced into the fields
of Internet technology and industrial technology. Fiber Bragg
grating (FBG) sensors and extrinsic fiber Fa-Per (EFPI) sen-
sors are two very promising fiber optic sensors in the field of
structural healthmonitoring. Xiaodan designed a virtual train-
ing platform for carrier-based aircraft approach and landing
based on virtual reality technology. He adopts a distributed
architecture, introduces each node of the system in detail, then
gives a method for real-time communication using reflective
memory technology, and introduces the logical relationship
and integration of three dynamic modules [2]. Ye et al.’s accu-
rate assessment of wind characteristics and wind-induced
structural responses during typhoons is of great significance
for bridge design and safety assessment. He proposed an angu-
lar linear approach based on the expectation maximization
(EM) algorithm for probabilistic modeling of field-measured

wind properties [3]. Sarmadi et al. believe that environmental
changes are a major challenge in bridge health monitoring
because bridges are more prone to such changes than other
civil structures. To address this challenge, they propose a new
machine learning approach for early damage detection under
environmental changes through clustering, a new damagemet-
ric, and an innovative method for selecting an appropriate
number of clusters. Estimating reliable alert thresholds is
another important challenge for early damage detection by
most machine learning methods. On this basis, they propose
a new probabilistic method for estimating alarm thresholds
using extreme value theory and goodness-of-fit measures.
Their major contributions include proposing a new damage
metric suitable for clustering-based algorithms for decision
making, an innovative cluster selection algorithm for dealing
with environmental variability and improving damage detect-
ability, and a new probabilistic method for threshold estima-
tion [4]. Nguyen et al. introduced a new method for
diagnosing structural damage based on changes in themechan-
ical parameters of materials. First, they integrated viscoelastic
models into structural damage detection and diagnosis. There-
fore, the model defines the mechanical properties of the mate-
rial by two parameters, the elastic modulus and the coefficient
of viscosity. Hooke’s model is linear, while viscoelasticity is
nonlinear and therefore more accurately reflects reality. Sec-
ond, they exploited the amplitude and frequency of the vibra-
tional signals and determined their relationship to mechanical
parameters that detect structural changes. Based on theoretical
analysis and experimental results, their research is more effec-
tive and general than previous studies. Simultaneous monitor-
ing of structural changes using different parameters enabled the
study to collect more appropriate data compared to previous
studies [5]. A structural health monitoring system is one of
the important application methods of intelligent structure.
The digital twin will have an unignorable impact on the con-
struction industry, and it will become the core engine for the
transformation and development of the construction industry.
The combination of digital twin and BIM technology will pro-
vide a digital model of the city for the government cloud plat-
form based on image scanning, which will cover all high-
voltage power grid lines, sewage systems, water supply and
drainage systems, highways, traffic control systems, and all
interconnected locations in the city. BIM is a building informa-
tion modeling technology, which is a data-based tool used in
engineering design, construction, and management. It is used
to describe computer-aided design based on three-
dimensional graphics, object-oriented, and architecture.

3. Fiber Bragg Grating Smart Materials and
Structural Health Monitoring
System Method

3.1. Fiber Bragg Grating Sensor Configuration. The grating
sensor refers to a sensor that uses the principle of grating
moire to measure displacement. The configuration of fiber
Bragg grating sensors can be studied in terms of the number
of sensors and the spatial layout of sensors. The spatial distri-
bution of the sensors can adopt various sensor distribution
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methods such as equidistant distribution, proportional distri-
bution, and mixed distribution, which should be comprehen-
sively determined in combination with various factors such as
specific test objects, clamping methods, and loading methods.
Therefore, in the subsequent test process, different sensor dis-
tribution designs will be adopted for specific test objects.

Regarding the configuration of the number of sensors,
the number of sensors that can achieve wavelength division
multiplexing for a single channel mainly depends on the
bandwidth of the light source and the dynamic range of
the measured parameters. Therefore, when determining the
number of grating points on a single fiber string, the demod-
ulation limit of the fiber grating demodulator and the actual
strain of the measured object should be considered. The spe-
cific ideas are as follows.

First, the wavelength variation range of a single grating is
calculated according to the strain variation range and grating
strain sensitivity of a single grating monitoring point:

Δλ = Kε ⋅ ε: ð1Þ

In the formula, ε is the strain value of the ith grating
point and Kε is the strain sensitivity of the ith grating point.

Assuming that there are n grating points to be measured
on a single-fiber grating string, on this basis, the wavelength
variation range of all grating points on the channel of the
fiber grating string is calculated [6]:

Δλ = Δλ1 + Δλ2+⋯+Δλn =〠 Kε ⋅ εð Þ: ð2Þ

In order to prevent the wavelength signals from aliasing
during the measurement of grating points of adjacent wave-
lengths, the working range of a single grating measured
point can be expressed as [7]:

Δλ = Kε ⋅ ε + λ ð3Þ

If nmeasured grating point on a single-fiber grating string
can work normally without wavelength aliasing, then [8]

Δλ = Δλ1 + Δλ2+⋯+Δλn =〠 Kε ⋅ ε + λð Þ: ð4Þ

Then, the measurement range λn of the n sensors is [9]

λn = Δλ =〠 Kε ⋅ ε + λð Þ: ð5Þ

If the maximummeasurement range of a single channel of
the fiber grating demodulator is λmax.

λn ≤ λmax, ð6Þ

n ≤
λmax−∑ Kε ⋅ ε + λð Þ½ �

λh
: ð7Þ

Assuming that the strain range measured by each grating
sensor is ε, the above formula can be further simplified as [10]

n ≤ Kε ⋅ ε + λð Þ: ð8Þ

Therefore, the maximum number of grating sensors that
can be connected in series on each channel of the fiber grating
demodulator can be calculated by the above formula [11].

3.2. KNN Algorithm. The mechanism of the KNN algorithm
applied to the analysis of bridge monitoring data can be
summarized as follows: when the model obtains a new
detection data sample point, KNN can classify it according
to the nearest known sample points of the sample point.
Due to such classification characteristics, this paper uses this
as a theoretical basis to design a bridge loss judgment model
to classify the monitoring data of the bridge, so as to indicate
the monitoring data of the bridge in a healthy state and a
damaged state [12].

The basic steps of the KNN algorithm:
Input data set:

T = x1, y1ð Þ, x2, y2ð Þ, x3, y3ð Þ,⋯, xn, ynð Þf g, ð9Þ

where xn represents a feature vector of the instance [13].
Output: the category to which instance x belongs.
According to the selected distance metric formula, find

the k instance points closest to x in the data set, and the
set of these K points is called the k neighborhood NðxÞ of
x.

According to the classification rule in the k neighbor-
hood of x, the majority votes the classification category y
of x:

y = argmaxc〠x ∈N xð ÞI y = cð Þ: ð10Þ

In the above formula, I is the indicator function, that is,
when y = c, I = 1; otherwise, it is 0 [14].

At time t, the input layer inputs the bridge high-finesse
time series data, and the state of each unit of the input layer
at this time [15]:

U tð Þ = u1 tð Þ, u2 tð Þ,⋯, um tð Þ½ �T : ð11Þ

When new data is input, the algorithm will update the
state xðtÞ of the storage layer and the update rule [16]:

x t + 1ð Þ =wx tð Þ +winu t + 1ð Þ: ð12Þ

After the node state update of the storage layer is com-
pleted, the node state matrix is obtained [17]

y = f out
ð
wout tð Þdt

� �
, ð13Þ

where wout is the weight matrix of the output layer, and
f out is the activation function of the output layer.

Let

K1 =
L0
L1

,

K2 =
A0
A1

:

ð14Þ
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It can get [18]

φ1 =
K1K2

K1 + K2 − 1 ,

φ0 = Kφφ0:

ð15Þ

Bridge construction monitoring is a general term for all
the work that provides technical support for the realization
of bridge design requirements through construction process
simulation analysis, on-site monitoring and error identifica-
tion and prediction, and feedback control. Bridge construction
monitoring should include monitoring calculation, construc-
tion monitoring and data analysis, and feedback mechanism.
The monitoring calculation includes design compliance calcu-
lation, presimulation calculation, and real-time simulation cal-
culation. Construction monitoring includes stress (internal
force) monitoring, linear monitoring, temperature monitor-
ing, and monitoring of necessary environmental factors.

3.3. Structural Design of Digital Twin Bridge Health Structure
Safety Monitoring System. The digital twin bridge health struc-
ture safety monitoring system roughly includes two parts:

(1) Sensor and demodulation equipment system: sensors
are divided into preembedded sensors from the installa-
tion stage, such as concrete embedded strain gauges,
embedded crack gauges, and earth pressure gauges.
Surface sensors, such as beam surface strain sensors,
expansion joint displacement sensors, accelerometers,
and inclinometers, were used. The demodulation
equipment system is basically divided into static and
dynamic monitoring. The static monitoring is second-
level monitoring, which is collected at a certain interval,
and the dynamicmonitoring is about 100Hz, the vibra-
tion data of the bridge is collected in real time

(2) Monitoring center system: the monitoring center is
mainly to improve the efficiency, scientificity, rational-
ity, and traceability of management, to achieve ratio-
nal allocation of resources, and to reduce human
errors. The system can be divided into two parts, data
acquisition and transmission system and system inte-
gration. The data acquisition and transmission system
integrates the sensor data in a unified manner, collects
it centrally, and completes the software protocol con-
nection with the system integration system. The sys-
tem integration system is mainly used to assist the
bridge management center, which roughly includes
the following functional modules, manual inspection
and maintenance management module, comprehen-
sive early warning safety assessment module, and
management center database management module

3.4. Hardware System Design of Digital Twin Bridge Health
Structure Safety Monitoring System. The hardware part of
the digital twin bridge health structure safety monitoring
system mainly consists of three parts:

(1) Sensor system: it consists of sensors with various
functions and special components distributed on
the bridge structure. The sensors are divided into
embedded sensors and surface-mounted sensors

(2) Data acquisition system: the data acquisition system
is divided into data acquisition and auxiliary devices.
The data acquisition system is composed of demod-
ulation equipment, acquisition equipment, acquisi-
tion computer, sensor optical cable, cable network,
etc., which are arranged inside the bridge junction
or on the bridge deck. At present, there are about a
dozen types of sensors, and it also indicates that
there are more than a dozen different types of
demodulators. The auxiliary system consists of the
equipment in the field and the monitoring center
to assist the normal operation of the above system,
including the cabinet, the chassis, the power supply
module, the uninterruptible power supply system,
and the lightning protection system

(3) Data processing system: process various sensors into
digital signals for easy identification, package data,
and connect to the system integration module. The
hardware system design of the digital twin bridge health
structure safety monitoring system is shown in Figure 1

3.5. Software Module Design of Digital Twin Bridge Health
Structure Safety Monitoring System. The overall architecture
diagram of the software part of the digital twin bridge health
structure safety monitoring system mainly covers the follow-
ing contents:

(1) The sensor data acquisition, protocol transmission,
and other related support services involved in each
sensor measurement subsystem

(2) The centralized acquisition function of each sensor
subsystem

(3) The relationship between the central database sub-
system and other systems and the flow of related
data

(4) The functional connection between the user interface
subsystem, the structural warning and evaluation sub-
system, the manual inspection auxiliary subsystem,
and the user terminal. The system of the digital twin
bridge health structure safety monitoring system soft-
ware is shown in Figure 2

3.6. Bonding Process of Fiber Grating Sensor and Measured
Structure. The surface-mount packaging method is usually
based on the preset optical fiber sensing layout, and the corre-
sponding fiber grating sensing points are arranged on the sur-
face of the monitored point of the structure, and the grating
sensor is fixed with the help of a protective adhesive layer.
The operation is convenient and simple, and it will not destroy
the initial structural state of the measured object and will not
cause too much influence on the strain transmission efficiency
and sensitivity of the fiber grating sensor. In the actual
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operation process, on the one hand, it is necessary to select an
appropriate bonding method to fix the fiber grating to ensure
its fit with the monitored point on the surface of the structure,
and at the same time to protect the fiber grating from being
damaged. On the other hand, it is necessary to select a reason-
able amount of bonding material to reduce the influence on
the strain transfer efficiency of the sensor after the fiber grating
sensor is bonded to the structure. Based on the above discus-
sion, the bonding process of the fiber grating sensor and the
structure can be carried out according to the following steps:
first, according to the preset optical fiber hybrid multiplexing
network, the number and layout of the sensors required for

the test are planned. Grating sensors with different center
wavelengths are selected and connected in series to form a
fiber grating string, the connection is spliced by an optical fiber
fusion splicer, and ametal sleeve is added at the fusion connec-
tion to protect the fusion point from breaking. Secondly, in
order to ensure more sufficient contact between the grating
sensor grid area and the structure, the grating sensor with
the coating layer removed is selected, the grating grid area is
laid on the monitored point corresponding to the structure,
and a certain prestress is preapplied before gluing, to remove
the residual stress that may be introduced in the process of
fabrication and coating layer filtering in the grating gate
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Dedicated
sensor
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acquisition
equipment

Collection
equipment

Acquisition
computer

Access switch

Monitoring section bridge structure
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network access
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Figure 1: Hardware system design of digital twin bridge health structure safety monitoring system.
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Figure 2: Software modules of the digital twin bridge health and structural safety monitoring system.
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region. The gate area is preliminarily fixed by using a curing
adhesive, and the bubbles that may be generated by the adhe-
sive layer are extruded to ensure that the gate area and the sur-
face of the structure are fully attached. Again, after the cured
adhesive layer is air-dried (about 1h), epoxy resin is applied
to the fixed part of the gate area. Its purpose is to shield the
crosstalk caused by external stress and, at the same time, pro-
tect the cured adhesive on the inside from the influence of the
external corrosive environment. Finally, after all the adhesive
layers are fully cured (about 24h), follow-up tests are carried
out. Since the strain transfer efficiency of the grating sensor
is closely related to the properties of the adhesive layer, during
the bonding process, the adhesive layer should be smeared
evenly and the thickness is moderate to reduce the influence
of the adhesive layer on the strain transfer efficiency of the sen-
sor. Based on the above discussions on sensor network layout,
sensor configuration, sensor bonding method, etc., the sensor
system and structure integration are designed. For example,
the digital twin application scenario of Hebei North University
Gymnasium is shown in Figure 3.

3.7. Quality Control Measures in the Installation Stage of
Embedded Sensors

(1) The on-site organization is as follows:

Because the sensor preembedding stage needs to follow the
bridge construction progress, it has high construction require-
ments, which can neither delay the normal construction period
nor affect the installation quality. The flow-type construction
method is adopted, combined with the parallel construction

method to speed up the progress when necessary, that is, the
work flow of forecasting installation in advance, compact instal-
lation process, and quick departure after installation. Since the
sensor is installed in stages with the progress of the bridge con-
struction, the bridge construction unit should be reported to
the bridge construction unit 3 days before the installation is
required, and the preparations before the installation should be
done. The installation process should be compact and regular,
and the installation should be carried out when the construction
and installation team changes shifts as much as possible. After
installation, only the engineer who recorded the installation data
is left, and the rest can leave the site to ensure that the progress of
the bridge construction is not affected.

(2) To control the installation quality, first of all, we can
classify all the sensors that need to be embedded and
installed according to the installation location
according to the needs of the project. The area is
divided according to the range of 500 meters, and a
technical support person from a fiber grating sensor
supplier company is arranged for each area to con-
duct real-time technical control. The main points
of control are as follows:

(a) Recording the wavelength data of the fiber grating
sensor in real time (monitor the initial value)

(b) Compiling record files of fiber grating sensor burial,
including points, on-site pictures, sensor types, etc.

Figure 3: Application scene of digital twin of Hebei North University Gymnasium (the picture comes from the author’s own drawing).
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(c) Marking and recording the position of the optical fiber
outgoing fiber, and report it to the construction unit,
emphasizing that the optical cable should not be bro-
ken or buried in the later bridge construction process

(3) The main task of the construction team is to carry
out the equipment according to the requirements
of the technical personnel of the equipment supply
company, which are classified into:

(a) Preparatory work before burying such as drilling and
binding

(b) The sensor is buried

(c) Cable and traction of optical cable

The formula for covariance is as follows [19]:

XF X, Yð Þ = E X − uxð Þ X − uy
� �� �

, ð16Þ

where X and Y represent two random variables.
Data anomalies in bridge health monitoring belong to time

series anomalies, that is, data anomalies are related to time. If
the value of a subsequence in the time series deviates greatly
from the values of other parts, and such deviation is not gener-
ated randomly, but in a way that is completely different from
other subsequences, that is, this subsequence may be an abnor-
mal subsequence. There are mainly three types of anomalies in
bridge data: point anomaly, pattern anomaly, and sequence
anomaly. A general point anomaly refers to a data point whose
data value at a certain time point is significantly different from
the threshold or abrupt change caused by the degradation of
sensor performance or the mutation of external influence fac-
tors. The pattern anomaly refers to the existence of small con-
tinuous anomalies in the data sequence of a sensor. Such
anomalies mostly occur when the sensor fails during continu-
ous acquisition or the transmission line has faults, or it may
be an anomaly displayed by obvious changes in the data caused
by the gradual aging of the bridge, and there is a significant pat-
tern difference with the continuous data in other time periods.
Point exceptions can be thought of as pattern exceptions of
length 1. Sequence anomaly is a time series that is significantly
different from other time series and originates from different
mechanisms. For eigenvalue decomposition,

Aη = λη, ð17Þ

A =Q〠Q−1: ð18Þ

The wave formula for light waves propagating in an optical
fiber [20]:

∇2E + KNE + ∇2 E ⋅
∇ε
ε

� �
= 0, ð19Þ

∇2h + KNh + ∇2 h ⋅
∇ε
ε

� �
= 0, ð20Þ

where E, h are the electric field strength and the magnetic
field strength.

4. Health Monitoring System Results

Taking the initial center wavelength of the fiber grating as
1550 nm, its strain sensitivity is 1.2 pm/μℇ. Assuming that
the actual strains generated are 100, 1000, and 10000, the
corresponding strain errors are shown in Table 1. It can be
seen from Table 1 that within the range of the fiber grating,
the strain error is also within 15.48μℇ, that is, the influence
of the center wavelength change of the fiber grating on the
strain sensitivity coefficient is extremely small, which can
be completely ignored in engineering applications.

According to the introduction of the sensitivity adjust-
ment principle of the sensor, the sensitivity of the cable force
sensor is affected by its main key parameters K1 and K2.
The two parameters K1 and K2 have the same trend of influ-
ence on sensitivity and the same degree of influence [21, 22].
Among them, when the two parameters of K1 and K2 are in
the range of 0-10, respectively, the sensitivity changes more
sharply. After more than 10, the sensitivity change tends to
be gentle with the increase of the parameters. Therefore, we
are designing the variable diameter part of the sensor, consid-
ering that the two parameters of K1 and K2 are controlled
within 10. The effect of sensor parameters on sensitivity is
shown in Figure 4.

The analysis model is used to analyze the accident, find
the cause of the accident, and predict and analyze the tech-
nical performance of the bridge project. Combining BIM
technology with finite element technology, the bridge struc-
ture and the key parts of the bridge structure can be analyzed
by finite element, and the safety of the structure can be mon-
itored and evaluated. Combining BIM technology with finite
element technology is shown in Figure 5.

When the monitoring result finds that the single pile
load reaches 95% of the allowable value, the system will
alarm, and the platform operator must stop the operation
of the bridge and conduct an appropriate load shedding test
on the area of the bridge until the alarm is cancelled and
then gradually resume the bridge operation. The bridge col-
umn loads and alarm indicators are shown in Table 2.

According to various problems in the commissioning
stage of the digital twin bridge health structure safety monitor-
ing system, the site is investigated and probability statistics are

Table 1: Corresponding strain errors.

Actual
strain (με)

Wavelength
change (nm)

Sensitivity relative
error (%)

Strain
error (με)

100 0.12 0.008 0.08

1000 1.2 0.077 0.77

10000 12 0.774 7.74

20000 24 1.548 15.48
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carried out, and the defects and frequencies are found in
Table 3.

After adopting the standard data protocol, some manufac-
turers of niche products, such as fiber grating equipment
suppliers, have difficulty in clear data protocol, difficult devel-
opment, and problems in data debugging after development
[23]. The problems of fiber grating equipment are shown in
Table 4.

Under the two excitation methods, the accuracy rate of
KNN varies with the K value. In the environmental excitation
data set, the accuracy rate will gradually increase with the
increase of the K value. When the K value is about 210, the
accuracy rate reaches the highest 99.95%. When the K value
continues to increase, the accuracy rate will slowly decrease

with the increase of the K value, and the overall change is
not large. Therefore, on the environmental excitation data
set, when the K value is set to 180, the accuracy rate is the
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Figure 4: Effect of sensor parameters on sensitivity.

Figure 5: Combining BIM technology with finite element technology (the picture comes from the author’s own drawing).

Table 2: Bridge column loads and alarm indicators.

Part of the bridge
column serial number

Carrying
capacity

Current
stigma force

(kN)

Residual
stigma force

(kN)

1 2059.07 1028.78 1030.88

2 2152.83 1171.35 981.67

3 2101.95 1435.43 666.45

4 2065.70 1046.76 1019.89
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highest and the evaluation result is the best. The parameter
adjustment results of KNN in the environmental and electric
excitation data sets are shown in Figure 6.

Acceleration sensor data were collected for a total of 12
days, and the sampling frequency of acceleration information
was 100Hz, which showed the process of bridge condition
from healthy to damaged. The research center increased the
number of accelerometers tomonitor the acceleration informa-
tion of the bridge structure again from 8.7 to 8.10. The acceler-
ation sampling information on August 7 was 32Hz, and the
sampling information on 8.8-8.10 was 20Hz. Some sampling
dates and sampling frequencies are shown in Table 5.

In the experiment of single-variable pattern anomaly
detection based on KNN distance, the compressed segmen-
tation of the data sequence is first done. For the convenience
of operation, the method uses the data in the form of text
derived from the database. The selected data of each sensor
is controlled at about 8000 data values.

First, taking deflection sensor data as an example, the fit-
ting degree of the time series formed by the original data
and the time series after segmentation is shown in Figure 7.
When the segmentation error in the segmentation algorithm
is set to 0.8 d, the number of original data is 8597, and the data

after compression is 1860, so the compression ratio is about
21.7%. At this time, the data before and after the segmentation
can basically match, and the compression segmentation error
can be adjusted reasonably according to the calculation
requirements. The smaller the error, the closer to the original
sequence, and the more data values.

The data set records the real-time linear acceleration
response of the bridge at 4:20 p.m. local time on June 12,
2018 and the component changes of the gravitational acceler-
ation in all directions. The acceleration time thread is shown
in Figure 8.

The silhouette coefficients corresponding to different
numbers of clusters, in general, with the increase of the num-
ber of clusters, the silhouette coefficient has a downward trend,

Table 3: Defects detected and frequency.

Project Frequency Cumulative frequency (%)

Sensor point data record error during installation 28 39.4

Repeated communication times of various data protocols 21 68

Repeatedly modify the system integration warning value settings 16 92.5

The data does not meet the standardization requirements 6 100

Table 4: Fiber Bragg grating equipment issues.

Project Frequency Cumulative frequency (%)

Manufacturer’s data protocol development time is long 26 44.9

Data transmission is unstable after development and debugging 20 79.3

Industry differences are large, and it is difficult to connect 7 91.4

The manufacturer has other work arrangements and the new work content is not in place 5 100
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Figure 6: KNN parameter adjustment results in the environmental and electric excitation data sets.

Table 5: Some sampling dates and sampling frequencies.

Date of data
collection

Sampling
frequency

Assessment of damage
status

2018.1.1 100Hz Healthy

2018.5.5 100Hz Minor injury

2018.7.31 100Hz Severe injury
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but this does not mean that the fewer the number of clusters,
the better. Because with the increase of the number of clusters,
the difficulty of model learning gradually increases, and the
corresponding silhouette coefficient will decrease accordingly.
The contour coefficients are set as shown in Table 6.

The initial value of K of the KNN model is set to 3, that
is, the judgment of the new data point is based on the cate-
gories of the 3 “nearest neighbors” closest to it. When K = 3,
the accuracy of the model on the training set is 95.31%, and
the accuracy on the test set reaches 91.63%. Its ROC curve is
shown in Figure 9, and the AUC area reaches 0.982.

5. Discussion

The main components of the bridge monitoring system are
as follows: data acquisition module, data transmission mod-
ule, data analysis and processing module, data management
module, and user interface module. The data acquisition
module is the bottom part of the whole monitoring system.
According to the characteristics of different bridges, the

types and quantities of sensors used are different. The data
transmission module uses a network constructed by a large
number of hubs and routers to transmit the sensor signal data
to the monitoring center. The data processing and analysis
module preprocesses the data, eliminates data noise and data
anomalies, and uses data analysis software to analyze and
diagnose bridge health data for damage, the degree and loca-
tion of damage, pay attention to and study the overall behavior
and structural state changes of bridges, and the long-term
development trend of bridge bearing capacity and durability.
The data management module manages all related bridge
structure information, health status monitoring information,

0

10

20

30

40

50

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57

M
on

ito
rin

g 
va

lu
e

Time (day)

Timing diagram of deflection sensor
data before splitting

0

10

20

30

40

50

60

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57

M
on

ito
rin

g 
va

lu
e

Time (day)

Sequence of important points of deflection
sensor after segmentation

Figure 7: The fit of the time series formed from the original data and the time series after segmentation.

–0.4

–0.3

–0.2

–0.1

0

0.1

0.2

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57

Time (s)

ax
ay

0

0.05

0.1

0.15

0.2

0.25

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57

A
cc

el
er

at
io

n 
(m

/s
2 )

A
cc

el
er

at
io

n 
(m

/s
2 )

Time (s)

az
aT

Figure 8: Acceleration time thread.

Table 6: Profile factor settings.

Number of clusters Silhouette score (silhouette score)

2 0.1932

4 0.1712

5 0.1655
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data processing, and analysis results of the entire bridge. The
user interface module presents the bridge-related information
to the relevant staff through the visualization program.

The modern spatial structure is developing towards a large
and complex direction. These large structures such as space
shuttles, high-rise structures, new bridges, and long-span grid
structures will be affected by design loads and various unex-
pected external factors (foreign object shock, vibration, earth-
quake, explosion, etc.) in complex service environments, and
the severe vibration or shock can cause structural damage to
varying degrees. The designed service life of large bridge struc-
tures can generally reach about one hundred years, and the
working life of most bridges needs to last for decades or even
hundreds of years. During the service period of bridges, differ-
ent types of structural damages occur to bridges due to
environmental factors, load states, human activity factors,
performance variations of building materials, and natural
disasters. When the damage accumulates to a certain extent,
the accident of sudden structural damage will occur, and the
safety of people’s lives and properties will be greatly threatened,
resulting in significant economic losses. There are many rea-
sons for bridge accidents: engineering quality problems, insuf-
ficient postmaintenance of bridges, bridge damage, and
functional degradation caused by natural causes, etc.

The traditional bridge monitoring technology generally
conducts manual testing under the condition of interrupting
bridge traffic. Through regular and nonregular onsite inspec-
tion and testing, the actual data is obtained and the test results
are obtained by calculation and analysis. The traditional
method is limited by time, manpower, measurement condi-
tions, etc., cannot timely feedback evaluation results, is ineffi-
cient, has discontinuity, and needs to rely on engineers with
rich experience. At the same time, the data collected by tradi-
tional methods are relatively not timely enough, are intermit-
tent, and cannot fully and truly reflect the health status of
bridges.

The application of BIM in the construction stage realizes
the combination of personnel, machinery, materials, docu-
ments, etc. with the BIM model in construction, which makes
the project schedule easy to control and adjust, improve pro-
ject quality, control construction safety, and save construction
costs. In the process of rotating construction, although the
bridge is in a statically indeterminate cantilever state and the
force is simple, the bridge is in a state of motion and force
when it rotates, and it may be subject to unmeasurable and
uncontrollable factors such as wind load, temperature, trac-
tion, and friction when it rotates. Therefore, it is necessary to
carry out strict construction monitoring on the construction
safety and quality of this stage, so as to avoid the phenomenon
that the bridge cannot rotate normally or even the bridge over-
turns during the rotation.

Based on the application of the above BIM technology,
more in-depth application research can be carried out on
some information, such as regular inspection and rating,
preventive screening technology, etc. For example, in the
later operation and maintenance of bridges, the operation
and maintenance information is transmitted to the BIM
model information resource library to realize the transmis-
sion of model, coding, data, and file information from the
construction period to the operation period, and carry out
the whole process management of data monitoring, techni-
cal evaluation, comparison and tracking, and auxiliary deci-
sion-making.

BIM is widely used in construction, and it can simulate
construction plans, carry out special construction, and make
construction disclosures. Digital photogrammetry and pano-
ramic technology are used to quickly obtain the original and
real-time image data of the project, establish a panoramic
system during the construction period, monitor the con-
struction progress, facilitate onsite online management and
project live query, and compare and analyze the planned
and actual construction. Managing materials, construction
data, responsible persons, etc., check the hidden dangers of
construction quality and safety, and ensure construction
quality and safety. Associating drawings with components,
automatically nesting materials, using cloud technology for
dimensional inspection, and combining 3D laser scanning
to obtain 3D deviation values for the production and design
of each component, assisting component quality control,
and accurately controlling construction, etc.

Based on Web and digital twin technology, the research
on monitoring and management of bridge swivel is carried
out. The B/S architecture is used to build a bridge swivel
monitoring platform, which integrates animation, BIM
model, pictures, and monitoring data into the same inter-
face. Digital twin technology is used to establish a five-
dimensional model (physical bridge, virtual bridge model,
connection, twin data, and application service) for monitor-
ing and management of bridge swivel construction across
high-speed railways and build a digital twin system architec-
ture based on bridge swivel construction monitoring and
management. Combined with the background engineering,
the operation feasibility of the digital twin system is demon-
strated, and the intelligent and automatic management of
bridge rotation monitoring and control is realized.
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The real swivel bridge and the virtual bridge exchange data
through the twin data platform, and the twin data two-way
drive the real swivel bridge object and the virtual swivel bridge.
The twin data it contains include real-time monitoring data,
computational simulation data, rotating body precontrol data,
error analysis data, regulation rule data, feedback control data,
and personnel construction management data. The monitor-
ing data obtained by the monitoring sensors of the real bridge
is transmitted to the virtual bridge through the digital twin
platform to simulate the real bridge state and perform real-
time monitoring and calculation simulation. The feedback
control data generated in the virtual bridge is transmitted to
the real bridge through the digital twin platform to control
the construction of the bridge swivel. Judging from the opera-
tion of the current bridge health monitoring system, the diffi-
culty is often not the collection of monitoring data, but how to
process the massive monitoring data accumulated over time,
extract the health status information of the bridge with effec-
tive data processing and analysis methods, and diagnose and
evaluate the bridge. In various monitoring systems, the data
processing module is usually the core component. Whether
it is damage identification, safety assessment, or change pre-
diction, only good data processing and analysis methods can
ensure the meaning and value of the system [24].

6. Conclusion

Aiming at the inconsistency in the dimension of structural
output response information and the time-consuming data
analysis, this paper uses KNN to extract effective data features,
thereby reducing the computational complexity of the algo-
rithm and greatly reducing the learning difficulty of the dam-
age assessment model, improving the accuracy and efficiency
of evaluating models. Combined with the work content of
swivel construction monitoring, a bridge swivel construction
monitoring system is established, the composition and mutual
relationship of the monitoring system are analyzed, and the
partial composition of the system is reflected in combination
with engineering examples. In this paper, design check calcu-
lation, monitoring prediction calculation, and key structural
analysis are carried out for the background engineering, and
the monitoring elements are analyzed for the calculation
results of the swivel bridge. This paper proposes to establish
a monitoring sensor family library and establish a representa-
tive monitoring sensor BIM model according to the monitor-
ing requirements. In the field of engineering, the application of
BIM technology should be further explored, such as digital
twin reverse modeling technology and automatic identifica-
tion technology of safety hazards.
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With the acceleration of China’s aging trend, the physical health of the elderly needs more attention and research from us. In
particular, many elderly people are prone to accidental injuries during exercise, so how to protect the health of the elderly
through high-tech is worthy of more in-depth research. This measure can promote the establishment of a health system
for the elderly. This article is mainly based on the research on the health promotion system of the elderly’s daily body
functions based on nanoprotective gear technology. It uses the literature method to read a lot of literature to understand
the current research status of the elderly’s daily body function and health and the application status of nanotechnology,
through the questionnaire and survey method for testing the blood pressure, heart rate, pulse wave velocity, bone density,
and other physical indicators of the surveyed elderly population, and organize and analyze the relevant data. In this
survey, 28.8% of the elderly who regularly participate in physical exercise have high systolic blood pressure, 33.3% of the
elderly who do not participate in exercise regularly have high systolic blood pressure, and most of them are in the low
bone density stage. Therefore, nanocare technology can effectively protect the health of the elderly and provide protection
during exercise. The research in this article is aimed at illustrating the establishment and improvement of the physical
function and health promotion system of the elderly through the impact data on physical indicators and providing a
factual basis for the elderly to better participate in physical exercise and improve the health quality of the elderly.

1. Introduction

The number of elderly people is increasing year by year,
and the aging trend of the world population is becoming
increasingly obvious. With the increase of age, the physical
function of the elderly declines, the aging rate and inci-
dence of internal organs also increase, and psychological
problems gradually occur. The health problem of the
elderly population is the most obvious problem in an
aging society, so finding effective ways to improve the
health of the elderly is the key. The World Health Organi-
zation’s survey results also confirm the importance of
improving healthy behaviors on the quality of life of the
elderly, and it is essential to conduct surveys on improving
the health of the elderly.

Universities and research institutions in various coun-
tries have increased their investment and research on nano-
technology. The development of nanotechnology has a
certain socioeconomic and political background. The devel-
opment of nanotechnology is inseparable from people’s area
of life. From physics to chemistry, from power to aviation,
nanotechnology that integrates the strengths of multiple dis-
ciplines has been rapidly developed. Among them, nanopro-
tective technology is also under continuous research and
development.

The intake of protein in the Isanejad M diet may be ben-
eficial to the physical function (PF) of the elderly. They
examined the cross-sectional and prospective associations
of g/kg body weight (BW), fat mass (FM), and lean body
mass (LM) with PF in 554 women aged 65.3–71.6 years
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old. Research on osteoporosis risk factors and fracture pre-
vention was carried out. Participants filled out question-
naires about lifestyle factors and 3d food records in 2002.
Body composition was measured by dual-energy X-ray
absorption method, and PF was measured at baseline and
3-year follow-up. The definition of sarcopenia is based on
the standards of the European Working Group on Elderly
Sarcopenia. At baseline, women with higher protein intake
(≥1.2 g/kg body weight) had grip strength/weight (GS/BM)
(P = 0:001), knee extension/BM (P = 0:003), and single-leg
posture (P = 0:047), when the chair rises (P = 0:043), squats
(P = 0:019), squats on the ground (P = 0:001), and walks fas-
ter at 10m (P = 0:005), the short-term physical performance
battery score is better (P = 0:004). However, while recording
the factors related to osteoporosis, this experiment does not
account for the controllable variables [1]. Grimm B wearable
sensors, especially the inertial measurement unit (IMU), can
perform objective, effective, differentiated, and responsive
physical function assessment during functional tests such
as gait, climbing stairs, or sitting and standing. The most
suitable method is to apply to each body part to accurately
capture task completion time, spatiotemporal gait, and
harshly testing or kinematic parameters specific to the
affected limb. In activity monitoring (AM), the accelerome-
ter is mainly used to derive energy consumption or parame-
ters related to overall health (such as total steps). In older
adults, it is most effective by studying specific events, such
as stairs or high-intensity activities. By looking at qualitative
parameters at the “micro” level of activity, such as rhythm or
standing time, low cost and ease of use allow routine clinical
applications, but there are many options for sensors, algo-
rithms, tests, and parameter definitions. Selection and com-
parability are still difficult and require consensus or
standardization [2]. Lin and Lin’s existing health promotion
system (HPS) has some shortcomings, such as lack of the
ability to automatically plan exercise prescriptions (EP) for
individuals, difficulty in obtaining physiological signals of
users who are exercising, and lack of effective mechanisms
for medical notification emergency situations for personnel
users. To solve these shortcomings, in this research, they
use wireless sensor network (WSN), mobile communication,
and cloud computing technology to develop cloud-based
HPS. HPS includes a health promotion cloud service plat-
form that can build a user’s physical health model and then
generate appropriate EPs for users to perform various exer-
cises. On the user side, in this study, they designed a
motion-sensing device that can obtain the physiological sig-
nals and global positioning system (GPS) positioning infor-
mation of users who exercise through WSN in time. Some
sensors are designed in motion-sensing devices, such as
GPS sensors. However, this technology can only provide
location services and cannot provide more types of services
related to healthy life [3].

The innovations of this article are as follows: (1) the
combination of qualitative analysis and quantitative analysis
is fully based on the analysis of data; (2) the combination of
theoretical research and empirical research, and the in-depth
study of nanotechnology and other theoretical foundations
on the above, e is carried out in combination with the spe-

cific conditions of physical function and health of the
elderly.

2. Promoting Research Methodology Based on
Daily Physical Function in Healthy Elderly
Nanotechnology Protective Gear

2.1. Nanoprotective Gear Technology. In the late 1980s, a new
high-tech science and technology emerged in human society,
which is nanotechnology [4]. The emergence of nanotech-
nology has played a leading role in the development of
today’s science and technology. This effect has changed the
process of technological development to a certain extent
and at the same time has changed the scope of research on
the philosophy of technology [5]. The emergence of nano-
technology has opened up a brand-new research field, and
the scope of its research and discussion is basically between
nonmacro and nonmicro, which is what people have rarely
paid attention to before [6]. In short, the development of
nanotechnology has changed the traditional concept of
human understanding and use of technology. It has not only
changed the real life of human beings but also profoundly
affected the ethics and morals of traditional human society.
“Double-edged sword” is the proposition of the philosophy
of technology [7, 8].

Through this understanding, we can feel that it is not
easy to accurately define nanotechnology. On this basis,
the foreign academic circles define nanotechnology as fol-
lows: “First, the research on the microcosm of 1-100nm
and the microcosm of molecules [9] can be used to con-
duct technical analysis and research on the molecules
and atoms of materials. Second, research has the possibil-
ity of changing a certain characteristic of nanometers. [10].
Third, the ability to control and use the substance is
within a personal range [11].”

Nanoprotective technology is a tool made of nanomate-
rials designed to provide protection for the elderly. By
changing the size of nanobuilding units to design the prop-
erties and functions of materials [12], the internal and sur-
face chemical properties and their combinations can be
controlled. Nanotechnology is known as one of the three pil-
lar industries in the 21st century [13]. Artificial nanomateri-
als are the foundation and core of nanotechnology [14, 15].
Due to the small size of the structure of artificial nanomate-
rials, it has special physical and chemical properties, such as
small effects and complex structures, with large surface
effects, very high reactivity, quantum results, etc. These char-
acteristics bring unique characteristics to nanotechnology.
Nanoresearch is highly unique, comprehensive, and social
[16]. The disciplines it involves are a multidisciplinary syn-
thesis, involving a number of research areas of emerging dis-
ciplines, and countries have also invested large funds in
nanotechnology [17, 18].

The success of nanoprotective technology is a brand-
new experience for the elderly, which not only provides
comprehensive protection measures for the elderly but also
reduces the burden on adult children. The development of
the field of nanotechnology, on the one hand, can promote
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the innovation of production methods. Nanotechnology
can change the traditional production methods, guide
human beings to produce necessary direct products on a
personal level, and use existing materials to fully produce
products needed for life [19]. The products produced in
this way have improved performance, but the price has
not increased much, so they have greater competitiveness.
On the other hand, it can promote the improvement of
cognitive style. Its appearance indicates that the level of
human understanding of nature has reached a new level
and has risen to a new height, allowing humans to under-
stand the world from a new perspective, thereby improv-
ing human cognitive methods [20, 21]. The biggest
problem with the development and application of nano-
protective gear technology at present is how protective
its application is and the high cost, whether the elderly
and their children can afford this price, and whether
nanoprotective gear can be used.

2.2. Methods to Promote the Health of the Elderly’s Daily
Body Functions. With the development of economy, the
progress of science and technology, the improvement of
living standards, and the improvement of medical and
health conditions, the proportion of aging of the popula-
tion in our country is increasing year by year [22]. We
also found that while the overall level of public fitness
exercise in my country is on the rise, the elderly’s fitness
exercise is still in the initial stage, and the overall poor
health of the elderly is a general trend in the development
of human life [23]. Regular exercise can resist the age
effect of dysfunction and health disorders and can also
reduce mortality and morbidity [24]. With the increase
in the incidence of the elderly, through research and anal-
ysis, older people have the potential to improve both
structure and function [25]. Moderate exercise, appropriate
load, exercise time, exercise methods, etc. can promote
blood circulation throughout the body, increase metabo-
lism, improve bone, and improve adaptability to various
organs and system functional loads. The elderly can also
enrich their spare time through the above methods, satisfy
people’s spiritual needs, increase their sense of joy, estab-
lish good interpersonal relationships, improve people’s
body and mind, achieve their goals [26], delay aging, and
improve health. The research results further confirmed
that physical exercise has a good impact on the health of
the elderly, and increasingly, people have clearly realized
that physical exercise has a good effect on improving
health and antiaging. The elderly are increasingly partici-
pating in physical exercise and at the same time enhance
the national health. It provides a factual basis for people
to better participate in physical exercise, to further pro-
mote the national fitness program and promote the active
participation of the elderly in sports, and it provides a sci-
entific and useful foundation. Improve people’s and
society’s interest in older people’s participation in sports
and encourage them to actively participate in sports.

2.2.1. Physical Exercise. Taking exercise as a means, using fit-
ness, entertainment, health care, rehabilitation, and mental

and intellectual training activities, according to the formation
of growth and development and human skills, consciously
and orderly promotes people’s overall development,
improves people’s physical condition, improves physical
strength, improves athletic ability, improves physical func-
tion, improves and maintains physical and mental health,
improves lifestyle, and improves quality of life. Sport is not
only a physical exercise but also a spiritual activity. There-
fore, exercise not only affects physical health but also has a
positive effect on mental health.

2.3. Health Promotion Model

2.3.1. Origin of Health Promotion Model. In 1987, Pan De
proposed a health promotion model, an action to improve
health to achieve self-fulfillment and personal achieve-
ment. Everyone must maintain action to maintain and
enhance peace and happiness. He believes that actions to
improve health are for self-realization and personal
achievement, and everyone will use actions to maintain
and improve peace and happiness. This is a positive atti-
tude. Through this healthy behavior, the individual can
achieve the greatest potential to achieve the best state of
health. The determinants of health promotion actions are
divided into specific personal characteristics and experi-
ences (the above actions, personal factors), specific action
knowledge and feelings (action feelings, action disorders,
self-efficacy, and action-related), and influences on actions
(many have future action plans and urgent competition
needs and preferences), three categories. The determinants
of health promotion actions in the health promotion
model can be used to evaluate patients’ health awareness
and enthusiasm for participating in health promotion
activities. In action to improve health to achieve self-
fulfillment and personal achievement, everyone must
maintain action to maintain and enhance peace and
happiness.

In 1987, American nursing expert Pan De first proposed
the Health Promotion Lifestyle Scale, which was revised by
Walker in 1996 and formulated HPLP-II. The scale contains
six dimensions. Promoting a healthy lifestyle refers to all
actions taken by individuals, families, communities, and
society to improve peace, happiness, and the possibility of
health. Based on the health promotion model, various forms
have been developed to measure health status. Iran is using
the scale of health-improving lifestyles to measure the health
actions of Iranian elderly. It has good reliability and validity
and good applicability.

2.3.2. Application of the Health Promotion Model in Nursing
Practice. Research on health promotion models has been
applied to nursing practice in many countries. The health
promotion model was first used in nursing practice abroad.
The health promotion model can improve the dietary behav-
ior of diabetic patients. In addition, it can also improve the
loneliness symptoms of the elderly. Health education based
on the health promotion model has a positive impact on
improving social and mental health, delaying the aging pro-
cess, improving the quality of life and physical health,
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improving daily activities, and reducing the risk of disability.
In this way, it can activate the essential motivation and
beliefs of personal health, turn it into a healthy action, and
promote the development of a healthy lifestyle at any level.
To achieve a full recovery, reduce the recurrence rate and
readmission rate. With the improvement of living standards,
unhealthy behaviors, lifestyles, and living environments are
more likely to increase the burden of disease.

3. Promote Research Experimental System
Based on Daily Body Functions of Healthy
Elderly Nanotechnology Protective Gear

3.1. The Establishment of a Model of Influencing Factors of
the Physical Function and Health Promotion System of
the Elderly

3.1.1. Build the Model Equation. The structural equation
model consists of a measurement model and a structural
model. In this study, the model equation can be represented
by three matrix equations:

M = Γxξ + ϑ, ð1Þ

N = Γyη + ψ, ð2Þ

η = Rη + τξ + ω: ð3Þ
Table 1 shows the meaning of the letters in the above

formula. Equations (1) and (2) are the formulas of the mea-
surement model, which, respectively, determine the position
of the relationship between the external observation variable
X and the external latent variable and the internal observa-
tion variable Y and the internal latent variable. Equation
(3) is a structural model equation that determines the rela-
tionship between external latent variables and inherent
latent variables.

3.1.2. Parameter Estimation Method. Establish an initial
structural equation model, and verify the suitability of the
model through data analysis. In the SEM analysis, 7 param-
eter estimation methods are provided, including ML, IV,
TSLS, ULS, GLS, GWLS, and DWLS. In this paper, the max-
imum likelihood method (ML method) is used for parame-
ter estimation.

3.1.3. Construction of the Theoretical Model of the Factors
Affecting the Health of the Elderly. The theoretical construc-
tion of the structural equation model needs to be based on a
certain theoretical foundation and practical experience. Pre-
vious literature studies have found that socioeconomic status
affects the elderly’s social support, family relationships,
health status, and health-promoting lifestyle. For example,
according to the research, high age, low education, and low
income are important risk factors affecting the elderly. The
main sources of living expenses, the existence of children,
gender, and average monthly income are important factors
that affect the level of social support for the empty-nest
elderly. Family support also affects the elderly’s social sup-
port, health status, and health-promoting lifestyle. Having

a spouse, children’s filial piety, and living with children con-
tributes to the mental health of the elderly, and the lack of
timely care for spouses and children is easier for the elderly.
Perceive loneliness and so on. The main factors affecting
social support for the elderly in nursing facilities for the
elderly are age, family status, number of visits, and the pres-
ence or absence of children.

Health status will also affect the social support of the
elderly. In China, participation in social activities is causally
related to the health of the elderly. If you are in good health,
your chances of participating in cultural group activities and
personal family activities will increase. At the same time,
combined with the results of single factor analysis, on the
basis of theoretical foundation and repeated verification, this
study constructed a theoretical model of factors affecting the
health and lifestyle of the elderly.

Construct a structural equation model based on the
latent variables and observed variables extracted by explor-
atory factor analysis, and use the Amos22.0 software to fit
the constructed model.

3.2. Monitoring System Model of Basic Health Parameters of
the Elderly. The health parameter sensor is used to extract
human physiological information. It is the basis of the mon-
itoring system. The detection accuracy of the sensor is
related to the effectiveness of the monitoring system, and
its power consumption and wearing comfort are related to
the actual application value of the monitoring system. This
chapter considers the characteristics of the dynamic moni-
toring device, from the perspective of low power consump-
tion, designing the detection circuit and signal processing
algorithm of health parameters.

3.2.1. Design of ECG Signal Processing Algorithm. For sys-
tems used for long-term signal monitoring, due to limited
resources and sensitive to power consumption, signal pro-
cessing algorithms should have the characteristics of low
computational complexity and high real-time performance.
Smoothing filtering is a simple and practical filtering algo-
rithm, which is widely used in medical monitoring systems
and has a good filtering effect on power frequency
interference.

Table 1: The meaning of the letters in the above formula.

Letter Meaning

M Observed variables of exogenous latent variables

N Observed variables of endogenous latent variables

η Endogenous latent variables

Γx X path coefficient of exogenous latent variables

Γy Y path coefficient of endogenous latent variables

ξ Exogenous latent variables

ϑ Error of exogenous latent variable

ψ Error of endogenous latent variable

ω Staggered term
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The power frequency signal is a sine wave with a fre-
quency of 50Hz. We divide a period of the signal into N
equal parts, and the sum of the signal values corresponding
to each equal point is 0, namely

〠
n

i=1
sin i

2π
n

+ θ

� �
= 0: ð4Þ

To achieve power frequency filtering, you only need to
set the ECG signal sampling frequency to an integer multiple
of 50Hz. We assume that the ECG signal sampling fre-
quency is 500Hz, which is 10 times the power frequency.
In other words, there are exactly 10 sampling points in a
power frequency cycle, that is, n = 10, which is equivalent
to dividing a power frequency signal cycle into 10 equal
parts, and averaging 10 samples can theoretically eliminate
the power frequency interference. Then, the difference equa-
tion is

t nð Þ = x nð Þ + x n − 1ð Þ + x n − 2ð Þ+⋯+x n − 9ð Þ½ �/10: ð5Þ

In the formula, xðnÞ, xðn − 1Þ⋯ xðn − 9Þ is the sampled
signal, and tðnÞ is the filtered ECG signal.

Performing the Z transformation on the above formula,
we get

T zð Þ = X zð Þ + X zð Þ ⋅ z−1 + X zð Þ ⋅ z−2⋯+X zð Þ ⋅ z−9� �
/10

� �
:

ð6Þ

The transfer function is

Q zð Þ = 1 + z−1 + z−2+⋯+z−9
� �

/10: ð7Þ

3.2.2. Design of the Heart Rate Extraction Algorithm. Heart
rate refers to the number of times the heart beats per minute,
which is the reciprocal of the cardiac cycle. Every time the
heart beats, a QRS complex is generated. Therefore, we can
detect the heart rate by counting the number of times the
R wave appears per unit time. The differential threshold
method is the most widely used ECG signal R wave detection
algorithm. It is a fast algorithm and is suitable for systems
with high real-time requirements.

In the waveform electrocardiogram, the rise and fall of
the edge of the R wave are the areas with the most dramatic
changes in the trend. In this area, using the zero crossing
point of the dominant number and the end point of the sec-
ond derivative, the first or second derivative of the filtered
ECC signal is performed to determine the position of the R
wave that passes the threshold.

The first-order difference and the second-order differ-
ence of the electrocardiogram signal are obtained, and the
total of the second-order differences is used as the detection
standard of the R wave. The quadratic waveform uses the
infinite order of the square of the center difference. Since
the value of the center difference is an error, the first-order
difference is as follows. The form is as follows.

h′ nð Þ = h n + 1ð Þ − h n − 1ð Þð Þ
2 : ð8Þ

The second-order difference form is

h″ nð Þ = 2h n + 1ð Þ + h n + 2ð Þ − h n − 2ð Þ − 2h n − 1ð Þð Þ/8:
ð9Þ

In the formula, hðnÞ is the filtered ECG signal sequence.
Then the first-order and second-order differences are

squared and the square sum sequence HðnÞ is obtained,
which is equivalent to a nonlinear amplification of the signal,
which significantly increases the proportion of high-
frequency signals in the original signal. The calculation pro-
cess is as follows:

H nð Þ = h′ nð Þ
� 	2

+ h″ nð Þ
� 	2

: ð10Þ

The square sum sequence HðnÞ is combined with an
appropriate threshold to detect the R wave and the signal
difference calculation processing effect.

3.2.3. ECG Signal Detection Circuit. Only by improving the
input impedance of the circuit and the common-mode inter-
ference suppression capability of the instrumentation ampli-
fier itself, satisfactory results cannot be obtained. To further
suppress the common-mode interference and improve the
quality of ECG signal detection, a common-mode interfer-
ence suppression circuit is designed on the basis of the above
circuit. Its function is equivalent to inverting an amplifier,
inverting and amplifying the detected common-mode signal
before returning it to the human body to further eliminate
common-mode signal interference.

We assume that the common-mode voltage of the
human body is Lu, and the gain of the amplifiers U1A and
U1B is 1, so the amplifier output voltage Lu can be regarded
as equal to Lu. Among them are as follows:

Lu = idb × R6 + L∘, ð11Þ

Lu = idb × R6 − 2R9
R5 × Lu′: ð12Þ

Thereby

Lu =
idb × R6

1 + 2R9/R5 : ð13Þ

If the right leg is directly grounded, then

Lu = idb × R6: ð14Þ

The gain of the circuit is

A3 = R14/ R12 + R13 + R14ð Þ: ð15Þ
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4. A Health Promotion System for the Elderly’s
Daily Body Functions Based on
Nanoprotective Technology

4.1. Elderly Health Promotion Lifestyle Physical Function and
Its Analysis of the Scores. It can be seen from Table 2 and
Figure 1 that the total score for the health promotion life-
style of the elderly in Province A in this survey is 105:98 ±
19:61 points, and the average score for each item is 2:53 ±
0:47 points. According to the evaluation criteria of the
health-improving lifestyle scale, a healthy lifestyle and all
aspects related to the promotion of the elderly are at a
medium level. According to the average score of each
dimension, the nutrition score (2.86 points) is the highest,
and the rest are self-actualization (2.65 points), interpersonal
support (2.55 points), stress management (2.53 points) and
exercise (2.28 points), and health responsibility (2.22
points), among which the scores of nutrition, self-realiza-
tion, interpersonal support, and stress management are
higher than the total average score of health promotion life-
style. The results suggest that the elderly have poor health
responsibilities and exercise behaviors, and nutritional
behaviors are the best.

4.2. Various Indicators of Physical Function of the Elderly.
BMI (body mass index) is an international standard used
to measure body fat, weight, and health. It is mainly divided
into the following: BMI < 18 is thin, 18.5-24.9 is normal
(standard weight), 25-30.0 is overweight, 30.0-34.9 is grade
I obesity, and 35.0-39.9 is grade II obesity.

According to the research data, as shown in Table 3 and
Figure 2, the number of standard-weight elderly people who
exercise regularly is 45, accounting for 50% of the total num-
ber, which is higher than the proportion of standard-weight
elderly people who do not regularly participate in physical
exercise. 41 obese elderly people regularly participate in
sports, accounting for 45.5% of the total, far exceeding the
proportion of obese people who do not regularly participate
in sports. The proportion of elderly people who do not exer-
cise regularly is higher than the proportion of elderly people
who exercise regularly. Compared with men and women, the
proportion of men who exercise regularly is higher than that
of women, and the proportion of women who are too fat is
46.1% higher than that of women who hardly exercise. With
the increase of age, body function gradually declines, and the
elderly are prone to obesity. Through the body mass index
test, people can judge their own health status, actively, par-
ticipate in sports, control and prevent weight, and reduce
the appearance of related diseases.

The blood pressure level is not only closely related to
heart function, vascular resistance, and blood volume but
also affected by factors such as nerves and body fluids. Blood
pressure changes according to age, time, and climate. A
happy mood and proper exercise can lower blood pressure,
and large mood swings, high exercise intensity, and high
work pressure can cause blood pressure to rise.

As shown in Table 4 and Figure 3, the blood pressure of
most elderly people is in the normal range. The systolic
blood pressure of the elderly who regularly participate in
physical exercise reaches the normal range in 71.1%, and
the diastolic blood pressure reaches the normal range in
85.5%. The systolic blood pressure of the elderly who did
not regularly participate in physical exercise reached the
normal range in 66.6%, and the diastolic blood pressure
reached the normal range in 77.7%. 28.8% of the elderly
who regularly participate in physical exercise are beyond
the normal range of systolic blood pressure, and 12.2% of
the elderly are higher than the maximum diastolic blood
pressure. Health requires active participation in physical
exercise to prevent disease and promote health. Compared

Table 2: Elderly health promotion, lifestyle, and its score levels in various dimensions.

Dimension Individual score Total score Behavior level Sequence number

Self-actualization 2:65 ± 0:35 36:98 ± 0:28 Medium level 2

Health responsibility 2:22 ± 0:19 19:92 ± 0:12 Medium level 6

Movement 2:28 ± 0:06 6:83 ± 0:12 Medium level 5

Nutrition 2:86 ± 0:25 14:36 ± 0:05 Medium level 1

Interpersonal support 2:57 ± 0:29 12:89 ± 0:34 Medium level 3

Stress management 2:55 ± 0:37 15:35 ± 0:28 Medium level 4

Healthy lifestyle 2:53 ± 0:47 105:98 ± 19:61 Medium level —

2.65 2.22 2.28 2.86 2.57 2.55 2.53

36.98

19.92

6.83

14.36 12.89
15.35

49.68

2
6 5

1 3 4

0

10

20

30

40

50

60

Sel
f

Resp
onsib

ilit
y

Movem
en

t

Nutrit
ion

Su
pport

Str
ess

Life
sty

le

Sc
or

e

Dimension

Individual score
Total Score
Sequence number

Figure 1: Elderly health promotion, lifestyle and its score levels in
various dimensions.
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with the blood pressure of older men and women who regu-
larly participate in physical exercise or infrequently partici-
pate in physical exercise, the proportion of men with high
blood pressure is higher than that of women.

Blood pressure is an important indicator that reflects the
state of cardiovascular function. With the increase of age, the
physical function of the elderly decreases, the elasticity of the
blood vessels decreases, and the blood pressure rises, which
is prone to hypertension. Exercise can reduce high blood
pressure, increase cholesterol levels, reduce harmful choles-
terol levels, reduce weight, and prevent thrombosis. The
elderly should choose appropriate exercise methods accord-
ing to their health conditions, actively participate in exercise,
maintain normal blood pressure, and effectively prevent the
occurrence of cardiovascular diseases.

The size of the heart rate can reflect the functional state
of the body and the changes of the cardiovascular system
function to a certain extent, and it is a reference index for
evaluating the cardiovascular function state and exercise
effect. The heart rate of a normal person is 60-100 beats
per minute. Less than 60 times is called slow heartbeat,
and more than 100 times is called fast heartbeat (less than
160 times). The heart rate of women will be faster than the
heart rate of men. The heart rate of the elderly increases
between physical activity and mental excitement, and the
heart rate decreases. Most patients with heart disease have
a heartbeat rate of more than 160 beats per minute, or less
than 40 beats per minute, and they have heartbeats, chest

pressure, and initial discomfort. People who regularly partic-
ipate in sports and physical labor have a very low heart rate,
less than 60 beats per minute. As long as there is no discom-
fort, this is normal.

As shown in Table 5 and Figure 4, 87.8% of the elderly
who regularly participate in physical exercise maintain the
normal heart rate range, 77.8% of the elderly who do not
participate in physical exercise regularly reach the normal
heart rate range, and 12.2% of the elderly who regularly par-
ticipate in physical exercise are in the normal heart rate
range. 50-60 times/min, which is also in the normal range,
indicating that the health status of the elderly who regularly
participate in physical exercise is higher than that of the
elderly who do not regularly participate in physical exercise.
Appropriate physical exercise can keep the heart rate stable.
A small number of elderly people with low or high heart
rates can improve their heart rate and promote their health
by participating regularly. Elderly men and women who reg-
ularly take part in physical exercise have relatively good
effects on participating in exercise, and there is not much
difference in heart rate changes between the two. Appropri-
ate exercise, maintaining a normal weight, and reasonable
eating habits are all effective ways to improve heart rate.

As shown in Table 6 and Figure 5, nearly 70% of elderly
men and women who regularly participate in physical exer-
cise are in a normal state. Most elderly men and women who
take part in physical exercise infrequently have abnormal
phenomena, and the abnormality rate of men is much
higher than that of women, which may be affected by daily
life habits and eating habits.

Under normal circumstances, all blood vessels change
with age, the elasticity of the large arteries decreases, the
rigidity increases, the inner diameter of the blood vessels
increases, the thickness of the internal medium increases,
the blood vessels narrow, and the brain and physical
strength decline. Arteriosclerosis refers to arterial wall
hypertrophy, texture hardening, rough inner wall, and pas-
sage of grooves. The pathology is based on deep steatosis
and cholesterol deposition in the arterial intestine to form
a nonepithelial plate. These plaques stand out and cause
blockage. Atherosclerosis is the general form of arterioscle-
rosis. That is the main cause of myocardial infarction and
cerebral infarction. Arterial vascular disease will increase
the damage to the heart, brain, kidney, and other organs,
causing high mortality and high obstacles. Experts suggest
that atherosclerosis-tonic thrombosis is a persistent overall
disease and a systemic disease that needs to be prevented

Table 3: BMI ratio analysis table for the elderly.

BMI classification
Participate in physical
exercise regularly Total

Participate in physical
exercise infrequently Total

Male Female Male Female

<18, thin 1 1 2 — — —

18.5-24.9, normal 26 19 45 3 4 7

>25, overweight 25 16 41 1 6 7

30.0-34.9, first-degree obesity 1 1 2 1 3 4

35.0-39.9, second-degree obesity — — — — — —

1 1 1 1 10 0
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Figure 2: BMI ratio analysis for the elderly.
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in advance. At present, pulse wave velocity (PWV) (which
refers to the speed at which the blood pumped from the
heart reaches the hands and feet through the blood vessels)
is used internationally. It is an index to predict the degree
of atherosclerosis and the risk of coronary artery disease.
The PWV of the aorta can also be used to predict the heart
and an effective indicator of vascular disease to reflect the
degree of arteriosclerosis. When blood vessel elasticity
decreases, the blood vessel becomes hard, the speed of pulse
conduction becomes faster, and PWV increases.

As shown in Table 7 and Figure 6, the average value of
the pulse conduction velocity of men and women on the left
and right sides of the elderly who regularly participate in
physical exercise is less than 1700m/s. Above 1800m/s, the
health status of the elderly who regularly participate in phys-

ical exercise is significantly better than that of the elderly
who do not regularly participate in physical exercise.
Through the T of the relevant data, there is a significant dif-
ference in pulse conduction velocity between male elderly
who regularly participate in physical exercise and male
elderly who do not regularly participate in physical exercise
and female elderly who regularly participate in physical
exercise and those who do not regularly participate in
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Figure 3: The influence of physical exercise on the blood pressure of the elderly.

Table 4: Analysis table of the influence of physical exercise on the blood pressure of the elderly.

Blood pressure test Pressure classification, mmHg
Participate in physical
exercise regularly

Participate in physical
exercise infrequently

Male Female Male Female

Systolic blood pressure
90-140 69.8 72.9 60.0 69.2

>140 30.1 27.2 40.1 30.8

Diastolic blood pressure

<60 5.4 2.2 — 7.6

60-90 84.9 86.5 60.2 84.7

>90 15.2 8.3 40.3 7.7

Table 5: Analysis of the influence of physical exercise on the heart
rate of the elderly.

Grouping

Participate in physical
exercise regularly (%)

Participate in physical
exercise infrequently (%)

50-60
(times/min)

60-100
(times/min)

50-60
(times/min)

60-100
(times/min)

Male 11.4 88.7 20.1 80.3

Female 13.6 86.5 23.6 75.8

Total 12.3 87.6 22.4 77.5
11.4 13.6 12.3
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Figure 4: Analysis of the influence of physical exercise on the heart
rate of the elderly.
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physical exercise There is a significant difference in pulse
conduction velocity among elderly women. Through regular
physical exercise, blood supply to tissues and organs (heart,
kidney, other important organs, etc.) is increased, tissue
hypoxia is reduced, lipid metabolism is improve, plasma
activity is increased, body weight is reduced, and blood coag-
ulation is reduce, which helps increase the activity of the
anticoagulant system in the blood and reduce the possibility
of myocardial infarction. It helps to improve mood, divert
patients’ attention to the disease, mobilize patients’ positive
causes, and eliminate negative fears.

Bone density is an important indicator of bone quality,
reflects the degree of osteoporosis, and is an important basis
for predicting fracture risk. The bone content of minerals is
closely related to the resistance of bone and the stability of
the internal environment. This is not only an important
indicator for evaluating human health but also an important
indicator for evaluating and studying bone physiology,

human pathology and aging, and the diagnosis of various
diseases of the body. The bone mineral density, in BND
and normal youth and standard deviation (SD) high (+) or
low (-) comparison T value, is the most important value in
the diagnosis of osteoporosis.

As shown in Table 8 and Figure 7, the bone density of
the elderly who regularly participate in physical exercise is
28.8% in the normal range, which is higher than that of
the elderly who participate in physical exercise infrequently;
-2.5 to -1 belong to the low bone density stage. And osteopo-
rosis, the proportion of elderly people who regularly partic-
ipate in physical exercise, is 48.9%, and the proportion of
elderly people who hardly participate in sports is 55.6%.
Compared with the proportion of elderly people who regu-
larly participate in sports, the proportion of elderly people
who hardly participate in sports is even higher. 16.7% of
the elderly who exercise regularly suffer from osteoporosis,
and 22.2% of the elderly who do not exercise suffer from
osteoporosis. Combined with the above analysis, it can be
seen that regular participation in physical exercise can
strengthen bone. Muscles and bone are inseparable. Contin-
uous, regular, and appropriate exercise can alleviate the
degree of osteoporosis. In the elderly, muscle strength is
weakened, mechanical stimulation is relatively reduced,
and bone turnover tends to be negatively balanced, which
will accelerate the development of osteoporosis. According
to these data, the ratio of osteoporosis among elderly women

Table 6: PWV statistical table of pulse wave velocity in the elderly.

Grouping Category
Participate in physical exercise

regularly
Participate in physical exercise

infrequently
Abnormal Normal Abnormal Normal

Male
Number of people 16 38 4 1

Proportion 30.7 69.8 80.2 19.8

Female
Number of people 8 26 8 5

Proportion 29.7 70.3 61.5 38.4
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Figure 5: PWV statistical table of pulse wave velocity in the elderly.

Table 7: Analysis of the influence of physical exercise on the pulse
conduction velocity PWV of the elderly.

Gender Group Number of samples Left Right

Male
Test group B 55 1692.8 1649.3

Control group B 6 1893.1 1932.9

Female
Test group G 47 1661.5 1668.7

Control group G 15 1843.2 1854.5
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Figure 6: Analysis of the influence of physical exercise on the pulse
conduction velocity PWV of the elderly.
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who regularly participate in physical exercise and those who
do not participate in physical exercise is much higher than
that of men. The bone mineral content of normal people is
closely related to gender and age, and there are differences
between different genders in the same age group. Females
are lower than males. The elderly women who often take
part in physical exercise are also lower than men, which is
related to the body structure of men and women.

Especially for the elderly with osteoporosis, the use of
nanoprotective gear can better protect the bone health of
the elderly. It can also avoid accidents while exercising and
provide good protection for the elderly. The research of
nanoprotective gear technology is exclusively customized
for the elderly. Of course, it can also be applied to the sports
of many young people. The purpose is to bring a better
healthy lifestyle and improve the quality of healthy life.

5. Conclusion

This article is mainly based on the research of the elderly’s
daily body function and health promotion system based on
nanoprotective technology. Using a variety of research
methods, the model of the influence factors of the elderly
body function and health promotion system was established,
and the elderly body function and health status from the
influencing factors was analyzed. And the role and effect of
nanoprotective technology in the daily exercise of the elderly
were highlighted.

The innovations of this article are as follows. First, qual-
itative analysis is combined with quantitative analysis, and
qualitative analysis is fully based on the analysis of data; sec-
ond, theoretical research is combined with empirical
research and in-depth study of nanotechnology, etc. On
the basis of the theory, empirical research is carried out in
combination with the specific conditions of the physical
function and health of the elderly.

There are still shortcomings in this article. Firstly, the
amount of data in the questionnaire survey is not enough,
the number of interviewers is not large enough, and the rep-
resentativeness of the data is not strong enough; secondly,
the nanoprotective technology is still immature, and more
in-depth research and more extensive research are needed.
In application experiment, in the future, the development
of nanotechnology will bring increasingly convenient life to
people, and at the same time, it will also bring better protec-
tion to the health of the elderly.
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In a narrow sense, polymer composites refer to multiphase materials composed of polymers and other substances with different
compositions, shapes, and properties. They can be divided into structural composites and functional composites. In a broad sense,
polymer composite materials also include polymer blend systems, collectively referred to as “polymer alloys.” The purpose of this
paper is at studying how to study the impact of polymer composite materials on the adaptation and comfort of sports and fitness
facilities. This paper puts forward the problem of comfort, which is based on the construction materials of sports equipment, and
then elaborates on the polymer composite materials and makes a case design and analysis of the applicability of polymer
composite materials in sports equipment being carried out. The experimental results show that 34.81% of the people are very
satisfied and relatively satisfied with the quality identification of sports equipment and only 41.99% of the people are very
satisfied and relatively satisfied with the feeling of sports equipment when exercising. Both are less than half of the total sample
size, which shows that the current state of sports facilities is worrying.

1. Introduction

With the rapid development of the society, under the dual
pressure of work and life, people pay more and more atten-
tion to healthy life. However, the current sports equipment
and fitness facilities as a whole still cannot meet the people’s
fitness needs, which not only limits the public’s participa-
tion in physical exercise but also exacerbates the contradic-
tion between the public’s growing fitness needs and the
unbalanced and insufficient supply of fitness facilities. The
wide application of polymer functional composite materials
in sports equipment improves the comprehensive perfor-
mance of sports equipment and fitness facilities and pro-
motes the vigorous development of sports enterprises. In
view of this, it is particularly important to discuss the design
research of sports equipment and facilities in sports and fit-
ness venues.

The improvement of the comfort of sports facilities will
help alleviate the contradiction between the growing

demand for sports activities and the lack of sports facilities,
and it can help people improve people’s comfort in sports
activities. Convenient transportation, good sports environ-
ment, excellent sports equipment, and comfortable sports
atmosphere can not only stimulate people’s desire to engage
in sports activities to a certain extent but also help them
improve their physical condition and enjoy physical and
mental health during exercise. Likewise, it helps extend the
lifespan of sports facilities.

The innovation of this paper is that (1) this paper com-
bines polymer composite materials with deep learning and
introduces the theory and related methods of the neural net-
work in detail and (2) in the face of the comfort of sports
facilities, using questionnaires and analyzing the perfor-
mance of polymer composite materials to analyze come in
handy. Through the evaluation of the experimental results,
in the selection of materials for sports equipment, materials
and comfort should be given top priority and suitable mate-
rials will improve the comfort and experience of athletes.
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2. Related Work

Since the 19th century, humans have used naturally modi-
fied polymer materials. After entering the 20th century,
polymer materials entered a huge development stage. Atci
E presented atomic models for the transport of single-
component gases (CH4, CO2, H2, and N2) and binary gas
mixtures (H2/CO2, H2/N2, and H2/CH4) in zeolitic imidaz-
ole framework (ZIF) membranes and ZIF/polymer compos-
ite membranes. The atomic model predictions are validated
by comparison with available experimental data for ZIF-90
films. However, his experimental data was less [1]. Xin
et al. reported a convenient and versatile strategy to prepare
cesium lead bromide or organic lead halide methyl ammo-
nium bromide polymer composites. They verified it by using
methyl methacrylate, butyl methacrylate, and polystyrene
and successfully built a prototype white light-emitting diode
with viable color properties and narrow bandwidth. How-
ever, its application scope was limited [2]. Vaisanen et al.
conducted a critical review of the impact of multiple types
of waste, residues, or process by-products on NFPC and
assessed their potential as NFPC components. However,
his content was relatively brief [3]. Dang et al. investigated
anisotropic aluminum nitride (AlN) whiskers and isotropic
spheres as mixed fillers in the epoxy resin and polyvinyli-
dene fluoride (PVDF) matrix to improve thermal conductiv-
ity of polymer composites. And polymer composites with
mixed fillers of AlN whiskers and spheres with different vol-
ume ratios were prepared. However, his results were not
comprehensive enough [4]. Moura et al. reported on the
production and characterization of composites for wound
healing applications, investigating bioactive glasses obtained
by a sol-gel method and doped with two different metal ions.
However, his performance was lower [5]. Khan A used
chemical vapor deposition (CVD) technology to extract
two different morphologies of carbon nanomaterials
(CNM), namely carbon nanobeads (P1) and a mixture of
carbon nanotubes and carbon nanobeads (P2). The mor-
phology of the composites was analyzed by FESEM to study
the interaction of fillers with the matrix to improve perfor-
mance. However, his influence factors were more [6]. Zhang
and Goekce summarized in situ and ex situ laser prototyping
methods and downstream batch processing techniques for
nanoparticle-polymer composites (LaNPCs) and discussed
determining factors of polymer-solvent-laser parameteriza-
tion on the target physical and chemical properties of com-
posites. The advantageous features of this technique were
demonstrated by highlighting representative works related
to various promising applications. Finally, it described the
challenges and prospects facing LaNPC, as well as perspec-
tives on how recent research results are changing the direc-
tion of research in this field. However, their focus was not
enough [7]. Li et al. investigated polymer composites rein-
forced by pristine and functionalized graphene to determine
the improvement of the tribological properties of polymer
composites. A molecular layer model with Fe atoms as the
top nanolayer was established, and the tribological proper-
ties of the polymer composites were improved by sliding
the top Fe nanolayer on the surface of the polymer matrix.

The simulation results show that the average friction coeffi-
cient and wear rate of the functionalized graphene/polymer
composites are reduced by about 13% and 42.3%, respec-
tively. However, their data were not accurate enough [8].

3. Classification Method of Polymer
Composite Materials

3.1. Introduction to Deep Learning Based on Polymer
Composite Material Classification. In recent years, deep
learning technology has been successfully applied to speech
recognition, handwriting recognition, and computer vision
and achieved remarkable results in the fields of natural lan-
guage self-processing [9]. The classification of polymer com-
posites can also be carried out with the help of deep learning
techniques.

The artificial neural network is an information process-
ing system, which has some characteristics of ordinary
BNN. In short, the artificial neural network can be regarded
as an integrated system of the mathematical model of the
human brain. The structure is shown in Figure 1. A large
number of interconnected neurons constitute an ANN, and
each neuron is interconnected with other neurons by having
corresponding weights. In this, the knowledge to solve the
problem can be represented by the weights. The structure
of artificial neural network is composed of the feedforward
network, feedback network, and mutual combination net-
work. A neural network is an operational model that consists
of interconnected connections between a large number of
nodes (or neurons).

Deep learning is a very popular method in machine
learning, covering theoretical viewpoints in many fields. It
is to learn the inherent laws and representation levels of
sample data. In order to realize more intelligent human-

Input layer

Hidden layer

Output layer

Figure 1: Architecture of an artificial neural network.
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computer interaction, researchers imitate the human brain
and thinking and establish various neural network models.
Deep learning is one of them [10]. Deep learning is a multi-
level representation learning method, learning data features
by creating models, and finding a better data representation
is the primary purpose of representation learning, as shown
in Figure 2.

The convolutional neural network was first proposed in
the 1980s. The idea of the CNN was inspired by human
research on the cat visual system, but due to the limitations
of computer resources at that time and other resource-
limited problems, it could only stop there. The three major
deep learning giants proposed a standard LeNet-5 network
structure, using gradient descent for training, and achieved
good experimental results, making it possible to train deep
neural networks. The essence of the convolutional neural
network is to construct multiple interconnected kernel con-
volution kernels, which can output data features and topo-
logical features. A structure is hidden between data by
performing layer merging function on the data input side
[11, 12], as shown in Figure 3.

As the number of layers continues to increase, the
derived features become more and more abstract and these
abstract features are finally merged through a fully con-
nected hierarchy and classification problem. Feedback is
resolved through Softmax or Sigmoid activation functions.

Before introducing Softmax regression, it is necessary to
introduce logistic regression. Logistic regression is a simple
binary classification algorithm that achieves classification
by fitting the classification boundaries of the data and uses
optimization methods such as gradient descent to determine

the best regression coefficients [13]. One of the more impor-
tant formulas in logistic regression is the step function:

Q Xð Þ = 1
1 + E−θZX

: ð1Þ

Its waveform is as follows; the value range is between [0,1];
Figure 4 is the logistic regression step function formula.

Its corresponding negative log-likelihood loss function is
defined as

Q θð Þ = −
1
u

〠
v

i=1
Yi log f θ Xi� �

+ 1 − Yi� �
log 1 − f θ Xi� �� �" #

:

ð2Þ

Based on linear regression, logistic regression applies a
logistic function, but because of this logistic function,
logistic regression has a favorable place in the field of
machine learning [14].
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Output layer

Figure 2: Deep neural network.
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The assumption of the logistic regression model is as fol-
lows:

hφ tð Þ = g φZt
� �

: ð3Þ

A commonly used logic function (and also the function
mainly used in this paper) is the sigmoid function, and its
expression is shown in formula (4):

g xð Þ = 1
1 + e−x

: ð4Þ

The graph of this function is shown in Figure 5.
Therefore, the assumptions of the logistic regression

model are as follows (5):

hφ tð Þ = 1
1 + e−φZx

: ð5Þ

For the LR model, the classification is based on the fol-
lowing: for a given input variable t, calculate the probability
that the output variable is 1 according to the selected param-
eters, that is,

hφ tð Þ = P
y = 1
t ; φ

� �
: ð6Þ

The ReLu (rectified linear units) function is a popular
activation function that has gradually replaced the sigmoid
function. The function graph of ReLu is shown in Figure 6;
it does not tend to saturate with the gradual increase of the
input x.

Details of the Softmax classifier are as follows:

x i jjð Þ = exp Vi ⋅ jð Þ
∑W

w=1exp Vw ⋅ jð Þ
: ð7Þ

Splitting the prediction function into two steps, taking
the 1st row of V and multiplying that row with j,

Vi·j = 〠
d

a=1
Qiaxa = f j: ð8Þ

Calculating all f w, w = 1,⋯,W. Applying the Softmax
function to obtain normalized probabilities,

x i jjð Þ =
exp f j

� �
∑W

w=1exp f wð Þ
= sof t max fð Þj: ð9Þ

Softmax regression is an extension of logistic regres-
sion for solving multiple classification problems. Softmax
regression is a supervised learning algorithm that can be
combined with deep learning methods or unsupervised
learning methods [15]. In logistic regression, the training
sample set consists of samples labeled fðmð1Þ, nð1ÞÞ, ðmð2Þ,
nð2ÞÞ,⋯, ðmðxÞ, nðxÞÞg with the input feature ma ∈ φy+1. The
dimension of the feature vectorm is y + 1,m0 = 1. Supposing
that the function is as follows,

hα mð Þ = 1
1 + exp −αTmð Þ : ð10Þ
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Figure 4: The logistic regression step function formula.
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The model parameter α will be trained to minimize the
cost function:

S αð Þ = −
1
x

"
〠
x

i=1
n að Þ log hα m að Þ

� �

+ 1 − n að Þ
� �

log 1 − hα m að Þ
� �� �#

:

ð11Þ

In convolutional networks, the process of convolution
includes two parameters: the first parameter is the input
and the second parameter is the kernel function (i.e., the con-
volution kernel) [16]. The unit output by the convolution
operation is called a feature map. Taking a two-dimensional
image Q as input and the two-dimensional convolution ker-
nel being P, the convolution of q and P is as follows:

S a, bð Þ = Q ∗ Pð Þ a, bð Þ =〠
a

〠
b

Q i, jð ÞP a − i, b − jð Þ: ð12Þ

Mathematically, convolution is interactive because the
convolution kernel is flipped relative to the input. However,
most of the existing neural network libraries are based on a
crosscorrelation function that does not flip the kernel and
both methods are called convolution [17]. In this paper, the
convolution is represented in this way. The convolution
operations mentioned below are all convolution operations
without flipping the convolution kernel. The crosscorrelation
function is expressed as follows:

S = a, bð Þ = Q ∗ Pð Þ a, bð Þ =〠
i

〠
j

Q a + i, b + jð ÞP i, jð Þ: ð13Þ

The convolutional neural network (CNN) is one of the
structures of the deep learning network, which is character-
ized by a large number of convolution operations in the net-
work structure. In addition, the activation function and
pooling layer are also its basic structures. These three basic
structures make it have better local perception characteristics
and feature abstraction ability than multilayer perceptron
(MLP) [18]. At present, the CNN has been widely used in
many subfields of image processing and computer vision,
such as image classification, image semantic segmentation,
and visual object detection.

3.1.1. Calculation Output. For the l layer of the fully con-
nected layer, the output result is as follows:

Ax = g Cxð Þ,
Cx =VxAx−1 +Q,

Ez = 1
2〠

l

k=1
Pz
k − Bz

kð Þ2 = 1
2 Pz − Bzk k22:

ð14Þ

In the formula, Pz is the expected output value of the zth
sample and Bz represents the actual output value of the zth
sample after the network operation.

3.1.2. Backpropagation. The data is calculated layer by layer
through the network, and the error between the actual out-
put and the expected output is obtained, which can be
regarded as the sensitivity of the neuron base. The formula
is as follows:

∂E
∂Q

= ∂E
∂C

∂C
∂Q

: ð15Þ

The formula for the sensitivity of layer x in the backpro-
pagation stage is as follows:

δP = Vx+1� �P
δx+1•g′ Cpð Þ: ð16Þ

The sensitivity of the output layer node is as follows:

δ = g′ Cxð Þ• Bz − Pzð Þ: ð17Þ

3.1.3. Weight Update. The derivation of the error for the x
layer weight of the fully connected layer is the crossproduct
of the x layer input and its sensitivity. The weight update
formula is as follows:

∂E
∂V

= Ax−1 δxð ÞP,

ΔVx = −η
∂E
∂Vx :

ð18Þ

3.2. Polymer Composites. The biggest advantage of polymer
composite materials is the advantages of various materials,
such as high strength, light weight, temperature resistance,
corrosion resistance, heat insulation, insulation, and other
properties. According to the application purpose, select

−1 1

1
1/(1+e−x)

x

Figure 5: Sigmoid function diagram.

−1 1

1
1/(1+e−x)

x

Figure 6: ReLu function diagram.
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polymer materials and other materials with special proper-
ties to make composite materials that meet the needs.

Polymer composite materials synthesized according to
structural requirements are called polymer structural com-
posite materials, and polymer structural composite materials
synthesized according to different functional requirements
are called polymer functional composite materials. Polymer
functional composites are usually composed of the rein-
forcement phase and matrix phase. Generally, the com-
monly used reinforcing phases are fibrous materials, such
as boron fibers, glass fibers, and carbon fibers. Dispersing
them in a matrix phase enhances the overall strength, elas-
ticity and impact resistance of the material. The function
of the matrix phase is mainly to bond the dispersed material
fibers into a group. The matrix phase materials generally
have high special size and special strength, such as plastic
epoxy resin, polypropylene, and polyimide. Due to its supe-
rior properties, it is used in the cutting-edge technology as
well as defense and security. Due to the needs of sports,
some sports equipment must have specific functions. There-
fore, resin matrix materials are combined with materials
with special functions, such as luminescence, antistatic, and
magnetic properties, to form polymer functional composites
[19, 20].

The molding process of polymer composite materials
includes pultrusion molding, compression molding, injec-
tion molding, honeycomb structure molding, and other

molding processes. The characteristics of some molding pro-
cesses are shown in Figure 7.

4. Experiment and Analysis of the Comfort of
Polymer Composites in Sports Facilities

4.1. Questionnaire Survey. A sample of 362 people was
selected through the sampling survey, including 218 males
and 144 females. It can be seen from the numbers that boys
exercise more frequently than girls. The survey on the qual-
ity satisfaction of sports facilities is shown in Figure 8. The
respondents showed a “ ∩ ” situation in the middle and two
lows in terms of their recognition of the quality of sports
equipment and their own proprioception during physical
exercise. It can be seen in Figure 8(a) that among the quality
recognition of sports equipment, 38 people chose to be more
satisfied, accounting for 10.50%, 88 people chose to be more
satisfied, accounting for 24.31%, the number of people who
chose ordinary is 126, accounting for 34.81%, 78 people
chose not satisfied, accounting for 21.55%, and 32 people
chose very dissatisfied, accounting for 8.84%. As can be seen
in Figure 8(b), among the feeling of sports equipment when
exercising, 30 people choose very satisfied, accounting for
8.29%, 122 people choose relatively satisfied, accounting
for 33.70%, 104 people choose in general, accounting for
28.73%, 74 people who are not satisfied, accounting for
20.44%, and 32 people who choose very dissatisfied,
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accounting for 8.84%. It shows that the respondents’ recog-
nition of the quality of sports facilities and equipment is gen-
erally at a medium level.

Figure 9(a) shows that sports facilities are occasionally
damaged. As a sports facility, due to frequent use by people,
79.56% of occasional damage is normal. For this kind of nor-
mal damage, how the relevant departments should deal with
it is a problem. The survey in Figure 9(b) shows that 80.66%
of the respondents believe that these sports facilities have not
been repaired and dealt with in time after the damage.

In addition, the survey on the maintenance and mainte-
nance of sports facilities showed that 80% of the respondents
believed that the relevant departments did not regularly
maintain the sports facilities in a timely manner. More than
70% of the respondents believed that the relevant departments
did not replace the damaged and irreparable equipment and
facilities in time. Thirty percent of the respondents have a
potential danger when engaging in physical exercise and feel
that they may have potential safety hazards during the exercise
process, and nearly 70% of the respondents will choose
another kind of equipment for exercise.

To sum up, due to the needs of sports, some sports
equipment must have specific functions. Resin-based matrix
materials are combined with materials with special func-
tions, such as glowing, antistatic, and magnetic, to form
polymer functional composite materials. The following will
analyze the experimental performance of polymer composite
materials for sports equipment.

4.2. The Use of Common Polymer Composite Materials for
Sports Equipment. Polymer engineering materials are used
in the design and production of certain sports facilities and
sports equipment to meet different sports needs, such as an
equipment compact structure, heat resistance, corrosion
resistance, and long service life. The available properties of
some selected sports equipment materials are shown in
Table 1.

Natural rubber and synthetic rubber are two types of
rubber. In some sports, athletes will be subjected to a strong
impact force and the rubber material can effectively reduce
the impact force, thereby protecting the personal safety of
the athletes, and can also effectively absorb shock and slip.
Therefore, some rubber composite materials are often used
in the design and production of sports equipment, such as
high-elastic sports shoes for cushioning landing impact
and protective equipment for cushioning impact. When
the elastic material is subjected to external pressure, it does
not break but causes reversible deformation; when the exter-
nal force is removed, the rubber returns to its original shape.
The main application aspects and properties of rubber mate-
rials in the sports field are shown in Table 2.

In the production and manufacture of sports facilities
and equipment, rubber is one of the most widely used poly-
mer materials, with excellent elastic properties, improving
sports safety for athletes and providing athletes with a com-
fortable experience. Its rubber and composite materials are
also widely used in ball equipment such as volleyball, basket-
ball, and football, as well as dumbbells, shuttlecocks, racket
outer layers, and racket handles. So, its rubber and compos-
ites are used for PVC. Its wide application can slow down
the various impact forces received by the human body dur-
ing use to exercise the body and significantly improve the
safety and comfort of sports.

The sports industry is inseparable from the application
of fiber polymer materials. Table 3 shows some related
sports goods and materials, as well as some corresponding
properties.

4.3. Impact of Polymer Composites on Comfort in Facilities.
In the design and production of sports equipment, health
and comfort should be the primary requirements for mate-
rial selection. Coolmax fiber fabrics, cool plus fiber fabrics,
or cotton fabrics are materials that perform well on this
demand and can be used in the design and production of
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sportswear. Swimsuits and wetsuits for water sports must be
highly elastic, soft, and waterproof. Therefore, polyurethane
can be treated by the combination of primer and final coat-
ing to reduce the resistance of water sports, can improve the
comfort and freedom of athletes during water sports, and
can effectively help athletes achieve better competition per-
formance [21].

Today, most of the running tracks are built with plastic
tracks, replacing the previous tracks with cement; the floors
of sports fields and gyms also use plastic floors, which are
very important to improve the comfort of athletes. Plastic
runway and plastic floor have excellent recovery, sound
absorption, shock absorption, abrasion resistance, and slip
resistance. Compared with the traditional material track,
the plastic track has significant elastic kinetic energy, strong
force rotation, and vibration reduction ability, which can
effectively reduce the impact force of the foot. The risk of
injury to the athlete is reduced, and the athlete is more com-
fortable during training or competition without leg pain
associated with prolonged exercise. The plastic track has a

certain breathability. At high temperatures, athletes are less
likely to emit unpleasant odors. The composition of the plas-
tic track is shown in Figure 10. The construction of the lower
layer should ensure the stability of the foundation. The con-
struction of the abovementioned fourth, fifth, and sixth
layers is made of plastic materials. The outer layer of the
main material is polyacrylic acid, which is closely related to
the direct contact with athletes and has strong elasticity
and comfort.

Materials commonly used in water sports facilities, such
as rowing boats, jet skis, surfboards, and windsurfing boards,
are both plastics and composites. These facilities must with-
stand the mass of athletes and resist the impact of water.
Therefore, it must have strong hardness and rigidity. There-
fore, composite fiber materials are usually added to plastic
materials to improve the durability of the device and meet
the needs of athletes. Most of these factories are made of
thermoplastic and thermoset materials, which not only are
lightweight but also allow athletes to control speed and
direction, and have a good feel, thus improving the comfort
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Figure 9: Respondents’ survey on postmaintenance of sports equipment.

Table 1: Performance of polymer materials commonly used in sports equipment.

Sporting goods Material Effect

Sports bike Polyetheretherketone, polycarbonate Strong, heat resistance, impact resistance

Rubber track Polyurethane rubber Friction resistance, solvent resistance, oil resistance, aging resistance, high strength

Basketball PVC Antiaging and corrosion resistance

Table tennis Polyester High toughness and friction resistance

Table 2: Performance of polymer materials commonly used in sports equipment.

Sporting goods Material Chemical nature Nature

Racing Natural rubber cavity (NR) Polyisoprene For racing tires, with high elasticity

Sports shoes Styrene butadiene rubber (SBR) Polystyrene-butadiene For shoe soles, antiwet and low rolling resistance

Protective equipment Nitrile rubber (NBR)
Acrylonitrile-butadiene

copolymerization
Strong oil resistance, aging resistance, friction

resistance
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of sports. In addition to fiber-reinforced plastics, the outer
layers of wakeboards, surfboards, and other aquatic facilities
often use polyurethane foam composites with thermal insu-
lation, which can reduce the energy consumption of athletes
in the water to a certain extent [22]. Other functional mate-
rials are made with the motorboat saddle, which can signif-
icantly improve the comfort of use.

5. Discussion

First of all, through the study of relevant knowledge points
of literature works, this paper initially masters the relevant
basic knowledge and analyzes how to study the influence
of polymer composite materials on the adaptability and
comfort of sports and fitness facilities. The concept and deep
learning algorithm of polymer composite materials are
expounded, and the applicability of polymer composite
materials in sports equipment is tested through experiments.

Comfort is the state of mind that a person is in a care-
free, relaxed environment in an environment. It is the sub-
jective feeling of people, including physical, psychological,
environmental, and other aspects. There are clear physical
and psychological differences between different age groups.
So, comfort requires facilities in the public space environ-

ment to meet the needs of most people, while installing uni-
versal design facilities. For larger sports facilities, simple and
varied designs can be installed to meet the needs of different
age groups. When designing fitness facilities, factors such as
different sizes and heights can be considered to meet the
comfort of different groups of people [23]. The choice of
material is very important, especially the parts that are in
direct contact with people, which directly determines the
comfort level of people.

Through the experimental analysis in this paper, it can
be seen that polymer composite materials are widely used
in the production and manufacture of sports equipment
and facilities due to their wide range of sources. The casting
process is simple and the cost is low. The use of composite
materials has greatly improved the comfort and safety of
sports equipment and facilities. With the continuous prog-
ress of science and technology, the production of sports
facilities must go hand in hand with the development of sci-
ence and technology in order to promote the development of
national sports [24].

6. Conclusions

Since the reform and opening up, with the improvement of
the quality of life, people have more free time and begin to
gradually enjoy life and pursue health. This study mainly
analyzes and discusses the factors that affect the comfort of
sports facilities; the research focuses on the analysis of the
design and construction of sports facilities and examines
the comfort provided to residents during physical exercise.
In the category of psychology, influencing factors vary by
personal values, but also by personal emotions at different
times. This is a relatively complex system. This study
explores the factors that affect the comfort of sports facilities.
This paper discusses the factors affecting the comfort of
sports facilities and is aimed at further constructing the eval-
uation scale for the comfort of sports facilities, and establish
a scientific, reasonable and flexible evaluation index system
for the comfort of public sports facilities, and then continue
to find and solve problems. For public sports facilities in the
design, this scale can be used as a basis. Along with the over-
all planning of Khao Chung, the focus was on improving the
comfort of public sports facilities. Therefore, this study will

Table 3: Applications of fibrous polymer materials.

Sporting goods Material Nature

Sports clothing Nylon, acrylic, polyester Soft, antiwrinkle, comfortable, easy to wash, and quick dry

Rackets, pitch bars,
bicycles, surfboards

Composite fiber material High strength and elasticity

Golf clubs Carbon fiber composite material
Increase the mass of the club head, provide greater power, and
improve the initial speed and stability of the ball when flying

Ski board
Composite use of carbon

fiber-reinforced plastics and
other materials

Enhanced bearing capacity and increased stability

Sport bike Carbon fiber-reinforced plastic Reduce mass, improve rigidity, and increase driving comfort

Mountaineering equipment Carbon fiber-reinforced plastic
Improve the strength of the climbing rope, enhance wear

resistance, and ensure safety

1-Sandl ayer

2-Moisture barrier

3-Concrete layer

4-Plastic/sand transition
layer

5-Plastic layer

6-Plastic elastic layer

Figure 10: Plastic runway structure.

9Journal of Nanomaterials



conduct in-depth research on this issue in the future, con-
struct a sports facility comfort assessment scale, and conduct
a scientific assessment of the comfort of sports facilities.
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Corynebacterium glutamicum is an authenticated microorganism that supports amino acid production consistent with dietary
importance. Fermentation parameters like temperature, agitation speed, and carbon source concentration were optimized using
response surface methodology. Surface response model suggested that optimal fermentation parameters including 30°C, 50 g/L
glucose concentration, and shaking speed of 120 rpm furnished 14.2 g/L of glutamic acid and 5.1 g/L lysine, comparable with
the predicted values. After optimizing fermentation parameters in shake flasks, the fermentation kinetics was studied in a
stirred fermenter. The kinetic study revealed that the substrate consumption rate achieved a maximum level of 3.36 g/L/hour
between 12 and 18 hours; afterwards, it decreased and fell to 1.9 g/L/hour. Average biomass yield over a period of 48 hours
was 0.337 g/L; however, maximum biomass yield of 0.51 g/L was noted between 10 and 20 hours. Overall molar yield
coefficient of CO2 (YC

CO2/S) was found to be 0.234. The molar yield coefficient of biomass (YC
X/S) was 0.6 in exponential

phase which decreased afterwards. This study indicates that the average biomass yield over a time of 48 hours was 0.337 g/L,
with a maximum yield within 10 to 20 hours obtained under optimized conditions. The molar yield coefficient of CO2

(YC
CO2/S) was found to be 0.234. The molar yield coefficient of biomass (YC

X/S) was 0.6 in exponential phase which decreased
and fell to near zero at 48 hrs.

1. Introduction

Amino acids are the basic functional and structural units of
proteins and play a major role in the regulation of vital met-
abolic pathways for the sustainable cultivation of microor-
ganisms [1]. Amino acids are very helpful in promoting
growth through several actions including efficient regulation
of muscle protein, controlling growth and immunity of
organisms, and optimizing the efficiency of food metabolism
[2–4]. Since 1907, the production of monosodium glutamate

[5] has raised its demand in international market and gave a
boost to amino acid production. A wide range of biochemi-
cal products have also multiplied as a result of their applica-
tions in industries particularly in the area of livestock as feed
additive, as healthy ingredient in pharmaceuticals and cos-
metics, and as seasoning in human nutrition [6]. Production
of amino acids has been tremendously increased as these
biomolecules have vast applications that include animal feed
supplements, cosmetics, additives in food, chemicals in agri-
culture, and polymer materials.
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Fermentation is well thought-out as the most efficient,
cost-effective, and beneficial technique in terms of amino
acid synthesis. During fermentation, microorganisms use
cheap raw materials as fermentation substrates. The process
of fermentation is an advanced industrial method that uses
several microorganisms to transform sugar substrates into
a wide range of amino acids, both aerobically and anaerobi-
cally. A number of reasons contribute to the efficacy of
amino acid synthesis by fermentation. First, as a result of fer-
mentation, only the L-form stereoisomer of amino acids is
produced which help escape any additional purification
steps. Second, fermentation procedure is carried out at mild
conditions which prevent any product degradation. Third,
the maintenance costs are significantly less in comparison
to the extraction processes [6, 7].

In recent years, varieties of technologies have been devel-
oped due to increased interest in amino acid production.
Bacteria like E. coli and C. glutamicum are both useful for
amino acid production through fermentation [7]. A variety
of genetically engineered species have been applied under
optimized conditions as amino acid producers. Lysine and
glutamic acid are produced by genetically modified C. gluta-
micum with high yields up to 50% (w/w) [8, 9]. There are
many strains of microorganisms that have been modified
genetically and are used for amino acid production. Coryne-
bacterium glutamicum is primarily aerobic, nonpathogenic,
rod-shaped, Gram-positive bacterium, commonly recog-

nized as a safe (GRAS) creature for manufacturing bioele-
ments like amino acids and nucleotides [10–12]. C.
glutamicum was recognized in the biotechnology industry
for amino acid production on a business scale containing
L-lysine and L-glutamate as flavor enhancers since 1960
[13–15]. Since half a century after its discovery, this micro-
organism has participated in the amino acid production by
fermentation and has an extensive and effective record in
the biotechnological formation of L-lysine and L-glutamic
acid [16, 17]. C. glutamicum is genetically modified for
the production of glutamic acid with maximal yield (50%
ww-1), while aromatic amino acids are produced by genet-
ically modified Escherichia coli [18].

2. Results and Discussion

2.1. RSM-Based Simultaneous Optimization of Temperature,
Shaking Speed, and Carbon Source Concentration. Response
surface methodology was followed for optimizing fermenta-
tion parameter including temperature, amount of glucose
syrup (with 60% solids) in the fermentation medium, and
rotational speed of an orbital shaking incubator. Many
experiments were performed, and reaction conditions were
carefully investigated to determine the optimum parameters
for the production of glutamic acid (Figure 1) and lysine
(Figure 2).
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Figure 1: Synergism between parameters affecting glutamic acid production.
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The analysis of variance data indicated that the applied
model has good fit over the selected range of fermentation
conditions. Similarly, coefficient of variation range estab-
lished that results produced are quite reliable and the exper-
imental model can be effectively used to predict the
responses. The high R2 values of models for the optimization
of glutamic acid and lysine production also affirm the valid-
ity of experimental models.

The analysis of variance data predicted that the temper-
ature and glucose concentration significantly influence the
production of glutamic acid as well as lysine while the effect
of shaking speed was found to be nonsignificant for the pro-
duction of amino acids with p values > 0.5.

Figures 1 shows that increasing the concentration of glu-
cose up to 50 g/L, improved the production of glutamic acid
up till it reached 65 g/L. Likewise, increasing the concentra-
tion of glucose up to 55 g/L improved the production of
lysine to a level of 5.1 g/L and further increase in glucose
concentration resulted in reduction in lysine yield.

Finally, validation experiments conducted under most
desirable conditions revealed that the fermentation condi-
tions embracing 30°C temperature, 50 g/L glucose concen-
tration, and 120 rpm shaking speed furnished 14.2 g/L of
glutamic acid and 5.1 g/L of lysine.

3. Fermentation Kinetics

3.1. Fermentation Pattern in a Stirred Fermenter. Figure 3
shows the conversion of the feather hydrolysate into micro-

bial cell mass and amino acids as the function of fermentation
period in the fermenter. The figure indicates that the rate of
substrate consumption and biomass production was high for
the first 30 hours of fermentation process. But amino acids
were progressively released into the fermentation medium at
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an admirable level till 48 hours of submerged fermentation
and beyond this, decline phase started.

3.1.1. Specific Growth Rates. A graph (Figure 4) between nat-
ural log of biomass and fermentation time during the amino
acid production revealed that there was a six-hour lag in
growth in the stirred fermenter. Lag phase was followed by
a brief logarithmic phase In the log phase, the specific
growth rate was 0.43 h-1 which was gradually decreased.
After 12-hour fermentation, the specific growth started to
slow down, indicating the termination of true exponential
phase. The generation time and the number of generations
during the exponential growth phase were 1.6 h and 3.73,
respectively.

3.1.2. Substrate Consumption Rate and Specific Substrate
Uptake Rate. Concentration-time graph (Figure 5) for the
substrate consumption shows substrate consumption rate
at different levels. It is evident that initially, the rate of sub-
strate consumption was very low and then, it increased
with biomass as a function of time and achieved a maxi-
mum level of 3.36 g/L/hour between 12 and 18 hours; after-
wards, it decreased and fell to 1.9 g/L/hour. This may be
related to reduction in growth activity which in turn
dropped the consumption rate. This may also be related
to high value of Monod constant which does not allow
complete utilization of the substrate. Average biomass yield
over a period of 48 hours was 0.337 g/g; however, maxi-
mum biomass yield of 0.51 was noted between 10 and 20
hours as shown in Figure 6.

3.1.3. Growth Yield (YX/S) and Product Yield (YP/S). It is pro-
nounced from Figure 7 that biomass yield (YX/S) remained
0.52 during the log phase along with economic coefficient:
1.96 g substrate/g biomass. During the logarithmic phase,
nearly 59.8% carbon of the consumed substrate was converted
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into biomass. However, after 24 hours, the metabolic activ-
ities slowed down and the substrate used participated
mainly in providing the maintenance energy through oxida-
tion resulting in a molar yield coefficient of CO2 (YC

CO2/S)
equal to 0.234.

Figure 8 shows that molar yield coefficient of biomass
(YC

X/S) was 0.6 in the exponential phase which decreased
afterwards. At the end of 48 hours, instantaneous conversion
of substrate to microbial biomass fell to near zero.

4. Materials and Methods

4.1. Microorganism. Corynebacterium glutamicum was
obtained from Biotechnology and Food Research Centre,
PCSIR Lahore, and was maintained on preprepared nutrient
agar slants. The cultured slants were refrigerated at 4°C.

4.2. Fermentation. The fermentation parameters were opti-
mized in shake flasks using a shaking incubator (New
Brunswick, USA) set at 120 rpm, whereas the fermentation
kinetics was studied in a bioreactor of 7.5 L capacity (New
Brunswick). Half liter of 18 h old vegetative inoculum was
shifted to the bioreactor containing 4.5 L sterile fermenta-
tion medium. The medium already optimized in shake
flasks consisted of (g/L), glucose syrup (60DS): 100; feather
hydrolysate: 20; CaCl2:2.0; NaCl:2.0; MgSO4.7H2O:0.5; yeast
extract: 5.0; KH2PO4:v0.5; ammonium sulphate: 20; and
K2HPO4: 1.0. The pH was set at 7:0 ± 0:2 which was main-
tained using 1N phosphoric acid and 12.5% aqueous ammo-
nia along with this temperature which was set at 30°C.
During the period of fermentation, the rate of aeration was
kept constant at 0.55/L/min and by controlling the speed of
stirrer from 100 to 130 rpm, the dissolved oxygen (DO) was
maintained at 20%.

4.3. Optimization of Fermentation Process. Response surface
methodology was carried out for the optimization of fer-
mentation process. The parameter selected for this purpose
were as follows: temperature in the range of 15-45°C,
amount of glucose syrup (with 60% solids) in the fermenta-
tion medium within the range of 30-120 g/L, and the rota-

tional speed of the orbital shaking incubator between 40
and 140 rpm. Various experiments were carried out, and
reaction conditions were cautiously monitored to find out
the optimum conditions for the production of glutamic acid
and lysine. The experimental data was checked against dif-
ferent statistical models, i.e., linear quadratic and factorial,
and the model which best fitted on data was chosen for fur-
ther optimization studies; the selection was made on the
bases of different statistical parameters (i.e., sequential p
value, lack of fit p value, R2 value, and the normality as well
as predicted vs. actual plots). The parameters and their inter-
action terms which could significantly affect the amino acid
yield were determined by the help of ANOVA and response
surface plots.

4.4. Biomass Estimation. Two methods were used to deter-
mine the microbial biomass that includes total dry cell mass
and optical density measurements. Using a spectrophotom-
eter, the optical density was set at 600 nm which helped in
the determination of total cell concentration [19]. Culture
tubes of 1mL capacity were taken to measure dry cell weight
in triplets. Tubes were centrifuged at room temperature for
about 15 minutes with a speed of 13,000 rpm (ScanSpeed
Mini, Denmark), and sterilized containers were used to col-
lect the supernatant. Supernatant was built up for further
analysis. 50mMPB of pH7.2 was taken in where stored pal-
lets were resuspended and centrifuged in preweighed culture
tubes and finally dried at 80°C until constant weight.

4.5. Amino Acid Analysis. The concentration of amino acids
in the fermentation media was determined by the method of
[20] using HPLC system with C-18 column and a photodi-
ode array detector at 338nm. Samples were eluted with a lin-
ear gradient of solvent A (40mmol/L Na2HPO4, pH6.8) and
solvent b (10% H2O, 45% methanol, 45% acetonitrile) at the
flow rate of 2mL/min.

4.6. Estimation of Protein Content. Total protein content was
estimated according to the Lowry protocol. Bovine serum
albumin was used as a standard in this method [21].

4.7. Estimation of Glucose Content. The glucose content was
estimated by Miller reagent, which was based on the reduc-
tion of 3,5-dinitro-2-hydroxybenzoic acid to an orange-red
complex, under alkaline conditions. The absorbance was
taken at 540nm.

4.8. Determination of CO2. Evolution of carbon dioxide gas
from the fermenter was determined by absorbing the gas
in a known volume of 1.0 molar KOH solution [22]. The
unused KOH was titrated against 0.1M HCl. In this way,
moles of carbon dioxide produced during a definite period
of time were calculated. The rate of CO2 evolution was
determined as

Rate of CO2 evolution =
moles of CO2 × 44

period of evolution hoursð Þ : ð1Þ
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With the fast growth of nanotechnology, the usage of nuclear materials is becoming increasingly widespread, and the exposure of
people, plants, and fauna to nanomaterials has become unavoidable. As scaffolds of biomaterials, nanomaterials are widely used in
tissue engineering because of their good biocompatibility, noncytotoxicity, and noninflammatory reaction. In this paper, the tissue
engineering properties of nanomaterials and their performance evaluation for repairing sports ligament injuries in dance sports
were investigated. Sports ligament injury is a common sports disease, and ligament injury has a very serious impact on sports
performance and sports life of athletes. In this paper, we takes football as an example, establishes a human body model of
tendon-bone repair after anterior cruciate ligament reconstruction, evaluated the effect of injectable rhBMP-2 nanocontrolled
release capsule on ligament bone tunnel interface repair, and evaluated from the scientific and biomechanical point of view. In
addition, human ligament research and rabbit ligament supplementary experiment were carried out. In the study of human
ligament, we selected 30 patients with unilateral polyarticular ligament injury caused by sports dance as the research subjects
and randomly divided them into control group, experimental group, and blank group. The experimental group underwent the
repair and reconstruction of rhBMP-2 nanocontrolled release capsule ligament. The results of human ligament study showed
that the injectable rhBMP-2 nanocontrolled release capsules showed positive staining and uniform staining for ligament repair.
The stiffness of the tender bony temple junction was 11.73%, 15.65%, and 50.59% greater in the test group than in the control
group at 2, 4, and 8 weeks postoperatively, respectively.

1. Introduction

Ligaments connect bone to bone and are distinct fibrous tis-
sues that either attach to the skin of the bone or fuse to the
external shell of the articular bag to enhance the stabilization
of the joint and prevent damage. Injury occurs when a liga-
ment is stretched beyond its tolerance due to violence and
nonphysiological activity. A partial injury to the ligament
without causing a tendency to dislocate the joint is called a
bruise. The ligament itself is completely ruptured, and the
bone at its attachment site can also be avulsed, resulting in
potential joint dislocation, subluxation, or even complete

dislocation. Failure to treat ligament damage can lead to
osteoarthritis. Therefore, its surgical repair and functional
reconstruction are one of the most important research topics
in the field of joint surgery. Although the development of
modern surgery makes it possible for humans to replace
damaged ligaments, there are still many problems. With
the emergence of tissue engineering, a small number of tis-
sue cells are used for in vitro culture and growth, adsorbed
by highly biocompatible biological materials, degraded and
absorbed in the body, and then inoculated into the body to
form new vitality and related functions. Tissues are expected
to achieve artificially activated toughness. The biological
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characteristics of seed cells, scaffolds, and biologically active
factors are the three main themes of tissue engineering.

In the research of tissue engineering ligament, suitable
seed cells must be selected. The seed cells must have the
ability to form new tissues. These cells can be exogenous,
or they can be recruited from the local environment of the
transplant recipient. The exogenous cells should be easy to
obtain and have little damage to the donor site. The ability
of proliferation and differentiation is strong when cultured
in vitro, and it can be effectively repaired in the recipient
area [1, 2]. At present, it is believed that fibroblasts are a
kind of “pluripotent cells,” which have different migration
rates, adhesion, proliferation, and collagen synthesis capabil-
ities in different tissues, but whether they can effectively
repair in the environment of joint fluid is still controversial.
Since the autologous patellar tendon graft still undergoes a
process of necrosis and strength weakening after transplan-
tation, let alone fibroblasts, therefore, it is not suitable as a
seed cell [3, 4]. The purpose of this paper is to evaluate the
tissue engineering properties of nanomaterials and their per-
formance in the repair of ligament injury in sports dance
sports, in order to make a certain contribution to the repair
of ligament injury.

The innovations of this paper are as follows: (1) the tis-
sue engineering properties of nanomaterials and the basic
knowledge of repairing sports ligament injuries are intro-
duced. (2) Follow up 30 patients to understand the basic sit-
uation, infection situation, and calculate the morbidity rate.
In order to improve the research results, a supplementary
experiment was also performed on 26 rabbits to verify the
performance difference between the reconstructed ligament
and the native ligament. (3) Through the local application
of nanocontrolled release capsules, BMP-2 can reconstruct
the tendon-bone tunnel interface of the anterior cruciate lig-
ament, form a tendon-like structure at the bone anchor
point, and reconstruct the intramedullary canal.

2. Related Work and This Paper’s Work

With the development of science and technology, materials
science and biomedicine are more and more closely inte-
grated, and nanomaterials have made great achievements
in biological applications. This paper focuses on the research
status of nanomaterials in tissue-engineered ligament
research and evaluates the performance of nanomaterials
in repairing ligament injury. In order to improve the
strength, flexibility, and biomechanical properties of the
tested female basketball players, Kahn and Xu prepared a
training plan for sports injury prevention and conducted a
control experiment. Compared with the anterior and poste-
rior training ligaments in the control group, Kahn’ and Xu’s
damage reduction plan can dramatically alter the mobility,
power, and biomechanical characteristics associated with
ACL damage and reduce an athlete’s exposure to damage.
However, in the research process, Kahn and Xu did not con-
sider the difference of individual factors; so, the experimen-
tal results are not very reliable [5]. In order to further
understand the mechanism of ACL injury, Bertona et al.
investigated the occurrence of ACL injury in a large number

of samples over the past 20 years and proved the relationship
between the occurrence of ACL injury and dynamic knee
alignment at the time of injury. Bertona’ et al.’s research
has not fundamentally solved the problem, and there is no
data to show that the reliability is not high [6]. Malvasi
et al. developed an online activity survey, which used a pro-
spective method to record monthly participation in all major
exercises related to the patient group. He conducted a reli-
ability study by continuously enrolling 145 patients with
ACL injury and retested the online activity survey two days
after recording test answers. Malvasi et al.’s research
methods are relatively new but lack of interpretable statisti-
cal analysis [7]. In order to explore the relationship between
ACL-SRI score and strength and strength score after ACLR,
Ithurburn et al. recruited 452 male athletes who underwent
primary ACLR and conducted ACL-SRI questionnaire, iso-
kinetic muscle strength test, and jumping test about 9
months after operation. In the research of Ithurburn et al.,
there is no objective view on the relationship between body
strength and strength measurement; so, it needs further
improvement [8].

3. Nanomaterials and Sports Ligament Injury

3.1. Nanomaterial Application. Nanomaterials include nano-
biomaterials, which have the potential to become the core
materials of biomaterials in the 21st century, which is due
to the large number of fine nanostructures in their bodies.
Nanomaterials can be divided into two levels: nano-
ultrafine particle materials and nanosolid materials [9].
Nano-ultrafine particles refer to ultrafine particles with a
particle size of 1-100nm, and nanosolids refer to solid mate-
rials made of nano-ultrafine particles. And people are accus-
tomed to control the composition or grain structure below
100 nanometers in length dimension called nanomaterials.
In addition, nanobiomedical materials solve the urgent
needs of high-performance tissue repair, organ replacement,
disease diagnosis, and treatment [10, 11]. Nanostructure is a
new system constructed or constructed according to certain
rules on the basis of nanoscale material units [12]. It
includes nanoarray system, mesoporous assembly system,
and thin-film mosaic system.

Nanotechnology refers to the arrangement of atoms/
molecules on the surface of nanoparticles through specific
technical design to produce a special structure. And in the
performance of specific technical properties or functions,
such nanomaterials can be called nanotechnology [13].
Using nanotechnology to transform traditional tissue
engineering materials, nanotissue engineering materials
have unique biological characteristics, and the application
research in the field of tissue engineering has attracted
people’s attention [14]. For example, nanoceramics, carbon
nanowires, and nanometal materials are used for bone and
cartilage tissue engineering; titanium nanomaterials, polylac-
tic acid lactic acid nanomaterials, and nanofiber materials are
used for artery tissue engineering; and peptide nanoskeleton
and nanofiber are used for scaffold [15, 16]. At the same time,
with the continuous advancement of science and technology,
especially in the sunrise industry of the electronics industry,
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nanotechnology has been greatly developed. It mainly
focuses on electronic composite films, using ultrafine parti-
cles to improve the electrical, magnetic, and magneto-
optical properties of the film, as well as magnetic recording,
nanosensitive materials, etc.

3.2. Application of Nanomaterials in the Bone and Cartilage
Tissue Engineering. In nanophase ceramics, nanohydroxya-
patite is a natural bone component; so, it can be used as a
substitute for bone to achieve bone transplantation. They
can promote the formation of mineralization. The compos-
ite material composed of hydroxyapatite nanocrystals and
collagen is the tissue engineering material closest to the nat-
ural bone structure. The nanohydroxyapatite material is
mixed with collagen at the ratio of 93 : 7, 83 : 17, and 81 : 19
to form a composite material with a density of 2.8 g/cm3

[17, 18]. Through high-power electron microscopy, it can
be observed that all composite materials and collagen struc-
ture are parallel, and their diameter and length are the same,
50-100 nm and 20μm, respectively [19, 20]. In addition,
zinc oxide can react with titanium and aluminum, promote
the formation of collagen and precipitation of calcification,
and finally strengthen the activity of alkaline phosphatase.

Cartilage is composed of cartilage tissue and its sur-
rounding perichondrium, and cartilage tissue is composed
of chondrocytes, matrix, and fibers. According to the differ-
ent fibrous components contained in cartilage tissue, carti-
lage can be divided into three types: hyaline cartilage,
elastic cartilage, and fibrocartilage. Among them, hyaline
cartilage has a wider distribution and a more typical struc-
ture. By studying the formation and development of human
bones, we can discover how the human body regulates and
assembles collagen and can also figure out the growth mech-
anism of calcium phosphate crystals and the human body’s
healing mechanism. On this basis, following the idea of
bionics, a nanocrystalline calcium phosphate collagen bone
repair material was invented to simulate the process of bio-
mineralization and self-assembly. The porosity of the mate-
rial is about 80%, and the void size is mainly distributed
between 100 and 400μm [21]. The hydroxyapatite crystals
of the material have a particle size of about 30 nm and grow
in the gaps between the collagen fibers. It can be found that
they are axisymmetric with the collagen fiber structure, and
they have an asynchronous structure before, which is similar
to natural bone and nanosynthetic bones. The bone cells
obtained through this harvesting technology are very similar
to normal human bone cells, and they have excellent ductil-
ity and softness, as well as excellent plasticity [22, 23].

3.3. Repair of Sports Ligament Injury. Ligaments connect
bone to bone and are obvious fibrous tissues, either attached
to the surface of the bone or fused with the outer layer of the
joint capsule to strengthen the stability of the joint to avoid
injury. Injury occurs when a ligament is stretched beyond its
tolerance due to violence, resulting in nonphysiological
activity. In the field of sports medicine, there is the most dif-
ficult problem; that is, in the network of relational ligaments,
there are multiple ligaments injured, each ligament receives
different degrees of damage, and the injury of multiple key

ligaments destroys the stability of the knee [24]. When there
is a nonphysiological movement in a certain direction, the
ligaments that limit the movement of the knee joint to this
direction must bear the brunt. The medial capsular ligament
and medial collateral ligament are mainly damaged when the
knee joint is externally rotated and abducted in the flexion
position and is subjected to external violence. Severe cases
can involve the anterior cruciate ligament and medial menis-
cus, which are the most common types of injury. Patients
with multiple ligament injuries are very likely to suffer from
medial and lateral meniscus injuries. Among them, the
largest injury probability is the displacement of lateral and
intra-articular ligaments, which will lead to dislocation and
fracture of the joint. After ligament injury, there are usually
small blood vessels rupture and hemorrhage, local pain,
swelling, intraorganism hemorrhage, hematoma, joint swell-
ing, movement disorder, and tenderness. On physical exam-
ination, the traction ligaments were found to be significantly
painful, and if completely ruptured, the stability of the joint
was reduced. Therefore, our goal in the future is to repair
and reconstruct the ligament, which can fully help the estab-
lishment of bone and joint.

The knee joint is very unstable and usually has impor-
tant nerve tissue (such as common peroneal nerve) and
important blood vessels. One of the biggest difficulties is that
it involves a variety of orthopedic disciplines, and a single
doctor cannot effectively deal with orthopedic injuries in
various disciplines, resulting in patients cannot achieve
effective and timely treatment, which seriously hinders the
athletes’ sports career and subsequent normal life. At pres-
ent, with the improvement of living standards, more and
more young people like highly confrontational sports, such
as football and basketball, which also increases the risk of
joint ligament injury.

For the ligament damage that has occurred, if you do not
intervene in time, it may lead to serious consequences. For
example, it will cause knee instability. Secondly, it may accel-
erate the degradation of the patient’s knee cartilage and even-
tually lead to the early appearance of osteoarthritis symptoms
and will affect the quality of life of patients. Ligament injury
should be treated early and fully repaired. If it is not treated
in time, the joint will be repeatedly sprained, which will inev-
itably cause damage to articular cartilage, meniscus, and other
important structures, resulting in premature aging of the joint
and severe secondary traumatic arthritis. The key to its treat-
ment lies in the repair of damaged ligaments. Partial tears
can be directly sutured and repaired, while complete ruptures
require surgery to transfer and reconstruct adjacent tendons,
fascia, and other tissues. With the latest development of
arthroscopic technology and the improvement of tissue
library, arthroscopy is usually the next step in the reconstruc-
tion and repair of multiple knee ligament injuries. Excellent
results have been achieved, and there is also a report of bilat-
eral knee joint multiligament injury. One year after ligament
reconstruction, the patient can return to leisure sports, but at
the same time, there are still many issues that have not yet
reached a consensus.

Due to the complex anatomical structure of the knee
joint, it is usually difficult to reconstruct and repair multiple
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ligament injuries, and these ligaments also have strict
requirements for the repair sequence. If the reconstruction
sequence is not correct, the repair effect is great, which meets
the requirements, but the reliability and plasticity of trans-
plantation can be ensured after the correct sequence and
steps. In order to meet the requirements of reconstruction
procedures, surgeons provide a series of suggestions: first,
repair KD-I ligament injury and rupture and tendon recon-
struction and repair, then KD-II: ACL+PCL injury, then
KD-III type: ACL+PCL+MCL or (PMC/PLC) damage,
and finally, repair type KD-IV ACL+PCL+MCL + (PLC)/
LCL) is damaged.

The ideal knee reconstruction implant should have the
advantages of high toughness, high strength, convenient
operation and microfixation, easy access to materials, and
minimal postoperative complications. In the existing mate-
rials, there is still a lack of materials to meet these require-
ments, which can only be met by allogeneic transplantation
and tendon transfer. Autogenous tendon transplantation is
transplanted through the existing tendon and ligament in
the body, usually taking PA bone or rope tendon two parts.
Allogeneic transplantation is to rely on the implantation of
artificial ligaments to meet the requirements. For multiple
ligament injuries of the joint, it is generally necessary to
reconstruct and repair multiple ligaments; so, it is not possi-
ble to use self-transplantation, but only rely on the means of
allogeneic transplantation.

4. Experimental Materials and Methods

4.1. Experimental Materials and Experimental Methods and
Equipment-Related Drugs. In this experimental equipment,
we used the following: antibacterial micro Qiao suture,
electric drill, automatic dehydrator, basic surgical instru-
ments, denture base tree, penicillin, pentobarbital sodium
powder, and finally, denture base polymer and normal saline
for injection.

4.2. Collection and Production of Patient Experimental
Specimens. A total of 30 patients with unilateral knee multi-
ligament injury caused by sports dance were included in this
study, including 6 cases of ACL, PCL, and MCL injury, 4
cases of ACL, PCL, and PLC injury, 8 cases of ACL and
PCL injury, 6 cases of ACL and MCL injury, and 6 cases of
PCL and MCL injury. These patients were all of grade III
injury. There were 12 cases of left knee injury, 18 cases of
right knee injury, 20 cases of male, and 10 cases of female.
The average age of patients was 35:35 ± 2:31 years (18-55
years). There were 17 cases of traffic accident injury, 4 cases
of falling injury, and 9 cases of acute sports injury. The main
clinical manifestations were severe pain, swelling, and insta-
bility of knee joint. The time from injury to operation was
7.0-14.0 days, with an average of 10:12 ± 1:35 days.

This experiment is divided into three groups: the exper-
imental group, the control group, and the blank group. The
experimental group uses rhBMP-2 nanocontrolled release
capsules to repair and reconstruct the ligaments, and the
control group uses the current mainstream biological equip-
ment to repair and reconstruct the ligaments. Repair and

reconstruction were performed, and the ligament in the
blank group was not damaged.

4.3. Collection and Production of Animal Experimental
Specimens. In this study, we also selected 24 adult rabbits
with knee joint disease and 2 adult rabbits without joint
disease to conduct supplementary experiment. These rabbits
all met the requirements of cleanliness level, weighing
3:29 ± 0:26 kg, which could adapt to reproduction and envi-
ronment. One week before the experiment, they were put
into a new feeding environment for normal feeding activities.
After that, the animals were treated according to the “guide-
lines for the treatment of experimental animals.” Methods
were as follows: 24 rabbits (48 knees in total) were operated
on with the common specimen of bilateral knee tendon bone
tunnel interface, and the experimental animals were divided
into groups.

The experimental group used rhBMP-2 nanocontrolled
release capsule to repair and reconstruct the ligament, the
control group used the mainstream biological equipment
to repair and reconstruct the ligament, and the blank group
was that the ligament was not damaged.

According to the normal management, it was stored in
the refrigerator at -80°C. The normal fixation, demineraliza-
tion, slicing, and dyeing preparations were used as the
normal indexes of the control. At the second, fourth, and
eighth postoperative weeks, experimental animals in the test
and control groups were executed under overanesthesia, and
the knee joints were similarly extracted.

Before the test, thaw at room temperature and immerse
the sample in saline, the resin is hardened to remove the
bone, and the tendon thread is used as the braided part of
the tendon. The sample is fixed on the Instron 8874
mechanical tester. First, the pretreatment is completed; that
is, a tensile force of 5N is applied to the test piece for 30 sec-
onds, and then a tensile test is performed until the ligament
yields and breaks. Set the traction speed to 3mm/min, calcu-
late the stiffness, and record the displacement distance and
load strength. The stiffness value of the tendon-tunnel chan-
nel interface refers to the ability of the tendon-tunnel chan-
nel interface of the knee joint to resist elastic deformation
under force, and its elastic deformation the degree is this
value. Generally, the slope of the linear section is calculated
from the linear section of the load-displacement curve.
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Tensile strength (N) is as follows: in a biomechanical tensile
test, the maximum tensile strength at the tendon-bone tun-
nel interface of the knee joint sample can be a bearable value.

4.4. Experimental Analysis Method. Use IBM SPSS23.0
statistical software for statistical analysis. If the continuous
variable presents a normal distribution, use the paired
sample X2 test.

X2 =〠 2 f 0 − f cð Þ
f c

� �
: ð1Þ

Among them, sending f0 represents the actual number of
times obtained, and f c represents the theoretical number of
times determined by the hypothesis.

If it does not conform to the normal distribution, please
use the nonparametric test, the result is expressed as the
median (interquartile range), and the difference is statisti-
cally significant, P < 0:05. Categorical variables are expressed
in frequency (percentage) and tested using Fisher’s exact
probability method.

P = O1•!O2•!O•1!O•2!

O11!O12!O21!O22!
, N! = 1 × 2 ×⋯ ×Nð Þ: ð2Þ

The result shows that the variable matches the normal
distribution, P > 0:05. Box plots are used to find outliers,

the categorical variable is Fisher’s test, and P < 0:05 is con-
sidered statistically significant.

5. Experimental Results and Analysis

5.1. The Test Results of rhBMP-2 Nanocontrolled Release
Capsule for Repairing Ligaments. The maximum tensile
strength of tendon and bone tunnel interface in each group
was as shown in Figure 1. The experimental group was
repaired by rhBMP-2 nanocontrolled release capsule, the
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Table 1: Yamakado split type (n = 8, n).

Time Tendon bone separation Loose connective tissue link Sharpey structure link Direct link

Test group

4W 2 6 0 0

8W 0 7 1 0

16W 0 1 7 0

Control group

4W 4 4 0 0

8W 1 7 0 0

16W 0 2 6 0

Blank group

4W 1 7 0 0

8W 0 4 4 0

16W 0 2 6 0

30.93

85

0.01

47.23

121.83

0.01

Lysholm score
Knee joint range of motion

Figure 3: Lysholm score and range of motion of the knee joint
before and after the last follow-up.
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control group was repaired according to the current main-
stream surgical method, and the blank group was normal
ligament without disease. The results showed that there
was a significant difference between the experimental group
and the control group at three time points after operation
(P < 0:005).

As shown in Figure 1, the maximum tensile strength of
the rhBMP-2 nanocontrolled release capsule for ligament
repair is higher than that of the control group. Two weeks
after the operation, there was no significant difference in
the maximum tensile strength of the tendon-bone tunnel
interface between the experimental group and the control
group (P > 0:005). Eight weeks after surgery, there were sig-
nificant differences in the maximum tensile strength of the
tendon-bone tunnel interface among the three groups
(F = 219:32, P < 0:005). The results show that the experi-
mental group is better than the control group in terms of
tensile strength, each group has been greatly improved,
and the test values are very different.

The results of the postoperative study on the tendon tun-
nel interface stiffness are shown in Figure 2.

5.2. Composite Ligament Reconstruction ACL. According to
Yamakado classification, the morphology was divided into
tendon bone separation, loose connective tissue connection,
Sharpey fiber structure connection, and direct connection.
According to the Yamakado classification method, the mor-
phological and histological observation was carried out at
4W, 8W, and 16W. The results are shown in Table 1.

As can be seen from Table 1, in the use of rhBMP-2
nanocontrolled release capsules to reconstruct the joint liga-
ments (experimental group), after incising the skin, the
implant was completely covered by the synovium, with
bright luster, compact structure, superficial capillary growth,
and joints light yellow glaze in the cavity. The interface
between the ligament and the bone is wrapped in the new
bone and becomes unified, and when the compression nail
is removed, the ligament and the bone are firmly connected.
In the current best-performing joint ligament reconstruction
(control group), the surface of the implant is completely cov-
ered by synovium, the structure is compact, there are no
blood vessels, and there are soft tissues around it. After
removing the pin, the implant can be pulled out forcefully.
In the unaffected normal joint ligaments (blank group), the
surface is as smooth as normal tendons, and the ends are
tightly connected to the bone tunnel.

All patients were followed up for 12-24 months (average
15:60 ± 2:65 months). All patients recovered well after
operation. No knee instability and stiffness occurred. The
postoperative follow-up results are shown in Figure 3.

It can be seen from Figure 3 that the active range of
motion of the knee joint of 30 patients recovered signifi-
cantly compared with that before the operation. At the last
follow-up, the range of active motion of the knee joint
increased to 121.83. Compared with 47.23 before operation,
the difference was statistically significant (P < 0:05).

At the last follow-up, the positive rate of knee joint sta-
bility physical examination decreased significantly, and the
difference was statistically significant (P < 0:05). The nega-
tive rate of anterior drawer test was 75%, and the positive
rate was 25%. The positive rate of knee joint stability physi-
cal examination was shown in Table 2.

It can be seen from Table 2 that there are 3 cases of
degree I positive and degree II positive; the negative rate of
the back drawer test is 83.3%, and the positive rate is
16.7%, of which 3 cases are positive for degree I and 1 case
is positive for degree II; the negative rate of Lachman test
is 75%. The positive rate was 25%, of which 3 cases were pos-
itive for degree I and positive for degree II; 15 cases had no
relaxation in the 30° flexion stress test, 2 cases of degree I
relaxation, and 1 case of degree II relaxation, while the 30°

buckling stress test was 0 cases. There were 3 cases of relax-
ation and 1 case of degree I relaxation. At the last follow-up,
the Lysholm score of the knee joint reached 85.00 points,
which was statistically different from 30.93 points before
surgery (P < 0:05). IKDC rating at the last follow-up was as
follows: 20 cases were normal (grade A), 8 cases were close
to normal (grade B), and 2 cases were abnormal (grade C).
The X-ray film and CT in the outpatient department after
operation showed that the internal fixation and the bone
canal were in good position, and the bone canal was not
enlarged.

5.3. ACL Reconstruction in Animal Ligaments. Randomly
select 3 groups (4W, 8W, 16W) and divide them into the
experimental group treated with rhBMP-2 nanocontrolled
release capsules, the control group using the current main-
stream surgery, and the normal diseased blank group, each
with 4 mice The rabbit undergoes a CT examination. X-ray
cross-sectional imaging of the rabbit femoral tunnel passes
through the vertical axis. Each rabbit randomly selected 10
images and measured the CT value of the 1mm2 interface

Table 2: The results of the stability examination of the knee joint before and after the last follow-up.

Stability examination
Preoperative physical examination Physical examination at the last follow-up
III degree positive Negative I degree positive II degree positive Negative

Front drawer test case (%) 24 0 3 3 18

Back drawer test case (%) 24 0 3 1 20

Lachman test case (%) 24 0 3 3 18

Flexion 30° eversion stress
test example (%)

18 0 1 2 15

Flexion 30° varus stress
test example (%)

4 0 1 0 3
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between the screw and the bone. Measure the CT value of
the 1mm2 area between the screw and the bone interface,
use x and S to represent all the CT values measured in each
group, and analyze the connection structure between the
ligaments and the time of the bone in the day; after modifi-
cation, the relative position of screw channel is shown in
Figure 4.

It can be seen from Figure 4 that, similar to normal ACL,
after the cruciate ligament is reconstructed, the nutrition
needed by the implant is mainly provided by blood in the
superficial synovial membrane, except for a small amount
of synovial fluid in the joint cavity. Theoretically, this not
only preserves the ligament stump and promotes the fusion
of soft tissues and grafts but also an adequate blood supply
also increases the nutrient supply of the graft, thereby allow-
ing new synovial vascularization on the surface of the graft.
Indicating that the reconstruction can be preserved, the sur-
vival rate of the ligament should be significantly higher than
the unreserved stump group.

At the same time, the application of nanomaterials in
tissue engineering is still in the early stage. Especially in
biomedicine, most of the research is still in the stage of
animal experiments, a large number of clinical trials are
needed to confirm, and the biosafety of nanomaterials needs
to be further improved. There are still many problems to be
solved for clinical application: how to construct an ideal cell-
nanomaterial interface, how to protect allogeneic biological
tissues and cells cultured on nanoscaffold materials from
being recognized and rejected by the recipient immune sys-
tem, how to maintain the viability of cultured cells and
maintain their function for a long time, and how to further
improve the biocompatibility of nanomaterials.

6. Conclusions

The ligament is a bridge that maintains the close connection
between bones. It is rich in elasticity and rich in collagen tis-
sue. However, after the ligament is injured, it cannot be
cured, and it is difficult to reach a healthy level. This also

causes the joints to become extremely unhealthy: stable,
but from causing serious damage to the relationship, the
most causing deterioration and pain, the most typical cases
of which are arthritis and meniscus injury. It is precisely
because of this that we must reconstruct it, these reconstruc-
tion methods are mainly carried out through surgery, and
most of them are through and means.

The experimental design of the ligament reconstruction
model and the nanocontrolled release capsule manufactur-
ing model is effective for basic research related to BMP-2
repairing the tendon-bone tunnel interface and can be used
as a reference for experimental research models. In the
early stage after injury and anterior cruciate ligament
reconstruction, BMP-2 promotes the formation of a similar
direct stagnant structure at the tendon-bone tunnel inter-
face. Experiments show that rhBMP-2 can effectively pro-
mote and enhance the repair of the tendon and bone
tunnel interface.

In this study, when the anterior cruciate ligament was
reconstructed after knee injury, the injectable BMP-2
controlled release capsule was chosen when reconstructing
the tendon-bone tunnel interface. The results showed that
BMP-2 was performed after the reconstruction of the ante-
rior cruciate ligament of the knee joint. After the reconstruc-
tion of the anterior cruciate ligament, the tendon tunnel
interface helps to form a direct stop point, thereby improv-
ing the maximum tensile strength and stiffness of the tendon
tunnel interface. This leads to improved pathophysiological
properties and mechanical strength of the reconstructed
ligament structure. In the next few years, nanoceramics in
biomaterials will play a leading role in artificial bones, and
inorganic and organic composite nanomaterials with various
properties will also play a great role in interventional repair
of ligament injuries. We will also conduct further in-depth
research on this.
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If there is no protective equipment in martial art single practice, it is very easy to be injured, so protective equipment in martial
arts has been paid more and more attention. The protective effect of Wushu Sanda protective gear is related to the safety of every
Wushu Sanda practitioner. The purpose of this paper is to study crystalline nanooptical materials and Wushu Sanda protective
gear and propose the idea of using more crystalline nanooptical materials in the manufacture and use of Wushu Sanda
protective gear. This paper mainly introduces the related content of crystalline nanooptical materials, martial art single-leg
kick, and martial art single-leg protective gear and conducts experiments on crystalline nanooptical materials and martial art
single-leg protective gear based on crystalline nanooptical materials. The experimental results show that the protective effect of
protective equipment based on crystalline nanooptical materials can play a greater role than traditional protective equipment.
In the experiments in this paper, the martial art single-leg kicking protective gear based on crystalline nanooptical materials
has at least a 10% improvement in protective effect.

1. Introduction

With the improvement of people’s living standards, more
and more people who are interested in study and work will
take time to participate in some activities, such as Wushu
Sanda when they are in Wushu singles. However, there are
often some factors that affect their own safety. Therefore,
Wushu single protective equipment plays a pivotal role in
the safety of martial art singles. Therefore, Wushu single-
kick protective equipment plays an important role in protect-
ing the safety of Wushu single kick. Due to its special micro-
structure, nanocrystalline materials have a series of excellent
mechanical properties such as higher yield strength, hardness,
and good wear resistance that conventional coarse-grained
materials do not have and have attracted extensive attention
from sports people.

In recent years, the safety of martial art single kick has
become the focus of society and schools. How to effectively
prevent and properly handle the safety accident of single
kicking in martial arts is an important problem that all sec-
tors of society need to think about and solve. The develop-
ment of a reasonable use of martial art equipment is one of

the ways to reduce safety accidents in martial arts. When
practicing martial art movements, wearing martial art equip-
ment reasonably can reduce self-injury caused by uncon-
trolled movements during practice.

With the development of society, nanocrystalline mate-
rials have attracted more and more attention. In one study,
Shaat and Abdelkefi investigated the modeling and perfor-
mance of mechanical resonators for biological cell mass detec-
tion, nanocrystalline material characterization, and human
immunoviral disease diagnosis [1]. In their research, Ovid’ko
and Sheinerman described the effect of free surfaces on grain
boundary dislocation-mediated rotational deformation in
nanocrystalline materials [2]. Likewise, other researchers have
conducted extensive experimental studies on nanomaterials.
Fang et al. experiments show that stress-driven grain growth
will strongly affect the motion and distribution of dislocations
in nanocrystalline materials. At the same time, their research
also shows that nanotwins often originate from the generation
and slip of partial dislocations, which are also affected by grain
growth [3]. Tserpes et al. use finite element models to test and
simulate tungsten-copper alloys with coarse and nanocrystal-
line microstructures. The effect of the sharpness of the
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Berkovich indenter was also investigated. Experimental results
show the superiority of nanocrystalline materials, with better
convergence for the rounded tip of the indenter [4]. In terms
of sports safety research, Hong et al. expand safe and healthy
life sports activities in Korea by carrying out education, man-
agement, and best practices related to life sports safety in Ger-
many and establish an accident prevention system in Korea
[5]. At the same time, in order to examine the consistency of
sports safety with school administration quality standards
and teacher compliance practices, Jani et al. conducted an
experiment using a questionnaire. The experimental results
show that all schools have good quality standards for sports
safety administration. There is a very close and important rela-
tionship between the quality standards of administration and
the compliance of teachers’ sports safety practices [6]. In the
research of sports safety protective equipment, Park and Ko
developed safety clothing, which is a must for young people
to protect their bodies from accidental injuries and pursue
activities and individuality [7]. These methods provide some
references for our research, which have not been recognized
by the public due to the short time and large scope of the rel-
evant research. These researchers have outstanding perfor-
mance in their respective research fields, but their research
scope is often very large, which is not conducive to further
in-depth experimental research.

The innovation of this paper lies in the research on crys-
talline nanooptical materials. Through the understanding of
the properties of nanomaterials, especially the research on
crystalline nanooptical materials, after fully understanding
their unique mechanical properties, they are applied to the
manufacture and use of martial art single-kick protective
equipment. Through the use of crystalline nanooptical mate-
rials, not only can the role of nanomaterials be fully utilized
but also the safety and reliability of martial art single-kick
protective equipment can be improved. Nanomaterials and
nanotechnology have provided new ideas and approaches
for the research of modern equipment protection technology
and laid the foundation for the breakthrough improvement
of its performance.

2. Crystalline Nanooptical Materials
and Motion

2.1. Crystalline Nanooptical Materials. Crystalline materials
with a particle size of 1 to 250nm are called nanocrystalline
materials. Nanopowders can be used in thick-film technol-
ogy to fabricate elongated conductive tunnels. The porous
nanomaterial sintered body has strong activity and is suit-
able for catalysts and high-power capacitors. If the particle
size of nanocrystalline material becomes smaller, its volume
fraction will increase [8]. Generally speaking, the internal
structure of nanocrystals consists of two different types of
atoms. Atoms in a crystal are arranged in adjacent lattices,
and there are different atomic spacings between grain
boundary atoms. The proportion of atoms in the interface
of nanocrystalline material is related to the tightness of
the interface of nanocrystalline material. The following is
a brief discussion on the related content of nanocrystalline
materials [9].

2.1.1. Mechanical Properties of Nanocrystalline Materials

(1) Yield Strength. Yield strength is the stress that resists
slight plastic deformation under external load, that is, the
yield limit of metallic materials [10]. When the stress reaches
a certain value and enters the yield stage, the deformation
increases rapidly. At this stage, elastic deformation and local
plastic deformation occur simultaneously. With increasing
stress, the plastic strain changes greatly, but the stress and
strain hardly change. This phenomenon is called yielding
[11]. The maximum stress at this stage is called the upper
yield point, and the minimum stress is called the lower yield
point. Here, a relatively stable low yield point value is used as
an indicator of material resistance, namely, yield strength or
yield point [12]. The grain size has a great influence on the
yield strength of the material. The most important factor
affecting the yield strength is the size of the crystal force.
Taking tensile strength as an example, under the same strain
condition, for a sample with a small grain size, the smaller
the uniformly distributed strain inside the grain, the smaller
the dislocation density. Therefore, the yield strength is
greater. The relationship between yield stress and grain size
is based on the relationship between traditional coarse-
grained materials, and its correlation formula conforms to
the Hall-Petch relationship:

∂i = ∂o +md1/2: ð1Þ

(2) Scalability. Ductility refers to the property of a material
stretching without breaking under an external load, and duc-
tility refers to the property of a material rolling into a thin
sheet without breaking under an external load. It is a
mechanical property of a substance that expresses the ability
of a material to deform plastically before fracture under
force [13]. Under the action of shock and vibration loads,
the material of the structure is required to be able to absorb
a large amount of energy, and at the same time, it can produce
a certain deformation without damage; that is, the structure or
component is required to have good ductility. In conventional
crystalline materials, the grain size decreases and the ductility
of the material increases. The ductility of nanocrystalline
materials is also affected by these deformation mechanisms.
Zhang changed the grain size of the nanocrystalline material
Zn by changing the processing times. The researchers found
that the nanocrystalline material Zn can exhibit good strength
and ductility at the same time after a period of treatment [14].
The processed material contains 30% larger grains. This opti-
mal microstructure exhibits more strain hardening than other
machined materials studied. It can be said that reasonable
grain size distribution and strain hardening help to improve
the ductility of the material [15].

(3) Anti-Hall-Petch Relationship. The general law of the
Petch relationship is that the grain size decreases and the
yield stress of the material increases. Figure 1 shows the
HP relationship of the nanocrystalline material Cu.

From Figure 1, we can clearly find that as the particle
size decreases below 25nm, the HP relationship of
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nanocrystalline materials is not visible. The slope of the HP
relationship for nanocrystalline materials decreases with
decreasing grain size [16].

2.1.2. Fatigue Damage of Nanocrystalline Materials. Crack
growth can be divided into two forms: unstable growth
and subcritical crack growth. Unstable growth is a rapid
crack growth process. An important condition for its occur-
rence is that the stress expansion coefficient of the crack tip
inside the material reaches or exceeds the fracture toughness
of the material [17]. Subcritical crack growth is a slow-
growing process where microcracks develop inside the mate-
rial before reaching critically fast and unstable growth condi-
tions. For traditional fatigue testing, we get a very classic SN
curve, the fracture curve between the cycles of the metal
being fractured and the cyclic stress or alternating stress,
where S and N represent the magnitude of the cyclic stress
and fracture, respectively; pressure, respectively; and hours
of the week [18]. The SN curve of the material can be
divided into three parts: static strength stage, low cycle
fatigue stage, and high cycle fatigue stage. Figure 2 shows
the fatigue curve of the material.

The place where fatigue cracks are most likely to initiate
is the place where it is most likely to slip, and the place that
is most likely to slip is also the place where the local plastic
deformation is the largest. Fatigue crack initiation, propaga-
tion, and fatigue strength are all affected by slip [19]. Grain
refinement increases the barrier of grain boundaries, thereby
slowing the initiation and propagation of fatigue cracks. The
crack growth rate is a method for predicting crack growth
rate and crack growth life of a mechanical structure, which
belongs to the calculation method of the fatigue crack
growth rate and crack growth length of mechanical struc-
ture. The main expression for the crack growth rate is

Da
DW

= c Δnð Þt: ð2Þ

With regard to cracks, cracks are mainly classified into
Type I cracks, Type II cracks, and Type III cracks. As shown
in Figure 3, there are three different forms of cracks.

(1) Mechanical Model. For the establishment of the mechan-
ical model, the first consideration is the critical condition of
crack initiation at the twin boundary. Numerous studies
have found that cracks in nanotwinned materials usually
originate from three places: grain boundaries, twin bound-
aries, and slip zones. In the fatigue cracking study of nanot-
winned materials, it is found that under high-cycle fatigue
loads, cracks generally originate from twin boundaries, and
the initiation mechanism is due to the stress concentration
generated by elastic anisotropy on both sides, dual interface
[20]. Under low-cycle fatigue loads, the location of fatigue
cracks becomes very complex.

(i) Schmid Factor. Zhang expresses the relationship
between the shear stress α at the twin boundary
and the resulting dislocation density β:

α = α0 +MNc
ffiffiffi

β
p

, ð3Þ
whereM is a constant, N is the shear modulus, and c
is the Burgers vector. Since the orientation of the
twin boundary has an influence on the critical
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condition of the twin boundary fracture, it can be
known from Schmid’s law that

α = ελ, ð4Þ

where ε represents the flow stress and λ represents
the orientation factor. And due to the cumulative
value of dislocations per unit length,

j =
ffiffiffi

β
p

: ð5Þ

Derive from the above formula:

j =
ffiffiffi

β
p

= m ε − ε0ð Þ
MNc

: ð6Þ

If the average thickness of the twin boundary is set as
E, the dislocation accumulation amount caused by
different orientations is expressed as

jm =
ffiffiffi

β
p

= m ε − ε0ð Þ
MNc

E: ð7Þ

(ii) The Influence of Stacking Fault Energy. The critical
condition for considering the fracture of twin
boundaries is only affected by the stacking fault
energy. In face-centered cubic metals, in order to
reduce the energy, a complete dislocation is decom-
posed into two incomplete dislocations, and the
two incomplete dislocations are connected by a
stacking fault band, that is, an extended dislocation
[21]. When the extended dislocations are in equilib-
rium, the gravitational force θ per unit length pro-
duced by stacking faults and the repulsive force T
produced by partial dislocations are balanced:

U = T
θ
, ð8Þ

where U represents the width of the stacking fault
and is a constant. But when the dislocation moves
and approaches the twin boundary, it will be
repulsed by the twin boundary P. The equilibrium
equation at this time is

P + θ = T
U
: ð9Þ

It can be seen from Wei Yujie’s research that the
expression of critical shear stress α during twinning
deformation is

α = α1 + ε
8
π

2 −w
1 −w

E
c
δki −

2θth
Eki

: ð10Þ

As the shear rate α increases, the appearance of the
extrudate shows unstable flow phenomena such as
surface roughness, undulation, helical twist, and
even melt fracture. Therefore, the shear stress during
molding must be lower than α.

2.2. Martial Art Singles and Their Protective Equipment. In a
broad sense, martial art singles are also called sports. It refers
to the basic means of consciously organizing social activities,
improving people’s physical strength, promoting all-round
development, enriching social and cultural life, and promot-
ing spiritual civilization [22]. Figure 4 shows martial art
singles.

2.2.1. The Role of Single Kick in Martial Arts. Exercise pro-
motes the growth of human bones and muscles, improves
cardiopulmonary function, and improves the functional sta-
tus of the blood circulatory system, respiratory system, and
digestive system. In particular, it has a very important
impact on the quality of people’s mental health [23].

Mental health qualifications are formed by a combina-
tion of genetics and environment. They are intrinsic, basic,
and relatively stable psychological qualities and characteris-
tics. These psychological attributes and physiological charac-
teristics determine whether to affect the individual’s
psychological, physiological, and social functions and then
affect the individual’s mental health [24]. Therefore, the
quality of mental health is an important aspect of mental
health that affects a person’s level of mental health. Mental
health quality and mental health are important signs of indi-
vidual psychological phenomena. In a word, the quality of
mental health is a stable psychological characteristic, and
mental health is a state of psychological safety and happi-
ness. The level of mental health quality is directly related
to the level of mental health. Quality indicators of mental
health often include many indicators of mental health.

(1) Evaluation Standard of Mental Health Quality. Scholars
at home and abroad have a good understanding of the
benchmark of mental health from different perspectives
and social backgrounds. According to the college education
and training goals and social development requirements of
college students, the mental health standards of college stu-
dents are determined by the following aspects: (1) normal
cognitive ability [25], including sharp thinking, good mem-
ory, rich imagination, perception, and learning ability; (2)

Figure 4: Martial art single kick.
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healthy and stable interpersonal relationships: emotions,
emotional stability, quick response, satisfaction, happiness
and other positive emotions, as well as optimistic thoughts
dominate, and can reasonably vent, adjust, and control neg-
ative emotions; (3) perfect personality, coordinated actions,
excellent self-awareness, able to maintain the integrity and
coordination of personality, and effectively control their
own psychology and actions and keep the internal reflection
of the action consistent with the external performance; and
(4) harmonious interpersonal relationships: in study, life,
and work, being good at communication and being able to
objectively evaluate others, handle emergencies reasonably,
accept the shortcomings of others, adapt to the environment,
and establish harmonious interpersonal relationships.

(2) Mental Health Quality Measurement Tools. Mental
health measurement tools are developed according to the
development needs of various research fields, combined with
definitions and evaluation criteria. At present, the com-
monly used mental health assessment tools mainly include
the symptom self-rating scale and the Japanese revised per-
sonality question questionnaire. In addition, there are emo-
tional state scales, depression self-assessment scales, mental
health diagnostic tests, motor perception scales, existential
personality scales, life events scales, and state characteristic
anxiety scales. At the same time, the use of physiological
indicators is mainly EMG, reaction time, heart rate and
blood pressure, brain waves, and other evaluation methods.

2.2.2. Martial Art Single-Kick Protector.When people engage
in martial art single kick, martial art single-kick protective
equipment is essential. On the one hand, the protective
equipment for martial art single-leg kicks needs to ensure
that the personnel being used can be protected. On the other
hand, the material of the protective equipment itself should
not be harmful to the human body but provide high-
quality protection for human activities. Due to the particu-
larity of the composition and structure of nanocrystalline
materials, its performance has been significantly improved
compared with traditional materials, especially the particu-
larity of super hardness, super modulus effect, etc., so it
has become an important material for martial art single-
kick protective equipment.

Safety protective equipment is a necessary preventive
device to protect the safety and health of athletes during
sports. Use specific shields, pendants, or floats to protect
athletes through barriers, absorption, dispersion, and con-
tainment and protect part or the entire body of an athlete
from external attack. The use of personal protective equip-
ment is an important means to prevent or mitigate sports
safety accidents. There are many classification methods for
safety protection equipment, which can be classified accord-
ing to the use, the protection part, and the nature of the raw
materials used. According to different uses, it can be divided
into cold-proof products, shock-proof products, antidrop
products, mechanical trauma products, antifouling products,
waterproof products, and life-saving products. According to
the protective gear, there are 8 kinds of protective gears for
the head, face, eyes, airway, ears, hands, feet, and body.
The protective effect of various protective tools is limited.
In order to prevent accidents, it is necessary to use protective
tools correctly and choose protective equipment reasonably

Table 2: Students’ mental health scores.

Know Mood Character Adapt
Overall
result

Actively participate
in sports

68 79 64 78 289

Participate in sports
occasionally

60 71 58 62 251

Table 3: Comparison of mental health quality in different age
groups.

Know Mood Character Adapt

F value 10 5 3 4

Phosphorus 0.000 0.008 0.012 0.006

Table 4: Statistical table of protective effects of various types of
protective gear.

Ordinary protective
gear

Nanomaterial protective
equipment

Helmet 70% 91%

Goggles 69% 82%

Bracers 75% 93%

Waist
protection

62% 80%

Knee pads 72% 86%

Table 1: Parameter comparison table.

Scope Symbol Value

Burgers vector size C 0.266 nm

Taylor constant Alpha 0.6

Lattice constant Large 0.4 nm

Poisson’s ratio Phosphorus 0.49

Shear modulus Meter 51GPa

Knee pads Shoulder pads Bracer

LeggingsHelmet Goggles

Figure 5: Common sports protective gear.
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according to the type of exercise. Figure 5 is a common
sports protective gear.

3. Experiments on Crystalline Nanooptical
Materials and Martial Art Single-Kick
Protective Equipment

3.1. Mechanical Experiments of Crystalline Nanooptical
Materials. This experiment is based on the theoretical
model of mechanics, taking crystalline nanooptical mate-
rials as the research object, to study the mechanical proper-
ties of crystalline nanooptical materials. In this experiment,
pure copper samples with nanobimorph layers of different
thicknesses were prepared, and tensile-tensile fatigue exper-
iments under constant stress amplitude were carried out on
these products. Pure copper has good electrical conductivity
and is widely used in the manufacture of wires, cables,
brushes, etc.; it has good thermal conductivity and is often
used to manufacture magnetic instruments and meters that

must be protected from magnetic interference; it has excel-
lent plasticity and is easy to be processed by hot pressing
and cold pressing. Table 1 is a reference table of the param-
eters required in the calculation process of the mechanical
model.

3.2. Wushu Single-Kick Research Experiment. This experi-
ment investigates the form of physical exercise and the qual-
ity of mental health of students in a university. Good
psychological quality is the foundation of a healthy life for
college students, and having a healthy body and mind is an
important guarantee for their adulthood, talent, and success.
Tables 2 and 3 show the mental health quality scores of reg-
ular and infrequent physical exercisers, the mental health
status of different age groups, respectively, and quality
comparison.

As can be seen from Tables 2 and 3, students who
actively participated in sports had higher mental health
scores in every aspect than students who participated in
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sports occasionally, indicating that students actively partici-
pated in sports.

3.3. Experimental Design of the Effect of Sports Protective
Equipment Based on Crystalline Nanooptical Materials. For
experiments on sports protective gear of nanooptical mate-
rials, first, an initial solution is provided; secondly, a metal
compound is added to the initial solution and mixed under
alkaline conditions to obtain an intermediate solution;
finally, a quantum dot precursor is added to the intermediate
solution to obtain nanomaterials, and then, the nanomateri-
als are added to the sports protective gear. During the exper-
iment, a control experiment was also conducted on ordinary
sports protective gear. In this experiment, data on the pro-
tective effects of different protective gears were collected.
Table 4 is a statistical table of the protective effects of various
protective gears in this experiment.

It can be seen from Table 4 that the performance of the
protective gear with nanomaterial protective equipment is
much higher than that of ordinary protective gear. It shows
that nanomaterial protective equipment is better than ordi-
nary protective equipment.

4. Experimental Analysis of Crystal-Based
Nanooptical Materials and Sports
Protective Equipment

4.1. Mechanical Experimental Results of Crystalline
Nanooptical Materials. In this experiment, the mechanical
properties of crystalline nanooptical materials were fully
studied. During the experiment, the effect of the thickness
of the crystalline nanomaterial bimorph on the crack sup-
pression of the material was investigated. Combined with
the experiments in this paper, a schematic diagram of the
effect of the thickness of the crystalline nanooptical material
wafer on the inhibition of crystal cracks is obtained, as
shown in Figure 6:

It can be seen from Figure 6 that under the condition of
constant applied load, when the thickness of the double crys-
tal layer is E = 10nm, the condition for the initiation of dou-
ble grain boundary cracks is that the grain size dG > 190nm;
when the thickness of the double crystal layer E = 30nm, the
condition for the initiation of grain boundary cracks is that
the grain size dG > 420nm. From the data summarized in
Figure 6, it can be seen that when the grain size cannot be
refined, increasing the thickness of the twin layer can inhibit
the initiation of twin boundary cracks, thereby improving
the strength and hardness of the material.

4.2. Experimental Results of the Effect of Sports Protective
Equipment Based on Crystalline Nanooptical Materials.
According to Table 4, a comparison chart of the effects of
sports protective equipment of different materials is
obtained, as shown in Figure 7.

According to Figure 7, it can be concluded that it is a
great improvement compared to conventional protection.
It can be clearly seen from Figure 7 that the protective effect
of sports protective equipment based on crystalline nanoop-
tical materials has increased by an average of 12%.

5. Conclusions

Nanooptical materials have high yield strength, hardness,
and good wear resistance, making sports protective equip-
ment based on crystalline nanooptical materials safe and
reliable. Sex life is greatly improved. From the experiments
in this paper, it can be concluded that the protective effect
of sports protective gear based on crystalline nanooptical
materials has been qualitatively improved, with a maximum
increase of 21%.
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At present, algorithm technology has achieved very rapid development, and it is more and more widely penetrated and applied in
people’s production and life. Among them, product design based on intelligent algorithm has also been widely used. This
technology plays an important role in promoting product innovation and design and contributes to the improvement and
optimization of technology, showing very significant application benefits in the product design and development process of
major enterprises. The application of intelligent algorithms in product design can not only make products more in line with
customers’ usage habits, but also products blessed with intelligent algorithms often have more commercial value. Therefore, in
order to enhance the added value of commodities, innovative design of products has become a must. Nanomaterials must have
unique properties that are unmatched by general building materials, such as high surface activity, strong oxidation, and
superparamagnetic. This article mainly studies design strategies from two aspects, namely the innovation of material properties
and application methods, and introduces the properties of nanomaterials, their application status, and the existing problems.
And it starts from the application of intelligent technology in nanomaterial products, innovative design, and development
prospects, combined with actual cases, to find a feasible way for the development of innovative design and research of
nanomaterial products. On this basis, it is proposed that the idea of expanding the design should reunderstand and reposition
the product design of nanomaterials and make the design more acceptable to more consumers. New design ideas and methods
such as adjusting material properties through intelligent algorithms provide certain assistance and support for the application
of intelligent algorithms in product design innovation practice. Some completed application practices are also presented to
illustrate the rationality of the application of intelligent algorithms in nanomaterial products. The results show that the crowd
search algorithm has the highest optimization degree and has good stability and optimization effect, and its standard deviation
is the lowest close to 0.

1. Introduction

Materials are the material basis for human survival and
development. In the 1980s, people regarded new materials,
information technology, and biotechnology as important
symbols of the new technology revolution, and it was con-
sidered to be one of the pillars of modern science and tech-
nology in the twenty-first century. As an indispensable
element in product design, material innovation has formed
a preliminary structure and system during the Bauhaus
period in Germany. Common materials have many quality

defects, which lead to serious constraints in product design.
And nanomaterials are completely different. With its excel-
lent material quality, it can play an important and unique
role in fields that ordinary materials cannot. Nanomaterials
are one of the most important directions for the develop-
ment of new materials in the twenty-first century. With the
development of nanotechnology, the innovation of material
properties can not only maintain the basic properties of
nanomaterials, but also make up for the deficiencies and
shortcomings of their properties to a large extent. In the pro-
cess of product innovation and design, the initial stage
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focused on divergent thinking and continued to expand out-
ward with the design point as the center, seeking various
possible design solutions.

Intelligent algorithm is based on intelligence and per-
forms relatively fast global optimization, which can better
simulate the initial design thinking in product innovation
design. In the detailed design stage, the main focus is on
convergent thinking, fully absorbing the design points of
the excellent scheme and thinking in one direction. For the
research and development and production of nanomaterial
products, the innovation of product design and concept in
the product development stage needs to meet people’s objec-
tive requirements in a true sense, and at the same time, it
must be implemented in the production process, so that it
can be effectively realized. In this context, it is necessary to
keep pace with the times and deeply study the design methods
of nanomaterials. This paper makes full use of intelligent algo-
rithm technology to lay a solid foundation for the research and
development and innovation of new products, explore its new
path for innovative practice, and effectively solve technical
problems related to product design.

Based on the intelligent algorithm, the relationship
between nanomaterial products and artistic design is dis-
cussed, the procedures and ways of applying intelligent algo-
rithm to product innovation design are studied, and several
algorithmic product innovation design models are proposed,
and the development of an innovative design example sys-
tem is one of the innovations of this paper.

2. Related Work

For the topic of “intelligent algorithm + nanomaterial prod-
ucts,” some scholars have carried out research on it.

Yin got a highly ordered alumina obtained under ultra-
high vacuum (UHV) by NiAl(110) surface oxidation. He

has coordinated UHV-type surface science and real-world
experiments with amorphous aluminum oxide obtained by
atomic layer deposition on silicon chips. He thoroughly
characterized the Pt10 clusters through a combination of
experimental techniques and theoretical analysis, showing
the highest CO oxidation activity per platinum atom of
CO oxidation catalysts. This catalytic system presents a
coherent interdisciplinary picture [1].

Shivakumar investigated the 3-nm-thick boron layer in
detail by preventing the interaction with the silicon substrate
through a thin boron layer grown by chemical vapor deposi-
tion at 450°C. It forms the p-anode region of the PureB
diode with zero metallurgical junction depth on the n-type
silicon. Metals are deposited by electron beam-assisted

Figure 1: Artificial intelligence optimization algorithm diagram.

Start

Initialization
parameters

Produce initial
population or location

�e global search is carried out
in the whole solution space

Is a better
solution obtained

Yes

End

Optimal output
solution

Yes

Whether the termination
conditions are met

�e optimal solution of
local search is obtained

A local search is performed
near the solution

No

No

Figure 2: Basic flow chart of intelligent algorithm.
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physical vapor deposition at room temperature and
annealed at temperatures up to 500°C. It was verified by
the nearly constant I–V characteristics of the PureB diodes
and the microscopic examination of the deposited layers [2].

Agenor examined the interaction between access to
finance, product innovation, and labor supply in a two-
stage overlapping generational model of endogenous skill
distribution and financial market imperfection. An ambi-
tious policy aimed at alleviating the constraints on innova-
tors’ access to funding may allow a country to escape this
trap by promoting idea generation and improving incentives
for investment in skills [3].

Engelman aims to study the impact of intellectual capital
on firm absorptive capacity and the impact of intellectual
capital on product innovation. He believes that companies
mobilize intellectual capital and other intangible assets
through dynamic capabilities such as ACAP. He conducted
a quantitative study, structural equation modeling, to verify

the validity of structural and theoretical models. He found
that intellectual capital does affect ACAP. His findings also
show that ACAP affects product innovation, but each of its
dimensions exhibits different effects [4].

Wang believes that product innovation not only enables
organizations to introduce new products to the market, but
also challenges organizations to update their technical capa-
bilities. Through a longitudinal study of product introduc-
tions in the workstation industry, he found that capability
extension reduces the chances of new product survival. In
addition, he found that organizational boundaries moderate
the negative relationship between capability extension and
product survival. He derives the implications of the link
between product innovation and capability development [5].

Hui studied the common domain name format of http://
www.zol/, processed the data of consumer online reviews of
three Huawei Mate phones, explored the correlation
between online reviews and phone improvements, and made
suggestions for future product improvements. This empiri-
cal study showed that changes in mobile phone functional
satisfaction are strongly correlated with improvements in
mobile phone performance. This research helps companies
grasp market demand, understand consumer behavior, and
improve the quality and efficiency of product innovation [6].

Bos examines the impact of access to imported interme-
diate inputs on firm-level product innovation in five devel-
oping countries, combining trade data with innovation
survey data and developing a method to determine whether
new inputs are critical for product innovation. He found evi-
dence that the number of new imported varieties has a sig-
nificant impact on product innovation that depends on
new inputs and provides instructive evidence that this
impact comes from access to better quality imported prod-
ucts [7].

3. Intelligent Algorithms, Nanomaterial
Products, and Innovative Art Design

3.1. Intelligent Algorithm. Intelligent algorithms are new
algorithms based on artificial intelligence. Like most com-
puting, intelligent computing is a kind of natural computing
inspired by nature. It first comes from biology; people imi-
tate the evolution process of creatures in nature, thus
abstracting such an algorithm [8]. In the process of continu-
ous development, intelligent algorithms are slowly being
applied to scientific problems, but these problems are also
encountered by people in real life. Over time, people have
summarized and summed up a special algorithm and named
it intelligent algorithm. Figure 1 shows the AI optimization
algorithm diagram.

In fact, the development of intelligent algorithms is far
beyond imagination. With the development of time, new
ideas of intelligent algorithms have sprung up, and various
theories about intelligent algorithms have been proposed,
and they have also been improved and updated. But despite
this, the basic process of intelligent algorithm has not chan-
ged, and its basic process is generally shown in Figure 2.
From the frame diagram of the algorithm, it was found that
at the beginning of the algorithm operation, it must initialize

Start

Randomlly generate N initial positions
in the feasible solution domain

Calculate the objective function
value of each position and evaluate it

Search strategy

Location update

No

Yes
End

Whether the stop
conditions are met

Figure 3: Solving steps of crowd search algorithm.

Table 1: The parameters of genetic algorithm.

Parameter factor Physical description

Population size N square grids

Neighbor structure Moore

Update strategy Linear scan

Selection operator
Select 2 adjacent positions

of the individual

Crossover operator Single point intersection

Crossover probability Pc

Mutation operator Nonuniform variation

Variation probability Pm

Replacement strategy
Replace if the child is better

than the parent

Genetic algebra ≤500
Termination conditions User interaction experience
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all the relevant parameters of the algorithm and then ran-
domly generate a position, that is, the most initial solution
[9]. Then, the solution space will generate a different solu-
tion according to certain rules; that is, a global search for
the solution will be performed until a better solution is
judged. According to the different conditions of the solution,
the corresponding algorithm will be used to perform a local
search near the more optimal solution, so as to further find
the optimal solution, until the optimal solution satisfies the
termination condition, and the output ends. Otherwise, the
algorithm automatically loops and starts to research for the
optimal solution [10].

3.1.1. Crowd Search Algorithm. Crowd search algorithm is a
heuristic random search algorithm, which draws on human
social experience, simulates human search behavior, and
regards human self-interest behavior, altruistic behavior,

self-organization aggregation behavior, preaction behavior
and uncertainty reasoning behavior as advanced intelligence.
The body is analyzed and its model is established to calculate
the search direction and step size. The crowd search algo-
rithm is a relatively effective search method, and its main
working principle is to use the local optimal method. In
the search process, the algorithm first finds a continuous
spatial position and then judges whether there is an optimal
solution based on this position. If the optimal solution is not
found at this position, the algorithm will redetermine a con-
tinuous space until the optimal solution is finally found.
However, the optimal solution generated by the crowd
search algorithm is often a local optimal solution, which is
far from replacing the global optimal solution [11]. The
operation flow of the SOA algorithm is shown in Figure 3.

In the process of searching the space, because the posi-
tion and the search area are uncertain, the first thing that
needs to be done is to determine the relative position of
the search target and determine the area according to this
position. Its specific function is described as follows:

yi = ymax −
d −Ui

d −U
ymax − yminð Þ, i = 1, 2,⋯, d, ð1Þ

yij = rand yi, 1ð Þ, j = 1, 2,⋯,D: ð2Þ
In the above formula, yi is a position parameter of the

objective function value i; yij is the relative position of the
objective function value i of the parameter j; Ui is the spe-
cific number of xiðtÞ after arranging the overall position in
a certain order; D is the actual size of the search space.

According to some conditions about the position in for-
mulas (1) and (2), we can now get the position parameter yij.
According to the above two formulas, the step size formula
can be obtained as

βij = χij −
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
−ln yij

� �r
: ð3Þ

Among them βij is a position space constant in j
-dimensional space; χij is a parameter of the basis function,
and the formula for its value is

χij = ω ⋅ sab xmin − xmaxð Þ, ð4Þ

ω = Rmax − rð Þ
Rmax

: ð5Þ

In formula (5), xmax and xmin are the values of the rela-
tive position in the process of finding the optimal solution;
ω is the weight transformation of the position; r and Rmax
are, respectively, the number of iterations the algorithm per-
forms in the process of finding the optimal solution.

After the relative position information is obtained, the
model is analyzed by estimating the target. In this process,
the expected action direction di,ego, the actual movement
direction di,alt, and the preparation action direction di,pro of
any i search targets can be obtained. Finally, through the

Problems to be optimized

Determine the fitness function of the
evaluation population, and set the

optimization constraints and initial conditions

Generate initial population

Calculate the optimal solution set of
the objective optimization problem

Judge whether the convergence
accuracy or the specified

number of iterations are met

No

Renewal group

Yes

Output optimal solution set

Figure 4: Multivariate optimization flow chart based on genetic
algorithm.

Table 2: Convergence performance.

Algorithm
Evolutionary algebra
reaching convergence

Number of times to
reach convergence

PSO algorithm 68 912

GA algorithm 42 937

SOA algorithm 19 993
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calculation of these three, we can get the final search direc-
tion.

di,ego tð Þ = pi,best − yi tð Þ, ð6Þ

di,alt tð Þ = gi,best − yi tð Þ, ð7Þ
di,pro tð Þ = yi t1ð Þ − yi t2ð Þ, ð8Þ

di tð Þ = sign χ1di,ego + χ2di,alt + ωdi,pro
� �

: ð9Þ
In the formula, t1, t2 ∈ ft, t − 1, t − 2g ; yiðt1Þ ; yiðt2Þ are

the initial positions of fyiðt − 2Þ, yiðt − 1Þ, yiðtÞg; gi,best is
the relative optimal position in the space where the ith
search target is located; pi,best is the possible target position

found by the ith search target; χ1 and χ2 are a real number
randomly selected in the known interval ½0, 1�.

The position transformation formula of the target to be
searched is

Δyij t + 1ð Þ = βij tð Þdij tð Þ, ð10Þ

yij t + 1ð Þ = yij tð Þ + Δyij t + 1ð Þ: ð11Þ
3.1.2. Genetic Algorithm. Genetic algorithm is a kind of ran-
dom search algorithm that is widely used at present. Com-
pared with other algorithms, it can operate directly on
configuration parameters, so its operation is particularly
simple. The algorithm is based on the typical principles of
survival of the fittest. After the parameter configuration of
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Figure 5: Statistical data and optimization results of three algorithms.

5Journal of Nanomaterials



the first-generation algorithm is generated, it can iterate and
evolve continuously and finally produce more and more
optimal approximate solutions [12]. The operations of cross-
over, mutation, and selection of genetic algorithm are car-
ried out in a probabilistic way. The factors of the genetic
algorithm are calculated by crossbreeding and mutation in
biotechnology.

It is worth mentioning that the genetic algorithm can
also realize the direct calculation of the product. In this pro-
cess, the algorithm continuously evolves through the acqui-
sition of product information. Genetic algorithms can also
provide us with an analysis of different parts of the product
when we need to do a corresponding analysis of that prod-
uct. In the iterative process, the genetic algorithm has good
convergence and high efficiency. By using the algorithm to
simulate the components of the nanomaterial product, we
can finally get the shape of the product [13].

But the genetic algorithm cannot solve the problems in
dynamic simulation. In order to better demonstrate the
dynamic process of product innovation, artistic design, and
modeling, particle swarms were introduced to optimize the
algorithm to a certain extent. The results show that the per-
formance of the genetic algorithm optimized by particle
swarm optimization is significantly better than that of the
traditional genetic algorithm.

The reason why the genetic algorithm has such efficient
performance is mainly because it uses an iterative calculation
method in the process of numerical calculation. Compared
with traditional algorithms, traditional iterative processes
tend to fall into the loop of local optimization. The
genetic-based iteration abandons the drawbacks of the tradi-
tional model, so that only the individual with the highest fit-
ness in the global scope is kept as the optimal solution [14].
The relevant parameters of the genetic algorithm are set as
shown in Table 1.

The optimization goal of this paper is to find the global
optimal solution, so it is necessary for us to make certain
improvements to the above algorithm to meet our design

of the innovative art of nanomaterial products. The optimi-
zation function is as follows:

g xð Þ =min TE,Heð Þ: ð12Þ

Similar to the objective function in most intelligent algo-
rithms, we also introduce an objective function here called
the fitness function. After considering the actual value of
the fitness function, the fitness function is also adjusted as
follows:

f it f xð Þð Þ = 1
g xð Þ : ð13Þ

The optimization model based on genetic algorithm is
shown in Figure 4. Evolutionary rules are the main compo-
nents of genetic algorithms, which can simulate natural phe-
nomena such as birth, aging, illness, and death and
determine the dynamic function of the state at the next
moment according to the current state and its neighbors.
At the same time, the central states will influence each other
and promote the interaction between local populations. Its
basic model is

I f St = 1, St+1 =
1, Ai ≤ n ≤ Bi,
0, n < Aj, n > Bj:

(
ð14Þ

3.1.3. Particle Swarm Optimization Algorithm. Particle
swarm optimization (PSO) is an emerging stochastic optimi-
zation algorithm that simulates the foraging behavior of
birds, which can effectively optimize various functions. This
algorithm relies on random processes and uses the concept
of fitness value. On the basis of the previous intelligent algo-
rithm, we introduce a new intelligent algorithm, namely par-
ticle swarm optimization algorithm. In an era of increasingly
abundant data and information, particle swarm optimiza-
tion algorithms are known for their multidata parallelism
and simplicity. The algorithm has few control parameters,
and the concept is particularly easy to understand. In actual
operation, all particles are governed by two parameters, one
determines the position of the particle, and the other deter-
mines the initial velocity of the particle. In terms of finding
the optimal solution, the algorithm firstly seeks the individ-
ual optimal solution and then seeks the global optimal solu-
tion on this basis [15]. In the process of finding the solution,
the particle needs to continuously change its position and
velocity. The formula for its velocity and position is

bij t + 1ð Þ = qbij tð Þ + c1r1 pij − xij tð Þ
h i

+ c2r2 pjg − xij tð Þ
h i

,

ð15Þ

xij t + 1ð Þ = xij tð Þ + bij t + 1ð Þ, j = 1, 2,⋯, nð Þ: ð16Þ
In the formula, q is the inertia weight, and its value is

1.49; c1 and c2 are positive learning factors, and its value is
0.5; r1 and r2 are random numbers, which are uniformly dis-
tributed between 0 and 1.

Figure 6: Nanoproducts.
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The design objective function is

A0 = min max A β2, fð Þf g: ð17Þ

In addition, the speed update formula is

wid
k+1 + r1c1 pid − zid

k
� �

= c2r2 pdg − zid
k

� �
+ vwid

k: ð18Þ

Next, in order to test the stability and adaptability of the
performance simulation algorithm, we selected three algo-
rithms, respectively, and let them complete 1000 optimal
solution searches alone to test their convergence. The final
simulation statistical results are shown in Table 2.

Table 2 shows that in the process of finding the optimal
solution for the three algorithms, the final test accuracy of
each algorithm is above 90%, which shows that the three
algorithms have relatively high efficiency in finding the opti-
mal solution. In terms of convergence, the SOA algorithm
has the lowest convergence, less than 2%, which fully dem-
onstrates the superiority of the algorithm.

After calculating the standard deviation and search time
of the above results, 15 optimized results were added, and all
data were screened as a whole. Figure 5 is the final statistical
result. The data analysis shows that the crowd search algo-
rithm is the most optimized among the three algorithms,
and the standard deviation is close to 0, which is 0.7 percent-
age points lower than the GA algorithm. Based on this, we

Functional
analysis

Ideal
solution

Available
resources

Identify
conflict areas

Analysis of
problems

Conflict How to do
What to do

Principle of
invention Forecast Effect

Domain solution

No Evaluation
of solution

Define new questions
Yes

Implementation

Figure 7: Flow chart of IRTZ.

Table 4: Test parameter setting.

Parameter Set content

Yield strain 10.8

Breaking strength (GPa) 0.040

Fracture strain 17.4

Stretch feature Stress-free platform

Yield strength (GPa) 0.453

Table 3: IRTZ theory innovation method system.

Innovative thinking Nine screen method IFR method Villain method STC operator

Analytical tools Contradiction analysis Material field analysis Function analysis ARIZ algorithm

Problem solving tools Invention principle Separation principle 76 standard solution effect databases
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Figure 8: Online questionnaire and offline perceptual evaluation data statistics.

Table 5: Level 5 vocabulary difference subscale.
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can draw relevant conclusions, that is, the innovative artistic
design of nanomaterial products based on this algorithm has
good stability and optimization effect.

3.2. Nanomaterial Products. Nanomaterials are ultrafine nat-
ural or man-made materials, mainly in the form of agglom-
erates or powders, and their grain size is nanometer. Its
particle size is larger than atomic clusters but smaller than
ordinary particles. The size is generally 100~102nm, and
the total number of elementary particles exceeds half. The
surface activity of nanomaterials is relatively active, which
makes nanomaterials have special electrical, mechanical,
optical, magnetic, thermal, and other chemical properties.
Nanomaterials mainly include nanoparticles, nanotubes,
nanoblocks, nanofilms, and nanocomposites. Nanotechnol-
ogy is a multidisciplinary science and technology that studies
the properties and interactions of matter (including atoms
and molecules) at the nanoscale (1~100nm) and utilizes
these properties. Nanotechnology is based on modern sci-
ence and technology in many fields such as molecular biol-
ogy, microelectronics, quantum mechanics, computer
technology, and mesoscopic physics. It has been more than
20 years since the advent of nanomaterials and the technol-
ogies developed with them. The stage of material innovation
and performance development has been roughly completed,
and now it has entered the stage of technological improve-
ment and comprehensive application [16].

3.2.1. Application of Nanomaterials and Key Products. As a
new type of material, nanomaterials have been widely used
in product design and have received extensive attention
from the government and scientific researchers since its
inception. The rapid development of nanotechnology is
bound to trigger a new design revolution. In the 1980s,
nanocalcium carbonate was developed. It is a new type of

ultrafine inorganic material with a particle size of usually
20~100nm, but its technical content is relatively low. Due
to its low price and high quality, it is widely used as an
improved filling material. The data shows that nanocalcium
carbonate materials have dominated the entire nanomarket
and accounted for 29% of the overall size of the nano new
material market. In addition to nanometer calcium carbon-
ate, there are typical nanomaterials such as titanium dioxide
and zinc oxide [17]. Figure 6 shows some common
nanoproducts.

There are several nanomaterial technologies, devices,
and products with excellent performance in the market, such
as single electronic device, nanoblood glucose detector,
immunochromatographic monitoring technology of nano-
crystal bioprobe, nonpolluting nanowater-based paint,
nanomodified high-power lithium ion battery, nanomodi-
fied solar cell, nano-self-cleaning cashmere sweater, nano-
modified pigments, and nano-self-cleaning glass. Some
typical application products of nanomaterials include nano-
ceramic knife, nanozinc oxide coated refrigerator, and nano-
titanium dioxide car paint [18].

3.2.2. User Needs of Nanomaterial Products

(1) Users pay attention to the functional satisfaction of
products and hope that nanoproducts have many
functions and can get feedback more quickly

For example, nanotoothpaste should not only clean teeth
like normal toothpaste, but also diagnose oral diseases and
reduce inflammation and pain. More importantly, the free
nanohydroxyapatite component contained in the nano-
toothpaste has the effect of protecting and repairing the
gums. The most basic function of ordinary refrigerators is
the function of refrigeration and preservation, but this is
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not enough. People require that refrigerators coated with
nanozinc dioxide can effectively help people to sterilize and
inhibit bacteria, thereby reducing or even avoiding the
unpleasant smell of food stored in the refrigerator due to
spoilage or peculiar smell from food. Compared with ordi-
nary skin care products, the cosmetic effect of nanoskin care
products is faster and more efficient. In addition, people also
require that nanoskin care products can quickly form resis-
tance to the dermis of the skin so as to play a repair function
on damaged cells and then instantly achieve the surprising
effect of antiaging. The role of nanosilver clothing is radiation
protection and can effectively treat skin diseases. People’s
demand for its physical therapy and as a health care product
far exceeds the demand for its beauty, cold resistance, and frost
resistance [19]. The car paint added with nanotitanium diox-
ide can increase the hardness and strength of the car surface
and increase the wear resistance and impact resistance of the
paint. Moreover, nanotitanium dioxide can change the angle
of its visible light with the change of sunlight, thereby reducing
light pollution and meeting people’s requirements for envi-
ronmental protection. Nanoceramic knives have greater hard-
ness than diamond and can always maintain people’s
functional requirements for “sharpness” without grinding.
Nanozirconia ceramics have strong chemical stability, acid
and alkali resistance, and antifouling characteristics, so they
are more clean and hygienic.

(2) The user attaches great importance to the reliability
of nanoproducts and requires nanoproducts to be
durable, safe, and reliable

As small as nanotoothpaste, skin care products, under-
wear, sunscreen in daily life, and as large as nanodrug deliv-

ery vehicles, these products are in direct contact with the
internal cells of the human body or the external epidermis
of the body. While they were astounding, people also
demanded that they not be toxic, damage, or have other
undesirable side effects to the cells inside the body. Another
example is the products that are in direct contact with food,
such as nanoknives, plastic wrap, and refrigerators that are
common in the kitchen. It is required that it should not have
a certain chemical effect with food, which will lead to food
spoilage or residual or harmful substances on the surface
of food [20].

(3) Nanoproducts meet the interactive needs of users,
which is mainly reflected in the portability of nano
products

Because of their small size, light weight, and strong plas-
ticity, nanoproducts are loved by the public because of their
portability. The thickness of nanosolar cells is only
2 nm~6nm, which is very thin and small, so it is easy to
carry. The nanoelectronic display has good flexibility, bend-
ing resistance, and light weight, which can be easily carried
by users. It opens the door to the design of wearable elec-
tronic products, which can make the distance between elec-
tronic products and people even smaller.

3.3. Innovative Art Design. The poor definition of the initial
state has become one of the main characteristics of product
innovation design, which is a very creative problem-solving
process. More specifically, at the beginning of the design,
the designer has only an incomplete and vague mental rep-
resentation of the upcoming design. This requires designers
to understand how to implement the next steps in the
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product innovation design process. Various loops in the pro-
cess of innovative design have been studied and analyzed by
a large number of scholars, such as iterative loops in prob-
lem space and pattern space, loops in problem definition,
and loops in evaluation and generation stages [21]. IRTZ
theory is a systematic, knowledge-based innovation method
system, as shown in Table 3. It includes innovative thinking,
analytical tools, and problem-solving tools, making it more
operable and practical in application.

IRTZ is a problem-solving theory of invention, and the
flow chart of IRTZ (shown in Figure 7) can be used as a
description of IRTZ tools and methods.

The first step is to study and analyze the problems
encountered. If contradictions and conflicts are found, the
problems can be solved according to the principles. If the
problem encountered is very clear but do not know how to
solve it, then it needs to be used with some kind of effect
to run a whole set of technological system evolution process
that predicts innovation and then evaluate this process to
achieve the final step. If a new problem is found during the
implementation, the above process is repeated again until
the problem is solved [22].

4. Nanomaterials and Models

4.1. Sensitivity of Nanomaterial Design Properties. In order to
ensure the accuracy of the test, several nanomaterial simula-
tion analysis methods are placed in the same test environ-
ment to test the accuracy ability. The settings of the test
environment are mainly shown in Table 4.

In order to study the user’s perceived intention needs,
based on the online survey, the author distributed 100 ques-
tionnaires about the difference subscale of sensory vocabu-
lary of nanomaterials. A total of 100 subjects’ perception
evaluations of nanomaterials were collected. According to
the characteristics of materials, nine groups of perceptual
adjectives, namely “clean and messy, natural and industrial,
simple and gorgeous, light and heavy, safe and dangerous,
modern and classical, individual and ordinary, delicate and
rough, soft and hard,” were selected. A 5-level lexical differ-
ence subscale was developed, as shown in Table 5. The nano-
materials involved in the questionnaire are all raw materials
of the original color. According to the previous survey, the
author also distributed 5 offline questionnaires with the
same content as the online questionnaire. The results are
shown in Figure 8. It can be seen from the survey that the
respondents who filled out the offline questionnaire believed
that the soft nano was the lightest and most comfortable to
touch; the hard nano had the most modern features, and
the wrinkled nano was softer than the hard nano. This
clearly shows that there is a certain degree of deviation
between the results of the online survey and the offline sur-
vey, with the maximum difference reaching 1.26. The reason
why the perceptual evaluation of this material is so different
is because there are also some differences in the visual and
tactile effects [23].

According to Table 5, we can see that the softer nanoma-
terials give a more homely feel, while the harder nanomate-
rials give a modern freshness, and the wrinkled

nanomaterials give a softer feeling. From the overall effect,
good nanomaterials generally give people a simple and brisk
feeling.

4.2. Montage Experimental Results. Under the Montage
model, when the task volume is 25, 50, and 100, respectively,
the maximum, average, and minimum values of the average
completion time of each algorithm are shown in Figure 9.
The formulas for calculating the mean and variance are

�Ai =
∑K

k=1Ai
k

K
, ð19Þ

σ = ∑K
k=1 �Ai − Ai

k� �2
K − 1ð Þ

" #
: ð20Þ

σ and �Ai represent the variance and mean of the ith eval-
uation value, where the range of i is ½1, 48�.

According to Figure 9, the analysis is as follows: when
the number of tasks is relatively small, the average comple-
tion time of algorithm ABC and algorithm ACO is lower
than that of other algorithms, which are 74.13 and 76.17,
respectively, while algorithm BA and algorithm GA are
dwarfed. With the increase of the number of tasks, the aver-
age completion time of the algorithm ABO shows a signifi-
cant upward trend, slowly surpassing all other algorithms,
and also reduces its efficiency. In contrast, when the number
of tasks is 25 and 50, the CRO completion time is relatively
short. When the number of tasks is 100, the average comple-
tion time is the shortest among all algorithms. Compared to
other algorithms, CRO is much more efficient in workflow
completion time [24].

4.3. Inspiral Experiment Results. It can be analyzed from
Figure 10 that when the amount of tasks is small, SFLA
has the shortest average completion time, with a value of
2808.21, followed by ABC, and then GA. It is worth noting
that the average completion time of algorithm MA is 0.7
times that of algorithm PSO. However, when the number
of tasks is 100, among all algorithms, ABC has the longest
average completion time, reaching 7287.47, followed by CS,
reaching 6750.98. This comparative analysis reflects the
extreme instability of the ABC algorithm in terms of average
completion time. It can be concluded that as the number of
tasks gradually increases, so does the time for each algorithm
to run and complete. When the task volume is 100, the aver-
age completion time of CRO is the shortest, which is only
three-quarters of the average completion time of CS.

5. Discussion

As a new type of material, nanomaterials have developed
rapidly since entering the twenty-first century. They are
receiving great attention and attention from the world, and
researchers are also conducting in-depth research on them
at a strategic height. The application of nanomaterials in
product design is very exploratory, and this kind of explora-
tion has special significance in the context of increasingly
prominent environmental problems, so it has also attracted
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great attention from relevant personnel. Nanomaterials have
irreplaceable advantages in product design. Taking material
properties and usage patterns as innovative strategies, they
have played a positive role in people’s reunderstanding and
positioning of nanomaterial product design. At the same
time, it also enables nanomaterial product design to play
an important role in a broader commercial platform. The
innovative artistic design of products based on various nano-
materials is a follow-up to the concept of environmental
protection, because nanomaterials are multifunctional. At
the same time, it is also suitable for various processing tech-
nologies, which makes it widely used in different product
fields, so as to further explore and effectively analyze the
product innovation design of nanomaterials. Crowd search
algorithm is more stable than genetic algorithm and particle
swarm algorithm. According to the actual problems and
cases, the effectiveness of the optimization algorithm is ver-
ified, and it can be found that the designed optimization
algorithm can achieve a good optimization effect in
application.

6. Conclusion

Through the above research and analysis, we can clearly see
that the innovative design technology assisted by intelligent
algorithms has been widely used in the product design pro-
cess. Better optimization results can be obtained, and the
innovation and efficiency of product design can be effec-
tively improved to a greater extent. According to different
design ideas and concepts, it proposes a method of product
innovation design based on genetic algorithm. The results
show that this method is very practical because of its realiza-
tion of innovation. In the future, in the process of product
art design, the use of intelligent algorithms to assist product
innovation technology will certainly achieve diversified
development and make the methods and methods to effec-
tively solve the problems in this process multidimensional.
Through the use of advanced modern technical resources,
designers can further improve their ability to control prod-
uct design and their ability to innovate and create. Most
importantly, these achievements can be given back to the
society and users in a more diversified way. Combining the
characteristics of product design practice, this paper pro-
motes the construction of nanomaterial experience library,
provides effective methods and approaches for design prac-
tice innovation, and gradually forms a new design mode of
material perception experience, which is one of the impor-
tant development directions in the future. This research lays
a theoretical foundation for establishing a practical intelli-
gent algorithm-assisted product innovation system. In the
future, we will comprehensively consider adding relevant
constraint mechanisms to combine them with relevant evo-
lutionary mechanisms to establish a product innovation
design system that meets the needs of different subjects.
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The growing awareness of the environmental damage caused by petroleum-based fibres has led to an increase in renewable
and biodegradable resources. The continually growing demand for eco-friendly and sustainable materials pushes
automakers and material researchers to consider the ecological importance of their materials during fabricating, recovering,
and disposal. Natural fibre-reinforced composites (NFRC) have been introduced into the automobile market substantially
over the last ten years due to their renewability, eco-friendliness, recyclability, biodegradability, light weight, better specific
strength, good resistance to impact and corrosion, abundantly available, ease of processing, and cost-effectiveness. Due to
cost-effectiveness and weight reduction, NFRC is becoming a better replacement for petroleum/synthetic fibres like aramid,
kevlar, carbon, and glass fibre-reinforced composites, and the transportation sector has instigated the use of these materials
in many applications like car interiors and exteriors, dash boards, bumpers, spoilers, seat covers, and mirror casings.
NFRC with nanofillers is gaining more attention in the field of engineering, particularly for automotive, defense, building,
and construction applications due to better aspect ratio, larger surface area, and attractive properties. The mechanical,
tribological, and thermal properties of plant fibre-reinforced composites can be improved through the incorporation of
organic or inorganic nanofillers. The present review profoundly explores the effects of various factors influencing NFRC
with nanofillers. This paper also summarises the effects of various chemical reagents, fabrication techniques, and industrial
applications of NFRC.

1. Introduction

Increasing ecological threats and the diminution of
petroleum-based products are dynamic forces that cause
chemical industries to shift from petrochemicals to eco-

friendly resources [1]. Material selection is crucial in the
design and manufacture of a sustainable product [2].
Materials are investigated for their mechanical and ther-
mal properties to improve the product efficiency and
increase customer satisfaction [3]. Cellulosic fibres derived
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from plants will play a vital role in this evolution as a sig-
nificant renewable resource. NFRCs are one such material
that offers flexibility during fabrication, desirable proper-
ties, and lower cost [4, 5]. Natural fibres act as reinforcing
elements (discontinuous phase) in the composites used for
various purposes. As a result, they have a more significant
impact on a country’s socioeconomic progress. Therefore,
the exploitation of natural fibres to make sustainable and
renewable products has engendered considerable attention.
For example, NFRC has become increasingly important in
the transportation segment where better strength charac-
teristics and nondimensional change have to be combined
amid less weight [6–8]. Biofibres are often derived from
three sources: plants, animals, and minerals. Mineral-
based fibres are underutilised in fibre-reinforced composite
(FRC) research because they include asbestos, which is
harmful to human health [9, 10]. On the other hand,
plant-based fibres are endowed with hopeful distinctive-
ness, for example, cost effectiveness, biodegradability, ease
of use, and excellent strength properties [11–15].
Figure 1 shows the classifications of natural fibres based
on various categories. The performance of natural fibre is
influenced by numerous factors such as plant seed quality,
soil performance, fertiliser used, fibre maturity duration
and age, fibre retting techniques, cultivation timing, retting
degree, climatic change, fibre microfibrillar angle, fibre
structure, fibre layer cell dimensions, fibre storage place,
and fibre testing procedures [16–24]. Constituents such
as cellulose, lignin, hemicellulose, pectin, waxes, oils, and
moisture content make up natural fibres. The physical,
mechanical, and thermal performance of NFRC can be
influenced by many factors, including the selection of rein-
forcement and matrix, form of reinforcement, manufactur-
ing methods adopted, volume/weight fraction of the
reinforcement or matrix, the fibre aspect ratio, fibre matrix
interaction, chemical reagents adopted for fibre treatment,
stacking sequence, and orientation of the fibres, laminate
curing temperature, and time [25–32]. Natural fibres are
constructed as chemical constituents like cellulose, hemi-
cellulose, lignin, wax, moisture, and ash content. The
chemical constituents considerably vary between fibres to
fibres and also affect the overall mechanical properties of
the natural fibres. The diameters of the fibres varied con-
siderably from the length of the individual filaments. The
disadvantage of cellulosic fibres as reinforcement is that
their hydrophilic nature makes them incompatible with
thermoset or thermoplastic polymers, resulting in weak
adhesion between the matrix and reinforcement because
the polymer matrix is hydrophobic in nature [33–35].
However, adhesion between fibre and petroleum-based
polymer should be enhanced with appropriate chemical
treatment [36–38]. It is critical to building a better inter-
phase for better composites in terms of performance; the
external stress should be passed to fibres from polymeric
resin. Chemical treatment is one method for natural fibres
to maximise the adhesion at the interface. Since it mini-
mises the amount of OH placed over the surface of the
fibre and reduces the aspect ratio of the fibre, which
improves the adhesion at the interface zone due to supe-

rior effective fibre surface area and aspect ratio. The out-
come of fibre surface treatment depends on treatment
time, type of reagent and its concentration, and tempera-
ture [39–44]. Different chemical reagents for various natu-
ral fibres include alkaline, benzoylation, acrylation,
peroxide, silane, potassium permanganate, dewaxing,
maleated coupling agent, stearic acid, graft copolymeriza-
tion, acetylation, and isocyanate treatment [45–51].

Appropriate manufacturing techniques should be
adopted to convert the raw materials into the final product
without causing any defects. For the selection of proper
manufacturing techniques to develop fibre reinforced com-
posites, design and manufacturing experts would primarily
consider a few factors. Such factors are size and shape of
the end product, properties of reinforcement and matrix,
processing characteristics of raw materials like processing
temperature, pressure, curing time and curing temperature,
production time, and manufacturing cost [52–57]. Conven-
tionally, fibre-reinforced composites have been fabricated
through various methods like autoclave, vacuum bag mold-
ing, compression molding, resin transfer molding, injection
molding, filament winding, spray-up, and pultrusion
[58–66]. The fibre/nanofiller-reinforced polymer composites
are used in automobiles, aerospace, construction materials,
packaging applications, and medical applications. Nanofil-
lers could belong to organic and inorganic groups in nature.
The particles like nanographeme, nanoclay, silica (SiO2),
nanomontmorillonite (MMT), titanium dioxide (TiO2),
carbon nanotube (CNT), calcium carbonate (CaCO3),
and n-SiC are inorganic fillers. However, the fillers, such
as rice husk, coconut shell nanofiller, pinecone char, wood
shaving char, and cellulosic nanofillers, are extracted from
renewable sources and represent organic nanofillers
[67–71]. For the nanocomposite preparation, nanofillers
are mostly added using a weight fraction method in order
to analyse the effect of filler loadings. Wagner et al. [72]
revealed that the addition of just below 6 vol.% of polymer
nanoparticles as reinforcements to make composite mate-
rials improved a wide array of properties like reduction
in weight, dimensional stability, heat conductivity, and
electrical conductivity. Saba et al. [73] in their research
article showed that kenaf and jute fibres have a low den-
sity of 1.3 g/cm3 and bond well with thermosets (epoxy)
and thermoplastic polymers. They also claimed that nano-
sized reinforcements develop better properties in the com-
posite materials compared to their microsized
counterparts. The review aims to summarise the effects
of various factors influencing natural fibre-reinforced com-
posites with nanofillers and various chemical reagents on
different natural fibres. Furthermore, it summarises the
effects of various manufacturing methods and industrial
applications of NFRCs.

2. Effect of Various Factors on
NFRC with Nanofillers

The influence of fibre length and weight fraction on the
mechanical characteristics of agave/polypropylene compos-
ites was studied by Jayaraman [74]. He concluded that
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composite materials with a fibre length of more than 10mm
and a fibre weight fraction of between 15% and 35% revealed
excellent mechanical performance. Stalin et al. [75] studied
the mechanical properties of vetiver/banana/vinyl ester com-
posites by varying the weight fraction of fibres. The mechan-
ical properties of composites were improved by the
hybridization of vetiver and banana fibre. Vinayaga-
moorthy and Rajeswari [76] examined the mechanical
properties of Vetiveria zizanioides/jute/glass composites
by varying the weight fraction of fibres. Flexural, impact,
compression, and hardness of hybrid composites were
increased by 26.8%, 30.44%, 59.1%, and 28.65%, respec-
tively. Sathishkumar et al. [77] analysed the mechanical
characteristics of randomly oriented snake grass/banana/
coir fibre hybrid composites. They revealed that the snake
grass/banana and snake grass/coir fibre composites had
better mechanical properties than banana/coir composites.
Sanjay and Yogesha [78] studied the physical and mechan-
ical properties of jute/kenaf/E-glass/epoxy hybrid compos-
ites. The mechanical properties of the laminates are
influenced by the fibre arrangements and adhesion levels
of the fabrics and the sequencing of high-strength fibre
plies in the laminates. [79] examined the density and
1thermal stability of Furcraea foetida (FF) fibre-reinforced
composites. The density of the Furcraea foetida fibre

(778 kg/m3) was relatively reduced in comparison with
synthetic fibres, which are useful for making less dense
products. FF fibres have a thermal stability of 320.5°C,
which is much greater than thermoplastic polymerization
temperatures. The effect of the volume fraction of snake
grass fibre on tensile and flexural strength was analysed
by Sathishkumar et al. [80]. They noticed that an increase
in snake grass fibre of up to 25% exhibited the highest
properties. Arpitha et al. [81] fabricated five different
hybrid composites by using conventional manufacturing
methods and varying fibre stacking sequences and studied
the water absorption and tensile strength of sisal/glass/
epoxy/filler composite laminates. They discovered that
adding E-glass and SiC filler to composites can reduce
voids and water absorption intake. Also, they revealed that
the tensile strength of sisal/glass/epoxy/filler composites
increased with an increase in glass fibre volume fraction.
Sanjay and Yogesha [82] examined the effect of the fibre
stacking sequence of jute, kenaf, and E-glass woven fabric
composites on water absorption properties. The water
absorption tests were performed on specimens immersed
in three different water conditions: normal, distilled, and
salt water. They observed that the hybridization of E-
glass with jute and kenaf fibres decreases the maximum
water absorption. Sanjay et al. [83] investigated the
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Table 1: Effect of various factors on NFRC.

S.
no

Fibres used Factors influenced Effects Reference

1 Pineapple leaf Fibre content Tensile and flexural properties increase with fibre content. [96]

2 Bamboo
Moisture
absorption

An increase in moisture resulted in decreased interfacial shear strength. [97]

3 Palmyra
Length and weight

fraction
Better mechanical properties were obtained with
a length of 55mm and a weight of 55%.

[98]

4 Jute Water absorption
An increase in water absorption resulted in poor
flexural and compressive properties.

[99]

5 Banana/sisal Length and weight
Up to 50% by weight, mechanical properties
increased and water absorption decreased.

[100]

6 Banana/sisal Weight fraction The highest mechanical properties were obtained at 0.4%. [101]

7
Chopped snake

grass
Volume fraction Improved mechanical properties when the volume fraction increases. [80]

8 Abaca Fibre loading
The mechanical properties showed an
increasing tendency up to 40wt.% of fibre loading.

[102]

9 Banana/sisal
Microfibrillar angle

(MFA)
High tensile characteristics are seen in fibres with high cellulose
content and a low MFA content.

[103]

10 Kenaf Fibre content Improved mechanical properties at 25% and 30% fibre content. [104]

11 Luffa
Volume fraction of

fibres
The mechanical characteristics of treated fibre composites
were found to be optimal at 40% fibre volume fraction.

[105]

12 Snake grass
Volume fraction
and fibre length

Improved mechanical properties of the short fibre isophthalic polyester
composite were achieved at 25% V f for the 30mm fibre length.

[106]

13 Luffa cylindrica Fibre content Improved mechanical properties at 40% fibre content. [107]

14 Oil palm
Aging and wear

behavior

The wear test was carried out in dry conditions,
and it was discovered that the composites immersed
in engine oil and diesel performed better than the others.

[108]

15 Lantana camara
Load and fibre

content

(1) The proportional wear loss increased in direct proportion
to the increase in normal load

(2) The optimum wear resistance property was obtained at a
fibre content of 40%

[109]

16 Agave
Fibre length

(3, 5, and 7mm)
3mm agave fibre reinforcement that has been alkali-treated
had better mechanical properties.

[110]

17
Sansevieria
cylindrica

Fibre length and
weight

The mechanical characteristics of composites were
optimal at 30mm fibre length and then deteriorated beyond that.

[111]

18 Vakka Volume fraction
Tensile characteristics improved as the percentage of vakka
fibre in the composite increased.

[86]

19 Coir/silk Fibre length
The mechanical characteristics of composites
with 2 cm fibre length were the best.

[112]

20 Palm/coir fibre
Fibre weight
fraction

The mechanical characteristics of composites
with 30% fibre reinforcement were the best.

[113]

21
Sisal/nanoclay/

polyester
Fibre and filler
weight fraction

Improvement in tensile strength and water
absorption when 25% sisal and 3% nanoclay.

[114]

22
Bagasse/nano-
SiO2/HDPE

Filler loading
(2% to 5%)

Improvement in tensile strength by 71.46%. [115]

23
Bagasse/nano-

TiO2/vinyl acetate
Filler loading (2%) 10% improvement in tensile strength. [116]

24 Ramie/CNT/epoxy
Filler loading
(0 to 0.6%)

Flexural strength and modulus were
increased by 34% and 37%, respectively.

[117]

25
Bagasse/

nanographene/PP
Filler loading

Improvement in mechanical properties such as
tensile, flexural, and impact strength.

[118]

26
Jute/

nanographeme/
epoxy

Filler loading
Improvement in mechanical properties such as
tensile, flexural, and impact strength.

[119]
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hybridization effect of jute, kenaf, and E-glass fibres-
reinforced hybrid composites on mechanical properties as
a function of varying fibre layer sequences. They observed
that incorporating glass fibre with jute and kenaf fibres
enhanced the impact and interlaminar shear strength over
pure NFRC. Compared to other laminates, the hybrid lam-
inate with glass and kenaf fibre plies on the outside and
jute fibre plies on the inside has improved characteristics.
Vijay et al. [84] investigated the tensile strength, thermal
stability, and surface properties of untreated and NaOH-
treated Tridax procumbens fibres. They found that there
was an increase in cellulose level after NaOH treatment
and a decrease in hemicellulose, pectin, and wax, which
improved thermal stability, tensile strength, and surface
roughness. Sanjay et al. [85] assessed the tensile, flexural,
and impact characteristics of hemp/glass fibre-reinforced
hybrid composites as a function of fibre-layering
sequences. They revealed that the incorporation of syn-
thetic fibre with natural fibre decreased the water absorp-
tion and increased the mechanical properties of the
composites. Murali Mohan Rao et al. [86] studied the
tensile and flexural strength of composites made by
strengthening vakka fibre into a polyester polymer as a
function of the volume fraction of fibre. They revealed that
vakka fibre composites had better tensile and flexural
properties than banana and sisal fibre composites and
were similar to bamboo-composite at the maximum vol-
ume fraction of fibre. Okubo et al. [87] analysed the flex-
ural properties of bamboo/polypropylene composites. Due
to enhanced bonding at the interface and fewer voids,
the composite’s flexural strength and flexural modulus
increase by roughly 22% and 40%, respectively. Shanmu-
gam and Thiruchitrambalam [88] studied the dynamic
mechanical analysis of palmyra palm/jute/polyester hybrid
composites. They observed that combining jute fibres with
palmyra palm increased the impact and ILSS by 18% and
25%, respectively. Raghul et al. [89] present a detailed sur-

vey on the mechanical behavior of glass fibre reinforced
epoxy composites with nanofillers. This composite is man-
ufactured by the compression modelling method in the
form of laminates. The weight fraction of the nanofiller
in the matrix ranges from 1%wt to 7%wt. This nanocom-
posite consists of improved mechanical properties suitable
for industrial manufacturing. Biswas [90] prepared an
effect of silicon carbide (SiC) in bamboo/epoxy composites
as a function of weight percentage of filler loadings. The
optimum tensile and flexural strengths were observed at
10wt.% SiC and 5wt.% SiC, respectively. The highest
hardness was found at 15wt.% SiC. From the SEM analy-
sis, it was concluded that poor adhesion is responsible for
low mechanical strengths. Nguong et al. [91] studied the
effect of n-SiC on polymer matrix composites with differ-
ent weight loadings of fillers. They observed that the
mechanical properties were increased when 1wt.% of n-
SiC was reinforced into the epoxy matrix. The tensile
strength, flexural strength, and fracture toughness of the
composites were significantly increased when fillers were
added to the composites. The effect of the addition of sil-
icon carbide to jute fibre-reinforced epoxy hybrid compos-
ite was studied by Ramadan et al. [92]. Jute fabric-
reinforced epoxy composites with silicon carbide ranging
from 2 to 8% were fabricated by the vacuum assisted resin
infusion method. The jute fibre-reinforced composites with
4 vol.% SiC exhibited excellent tensile and flexural
strength. The mechanical properties of the composite were
decreased when the SiC content was exceeded by 4 vol.%.
Finally, they observed that the addition of SiC to jute fibre
reinforced epoxy composites significantly increased their
tensile, flexural, and impact strength. Ali and Ahmad
[93] have investigated the compressive strength, thermal
stability, and morphology of the empty fruit bunch and
nanoclay-reinforced hybrid polyurethane foam composites.
The result reveals that the hybridization of empty fruit
bunch and nanoclay enhances the mechanical and thermal
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Figure 2: Various factors affecting NFRC.
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stabilities of the composites more than the empty fruit
bunch alone filled composites. Olumuyiwa et al. [94] have
studied the tensile, hardness, and impact strength of the
coconut shell powder-reinforced polyethylene composite
for different nanofiller loadings (5–25wt.%). The hardness
is found to be increased when the coconut shell filler load-
ings increase and the tensile strength, modulus of elastic-
ity, impact energy, and ductility of the composite
decrease with the increasing coconut shell filler loadings.
They have also suggested that coconut shell powder-
reinforced polyethylene composites are suitable for interior
parts of automobiles. The thermal stability, electrical
conductivity, water sorption, and mechanical properties
of three different nanofillers (plastic waste char (PWC),
wood shavings char (WSC), and pinecone char (PCC))
reinforced epoxy composites are analysed by Ahmetli
et al. [95]. The result has revealed that the incorporation
of nanochar particles enhances the mechanical and ther-

mal stability of the composites. Among three nanochar-
filled composites, plastic waste char-filled composites have
produced more thermal stability and decreased the mois-
ture diffusivity of neat epoxy. Table 1 presents the effects
of various factors influencing NFRC. Figure 2 shows vari-
ous factors influencing NFRC. Figure 3 shows various fac-
tors influencing the quality of the natural fibre.

3. Effect of Chemical Treatments on
NFRC with Nanofillers

Plant fibres generally consist of cellulose, hemicellulose,
lignin, pectin, water-soluble, and waxy elements [120].
From the chemical point of view, the primary constituents
of plant fibres are cellulose, in which Dglucopyranose
units are linked together by b-(1-4)-glucosidic bonds;
hemicelluloses consist mainly of D-pentose sugar units
strongly bonded with cellulose fibrils through hydrogen
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bonding; and lignin, consisting of aromatic alcohol units
such as coniferyl alcohol, sinapyl alcohol, and coumaryl
alcohol [121, 122]. Pectin acts as an adhesive to hold fibres
together in bundles and bundles to nonfibrous tissues.
Hemicellulose, pectin, and lignin act like a matrix, whereas
cellulose acts as reinforcement to the matrix, contributing
to the strength of the fibre. Plant fibres are amenable to
modifications as they bear hydroxyl groups (OH) from
cellulose and lignin. The hydroxyl groups may be involved
in hydrogen bonding within the cellulose molecules, thus
reducing the matrix activity. Surface modifications can
either stimulate OH groups or create new moieties that
can interconnect with the polymer effectively [123]. Fibre
surface characteristics such as adhesion, porosity, surface
tension, and wetting can be enhanced upon chemical
treatment. Surface modification of natural fibres can result
in significant physical changes such as the removal of an
oil or waxy layer, changes in fibre structure, density
changes, and surface roughness changes [124, 125]. The
interfacial adhesion of the composites can be enhanced
by altering the fibre surface, altering the matrix, or altering
both. Chemical treatment is necessary to improve the
adhesion and wettability at the interface [126]. Figure 4
shows the types of various chemical treatments of natural
fibres. Mwaikambo and Ansell [127] reported that alkali-
zation improved the characteristics of kapok, sisal, jute,
and hemp fibres, resulting in increased fibre–resin adhe-

sion and more incredible interfacial energy. Teli and Jad-
hav [128] studied the influence of NaOH reagent on the
mechanical properties of Agave augustifolia fibres with
changing reagent concentrations (i.e., 2, 5, 10, 15, and
20%) for 1 h and found the most extraordinary mechanical
properties at 15%. Sawpan et al. [35] showed that the flex-
ural properties of hemp fibre were enhanced by merceriza-
tion treatment with a NaOH concentration of 5%.

Dhanalakshmi et al. [129] assessed the alkali treatment
effect on the flexural strength of areca fibre-reinforced epoxy
composites and observed that flexural strength improved
after treatment due to eliminating the hemicellulose, lignin,
pectin, and waxes. After mercerization treatment, the char-
acteristics of henequen fibres/high-density polyethylene
composites improved owing to the elimination of a few lig-
nin and hemicelluloses from the fibre surface, resulting in
a larger contact surface area at the interface zone [130].
The 5% NaOH treatment increased the mechanical charac-
teristics of Borassus fruit fibres by increasing their surface
area and improving their interfacial properties [131]. Paul
et al. [132] subjected banana fibre to permanganate treat-
ment and investigated the influence of permanganate
treatment on the tensile and flexural properties of banana-
polypropylene composites. They found that the tensile and
flexural properties increased by 5% and 10%, respectively.
Lopez Manchado et al. [133] subjected flax fibre to acetyla-
tion treatment and analysed the influence of acetylation
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Table 2: Effect of various chemical treatments on NFRC.

S.
no

Fibres used Type of chemical treatment Effects Reference

1 Sisal and roselle Alkaline Increased mechanical properties. [141]

2 Alfa Acetylation
Improved resistance to moisture
absorption

[142]

3 Continuous henequen fibres Silane (0.015wt. %) Improved mechanical properties. [143]

4 Borassus fruit fibres Alkaline
Thermal stability and tensile properties
have been slightly improved.

[144]

5 Agave fourcroydes Alkaline Improved fibre matrix adhesion [145]

6 Bagasse Mercerization and acrylic acid
Superior tensile and flexural properties
and reduced moisture absorption.

[145]

7
Unidirectional Roystonea

regia
Alkaline Improved tensile and flexural properties. [146]

8 Sisal Alkaline
Intracrystalline lignin and waxy, and
resulted in improved mechanical
interlocking.

[147]

9 Oil palm
Alkaline, acrylonitrile grafting, silane,

acrylation, permanganate,
acetylation, peroxide treatment

(1) Silane treatment-tensile strength
reduced

(2) Acrylation-enhanced tensile strength
(3) Alkali and permanganate-tensile

modulus increased
(4) Silane and acrylate treatments showed

optimum mechanical properties

[148]

10 Coir fibre Alkaline
Interfacial adhesion between coir fibre
and natural rubber was improved.

[149]

11 Sisal Alkaline
The internal structure that resulted in a
specific stiffness that was approximately
the same as steel.

[150]

12 Kenaf Alkaline Improved mechanical properties [151]

13 Ramie Alkaline

Tensile strength of the ramie fibre
improved
from 4 to 18% compared to untreated
fibre while Young’s modulus decreased.
Tensile strength increases as a result
of a change in microfibrillar angle.

[152]

14 Bagasse Alkaline
Improvement in tensile, flexural,
and impact strength by 13%, 14%,
and 16% compared to untreated fibres.

[153]

15 Sisal
Alkaline and benzoyl
chloride treatment

Higher thermal stability. [154]

16 Flax Benzoyl chloride
Moisture absorption is reduced, and
tensile properties are improved.

[155]

17 Jute Alkaline Improved dynamic mechanical properties. [156]

18 Alfa
Styrene, acrylic acid,
and maleic anhydride

These treatments resulted in
reduced water uptake.

[157]

19 Kenaf Alkaline
3% NaOH treatment led to
ineffective removal of impurities.
9% NaOH cleaned the fibre surface.

[158]

20 Coir Alkali and UV radiation
Higher shrinkage of the polymer
grafted with fibre resulted in
physicomechanical properties.

[159]

21
Sisal/5%

nanomontmorillonite
(MMT)/PP

Maleic anhydride
grafted polypropylene

Improvement in tensile strength [160]
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treatment on the thermal and mechanical properties of flax
fibre-reinforced polypropylene composites. They found that
the thermal and mechanical properties were enhanced by
50% and 25%, respectively. Singh et al. [134] discovered that
an alkali-treated agave reinforced epoxy composite has bet-
ter fracture strain and interfacial adhesion between fibre
and matrix than an untreated fibre. Shanmugam and
Thiruchitrambalam [88] revealed that the maleated
anhydride-treated jute fibre-reinforced high-density poly-
ethylene composite exhibits improved adhesion between
fibre and matrix, which enhances the dynamic and static
properties such as tensile, flexural, and impact strength.
Singh et al. [134] investigated whether an alkali-treated
agave-reinforced epoxy composite exhibits greater fracture
strain and interfacial adhesion between the hydrophilic fibre
and the hydrophobic matrix than an untreated fibre. Arbe-
laiz et al. [135] studied that 20wt% of NaOH-treated flax
fibre-reinforced polypropylene (PP) composites exhibited
greater maximum interfacial shear strength (ILSS) than
untreated flax fibre-reinforced composites. De Rosa et al.
[136] observed that the composite containing 10% acetic
acid-treated okra fibre has less tensile strength and Young’s
modulus than those containing untreated okra fibre-
reinforced composites. Mwaikambo et al. [137] investigated
the effect of alkaline treatment on the tensile and impact
strength of hemp/euphorbia composites and reported that
the tensile and impact strength increased by 30% each com-
pared to untreated composites. Lopez Manchado et al. [133]
examined the influence of alkaline treatment on the tensile
and flexural properties of bamboo/polyester composites
and found that the tensile and flexural strength increased
by 10% and 2%, respectively, over untreated composites.
[138] reported the result of alkali treatments on the mechan-
ical properties of a jute/polyester composite. They observed

that 10% NaOH-treated fibre composites for 3 h provided
an improvement in tensile strength, flexural strength, and
impact strength. Shanmugam and Thiruchitrambalam [88]
attempted to increase the mechanical properties of palmyra
palm/jute/polyester hybrid composites by alkaline treatment
with 5% NaOH for a duration of 30min. They found that
the mechanical properties such as tensile, flexural, and
impact strength increased by 40%, 55%, and 4%, respec-
tively. The new cane fibres were alkali treated for 24 hours
at different concentrations of 2, 4, 6, and 8%, with the high-
est tensile and flexural strength being revealed at 6% [139].
The effect of mercerization on the flexural and impact
strength of coir fibre-reinforced polyester composites was
investigated by Prasad et al. [140]. The treated fibre compos-
ites outperformed the untreated ones due to stronger interfa-
cial bonding between fibre and matrix after 72 hours of
treatment with a 5% NaOH solution. Ragunathan et al. have
fabricated rice husk powder-reinforced polypropylene/
recycled acrylonitrile butadiene rubber composites by a melt
mixing technique. The rice husk-filled composite is fabri-
cated with silane and anhydride. The composites are charac-
terised by mechanical, FTIR, and morphological properties.
The composites influenced by anhydride exhibit better
mechanical strength than the composites treated with silane.
The coupling agent increases the bond between the rice husk
filler and the matrix. Table 2 presents the effects of various
chemical treatments on NFRC.

4. Effect of Various Manufacturing Methods on
NFRC with Nanofillers

Shibata et al. [161] investigated the influence of the volume
fraction of kenaf and bagasse fibres on reinforced corn
starch composites manufactured by compression molding
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techniques and found that an increase in the volume fraction
of kenaf and bagasse fibres led to an increase in the flexural
modulus of composites by 60% and 66%, respectively. Bar-
one [162] studied the influence of fibre length on the tensile,
impact, and flexural strength of abaca fibre-reinforced phe-
nolic composites manufactured by the compression molding
technique and found that the fibre length of 30mm was opti-
mum for obtaining higher mechanical properties such as
tensile, impact, and flexural strength. Kafi et al. [163]
assessed the effect of styrene chemical treatment on the
crack propagation of jute fibre-reinforced polyester compos-
ites manufactured by compression molding technique and
reported that the resistance to crack propagation was
enhanced when jute fibre was treated with styrene. Sharma
and Kumar [164] investigated the effect of the weight frac-

tion of fibre on the flexural strength of banana fibre-
reinforced polyurethane composites manufactured by a
compression molding technique. They found that a fibre
content of 15% by weight was optimum for achieving better
flexural strength. Alamri and Low [165] reported that
recycled cellulose fibre-reinforced epoxy composites manu-
factured by compression molding techniques with the
weight content of fibre up to 46% had higher fracture tough-
ness. Cao et al. [153] discovered that bagasse fibre-reinforced
polyester composites manufactured by compression mold-
ing with 65% fibre content by weight had a 30% higher
impact strength than other weight fractions of fibre. Jandas
et al. [166] studied the effect of the volume fraction of
banana fibres on the polylactic acid composite manufactured
by the compression molding technique with 25% fibre

Table 3: Effect of various manufacturing methods on NFRC.

S.
no

Fibre/matrix
Manufacturing method

used
Effects Reference

1
Long discontinuous kenaf and jute-

reinforced polypropylene
Hot-press

Maximum tensile strength and modulus
were obtained at 40% fibre weight fraction.

[179]

2 Short bamboo fibre Injection molding Improved mechanical properties. [180]

3 Chicken feather fibre/PLA Injection molding
The SEM image indicated that an even

distribution of CFF in the PLA matrix existed.
[181]

4 Sisal, banana, jute, and flax/propylene
Extrusion and

compression molding
Enhanced the mechanical properties. [182]

5 Silk/gelation Compression molding Mechanical properties were increased. [183]

6 Agave/epoxy Hand layup Wear properties were improved. [184]

7 Luffa/coir/PP Injection molding Mechanical properties were improved. [185]

8 Luffa/thermoplastic starch Compression molding Mechanical properties were improved. [107]

9 Luffa and groundnut/epoxy Hand layup Mechanical properties were improved. [105]

10 Alfa/polyester Hand layup
Mechanical properties increased
up to 5% NaOH treatment.

[186]

11 Snake grass/polyester Hand layup Mechanical properties were improved. [187]

12 Tea/epoxy Compression molding Mechanical properties were improved. [188]

13
Cissus quadrangularis stem fibre/

unsaturated polyester
Compression molding Mechanical properties were improved. [189]

14 Short Sansevieria cylindrica/polyester Compression molding Mechanical properties were improved. [111]

15 Tapsi fibre Hand layup Mechanical properties were improved. [190]

16 Prosopis juliflora/epoxy Hand layup Mechanical properties were improved. [14]

17 Tea leaf fibre Compression molding Mechanical properties were improved. [191]

18 Flax Compression molding Mechanical properties were improved. [192]

19 Long jute fibre yarn Injection molding Mechanical properties were improved. [173]

20 Short date palm leaves Injection molding Mechanical properties were improved. [193]

21 Wood flour/6% MMT/PP Injection molding
Tensile and flexural strength were

improved by 20% and 13%, respectively.
[194]

22 Sisal/2-5% MMT/epoxy Compression molding
Tensile strength and tensile modulus were
improved by 27% and 47%, respectively.

[195]

23 Sisal/5% nanoclay/epoxy Compression molding Water absorption was reduced by 1/3 times. [195]

24 Hemp/nanoclay/polyester Compression molding
Water absorption and tensile strength

were reduced by 8% and 20%, respectively.
[196]

25 Bamboo/MMT/HDPE Melt compounding Mechanical properties were decreased. [197]

26 Bamboo/CNT/epoxy Hand layup
Tensile strength and flexural strength were increased by

6.67% and 5.8%, respectively.
[198]
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content by volume, resulting in higher impact strength com-
pared to other volume fractions of fibres. Bledzki et al. [167]
studied the influence of volume fraction on the impact
strength of jute and flax fibre-reinforced epoxy hybrid com-
posites manufactured by compression molding. They found
that the impact strength of the hybrid composite was
improved when there was an increase in the fibre content
by volume and also reported that flax fibre-reinforced com-
posites had greater maximum impact strength than jute
reinforced composites. Yousif and El-Tayeb [168] studied
the effect of fibre length and fibre diameter on the wear rate
of oil palm fibre-reinforced polyester composites manufac-
tured by hand layup technique and found that the fibre
length of 1–1.5mm and fibre diameter of 350 micro m
2notably reduced the wear rate by about three to four times
compared to pure polyester resin. El-Tayeb [169] investi-
gated the influence of fibre length on the wear resistance of
sugarcane fibre-reinforced polyester composites manufac-
tured by hand layup technique and found that the composite
with a fibre length greater than 5mm has increased wear
resistance due to less fibre pullout present at that length.
Assarar et al. [170] studied the flax fibre-reinforced epoxy
composite manufactured by hand layup technique and
reported that water aging significantly increased the strain
rate by 61% and decreased the Young’s modulus by 40% of
the composite compared to the manmade glass fibre. Venka-
teshwaran et al. [171] analysed the influence of NaOH

reagent on the mechanical properties of banana/epoxy com-
posite manufactured by hand layup technique. They con-
cluded that 1% alkaline-treated fibre increased the
mechanical properties of untreated fibre composites. Ray
et al. [172] analysed the influence of NaOH reagent on the
ILSS of a jute/vinyl ester composite manufactured by hand
layup technique and concluded that the fibre treated with
5% NaOH for 4 hrs gave 20% progress in the ILSS. Prasad
et al. [140] studied the influence of NaOH reagent on the
impact and flexural strength of coir/polyester composites
manufactured by hand layup technique and noticed that
the coir fibre bleached with 5% NaOH for 3 days gave a
40% enhancement in the impact and flexural strength. Gao
and Mader [173] fabricated a jute fibre reinforced polypro-
pylene composite using injection molding techniques and
noticed that the fibre length was significantly influencing
the tensile properties of the composite. Karmaker and
Schneider [174] fabricated jute and kenaf fibre-reinforced
polypropylene hybrid composites using injection molding
techniques and reported that the hybrid composite had
higher mechanical properties with maximum jute fibre than
kenaf fibre. Bledzki et al. [175] analysed the influence of
acetylation treatment on the mechanical characteristics of a
flax fibre-reinforced polypropylene composite fabricated by
injection molding technique. They concluded that the
mechanical characteristics of the treated fibre composite
increased by up to 35% compared to untreated fibre. Yang
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Figure 6: Merits, demerits, and applications of NFRC.
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et al. [176] investigated the influence of maleated anhydride
treatment on the tensile strength of a rice husk fibre-
reinforced polypropylene composite fabricated by injection
molding technique and noticed that the tensile strength of
the treated fibre composite was improved due to enhanced
adhesion between the hydrophilic fibre and the hydrophobic
matrix. Pickering et al. [177] analysed the influence of fungal
and NaOH reagents on the mechanical characteristics of a

hemp/polypropylene composite fabricated by injection
molding technique. They noticed that the mechanical
characteristics of fungal-treated and combined fungal/alka-
line-treated composites were increased by 22% and 32%,
respectively. Wielage et al. [178] fabricated flax and hemp
fibre-reinforced polypropylene composites using injection
molding techniques and noticed that maleated anhydride-
grafted treatment significantly enhanced the dynamic
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mechanical properties of the composites compared to
untreated fibre composites. Figure 5 shows the classifica-
tions of manufacturing methods for the NFRC. Table 3
presents the effect of various manufacturing methods on
NFRC. Figure 6 presents the merits, demerits, and applica-
tions of NFRC.

5. Industrial Applications of NFRC

Composites reinforced with natural fibres are gaining more
attention in the market right now, as demand for high
strength-to-weight ratios for industrial applications grows.
The NFRC material has a high strength-to-weight ratio,
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moderate stiffness, impact resistance, durability, improved
corrosion resistance, and excellent fatigue strength. Because
of these numerous benefits, NFRC has found applications
in construction, aircraft, defense, hockey sticks, homes, sur-
gical equipment, leisure, ship hulls, and automobile parts
[199–203]. Snake grass, bamboo, kenaf, flax, vetiver, areca,
and ramie fibres are used in various applications like office
furniture, textile products, ropes, home appliances, fishing
nets, the paper industry, packing materials, and building
materials [204]. Textiles, households, oil pipes, packing
products, and structural panels were all made with hemp/
epoxy composites. The roof cover, electronic panels, trunk
panels, seatback covers, packing items, and support insula-
tion are all made from kenaf. Fibre-reinforced composites
in the bast and seed category were used in the glove box,
back rest panels, filter cloths, wheel boxes, and household
furnishings [205]. The pineapple and sisal fibre-reinforced
hybrid composites were used in underfloor-body panels,
partition panels, door cladding, parcel shelves, two-wheeler
bumpers, crates, drainage pipe, table mats, fishing boats,
and automobile body building [206]. The coir/epoxy com-
posites were used in the seat cushions, mirror casings, stor-
age tanks, postboxes, helmet casings, brushes, ropes, bags,
brooms, door shutters, and building panels [207].

Daimler Chrysler used flax, cotton, sisal, and banana
fibres for floor panels, dashboards, seat back rests, door
panels, and pillar cover panels of A, C, and E class
models. Lotus Peugeot used hemp and sisal fibre rein-
forced composites for packaging trays, door panels, inte-
rior mats, seat backs, and body panels of the eco-elsie
406 [208]. The coir/natural latex rubber-reinforced hybrid
composites were used in seat belt lining, soundproofing

panels, particle boards, and parcel shelves. Flax, sisal, and
coir fibres with thermoplastic matrix such as PP, PE, PS,
and PVC were used in automobile components, containers
for logistics, interior parts, and household products. Nip-
pon Electric Company (NEC) used kenaf fibres to rein-
force PLA biocomposite for mobile phone casings.
Museeuw Bikes used flax and hemp fibres reinforced with
epoxy composites for racing bicycle frames and casings for
musical instruments [209]. Flax/sisal/epoxy composites
were used in parcel shelves, curtains, seat backs, back
cushions, floor mats, and interior panels for top-class vehi-
cles [210]. Door bolsters, centre consoles, carriers for cov-
ered door panels, seat back panels, covered components
for instrument panels, rear deck trays, pillars, covered
inserts, seat backs, carriers for hard and soft armrests,
door panels, headliners, side and backwalls, load floors,
and trunk trim were all made from bast fibre-reinforced
PP/polyester composites [211].The sisal/glass/filler/epoxy-
reinforced composites were used in the frames, toys, and
electronic panels [81]. The flax/epoxy composites were
used in the aerospace-military aviation fuselage, rudder,
slats, and wings [212]. Figure 7 presents various automo-
bile applications of NFRC. Figure 8 shows industrial appli-
cations of NFRC. Table 4 presents applications of NFRC
in various fields.

6. Conclusions

The exploitation of natural fibre-reinforced composites by
using an emerging technology transforms the future of the
coming days. The hydrophilic nature of natural fibres affects
bonding to a hydrophobic polymer, which results in poor

Table 4: Applications of NFRC in various fields.

S. no Fibre Components Reference

1 Flax/sisal Door trim panels and cable linings [221]

2 Kenaf
Automobile dashboards, carpet padding, and products

as rope, twine, bagging, and rugs
[222]

3 Jute Brake pad and car insulation [223]

4 Sisal Ropes, mats, carpets, and fancy articles [15]

5 Soybean oil High-quality paint enamel [224]

6 Coconut Interior trim and seat cushioning [225]

7 Banana Household telephone stand [226]

8 Soy oil Structural panels [227]

9 Kenaf/glass Car bumper [228]

10 Coir Liquid storage tanks [229]

11 Sugar palm fibre Brushes, ropes [230]

12 Mature coconut
Textiles (mats and carpets), building (thermal insulation),

and automobile (cushion and seat covers)
[231]

13 Ichu fibre Construction material [232]

14 Tapsi/karaya gum Food and pharmaceutical industries [233]

15 Date palm Insulation material in buildings [234]

16 Azadirachta indica
Car roofing, interior and exterior panels, home appliances,

container boxes, particle boards, and parcel shelves.
[235]

17 Tridax procumbens Ayurvedic medicines to treat liver disorders [84]
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mechanical properties. To overcome this issue, the natural
fibre surface must be modified to promote better interaction
between fibre and matrix. The innovative and commercial
applications of natural fibre-reinforced composites can help
develop new revolts to maintain our natural properties. Nat-
ural fibres such as flax, snake grass, ramie, vetiver, areca,
kenaf, hemp, kenaf, pineapple, and bamboo are gifted to
the transportation industry because of their renewability,
sustainability, eco-friendliness, and biodegradability. Com-
posites reinforced with natural fibres are gaining traction
in the market as the market’s demand for high strength-to-
weight ratio for industrial applications grows. This extensive
range of different benefits has led fibre-reinforced compos-
ites to find more applications in the automobile, aerospace,
marine, biomedical, construction, household, and sports
industries. Incorporating nanofillers to plant fibre-
reinforced composites introduces a positive effect on physi-
cal and mechanical properties. Many investigations are
revealed, reviewed, and presented in this article concerning
the effects of various factors influencing different types of
chemical treatment and manufacturing methods and indus-
trial applications of natural fibres and reinforced composites.
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The river sand is a primary parameter in the concrete structure. This work replaces accessible locally accessible substitution
materials like red soil and manufactured sand (M-Sand). In this paper, the mechanical properties and durability of concrete
containing red soil and M-Sand have been studied. In this investigation, M30 grade concrete was used, and tests were
conducted for two sets of combinations; i.e., red soil as a partial replacement for river sand seems to be 20%, 30%, 40%, 50%,
and 60%, and red soil as a partial replacement for manufactured sand (M-Sand) seems to be 60%, 50%, 40%, 30%, and 20%.
The compressive strength (7 days, 28 days, 90 days), split tensile strength (28 days), and flexural strength (28 days) have been
determined. The combination S4-50% river sand + 50% red soil and S9-70% M-Sand + 30% red soil gives more compressive
strength than other combinations. Similarly, the combination S3-60% river sand + 40% red soil and S6-40% M-Sand + 60% red
soil gives more flexural and split tensile strength than other combinations. The scanning electron microscope (SEM) analysis,
EDAX analysis, and durability tests like alkalinity, sulfate attack, and chloride attack have also been studied.

1. Introduction

Sand near the water’s edge has long been prized for its suit-
ability as a building material. The use of natural river sand is
being expanded to increase its use. River sand may not be of
adequate quality to be used for construction in any case.
River sand (M-Sand) can be substituted for M-Sand to sup-
port solid growth. Smashing hard rock yields manufactured
sand. Washing and inspecting the smashed sand are done to
use it for development purposes. M-Sand has a diameter of

less than 4.75mm. The demand for waterway sand for con-
struction has led to an increase in the use of M-Sand. The
total development cost can be reduced by using M-Sand as
an optional fine entire material. There are no natural and
dissolvable compounds in cement and pollutions, such as
residue, dirt, or dust, that can affect its quality. To achieve
cubical M-Sand, new technology is used. Machines currently
in use are being used to get the fundamental evaluation zone.

Indian states like Tamil Nadu, Kerala, and Karnataka,
located in the southern part of the country, have some of
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the best red soil. When compared to the other soil, the red
one has more waste properties. Mud and limestone have
molded it into its current form. When the limestone is
raised, the earth on the land’s periphery is mixed together
and turned into red soil. Iron oxide builds up and turns
the dirt red during this process, which generates heat
and causes it to interact with one another. Because of
the sun’s heat, the color of the dirt is turning red in areas
with little rainfall. Indian red soil contains less phospho-
rus, nitrogen, and lime than other soils in the world.
Despite this, certain grains like wheat, rice, cotton, sugar-
cane, and heartbeats can grow on red soil if the manures
are appropriate.

The concrete’s compressive strength for 7 days, 14
days, and 28 days increases at a rate of up to 30% M-
Sand, then decreases as the M-Sand rate increases. It was
found that 30% M-Sand was the ideal percentage for com-
pressive strength considerations. The concrete’s split ten-
sile and flexural quality decrease as the percentage of M-
Sand increases for the first seven and 28 days, respectively.
It was found that 30% M-Sand was the ideal percentage
for compressive strength considerations. As a result, the
compressive, tensile, and flexural strengths increased by
up to 30 percent. M-Sand was the most crucial factor in
each case [1].

Red mud can be used up to 15% of the weight of cement
in concrete, based on the results of a study on concrete sub-
jected to different rates of reddish mud. There was an
increase in workability with an increase in the amount of
red soil in concrete, while there was a decrease in workability
with an increase in the red mud percentage. We can con-
clude that the increase in compressive quality is a result of
the lengthy contemplation. At the same time, the rate of
red mud has increased by up to 15%. After that, the percent-
age of ruddy mud in concrete as a cement replacement
decreased significantly. The flexural strength of concrete
increased up to 15% of the red mud substance, but its
restraint also reduced as the red mud substance increased
in concrete. The part’s pliable strength increased as the red
mud’s extents grew to a specific limit. The ideal amount of
red earth to substitute for cement was 15%. Quality deterio-
rated after that. The need for water maintenance decreased
as the amount of red mud in concrete increased. It implies
that red mud has pushed concrete’s toughness to new
heights. Elasticity decreased as red mud content in concrete
increased [2].

The quality and invulnerability of red soil blended
cement surpass those of plain cement. When it comes to
porosity, red soil blended solid has a higher porosity than
bare concrete. Penetrability is nonexistent in red soil that
has been separated from a plain concrete. Small pores in
fine soil allow it to hold water more firmly, making it more
porous. It is a waste of liquid. On the off chance that you
utilize this solid as part of RCC, there will be no steel utili-
zation. It is possible to use red soil as a component of RCC
and prestressed concrete. Inquire about shell structures,
prestressed, and RCC, to confirm that red soil can be used
as a parcel of multistory building after development is fin-
ished [3].

The earth soil is not a standalone aggregate material
appropriate for construction work most particularly con-
crete generation. The production of the concrete requires
the good amount of the M-Sand for better performance [4].

Appropriate measurement of self-curing gels will incre-
ment the quality and serviceability of concrete. M40 grade
concrete is compared with the conventional concrete with
the various proportions such as 0.1%, 0.2%, and 0.3% [5].

Replace natural coarse aggregates with E-plastic waste
within the run of 0–16.5% and full substitution of fine aggre-
gates with M-Sand for M30 mix. The flexural strength and
tensile strength increased by 11% and 6%, respectively, due
to the addition of the E-waste [6].

The red clay-concrete interface shows softening behav-
ior beneath distinctive ordinary stress levels. The mobi-
lized shear stress decreases decently with the number of
cycles and, in this way, remains consistent after 500 cycles
of loading. The reaction of interface subjected to cyclic
loading appears clear aeolotropy due to shear directions
in each cycle. Interface shear stiffness and damping ratio
decrease with expanding cycle numbers. The red clay-
concrete interface speaks to a generally contraction behav-
ior in cyclic and postcyclic direct shear tests. The cyclic
loading does not lead to degradation for postcyclic shear
strength [7].

The expansion of red mud improved 7 days toughness
due to the quickened hydration prepare, whereas
decreased the workability and the mechanical properties
of UHPC. The debased workability may influence the
application within the building with complex shapes, but
it can still be connected in common development. An ultra-
high strength of UHPC counting 40% red mud can be
produced after high-temperature curing, in spite of the fact
that the addition of red mud decreases the compressive
strength [8].

The comprehensive utilization of red mud is primarily
found in three areas: the development and chemical indus-
try, the natural assurance and horticulture industry, and
the profitable component extraction industry. A brief report
is additionally made on the related research of ruddy mud
within the areas of cement, concrete, glass, ceramics, adsor-
bents, geopolymers, catalysts, composite materials, sewage
treatment, squander gas treatment, soil advancement, and
profitable component recuperation [9].

The axial compressive behaviour of concrete column is
improved significantly, by partial substitution of sand with
60% M-Sand for M30 grade concrete [10].

The exploratory work carried out by preparing five con-
crete mixtures changing 10% of M-Sand extending 60–100
percent by weight of fine aggregate, 15% by weight of
cement, and 1% by volume of steel fiber; the fraction kept
consistent based on past considers. Different extents of
M30 grade concrete were inspected by conducting mechan-
ical and flexural conduct tests. The results obtained are pal-
atable for 80% of the M-Sand substitution. Extra M-Sand
substitution tends to decrease concrete strength [11].

Manufactured fine total (M-Sand) was partly replaced by
E-waste (E-sand) in several rates (0%, 10%, 20%, 30%, and
40%), with 0.45 water cement (W.C) proportion. With
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reference of Indian standard (IS) 10262 : 2019 rules, M30
grade concrete was arranged. The flexural, compressive, split
tensile strength, and chloride permeability tests were per-
formed on concrete with different mix extents, and test
results were related with the result of reference concrete.
Partly replacing of 20% factory-made sand (M-Sand) by E-
waste (E-sand) yields greatest strength and superior chloride
permeability with progressed smaller scale structure than
ordinary concrete [12].

The main objective is to move forward strength of con-
crete by utilizing pozzolanic materials such as silica rage,
metakaolin, GGBS as partial substitution to weight of cement
by changing percentages (5, 10, and 15), and M-Sand as
complete substitution to river sand. In this article, the test
work is primarily concentrated on analyzing the mechanical
strength, split tensile strength conjointly nondestructive tests
like rebound hammer, and ultrasonic pulse velocity tests was
performed at an age of 7 days and 28 days [13].

The behavior of concrete utilizes M-Sand at M30 and
M65 grades for which test work is carried out to know the
compressive strength, flexural strength, and split tensile
strength of concrete. The examples were tried at the ages
of 7, 28, 56, and 91 days of curing. The test results have
appeared that the need of water required to fulfill the work-
ability condition and subsequently quality of cement is addi-
tionally marginally expanded. The results appear way better
execution to replace with natural sand [14].

The GGBS is replaced for the manufactured sand by
30%, 35%, 40%, and 45%. At that point, the strength is
gotten by carrying out compression, split tensile, and the
flexural tests. At that point, the optimization value of the
GGBS is found as 30%, and the impact of measure of coarse
aggregate is found out with the optimized value of GGBS.
Then, the durability tests are carried out for the corrosive
activity due to sulfate, chloride, etc. At last, the results are
examined, and the conclusions are obtained [15].

Slump decreases as GGBS content increases. When fine
aggregate is replaced by 30% GGBS, the compressive strength
increases by 8%. When 30% GGBS with fine aggregate is
substituted for the fine total, the ductile strength increases by
17%. When 30% GGBS with fine aggregate is substituted for
the fine total, the flexural strength increases by 44%. 30%
GGBS for M-Sand is the ideal replacement for fine aggregate,
as the quality improves when the fine aggregate is replaced
with 30% GGBS. Compressive strength increases with the
addition of each additional 20mm of aggregate. The strength
of an aggregate decreases as the size of the aggregate decreases.

There were issues related to the extended W/B propor-
tion and decreased mechanical properties because the
cement substance decreased and the water substance
expanded compared to the planned blend. Because of this,
compared to the substitution method, the expansion strategy
utilizing liquefied red mud is recommended. Liquefied red
mud was used to replace some cement because of concerns
about changes in smoothness and mechanical properties of
the concrete. The mechanical properties of the liquid red
soil-included concrete were affected by the high alkaline
environment created by the development of red mud on
the hydration things of cement. Testing shows that slag

cement contains 20% LRM in addition to liquefied red
mud (LRM) in the concrete mixture [16].

A superplasticizer can improve the workability of manu-
factured sand concrete, which is lower than regular concrete.
Compressive strength, split tensile strength, and flexural
strength of M-Sand have all increased in comparison to
standard concrete as a result of its expansion. All grades of
manufactured sand concrete have low water absorption
and low penetration. Conventional concrete, on the other
hand, appears to have lower corrosion and sulfate- and
carbonation-resistance in all grades of concrete. In the inter-
facial move zone (ITZ), the unpleasant and prolonged struc-
ture of M-Sand helped reduce microcracks and, as a result, a
strong bond between the cement network and the M-Sand
at ITZ [17].

Using neutralized red mud as a partial replacement for
cement, it can be said that 15% neutralized red mud is the per-
fect amount to use in blended cement tests (0% to 20% substitu-
tion of cement by neutralized red mud). When it comes to
compressive strength,M30 gradeneutralized redmud concrete
(i.e., 15% substitution) expands 21.712% within 28 days [18].

Compared to sweater curing in the development of fly ash
class-C (20%), concrete’s compressive strength decreases in
the M20 and M30 grades when used in ordinary water curing.
For seawater curing, compressive strength is 35.13N/sq. mm,
and for seawater curing without fly ash on the 84th day, com-
pressive strength is 15.57N/sq. mm. Due to a lack of consider-
ation for seawater curing in red soil, the ultrasonic beat speed
appears to have been created. In comparison to conventional
water curing, the concrete’s rebound pound resistance value
is increased by 20% with fly ash class C to 38 in the 84th day
using seawater mending for M30 concrete in red soil [19].

In the three-day and seven-day tests, the quality of the
sand substituted for river sand was superior to that of regu-
lar concrete. When compared to regular concrete, the three-
day strength of the 100 percent smash sand blend is about a
seven-day improvement. There were no noticeable differ-
ences in the results when 30% fly ash was substituted for
cement, and 0.3M NaOH was used. The blend with stream
sand replaced by 100% pulverised is stronger after 28 days
than the regular mix [20].

When it comes to fine aggregate, manufactured sand
could be a viable alternative. The close proximity of nanosi-
lica makes significant progress in the strength of concrete
with counterfeit sand at a much earlier age than in standard
concrete. Nondestructive tests like rebound pound yielded
values of compressive strength that met the requirements
of IS codes for both mixes without and with 2% nanosilica
development. The ultrasonic pulse velocity (UPV) test
results show that both concrete blends for the M20 survey
are excellent and palatable. Increasing the rate of substitu-
tion of characteristic sand with made sand increases the
modulus of flexibility [21].

The main difference between stream sand and fabricated
sand was the shape and conduct of the sand when it was
incorporated into a concrete mixture. Aside from its round-
ness, the material’s length-to-width ratio (L/W) was signifi-
cantly larger than that of waterway sand, which had a
lower L/W ratio than the manufactured sand. Concrete
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conduct is less dependent on the sand’s molecule size, shape,
and surface. Making sand management solid requires a
higher water-decreasing operator in order to achieve the
comparative usefulness of stream sand containing concrete.
High-quality concrete can be produced by using sand that
has a higher roundness and length-to-width ratio.

The expansionof red soil as a streamsandalternative shows
excellent results in terms of quality and impenetrability. When
red soil was added to cement as a substitute, the material’s
mechanical propertieswere significantly improved. The quality
and obscurity of the solid are greatly improved when red soil is
used in place of stream sand. Contrasting stream sand and red
soil, the effect quality property of red soil is usually quite good
[22]. In place of stream sand, it is possible to use the powdered
waste generated during the cleaning of fired tiles.

As solid properties improve in solidarity, engineered sand
becomes a more important component in the production of
superior cement. It is possible to reduce the environmental
impact of solid concrete projects by using ultra-high-quality
cement and fabricated sand instead of readily available water-
way sand. When compared to regular, customary cement, the
ultra-high quality cementmadewithmade sand offers superior
performance. The manufactured sand can be used in concrete
as a partial or complete replacement for stream sand. When
compared to typical regular cement, produced sand exhibits
superior compressive quality when used in its place 100% [23].

Fractional substitution of metakaolin for cement and M-
Sand for fine aggregate can significantly improve the com-
pressive and flexural strength of concrete, allowing for new
designs. M-Sand can be used as a limited substitute for con-
ventional sand in specific applications. Using M-Sand in
place of regular sand has a perfect substitution rate of
100%. Strength also rises as the rate at which metakaolin
and M-Sand are produced and consumed increases [24].

Three grinding stages are recognized and shown for the
red clay-concrete interface shear practices, to be specific
coordinate adaptable stages, plastic softening stages, and
remaining contact stages. Clay matrix furrowing develop-
ments on the interface are at the heart of each one of these
examples. When the clay and concrete surfaces are in close
contact, the shear quality on the interface is primarily influ-
enced by an increased cohesion and grinding strength. The
measured peak and remaining shear strength values in the
smooth interface tests are remarkably close to each other
with no shear development observed in the tests. It is clear
that the shear failure plane lies on the clay–concrete smooth
interface because the red clay’s strength parameters are
higher than those of the smooth interface [25].

Expansion of nanosilica leads to a noteworthiness
increase within the characteristic strength and durability
of concrete. Substitution of cement with 0.5% of nanosilica
gives more strength than the M-Sand mix conjointly; the
durability has been extended compared to the M-Sand
mix. The self-weight of the nanoblend is lighter than the
M-Sand and the conventional blend. The workability
decreases with the addition of nanosilica compared to the
routine blend and the M-Sand mix. The infiltration level
of chlorides and acids is less in nanoconcrete compared to
that of conventional and M-Sand blend [26]. Increment in

red mud substance diminishes the compressive strength as
well as tensile strength of concrete. Ideal rate of the substi-
tution of cement by weight is found to be 25%. Concrete
organized by utilizing red mud is sensible in enhancing
works and gives beautifully brilliant appearance. Workabil-
ity of concrete may get affected with increase of red mud
but it can be made strides by counting superplastcizers.
We utilize mix of red mud and cement for nonfundamental
work [27].

The compressive strength and flexure strength of con-
crete can be moved forward by halfway substitution of silica
fume for cement and M-Sand for fine aggregate. M-Sand can
be utilized as halfway substitution for the normal sand, and
the compressive and flexure strengths are expanded as the
rate of M-Sand is extended up to perfect level. The ideal rate
of substitution of normal sand by M-Sand is 50% [28, 29]. In
this work, an endeavour is made to replace normally acces-
sible waterway sand with locally accessible substitution
materials. In this examination, the result of red soil as a
replacement for sand and M-Sand for mechanical properties
and durability of concrete has been researched. The mechan-
ical properties for concrete specimens have been done for
samples containing red soil and fabricated sand (M-Sand).
In this examination, two arrangements of various mixes
were considered.

2. Experimental Procedures

2.1. Materials Used. All blends use Ordinary Portland cement
(OPC-53 grade). Cement has a specific gravity of 3.15. The
river sand used in concrete has a specific gravity of 2.63. The
specific gravity of M-Sand used in concrete is 2.623, which is
an essential source of fine aggregate replacement.

Red soil has a specific gravity of 2.546, which is closer to
that of river sand and M-Sand than other types of sand. To
make up for the lack of stream and M-Sand, it is now used as
a partial replacement in concrete. As a fine aggregate mate-
rial in the concrete mix, red soil is sieved through a 420
micron strainer. Both strong and union fewer particles are
present in it. A 20mm sifter and a 12.5mm filter are used
to sieve the coarse total. All blends have a specific gravity
of 2.78, which is the same for all.

2.2. Chemical Composition of Red Soil. The chemical compo-
sition of red soil are nonsoluble material (90.45%), iron
(3.60%), aluminium (2.90%), organicmatter (1%), magnesium
(0.70%), lime (0.55%), carbon dioxide (0.30%), potash (0.23%),
soda (0.10%), phosphorus (0.09%), and nitrogen (0.08%).

2.3. Material Testing

2.3.1. Fineness Modulus of Fine Aggregate. In order to
control fine totals, sieve analysis is employed. They used

Table 1: Properties of fine aggregates.

Particular River sand M-Sand Red soil

Specific gravity 2.633 2.623 2.537

Water absorption 1% by wt 2% by wt 4% by wt
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4.75mm, 2.36mm, and 1.18m and 600 microns, 300
microns, and 150 microns and a container as filters for the
study. Sifters were used to sieve the fine totals for a period
of 10 minutes. The weight of the example was measured
on each filter, and the total weight of the example was calcu-
lated. According to IS 383-2016, the strainer examination
result for fine total materials and their prescribed range are
shown in Table 1. In order to control fine totals, sieve anal-
ysis is employed. They used 4.75mm, 2.36mm, and 1.18m
and 600 microns, 300 microns, and 150 microns and a con-
tainer as filters for the study. Sifters were used to sieve the
fine totals for a period of 10 minutes. The weight of the
example was measured on each filter, and the total weight
of the example was calculated. The graphical portrayal of
the sieve analysis result for fine total materials and their pre-
scribed range as per IS 383-2016 is shown in Figure 1.

2.4. Properties of Fine Aggregate and Coarse Aggregate. The
properties of the fine total exposed to explicit gravity and
water ingestion test as indicated by IS 2386 (part III) are
shown in Table 1.

The properties of the coarse total exposed to explicit
gravity, water ingestion, and fineness modulus test as indi-
cated by IS 2386 (part III) are shown in Table 2.

2.5. Quality of Water. As per IS456:2000, the water quality
must be fulfilled. The accompanying boundaries are shown
in Table 3.

The test results of the sample water are shown in Table 4.

2.6. Mix Proportions. During this study, eleven different
blends were analyzed in total. Fine natural river sand was
used as the main ingredient in the control mix. Red soil is
a partial replacement for a fine aggregate in the S1, S2, S3,
S4, and S5 mixes, each of which has 20%, 30%, 40%, and
60%, respectively. S5, S6, S7, S8, and S10 are the mix of M-
Sand and red soil that are traded for ordinary river sand.

All the mix proportions have been listed in Table 5 with
their corresponding mix extents.

2.7. Mix Ratios. According to IS 10262 : 2009, the solid blend
proportions utilized for each blend extents are determined
and are shown in Table 6.

2.8. Mechanical Properties. Compressive and flexural
strengths of specimens have been described. The specimens’
mechanical properties have been conveyed. At a time of 7
days, 28 days, and 90 days, the compressive strength, split
tensile strength, and flexural strength of all cement were
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Figure 1: Sieve analysis graph for fine aggregates. Note: reviewing fine total materials was affirmed to zone II of table-9 of IS: 383-2016.

Table 2: Properties of coarse aggregates.

S. no Particulars Values

1. Specific gravity 2.78

2. Water absorption 0.5% by weight

3. Fineness modulus 2.175

Table 3: Water quality parameter as per IS456:2000.

Quality parameters Minimum limit (ppm)

Chlorides 500

SO3 1000

Alkali carbonates and bicarbonates 1000

Turbidity 2000

Table 4: Sample water quality parameter.

Quality parameters Minimum limit (ppm)

Chlorides 99.28

SO3 237

Alkali carbonates and bicarbonates 268

Turbidity 1.37
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tested. There were 150mm × 150mm × 150mm cube speci-
mens and 150mmdiameter × 300mm height cylindrical
specimens used for the compressive strength and split tensile
strength, respectively. Prisms of 100mm × 100mm × 500
mm have passed the flexural strength.

2.9. Durability Test. Red soil was used as a fractional substi-
tute for river sand and M-Sand in concrete specimens that
were tested for their strength. The cube specimens have been
subjected to a durability test. Water curing has been applied

to the cast specimens. For a period of 28 days, the models
were subjected to three different types of durability tests to
determine the durability of concrete samples containing
red soil and M-Sand. These tests examined the resistance
to alkalinity, sulfate attack, and chloride attack.

2.9.1. Alkalinity Test. Alkaline attack on different concrete
blends has been tested in accordance with IS 456 : 2000. Five
percent sodium hydroxide (NaOH) water was used to
immerse the concrete cubes. For this, three concrete

Table 5: Mix proportions of various samples.

Sample name Cement (%)
Fine aggregate

Coarse aggregate (%)
River sand (%) M-Sand (%) Red soil (%)

CC 100 100 — — 100

S1 100 80 — 20 100

S2 100 70 — 30 100

S3 100 60 — 40 100

S4 100 50 — 50 100

S5 100 40 — 60 100

S6 100 — 40 60 100

S7 100 — 50 50 100

S8 100 — 60 40 100

S9 100 — 70 30 100

S10 100 — 80 20 100

Table 6: Mix ratios.

Sample name Cement Fine aggregate Coarse aggregate

CC 1 1.459 2.64

S1 1 1.441 2.64

S2 1 1.432 2.64

S3 1 1.422 2.64

S4 1 1.413 2.64

S5 1 1.404 2.64

S6 1 1.396 2.64

S7 1 1.403 2.64

S8 1 1.410 2.64

S9 1 1.417 2.64

S10 1 1.425 2.64

Figure 2: Concrete immersed 5% Na2SO4 and 5% MgSO4 solution and surface change.
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specimens were tested, one with red soil as a partial substi-
tute for river sand and another with red soil as a partial
substitute for M-Sand, immersed in a tub of soluble water
containing 5% sodium hydroxide arrangement for aged 28
days. The results of tests conducted before and after treat-
ment have been compared in terms of their weight. All
examples show that the weight loss rate is the same. Per-
centage misfortune of significance of show and compres-
sive strength was used to determine concrete’s alkaline
resistance [30–35].

2.9.2. Sulfate Attack Test. According to ASTM C1012:2004,
the resistance of concrete to sulfate attacks has been consid-
ered. The concrete cubes were submerged in sulfate water,
having 5% of sodium sulfate (Na2SO4) and 5% magnesium
sulfate (MgSO4) by volume of water. For these two arrange-
ments of concrete specimens that were taken, one set of con-
crete models was made with red soil as a fractional swap for
river sand and another set containing red soil as a partial
substitution for M-Sand, for aged 28 days and permitted to
dry for one day. At that point, specimens were dunked

Table 7: Compressive strength of river sand and red soil combination.

Sample names
Compressive strength (N/mm2)

Seven days 28 days 90 days

CC 28.31 42.96 43.70

S1 26.52 41.04 45.48

S2 27.71 39.55 46.81

S3 29.63 41.11 52.45

S4 30.32 42.22 53.48

S5 25.56 40.44 49.63
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Figure 3: Compressive strength of red soil and river sand combination.

Table 8: Compressive strength of M-Sand and red soil combination.

Sample names
Compressive strength (N/mm2)

Seven days 28 days 90 days

CC 28.31 42.96 43.70

S6 29.81 38.22 45.19

S7 32.80 35.85 45.33

S8 31.56 33.85 45.78

S9 27.40 38.67 46.00

S10 28.46 36.22 45.48
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totally in a tub containing sulfate water having 5% of sodium
sulfate (Na2SO4) and 5% magnesium sulfate (MgSO4) for 28
days [36–40]. Following a time of 28 days, the specimens
were taken and dried out. The weight of the models before
treatment and after treatment is being looked at. The regular
rate decrease in weight is found out for all the specimens as
shown in Figure 2.

2.9.3. Chloride Attack Test. Two sets of concrete specimens
were taken, one containing three concrete samples made
with red soil as a partial substitution for sand and the other
containing red soil as a partial substitution for M-Sand, for
aged 28 days and allowed to dry for a day, according to BS
1881 standards. By completely immersing the models in a
tub containing concentrated hydrochloric acid (HCL) with
a normality of 1N, the chloride attack test was carried out
on concrete samples. It is necessary to add a certain volume
of water to the water for 28 days [41–45]. These concrete
samples were removed from the acid bath and dried out after
a period of 28 days. There is a comparison of the specimens’
weight before and after treatment. All samples’ weight loss is
averaged out to arrive at an overall weight loss percentage.

3. Results and Discussion

3.1. Compressive Strength. The compressive strength for con-
crete specimens containing red soil as a substitution of sand
is shown in Table 7.

According to the above findings, the strength of the red
soil and river sand-concrete samples was inferior to that of
the standard mix after 28 days. However, after 28 days, the
red soil in concrete begins to react with the cementitious
materials in the concrete, resulting in a strong and durable
product. In comparison to a standard mix, the strength of
the concrete was increased by 1.5% [46–50]. The strength

for concrete samples containing red soil as partial substitu-
tion of sand is shown in Figure 3.

The compressive strength for concrete samples that have
red soil as a replacement for M-Sand is shown in Table 8.

The compressive strength for concrete samples containing
red soil as partial substitution of M-Sand is shown in Figure 4.

The results suggested that up to 70% of red soil as
replacement material by weight of cement with M-Sand
shows good compressive strength compared to conventional
mix, but further addition of red soil results in the decrease of
power. Similar to the previous results, the addition of red soil
shows good strength in the later stage of concrete.

3.2. Split Tensile Strength. The tensile strength for samples
containing red soil as a substitution for sand is shown in
Table 9.

The split tensile strength for concrete samples contain-
ing red soil as a substitution for sand is shown in Figure 5.

The results suggest that up to 28 days, tensile strength
for concrete samples containing both red soil and river
sand was low compared to that of the standard mix. But
after 28 days, the red soil present in concrete may react
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Figure 4: Compressive strength for M-Sand and red soil combination.

Table 9: Split tensile strength for red soil and river sand
combination.

Sample name 28-day strength (MPa)

CC 3.11

S1 2.46

S2 2.53

S3 2.56

S4 2.84

S5 2.85
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with the cementitious materials in concrete and show good
tensile strength [50–54]. Tensile strength for concrete sam-
ples containing red soil as a replacement for M-Sand is
shown in Table 10.

The split tensile strength for concrete samples contain-
ing red soil as substitution of M-Sand is shown in Figure 6.

The results suggested that up to 60% substitution for red
soil by weight of cement with M-Sand shows good split ten-
sile strength compared to conventional mix, but on further
addition of red soil results in a decrease in strength. Similar
to previous results, the addition of red soil shows good
stability in the later concrete stage as shown in Figure 7.

3.3. Flexural Strength. The flexural strength of samples con-
taining red soil as a replacement for normal river sand is
shown in Table 11. The flexural test specimen is presented
in Figure 8.

The flexural strength for concrete samples containing
red soil as substitution of sand is shown in Figure 9.

The flexural strength of the concrete samples containing
red soil shows less power than that of the standard mix. The
addition of red soil affects the flexural behaviour of the con-
crete to some extent. The flexural strength of the concrete
samples containing red soil as a limited substitution for M-
Sand is shown in Table 12.

The flexural strength for concrete samples containing
red soil as a partial replacement for river sand is shown in
Figure 10.

The flexural strength of the concrete samples containing
60% of red soil as a replacement along with M-Sand shows
the same strength as that of the conventional mix, so this
type of concrete can be used as a replacement in terms of
flexural strength over the traditional concrete.

3.4. Durability Test. The compressive strength for concrete
samples containing red soil as a substitution for sand after
the durability test is shown in Table 13.

For testing the durability of concrete samples, three dif-
ferent tests (i.e., alkalinity, sulfate, and chloride attack test)
were conducted for concrete. In this investigation, the dura-
bility tests were conducted for 28 days. The 28-day durability
test results for the concrete samples are shown in Table 14.
The results indicate a slight reduction in the strength of con-
crete in the range of 4 to 7% as shown in Figure 11.

The percentage reduction in weight of the concrete sam-
ples containing red soil as substitution of sand after the
durability test is shown in Table 15.

The compressive test results of samples having red soil
as a replacement for M-Sand after durability test are
shown in Table 14.

The percentage reduction in weight of the concrete sam-
ples containing red soil as a sand replacement after durabil-
ity test is shown in Table 16.

Similar to the river sand and red soil combinations, dura-
bility is also being conducted for samples containing M-Sand
and red soil. But compared to the previous results, the reduc-
tion in strength was quite lofty in contrast to earlier combina-
tions. So, these river and red soil combinations are light ahead
in preference in terms of durability as shown in Figure 12.

When combining the test results of all the experiments,
it can conclude that the S9 combination shows promising
result in terms of both strength and durability perspectives.
Moreover, for detailed understanding regarding the compo-
sitions and microstructure of red soil in both the combina-
tions, the scanning electron microscope analysis was
conducted for both the variety samples.

3.5. Scanning Electron Microscope (SEM) Analysis Test. The
microstructure of the concrete mixes was examined utilizing
scanning electron microscope (SEM) which for all intents
and purposes makes a difference to imagine the microstruc-
ture of the hydrated cement paste. The SEM analysis of S9
combinations is illustrated in Figure 13. The figure shows
that the soil particles in the concrete samples show a
sponge-like structure and have a wide variation of diameter
in size. Due to the existence of minerals, CSH gel formation

Cc S1 S2 S3 S4
S5

3.11
2.46 2.53 2.56 2.84 2.85

28 days split tensile strength in N/mm2

Cc S1 S2

2.46 2.53 2.56 2.84 2.85

Figure 5: 28-day split tensile strength for red soil and river sand combination.

Table 10: Split tensile strength for M-Sand and red soil
combination.

Sample name 28-day strength (MPa)

Cc 3.25

S6 3.34

S7 3.14

S8 3.11

S9 3.30

S10 3.23
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is more for S9 combination (70% M-Sand +30% red soil)
that leads to give better compressive strength.

3.6. EDAX Analysis. To determine the purity of the red soil
particles, EDAX analysis was conducted on the concrete
samples. The samples were placed on the copper grid coated
with carbon, and the whole setup was placed inside an air
evacuated chamber.

The EDAX results for S9 combination (70% M-Sand
+30% red soil) show that the silica level has tremendously
increased to 77.48% atom as shown in Figure 14.

Cc S6 S7 S8 S9
S10

3.25 3.34
3.14 3.11

3.3
3.23

28 days split tensile strength in N/mm2

Cc S6 S7

3.14 3.11
3.3

3.23

Figure 6: 28-day split tensile strength for M-Sand and red soil combination.

Figure 7: The split tensile test specimen.

Table 11: Flexural strength for river sand and red soil combination.

Sample name 28-day strength (MPa)

Cc 5.33

S1 4.54

S2 4.67

S3 4.40

S4 4.67

S5 5.07

Figure 8: Flexural test specimen.

Cc S1 S2 S3 S4
S5

5.33

4.54 4.67
4.4 4.67 5.07

28 days flexural strength in N/mm2

Cc S1 S2

4.54 4.67
4.4 4.67 5.07

Figure 9: 28-day flexural strength for river sand and red soil
combination.

Table 12: Flexural strength for M-Sand and red soil combination.

Sample name 28-day strength (MPa)

Cc 5.47

S6 5.47

S7 5.33

S8 5.20

S9 5.33

S10 5.20

Cc S6 S7 S8 S9
S10

5.47 5.47

5.33

5.2

5.33

5.2

28 days flexural strength in N/mm2

Cc S6 S7

5.33

5.2

5.33

5.2

Figure 10: 28-day flexural strength for M-Sand and red soil
combination.
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Table 13: Compressive strength of river sand and red soil combination after the durability test.

Test name Compressive strength (MPa) % reduction in strength

Control-mix (without any solution) 42.22 (S4) —

Alkalinity test 39.11 7.37

Sulfate attack test 40.00 5.26

Chloride attack test 40.44 4.21

Table 14: Compressive test results for M-Sand and red soil combination in the durability test.

Test name Compressive strength (MPa) % reduction in strength

Control-mix (without any solution) 38.67 (S9) —

Alkalinity test 36.00 6.90

Sulfate attack test 35.11 9.20

Chloride attack test 36.44 5.75

8.55

8.54

8.53

8.52

8.51

8.5

8.49

8.48

W
ei

gh
t (

kg
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Alkalinity test Sulphate attack test Chloride attack test

Before immerged (kg)
A�er immerged (kg)

Figure 11: Before and after immersion weight for river sand and red soil combination.

Table 15: Weight loss for river sand and red soil combination after the durability test.

Test name
Before immersion After immersion

% reduction in weight
Weight (kg) Weight (kg)

Alkalinity test 8.52 8.50 2.35

Sulfate attack test 8.51 8.50 1.76

Chloride attack test 8.54 8.52 2.34

Table 16: Weight loss for M-Sand and red soil combination after the durability test.

Test name
Before immersion After immersion

% reduction in weight
Weight (kg) Weight (kg)

Alkalinity test 8.41 8.40 1.19

Sulfate attack test 8.57 8.54 3.50

Chloride attack test 8.42 8.39 3.56
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Figure 12: Before and after immersion weight for M-Sand and red soil combination.
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VOID

20 kv × 3, 000 5 𝜇m 10 28 SEI

Figure 13: SEM analysis for S9 combination (70% M-Sand + 30% red soil).
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Figure 14: EDAX analysis for S9 combination (70% M-Sand + 30% red soil).
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4. Conclusion

In this paper, we have tried out two sets of combinations,
one set of manufactured sand with red soil and another set
of river sand with the red soil of 10 proportions, based on
the following results.

4.1. The Combination of River Sand and Red Soil

(i) The sample name S4 (50% of red soil and 50% of
river sand) gives the better compressive strength
when compared to all other proportions of river
sand with red soil

(ii) Likewise, sample name S5 (60% of river sand and
40% of red soil) gives better flexural strength and
split tensile strength compared to all other propor-
tions of river sand with red soil

4.2. The Combinations of Manufactured Sand (M-Sand) and
Red Soil

(i) The sample name S9 (30% of red soil and 70% of
manufactured sand) gives high compressive strength
compared to all other proportions

(ii) Likewise, the sample name S6 (60% of red soil and
40% of manufactured sand) gives better flexural
strength and tensile strength in contrast against var-
ious proportions

4.3. Durability Tests

(i) For the durability test, the S4 and S9 combination
samples have been taken, which shows high 28-day
compressive strength

4.4. Justification

(i) Red soil has high porosity and less permeability, and
it can absorb a considerable quantity of water com-
pared to ordinary river sand due to its minor pores.
The concrete surface is low in permeability, increas-
ing the durability of concrete where the steel corro-
sion can be prohibited. Compared to 100% river
sand as a fine aggregate in concrete, the complete
substitution of M-Sand and red soil concrete has
shown better performance. Still, in the future, these
are potential materials for replacing river sand

(ii) The manufactured sand has many fine particles,
which is more than that of natural aggregate, so it
may give a large contact area, which is the ultimate
reason behind the increased strength of samples.
But there will be a decrease in the workability of
samples due to the fine particles present, which
absorbs the large quantity of water. Thus, to keep
the surface of the concrete in wet conditions, a large
amount of mater has to be added. Therefore,
strength is significantly high for the samples con-
taining manufactured sand as sand replacement

(iii) Red soil is used as a best replacement material for
sand to reduce the demand that developed on river
sand. The concrete samples containing red soil and
river sand show higher compressive strength than
the mix containing M-Sand and red soil

Data Availability

The data used to support the findings of this study are
included in the article.
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The material technology industrialization model is in promoting the adjustment of the financial market industrial economic structure.
The experiment realized the adjustment of industrial economic structure by the adsorption of nanomaterials. TiO2-rGOwas prepared
firstly, and thenMn dioxide nanoparticles (HMNPs) were synthesized. The specific surface area and pore volume were determined by
N2 adsorption BET method. The infrared spectrum was obtained by infrared spectrometer (MA). The sample was heated to 900°C at
10°C to determine TGA. In order to explore the surface composition and chemical element state of the material, X-ray photoelectron
spectroscopy (XPS) was used with monochromatic al Ka ray. The structure and composition of the substance can be deduced by
characterization. The Zr metal organic framework was applied to the adsorption of 2,4,6-trichlorophenol (2,4,6-TCP) in water. he
experimental data show that the degradation efficiency of metronidazole is the best in the presence of visible light and hydrogen
peroxide, which can reach about 80% in 60 minutes. The results show that nano materials and nanotechnology can promote the
adjustment of economic structure of financial market industry, and have a great impetus to the entire financial industry.

1. Introduction

Nanotechnology, as one of the high-tech, has high value-
added in the process of its development and application. It
can not only bring great economic benefits, but also improve
labor productivity and achieve better social effects. Science
and technology is a double-edged sword. Nanotechnology
brings great benefits and also has high risk characteristics.
Nanotechnology is in the forefront of science and technol-
ogy, and it is a new and high-level technology, with obvious
characteristics of advanced research and many unpredictable
factors. Therefore, to avoid harm and benefit, to reduce the
negative effects of nanotechnology, we need the high guid-
ance of philosophy. Among them, photothermal nanomate-
rials can convert the absorbed light energy into heat to
increase the temperature of the surrounding environment,
and have shown great application potential in tumor
multi-mode imaging and optical therapy [1].

The development of financial technology will improve the
efficiency of financial operations and bring a new environment
for private enterprise financing and financial risk prevention,
but it also brings new challenges to financial supervision [2].
According to the recent intensive signals released by the regu-
latory authorities, fintech will receive greater policy support,
and fintech supervision will also be tightened simultaneously.

The application of nanomaterials is innovative for the
development of financial industry. Song X uses fractal theory
and thermal conduction theory to analyze the sensitivity of
energetic materials, the correlation between thermal conduc-
tion and fractal dimension, and at the same time, he estab-
lished a fractal heat conduction model for micron and
nanometer energetic materials to verify the correctness of
the model, Calculated the fractal dimension and surface
fractal dimension of two nitramine explosives with different
particle sizes. Although his research method is more
detailed, but the consideration is not precise enough [3].
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In this paper, nanomaterials are used as adsorbents to
degrade organic matter in water, thereby greatly improving
its photocatalytic efficiency. The adsorption efficiency of
nano-adsorbents for heavy metal ions in water is better than
other current adsorbents, and can be regenerated and
reused. In the research of nanotechnology industrialization
operation mechanism, transformation mechanism plays a
connecting role. Universities and enterprises play an impor-
tant role in the process of transformation. The State formu-
lates relevant policies to encourage the transformation of
nanotechnology achievements in universities and actively
transform traditional industries. Health financial plays a role
as a lubricant in the system of coordinated development of
man and land, and the implementation of health financial
plays an extremely important role in promoting the sustain-
able development of tourism [4, 5].

2. Financial Market and Nanomaterials

2.1. Financial Industry. Health financial industry should be
based on people’s needs for physical and mental health, with
health as the goal, health therapy as the means, and recrea-
tion as the process to provide financial related services
around the theme of health. The products provided by the
health financial industry are the same as the general financial
products, which are the specific products in the non physical
form, but the production and operation modes are different.
There are many production and service fields involved, and
the industry boundary is fuzzy, so it has the characteristics
of multi management; the differences of people’s health
and financial demand create the diversity of health financial
products; only by optimizing the industrial structure, inte-
grating management, management, technology and other
means, and better coordinating the government and social
resource elements, can we promote the scientific and healthy
development of health financial industry [6, 7].

The most important thing of sustainable financial is to
pay attention to the protection of ecological environment
in the process of financial development, so as to avoid irre-
versible damage of financial resources in the process of
development due to excessive development of natural
resources and ecological environment damage [8]. Specifi-
cally speaking, sustainable financial means that in the pro-
cess of developing tourism, we should also pay attention to
the sustainability of development, and emphasize that the
development of financial should be harmonious with local
economy, society, culture and ecological environment. On
the one hand, it means that the development of financial
industry can not break through the local environmental car-
rying capacity; on the other hand, it means that the develop-
ment of financial industry also needs to constantly innovate
financial products and services according to the changes of
economic and social forms, so as to continuously meet the
market demand under different economic and social back-
grounds [9, 10].

2.2. Nanomaterials Technology Industrialization Model. The
dependence of nanotechnology industry on the development
of nanomaterials technology can also be seen from the

dynamic development of high-tech industry. Without quan-
tum theory, there will be no development of integrated cir-
cuits and computers; without the discovery of relativity
and nuclear fission theory, there will be no widely used
nuclear technology. Without the new achievements of
molecular biology and genetics, there would be no biotech-
nology industry benefiting human beings [11]. This is
mainly because the development of biotechnology is insepa-
rable from the emergence of new research results. In the pro-
cess of exploring this field, the theories and concepts formed
will be widely used in our production and life. Human
beings will establish new ideas which are quite different from
the material world that can be observed by our naked eyes. It
will greatly enrich our cognitive world and bring conceptual
changes to human society. From the perspective of human
development, nanotechnology promotes the miniaturiza-
tion, high performance and environment friendliness of
products, which will greatly save resources and energy,
reduce excessive dependence on it, and promote the
improvement of ecological environment [12]. In the input
continuous image sequence, the gray value change of each
independent pixel is subject to a single Gaussian probability
function, then the Gaussian model of the nanoparticle is:

μ0 x, yð Þ = 1
T
〠
T−1

i=0
f i x, yð Þ ð1Þ

σ20 x, yð Þ = 1
T
〠
T−1

i=0
f i x, yð Þ − μ0 x, yð Þ½ �2 ð2Þ

In the formula, f iðx, yÞ represents the gray value of the i-th
particle in the image.

As enterprises increase the demand for nanotechnology
achievements, they are largely affected by the supply of
nanotechnology achievements. Obviously, the more nano-
technology achievements enterprises have, the better posi-
tion they can occupy in the competition. Different from
traditional technological achievements, nanotechnology
achievements are not completed by traditional experience
or skills, but by the use of modern science and technology
with high-tech content [13]. The research process is also a
complex process, which requires a lot of human, material
and financial resources. Therefore, there are two ways for
enterprises to obtain nanotechnology achievements: one is
to improve their independent research and development
ability, improve their innovation ability, introduce talents
to overcome difficulties, and obtain self-sufficiency of nano-
technology achievements. The second is to buy from scien-
tific research institutes and universities for digestion and
absorption. This scheme is more suitable for the develop-
ment of enterprises, which not only saves the time of
research and development, but also reduces the risk. At the
same time, due to the competition of supply, the price drops,
and reduces the purchase cost of enterprises [14, 15].

2.3. Industrial Economic Structure Adjustment. With the
development of the economy and the improvement of pro-
duction factors, industries are constantly growing and
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changing, and adjustments and conversions between differ-
ent industries often occur, thereby forming an industrial
structure. Along with economic growth, the industrial struc-
ture is also undergoing transformation. Industrial structure
adjustment refers to the mutual change and adjustment of
production factors among various departments and regions.
It includes two aspects: rationalization and advancedization
of industrial institutions. The rationalization of industrial
structure refers to the coordination of the quantity ratio of
production factors between industries, the economic and
technological linkage, in order to adapt to market demand
and achieve the optimal industrial structure, the process of
coordination and balance of all aspects of the industry and
finally obtain the best benefits. The theory of sustainable
development is closely related to the development of healthy
tourism, and it is of great significance for the research and
guidance of the development of healthy financial market
[16, 17]. Only sustainable development can bring a healthy
circular development result to finance.

Based on the perspective of spillover effects, the high-
tech content of Internet products enables relevant practi-
tioners to have higher quality and knowledge reserves. The
flow of these high-quality employees promotes the overflow
of manpower and can promote the improvement of the
employment structure of the financial industry. It is of great
significance for the financial industry that is positioned as a
labor-intensive industry. On the other hand, Internet tech-
nology is applied to traditional industries to form a demon-
stration effect, through information sharing, knowledge and
technology introduction, promote innovation, improve the
production efficiency of financial industry and product
added value, thereby improving the quality of financial
industry development [18, 19]. Demonstration effect refers
to the impact of changes in the consumption expenditure
and income of some consumers or households on the con-
sumption expenditure of other consumers and households,
that is, consumers compare each other in space when they
consume, and try to compare the consumption level. Above
others or at least not below others of the same class. There-
fore, consumers’ consumption expenditure is not only
affected by their own income, but also by other people’s con-
sumption expenditure and income.

3. Nanomaterials Adsorption Experiment on
Scenic Wastewater

3.1. Experimental Equipment and Materials. The main
instruments used in the experiment are as follows: high per-
formance liquid chromatography, ordinary optical micro-
scope, laser confocal microscope, flow cytometer, enzyme-
linked immunosorbent assay, laser, CO2 constant tempera-
ture incubator, etc [20].

The main reagents used in the experiment are as follows:
potassium permanganate, oleic acid, absolute ethanol, adria-
mycin hydrochloride, IR-780 iodide, sodium dihydrogen
phosphate, disodium hydrogen phosphate, polyethylene gly-
col (PEG), dimethyl sulfoxide (DMSO), potassium bromide,
MNP, etc [21].

3.2. Preparation of TiO2-rGO. Firstly, 1.925mg GO was dis-
solved in the mixed solution of 10ml ethanol and 20ml dis-
tilled water, and then 1.7ml tetrabutyl titanate was slowly
added into 10ml ethanol to prepare mixed solution B. the
mixed solution B was added dropwise into the high-speed
stirring mixed solution A, and then transferred to a 50ml
reactor for 3 h and reacted at 200°C for 12 h. The product
was centrifugally washed to neutral. The TiO2-rGO com-
posite powder (rGO mass ratio of 0.5%) was obtained by
washing once with alcohol and drying at 40°C for 24 h. Sim-
ilarly, TiO2-rGO composite powders with 0-3% rGO mass
ratio were obtained in a similar process [22, 23].

3.3. Synthesis of Manganese Dioxide Nanoparticles (HM
NPs). First use an electronic analytical balance to weigh
0.1 g of KMnO4 in a 100ml flask, and then add 50ml of
ultrapure water. Stir the above solution on a magnetic stirrer
at room temperature for 30 minutes, and the magnetic stir-
ring speed is 600 r/min. After potassium permanganate is
completely dispersed in ultrapure water, use a 2mL syringe
to take 1ml of oleic acid (OA) and add it dropwise to the
potassium permanganate solution at a very slow rate, and con-
tinue the reaction for 24 hours at room temperature. After the
reaction, the original solution changed from purple-red to
dark brown turbid liquid state. The post-processing is centrif-
ugal treatment, the centrifugal speed is 10000 r/min, the cen-
trifugation is three times, the centrifugation time is 8min
once, and the washing liquid is ethanol [24, 25].

3.4. Characterization of TiO2-rGO. X-ray powder diffraction
with cuka ray is used for the crystalline phase of the material.
The scanning angle is 5° to 90° and the resolution is 0.02°.
The specific surface area and pore volume were determined
by N2 adsorption BET method. The infrared spectrum was
obtained by NEXUS670 infrared spectrometer (MA) and
KBr tablet pressing method [26]. The TGA (Q5000V3.15)
was determined by heating the sample at 10°C to 900°C. In
order to explore the surface composition and chemical ele-
ment state of the material, X-ray photoelectron spectroscopy
(XPS) was used with monochromatic Al Ka ray [27].

3.5. PTT Performance Evaluation. Firstly, 0.3mg/ml PDA-
CE6 solution was prepared, and the heating conditions of
laser wavelength of 808 nm and different energy powers of
2.0, 2.5, 3.0 and 3.5W/cm2 were investigated; then 0.1, 0.2,
0.4 and 0.5mg/ml PDA-CE6 solutions were diluted, respec-
tively, as the experimental group, deionized water was used
as the blank control group, and the laser irradiation power
was 3W/cm2 at the same wavelength. The temperature
curves of different concentrations of pda-ce6 nanoparticles
with different illumination time were plotted to evaluate
the photothermal conversion ability of PDA-CE6 [28].

3.6. Adsorption Experiment. Batch experiments were carried
out in a 10ml simulated wastewater system. In the experi-
mental process, the concentration of adsorbent is controlled
to 0.02 g/l, the pH of solution is adjusted by hydrochloric
acid or sodium hydroxide, the ionic strength is mainly con-
trolled by 1m sodium chloride, and the pH affects the
adsorption effect of TCP. We mainly control the pH range
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from 3 to 10, and the kinetic experiment is carried out at the
temperature of 30°C, and the concentration of TCP is 20mg/L.
In order to explore the thermodynamic characteristics of
adsorption, the adsorption process was carried out in 10ml
of solution containing 0.5~20mg/L TCP at various temper-
atures of 303K, 313K and 323K. Three parallel experi-
ments were conducted in all experiments, and the average
value of the three groups of experiments was taken as the
experimental results.

4. Nano Materials in the Financial Market

4.1. Nanoparticles on Water Sources in Scenic Spots.
Although the ecological benefits of financial industry cannot
be accounted and counted independently, its characteristics
and scale have been formed. At this stage, the state attaches
importance to the ecological development of tourist
attractions and financial products, and guides the financial
industry to take the ecological road in policy. With the
implementation of sustainable development strategy, the
concept of ecological oriented financial industry is gradually
introduced into China. Both the government and tourists
have a profound understanding of the environmental impact
of financial industry. The understanding of eco-financial and
green financial is more and more in-depth. The ecological
oriented financial mode is also getting more and more sup-
port from all walks of life. At this stage, although the finan-
cial industry is still mainly economic oriented, ecological
orientation has begun to penetrate into all aspects of the
development of financial industry. The degradation effect
of nanoparticles on wastewater is shown in Table 1 and
Figure 1. It can be found from the figure that the degradation
efficiency of metronidazole by iron doped titanium dioxide
in the presence of visible light and hydrogen peroxide is
the best, which can reach about 80% in 60 minutes. Accord-
ingly, the manganese doped titanium dioxide with the
smallest band gap has poor degradation activity for metroni-
dazole solution. This is because the structure of metronida-
zole is relatively stable and difficult to decompose, and the
redox ability of holes or electrons generated by photocata-
lysts with too small band gap is also relatively weak. These
two reasons lead to the poor degradation activity of manga-
nese doped titanium dioxide. Therefore, iron doped tita-
nium dioxide catalyst is the most suitable.

4.2. Nanomaterials on Tourism. The financial industry has
entered the national strategic level. As a comprehensive
strategic pillar industry, the development concept of ecolog-
ical civilization of respecting nature, conforming to nature
and protecting nature has been established. The financial
industry has entered a new era of multi-dimensional,
multi-dimensional and multi-dimensional development of
economy, ecology and society. Under the guidance of the
development concept of “innovation, coordination, green,
openness and sharing” and the basic national policy of sav-
ing resources and protecting the environment, the financial
industry has changed its concept and pursued more and
more green development to promote the unity of environ-
ment and economy. Mesoporous silica is a new material

developed in recent years. It has large specific surface area,
regular pore structure, good thermal and chemical stability,
so it has a wide application prospect in adsorption and sep-
aration, macromolecular catalysis and other fields. Silica is
non-toxic, easy to obtain, exists in the form of aggregates,
has good catalytic adsorption performance, and can provide
enough pores and three-dimensional space for magnetic
nanoparticles to be evenly dispersed in the interior. It can
be used as a carrier to slow down the agglomeration of iron
nanoparticles, and can be used to immobilize nanoparticles.
The adsorption efficiency of silica for water sources of tourist
attractions is shown in Table 2 and Figure 2. It can be seen
from the figure that with the continuous reaction, the con-
centration of nitrate nitrogen continues to decrease. The
removal rate reaches 98.3% in 30min and almost 100% in
120min. During the reaction process, 15.2% of nitrate nitro-
gen was reduced to nitrite nitrogen and remained in the
solution in the form of intermediate by-products. With the
reaction going on, it could be further converted into ammo-
nia nitrogen, and 4.3% nitrite nitrogen remained in the final
solution. The concentration of ammonia nitrogen has been
increasing, and 79.4% of the final product is ammonia nitro-
gen. The total nitrogen decreased at first and then increased.
Finally, the total nitrogen decreased by 15.5%.

Nanomaterials enterprises must rely on their own feasi-
ble business plans, excellent product functions and market
prospects to attract venture capital, and obtain much-
needed financial support and guidance in operation and
management. This stage is also the key period for venture
capital to consider entering and obtain certain equity, so as
to lay the foundation for high return on investment in the
future. In order to become a strategic partner or strategic
shareholder of the enterprise. After the intervention of ven-
ture capital, due to the enhancement of financial strength
and risk-taking ability of enterprises, some commercial
banks familiar with the operation of two nano materials
enterprises will moderately intervene and provide a certain
degree of loan support. In addition, the entrepreneurial fund
set up by the government to support high-tech enterprises
also has a significant role in supporting enterprises at this
stage. The main reason is that many companies today are
the product of self-employment, and capital has become
the most critical factor for these companies.

In the case of nano material adsorbent, the change of the
number of tourists in recent five years is shown in Figure 3.
As can be seen from the figure, the application of nano
materials has greatly improved the health of tourist attrac-
tions. Especially in 2016, the number of tourists reached
the peak in nearly five years, with 7.01 million. The change
of the flow of people naturally affects the whole financial
industry. Financial industry is a comprehensive industry,
which is determined by the consumption characteristics of
tourists. On the one hand, the consumption process of
financial almost includes all the contents of life, that is, the
multiple needs of food, housing, tourism, transportation,
shopping, entertainment and so on during the period from
leaving home to returning to the settlement. In order to meet
the multiple needs of tourists, there must be a variety of dif-
ferent types of enterprises to provide tourists with goods and
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services. On the other hand, financial consumption is diver-
sified and tends to be personalized. Therefore, meeting the
needs of financial consumers is not only reflected in the
material aspects of tourist attractions, hotel facilities, trans-
portation tools, but also in the cultural and spiritual aspects.
This requires a higher level of cultural content and the qual-
ity of service personnel in tourist destinations. Therefore, as
far as enterprises in different industries are concerned, the
link of meeting the needs of consumers connects them
together and makes them become a collection. The complex-
ity and diversity of financial business constitute the compre-
hensive characteristics of tourism.

4.3. Changes in the Economic Structure of the Financial
Market. To perfect the policy and regulation system of finan-
cial and cultural industry, we need to start from many
aspects. First, break the status quo of coexistence of segmen-
tation and industry barriers. Break through one of the man-
agement systems among industries such as the development
and operation of financial and cultural attractions, financial
accommodation and catering, financial and transportation,
financial and entertainment, financial and commerce, and
festivals and exhibitions, and establish and encourage vari-
ous industries to compete with each other. A long-term pol-
icy and regulation system with multi-regulation and
integration of cooperation and mutual promotion. Secondly,
a sound and feasible safety policy and regulation system

should be improved. Formulate strict tourist attractions
development and operation safety regulations, financial
accommodation and catering safety standards, financial
traffic safety laws and regulations, financial and entertain-
ment business service quality standards, festivals and exhibi-
tions safety guarantees and emergency response measures,
and other financial and cultural industry guarantee policies
and regulations system. Finally, improve the internal rules
and regulations of various industries. Standardize the market
order of various industries in the financial and cultural indus-
try, and protect the rights and interests between the operators
and consumers of the financial and cultural industry.

In the past, the environmental governance of financial
industry is to control the end environmental pollution with-
out changing the development mode, rather than the control
of material flow and energy flow based on the source and the
whole production cycle. In the past, the environmental
governance was limited to the departments of resource
management and environmental protection, rather than
the cooperation of multiple departments and the joint gover-
nance of the whole society. In particular, with the implemen-
tation of the green awareness of financial industry by
financial enterprises, the competition mode of financial
enterprises has changed from the market competition mode
to the dual competition mode of market competition and
ecological competition. More and more financial enterprises
adhere to the guidance of tourist satisfaction and gradually

Table 1: Degradation effect.

TiO2 1.666 1.288 3.951 3.967 3.770 4.177 1.509 4.510 3.831

Fe-TiO2 4.862 4.790 4.919 4.960 4.797 4.036 3.623 3.866 4.599

Mn-TiO2 6.517 2.044 3.173 4.452 6.232 4.814 3.207 2.086 5.232
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Figure 1: Degradation effect.

Table 2: The adsorption efficiency of silica for tourist attractions.

40mg/L 0.43 0.36 0.32 0.52 0.52

100mg/L 0.57 0.49 0.46 0.63 0.70

150mgL 0.59 0.38 0.41 0.35 0.39

210mgy/L 0.37 0.58 0.82 0.93 0.68
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Figure 2: The adsorption efficiency of silica for water sources in tourist attractions.
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improve the competitiveness of financial enterprises by pro-
viding more and more high-quality financial products and
green financial products. And further strengthen the confi-
dence of green development of financial enterprises. At the
same time, with the improvement of tourists’ education level
and income level, the awareness of environmental protection
and sustainable development of tourists is becoming stron-
ger and stronger. The non environmental protection behav-
iors in financial cause less and less damage to the ecological
environment of scenic spots, and the concept of green
consumption is becoming more and more popular. The
proportion of China’s financial industry’s comprehensive
contribution to GDP is shown in Figure 4. In terms of eco-
nomic benefits, the three major markets of domestic tour-
ism, inbound financial and outbound financial in China’s
financial industry are booming in an all-round way. China
has become the world’s largest domestic financial market,
the world’s first largest international financial consumer,
and the world’s fourth largest financial destination country.
China’s financial industry has made more outstanding con-
tributions to China’s and the world’s economic and social
development, and has become an important member of the
world’s financial industry. Financial industry has become a
new driving force to promote China’s economic develop-
ment. From the proportion index of financial industry’s
comprehensive contribution to GDP, we can see that the
proportion of financial industry’s comprehensive contribu-
tion to GDP showed an overall upward trend from 2009 to
2017. By 2017, the comprehensive contribution value of
financial industry in China’s GDP was as high as 913 billion
yuan, accounting for 11.04% of the total, becoming an
important industry in the tertiary industry.

5. Conclusions

At present, nanotechnology research in China has made
some achievements, but the application of nanotechnology
achievements is still in the primary stage, and the industrial-
ization effect is not very ideal. Although nanotechnology has
unique functions, it is not extravagant and needs practical
implementation. Nanotechnology as the mainstream of
high-tech industrialization, its progress is inseparable from
the common development of computer technology, infor-
mation technology and other fields. Only products and tech-
nologies recognized by the public can have a good market
prospect. Nanotechnology, as a new technology, has a gen-
eral cognition among researchers, but the general public’s
cognitive knowledge of nanotechnology remains on the sur-
face, and some people are even misled by the words of some
scheming people. They only see the negative side of nano-
technology and refuse or even reject nanotechnology and
nanotechnology products. To a certain extent, it hinders
the development of technology and social progress.

This paper defines the concepts related to the structure
of financial culture industry, uses the Marxist theoretical
basis related to the industrial structure of financial culture,
and studies the innovation and development of the indus-
trial structure of financial culture by using the methods of
theoretical analysis, case comparison, literature research

and interdisciplinary research. The development of financial
industry has been integrated into the global value chain and
the world financial map; driven by innovation, China’s
financial industry has achieved remarkable improvement in
quality and efficiency; the green development of financial
industry has made considerable progress; the benign devel-
opment of financial enterprises has become a strong support
for the sustainable development of the industry. Of course,
from these typical characteristics, we can find the problems
of China’s financial industry at present: the imbalance of
supply and demand of financial industry, the difficulty of
green transformation and upgrading; the lack of leading
enterprises in the global value chain of financial enterprises,
and the low competitiveness; the low value-added financial
products have reduced the support for the sustainable
growth of China’s financial economy. The restriction of
ecological environment on China’s financial industry is
increasingly apparent.

In this paper, a new type of photocatalyst TiO2-rGO was
synthesized by the simultaneous high-temperature reduction
of GO and high-temperature hydrolysis of titanium ester,
which showed excellent photocatalytic activity under visible
light. In this paper, the catalyst was characterized by XRD,
DRS, TEM and other means, and its catalytic ability was
tested by catalytic degradation of rhodamine B. The degra-
dation results showed that TiO2-rGO under visible light
showed excellent catalytic activity that TiO2 did not have
in the past. In addition, through repeated degradation of
Rhodamine B, TiO2-rGO showed excellent stability and
reproducibility. Utilizing the advantages of nanomaterials
can greatly reduce the degree of pollution of water bodies,
ensure the cleanliness of water sources in scenic spots, and
promote the economic development of tourism. The
research is only for the financial industry, and the next
research direction can be developed in other industries.
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Architecture is the precipitation of history, not only the embodiment of technical level but also the inheritance of history and
culture. Excellent architecture contains high historical value and emotional factors, and it continues to deepen over time.
Nanotechnology is a new technology that was born in the late 1980s and is emerging. It mainly refers to the study of the laws
of motion and interactions of electrons, atoms, and molecules in the composition system of matter in the range of 0.1 to
100 nm. Nanomaterials have special properties and structures, and the composite materials made of them have the effect of
strengthening and toughening the polymer by virtue of their high-quality strength and toughness. Therefore, the aim of this
text is to explore the application of nanocomposite building materials in modern architectural design and analyze the
advantages and development trends of new building materials. The method in this paper is to use the method of experimental
comparison to analyze the performance improvement effect of nanocomposite building materials on the current main building
materials of concrete. By establishing a model to study the impact on the shrinkage and mechanical properties of cement-based
materials, it can also improve the environmental performance and comprehensive evaluation of building materials.
Corresponding conclusions are drawn through data comparison. When the amount of nanocomposite building materials is
1.5%, the chemical shrinkage value of the cement paste will increase by 58.2%, and the shrinkage strain will increase by 15.3%.
When the fly ash content is 20%, the chemical shrinkage value of cement paste is reduced by 30.5%, and the shrinkage strain
of concrete is reduced by 8.8%. Therefore, adding nanocomposite building materials to cement-based materials can promote
cement hydration, optimize pore structure, and to a certain extent can make up for the shortcomings of mineral admixtures
and achieve better improvement effects.

1. Introduction

Nanotechnology is a new technology emerging in the late
1980s. The emerging nanomaterial technology has been
applied in many fields, especially in new building materials.
Materials are the basic elements of architecture. As an
important material carrier for the inheritance and develop-
ment of modern civilization and cultural spirit, architecture
carries decisive significance. Therefore, it is very important
to construct elegant, beautiful, and practical buildings. The
performance of materials is to integrate all buildings. Nano-
composite building materials have brought an unprece-
dented revolution to modern architectural design with

their unique properties and unique characteristics of light,
electricity, heat, and magnetism. Making an appropriate
material design strategy has become an important part of
modern architectural design.

The traditional building materials are mainly cement
concrete, and the current consumption is about 2 billion
cubic meters, which is an indispensable building material
at present [1]. However, as people’s requirements for build-
ing design become higher and higher, some problems in
concrete itself have gradually expanded. After years of expo-
sure to the air, cracks and damage will inevitably occur, and
the rigidity of ordinary cement concrete is too high, and the
flexibility is insufficient. The environmental protection is
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poor in the production process, which restricts the develop-
ment of concrete in the future architectural design [2, 3]. As
an indispensable part of building materials, the amount is
considerable, and the requirements for stability and durabil-
ity are very strict. The future development trend of modern
architectural design is bound to be in line with the develop-
ment of nanomaterials. Development is linked together [4].
Many scholars have done a lot of research on nanocompos-
ites, and they all believe that nanomaterials are very impor-
tant in new building materials, and they can get better
development space in future special constructions [5]. In
the research of foreign scholars, nano-conforming building
materials are regarded as an unprecedented revolution.
Combined with nanotechnology, many new materials can
be developed, which are in line with today’s architectural
design concepts. The use of nanomaterials to shield ultravi-
olet rays can improve the antiaging yellowing performance
of the wall, greatly improve the strength of plastic pipes,
and increase the service life [6, 7]. Domestic research has
also begun to explore the development and application of
nanomaterials and nanotechnology in building materials
and found that nano-conforming building materials also
have a good self-cleaning function, which is useful for anti-
bacterial and antimildew coatings in buildings and some
conductive materials. Functionally developed conductive
coatings have a positive guiding role [8]. Therefore, nano-
building materials have great economic and social benefits
in the field of building materials.

This article starts with the meaning and relationship
between nanocomposite building materials and modern
architectural design and explores the influence of different
building materials on modern buildings. Through the exper-
iment of improving the performance of concrete with nano-
materials, future solutions are proposed, so as to more
accurately grasp the direction of modern architectural design
and propose more optimized treatment plans. This will help
promote the innovation and development of building mate-
rials. By comparing and analyzing specific experimental
results, we can find out the balance between quality assur-
ance and environmental friendliness and organically com-
bine the two. Provide technical experience with reference
value for future architectural design, obtain the similarities
and differences of research directions through comparative
advantage analysis, learn advanced experience, make sugges-
tions for improvement in the selection of future building
materials and in-depth understanding of more properties
of nanocomposite building materials, strengthen the special-
ization and accuracy of architectural design, and provide
theoretical basis for the field of materials science.

2. Theoretical Basis and Method

2.1. Core Concepts

2.1.1. Nanocomposite Materials. Nanocomposites are based
on resins, rubbers, ceramics, and metals as the continuous
phase and nanosized metals, semiconductors, rigid particles
and other inorganic particles, fibers, carbon nanotubes, and
other modifiers as the dispersed phase. The method uniformly

disperses the modifier in the matrix material to form a com-
posite system containing nanometer-sized materials in one
phase, and the system material is called nanocomposite mate-
rial. Since its inception, nanotechnology has gained the atten-
tion of the world. After more than 20 years of theoretical
research, it has become one of the most promising technology
industries [9, 10]. The use of nanotechnology can be applied to
many industries, can greatly promote the development of pro-
ductivity, and has achieved good results in medical, construc-
tion, military, and other aspects [11]. In the field of
architecture, nanocomposite coating is the nanopowder used
in the coating to get a kind of aging resistance, radiation resis-
tance, high peel strength, or some special functions of the coat-
ing, in building materials which has been applied and has
shown its unique charm. The same nanoparticle in different
sizes will have different effects; different kinds of nanoparticles
can also play the same role in the coating [12, 13]. Through
this unique structure and excellent performance, it will be used
in a wider range of fields, such as aerospace, transportation,
culture, and sports. The development of new materials can
determine the level of a country’s industry, and all countries
in the world have put nanocomposite materials in a priority
development position and can be in a leading position in
future international competition. There are many kinds of
nanocomposites, including nanopolymer matrix composites,
carbon nanotube functional composites, and nano-tungsten-
copper composites [14].

2.1.2. Architectural Design. The so-called architectural
design is the application of “virtual reality” technology in
urban planning, architectural design, and other fields. Archi-
tectural design refers to a series of ideas and ideas about the
building proposed by the designer according to the con-
struction task before the building is built and then displayed
through drawings or documents [15]. Excellent architectural
design will consider various problems that occur during the
entire building construction process and propose prepara-
tory plans and emergency measures. Therefore, building
construction is more of a holistic project. Architectural
design must not only consider the construction require-
ments but also calculate the material preparation, construc-
tion organization work, and the conditions that various
types of work rely on in production and construction [16,
17]. Only in this way can we coordinate and cooperate with
each other, so that the entire project can be successfully
completed within the predetermined investment limit and
in accordance with the predetermined plan carefully consid-
ered. Architectural design in a narrow sense refers to the use
of technology to turn virtual reality into reality, and design
tools are becoming more and more advanced. It bids farewell
to traditional drawing operations and uses human-computer
interaction, real architectural space, and large-area 3D ter-
rain simulation technology to make it more realistic. Accu-
rately express the architectural design concept [18, 19]. Use
dynamic interaction to meet the various requirements and
uses expected by users and society, and conduct comprehen-
sive and multiangle judgments and inspections of future
buildings. At the same time, it can also achieve real-time
switching and comparison of multiple environmental effects.
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Observe the scene from any angle, distance, and degree of
precision; accept customer experience feedback; and make
timely adjustments, saving unnecessary cost and waste. With
the development of society and the advancement of science
and technology, the content of architecture and the prob-
lems to be solved are becoming more and more complex,
and more and more related disciplines are involved.

2.2. Application of Nanomaterials in Building Materials

2.2.1. Application of Nanomaterials in Concrete Materials.
Cement concrete is a general term for engineering com-
posite materials that are mixed with water such as cement,
sand, and stone to form a whole. Cement concrete has
always played a pivotal role in the construction industry.
As a traditional building material, it has made important
contributions to the social industrialization and infrastruc-
ture construction of various countries. Its output and con-
sumption are constantly increasing, but at the same time,
the loss has always been high. [20]. Therefore, the use of
nanomaterials to develop cement-based composite mate-
rials has become the focus of the material field. Under
the new architectural design requirements, people’s expec-
tations for building materials are getting higher and
higher, such as sound absorption, antifreeze, high strength,
and high toughness. Nanomaterials have excellent charac-
teristics such as small size effect, quantum effect, and sur-
face and interface effects and combined with concrete can
form very effective composite materials [21]. Use nano-
technology to develop new types of concrete, and use the
excellent properties of nanomaterials to improve the
strength, construction performance, and durability of con-
crete. In construction engineering, it can not only fill
cement voids and increase concrete fluidity, but it can also
improve the interface structure between cement stone and
aggregate in concrete, improving the strength, imperme-
ability, and durability of the concrete.

2.2.2. Application of Nanomaterials in Architectural
Coatings. The core of the building is reinforced concrete,
and the coating as the exterior of the building cannot be sepa-
rated from the addition of nanomaterials. Traditional coatings
always have various problems, such as poor scrub resistance,
poor finish, and aging resistance. Nanocomposite coatings
can be divided into nanomodified coatings and nanostruc-
tured coatings. Using some functions of nanoparticles tomod-
ify existing coatings to improve the performance of coatings,
such coatings are called nanomodified coatings; for coatings
prepared by some special processes, in which the fineness of
a special component is in the nanometer range grade, such
coatings are called nanostructured coatings [22]. The use of
nanocomposite coatings can effectively improve the perfor-
mance of concrete. When used in coatings, it will have antiag-
ing, antiradiation, high peel strength, or some special
functions, which greatly improves the use effect of coatings.
Due to the particularity of its surface and structure, nanoma-
terials have excellent properties that are difficult to obtain with
general materials. By combining with reinforced concrete
materials, there is a great opportunity to obtain composite

materials with excellent performance, so that the traditional
coating function is modified, and macromaterials have many
special and unprecedented excellent properties. Nanocompos-
ite building materials can be used as composite materials for
exterior decoration through nanocoating materials composed
of nanoparticles, and traditional coatings can be modified by
adding nanoparticles. The advantage of this method is that
the cost is less and the preparation process is relatively simple.
The actual use process is feasible and does not require a com-
plete application of nanomaterials, which can improve the
comprehensive performance of concrete. This is also the
method of most current building material selection, and due
to technical and cost issues, it is also in modern architectural
design, one aspect to focus on.

2.2.3. The Application of Nanotechnology in Ceramic
Materials. Due to the mechanical properties of the second
phase, oxide nanomaterials have an artistic process that is
different from ordinary ceramics. Relatively, the cost and
consumption are naturally rising. Cermets containing 20%
nano-cobalt powder are high-temperature-resistant mate-
rials for rocket jet nozzles. In this respect, they are superior
to homogeneous traditional ceramic materials. In the field
of building materials, ceramics have always been loved by
people, so ceramic materials are added Nanomaterials are
the development direction in modern architectural design.
In recent years, the development and application of nano-
composite ceramics have been relatively mature. The intro-
duction of nanodispersed phases into the micron-level
matrix for compounding can greatly increase the fracture
strength and fracture toughness of the material by 2 to 4
times and increase the maximum use temperature by
400°C~600°C; it can also improve the hardness, elastic mod-
ulus, creep resistance, and fatigue damage resistance of the
material. Nanotechnology’s porous ceramic (ceramic micro-
porous material) material may filter and separate industrial
waste gas. Porous ceramics provide strong heat resistance
and chemical corrosion resistance, as well as being long last-
ing and low maintenance.

3. Experiment on the Influence of
Nanomaterials on Concrete Materials

3.1. Experimental Materials. The main raw materials used
in this article are cement, mineral admixtures, and nano-
composite silica. Cement is an ordinary Portland cement
used in construction and meets the national safety and
health standards. Since its inception, cement concrete has
been the most important structural material in construc-
tion engineering and has been widely used. For cement-
based materials, in order to better compare the effects,
mineral powder and fly ash are also used to restrict the
concrete by using its compressive strength and elastic
modulus. Table 1 shows the performance of the cement
used this time.

The performance data of the experimental materials are
shown in Table 2. Among them, the average particle size of
fly ash is 4.10μm, the median diameter is 3.08μm, and its
specific surface area is 600 square meters per kilogram;
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the average particle size of mineral powder is 12.34μm, the
median diameter is 9.89μm, and the specific surface area is
360 square meters per kilogram. At the same time, the
nanocomposite building material silica was used as the
experimental material, and the fumed nanosilica
hydrophilic-300 (hydrophilic type) produced by Shanghai
Aladdin Biochemical Technology Company was selected.
The purity is about 99%. The specific surface area is 300
square meters per gram, and the particle size is in the range
of 7-40nm. Nano-silicon dioxide (English name nano-
silicon dioxide) is an inorganic chemical material, com-
monly known as silica. Because it is ultrafine and nano-
scale, with a size range of 1~100 nm, it has many unique
properties, such as optical properties against ultraviolet
rays, which can improve the aging resistance, strength,
and chemical resistance of other materials. Finally, in order
to ensure a scientific experimental environment, the admix-
tures that are often used in the preparation of cement-based
materials, including water-reducing agents and expansion
agents, are also added. The water-reducing agent used in
this test is Wanshan brand naphthalene water-reducing
agent, which has a relatively stable chemical structure, with
a solid content of 92% or more and a water-reducing rate
of 18%-28%. The expansion agent used in this test is
UEA-type expansion agent produced by Shandong Yantai
Hongxiang Building Materials, with an alkali content of
0.3%, and the recommended dosage is 0.3%-0.5%.

3.2. Experimental Process. First, the density test and the spe-
cific surface area test are carried out. The density of mineral
blends is measured by liquid displacement method. After
high-temperature drying, it is cooled in a dry environment
and then wiped clean with filter paper, and 80 g sample is
taken out. Put it in a pycnometer, use ultrasonic vibration
to completely eliminate air bubbles, and use formula to cal-
culate density. After calculating the mass of the material in

the same way, put it into the FBT-9 full-automatic specific
surface area tester for repeated calculations.

ρ = p
v2 − v1

,

W = ρV 1 − εð Þ:
ð1Þ

Subsequently, add nanocomposite materials and con-
crete for mixing; first, add water and disperse in ultrasonic
for 6 minutes; then, add cement, mineral admixtures, and
additives; stir for 2 minutes at different mixing speeds; and
place them in the curing room for curing after vibrating.
You can get the bulk density and porosity of the sand. As
we all know, the comprehensive performance of concrete
can be reflected by slump, so the test of concrete slump is
also essential. According to the “Standard for Test Methods
of Mechanical Properties of Ordinary Concrete” (GB/
T50081-2002), the pressure resistance test is carried out.
The sample is placed directly under the testing machine until
the sample structure is broken, and the average value is
obtained after repeated testing. In the process of testing the
chemical shrinkage test of cement, test pieces are made with
the help of molds. After the test pieces are formed, they are
cured in a standard curing room and then, the molds are
removed. The shrinkage test pieces are placed in a constant
temperature and humidity room for curing, and then put
the test piece into it. Read the dial indicator value after the
specimen rack.

Finally, the results can be obtained by analyzing various
data. The added nanocomposite silica itself also has stronger
pozzolanic properties. During the production process, it
speeds up the setting time of concrete and increases the

Table 1: Properties of cement.

Setting time Stability
Compressive strength

(MPa)
Flexural strength

(MPa)

Initial setting Final coagulation
Qualified

3 d 28 d 3 d 28 d

2 h 30min 3 h 42min 22.3 50.1 5.4 8.9

Table 2: Physical properties of mineral blends.

Nature Fine aggregate Coarse aggregate

Specific weight (t/m2) 2.62 2.6

Bulk density (t/m2) 1.50 1.58

Void ratio (%) 42 38

Water absorption (%) 2.2 0.6

Crushing value (%) 1.2 0.35

Silt content (%) 2.9 1.1

Fineness modulus 2.5 1.3
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toughness of the surface. The induction period of cement
hydration exotherm can also be shortened by using nanosi-
lica. In contrast, other mineral blends have not achieved this
effect. Although the shrinkage time is accelerated to a certain
extent, the compactness and uniformity need to be
improved.

3.3. Experimental Significance. Through the above experi-
ments, it can be known that the use of nanocomposite build-
ing materials can promote the process of cement hydration,
increase the shrinkage of cement-based materials, and
promote the hydration reaction of cement at the same time.
Cement-based composite materials refer to Portland cement
as the matrix and alkali-resistant glass fibers, general-
purpose synthetic fibers, various ceramic fibers, high-
performance fibers such as carbon and aramid, metal wires,
and natural plant fibers and mineral fibers as reinforce-
ments, a composite material formed by adding fillers, chem-
ical additives, and water through a composite process [23,
24]. This shows that the current concrete-based architectural
design ideas can be improved, and environmentally friendly,
novel solutions can be added to match the nanocomposite
materials that meet the quality requirements. As a basic issue
of architecture, materials have always been the core of archi-
tectural design research. The selection of building materials
is not only the use of different construction requirements
and material characteristics but also the embodiment of
architectural design and cultural skills. The architectural
design displayed by different building materials is also very
different. Therefore, in modern architectural design, the nat-
ural properties of the material and the emotional cognition
of the material itself are equally important. Only in this
way can we be comfortable in architectural design. Only
when the professional skill attributes of architectural design
and emotional belonging are integrated it is possible to make
progress in the inheritance of traditional culture, science and
technology, and concepts in architectural manufacturing.
Therefore, the use of new materials, including nanocompos-
ite building materials, is an innovation in life concepts and
design concepts, which is particularly important for
designers to grasp the relationship between architecture,
space, and materials. At the cultural level, the continuous
adjustment of architectural design is the development of
design ideas and the enrichment of the practical process.
The perfect combination of material materials and structural
construction, as well as the natural environment, achieves
practical, cognitive, and aesthetic social functions.

4. Data Analysis

As shown in Figure 1, the degree of shrinkage of cement is
different according to different degrees of nanocomposite
materials. With the increase of time, the change gradually
increases. The chemical shrinkage without addition is a
normal change, and the degrees of shrinkage are, respec-
tively, 0ml/g, 1.5ml/g, 2ml/g, 2.3ml/g, 2.5ml/g, and
2.6ml/g. When the blending amount is 0.3%, the degree
of shrinkage is 0.1ml/g, 1.75ml/g, 2.2ml/g, 2.5ml/g,
2.7ml/g, and 3.2ml/g, respectively. It can be seen that with

the increase of time, the small amount of addition does
not change much at the beginning, but after 50 hours,
the gap begins to widen. When the blending amount is
0.6%, the degree of shrinkage is 0.15ml/g, 1.9ml/g,
2.5ml/g, 2.8ml/g, 3.5ml/g, and 4.0ml/g, respectively.
When the blending amount is 0.9%, the degree of shrink-
age is 0.3ml/g, 2ml/g, 2.6ml/g, 3.2ml/g, 3.9ml/g, and
4.2ml/g, respectively. These two compare at 40 hours.
There have been different changes in growth rate. When
the blending amount is 1.2%, the degree of shrinkage is
0.45ml/g, 3ml/g, 3.8ml/g, 4.3ml/g, 4.6ml/g, and 5.1ml/g,
respectively.

The use of nanocomposite building materials can pre-
pare excellent fiber membranes, which can effectively purify
indoor air while adsorbing harmful components. As shown
in Figure 2, the fiber membrane made of metal honeycomb
mesh has a filtration efficiency of only 72% for PM2.5. The
polypropylene nonwoven fabric made of nanoparticles can
intercept 99.7% of particulate matter when filtering PM2.5
and more embodies the environmental protection character-
istics of architectural design. The fiber membrane made of
polyester fiber material can achieve 86.7% of filtration effect,
which is far inferior to nanomaterials. In addition, the use of
glass fiber materials can intercept 84.5% of particulate mat-
ter, while polystyrene can achieve a filtering effect of
69.8%. The comparison shows that in the future, under the
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Figure 3: Nanocomposite fiber membrane under an electron
microscope.
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environmental protection and green architectural design
concept, nanocomposite building materials will definitely
access to a broad market.

As shown in Figure 3, the observation and research
using an electron microscope can find that when the sam-
pling speed is controlled to 1.0ml/h, the particulate filter-
ing polylactic acid material has extremely strong stability.
Due to the low boiling point of chloroform, it is volatile
and therefore, it will cause holes on the fiber surface. This
creates a resultant force with balance properties during
use. Under the same conditions of temperature, humidity,
and spinning speed, the increase in voltage has a small
effect on the diameter, but it will affect the depth of the
hole. With the increase in voltage, the more obvious the
hole formation, the deeper the hole depth and the hole
and the clearer the interface. Under the same temperature,
humidity, and voltage conditions, the injection speed has a
small effect on the hole size and depth but has a greater
effect on the fiber diameter. The fiber diameter increases
as the injection speed increases. The high-quality proper-
ties of nanocomposite materials can resolve external influ-
ences and ensure the stability of the overall structure.

As shown in Figure 4 (figure from http://www.baidu
.com/), by exploring the thermogravimetric analysis after
the fusion and curing of nano-carbonic acid and phenolic
resin, it can be seen that the thermal stability of nanocom-
posite materials is enhanced when making building mate-
rials, and the heat loss is low. On the whole, in the
experimental environment, the three curves are in a state
of weight loss as the temperature increases. At the starting
temperature, the initial weight loss temperature is not
much different, all of which are 100%. The first curve
changes. It is 98%, 90%, 65%, 46%, and 44%. The second
curve has a heat loss mass percentage of 49% at 800
degrees, and the third curve has a heat loss mass percent-
age of 44% at 800 degrees. In comparison, the slope of the
first curve is small, indicating that the thermal reaction
rate of the modified sol system becomes smaller, so that
it is sufficient to obtain the thermal stability of the nano-
carbonate and acid resin system after the modifier is
added. There is increased performance and less heat loss.

5. Conclusion

With the continuous growth of the economic level and the
improvement of the construction level, people’s require-
ments for buildings are also constantly updated, which
affects the development of architectural concepts, architec-
tural design, building materials, and construction. Infra-
structure construction is also an important industry for the
development of a country’s national economy, so the
demand is very broad. In the current construction industry
in most countries, the consumption of building materials
accounts for more than half of the total consumption. 52%
of the huge demand and consumption is concentrated in
steel and cement. Therefore, the improvement of building
materials will not only change the style of building design;
it will promote the safety, applicability, and durability of
engineering buildings. As an important branch of ecological
environmental materials, according to its meaning, ecologi-
cal building materials should refer to the coordination with
the ecological environment in the process of material pro-
duction, use, disposal, and recycling, to meet the minimum
resource and energy consumption, minimum or no environ-
mental pollution, and the best use performance; the highest
recycling rate requires the design and production of building
materials [25, 26].

Inferred from the current development speed, the
problem of building energy consumption has gradually
become an urgent problem that needs to be solved. It will
not only cause a certain degree of waste but also cause con-
siderable pollution to the environment. Therefore, under the
influence of various conditions, new building materials
occupy an increasingly important position. Many countries
in the world have listed nanotechnology as an important
national basic project. Although nanotechnology has not
yet been widely applied to the market, a large amount of
basic research has been completed at the technical and the-
oretical level, and some cutting-edge technologies have grad-
ually been applied to cutting-edge fields. However, there are
still some technical problems that have not been well
perfected, such as how to control the structure and perfor-
mance of nanomaterials. The cost of nanocomposite
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building materials in modified concrete and architectural
coatings is very high, and it will take time to fully apply.
As a new discipline, nanotechnology will inevitably affect
all areas of society, and it will inevitably have an inestimable
effect on the performance improvement and use of tradi-
tional building materials. Nanocomposite building materials
conform to the development trend of economy, environ-
mental protection, green, and energy saving and have
become the top priority of current architectural design con-
siderations in the future and represent the future develop-
ment prospects of the construction industry. At present,
the nanocomposite building material system that has been
timed is complete and diverse, and its share in the market
continues to expand. With the promotion of China’s sus-
tainable development strategy and the development of the
construction field, new building materials will surely have
their unique advantages in the construction industry, shine
brilliantly, and promote human development and progress.

Architecture, as a special expression of culture and his-
tory, integrates the national and ethnic styles and the cus-
toms of various regions in the early design stage. In the
architectural design process, we must fully consider the cul-
tural connotation and the future direction of architectural
manufacturing. The performance of architecture should
reflect the humanistic spirit of different times. Material is
the material carrier of the building and through it reflects
the spiritual temperament that the building should have.
With the development and development of new technolo-
gies, architectural design has made great breakthroughs in
the way of expression, giving designers more imagination.
On this basis, the current materials should be used opti-
mally, their shortcomings should be reasonably compen-
sated, strengths should be used to avoid weaknesses, and
the synchronization of the times should be emphasized.
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With the development of society, people’s purchasing power is gradually increasing, and more and more people choose to buy
handicrafts. The popularity of handicrafts has also promoted the development of production technology and production
materials, and high-quality handicrafts are most favored by consumers. As an enduring material, ceramics are also under
continuous development. This article is aimed at studying nanoceramic materials and gaining a detailed understanding of the
classification, structure, and manufacturing process of nanoceramic materials. In the experimental stage of this article, through
the analysis of whether nanoceramic materials and technology are used in modern crafts, it is verified whether nanoceramic
materials contribute to the advancement of modern craft design and the growth of product sales. This article shows through
experimental research that the application of nanoceramic materials to handicrafts can not only increase its sales by more than
30% but also increase its sales unit price by 36%.

1. Introduction

People need materials in order to make products. In product
design, material is the most basic thing to ensure the func-
tion and shape of the product. Regarding the definition of
matter, it generally refers to the raw materials used by
human beings as objects, which are the basis for the exis-
tence of all natural and artificial objects. Since the beginning
of the Neolithic age, humans made stone tools consciously,
so the design and materials were closely integrated. Design
is an engraving activity with dual functions of material and
spirit, physiology, and psychology. Material is the basic con-
dition for realizing design. More than a century later, the
development classics of product design reflect strong nation-
alization and various languages and cultural contents, with
rich spiritual and cultural connotations. There are many
types and quantities of materials suitable for modern prod-
uct design. People have used ceramics as raw materials for
a long time. Silicon has long been one of the most basic
raw materials for making ceramic materials. With the con-
tinuous innovation of society, most of the new ceramic

materials and ceramic products are mainly composed of
pure oxides, carbides, and nitrides. In the era of modern
industrial production, ceramics still bear an important role
and mission in modern product design by virtue of its
unique color, texture, and inherent quality. Handicraft refers
to the art of handicraft with a unique style. It is different
from the arts and crafts that mass produce standardized
daily use handicrafts by means of large-scale industrial
mechanization. Handicrafts refer to products made purely
by hand or with the help of tools.

Decorative art is a bridge connecting human spiritual
civilization and material civilization. Ceramic art is a for-
mal feature. It not only embodies the value of beauty in
appearance but also embodies the craftsmanship and pro-
duction technology of people to create beauty. At the same
time, the combination of craftsmanship and decoration
needs to be manipulated through artistic techniques to
get its exquisite artistic effect. More and more people are
pursuing ceramic art. Our ideal lies in its changes. We
use the beauty created by ceramic art to embellish people’s
daily life environment, improve people’s lives, and further
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enhance people’s artistic vision. Ceramic art is designed to
meet the material and spiritual requirements of the people
in their work and life. Indeed, as a product of traditional
Chinese culture, ceramics have undergone continuous
development, change, and innovation of decorative pat-
terns in the early lacquered pottery era. The materials
and technology of ceramics and the continuous update
and progress of craftsmen reflect the diligence and wisdom
of the Chinese people. It has become China’s far-reaching
cultural heritage. Of course, we should look at the main-
stream of Chinese traditional culture and the fundamental
source of national culture. The continuation of this tradi-
tional culture and the continuity of the evolution of
totems depend on the study of decorative images that
are close to the reliability of human life and art. All in
all, the application of ceramics in the design of modern
industrial products shows its unparalleled charm and
appeal. Modern ceramic decoration design is inseparable
from the trend of the times, modern craft materials, tech-
nology, and aesthetic preferences. We must keep pace with
the times, grasp the requirements of the times, grasp the
market and technical information of modern ceramic art
and crafts, and strive to create more and more updated
ceramic products. The design of modern art and crafts
needs to combine the completion of ceramic art with art
and then make new features of pottery.

With the continuous development of society, ceramic
materials and their production technology are also constantly
evolving. Simonenko et al. stated that nanocrystalline (19nm)
silicon carbide powder is made by combining the sol-gel treat-
ment of the finely dispersed and chemically reactive SiO2-C
system with the carbothermic synthesis under vacuum
medium temperature (1400°C). Porous ceramic materials
can be produced by hot pressing methods [1]. In addition to
porous ceramic materials, Scribot et al. have shown through
experiments that using red mud and broken glass soda as
raw materials, heat treatment at 600-800°C for 1 hour can also
successfully synthesize new foamed geopolymer materials [2].
In the research on the production of ceramic materials,
Kairakbaev et al. used theMossbauer effect to establish the dis-
tribution of iron ions during the firing of acid-resistant
ceramic materials using production waste as raw materials.
Studies have shown that by calculating the area of the double
peaks of the spectrum, the iron compounds on the surface of
the studied sample are mainly represented by hematite. In this
case, the acid resistance of the sample is reduced [3]. At the
same time, in the further development of ceramic materials,
Baranova and Valiakhmetov have shown through continuous
practice results that through the minimum preparation of raw
materials used, a corundum material with high thermal
stability can be obtained. The corundum material can be used
to produce the parts of the molybdenum heater insulator in
the voltage stabilizer furnace for the stabilizer casting blade
made of high-temperature alloy [4]. Through the continuous
advancement of ceramicmanufacturing technology, the devel-
opment of nanoceramic materials is getting faster and faster.
Yin et al. prepared Al2O3-based micro-nano-composite
ceramic tool materials by hot pressing. The tribological behav-
ior and wear mechanism on metals (stainless steel, chromium

steel) and cemented carbide (Si3N4) were studied. Yin et al.’s
research shows that when it rubs with stainless steel, the fric-
tion coefficient is the smallest and the wear rate is the largest
[5]. With the continuous development of nanoceramic pro-
duction technology, the use of nanoceramics in various fields
is also becoming wider and wider. In medicine, Liu et al. said
that the nanoceramic coating on the surface of titanium-
based metal implants is a potential clinical choice in orthope-
dic surgery. Stem cells have been found to have osteogenic
ability, and it is necessary to study the effect of functionalized
nanoceramic coatings on stem cell differentiation and prolifer-
ation in vivo [6]. In the application and research of ceramic
crafts, Ivkovi et al. studied Belgrade ceramic craftsmanship
and craftsman’s archaeology through ceramic petrography
and chemical analysis, as well as the production technology
of these porcelains, including ceramic bodies, slips, and glazes.
And use the chaîne opératoire conceptual framework to
explain the results [7]. Although ceramic manufacturing tech-
nology and manufacturing processes are beginning to be used
in more and more fields, the cost of production and use of
ceramic materials is much higher than that of other materials,
and ceramic materials require high technical levels of produc-
tion, especially nanoceramics. It needs to use the latest produc-
tion equipment for production, the production cycle is long,
and the cost is high.

The innovation of this article is to incorporate modern
nanoparticle ceramic technology into the design of modern
handicrafts and to apply advanced nanoceramics to the
design of contemporary handicrafts, so that contemporary
handicrafts can fully demonstrate the beauty of the fusion
of modern technology and modern design. I mainly
researched the characteristics and production technology of
nanoparticle ceramics to find the most suitable ceramic
materials for contemporary handicraft design, so as to better
promote the design and promotion of modern industrial
products. Because of its high strength, high hardness, corro-
sion resistance, high temperature resistance, and other char-
acteristics, ceramic materials have become the development
center of new materials and received extensive attention,
and the application field is also expanding.

2. The Application of Nanoparticle Ceramic
Materials in the Design of
Modern Handicrafts

2.1. Ceramic Materials. Ceramic materials are one of the
most common materials in daily life and play an important
role that most materials cannot replace in people’s daily
work and life. Because of its fragile surface, the ceramics that
people produce early have the shortcomings of fragility and
low flexibility. With the large-scale application of nanocera-
mic technology in ceramic production, we hope to produce
ceramic materials with higher strength, better flexibility,
and wider applicability, such as ceramics that can be used
for metal preparation [8, 9]. Nanoceramics are a new type
of ceramic material that appeared around 1970. The devel-
opment of nanotechnology means that the microstructure,
grain boundaries, and particles of ceramic materials have
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changed. All of these are to improve the compression resis-
tance, foldability, and plasticity of the material. Ceramic
engineering has overcome many shortcomings, which have
important effects on electrical, thermal, magnetic, optical,
and other mechanical properties. Nanoceramic materials
have gradually become engineering materials that can
replace traditional industries [10].

2.1.1. Preparation of Nanoceramics. Different from tradi-
tional ceramic sintering, in the process of nanoceramic sinter-
ing, cutting countermeasures must be studied in order to
control particles [11]. The special sintering method of nano-
ceramics can control the size of nanoceramic particles, so as
not to have a serious impact on the inherent characteristics
of nanoceramics after growth [12]. As shown in Figure 1, there
are mainly four methods.

2.1.2. The Structural Foundation and Basic
Performance of Ceramics

(1) Ceramic Material Bonding Bond. Chemical bonding is
divided into strong bonding and weak bonding. Among
them, strong bond refers to metal bond, covalent bond,
and ionic bond, and weak bond generally refers to hydrogen
bond and van der Waals bond [13]. Most people think that
covalent bonds and ionic bonds are the most important
structural combination of ceramic materials. However, after
detailed investigation and research, they will find that the
bonding properties of ceramic materials vary widely, and
there are usually many intermediate types of ceramics. Usu-
ally people can judge the degree of ion binding by using elec-
tronegativity [14]. The ratio of ion bonding in the ceramic
structure composed of two elements a and b can be calcu-
lated from the formula given in

M = 1 − exp −
Xa − Xbð Þ

4

� �
: ð1Þ

In the formula,M is the ratio of ion binding components
and Xa and Xb are the electronegativity of element a and
element b, respectively. In the formula, if the difference
between Xa and Xb is greater, M is greater. That is, the ratio
of ion binding becomes larger. Conversely, the smaller the
difference between Xa and Xb, the smaller M is. In other
words, the proportion of covalent bonds becomes larger
[15]. When Xa = Xb, the measured ceramic materials are
all covalent bonds, and there are no ionic bonds. In general,
the ion bonding ratio of oxides is higher than the ion bond-
ing ratio of carbides, and the ion bonding ratio of nitrides is
higher.

(2) Pauling’s Rule. The most basic characteristic of Pauling’s
rule is to use positive ion coordination polyhedrons as the
basic structural unit instead of the common lattice structure
as the basic structural unit. Therefore, when studying its
complex structure, the unit presented by it has its own
uniqueness [16]. This rule plays a very important role in
understanding the structure of ionic crystals, and it also

plays a great reference for crystals with covalent bonds and
ions. However, this rule is not suitable for crystals with a sin-
gle structure [17]. There are 5 rules in total, which are
imported as described in Figure 2.

The first rule: the positive ion is in the center, surrounded
by many negative ions to form a polyhedron. The algebra of
the radius of the positive and negative ions determines the dis-
tance between the positive and negative ions. In actual prac-
tice, most of the time ions are described as spheres with a
fixed volume. A+ and A− represent the radius of positive and
negative ions, respectively, and the coordination number of
positive ions can be represented by the value of A+/A−. Put
positive ions into a gap smaller than its volume to form a sta-
ble structure. In particular when the size of the positive ion is
consistent with the size of the gap, the formed structure is very
stable. Conversely, if the size of the gap is larger than the size of
the cation, the structure formed will become unstable [18].
Table 1 shows the relationship betweenA+/A− and the coordi-
nation number.

The second rule: electricity tariff rules. This rule firstly
plays a decisive role in the distribution of the number of ver-
tices and polyhedrons and secondly determines whether the
result of studying a certain crystal is stable. This rule shows
that there is also a certain algebraic relationship in the crys-
tal structure; specifically, there is a certain relationship
between the values of positive and negative ions [19]. In
other words, the algebraic sum of the electrostatic bonding
strength of the positive ions in the vicinity of the negative
ions to the negative ions is equal to the value of the negative
ions, and the deviation is less than 1/4. The formula for elec-
tricity tariff rules is as follows:

E− =〠
n

Sn =〠
n

E+

W
: ð2Þ

The third rule: the rule of cotop, face, and edge of
polyhedron. The rule is to measure the structural stability
of the crystal from the connection mode of the polyhedron.
Pauling’s law proposes that whether the ionic crystal struc-
ture is stable is subject to the collection of polyhedrons. In
other words, the structural stability of coplanar crystals is
weaker than that of different polyhedral crystals connected
at the edge of a common edge [20]. This is due to the pres-
ence of high valence positive ions in gaps with low coordi-
nation numbers. The intensity of electrostatic coupling can
be allocated to adjacent coordinated negative ions, but it
cannot completely shield the electric field emitted by
positive ions. If the number of common edges between
anion polyhedrons increases, the distance between cations
becomes shorter. At this time, the repulsive force that is
not completely shielded between the cations becomes larger
[21]. In particular, when a plurality of such polyhedrons is
coplanarly connected, the stability of the crystal structure
may decrease. Therefore, the polyhedrons of a crystal with
a stable structure are not the same edge or the same plane
but are formed at the same angle.

3Journal of Nanomaterials
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Figure 1: Four manufacturing methods of nanoparticle ceramic materials.
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The fourth rule: this rule shows that if there are multiple
different cations in the same ionic crystal structure, polyhe-
drons with high atomic valence and low coordination are
likely to fail to connect to each other [22]. For example, in
BaTiO3, the titanium oxide octahedrons are not connected
on the same plane or common edge but connected only at
the upper corners. Fortsulight is divided into tetrahedron
(SiO4) and octahedron (MgO6) two coordination polyhe-
drons, but the Si4+ coordination number is low and the elec-
tricity cost is high, so it is connected by tetrahedron (SiO4)
and separated by octahedron (MgO6) [23].

The fifth rule: saving rules. This rule shows that in the
same ionic crystal, there is a tendency to minimize the num-
ber of different structural units. In other words, cations of
the same type must be in the same coordination environ-
ment [24]. The basis of this rule is the symmetry and period-
icity of the crystal structure. The basic units that make up
the crystal are of different types and large numbers, and
when each basic unit forms its own regularity and periodic-
ity, they will interfere. As a result, a stable crystal structure
cannot be formed.

(3) Typical Crystal Structure. Ceramic structures are gener-
ally more complex, but generally speaking, the following
typical structures are inseparable. This can be considered
the most densely filled voids in which positive ions are filled
into negative ions [25–27]. The following briefly introduces
several typical ceramic structures. The first introduction is
the perovskite-type structure, and its structure is shown in
Figure 3.

The perovskite-type composite compound has the
general formula WTY3, and the coordination number is
W : T : Y = 12 : 6 : 6. The radii QW , QT , and QY of W, T ,
and Y ions have the following relationship:

QW +QY =
ffiffiffi
2

p
QY +QTð Þ: ð3Þ

The above equation is the condition for the spheres of
radii QW , QT , and QY to contact. But in fact, there is a
certain radius difference between the W-site ions and the
oxygen ions, and the T-site ions may not contact the oxy-
gen ions constituting the octahedron [28]. Therefore, the

tolerance of the radius can be expressed by the tolerance
coefficient e, which can be expressed by the following
relational formula:

QW +QY =
ffiffiffi
2

p
e QT +QYð Þ: ð4Þ

The value of e ranges from 0.77 to 1.10. In the case of
e = 0:77 to 1.10, the structure of the WTY3 compound is a
perovskite type. When the value of e is not within this
range, it will change to another crystal structure. In the
case of e < 0:77, it is a ferro-titanium-type structure. In
the case of e > 1:10, there is a calcite or calcite structure.

(4) Basic Properties of Ceramic Materials. Dielectric constant
is the main parameter reflecting the dielectric properties or
polarization properties of piezoelectric smart materials
under the action of electrostatic field ε. Piezoelectric compo-
nents for different purposes have different requirements for
the dielectric constant of piezoelectric smart materials.
When the shape and size of piezoelectric smart materials
are certain, the dielectric constant ε is determined by mea-
suring the inherent capacitance (CP) of piezoelectric smart
materials. In many materials, the specific permittivity is an
indispensable characteristic parameter, reflecting the ability
of the charge storage material. This is closely related to the

Table 1: Relationship between A+/A− and the coordination
number.

A+ to A− radius
ratio

Coordination
number

Coordination
polyhedron

0.000~0.155 2 Dumbbell shape

0.155~0.255 3 Plane triangle

0.255~0.414 4 Tetrahedron

0.414~0.732 6 Octahedron

0.732~1.000 8 Cube

1.000 12 Tetrahedron

Ca

O

Ti

Figure 3: Perovskite crystal structure.
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polarization of the material. The relationship between the
polarization parameter and the specific permittivity R can
be obtained from cloud computing and Mossotti’s equation:

RI − 1
RI + 1 = 1

3R0
〠jN j∝j: ð5Þ

The above formula reflects the relationship between the
polarizability and the specific permittivity, combining the
macroscopic quantity and the microscopic quantity.

The quality factor is a parameter for measuring the elec-
tric field, especially the internal dielectric loss of the medium
in the AC electric field. The quality coefficient Qu is gener-
ally expressed as follows:

1
tan δ

= Qu = ω2
r

2πFY : ð6Þ

It can be concluded from formula (6) that the Qu ∗ F
value is a physical quantity reflecting material loss and an
important parameter to explain the quality of ceramic
microwave dielectric properties. The Qu ∗ F value of
ceramic materials can be increased by selecting suitable
raw materials and improving the preparation and sintering
process. Only an excellent preparation method can ensure
that the dielectric loss of the ceramic is small.

(5) Performance Requirements of Ceramic Packaging
Materials. This package mainly plays the role of transport-
ing and supporting chips and electronic components, con-
necting electronic circuits, sending signals, and protecting
heat dissipation. Therefore, as shown in Table 2, ceramic
packaging materials mainly have electrical and mechanical
requirements.

For packaging materials, the most important require-
ments for electrical properties are dielectric loss and insula-
tion resistance. The dielectric loss can be expressed by the
tangent value of the phase angle of the polarization current
of the delayed material voltage, which is the following rela-
tional formula:

tan A =Wcr: ð7Þ

In the formula, A is the loss angle, W is the signal fre-
quency, and c and r are the circuit distribution parameters.
Over time, the signal sent to the material will disappear in
the form of heat, so especially in high-frequency applica-
tions, it is necessary to reduce the dielectric loss. The signal
transmission speed v can be expressed by equation (8):

v = sffiffiffiffi
εe

p : ð8Þ

2.2. Alumina Composite Ceramic Materials

2.2.1. The Structure, Performance, and Application of Al2O3
Ceramics. At present, Al2O3 ceramics are one of the largest

production and widely used ceramic materials in the world.
Not only is it widely used in the most cutting-edge techni-
cal fields such as national defense and aerospace but also
due to its heat resistance, corrosion resistance, wear resis-
tance, and other characteristics, part of the material made
of it can completely replace part of the metal material.
Through effective dispersion and recombination, nanocera-
mic composites make heterogeneous nanoparticles uni-
formly dispersed and retained in the ceramic matrix
structure, which greatly improves the toughness and wear
resistance and high-temperature mechanical properties.
Nanoceramic materials can not only bend freely without
cracks like metal materials at low temperature but also
carry out mechanical cutting like metal materials and even
make ceramic springs. These excellent mechanical proper-
ties of nanoceramic materials make them widely used in
cutting tools, bearings, automobile engine parts, and so
on. Figure 4 shows the schematic diagram of the micro-
structure of the Al2O3 ceramic-sintered body.

Al2O3 ceramic materials have excellent physical prop-
erties and chemical stability (high mechanical strength,
wear resistance, high temperature resistance, corrosion
resistance, high hardness, excellent insulation properties,
low dielectric loss, etc.). At the same time, Al2O3 ceramics
are widely used in machinery, aerospace, electronic instru-
ments, electric power, and chemical industries.

2.3. Nanoceramic Materials. At present, the preparation of
nanoceramics is still relatively small, but through the efforts
of a large number of researchers, a variety of oxide nano-
ceramics have been successfully prepared, and a perfect
sintering theory has been formed, which provides theoretical
and experimental support for the preparation of BiFeO3
nanoceramics. Compared with the traditional solid-phase
reaction method and rapid liquid-phase sintering method,
it has the advantages of high product particle purity, conve-
nient operation, simple synthesis conditions, and easy
control. The sintering theory and research progress of nano-
ceramics are introduced as follows.

2.3.1. Introduction to the Sintering Theory of Nanoceramics.
At the microstructure level, sintering refers to the process
of powder solid phase material transfer, accompanied by
particle growth and densification. Sintering generally
includes volatilization-condensation, surface diffusion, grain
boundary diffusion, bulk diffusion, plastic deformation, and

Table 2: Properties of ceramic packaging materials.

Nature Specific requirements

Electrical properties
Low dielectric loss

High insulation voltage

Mechanical properties
High mechanical strength

Easy to achieve multiple layers
Flat and smooth surface

Other properties
Easy to metallize

Resistant to oil and chemical corrosion
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other processes. In the process of densification, only particle
diffusion, volume diffusion, and plastic deformation play a
role. In the process of sintering without external stress and
in the densification of ceramics, only particle diffusion and
volume diffusion play a role. Taking the effect of particle dif-
fusion as an example, the rate of change of all particle diffu-
sion can be expressed as follows:

Ac
Ax

WQj = BWQ
αWQ

2πm ∗ r ∗ tð Þ1/2 ∗
ΩN flatEWQ

KY
∗〠B: ð9Þ

Among them, m is the gas constant, t is the absolute
temperature, and Ω is the volume of the unit powder.
The absolute shrinkage is expressed as the sum of grain
boundary diffusion and bulk diffusion, which can be
expressed as

DV
VDt

Dj = B
DV
VDt

WQj + DV
VDt

V =M ∗ R∗〠b: ð10Þ

In the formula, C is a constant related to temperature
and A is the area of grain boundaries. The change of grain

size in the process of grain growth can be expressed by the
following formula:

ER

ET
= LB−A ∗ IB−A + LW ∗ IW + LQ ∗ IQ
� �

B: ð11Þ

2.3.2. Preparation Principle of BiFeO3-Based Nanoceramics

Open stomata

Surface layer

Grain boundary closed pores

Intragranular fold out
phase

Intragranular
closed stomata

Grain

Grain
boundary fold

out phase

Matrix

Grain
boundaries

Figure 4: Schematic diagram of the microstructure of the Al2O3 ceramic-sintered body.

Table 3: The main raw materials used in the experiment.

Drug name
Chemical
formula

Molecular
weight

Specification

Ferric nitrate Fe(NO3)3 404 500 g

Bismuth nitrate Bi(NO3)3 485.07 500 g

Tetrabutyl
titanate

C16H36O4Ti 223 500ml

Ethylene glycol (CH2OH)2 123.22 100 g

Absolute
ethanol

C2H6O 46.07 500ml

Nitric acid HNO3 60.05 500ml
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Figure 5: Preparation flowchart of BiFeO3 nanopowder.
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(1) Experimental materials and experimental equip-
ment, as shown in Table 3

(2) Performance characterization

First, the resistance analysis of the ceramics is carried
out, and the surface of the ceramic samples is ground and
polished and electrodes are covered. Among them, the rela-
tionship between the imaginary part of the impedance and
the corresponding frequency is

X ′′ = r
ωrc

1 + ωrcð Þ2
" #

: ð12Þ

The relationship between the imaginary part of the elec-
tric modulus and the frequency is

T ′′ = ε0
c

ωrc

1 + ωrcð Þ2
" #

: ð13Þ

Among them, ω is the angular frequency = 2πF and εo
= 8:854 ∗ 10−14 F · cm−1 is the dielectric constant in vacuum.
The maximum value of the semicircle is the peak value of the
Debye peak, and the frequency corresponding to the peak
value is

ωMAX = 2πF = rcð Þ−1: ð14Þ

The maximum resistance value r and the minimum
capacitance value c are extracted by the relaxation peaks of
X″ − F and T″ − F. From formula (12), the following can
be obtained:

X′′MAX =
r
2 ,

T′′MAX =
ε0
2c :

ð15Þ

When extracting the contribution of defects to Debye
relaxation, the extracted system grain boundary and grain
conductance can be fitted by fitting, and the relationship
between conductance and temperature obeys the Arrhenius
formula:

α = α0 exp −
Wa
Ki

� �
, ð16Þ

where α is the conductivity, K is the Boltzmann constant,
i is the absolute temperature, and Wa is the activation
energy.

In αð Þ = In αð Þ − Wa
Ki

: ð17Þ

The activation energy obtained by fitting can distin-
guish the dominant defect types of the system. When

extracting the contribution of the defect type to the dielec-
tric relaxation, by fitting the relationship between the
relaxation time T and the reciprocal of the absolute tem-
perature:

T = T0 exp −
We
Ki

� �
, ð18Þ

the relaxation time can be calculated from the fre-
quency corresponding to the peak in the X″ − F spectrum:

T = 1
2πFmax

: ð19Þ

(3) Ceramic preparation process

BiFeO3 and a series of materials derived from it belong
to single-phase perovskite oxide-type multiferroic materials,
with ferroelectric, piezoelectric, dielectric, electrooptical,
ferromagnetic, photovoltaic, and magnetoelectric coupling,
photocatalysis, etc. at the same time above room tempera-
ture effect. It has important application prospects in many
new smart devices. The mixed nitrate solution is prepared
according to the stoichiometric ratio of 1 : 1 of Fe(NO3)
3.9h2o and Bi (NO3) 3.5h2o or Fe2O3 and Bi2O3. Glycine
is added as fuel, 5~10ml of oxalic acid is added for
dehydration, and the resulting solution is put into a micro-
wave oven and heated with 800W power. After evaporating
the water, it is heated for 10~20 seconds. The mixture
undergoes a rapid combustion reaction to obtain loose
nanoparticle powder products. The obtained granular

Table 4: Experimental raw material manufacturers and purity.

Raw material
Material
formula

Production address Purity

Alumina (a1) Al2O3
Imported from

Japan
>99.90%

Alumina (a2) Al2O3
Imported from

Japan
>99.90%

Alumina (a3) Al2O3
Imported from

Japan
>99.90%

Alumina (a4) Al2O3
Imported from

Japan
>99.90%

Alumina (a5) Al2O3
Imported from

Japan
>99.90%

Alumina (a6) Al2O3 Domestic >99.90%
Alumina (a7) Al2O3 Domestic >99.90%
Alumina (a8) Al2O3 Domestic >99.90%
Alumina (a9) Al2O3 Domestic >99.90%
Lanthanum
oxide

La2O Domestic >99.90%

Yttrium oxide Y2O3 Domestic >99.90%
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powder is pressed into small pieces by a tablet press to
obtain a block sample. Then, the bulk sample was sintered
in a microwave oven and quenched to room temperature to
obtain the product with uniform-size BiFeO3 prepared by
this method having high purity, uniform particle size, and
adjustable particle size. BiFeO3 adopts a sol-gel method to
prepare nanopowder, and the preparation process is shown
in Figure 5.

After the dry gel is ground and sieved, it is placed in a
muffle furnace and calcined at 400°C for 2 hours to
completely drain the organic matter and nitrate in the
dry gel and at the same time obtain pure BiFeO3 nano-
powder. The XRD of the nanopowder is shown in
Figure 6.

The preparation process of nanoceramics mainly
includes the preparation, molding, and sintering of nano-
powder. The methods are as follows: (1) settlement method,
(2) in situ solidification method, and (3) sintering or hot
pressing method.

It can be seen from Figure 6 that there is no obvious
second phase in the nanopowder. According to the
Scherer formula,

Q = wy
E cos ϑ , ð20Þ

where Q is the grain size, w is the Scherrer constant
with a value of 0.89, E is the half-height width of the
diffraction peak of the measured sample, θ is the diffrac-
tion angle, y is the X-ray wavelength, and its value is
0.154056nm for the known nanopowder. The grain size
is 15.95 nm.

3. Experimental Design and Result Analysis

3.1. Preparation of Nanoceramics in the Application of
Handicrafts. The preparation methods of nanomaterials
can be divided into physical method, chemical method,

Table 5: Name, model, and manufacturer of experimental equipment.

Experimental equipment name Device model Equipment manufacturer

Density tester DE-120M Hongtuo Instrument Co., Ltd.

Microwave network analyzer 4284A Agilent Corporation

X-ray diffraction analyzer X’pert Pro MPD Netherlands PANalytical

Electronic Vernier caliper 0-150 Chengdu Chuanliang Tools Co., Ltd.

Hydraulic jack machine QYL-32 Shanghai Hunan Jack Manufacturing Factory

Precision electronic balance JA-5003 Shanghai Sunny Scientific Instrument Co., Ltd.

Flowing powder production line and continuous ball mill

Flow-type frit production line and continuous frit kiln

Rotary hydraulic brick press and dry glazing process

Ingredients
Ball milling

Sieved

Test
analysis

Drying

Forming
Sintering

Granulation

Figure 7: Flowchart of ceramic preparation.
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and other methods. Physical methods include crushing
method, deposition method, sputtering method, etc. Chem-
ical methods include sol-gel method, precipitation method,
evaporation solvent pyrolysis method, oxidation-reduction
method, solvothermal method, etc.

LAO3 and Y2O3 have better performance on the absorp-
tion and emission peaks of transparent ceramics, while
BiFeO3 is not suitable for application in this field. The main
raw materials used in this experiment are high-purity Al2O3,
La2O3, and Y2O3 with different particle sizes from different
manufacturers. The name, molecular formula, manufac-
turer, and purity are shown in Table 4.

After calculating and weighing the raw materials, use the
solid-phase sintering method to prepare Al2O3 ceramics, test
the sintered samples, and perform performance analysis.
Table 5 shows the main equipment and test equipment used
in the entire preparation and testing process.

This article uses the most commonly used solid-phase sin-
tering method in industrial production to prepare 99 alumina
ceramics. The ceramic preparation process is shown in Figure 7.

The advantages of the solid-phase reaction sintering
method for preparing ceramic samples are as follows: the
experimental conditions are easy to control, the preparation
process is relatively simple, the cost is relatively low, and the
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Figure 8: Al2O3 ceramic dielectric performance test results.
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chemical composition of the raw materials of this method is
uniform, easy to popularize, and suitable for large-scale indus-
trial production; the disadvantage is that the calcination tem-
perature is high and energy consumption is high. It is easy to
introduce impurities during the grinding process, and the pro-
cess parameters are more complicated.

3.2. Preparation Results of Nanoceramics in the Application
of Handicrafts. In this section, the solid-phase reaction
sintering method commonly used in industrial production
is used to prepare pure Al2O3 ceramics. The raw materials
involved are nine kinds of high-purity Al2O3 powders with
different particle sizes from different manufacturers, num-

bered a1~a9. Using a vector network analyzer, the micro-
wave dielectric properties of the sintered ceramic samples
were tested. The test result is shown in Figure 8.

It can be seen from Figure 8 that as the sintering temper-
ature increases, the relative permittivity and Q × f value of
Al2O3 ceramics numbered a1 to a9 increase. This shows that
as the sintering temperature increases, the pores in the
ceramic are gradually discharged, the grain size becomes
larger, the ceramic compactness becomes better, and the
relative permittivity and Q × f value are closely related to
the density and grain size of the ceramic material. It can be
seen from Figure 8(b) that the Q × f value of a3 Al2O3
ceramics is much higher than that of the other 8 Al2O3
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ceramics. Compared with other Al2O3 ceramics, it exhibits
extremely excellent microwave dielectric properties.

The density test was performed on the ceramic samples
after sintering. Figure 9 shows a graph of the density and
dielectric constant of Al2O3 ceramics as the sintering tem-
perature changes.

As shown in Figure 9, it can be seen that the ceramic
becomes dense with the increase in the sintering temperature,
and its density increases with the increase in temperature. At
the same time, with the increase in MgO doping amount, the
density of ceramic samples increased first and then decreased.
At 1530°C, when doped with 0.15%MgO, the density of Al2O3
ceramics reached the maximum 3.961g/cm3.

Then, use the vector network analyzer to test the micro-
wave performance of the sintered ceramic samples. As
shown in Figure 10, the ceramic O ∗ F constant value
changes with the sintering temperature:

It can be seen from Figure 10 that as the sintering tem-
perature increases, the ceramic density gradually increases,
the relative dielectric constant also increases, and the Q × f
value of MgO-doped Al2O3 ceramics increases. Since the rel-
ative permittivity of MgO is 9.7, the relative permittivity of
pure Al2O3 ceramics is relatively close, and the amount of
MgO doped is small, it has little effect on the relative permit-
tivity of MgO-doped Al2O3 ceramics.

3.3. The Application of Nanoparticle Ceramic Materials in
the Design of Modern Handicrafts. Through the investigation
and analysis of the sales volume of some modern handicrafts
made with nanoceramic materials and the sales volume of
traditional handicrafts, Figure 11 is obtained.

From the data in Figure 11, it can be concluded that not
only has the sales volume of handicrafts using nanoceramic
materials increased greatly but also the average sales volume
is more than 35% higher than that of handicrafts made of
ordinary materials, and the selling price is due to the use
of new materials. The new production process has also
increased the price of a single product. According to a com-
prehensive analysis, the average selling price of crafts using
nanoceramic materials is at least 40% higher than that of tra-
ditional crafts.

4. Discussion

This article is devoted to the research of nanoceramic mate-
rials and applies them to modern handicrafts. This article
discusses the production process, manufacturing technique,
and manufacturing materials of nanoceramic materials.
While discussing, we will also apply it to our modern hand-
icrafts in the experimental stage and then conduct research
and analysis on the sales volume and sales of modern hand-
icrafts, so as to better explore the use of nanoparticle
ceramics in modern handicrafts. In addition, this article
mainly conducts sufficient research on the different forging
methods of nanoceramics and conducts experiments on
nanoceramics in terms of dielectric loss and temperature
resistance. The experimental results in this article also show
that nanoceramic materials have a wear resistance, high tem-
perature resistance, corrosion resistance, hardness, insula-

tion performance, dielectric loss rate, and other aspects
superior to ordinary ceramic materials.

The analysis of the experimental cases in this article
shows that the performance of nanoceramic materials is
much better than that of other materials, and its use in mod-
ern handicrafts has also been favored by most consumers.
Modern handicraft design and production manufacturers
can make full use of the existing nanoceramic technology
and integrate it into the design of handicrafts. Of course,
enterprises can also choose good production materials and
production techniques according to their own conditions
to help them develop better.

In this paper, the production of nanoceramics is firstly
studied, and the raw materials that are more suitable for
the production of nanoceramics are obtained through exper-
iments, and then, the nanoceramic materials after the
improvement of production are studied, and the nanocera-
mic materials that are more suitable for use in daily life are
selected. Finally, through the research on the sales and price
of handicrafts using nanoceramic materials in daily life, the
survey results show that not only can modern handicrafts
using nanoceramic materials occupy a 30% advantage in
sales but also it is better than traditional crafts.

5. Conclusions

Through the analysis of this case, the following conclusions
can be drawn: modern handicrafts designed and manufac-
tured using nanoceramic materials can not only increase
the sales and selling prices of modern handicrafts by more
than 30% but also increase the use value and ornamental
value of the products. There has also been a qualitative leap
in collection value. As one of the three main materials,
ceramic materials are world-renowned as unique craft build-
ings. Modern handicraft design is an important carrier
reflecting its culture. Excellent handicraft design should not
only reflect the uniqueness and superiority of product infor-
mation but also use cultural connotation to highlight the
taste, grade, and value of the design. While modern handi-
craft design reflects contemporary culture, it is also the
demand for modern design innovation in terms of the
expression strategy of design creativity, the shaping of the
brand image, and the ecological design concept of materials.
For example, in this case, the merchants who use nanocera-
mic materials to design and produce modern handicrafts,
because of the use of nanoceramic technology, make their
product sales, and sales prices have a great leap. It can be
seen that the average selling price of handicrafts using nano-
ceramic materials is at least 40% higher than that of tradi-
tional handicrafts.
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If the load exercise exceeds a certain degree, it will lead to sports injury. The main reason for this phenomenon is that the human
body produces a lot of free radicals after sports training. Free radicals can attack human cells and cause lipid peroxidation to
damage cell membrane. The human body can improve the antioxidant capacity of the body by supplementing some trace
elements. Selenium, iodine, zinc, iron, and calcium are all trace elements that contribute to antioxidants in the body.
Nanoselenium is of great interest among many immune modulators because of its high antioxidant properties and remarkable
immune protective function. In this paper, grey rabbits were used as the research object to carry out aerobic endurance
training. Nanoselenium and placebo were supplemented in each group. The evaluation model of nanoselenium on aerobic
endurance exercise was established by system control method, exhaustion compensation method, and analytic hierarchy
process. The adaptive changes of nanoselenium on aerobic endurance exercise of grey rabbits were studied in detail, and the
effects of exercise and antioxidant on the body were observed. Compared with the previous research methods, the difference is
that the decentralized control theory is introduced as the guiding ideology of the research. According to the experimental
results, the accuracy of the overall experimental results is improved by about 20%, and the accuracy is higher, which has
certain practical value.

1. Introduction

Selenium is one of the essential trace elements for human
body, which is crucial for human survival and development.
As an emerging bionanotechnology, research on the prepa-
ration of selenium nanoparticles is gaining more and more
attention and has a broad application prospect. After exer-
cise training, the human body will produce a lot of free rad-
icals, such as oxygen free radicals and hydroxyl radicals,
which have high oxidation activity. They are very unstable
and highly active. They attack cell membrane and mitochon-
drial membrane and react with unsaturated fatty acids in
membrane, resulting in enhanced lipid peroxidation and
changes in membrane fluidity and permeability. This
destroys the integrity of cell membrane structure. Lipid per-
oxidation injury of cell membrane is an important mecha-
nism of exercise-induced fatigue and injury. In order to
eliminate sports fatigue and quickly reduce sports injury
and improve the body’s sports ability, we must try to reduce

the production of excessive free radicals in the body or
increase the body’s ability to remove free radicals.

The production of reactive oxygen species (ROS) can
cause serious oxidative damage to proteins, lipids, and geno-
mic structures. Shirvani et al.’s study showed that the pro-
duction of reactive oxygen species increased during high-
intensity exercise training. The purpose of Shirvani et al.’s
study was to investigate the effects of high-intensity inter-
mittent training on the levels of 8-oxoguanidine DNA glyco-
sidase (OGG1) and 8-hydroxy-2′-deoxyguanosine (8-
OHdG) in brain and liver tissues [1]. In Shubhangi et al.’s
study, Shubhangi et al. reported (a) the biosynthesis of sele-
nium nanoparticles (SE NPs) and (b) the protective effect of
selenium nanoparticles on broilers [2]. An effective bacterial
strain isolated from farmland soil has been identified as pan-
toea aggregate (GenBank: KU500622). It can tolerate high
concentration of selenium dioxide (9mm) and produce sele-
nium nanoparticles under aerobic conditions. The results
show that the selenium nanoparticles are amorphous and
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spherical, and the particle size is less than 100nm. Shub-
hangi et al. studied that selenium NP supplementation could
significantly restore these values in the control group, even
higher than that in the control group. Efruxifermin (EFX)
is an Fc-FGF21 fusion protein. The adverse effects of EFX
were prevented by simultaneous exposure to selenium nano-
particles (0.6mg per kg feed) in poultry feed. Maynar et al.
studied the changes of serum copper, chromium, manga-
nese, nickel, and selenium contents of high-level athletes
[3]. Before the training, 80 professional athletes with differ-
ent metabolic patterns were recruited. The control group
consisted of 31 sedentary participants from the same geo-
graphical area. Copper, chromium, manganese, nickel, and
selenium were analyzed by inductively coupled plasma mass
spectrometry (ICP-MS). Selenium ecotoxicology is one of
the most famous examples of the effects of biotransforma-
tion and food chain transfer of toxic elements on the envi-
ronment. However, it has been gradually recognized that
biotransformation of selenium by microorganisms and
plants may also be the key to in situ bioremediation of sele-
nium pollution in large-scale situations (such as agricultural
drainage systems). A kind of euryhaline algae (Chlorella vul-
garis) was isolated from the wastewater containing selenium.
The aerobic biotransformation activity of Chlorella vulgaris
to seleno anion was studied by GCMS and multinuclear
magnetic resonance (NMR). Fan et al. found that the algae
were active in the volatilization of alkyl selenides, the pro-
duction of hypothetical selenide precursors of alkyl sele-
nides, and the precipitation of selenium, while exhibiting a
very low accumulation of toxic selenomethionine in free
form. Therefore, this kind of microalgae is of great signifi-
cance for in situ bioremediation and biogeochemical cycle
of selenium in contaminated saline alkali soil [4].

So far, different bacteria have linked selenite resistance
with the production of metal selenium nanoparticles (senps).
Although senps have many biotechnological applications in
different fields, the molecular mechanism of their microbial
genesis has not been fully understood. Alpaca is a physiolog-
ically multifunctional β-protein associated bacterial group
[5]. Here, Tan et al. reveal another physiological characteris-
tic of CIB strain, which is related to its resistance to seleno
anion and the formation of senps. Selenium oxygen anion
reduction is an effective detoxification or assimilation pro-
cess in organisms, but its mechanism is poorly understood
[6]. Se (VI)/SE (IV) was reduced to selenium nanoparticles
(senps) with less toxicity. For se (VI) reduction, sulfate
reduction and Se (VI) reduction showed a competitive rela-
tionship. When the required sulfate-reducing genes were
destroyed, Se (VI) did not reduce to red senps. Therefore,
the reduction of Se (VI) is catalyzed by enzymes in the sul-
fate reduction pathway. In the aspect of Se (IV) reduction,
SERT, a potential molybdenum oxidoreductase, was
screened and further applied to the analysis of Se (IV) reduc-
tion. Selenite is the main form of selenium in aerobic soil,
but different from selenite, the mechanism of plant absorb-
ing selenite is not clear. Ming et al. studied the effects of dif-
ferent concentrations of selenite and selenite on the
absorption, transport, and selenium forms of wheat through
hydroponic experiment. Nanoselenium (100-500 nm) has

high bioavailability and relatively low toxicity [7]. Gulyás
et al. studied the effects of selenium-free control diet and
nanoselenium diet supplemented with 4.25mg/kg DM on
liver proteome of broilers. Two-dimensional gel electropho-
resis (2D-PAGE) and trypsin digestion (LC-MS) were used
for differential proteomic analysis. A total of 788 protein
spots were detected in the two groups, and the intensity of
18 protein spots was significantly different (P < 0:05). Com-
pared with the control group, the expression of 8 kinds of
proteins was increased, and the expression of 5 kinds of pro-
teins was decreased. The function of the differentially
expressed proteins indicated that dietary stress was caused
by high-dose selenium supplementation. Selenium supple-
mentation can affect the metabolism and antioxidant system
of fatty acids and carbohydrates and increase the content of
actin in cytoskeleton and the expression of actin regulatory
protein [8]. Nanoselenium avoids the side effects of sele-
nium, but little research has been done on the adaptation
of aerobic endurance exercise.

In this paper, the effects of different selenium sources
and selenium supplement time on growth performance,
plasma antioxidant capacity, and tissue selenium deposition
of gray rabbits were studied.

2. Research Methods

2.1. Decentralized System Control Method. In this paper, in
the evaluation model of the effect of nanoselenium on aero-
bic endurance exercise, the transfer function of the con-
trolled object is g ðsÞ = y ðsÞ −U ðsÞ = n ðsÞ −D ðsÞ, and the
control system is K ðsÞ = P ðsÞ −Q ðsÞ. Where n ðsÞ and D ðs
Þ are the zero polynomials and pole polynomials of G ðsÞ,
and the degree of D ðsÞ is not less than the degree of n ðsÞ,
where p ðsÞ and Q ðsÞ are the zero and pole polynomials of
K ðsÞ, and the degree of Q ðsÞ is not less than that of P ðsÞ.
The expression is as follows:

y−1
re
Ð = 1

Are
Ð sð Þ yre

Ð 0ð Þ, ω sð Þ = 1
Aω sð Þω 0ð Þ: ð1Þ

Let the zeros of AðsÞ and AðJÞ lie in the right semiclosed
plane of the complex plane. The least common multiple of
these two polynomials is AðsÞ, as shown in Figure 1.

The connections in Figure 1 are as follows:

e = D sð ÞQ sð Þ
N sð ÞP sð Þ +D sð ÞQ sð Þ yre

Ð −
Q sð Þ

N sð ÞP sð Þ +D sð ÞQ sð Þω

= D sð ÞQ sð Þ
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ð2Þ

In the evaluation model of the effect of nanoselenium on
aerobic endurance exercise, the objective is to make the sys-
tem composed of data of each group form a closed loop, and
the internal stability makes the steady value of output value y

2 Journal of Nanomaterials



independent of the interference factor ω, and track the refer-
ence output value y, which is expressed as follows:

lime tð Þ = lims ⋅ e = 0,∀yre Ð 0ð Þ, �ω 0ð Þ: ð3Þ

The condition for the establishment of formula (3) is
that QðsÞ is divided by both sums. This means that the con-
trol system contains a model of external instability. This cal-
culation method can make the experimental data more
accurate [9, 10].

2.2. Preparation Method of Nanoselenium. Nanoselenium
has higher biological activity than selenium and is the safest
of known selenium products.

Selenium is an essential trace element with a small gap
between effective and toxic doses. Red monomeric selenium
has the same antioxidant, immunomodulatory, and antiag-
ing functions of selenium, but its toxicity is lower than that
of general inorganic and organic selenium. In order to
ensure the stability and reliability of the prepared cross
immunochromatographic strip, the qualified nanomarker
must be stable, economical, and sensitive.

The preparation of nanoselenium requires the purity and
grade of water and reagents. In the process of experiment, it
was found that the size of nanoselenium particles prepared
by ordinary deionized water was not uniform, and the sus-
pension stability was poor. Only by using ultrapure water
of 18.2mΩ can the selenium nanoparticles with uniform
size and dispersion be prepared. In addition, the beaker
and centrifuge tube used in the experiment must be clean
and free of strong ions. Otherwise, the prepared nanosele-
nium solution will become turbid and cannot be used in sub-
sequent experiments. In addition, all reagents must be
analytically pure, and the purity must be greater than
99.7%. The results show that the nanoselenium prepared
by low-grade chemical reagent has irregular morphology
and uneven size, the color development effect of the test
paper is poor, and the sensitivity is low [11].

Nanoselenium has many stabilizers. In this study, BSA,
glucose, gelatin, gum Arabic powder, SDS, PEG, and PVP
were used as stabilizers to prepare nanoselenium. Only glu-
cose, Arabian gum powder, SDS, and SDS + peg can be used
as markers for cross immunochromatography. However, the

performance of the test strips prepared from glucose and
SDS was not stable, and the difference between batches was
large. The preparation of LFICS with Arabic gum powder
as stabilizer requires high protein labeling concentration
and high preparation cost of test paper. When SDS and
peg are used as templates, they are considered to be the
chemical reagents commonly used in the preparation of
LFICS. SDS is an anionic surfactant, which can reduce the
background interference of LFICS and reduce the false-
positive results. Nail is a kind of polymer compound, which
can increase the stability of sol [12, 13].

2.3. Exhaustion Compensation Method. In order to evaluate
the relative biological efficiency of nutrients, depletion com-
pensation method is usually used. The model of nutrient
deficiency was established. Usually, animals are fed on a
nutrient-deficient diet for a period of time and then supple-
mented with different forms of nutrition. According to the
influence of nutrients on the relevant indicators of animals,
determine whether the nutrients are deficient and the effects
of supplements on experimental animals [2, 14].

At present, there are several methods to study the biolog-
ical potency of selenium: (1) isotope tracer method is used to
evaluate the absorption, retention, and excretion of sele-
nium, but the test cycle is relatively short, but the cost is
high. (2) Slope ratio method is a commonly used method
to evaluate the relative biological potency of nutrients, that
is, to select a nutrient form, define its biological potency as
100% and establish a regression curve with nutrients as
reference. According to the reference index, the slope of
nutrient of 20000m3 was calculated, and the relative bio-
availability of nutrient to be tested was obtained. At present,
the slope ratio method is the main method to evaluate the
relative biological potency of selenium, that is, taking
sodium selenite as the standard reference material, the bio-
logical potency of sodium selenite is defined as 100%. The
loss compensation method is used to feed animals with sele-
nium deficiency diet to achieve the effect of selenium defi-
ciency and then add different selenium sources at different
levels or at the same time and at different times Source. By
comparing the relative indexes of selenium, such as the
deposition of selenium in tissues and the activity of GPX
in tissues and plasma, the regression equations of these
indexes with selenium level or selenium supplement time

A (s) D (s)N (s)Q (S)P (s)

A (s)

y

Control system Controlled object

× ×

Figure 1: Relationship diagram of experimental coefficients.
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were established, and then the slope of sodium selenite and
selenium source was compared to determine the relative
value [15, 16]. In this study, we established a model of sele-
nium deficiency in grey rabbits and then added three sele-
nium sources: sodium selenite, yeast selenium, and
biological nanoelement selenium. The effects of three sele-
nium sources on growth performance, antioxidant capacity,
and tissue selenium deposition of grey rabbits were analyzed
to evaluate the relative biological efficacy of biological
nanoelement selenium.

2.4. Analytic Hierarchy Process. Analytic hierarchy process
(AHP) is a multicriteria decision-making method. This
method can combine qualitative analysis with quantitative
analysis. Its basic idea is to decompose complex decision-
making problems in order to obtain an ordered hierarchical
structure. Then, the relative importance of each index is com-
pared in the hierarchical model, and several judgment matri-
ces are constructed. Then, the relative importance weight of
each level element is calculated; finally, according to the total
ranking of each level, the relative weight of all indicators in
the whole hierarchical model is calculated, and the research
problems are comprehensively evaluated. In China, AHP has
been successfully used to solve many problems. To study the
data asset evaluation model, AHP method can be used to
determine the index weight and calculate the complete evalu-
ation model. The local variables of a function are independent
and do not affect each other, and recursion must be approxi-
mated to the condition of exit from recursion, otherwise, it is
infinite recursion. On the basis of strict mathematical theory,
AHP can not only carry out qualitative analysis but also ensure
the effectiveness of quantitative analysis, so the evaluation
results are more convincing [17]. Hierarchical analysis is not
only suitable for situations where there is uncertainty and sub-
jective information but also allows the use of experience,
insight, and intuition in a logical manner.

According to the related theory of AHP, the basic idea of
AHP depends on the nature of the problem and the overall
objective to be achieved, to decompose complex decision-
making problems and get several lower-level indicators.
Then, the hierarchical structure model is established, and
then, the judgment matrix is constructed according to the
structure model. Finally, the weight coefficient of each index
is calculated to sort the total hierarchy.

(1) Establish Hierarchical Model. In the process of ana-
lyzing the hierarchical structure, the most important
step is to establish the hierarchical structure model
of indicators and construct the judgment matrix
according to the structure model. Only after the
judgment matrix has passed the consistency test
can it be analyzed and calculated. The structural
model can be divided into three levels. The highest
level is the target level, which is the purpose and
problem of decision-making. The middle layer is
the factor to be considered in decision-making,
which is the standard of decision-making, and the
lowest level is the alternative scheme of decision-
making. In this paper, the hierarchical model refers

to the hierarchical model constructed by the factors
that affect the value of data assets. In the construc-
tion process, we need to consider the value factors.
Experts, references, and other methods can be con-
sulted to consider [18]. Hierarchical model is the
basis of data asset evaluation model

(2) Establish Judgment Matrix. After the construction
of the hierarchy model, the judgment matrix is
established according to the indicators in the hier-
archy model. The judgment matrix represents the
relative importance of all factors in this layer to a
certain factor in the upper layer [19]. Judgment
matrix has an important impact on the follow-up
results and is also the embodiment of the quantita-
tive nature of AHP. The construction of judgment
matrix can refer to the opinions of experts, and the
elements of judgment matrix can be assigned by
relevant professionals. When assigning values to
the elements of the judgment matrix, the nine level
scaling method can be used (i.e., the relative
importance between indicators is represented by
the number 1 to 9 and its reciprocal), which is also
the most commonly used method in AHP. The
specific scaling method is shown in the table

Hierarchical analysis treats the research object as a sys-
tem and makes decisions according to the way of thinking
of decomposition, comparative judgment, and synthesis,
which has become an important tool of system analysis
developed after mechanistic analysis and statistical analysis.
Based on the number of specific experimental data, the accu-
racy of the data was qualitatively analyzed to verify the valid-
ity of the analysis model. The specific analysis model is
shown in Figure 2.

3. Experimental Design

There were 80 adult male grey rabbits, all of them were in
normal condition. According to the different sampling time,
they were divided into a nonexercise selenium supplement
group, B exercise supplement selenium group, C exercise
group, and D no exercise no selenium supplement group.
According to the time, the test cycle of each exercise group
was controlled. Each exercise group was divided into control
group and Nan Kuang se group, as shown in Table 1.

After adaptive training, the training lasted for 30
minutes, and the running speed was 25 meters per minute.
Exercise six days a week. The temperature is controlled at
20-25 °C. The humidity is 60-80%.

In addition to normal feeding, the rats in the supplement
group were given intragastric administration of 200UG/kg
body weight from 6 : 00 to 8 : 00 every night. The control
group was given placebo at the same time and dose.

According to different sampling requirements, the spe-
cific sampling procedures are as follows: after the grey rab-
bits were killed, the stomach of quadriceps femoris was
taken, the liver was washed with normal saline ~ dried
and weighed with filter paper, homogenized with 0.2mol/
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1 sucrose (pH = 7:5), and centrifuged with (0.005mol/1
trishcl, 0.0001mol/1 EDTA) at 2000 rpm for 20 minutes,
and the concentrations of SOD, MDA, and GSH PX in
the supernatant were measured.

Preparation of 10% liver homogenate: take about 0.1 g
liver, put it into 2mlep tube with steel ball, add 1ml PBS
ice, put it into homogenizer, and homogenize the prepared
homogenate at 4°C. The determination methods of selenium
content in liver homogenate were as follows:

(1) Standard Curve. Take the enzyme plate, add protein
standard solution o, turn 1 and 8 wells into 2, 4, 6, 8,
12, 16, and 20UL in turn, and add deionized water in
each well to make up the total volume of each well is
20″L, and the corresponding protein content is 0,
0.5, 1. 0, 2.0, 4.0, 6.0, 8.0, and 10. The BCA working

solution was prepared according to the standard
curve and sample quantitative preparation method,
in which the ratio of reagent A to reagent B was
50 : 1 and fully mixed

(2) Add 200ml BCA working solution to each well

(3) Shake the enzyme plate for 30s, place it at 37°C for
30min, measure the absorbance at 562 nm, add
20μ l sample, and then add 200 plbca working solu-
tion. After addition, the mixture was fully mixed,
diluted at 37°C for 30min, and the absorbance was
determined at 562 nm

(4) After moderately diluting the sample, add 20 L sam-
ple, then add 200 plbca working solution, fully mix,
incubate at 37°C for 30min, and measure the

Research on experimental data model based on analytic hierarchy process

Research background
and its significance

Experimental data and main
interference factors

Establishment of
experimental analysis

model

Research at home and
abroad

current situation
analysis

Determine research ideas
and framework

Using models case study
analysis

Conclusions and suggestions

Figure 2: Analysis model establishment diagram.

Table 1: Experimental control group.

Grouping Group 1 Group 2 Group 3 Group 4

No movement (A) 5 5 5 5

It is moving (B) 5 5 5 5

Selenium supplement before exercise (C) 5 5 5 5

Supplement selenium after exercise (D) 5 5 5 5
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absorbance at 562nm; according to the absorbance
value of the sample, calculate the selenium content
in the sample through the standard curve

4. The Effect of Nanoselenium on Aerobic
Endurance Exercise of Grey Rabbits

As shown in Table 2, SOD of quadriceps femoris in group C
was higher at rest before exercise, decreased immediately
after exercise, and slightly increased at 2 hours after exercise,
while GSH PX decreased immediately after exercise and sig-
nificantly decreased at 2 hours after exercise, with significant
difference compared with that before exercise; MDA
increased immediately after exercise. 2 hours after exercise,
the value decreased slightly, but still higher than that at rest.

After a week of training, the sod value of preexercise
group was significantly higher than that of quiet group
(P < 0:05), and there were significant differences between
the two groups immediately after exercise and 3 hours after
exercise (P < 0:05); the value of GSH-Px decreased immedi-
ately after exercise, but did not recover 3 hours after exercise,
which was still lower than that before exercise; MDA value
before exercise was higher than that before quiet, immedi-
ately after exercise was higher than that before exercise,
and decreased at 2 hours after exercise.

As shown in Table 3, the content of selenium in liver of
grey rabbits after selenium supplement was higher than that
in normal control group (1:32 ± 0:065 μ g/g) (P < 0:05). The
content of selenium in liver of group C (1:8 ± 16:251 μ g/g)
and group D (1:6 ± 16:752 μ g/g) was significantly higher
than that in group A (1:67 ± 0:31 μ g/g) (P < 0:05).

After a week of training, the sod value of preexercise
group was significantly higher than that of quiet group
(P < 0:05), and there were significant differences between
the two groups immediately after exercise and 3 hours after
exercise (P < 0:05); the value of GSH-Px decreased immedi-
ately after exercise, but did not recover 3 hours after exercise,
which was still lower than that before exercise; MDA value
before exercise was higher than that before quiet, immedi-

ately after exercise was higher than that before exercise,
and decreased at 2 hours after exercise.

As shown in Figure 3, the content of selenium in liver of
grey rabbits after selenium supplement was higher than that
in normal control group (1:32 ± 0:065 μ g/g) (P < 0:05). The
content of selenium in liver of group C (1:8 ± 16:251 μ g/g)
and group D (1:6 ± 16:752 μ g/g) was significantly higher
than that in group A (1:67 ± 0:31 μ g/g) (P < 0:05).

Selenium content in liver cells of grey rabbits was
detected in vitro. 926 cells were treated with H2O2 as an
inducer of oxidative stress. The effects of low concentration
(0.5 and 1μm) of nanoselenium on endothelial cell oxida-
tive damage were studied by detecting the related markers
of cell viability and oxidative stress. The results of MTT
assay and LDH activity assay showed that H2O2 induced
vascular endothelial cell viability decreased and LDH leakage
increased, while nanoselenium pretreatment for 24 hours
could significantly inhibit H2O2 induced vascular endothe-
lial cell injury. It was found that hydrogen peroxide could
increase the content of malondialdehyde, decrease the activ-
ities of SOD and GPX, and decrease the content of glutathi-
one, which indicated that hydrogen peroxide-induced
oxidative stress, and nanoselenium pretreatment could sig-
nificantly reduce the oxidative stress induced by hydrogen
peroxide. These results indicate that low concentration of
nanoselenium can protect vascular endothelial cells from
H2O2-induced injury through antioxidant effect.

As shown in Figures 4 and 5, before exercise, SOD index
decreased (1 week), increased (2-4 weeks), and exceeded.
The results show that the GSH PX index is relatively unsta-
ble, with an increase in volatility (1.3 weeks) and a decrease
in volatility (2.4 weeks), but there is no significant difference
between them. MDA increased (1 week) and decreased (2-4
weeks), close to the level of 0 weeks, and decreased with con-
tinuous exercise.

At 3 hours after liver exercise, SOD index increased with
continuous exercise, and there was significant difference
between 2-4 weeks and 0 weeks. On the one hand, free rad-
icals have a great influence on the activity of SOD in the liver
during 0-week transportation; on the other hand, it also

Table 3: Indexes of grey rabbits.

Grouping SOD GSH-PX MDA

A 133:311 ± 16:251 125:311 ± 15:452 133:271 ± 17:223
B 135:311 ± 16:752 113:311 ± 167:163 112:321 ± 17:184
C 140:311 ± 17:833 125:331 ± 17:854 125:361 ± 17:455
D 151:261 ± 17:644 132:211 ± 13:355 121:671 ± 17:366

Table 2: Indexes of grey rabbits.

Grouping SOD GSH-PX MDA

A 133:311 ± 16:251 125:311 ± 15:452 133:271 ± 17:223
B 135:311 ± 16:752 113:311 ± 167:163 112:321 ± 17:184
C 140:311 ± 17:833 125:331 ± 17:854 125:361 ± 17:455
D 151:261 ± 17:644 132:211 ± 13:355 121:671 ± 17:366
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reflects the strong adaptability and recovery ability of vis-
ceral organ liver to exercise. As the exercise continued,
GSH PX index also showed an overall upward trend, and
there were significant differences between the values at week
1 and week 4 and those at week 0. Combined with the activ-
ity levels of GSH PX in the second and third weeks of exer-
cise and before exercise, the difference may be due to the
lower operating value in the first week, rather than caused
by exercise factors; MDA first increased and then decreased

in the first week, and the value of the third and fourth week
was close to the level of 0 week. The preexercise value is the
recovery value 24 hours after the last training of each week.
The results showed that the activities of SOD and GSH PX
did not fully recover after 0 week of training, but the values
of 3 hours in the first week after exercise were very close to
those before exercise, while the results of 2-4 weeks showed
that the recovery of antioxidant enzyme activity was basi-
cally completed 3 hours after exercise. Compared with the
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changes of antioxidant enzymes in quadriceps femoris, it
was found that the recovery efficiency of liver was higher 3
hours after the first week of exercise, and the enzyme activity
was close to the level before exercise.

There was no significant difference in SOD and GSH PX
at 4 weeks after liver exercise, but increased continuously
from 0 to 4 weeks. MDA first increased (week 1), then
decreased (week 2-4), close to the level of week 0. The
mobile trend is downward. The increase of antioxidant
enzyme activity indicated that the stress ability of liver to
stimulation was enhanced on the basis of adaptive exercise.

As shown in Figure 6, after a week of intensive training,
the accumulation of free radicals in quadriceps femoris
increased, and the consumption of SOD and GSH PX
increased, resulting in the decrease of SOD and GSH PX
activity after exercise, and the change of SOD was signifi-
cant, which still affected the recovery period. 3 hours after
exercise, the changes of antioxidant enzymes in liver were
different from those in quadriceps femoris. The recovery rate
of SOD was higher than that of resting state. The level of
GSH PX also changed significantly. Although nanoselenium
products were supplemented at the same time, the emer-
gency capacity of antioxidant enzymes was still very poor
in the first week. However, the changes of liver and quadri-
ceps femoris were different 3 hours after exercise. We think
it may be related to liver function. However, due to the lack
of comparison between the selenium supplement group and
the control group, the effect of nanoselenium in the first
week needs further analysis. After the second week of exer-
cise, the activities of SOD and GSH PX increased immedi-
ately, and the body under the pressure of exercise increased.

GSH PX is an important enzyme that catalyzes the
decomposition of hydrogen peroxide. Its active center is
selenocysteine, and selenium is an important component of
GSH px. After two weeks of supplementation of nanosele-
nium, we believe that the activity of GSH PX is increased,
the ability of scavenging tian0 is enhanced, and the stress
capacity is increased due to the increase of selenium content
in vivo. However, H0 is not only an inhibitor of SOD but
also an inhibitor of superoxide anion.

The activity of SOD will also destroy the structure of
SOD and make it lose its activity irreversibly. After adding

nanoselenium, the ability of GSH PX and the activity of
SOD were improved. Based on hydroxyl radical quenching,
rhodamine B fluorescence method can be used to detect
the free radical scavenging effect and antioxidant effect of
antioxidants. The free radical scavenging effects of selenium
nanoparticles (senp), ascorbic acid (VC), and sodium sele-
nite (Na2SeO3) were determined by fluorescence method.
With the increase of antioxidant concentration, their ability
to scavenge hydroxyl radicals also increased. When the con-
centration reached a certain level, the scavenging rate
decreased. Within a certain concentration range, there was
a linear relationship between antioxidant concentration
and elimination rate.

These results indicate that selenium nanoparticles are
not only stronger than ascorbic acid but also stronger than
inorganic salts of selenium, especially in the dose. It is an
antioxidant with strong antioxidant activity, which may be
the reason why the biological activity of selenium nanoparti-
cles is higher than that of traditional inorganic salts.

5. Discussion

In order to eliminate sports fatigue and reduce sports injury,
it is necessary to reduce excessive free radicals in the body.
The body relies on certain enzymes and antioxidants to
remove free radicals. Proper selenium supplementation can
improve the activity of glutathione peroxidase (GSH PX)
and enhance the antioxidant capacity of human body. In this
study, selenium nanoparticles were prepared, and their scav-
enging effects on free radicals were studied.

In this paper, through the establishment of nanosele-
nium on aerobic endurance exercise evaluation model, the
effect of nanoselenium on biological aerobic exercise was
studied by detecting the related markers of cell viability
and oxidative stress. The results of MTT assay and LDH
activity assay showed that H2O2 induced vascular endothe-
lial cell viability decreased and LDH leakage increased, while
nanoselenium pretreatment for 24 hours could significantly
inhibit H2O2 induced vascular endothelial cell injury. It
was found that hydrogen peroxide could increase the con-
tent of malondialdehyde, decrease the activities of SOD
and GPX, and decrease the content of glutathione, which
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indicated that hydrogen peroxide-induced oxidative stress,
and nanoselenium pretreatment could significantly reduce
the oxidative stress induced by hydrogen peroxide. These
results indicate that low concentration of nanoselenium
can protect vascular endothelial cells from H2O2-induced
injury through antioxidant effect.

Due to the limited experience of the author, the research
scope is small, but nanoselenium has many functions, such
as antibacterial, anticancer, anti-inflammatory, and antioxi-
dant. However, there are still many problems when nanose-
lenium is used as a disease treatment drug, antibacterial
material, or nutritional supplement. Therefore, it is neces-
sary to develop some analytical and detection methods, espe-
cially fluorescent labeling technology, to trace nanoselenium
in vivo. In order to further expand the application and prod-
uct development of nanoselenium in biomedical field, it is
necessary to continue to explore and research.
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Ligament injury is a ligament injury caused by excessive or improper exercise. The purpose of this paper is to analyze the optimal
recovery time of patients after anterior cruciate ligament reconstruction and to provide some reference guidance for clinical
rehabilitation after ACL reconstruction. Ligament injury not only directly affects the stability of joints but also causes motor
dysfunction, thus directly affecting the normal life of patients. A ligament injury occurs when the ligament site is cut or
subjected to violent or prolonged stress, and the ligament is stretched beyond its capacity. At present, the treatment cycle of
motor ligament injury is relatively long, and the treatment effect needs to be further improved. Rehabilitation training is a kind
of functional exercise, also known as functional exercise. For the damaged ankle joint, progressive functional rehabilitation
training is one of the irreplaceable treatment and rehabilitation methods in the rehabilitation process, which can effectively
improve the sports performance of athletes. Therefore, it is of great significance to explore scientific and efficient treatment
methods for motor ligament injury. The purpose of this study is to explore the application value of nanoligaments combined
with rehabilitation training of athletes in the treatment of patients with ligament injuries. In this paper, 82 patients with motor
ligament injuries treated in our hospital from January 2019 to January 2020 were selected as the final study subjects and
randomly divided into control group and observation group, with 41 patients in each group. The control group received a
single treatment with nanoligament implantation, while the observation group received a comprehensive treatment with
nanoligament implantation combined with rehabilitation training of athletes. Changes in HSS, Lysholm, Lkss, daily life ability,
and complications of the two groups of patients before and after treatment were compared. It was found that HSS (The HSS
knee scoring criteria involves pain, function, range of motion, muscle strength, flexion deformity, stability, and deduction
items.), Lysholm, Lkss, and daily life ability scores of patients in the two groups were increased after treatment compared with
before treatment, but the increase was larger in the observation group. All experiments and subjects in the article were
conducted under the condition of knowing and signing the agreement. In addition, the probability of complications and
ligament injury recurrence in the observation group was 3.12% and 0.97%, respectively, far lower than that in the control
group. In order to make the patient recover as soon as possible and return to work as soon as possible, it is necessary to carry
out rehabilitation treatment as soon as possible after the operation of the patient, instead of continuously delaying the timing
of rehabilitation treatment. Conclusion. Nanoligaments combined with rehabilitation training of athletes can improve the
therapeutic effect of sports ligament injuries and effectively improve the knee joint function and daily life ability of patients.
The timing of rehabilitation intervention is not the sooner the better. Within one to two weeks, such rehabilitation
intervention will produce better therapeutic effects.

1. Introduction

Ligament injuries are ligament injuries caused by excessive
or improper exercise. Ligament injuries not only directly

affect the stability of joints but also cause motor dysfunction,
thus directly affecting the normal life of patients [1]. At pres-
ent, anterior cruciate ligament reconstruction is very effec-
tive in the treatment of ligament injury, so it is fully
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applied in the treatment of ACL injury. After ligament dam-
age, its recovery ability is low, which is widely used in clini-
cal autograft, allograft, and artificial ligament grafts in the
way of treatment, but in the overall exercise ligament dam-
age with a long cycle of treatment, treatment effect also
needs to be further promoted; exploring scientific and effi-
cient way of treating sports ligament injury is of great signif-
icance [2, 3]. The ankle lateral ligament injury is the most
common ankle injury. Whether it is the general population
or high-level athletes in the process of work, life, and sports,
they are prone to ankle injury due to the influence of the
external environment or their own factors. The most com-
mon and most frequent joint injury is the lateral ankle liga-
ment injury. However, the final curative effect of anterior
ligament reconstruction does not only depend on precise
and successful surgery. The complete cure of the patient can-
not be guaranteed after surgery. Reasonable postoperative
rehabilitation training is also a link that cannot be ignored
in rehabilitation treatment.

For the evaluation of knee joint function, proprioceptive
indicators are often selected, such as joint position sense,
kinematic sense, vibration sense, and balance function,
among which the measurement of joint position sense is
the most used. There is a problem in competitive sports that
we cannot avoid and urgently need to solve, that is, sports
injuries that are hard to avoid in training and competition
[4]. Because sports injury is an objective phenomenon, no
matter what kind of competitive events, only in accordance
with the scientific law of gradual training, can methodically
improve the level of sports and competition results. On the
contrary, not following the scientific law of the growth of
motor skills and the scientific law of athletes’ physical and
mental development will easily lead to the occurrence of
injury. For athletes, the occurrence of sports injury is inevi-
table, but it is necessary to understand the relevant knowl-
edge of injury, which can take effective rehabilitation
training after injury, to minimize or avoid the occurrence
of injury to athletes training and competitive level caused
by the adverse impact. The application of artificial ligaments
in the treatment of ligament damage has a history of over
100 years. As early as 1903, foreign scholars proposed the
use of silk thread substitutes for ligament repair and carried
out relevant case studies, which finally proved that silk liga-
ment implantation could stabilize the joint structure to some
extent [5]. The scholar believed that although the growth
process of connective tissue was hindered to some extent
under silk fibers, once the silk connective tissue was finally
formed, the tissue would have good function and emergency
[6]. In 1906, other scholars confirmed the conclusion that
silk thread was a good material for artificial ligament
through experimental progress. In the 1970s and 1980s, arti-
ficial ligaments began to be used in the clinical treatment of
ligament injuries [7]. In 1973, the FDA approved the treat-
ment of inhibition of artificial ligaments. Jenkins demon-
strated in 1978 that carbon fiber could be used in the
manufacture of artificial ligaments and that carbon fiber
only stayed in human tissues for a short time. The main pur-
pose of the existence of carbon fiber artificial ligaments is to
promote the formation of new tissue fibers [8, 9]. In view of

this argument, many scholars have put forward different
views. In 1980, Kennedy et al. used synthetic fibrous liga-
ments in clinical treatment. Such ligaments are less active
in the human body and have good biocompatibility, which
can share the weight of ligaments sutured and avoid prema-
ture absorption of ligaments for transplantation. Some
scholars have used cruciate ligaments in postpartum recon-
struction of acl and achieved good short-term therapeutic
effects [10]. However, a large amount of clinical time indi-
cates that there is a great friction between the artificial liga-
ment of the above materials and the bone, which has a
great impact on the service life of the artificial ligament.
The emergence of nanomaterials solves this problem well.
Currently, nanomaterials are widely used in biomedicine
[11, 12]. The role of the knee joint should not be underesti-
mated, but it is prone to injury during the process of func-
tioning. The degree of injury and the treatment effect and
rehabilitation effect after the injury all need to adopt certain
evaluation standards.

The specific method for measuring the range of motion
of the knee joint is as follows: the center of the angle ruler
is placed on the lateral epicondyle of the femur, the fixation
arm is placed at the midline of the femur, aligned with the
greater trochanter, and the moving arm is placed on the
midline of the fibula, aligned with the direction of the mid-
line of the lateral malleolus, and placed well. After position-
ing, fix the knee angle ruler on the affected limb, and let the
patient do the maximum flexion and extension of the knee
joint without weight-bearing. Rehabilitation training is a
related physical activity to promote the improvement and
recovery of the function of the injured part as soon as possi-
ble [13]. With the continuous updating of medical concepts,
people pay more and more attention to postoperative reha-
bilitation training [14]. Rehabilitation training makes up
for the deficiency of traditional treatment, can realize the
rapid healing of injury, and plays an important role in the
recovery of the function of the injured part. At present, the
application of rehabilitation training in clinical follow-up
treatment is more and more extensive, and it also plays an
important role in clinical treatment. In this paper, a compre-
hensive treatment method of nanoligaments combined with
rehabilitation training of athletes was proposed, and the
changes of HSS, Lysholm, Lkss, daily life ability, and compli-
cations of the two groups of patients before and after treat-
ment were compared by means of clinical analysis of cases.
The effectiveness of this treatment method has been proved,
indicating that this method is worthy of extensive promotion
in clinical treatment. The study in this paper not only pro-
moted the renewal of the treatment mode and the improve-
ment of the treatment effect of the injury of the motor
ligament but also laid a theoretical foundation for the later
development of related studies.

2. Theoretical Elaboration

2.1. Ligament Injury. Ligaments are connections between
bones and are relatively obvious microscopic structures.
Some ligaments are attached to the surface of bones, while
others are fused to the outer layer of the joint capsule.
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Ligaments can improve joint stability and reduce and avoid
joint injury. Under the condition of external violence, the
body will form nonphysiological activities, which will cause
excessive stretching of the ligaments, so that its ability to
withstand the stretching is far beyond the tolerance of the
ligaments, and the ligaments will suffer permanent injuries.
The local injury to the ligament that does not involve the
joint is called a transitional injury. Complete ligament frac-
ture and avulsion of the bone at the ligamentum attachment
site may lead to potential joint dislocation, supracrustal dis-
location, or even complete dislocation. The main causes of
ligament injury are external factors, such as impingement.
Injuries of ligaments caused by sports are called sports liga-
ment injuries. Ligament injuries are usually accompanied by
bleeding caused by rupture of small blood vessels, pain and
swelling in local areas, and a series of pain and swelling in
the ligament tissues, as well as movement disorders in joint
parts. Moreover, once the ligament is pulled, there will be
significant pain. If the ligament is completely broken, the
stability of the human joint will be greatly reduced. The
examination to determine ligament injury mainly includes
X-ray examination, magnetic resonance examination,
arthroscopy, and other special examinations [15]. When lig-
ament damage occurs, first aid treatment must be given to
reduce the deep injury caused by ligament damage. First
aid treatment for ligament damage includes elevation of
the affected limb, cold compress, and compression. After
the ligament is injured, it must be treated and comprehen-
sively repaired quickly. If the ligament injury is not treated
in time, the joint will be repeatedly injured, and a series of
important structures such as the meniscus and articular car-
tilage will be damaged over time, resulting in joint lordosis,
and even further development of secondary traumatic
arthritis in severe cases. Repair of damaged ligaments is the
focus and core of the treatment of ligament injuries. Partial
rupture of ligaments can be repaired by direct suture, and
complete ligament exercise can be reconstructed by artificial
ligaments and tissue metastasis.

2.2. Rehabilitation Training. After the injury occurs, the
related physical activities to promote the functional
improvement and recovery of the injured part as soon as
possible are called rehabilitation training. In addition to
some serious injuries that require bed rest, some general
injuries may require appropriate exercise. Scientific and rea-
sonable physical activity training can realize the rapid heal-
ing of injury and play an important role in the recovery of
the function of the injured part. The purpose of rehabilita-
tion training mainly includes four aspects: first, keep good
physical condition. The use of rehabilitation training can
effectively avoid the occurrence of muscular atrophy, so that
the limb can maintain normal motor ability and cardiopul-
monary function. Second is to prevent the occurrence of
comprehensive symptoms of suspension. The human body
will establish various types of conditioned reflex in the long
time of activities. If the body activity and movement stop
suddenly, the movement balance of the body will be
destroyed, and in severe cases, the functional disorder of
the severity of the nerd will occur. Thirdly, scientific rehabil-

itation training after physical injury can improve joint stabil-
ity and promote metabolism of injury location and speed of
injury recovery. Fourthly, the use of rehabilitation training
can gradually balance the normal metabolism of the body,
avoid weight gain caused by rest, and improve the recovery
time of injury. The principles of rehabilitation training
include the following aspects: first, diagnostic correctness.
Correct and comprehensive diagnosis is an important basis
for the development of scientific rehabilitation training plan.
Second is the principle of individual treatment. The develop-
ment of rehabilitation training plan should be individual-
ized, and relevant strategies should be developed according
to the actual situation of patients such as age and function,
so as to promote the continuous improvement of patients’
muscle strength and joint activity. Thirdly, the premise of
rehabilitation training is not to aggravate the injury and
affect the recovery of the injured part. Therefore, the local
and systemic movements of patients should not be stopped
immediately, and the muscle training should be carried out
as soon as possible. Fourthly, the rehabilitation training plan
should be comprehensive, insist on gradual progress, and
attach importance to the appropriateness of the amount of
exercise. In rehabilitation training, it cannot be accom-
plished overnight. The scope, time, and frequency of train-
ing activities should be improved from small to large and
slowly. Be guided by the principle of moderation. Too much
rapid training can aggravate the injury.

2.3. Nanotechnology and Nanoligaments. At present, nano-
technology is widely used in the medical field, which is
mainly reflected in stomatology, drug delivery, gene therapy,
cardiovascular disease treatment, and orthopedic medicine.
First is the application in the oral cavity. In recent years,
nanotechnology has been widely used in dental composites
and tooth reconstruction. The two most common nanoma-
terials are filler materials and nanohybrids. Second is nano-
technology load drug function. With the continuous
maturity of nanotechnology, the concept of “magic bullet”
gradually appeared in the medical field and gradually devel-
oped into a systematic nanoloaded drug and delivery system.
The formation of this system marks that the research on
pharmaceutical preparations has gradually stepped to a
higher stage. Third is nanotechnology and gene therapy. At
present, low delivery efficiency and unknown direction are
the difficulties of gene therapy, but there are great risks in
using viral vectors for gene therapy. In order to realize the
scientific design of targeted vector, some scholars have tried
to introduce nanotechnology into gene therapy. At present,
the use of nonviral nanoparticles has been able to success-
fully realize the transmission of DNA, and the application
prospect of gene therapy has been further expanded. Fourth,
nanotechnology treats cardiovascular disease. Fifthly, the
application of nanotechnology in orthopedics is mainly used
as the construction of new bone components. The nanometer
size, the number of interfaces and the number of free surfaces,
and the interaction between nanometer units are the three
common characteristics of nanomaterials. The most com-
monly used nanomaterials in clinical practice in the new stage
include inorganic, organic, and loaded nanomaterials.
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Different nanomaterials have different application scope in the
medical field, and the use of each nanomaterial should be con-
sidered according to its characteristics.

Nanometer ligaments are artificial ligaments mainly
composed of nanomaterials. These artificial ligaments over-
come the deficiencies of traditional artificial ligaments, have
good biological characterization, have the advantages of
nontoxicity and low infectivity, and do not hinder the nor-
mal growth of tissues around the human body. The most
important thing is that the friction between the artificial lig-
ament and the bone is relatively small, so the life of the arti-
ficial ligament is relatively long, and it has a long-term effect
on ligament injury. Generally speaking, nanoligaments, as
artificial ligaments, are suitable for wide application in the field
of medicine due to their unique advantages. After the implan-
tation of nanoligaments into human body, as a scaffold mate-
rial, human microcells can be successfully implanted and
attached on the nanoligaments and have a good growth state.
This indicates that the three-dimensional structure and bio-
compatible characteristics of the nanoligament should be
good, and it is a brand new scaffold material capable of effec-
tively repairing ligament damage, which can be further stud-
ied and used. At present, the key to the preparation of
nanoligaments is to produce intelligent nanobiomimetic
materials with special functions to effectively regulate the
specific properties of cells, so as to further improve the bio-
logical activity and compatibility of nanoligaments. For a
long time to come, the preparation of nanoligaments still
has great room for improvement.

3. Case Analysis Experiment

3.1. Experimental Subjects. In this study, 82 patients with
motor ligament injuries treated in our hospital from January
2019 to January 2020 were selected as the final research sub-
jects. The inclusion criteria of the experimental subjects were
as follows: first, after imaging detection, it was determined to
be motor ligament injury; second, the subjects were all over
18 years old. Thirdly, sports ligament surgery and related
treatment were selected. The time period from ligament
injury to operation was 3 weeks to 17 months. Fourthly,
the patient has relatively clear consciousness and under-
standing ability and can independently complete the ques-
tionnaire survey and relevant scoring test. Fifthly, the
patients and their families all volunteered to participate in
this experiment and signed a consent form. The exclusion
criteria for subjects were as follows: first, patients with an
abnormal mental state or some degree of drug dependence;
second, patients with other types of severe disease; and third,
patients with low compliance and compliance. The 82
patients were randomly divided into two groups (41 patients
in each group), the control group and the observation group.
The control group included 14 female patients and 27 male
patients, with an average age of 29.6 years. The observation
group included 13 female patients and 28 male patients, with
an average age of 29.4 years old. There was no significant
statistical difference in the basic data of the two groups of
patients, which could be used for the experimental compar-
ison in this paper.

3.2. Experimental Methods. Patients in the control group
were implanted with nanoligaments during the surgical
treatment. During the implantation of nanoligaments, atten-
tion was paid to the rejection response of the body to avoid
infection. After the operation, only the traditional way of
rehabilitation was used, mainly repose. Observation group
of patients with intraoperative implantation of nanoliga-
ment, postoperative use of athlete way of rehabilitation
training for recovery, and specific rehabilitation training
method is as follows: after the surgery using pressurized elas-
tic band to bind up the limb, external use fixed support, to
practice straight a ligament out slowly, the side of the oper-
ation in training of muscle and ligament surrounding tis-
sues; one day after the surgery, quadriceps femoris muscles
were trained for contraction, and the joints were autono-
mously pressed or lifted, 15 times in a group, 10 times a
day. 2 d after the operation, the range of motion of the lig-
aments on the surgical side was trained. The ligaments on
the surgical side were elevated with a pillow in the sitting
position, and the ligaments were relaxed after stretching
for 10 s. The training duration was 5min each time, 3
times a day. After the operation, the ligament function
was trained in 3D. The ligament flexion and extension
angle was between 0° and 30°. The ligament was trained
once every half an hour and twice a day. Then, according
to the doctor’s advice, walk with the help of tools and try
to carry out weight training. The weight of the weight-
bearing object should increase gradually. 2 to 4 weeks after
the operation, proprioception was reconstructed, and bal-
ance strength was trained, activity strength of one side of
the injured ligament was further improved, and rehabilita-
tion training time was reasonably prolonged. From April
to June after the surgery, the ligament resistance training
should be carried out, and some training such as swim-
ming should be arranged reasonably to help the further
recovery of ligament function.

3.3. Evaluation Index.With reference to the existing research
materials, the writer will determine the final evaluation
index for the following several aspects: first, the ligament
function evaluation, before and after treatment for 6
months, is ligament score (HSS), and by using the Lysholm
ligament function (LKSS) to assess the patient ligament
function, HSS score includes pain, activity level, function,
muscle strength, acute and buckling stability a few main
dimension, such as the final income comes higher scores
on behalf of the ligament functional recovery, the better.
LKSS scores mainly include swelling, pain, squatting, and
other aspects. 100 is normal, more than 80 is excellent, 70
to 79 is good, 60 to 69 is qualified, and less than 60 is poor.
Second is self-efficacy evaluation. The GSES table was used
to evaluate patients’ self-efficacy before and after treatment,
including their ability to solve and deal with things. The
higher the final score, the higher the patient’s sense of self-
efficacy. Third is daily life evaluation. The BI table was used
to evaluate the patient’s daily life ability. The evaluation con-
tent included multiple aspects of the patient’s daily life, and
the final score was in direct proportion to the patient’s daily
life ability. Fourth is statistical observation of complications
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and recurrence rate. Postoperative complications and recur-
rence were counted in the two groups.

3.4. Experimental Data Statistics. SPSS statistical software
was used to conduct statistical collation of experimental
data. After the completion of data statistics, computer
graphics software was used to draw data charts and draw rel-
evant experimental conclusions based on the analysis of data
charts. In the process of data recording, the accuracy and

comprehensiveness of experimental data must be guaranteed
to avoid conclusion errors due to experimental data errors.

4. Experimental Results and Discussion

4.1. Experimental Results

4.1.1. HSS Data Comparison. Table 1 is the HSS score data
table. It can be seen from the data in the table that after
treatment, the HSS score of patients in the control group

Table 1: HSS score data table.

Group Time Pain Function Activity Muscle strength Flexion deformity Stability

Observation group
Before treatment 15.26 12.65 11.76 6.21 5.63 6.22

After treatment 25.56 18.41 16.23 9.05 9.24 9.32

Control group
Before treatment 15.31 12.68 11.83 6.32 5.64 6.23

After treatment 21.16 15.61 14.02 7.86 7.96 7.98
∗Data came from the experimental analysis.
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and the observation group increased as well as before treat-
ment. However, compared with the control group, patients
in the observation group were significantly higher in pain,
muscle strength, activity, function, and stability after the
treatment with the nanotube combined with athlete rehabil-
itation training.

4.1.2. Comparison of LKSS Scores. Figures 1 and 2, respec-
tively, show the LKSS scores of patients with motor ligament
injury in the observation group and the control group before
and after treatment. As can be seen from the data in the fig-
ure, the LKSS scores of patients in both groups before and
after treatment presented an increasing trend. But on the
whole, the scores of exercise patients in the observation
group improved more in all dimensions before and after
treatment. Therefore, the combination of nanoligaments
and rehabilitation training for athletes can effectively
improve the function of ligaments in patients.

4.1.3. Comparison between CSES Table and BI Index Score.
Figures 3 and 4, respectively, show the GSES table data in
contrast with BI index score data, the data we can see from
the picture; after treatment, the observation group and con-
trol group in the GSES table and BI experienced score rise,
but the whole observation group of patients with GSES table
and BI index score was significantly higher than the control
group patients. This indicates that the use of nanoligaments
combined with rehabilitation training for athletes can pro-
mote the continuous improvement of patients’ self-efficacy
and daily life ability.

4.1.4. Comparison of Complications and Recurrence Rates.
Table 2 shows the data of complications and recurrence after
treatment in the two groups. It can be seen from the data in
the table that the probability of complications and recur-
rence of ligament injury in the control group is 17.21%
and 16.54%, respectively, while the probability of complica-
tions and recurrence of ligament injury in the observation
group is 3.12% and 0.97%, respectively. This indicates that
the combined treatment of nanoligaments combined with
rehabilitation training for athletes has a stronger safety com-
pared with the single treatment, which can greatly reduce the

possibility of recurrence of ligament injuries, and has a good
therapeutic effect.

4.2. Discussion of Experimental Results. Ligament injury is a
condition of ligament injury caused by sports. Ligament
injury will have a direct impact on the overall stability of
human joints, promote the continuous acceleration of joint
degradation, and thus have a very adverse impact on liga-
ment, joint function, and the quality of life of patients. At
present, the treatment of ligament injury is still dominated
by arthroscopic revascularization. However, due to the com-
plex overall structure of ligaments and joints, the recovery of
fitness, function and exercise ability is also relatively com-
plex. If the patient performs joint immobilization unscientif-
ically or rests in bed for a long time after surgery, it will
directly affect the dynamic balance of the joints and liga-
ments, and even lead to muscle atrophy, which is not condu-
cive to the recovery of the patient's motor function.
Therefore, attention must be paid to rehabilitation training
after treatment, which can not only promote the improve-
ment of nursing efficiency but also greatly improve the final
treatment effect.

At present, studies of nanometer materials applied in tis-
sue engineering is still at the primary stage, especially in the
biomedical field; a lot of research is still in the stage of ani-
mal experiments, according to a lot of clinical experiments
which verified the conclusion; in addition, the application
of nanometer materials in the process of biological safety
needs further improvement. Due to the continuous steps of
nanotechnology, subdisciplines related to nanotechnology
have been established and improved, such as nanoelectro-
nics, biology, medicine, and materials science. The fusion
between nanomaterials and the above disciplines is getting
closer and closer. Some experts predict that nanoceramics
will play an important role in the manufacture of artificial
bones for a long period of time in the future, and organic
and inorganic composite nanomaterials with various prop-
erties will certainly play an important role in the interven-
tional repair of ligament injuries. Existing research data
show that human ligaments are composed of many fibers,
and these fibers have a stopping point at both the tibia and
femur. When the knee joint is at different positions, some
of the fibers are tensioned and play a role in stabilizing the
knee joint. Therefore, when the motor ligament is
completely broken, it is extremely important to use the
nanoligament to reconstruct the human ligament. For the
patients with partial injury of the motor ligament, they can
make corresponding choices according to their specific con-
ditions. Animal experiments confirmed that the toughness
and elasticity of the healed ligaments were almost the same
as that of the injured anterior ligaments. The experiment
in this paper confirmed that the overall function and stabil-
ity of ligamentum knee joints of patients with ligament inju-
ries were significantly improved after rehabilitation training
of athletes. The muscles near the knee joint can compensate
for the instability of the knee joint under slow motion. If the
muscles around the joint are weak, effective control of the
joint cannot be achieved. Whether ligaments can realize
the effective play of motor function is also closely related
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to the recovery of proprioception of human body. Therefore,
after the completion of the corresponding surgical treat-
ment, patients with sports injuries should also strengthen
the muscle strength and proprioceptive training in the early
stage to avoid muscular atrophy and other conditions, so as
to effectively prevent secondary knee injuries caused by
sports ligament injuries.

In this study, the control group was treated only by
nanoligament implantation, while the observation group
was given rehabilitation training for athletes after the com-
pletion of nanoligament implantation, so as to highlight
the patients’ initiative in rehabilitation training and develop
reasonable rehabilitation training strategies according to
their own deficiencies. On the basis of stabilizing the injury
condition, the recovery of life ability and overall motor func-
tion of the patients was promoted. The results showed that
the HSS and LKSS functional scores of the patients in the
observation group were significantly higher than those in
the control group after 6 months of treatment, and the
improvement of daily life ability of the patients in the obser-
vation group was much better than that of the control group.
In addition, the author has also made after treatment for
patients with complications and recurrence monitoring;
monitoring results show that the observation group of
patients with postoperative complications and recurrence
of ligament damage probability is significantly lower than
the control group, two groups of results and no statistical
difference; however, this may be caused by experimental
sample number less, which later still needs thorough expan-
sion of research samples.

To sum up, the use of nano-combined athlete rehabilita-
tion therapy can promote the overall treatment effect of
patients with ligament injury, and promote the effective
improvement of joint ligament function in patients, and is
also beneficial to patients' self-efficacy and further improve-
ment of daily living ability. It has good clinical application

value and is worthy of further promotion in clinical
experiments.

5. Conclusion

Sports injury and rehabilitation training are closely linked
and affect each other. It is very necessary to carry out active
and effective rehabilitation training after the occurrence of
injury, which can promote the rapid recovery of the injured
part of the athletes. There are many types of sports injuries,
and rehabilitation training programs for different injuries
are different. It is necessary to study targeted rehabilitation
training for the common injury parts in sports, such as knee
joint and ankle joint. In this paper, a comprehensive treat-
ment method of nanoligaments combined with rehabilita-
tion training of athletes was proposed, and the changes of
HSS, Lysholm, Lkss, daily life ability, and complications of
the two groups of patients before and after treatment were
compared by means of clinical analysis of cases. To sum
up, the rehabilitation treatment of articular ligament in ath-
letes can promote the overall treatment effect of patients
with ligament injury, and promote the effective improve-
ment of ligament function of patients, and is also beneficial
to the patient's self-efficacy and further improving the ability
of daily life. It has a good curative effect and is worthy of fur-
ther promotion in clinical trials. However, the exact clinical
application of this treatment method needs further research
and exploration.
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In the fast-paced development of life in today’s society, the use of ECG signals is not only used in the medical direction to scan
patients; portable ECG signal acquisition tools can collect and analyze the corresponding ECG signals in time and respond to the
wearer in time, so that the user can make timely adjustments or seek medical treatment in time to avoid a malignant situation that
occurs. For people in sports, the collection of ECG signals is more helpful to the arrangement and estimation of training
conditions. Based on nonvolatile memory technology, data will not be lost when the computer is turned off or suddenly or
unexpectedly shut down. This research puts forward the design of an antiexercise ECG monitoring system that collects ECG
signals for a group that is in the process of exercise. Use mathematical calculation system to classify, and conduct in-depth
analysis of the reasons for poor anti-interference ability, and use the original denoising algorithm calculation as the basis to
adapt to the dynamic situation in the opposite situation to the normal ECG signal acquisition in the static state. The collection
is modified from the original basis. This research proposes an improved scheme for multichannel acquisition. Chips of
semiconductor memory devices based on nonvolatile memory are embedded in mobile devices for use. The experimental
results in this paper show that the comparison experiment ratio of collecting ECG signals from the sixth, third, fourth, and
fifth directions can effectively reduce the mean square error (MSE), and the error of channel 6 is directly from 0.1598. It is
down to 0.00143. Several other items showed a significant decrease. It shows that the anti-interference ability of the ECG
monitoring system can be further enhanced by increasing the number of collection terminals.

1. Introduction

1.1. Background. In today’s society where speed is the main
development, the fast-paced life and work have produced
huge pressures, and people’s physical conditions are basi-
cally in a subhealthy physiological state, which is one of
the cases where there are no serious illnesses and many
minor problems. Today’s smart Internet is undergoing rapid
development. With the widespread popularity of its applica-
tions, research in the direction of the medical industry has
also begun to reform itself. This should be due to the pres-
sure brought by digital networking. The worries about med-
ical resources have now initially become an important
influence plaguing its development. The masses now have
the burden of “difficult and expensive” medical treatment
for the medical industry. In addition, society has entered a

serious aging trend. The continued development of the med-
ical industry is the focus of global attention. For patients
with heart disease, there is a medical gap that is difficult to
bridge. According to medical statistics, more than 71% of
heart disease cases occur outside the hospital, and three-
fifths of them immediately die at home. Therefore, the exis-
tence of an ECG signal collector that can detect the time of a
heart attack by a system with monitoring performance has
an inevitable effect. When a disease occurs, it can feedback
information in time, and the wearer who receives the
prompt information in time can respond to it in the first
time and make corresponding treatment in time. Therefore,
the best treatment time will not be missed. So most patients
can get timely diagnosis and treatment when they are sick
and can be treated with the help of medical advice and can
avoid death. Therefore, if they can wear portable health
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appliances to monitor heart function and real-time monitor-
ing and diagnosis, it will play an important role in alleviating
diseases and implementing aid. For athletes, the ECG mon-
itoring system can allow trainers to better understand the
physical information of the athlete and avoid physical injury;
it can also enable the athlete to maintain the exercise inten-
sity and make the exercise effect better.

1.2. Significance. As far as the ECG signal acquisition and
monitoring system is concerned, most of the current ECG
monitors on the market require a static environment to col-
lect ECG information, and the overall appearance is not too
small. Even if there are portable ECG monitors on the mar-
ket today, most of them are inefficient and relatively expen-
sive. The test results are somewhat unreliable. Therefore,
further research on the portable ECG monitoring system is
also the focus of the development of the medical industry.
The portable ECG signal monitoring system is in urgent
need of further research and is also an important measure
in the medical industry.

1.3. Related Work. Based on the current social population’s
emphasis on health, the ECG signal that can monitor the
physical condition to a certain extent has been deeply
researched. In the current research on the collection and
storage of ECG signals, Son et al. first reported on their
observations of these writing characteristics in the article:
(1) log writing dominates storage writing. (2) Overwriting
is frequently in mobile storage. And most importantly, (3)
these overlays only change a small part of the data. Based
on these observations, they recommend using a nonvolatile
write buffer backed by small capacitors and using it to store
small writes persistently without logging. This allows them
to completely avoid those lowercase log writes, which helps
to significantly reduce log-induced writes while still provid-
ing the same level of data consistency and durability [1].
The traditional PoP structure using FC-BGA (Flip Chip-
BGA) has some problems in package warpage and thickness.
To solve these problems, Tanaka et al. developed an embed-
ded device package called MCeP (Molded Core Embedded
Package) for the bottom package of the PoP structure. MCeP
consists of a top substrate, a bottom substrate, and an
embedded layer, and the IC device is encapsulated in the
embedded layer by molding resin. This kind of package
has the beneficial characteristics of reducing package warp-
age. The package warpage can be controlled by optimizing
the thickness and material of each layer (top substrate, bot-
tom substrate, and embedded layer) [2]. Lai and Shynk pro-
pose a two-stage continuous cancellation (SC) algorithm
that sequentially separates the fetal and maternal heartbeats
from the intrauterine electrocardiogram (IuECG) signal
containing the fetal and maternal QRS complex. The ECG
signal is modeled as a series of fetal, maternal, and noise
events. Peak detection is first used to locate potential fetal
and maternal QRS complexes, called candidate events. Each
stage automatically generates source templates from candi-
date events in the initialization stage and then classifies the
remaining candidate events according to template matching
technology. Before the weaker signals are initialized and

classified, the detected stronger signal events are subtracted
from the composite ECG signal. Once the fetal and maternal
complex is successfully detected and separated, the counting
mechanism will be used to derive the corresponding heart
rate [3]. Prove the capacitive effect and nonvolatile storage
capability. A low-power passive filter is designed, which
can be used in the design of reprogrammable analog circuits,
paving the way for future multifunctional nanodevices [4].
As an active material for supercapacitor electrodes,
biomass-derived carbon has attracted much attention due
to its environmental friendliness, richness, and porosity. In
this case, in Keppetipola et al., activated carbon prepared
from coconut shell through a simple activation process
(water or steam as the activator) is used as the active mate-
rial in the electrode of the environmentally friendly superca-
pacitor. Studies have shown that the activated carbon
produced by this method exhibits a graphite phase, high sur-
face area, and large pore volume [5]. Xu et al. proposed a
method for denoising and baseline drift correction of elec-
trocardiogram (ECG) signals based on a complete set of
adaptive noise into empirical mode decomposition (CEEM-
DAN) and wavelet threshold. Although CEEMDAN is based
on empirical mode decomposition (EMD), it represents a
significant improvement over the original EMD by over-
coming the problem of mode mixing [6]. Abdullah et al.
proposed a robust method for extracting fetal maternal heart
rate from noninvasive composite abdominal electrocardio-
gram (aECG) signals. The proposed method is based on
the fully integrated empirical mode decomposition (CEEM-
DAN) method with adaptive noise, in which the composite
aECG signal is decomposed into its constituent frequency
components, called intrinsic mode function (IMF) or simply
“mode.” The separated IMF is then manually selected
according to the possible maternal-fetal heart rate informa-
tion and further processed to quantify maternal-fetal heart
rate and variability analysis [7]. The research expertise of
the above scholars is extremely high and requires a deeper
understanding of it and experience. During the verification
process, the experimental samples are difficult to collect,
and the operation technology requirements are high, and it
is difficult to operate.

1.4. Innovation.Most ECG signal monitoring systems on the
market today have a common defect; that is, only when the
test subject with testing needs is in a certain static situation,
a qualified ECG signal sample can be extracted. That is to
say, the ECG signal receiving system of the existing portable
ECG monitoring system on the market has poor antiexercise
interference ability [8], because the human body will have a
larger breathing pattern after exercise, which is more
intense. The respiration of the ECG signal will cause the col-
lected ECG signal to be mixed with larger amplitude noise,
which will distort the sample recorded in the ECG signal,
and excessive noise will cause the waveform of the ECG sig-
nal to be distorted. Therefore, in this case, it is very necessary
to study and explore the experimental design of antiexercise
portable ECG monitor to improve the performance of ECG
anti-interference.
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2. Collect Nonvolatile Memory Based on
ECG Signal

2.1. The Basic Principle of Nonvolatile Storage Based on ECG
Signal Acquisition. Nonvolatile memory is a computer mem-
ory whose stored data does not disappear when the current
is turned off. The main classification of current nonvolatile
memory is shown in Figure 1. The storage is divided accord-
ing to the different ways of data processing, and the nonvol-
atile semiconductor memory is divided into two types [9].
Random access memory allows reading and writing of stored
data, but when the power is turned off and power is lost, it
will cause the stored data source to lose its storage content
[10]; read-only memory operates normally without external
interference. In the case that only the data content in the
storage unit is allowed to be read, the stored data content
cannot be modified [11]. Its advantage lies in the stored data
even when the power is lost. The samples can also be kept
intact [12].

The modern system chip design of the IP core based on
the nonvolatile storage circuit allows system designers to
explore different system architectures. The application of
the IP core makes the system architecture unnecessary to
study each module in-depth [13]. This method effectively
reduces the complexity of the problems encountered in the
design process [14]. This can shorten the design cycle and
speed up the product speed. You can use existing process
solutions more effectively and reduce costs [15]. Embedded
nonvolatile memory is used as part of many current system
solutions. Not only can it provide the ability to change the
execution data on each software production line or on-site
software. Communication applications include mobile
phones, mobile phone communication devices and smart
cards, and in-vehicle electronic devices. This design can
extend the life of the entire system, reduce the chip area
[16], and save costs.

2.2. Nonvolatile Memory Programming Mechanism Based on
ECG Signal. Nonvolatile storage [17] can be freely written
and modified by the user, such as programmable, erasable
programmable, electrically erasable, flash memory, and stor-
age. Among them, the programmable ROM is manufactured
with fuses, and the interconnection between memory cells is
realized by blowing the fuses [18]. ROM is an abbreviation
for read-only memory that can only read and cannot write
information. Erasable programmable ROM uses ultraviolet
rays to inject and remove hot electrons from the floating gate
of the memory cell to achieve memory programming and
erasing operations [19]. Both electrically erasable PROM
and flash memory belong to electrically erasable nonvolatile
memory; PROM is short for programmable read-only mem-
ory. Their working mechanism is to inject electrons into
floating gate devices through electrical means [20]. Below,
we mainly discuss the two types of programming and eras-
ing. The main methods are FN tunnel effect and channel
hot electron injection.

The threshold voltage VT of the floating gate transistor
can be changed by programming. A high voltage is con-
nected to the source grounding gate terminal and the drain

terminal. The high potential difference will generate a strong
electric field, and then, the strong electric field will cause
electron avalanche injection. When the electrons get enough
energy, they will pass through the first insulating oxide layer
and be trapped by the floating gate. Therefore, floating gate
transistors are also called floating gate avalanche injection.

(1) FN tunneling effect: for nonvolatile memory, the
tunneling effect is an important injection method
[21]. Macroscopic quantum tunneling is one of the
fundamental quantum phenomena; that is, when
the total energy of a microscopic particle is less than
the height of the potential barrier, the particle can
still pass through the potential barrier [22]. Electri-
cally programmable read-only memory (EPROM)
uses channel hot electron injection for program-
ming, but hot electron injection cannot be used for
erasing. EPROM erasing is achieved by irradiating
ultraviolet rays (UV) onto the unit through a closed
transparent window. When EPROM is programmed
and read, it is addressed in the unit of byte, and each
byte can be addressed separately [23]. However,
when erasing with ultraviolet light, the entire
memory area will be affected. At the same time,
UV erasing has problems such as time-consuming,
poor durability, and low reliability. EPROM uses
UV erasing, so a quartz window needs to be pro-
vided in the package, which leads to higher costs
for EPROM packaging. On the other hand, EPROM
has a simple structure and high density, so it can
produce large-capacity memory at a lower cost, so
there is still a certain market in some applications
that do not require frequent erasure and reprogram-
ming [24]. But due to price and reliability reasons,
EPROM was replaced by flash memory. The electron
passes through the tunnel, and its current density is
expressed as

G = δV2
ing exp −

β

V ing

� �
, ð1Þ

δ = Q3

8πΗΦr
n
n∗

, ð2Þ

β = 4
ffiffiffiffiffiffiffiffi
2n∗

p φ3/2
n

3HQ
: ð3Þ

In the equation, H represents the Planck constant, Φr is
the barrier height when injected at the interface, Q repre-
sents the charge of a single electron, and n represents the free
electron. Among them, H = h/2π

(2) Thermal injection of carriers: the process of electron
injection is to inject electrons into the floating gate
through the discharge of the memory cell area [25].
The electric field receives the electric field from it.
If there is a positive voltage and when the electrons
pass through the substrate and the gate, the barrier
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between the oxides rises 3.3 eV with the negative
voltage of VDS. The control gate VCG absorbs elec-
tric heat to the floating gate. Since the floating gate is
surrounded by silicon dioxide and has no contact
with other things, and silicon dioxide is an excellent
insulator, the negative charges captured by the float-
ing gate are not easily lost and can stay in the floating
gate for a long time. For a long time, even if there is
no power supply voltage, it will not be affected at all.
This is the reason why the memory with floating gate
transistor as the core component is called nonvola-
tile memory [26]

In fact, almost all current nonvolatile memories are
based on floating gate transistors [27], and the different
types of nonvolatile memories are mainly due to their differ-
ent erasing mechanisms. This EPROM cell structure is
shown in Figure 2. Figure 2(a) is a diagram of the corre-
sponding basic structure of the storage unit; Figure 2(b) is
a cross-sectional view from the perspective of the installation
direction of the structural diagram on the left, and
Figure 2(c) shows the schematic diagram of the circuit struc-
ture of its operation. But the improvement of EEPROM
function comes at the expense of area. Because EEPROM
performs various operations in bytes, its memory cell is
composed of two transistors, one is a memory transistor
[28], and the other is a selection transistor. Compared with
a tube of EPROM, EEPROM has two transistors.

Table 1 shows the voltage value of each port of the
EEPROM cell under different operating conditions.

Flash memory (FLASH) is combined with electronic
processing and removal to realize your EPROM tube. It
can be deleted completely, or the function can be deleted
in one operation.

Currently, there are two types of flash memory systems:
NOR-based flash memory (FLASH) memory used for pro-
gram and data storage and NAND-based flash memory
(FLASH) storage tools required for large-capacity data stor-
age, such as memory cards and state disk devices. Flash,
Flash EEPROM, was proposed in 1984 and soon developed
into the most widely used nonvolatile memory structure.
Flash memory is equivalent to a technical combination of
EPROM and EEPROM. It is based on a floating gate struc-
ture and uses avalanche hot electron injection programming
and electrical signal erasing. However, unlike EEPROM, the
erasing of Flash is not done in bytes. Block erase is per-
formed on a subpart of the memory. Although it is not as
flexible as EEPROM in this respect, its advantages are also
obvious. The cell structure eliminates the access transistor,
so that the cell area is significantly reduced, the density is
higher, the integration level is improved, and the production
cost is reduced.

2.3. ECG Signal Noise. The ECG signal not only contains a
variety of noise interference, but its own waveform also has
unpredictable volatility, which is an unstable nonlinear sig-
nal. When analyzing and detecting ECG signals, it is often
necessary to decompose and analyze the local information.
Therefore, the classic Fourier transform technology obvi-
ously cannot be satisfied. The short-time Fourier transform
developed on the basis of the Fourier transform to some
extent made up for the shortcomings of the former localiza-
tion analysis. The phase of the Fourier transform is very sen-
sitive to noise. Even if a small segment of the data is wrong,
the phase obtained by the Fourier transform will be much
different from the real phase [29]. But because it still uses a
continuous periodic sine function as the transform base
function, it leads to its time domain. Analyzing ability and

Semiconduct
or storage

Random
storage RAm

Dynamic
DRAM

Static
SRAM

ROM
Programmable ROM
PROM can be erased
Electrically erase
PROM
Flash FLASH
Ferro electric RAM

Read-only
storage
ROM

Figure 1: Storage classification.
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frequency domain analysis ability often constrain each other
and cannot adapt to signals with changeable time-frequency
characteristics at the same time. In recent years, wavelet
transform has developed rapidly, and the technical level
has become more mature. Because of its excellent time-
frequency analysis and localized analysis characteristics,
wavelet transform has been applied to many fields such as
earthquake prediction, petroleum exploration, image pro-
cessing, and speech recognition.

The ECG signal is the physiological signal of the human
body, and it is a weak signal. In the process of collection and
transmission, it will be interfered with by the electrical char-
acteristics, the environment, and the activities of the human
body itself, and it will be doped with many noises and
interferences.

(1) Power frequency noise: power frequency interfer-
ence comes from the electromagnetic field emitted
by the power frequency power supply and the trans-
mission line near the equipment. Line frequency
noise is generally related to the measurement and
use environment. However, the source of interfer-
ence in the environment still exists, so further pro-
cessing is still needed in the monitoring center

(2) Baseline drift noise: the basic noise comes from the
human body. The body and tissues in the thoracic
cavity will change to different degrees when a person
breathes. The small change in the electrode’s skin
interface impedance becomes the influence of the
amplitude. In addition, the amplitude of the ECG

waveform is recorded on the body surface, affecting
the image. This type of noise rarely has signal inter-
ference, and the frequency is usually less than 1Hz.
When such a curve is superimposed on the ECG
waveform, the waveform changes, making it difficult
to analyze and analyze the ECG waveform, especially
the segments that affect the ECG waveform

(3) EMG noise: EMG noise interference is a very large
interference, which can change up to 30mV inside
and outside the human epidermis. The ECG signal
is input through the electrodes on the body surface,
causing noise interference

(4) Motion artifact noise: since the ECG monitoring ter-
minal is movable, the movement of the user in daily
life will inevitably cause slight movement or jitter in
the contact part of the electrode, which will cause the
difference between the electrode and the skin. The
impedance changes, causing contact noise. This
interference generally lasts for a long time, and the
amplitude can exceed the amplitude of the ECG sig-
nal and even lead to the full output of the amplifier,
resulting in jump interference

3. System Design of Multichannel ECG
Monitoring against Exercise Interference

The frequency response curve of the filter is not a perfect
step curve, but a straight line with a slope. Therefore, even
after the filter is used to denoise, the noise near the ECG
signal frequency still exists. Noise seems to affect the ECG
signal, so improve the signal to get a good ECG signal.

3.1. ECG Signal Measurement Based on Exercise Monitoring.
The electrocardiogram is an important indicator to measure
the bioelectricity produced by the human body. The reason
for the electrocardiogram is that the energy cycle of the heart
involves changes in its volume. Since the human body can be
regarded as a very valuable conductor, the exchange capacity
of the heart can be quickly transferred to the surface of the
human body. Therefore, by attaching electrodes to the sur-
face of the body, the capacitance during the heartbeat can

A

Source

(a)

S

(b)

BL

(c)

Figure 2: Schematic diagram of structure, storage unit, and cross-section.

Table 1: Port voltage under different operations.

EEPROM
Port Erase Program Read

VCG 15.5 GND 2.4

VSG 15.5 15.5 3.3

VD GND 15.5 1.5

VS GND FLOAT GND

VB GND GND GND
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be separated, and the heartbeat can completely collect elec-
trical signals to obtain the corresponding electrocardio-
gram [30].

First, determine the item of the original item listed. Key
indicators include ECG signal and noise. These usually
include the influence of power frequency, route drift, and
EMG interference, as shown in Table 2. Power frequency
interference is generally 50Hz power line interference and
a small amount of interference resolution. Due to the distri-
bution of the human body surface, the human body has an
antenna effect. In addition, under normal circumstances,
whenever the ECG receives a signal, a long time reading
occurs, which affects the frequency response. The skin vol-
ume of the outer and inner layers of the human body is 30
millivolts. If the skin stretches slightly, it will drop to
25mV. Therefore, a skin capacitance of up to 5mV should
be superimposed on the ECG signal. This is the noise that
people see due to myoelectric contraction. When users are
stressed and affected by certain diseases, EMG frequencies
may occur. Briefly summarize the main noises into a table:

3.2. Improvement Direction of Acquisition Circuit Based on
Motion Monitoring. Simply put, the amplifier circuit is to
amplify the weak signal provided by the signal source to
drive the load to work normally. The failure of the amplifier
operating circuit is random, and this random error causes
the initial phase of the multisignal receiving system to be dif-
ferent, and the phase difference is not constant. In this
experiment, the six purchased terminals passed a signal pro-
cessing circuit. Each signal processing circuit has two opera-
tional amplifiers on the chip, but each amplifier in the
amplifying circuit and filter circuit corresponds to the oper-
ational amplifier chip. In fact, only one of them is used, and
the other op amps in the chip are in idle state. The advantage
of this design is that it is easy to debug the circuit at each
stage. There are two disadvantages. One is the high cost,
and the other is the increase in errors caused by subtle differ-
ences in the circuit. Between each amplifier is not neutral.
Therefore, if allowed, high-performance machines should
be purchased. The difference between twins is not limited
to cousins, because the difference between two amplifiers
packaged on the same chip is much smaller than the differ-
ence in appearance and appearance of the amplifiers pack-
aged on two chips. Therefore, you can choose a chip with
greater internal noise to reduce errors. The best scenario
for this test is to buy a chip with internal noise and send
the signal to the amplifier on the chip. Reduce the random
error reported by the amplifier circuit parameters. The loop
created in this experiment has no obvious effect on effi-
ciency, so you do not have to spend time rebuilding the loop
based on the above improvements, but as the number of

receiving channels increases, the error will be random.
There is no doubt that the circuit will affect the experi-
ment, so if you encounter this problem in future experi-
ments, please install electrical equipment according to the
above procedures.

3.3. Hybrid Algorithm Design. Based on the sum of wavelet
coefficients of wavelet transform, the collected ECG signals
are classified. The analysis method of wavelet transform
inherits and develops the idea of localization of short-time
Fourier transform and at the same time overcomes the
shortcomings of window size that does not change with fre-
quency. It is an ideal tool for signal time-frequency analysis
and processing. After classifying the interference factors,
analyze them one by one and divide them into 6 branches.

As shown in Figure 3, even if the original signal is
processed by the filter circuit, there is still residual noise,
resulting in distortion of the ECG signal.

4. Hybrid Algorithm Denoising Algorithm and
Experimental Results

4.1. Wavelet and Independent Component Analysis. The
ECG signal is located in the low frequency region of 0.03-
45Hz, which is relatively stable, and the noise signal usually
appears as a high signal. Therefore, as shown in Figure 4, it is
best to use the wavelet transform method to decompose the
noisy original signal. Noise is usually in high-frequency
wavelet coefficients, which is characterized by large ampli-
tude and small size in the ECG signal. When the wavelet
coefficient is similar to the noise, it is characterized by small
amplitude and large value. Based on the above characteris-
tics, an initialization method can be used to process the
wavelet coefficients. The algorithm block diagram is shown
as in Figure 5.

As shown in Figure 6, it can be seen that the baseline
drift of the six ECG signals caused by respiration has been
basically eliminated, and other interference components
have also been greatly weakened.

However, the ECG signal in Figure 6 still contains resid-
ual power frequency interference and other intermediate fre-
quency noise components. The reason for this is that the
frequency of the noise is similar or even the same as the fre-
quency of the ECG signal. Therefore, the threshold method
cannot separate the ECG signal and noise. In order to finely
filter the noise, independent component analysis methods
must be used. The independent component analysis method
is based on the mutual statistical independence between the
sources. Compared with traditional filtering methods and
accumulative averaging methods, independent component
analysis does not destroy the details of other signals while

Table 2: Main noise of ECG signal.

Noise Power frequency interference EMG interference Baseline drift

Frequency 50Hz and high frequency harmonics 0-1000Hz 0.05-2Hz

Amplitude Less than 50% of the ECG signal wave value 5mV ECG signal peak 15%

Manifestations There are regular small ripples Irregular small ripples Up and down shift of heart waves
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eliminating noise, and the denoising performance is often
much better than traditional filtering methods. This experi-
ment has 6 signal acquisition channels, which are sufficient
to estimate the residual power frequency interference and
EMG interference. The six signal channels are analyzed
independently to obtain separated ECG signal and noise, as
shown in Figure 7.

It can be seen that the residual noise of the ECG signal
is suppressed, and the waveform is closer to the standard
ECG signal.

If you compare the advantages and disadvantages of the
four methods, it is far from enough to make qualitative state-
ments based on observation methods. However, when con-
ditions permit, mathematical evaluation indicators should
be used to make quantitative statements. For quantitative
analysis, two indicators, signal-to-noise ratio (SNr) and root
mean square error (MSe), are used. The signal-to-noise ratio
refers to the ratio of the power of the propagated signal to

the power of the noise involved in the process of signal
propagation. That is to say, the larger the signal-to-noise
ratio, the stronger the noise suppression capability. Root
mean square error (MSe) is the arithmetic square root of
variance, which is used to measure the degree of dispersion
of a set of numbers itself, which can better reflect the actual
situation of the predicted value error, as shown in Equations
(4) and (5). Among them, Yi represents the amplitude corre-
sponding to time i, while Xi represents the estimated ampli-
tude after processing.

SNr = 10 × log 10 〠
t

I=1

X2
i

X2
i − Y2

i

� �
" #

, ð4Þ

MSe = 1
t
〠
t

I=1
Yi − Xið Þ2: ð5Þ

The experimental results are shown in Figure 8. It can be
seen that when compared with each other, the line graph
does not show monotonous characteristics, and it seems that
the results are contrary to expectations.

4.2. Problems Encountered Based on Motion Signal
Acquisition. The results of this experiment do show that the
quality of the six-channel acquisition and the five-, four-,
and three-channel acquisition signal quality is not regular at
all. If you do not carefully analyze it, it is too sloppy to con-
clude from the results. This section will focus on the analysis
process and point out the difference between the actual
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Figure 5: Schematic diagram of denoising process.

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

50 100 150 200 250 300 400

A
m

pl
itu

de

Time

1st road
2nd road
3rd road

4th road
5th road
6th road

Figure 6: ECG with baseline drift removed.

0

1

2

3

4

5

6

50 100 150 200 250 300 400

A
m

pl
itu

de

Time

1st road
2nd road
3rd road

4th road
5th road
6th road

Figure 7: Acquisition signal after unmixing.

8 Journal of Nanomaterials



situation and the ideal situation described in theory. Review
the expression of independent component analysis again:

x1
x2
⋮

xn

2
666664

3
777775 =

a11, a12⋯ a1n
a12, a22⋯ a2m

⋮

an1, an2⋯ anm

2
666664

3
777775

s1
s2
⋮

sm

2
666664

3
777775, ð6Þ

which is

X = Bh: ð7Þ

Using evaluation indicators, three, four, five, and six of the
six acquisition signals are registered, and then, independent
component analysis is performed in turn to investigate
whether the acquisition signal registration will affect the qual-
ity of the estimated source signal, and it is also semiqualitative.
Analyze the influence of signal synchronization on the quality
of the estimated source signal. The comparison between the
evaluation SNr andMSe after registration and the comparison
before registration is shown in Figure 9:

It can be seen that the synchronization of the signal
has a great influence on the results of the independent
component analysis.

4.3. Improvement of ECG Signal Registration Method Based
on Exercise Monitoring. The meaning of the convex peak
of the function MðxÞ is as follows:

ð M ′ xð Þ = 0,
M ′ ′ xð Þ < 0:

ð8Þ

Or

M ′ x + Δxð Þ < 0,
M ′ x − Δxð Þ > 0,
M′ xð Þ = 0:

8>><
>>: ð9Þ

Based on the second derivative of the signal, Equation
(8) and Equation (9) are two ways of expressing the logical
relationship.

Since the ECG signal needs to be converted by A/D, the
ECG signal changes from a continuous signal to a discrete
signal, and a differential operation is required:

diffM xnð Þ = M xnð Þ −M xn − 1ð Þ
n − n − 1ð Þ =M xn + 1ð Þ −M xnð Þ:

ð10Þ

Among them, MðxnÞ represents the standard amplitude
change time n, and MðxnÞ represents the previous standard
value. The advantage of determining the ECG signal is that
you can see the highest point xn of the value point, which
shows the uniqueness of this point:

M xnð Þ −M xn − 1ð Þ > 0,
M xn + 1ð Þ −M xnð Þ < 0:

(
ð11Þ

Based on improving the efficiency of the code, the sym-
bolic function is used in combination with the maximum
value. The meaning of the symbolic function is

sign xð Þ =
1, x ≤ 0,
‐1, x > 0:

(
ð12Þ

Therefore, the maximum candidate points satisfy

diff sign diffM xnð Þ½ �f g = −2: ð13Þ

By extracting the sample points that meet the conditions
in the ECG signal, the maximum preselection x1⋯ xn can
be obtained:

Since there are many sample points in the ECG signal
that meet the conditions of maximum value discrimination,
it is necessary to judge by the amplitude relationship of the
maximum value belonging to the wave crest. Therefore, the
conditions that need to be filtered by the threshold are

M xnð Þ ≥ thresh: ð14Þ

Filter the remaining extreme points based on nonpeak
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extreme points. Use time relationship to separate major and
minor peaks. The selection conditions based on the ECG
cycle are

Mn + 1‐M ≤
t
2 : ð15Þ

Among them, T is the period of an ECG waveform, and
the main peak and the secondary peak belonging to an ECG
cycle can be separated by this filtering condition.

�x = 〠
6

I=1
xi: ð16Þ

Then, pass the time compensation amount of the signal:

Δxi = xi − �x: ð17Þ

Generally, the advantage of using the average value as
the registration position instead of taking a signal as the ref-
erence is that it reduces the influence of circuit delay on the
signal and can compensate for the delay caused by each pro-
cessing circuit. The principle is similar to that of multiple
experiments. The average value improves the accuracy of
the collected signal in terms of time.

5. Conclusions

In this article, we use wavelet transform to decompose the
original signal in multiple layers, and each layer will get an
approximate signal. The more decomposed layers, the stron-
ger the integrity of the approximated signal, but it will also
increase the amount of calculation. We use wavelet trans-
form and independent component analysis algorithms to
process the collected ECG signals and analyze the unre-
corded signal processing results in detail. It can be seen that
the transient ICA model and the signal quality evaluation
parameters are sensitive to the signal. Synchronize this fea-
ture to make the results meet expectations. In addition, by
comparing the 6-channel acquisition method after signal
registration with 5-channel, 4-channel, and 3-channel, it is
proved for the first time that the quality of the ECG signal
collected by the system can be improved by increasing the
number. When the experiment is running stably, the ECG
monitoring system increases the number of collection termi-
nals by collecting ECG signals in 6 directions, 5 directions, 4
directions, and 3 directions. In addition, this paper refines
the registration method, so that the registration algorithm
has the effect of suppressing spikes. In terms of time accu-
racy, the average registration method is used to create the
reconstructed ECG signal after registration, which makes it
better than the original signal.

0
10
20
30
40
50
60
70
80
90

100

3 4 5 6
SN

R

Number of acquisition channels

SNr

0

0.05

0.1

0.15

0.2

0.25

3 4 5 6

M
Se

Number of acquisition channels

MSe

Figure 9: Polyline comparison after matching.

10 Journal of Nanomaterials



Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

The author declares no conflicts of interest.

References

[1] M. Son, J. Ahn, and S. Yoo, “Nonvolatile write buffer-based
journaling bypass for storage write reduction in mobile
devices,” Computer Aided Design of Integrated Circuits & Sys-
tems, vol. 37, no. 9, pp. 1747–1759, 2018.

[2] K. Tanaka, Y. Machida, A. Nakamura, M. Umehara, and
T. Koyama, “Development of embedded device package,
MCeP (molded core embedded package),” Journal of Japan
Institute of Electronics Packaging, vol. 20, no. 6, pp. 418–424,
2017.

[3] K. C. Lai and J. J. Shynk, “A successive cancellation algorithm
for fetal heart-rate estimation using an intrauterine ECG sig-
nal,” IEEE Transactions on Biomedical Engineering, vol. 49,
no. 9, pp. 943–954, 2002.

[4] S. Ranjan, B. Sun, G. Zhou, Y. A. Wu, L. Wei, and Y. N. Zhou,
“Passive filters for nonvolatile storage based on capacitive-
coupled memristive effects in nanolayered organic-inorganic
heterojunction devices,” ACS Applied Nano Materials, vol. 3,
no. 6, pp. 5045–5052, 2020.

[5] N. M. Keppetipola, M. Dissanayake, P. Dissanayake et al.,
“Graphite-type activated carbon from coconut shell: a natural
source for eco-friendly non-volatile storage devices,” RSC
Advances, vol. 11, no. 5, pp. 2854–2865, 2021.

[6] Y. Xu, M. Luo, T. Li, and G. Song, “ECG signal de-noising and
baseline wander correction based on CEEMDAN and wavelet
threshold,” Sensors, vol. 17, no. 12, article 2754, 2017.

[7] B. Q. Abdullah, K. P. Sharvan, and S. Dilbag, “Quantification
of feto-maternal heart rate from abdominal ECG signal using
empirical mode decomposition for heart rate variability analy-
sis,” Technologies, vol. 5, no. 4, pp. 68–68, 2017.

[8] K. Tabassum, H. Shaiba, N. A. Essa, and H. A. Elbadie, “An
efficient emergency patient monitoring based on mobile ad
hoc networks,” Journal of Organizational and End User Com-
puting, vol. 34, no. 4, pp. 1–12, 2022.

[9] B. Khaddoumi, H. Rix, O. Meste, M. Fereniec, and
R. Maniewski, “Body surface ECG signal shape dispersion,”
IEEE transactions on Bio-Medical Engineering, vol. 53,
no. 12, pp. 2491–2500, 2006.

[10] C. Kyrkou, C. S. Bouganis, T. Theocharides, and M. M.
Polycarpou, “Embedded hardware-efficient real-time classifica-
tion with cascade support vector machines,” IEEE Transactions
on Neural Networks& Learning Systems, vol. 27, no. 1, pp. 99–
112, 2017.

[11] W. Ying, H. Li, and X. Li, “A case of on-chip memory sub-
system design for low-power CNN accelerators,” IEEE Trans-
actions on Computer-Aided Design of Integrated Circuits and
Systems, vol. 37, no. 10, pp. 1971–1984, 2017.

[12] R. Garibotti, L. Ost, A. Butko, R. Reis, A. Gamatié, and
G. Sassatelli, “Exploiting memory allocations in clusterised
many-core architectures,” IET Computers& Digital Tech-
niques, vol. 13, no. 4, pp. 302–311, 2019.

[13] D. Zhu, Y. Li, W. Shen, Z. Zhou, L. Liu, and X. Zhang, “Resis-
tive random access memory and its applications in storage and
nonvolatile logic,” Journal of Semiconductors, vol. 38, no. 7,
article 071002, 2017.

[14] K. Huang, Z. Rong, and L. Yong, “Racetrack memory-based
nonvolatile storage elements for multicontext FPGAs,” IEEE
Transactions on Very Large Scale Integration Systems, vol. 24,
no. 5, pp. 1885–1894, 2016.

[15] R. Micheloni, “Solid-state drive (SSD): a nonvolatile storage sys-
tem,” Proceedings of the IEEE, vol. 105, no. 4, pp. 583–588, 2017.

[16] I. Hwang, W. Wang, S. K. Hwang et al., “Multilevel non-
volatile data storage utilizing common current hysteresis of
networked single walled carbon nanotubes,” Nanoscale,
vol. 8, no. 19, pp. 10273–10281, 2016.

[17] M. Schmidt, J. W. Krug, and G. Rose, “Reducing of gradient
induced artifacts on the ECG signal during MRI examinations
using Wilcoxon filter,” Current Directions in Biomedical Engi-
neering, vol. 2, no. 1, pp. 175–178, 2016.

[18] O. Singh and R. K. Sunkaria, “ECG signal denoising via empir-
ical wavelet transform,” Australasian Physical& Engineering
Sciences in Medicine, vol. 40, no. 1, pp. 219–229, 2016.

[19] S. Goel, P. Tomar, and G. Kaur, “A fuzzy based approach for
denoising of ECG signal using wavelet transform,” Interna-
tional Journal of, Bio-Science and Bio-Technology, vol. 8,
no. 2, pp. 143–156, 2016.

[20] I. Kaur, R. Rajni, and A. Marwaha, “ECG signal analysis and
arrhythmia detection using wavelet transform,” Journal of the
Institution of Engineers, vol. 97, no. 4, pp. 499–507, 2016.

[21] A. A. Ahmad, A. I. Kuta, and A. Z. Loko, “Analysis of abdom-
inal ECG signal for fetal heart rate estimation using adaptive
filtering technique,” International Journal of Image, Graphics
and Signal Processing, vol. 9, no. 2, pp. 19–26, 2017.

[22] G. Nishanthi, A. Yuvashree, J. Joseph, and R. Supraja, “Person-
nel monitoring system using mobile application during the
COVID 19,” Journal of Cognitive Human-Computer Interac-
tion, vol. 2, no. 2, pp. 40–49, 2022.

[23] D. Panigrahy and P. K. Sahu, “Extended Kalman smoother
with differential evolution technique for denoising of ECG sig-
nal,” Australasian Physical& Engineering Sciences in Medicine,
vol. 39, no. 3, pp. 783–795, 2016.

[24] D. Panigrahy and P. K. Sahu, “Extraction of fetal ECG signal
by an improved method using extended Kalman smoother
framework from single channel abdominal ECG signal,” Aus-
tralasian Physical& Engineering Sciences in Medicine, vol. 40,
no. 1, pp. 191–207, 2017.

[25] H. Rakshit and M. A. Ullah, “A new efficient approach for
designing FIR low-pass filter and its application on ECG signal
for removal of AWGN noise,” IAENG Internaitonal Journal of
Computer Science, vol. 43, no. 2, pp. 176–183, 2016.

[26] P. Xiong, H. Wang, M. Liu, F. Lin, Z. Hou, and X. Liu, “A
stacked contractive denoising auto-encoder for ECG signal
denoising,” Physiological Measurement, vol. 37, no. 12,
pp. 2214–2230, 2016.

[27] N. Polat and S. K. Kayhan, “FPGA implementation of LSD-
OMP for real-time ECG signal reconstruction,” Turkish Jour-
nal of Electrical Engineering and Computer Sciences, vol. 29,
no. 4, pp. 1887–1907, 2021.

[28] W. Li, B. Li, H. Guo, Y. Fang, F. Qiao, and S. Zhou, “The ECG
signal classification based on ensemble learning of PSO-ELM
algorithm,” Neural Network World, vol. 30, no. 4, pp. 265–
279, 2020.

11Journal of Nanomaterials



[29] R. Muthusivagami, “A survey on ECG signal denoising using
S-transform and SG filtering,” International Journal of
Advanced Research, vol. 8, no. 8, pp. 332–336, 2020.

[30] Y. A. Altay, A. S. Kremlev, and K. A. Zimenko, “Evaluation of
low-frequency noise relationship in multichannel registration
of ECG signal,” Izvestiâvysših Učebnyh Zavedenij Priborostroe-
nie, vol. 63, no. 7, pp. 626–633, 2020.

12 Journal of Nanomaterials



Research Article
Photocatalytic Activity of Green Construction TiO2
Nanoparticles from Phyllanthus niruri Leaf Extract

Annin K. Shimi,1 Saikh Mohammad Wabaidur,2 Masoom Raza Siddiqui,2 Md Ataul Islam,3

Kantilal Pitamber Rane,4 and T. S. Arul Jeevan 5

1Department of Physics, Manonmaniam Sundaranar University, Tirunelveli, Tamil Nadu 627012, India
2Department of Chemistry, College of Science, King Saud University, Riyadh 11451, Saudi Arabia
3Division of Pharmacy and Optometry, School of Health Sciences, Faculty of Biology, Medicine and Health,
University of Manchester, Manchester, UK
4KCE College of Engineering and Management, Jalgaon, Maharashtra 425001, India
5Department of Chemistry College of Natural and Computational Sciences, Mizan Tepi University, Tepi, Ethiopia

Correspondence should be addressed to T. S. Arul Jeevan; jejeevan@mtu.edu.et

Received 29 December 2021; Revised 11 March 2022; Accepted 25 May 2022; Published 22 June 2022

Academic Editor: Awais Ahmed

Copyright © 2022 Annin K. Shimi et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

The present research work reports the facile and green synthesis of TiO2 nanoparticles from Phyllanthus niruri leaf extract using
the coprecipitation method. The plant biomolecules were responsible for the nanoproduction and exhibited reduction and
stabilization activity. The green synthesized TiO2 nanoparticles were analyzed in various characterization methods. The
crystalline size (23 nm) and anatase phase of TiO2 nanoparticles were analyzed from X-ray diffraction study. The reduction
and stabilization response functional group of TiO2 nanoparticles was studied from FTIR analysis. The optical properties of
TiO2 nanoparticles were constructed from the UV-DRS technique, and their calculated bandgap is 3.16 eV. The spherical
morphology and their existing materials were identified using FESEM with EDX. The catalytic activity of TiO2 nanoparticles
was examined against methylene blue dye under ultraviolet and visible light irradiation. It was detected that ultraviolet
irradiation showed higher photocatalytic activity than visible light irradiation. In addition, visible light irradiation provides the
above 90 percentage degradation of methylene blue dye. Hence, TiO2 nanoparticles were proposed as a potential catalyst of
photocatalytic dye degradation application and water remediation activities.

1. Introduction

Nanoscience is one of the most widely used and effective
fields of research in scientific discovery. Nanotechnology
has recently become a highly advanced technology with
intra- and interstudy spanning chemistry, physics, biology,
material science, and medicine. The production of
nanometer-sized materials of various morphologies and
sizes, as well as monodispersion, is an important field of
research in nanoscience [1, 2]. Nanoparticles of varying
sizes, shapes, and controlled disparity are synthesized by
many researchers. Catalysis, optical, electric, and magnetic
aspects; diagnostics; biological probes; and display devices
are among the applications for metal nanoparticles [3].

The synthesis of metal and metal oxide nanoparticles is an
existing field of material chemistry that has piqued interest
due to applications in a wide range of fields, including air
and water purification, medicine, antimicrobials, informa-
tion technology, photocatalytic, antimicrobial, energy reser-
voirs, and biosensors [4]. Nanomaterial synthesis methods
are divided into physical and chemical processes due to their
enormous surface area. These procedures, however, are not
ideal for medical and biological applications due to their
environmental hazards. As a consequence, researchers are
opting for a green synthesis method to synthesize nanomate-
rials although it is efficient, environmentally friendly, and
cost effective [5, 6]. Green synthesis is an exciting material
science approach [7–9]. Plants provide a better platform
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for nanoparticle manufacturing since they do not contain
hazardous compounds and provide natural capping agents
[10]. Numerous organic substances are widespread in nature
extracts including amino acids, proteins, polysaccharides,
alkaloids, flavonoids, and phenolic compounds [11–13].
TiO2 has become extremely prevalent in a broad spectrum
of applications [14–24]. TiO2 is an excellent material for
photocatalysis and biomaterial creation [25]. Titania’s bio-
compatibility makes it suitable for use in bone tissue engi-
neering for bone regeneration and healing [26]. TiO2 is a
powerful catalyst that may be used to remove a variety of
contaminants from the environment and has been shown
to clean water and surfaces [26–34]. The Phyllanthus genus
is one of the most prominent groupings of plants traded in
India as a raw herbal medication [35]. The Phyllanthus
genus, which belongs to the Euphorbiaceae family, contains
over 1000 species that are found on tropical and subtropical
continents like America, Africa, Australia, and Asia. The
Phyllanthus genus is widely applicable in the human medical
system [35–39]. Phyllanthus niruri has been used in tradi-
tional medicine to treat lung and skin-related diseases. The
presence of various biologically active substances serves an
impeccable role in the reduction, capping, and stabilization
processes. These plant compounds reduced the toxicity level
during the production of nanophase materials. Moreover,
the plant derivatives obtained various bioactive elements
that can be used in antibacterial, antifungal, and diabetic-
related applications [39–47]. The bioreduction compounds
of lignin, saponins, and flavonoids give the chemical-free
zero-valent atom and provoke the stabilization process. In
addition, these biocompounds increased microbial resistivity
and are highly appreciable in liver-related diseases. The pres-
ent work investigates the nanoproduction of TiO2 nanopar-
ticles using Phyllanthus niruri leaf extract. The structural,
optical, and morphological entities of the synthesized nano-
particles were investigated. In addition, the photocatalytic
activity of the synthesized nanoparticles was observed from
ultraviolet and visible light irradiation.

2. Experimental

2.1. Materials. The titanium tetra isopropoxide (TTIP)
(Sigma-Aldrich, AR grade, purity > 99 percent) was used to
synthesize the TiO2 nanoparticles. Fresh leaves of Phyl-
lanthus niruri were collected from Tirunelveli, and their
extract was used as a bioreductant. The methylene blue dye
was purchased from HiMedia. There are no extra chemicals
were used for the purification and synthesis process.

2.2. Green Synthesis of TiO2 NPs. The Phyllanthus niruri leaf
extract and 0.1M TTIP solutions were used in the green syn-
thesis of TiO2 nanoparticles. 0.1M TTIP solution was
poured into 90mL leaf extract under magnetic stirring.
The stirring and biomolecules of the leaf extract have mod-
ified the color into white and produced precipitation. The
white precipitation was centrifuged for 12000 rpm for 15
minutes two times. The obtained pellets were filtered with
Whatman no. 1 filter paper and kept in an oven for 200°C
at 3 hrs. Finally, the white TiO2 nanoparticles are character-

ized by various analyses. The formation of TiO2 is depicted
in Scheme 1.

2.3. Characterization. The synthesized TiO2 nanoparticles
were evaluated by structural, optical, and morphological
analyses. The crystalline property of TiO2 nanoparticles
was observed from the X-ray diffractometer (XRD) (PANa-
lytical X-ray diffractometer, Cu-Kα radiation = 0:154 nm,
angle 10°–80° and 40 kV/15mA). The optical property of
TiO2 nanoparticles was captured from the UV Shimadzu
2700 UV-DRS spectrophotometer. The functional group
and formed TiO2 nanoparticles were recorded from the
FT-IR (PerkinElmer, 400–4000 cm–1, USA). The morpho-
logical entity was observed from scanning electron micros-
copy (HRSEM-SEM, Carl Zeiss, Germany) coupled with
material identification energy-dispersive X-ray spectroscopy
(EDX).

2.4. Photocatalytic Activity. The photocatalyst of TiO2 nano-
particles was performed against visible and UV light irradia-
tion to determine the photocatalytic MB dye degradation.
The light source is an important key factor to modify the
rate of degradation to degrade the organic pollutants. The
10 ppm MB (100mL) dye solution was inoculated with a
10mg photocatalyst. After that, the combined solution was
kept in dark condition to attain the adsorption-desorption
equilibrium level. Finally, the mixed solution was placed in
UV and visible light circumstances. The irradiated samples
were withdrawn (5mL) in a regular interval (30 minutes)
to measure the degradation efficacy of TiO2 nanoparticles.
The photocatalytic dye degradation efficacy was observed
from the following equation: dye degradation efficiency = C
− C1/C, where C is the initial dye absorbance at time = 0,
C1 is the dye absorbance with light at time = 30 min, and t
is the time.

3. Results and Discussion

3.1. X-Ray Diffraction (XRD). The X-ray diffraction pattern
of the green synthesized TiO2 nanoparticles is shown in
Figure 1. The structural, crystallite size and material phases
were identified from X-ray diffraction. The obtained peaks
are 25.27° (1 0 1), 37.86° (0 0 4), 48.23° (2 0 0), 54.31° (1 0
5), 55.09° (2 1 1), 62.62° (1 1 8), and 75.21° (2 1 5) compared
with those of the standard JCPDS card no. 78-2486 [48, 49].
The anatase phase of TiO2 nanoparticles exhibits enhanced
catalytic activity than the rutile and brookite phases. The
photocatalyst TiO2 nanoparticle crystallite size was calcu-
lated from the Debye Scherrer formula, and their calculated
value is 23nm in (1 0 1) plane at a high-intensity peak. The
lowest crystallite size demonstrates the large surface area and
outstanding photocatalytic activity of the synthesized
materials.

3.2. FTIR Analysis. The plant active functional groups of the
TiO2 nanoparticles were analyzed by FTIR spectrum and
displayed in Figure 2. The broad peak at 4000–3500 cm−1

specifically at 3420 cm−1 belongs to hydroxyl groups of O–
H stretching vibration [50]. The band at 2923 cm−1 is attrib-
uted to C-H vibrations. The C-H vibrations are restricting
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the phase changes and promote the organic precipitation in
synthesis time. Another prominent peak of TiO2 nanoparti-
cles is located at 1627 cm−1, which can be ascribed to C=C
which came from plant carbon molecules. The carbon mol-
ecules are associated with hydrogen and oxygen from the
source materials. The carbon association produces the −C-
O stretching and −C-H bending to the source precursors
[50–53]. These compounds come from the plant extract bio-
molecules which can control the growth of the particles and
reduction/stabilization activity. The peak at 720 cm−1 is
attributed to the Ti-O stretching bands. The stretching
modes of Ti-O-Ti all are observed at 500–700 cm−1 [54].
The plant bioderivatives produce the nonvalent atoms
through the flavonoids, saponins, and lignin. These plant
derivatives are responsible for metal and oxygen bond for-

mation. The formed metal and oxygen elements were stabi-
lized from plant derivatives.

3.3. UV-DRS Analysis. The optical properties of the TiO2
nanoparticles were performed from the UV-DRS technique.
The DRS spectrum is shown in Figure 3(a) which can indi-
cate the optical reliability of the TiO2 nanoparticles in the
UV region at 390nm. The optical transformations and their
defects were determined the bandgap of the materials. There
is no adsorption edge involved in the visible region which
can denote the highest photonic energy. The optical band-
gap values are calculated from Tauc eqn. The calculated
bandgap value shows the relationship between the incident
photon energy of semiconductors and absorption coefficient:
αhυ = Aðhυ − EgÞn, where α is the absorption coefficient, υ is

TTIP solution (0.1M)
Plant

extract
TiO2 NPs
solution

TiO2 NPs

Centrifugation

Filtration
Dried at 200°C

Mortared

Reduction/stabilization

Scheme 1: Synthesis formation of TiO2 nanoparticles.
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the frequency, Eg is the Bandgap, and n is the 1/2 direct
bandgap semiconductor. The obtained band gap is 3.16 eV.
The wide bandgap of TiO2 nanoparticles exhibited the
charge carrier formation and liberation in the photocatalytic
activity [55, 56].

3.4. FESEM with EDX. Figure 4 shows the surface morpho-
logical and elemental analysis of green synthesized TiO2
nanoparticles. FESEM images represent the spherical mor-
phology with even distribution on the surface. The formed
spherical shape and their smaller size particles accelerate
the free radical formation. The existing plant biomolecules
occupied the surface which gives the agglomerations and

large grain size particles. The existing plant molecules
derived the irregular distribution of the TiO2 nanoparticles.
The spherical shape is a more benefit able shape in catalytic
activity than other shapes due to their large surface area
[57–60]. The EDX spectrum displays the Ti and O element
existence over the surface. The remaining small peaks
exhibit the plant molecules which was well explained in
FTIR analysis. The elemental percentages were displayed in
Figure 4(d). The Ti elements occupied the major places in
synthesized TiO2 nanoparticles. The FE-SEM morphology
images showed the spherical and semispherical shapes of
the TiO2 nanoparticles. The spherical shape occupied the
major area of the TiO2 nanoparticles which are attached to
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it shown as larger grain size particles due to their plant
derivatives. The excessive plant compounds construct the
layer over the TiO2 surface and merged the two particles.
Therefore, it shows semispherical and spherical shapes.
The distribution of the TiO2 nanoparticles was calculated
from ImageJ software, and their values are displayed in
Figure 5.

3.5. Photocatalytic Activity. The green synthesized TiO2
nanoparticles against methylene blue dye under different
light sources are shown in Figures 6(a) and 6(b). The visible
light irradiation slowly increased the degradation rate due to
the reactive sites of the catalyst. Above 60 minutes of visible
light irradiation exhibits the higher degradation because of
their OH radicals which provokes the oxidation of the dye
molecules [61, 62]. The plant biomolecules sustained the
electron-hole pair recombination which derived strong oxi-

dation and reduction of dye molecules over the catalyst. This
process takes 60 minutes to 90 minutes with the migration of
electrons and holes of the concern bands. The ultraviolet
irradiation exhibits the vigorous degradation than visible
light irradiation due to their OH radicals [16–23]. The ultra-
violet light provokes the electron mobilization and evoked
the electron-hole pair which promotes better degradation
efficiency. The 30-minute ultraviolet light irradiation of
TiO2 nanoparticles exhibited above 80% degradation. The
ultraviolet irradiation (98.2%) of TiO2 nanoparticles showed
enhanced degradation efficiency than visible light irradiation
(94.42%) (Figure 7(a)). The photocatalyst efficiency was cal-
culated from the C/C0 spectrum (Figure 7(b)) The degrada-
tion efficiency is dependent on a light source, catalyst
dosage, pH, and dye concentration [63]. TiO2 nanoparticles
are extensively used in photocatalytic activity due to their
wide bandgap and e-h pair restriction property. The anatase
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TiO2 nanoparticles exhibited a wide bandgap (3.16 eV) and
lower crystallite size and large surface area which was
ensured by DRS, XRD, and FESEM analyses, respectively.
The degradation rate of the catalyst was constructed from
pseudo-first-order kinetics (Figure 7(c)). The kinetic equa-
tion is as follows: −ln ðCt/C0Þ = −Kt, where Ct is the light
irradiated dye absorbance at time t, C0 is the initial dye
absorbance at time t = 0, and t is the activity time of degra-
dation. The obtained pseudo-first-order kinetics delivered
the ultraviolet irradiation potential which is more effective
than visible light irradiation. The present work is compared
with earlier published work of TiO2 nanoparticles. The com-
parison of TiO2 nanoparticle photocatalytic activity is tabu-
lated in Table 1. The pure and doped TiO2 photocatalytic
degradation work is reported. The degradation is based on
the light source, size, dopants, and surface area. The table
denotes the catalytic activity of TiO2 nanoparticles in various
doping, light sources, and time. The visible light irradiation
degradation is low compared to ultraviolet irradiation but
the addition of metal compounds increased the catalytic effi-
ciency. Free radicals production increased the oxidation abil-
ity of dye molecules. The radical formations are evoked in
visible light irradiation [64–67]. The present visible light
irradiation catalytic activity produced the superoxides and
radicals which exhibited a better photocatalytic dye degrada-

tion activity than previously reported works. Therefore, the
present work focused on visible and ultraviolet light irradia-
tion and demonstrates that biogenic TiO2 nanoparticles
prove heightened degradation ability against the MB dye.

The photocatalyst mechanism of the TiO2 nanoparticles
is shown in Figure 8. The mechanism of TiO2 nanoparticle-
excited electrons traveled from the valence band to the con-
duction band during the illumination. The modified elec-
trons and holes get a reduction and oxidation property.
The generated charge carriers produce free radicals and
superoxides. These compounds dissociated the dye mole-
cules to noxious compounds [61, 62, 68, 69]. The UV light
irradiation inhibits the e-h pair very strappingly and pro-
duces an enormous amount of free radicals than visible light
irradiation. The detailed mechanism is as follows:

TiO2 + hv⟶ e− C:Bð Þ + h+ V :Bð Þ:,
H2O⟶H+ +OH−ð Þ + h+ V :Bð Þ⟶H++ ⋅OH,

O2 + e− C:Bð Þ⟶O2
− +H+ + OH− ⟶HO⋅

2 + −OH,
HO⋅

2 + −OH + h+ V:Bð Þ⟶ ⋅OH:

ð1Þ

Based on the results, specify that the green synthesized
TiO2 nanoparticles have upgraded catalytic activity and
enhanced dye adsorption behavior in ultraviolet light irradi-
ation. Hence, the green synthesized TiO2 nanoparticles
detached the dye molecules from the aquatic surface and
more powerful degradation in the ultraviolet region.

4. Conclusion

The current work reported the green production of nanopar-
ticles from Phyllanthus niruri leaf extract. The plant extract
using nanoparticles is an eco-friendly and noxious-free
reduction to synthesize the nanophase materials. The photo-
catalyst of the TiO2 structural tetragonal pattern was con-
firmed by XRD, and their size 23 nm was calculated using
the Debye Scherrer equation. The plant derivatives and their
reduction/stabilization involved biomolecules, and their
functional groups were identified from FTIR spectroscopy.

Table 1: Photocatalytic MB degradation of TiO2 nanoparticles.

S. no Nanomaterial Time (min) Source Degradation percentage References

1 TiO2 120 UV-Vis 89 [70]

2 TiO2 240 UV-Vis 70 [71]

3 TiO2 60 UV-Vis 76 [72]

4 TiO2 90 Solar light 90 [73]

5 Co/TiO2 150 UV-irradiation 80 [64]

6 Mn-TiO2 240 Visible light 88 [65]

7 TiO2 60 UV 72.4 [66]

8 TiO2 60 UV-Vis 90.4 [67]

9 TiO2/PET 10 UV-vis 88 [74]

10 TiO2 120 UV 98.2 Present work

11 TiO2 120 Visible light 94.4 Present work
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Figure 8: Photocatalytic degradation mechanism of green
synthesized TiO2 nanoparticles.
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The optical measurement and their wide bandgap values
were evident by DRS analysis. The spherical surface and ele-
mental investigation were obtained from FESEM with EDX.
The photocatalyst of TiO2 nanoparticles was performed in
ultraviolet and visible light irradiation against MB dye. The
results exposed that ultraviolet irradiation of TiO2 nanopar-
ticles exhibited better catalytic activity than visible light pho-
tocatalytic activity. Therefore, constructed on the results of
the current study, we recommended that the green synthe-
sized TiO2 nanoparticles are a more active and high possible
catalyst in wastewater removal treatment.
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Compared with ordinary metal structures, advanced composite materials have the characteristics of high strength, high rigidity,
and light weight. The use of composite materials in aircraft structures is currently a hot research topic. This research mainly
discusses the optimization design of the composite wing structure of the DF-2 light sports aircraft. This article takes the DF-2
light sports aircraft planned to be produced by the company as the source. Based on its overall design basis, aerodynamic
requirements, and the original wing structure design, according to the composite material aircraft structure design theory and
method, the aircraft wing structure is carried out. Composite materials are materials with new properties that are composed of
two or more materials with different properties at the macroscale by physical and chemical methods. Composite materials can
be divided into functional composite materials and structural composite materials according to the nature of the application.
Functional composites are materials with special functions, such as conductive composites, ablative materials, and frictional
composites. At present, the main research is on structural composite materials, which are composed of two components:
matrix material and reinforcing material. The new structural scheme design and structural strength analysis are designed to
meet the structural strength requirements of the wing and the lightest weight. In this paper, according to the force
transmission characteristics of different structural types of the wing, the characteristics of the load transmission are analyzed,
and the shape parameters and load parameters of the wing structure design are used as initial conditions, and the quantitative
analysis model of the wing structure is constructed according to the requirements of strength, stiffness, and stability. Through
rapid mathematical modeling and analysis of the wing structure, the weight and efficiency of different configurations can be
evaluated. Through the quantitative analysis model of the wing, the wing structure type can be quickly determined according
to the wing parameters in the preliminary design, which makes the basis for the selection of the wing structure type. After
optimization, the weight of the wing structure decreased from 0.966 kg to 0.803 kg, a decrease of 16.87%. The designability of
composite materials is one of its major characteristics. By optimizing the layup angle, layup sequence, and dropout area, the
performance indicators of the structure are finally improved. This research will promote the further development of the
aerospace field.

1. Introduction

Compared with the conventional mechanical structure design,
aviation structural design requires very strict control of its
structural weight. Because composite materials have superior
performance in this respect, they are favored by aviation

manufacturers and are more and more widely used in the
design of aircraft structures.

Excessive cost is still the main obstacle restricting the
large-scale application of composite materials in aircraft
structures. If manufacturing and assembly problems are
considered at the design stage, the aircraft can have an

Hindawi
Journal of Nanomaterials
Volume 2022, Article ID 6967016, 10 pages
https://doi.org/10.1155/2022/6967016

https://orcid.org/0000-0003-4445-7259
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6967016


RE
TR
AC
TE
D

adjustable lift-to-drag ratio, shorter take-off and landing
distance, less fuel consumption, wider range, higher ceiling,
and higher mobility and stealth performance. And stealth
performance is another important trend in the development
of composite materials.

Composite structures have different structural properties
due to the different percentage and sequence of layering at dif-
ferent angles. Yuan et al.’s loading of Au nanoparticles
(AuNPs) onto environmentally sensitive polymer microgels
is increasingly used to regulate their optical properties and cat-
alytic activity. Here, they synthesized a composite polymer
microgel composed of poly (n-isopropylacrylamide-co-3-
methylpropyltrimethoxysilane)/poly (acrylic acid) with a
core-shell structure and used nanoparticles to load AuNPs
onto the network chain of the polymer microgel in a con-
trolled manner. The prepared AuNP composite has good pH
sensitivity. Therefore, the electromagnetic coupling between
AuNPs can be regulated by the swelling/deswelling of polymer
microgels under various acidic/alkaline conditions. More
importantly, the coordination interaction between carboxyl
groups and Cu ions in the PAA chain is altered by changing
the content of Cu ions at different pH conditions, thus modu-
lating the local surface plasmon resonance of AuNPs. These
structural characteristics of the prepared composite microgel
can adjust the optical properties of AuNPs in the following
ways [1]. Chesterman et al. believe that resin-based compos-
ites (RBC) are increasingly used in posterior tooth restoration.
The growing demand for aesthetically pleasing, tooth color
restorations, coupled with patient concerns about using
mercury-containing restorations, has driven the explosion in
RBC material use. With the minamata convention of 2013
calling for the phasing out of dental amalgam and dental
schools increasingly teaching RBC repair techniques for poste-
rior teeth, the dental industry’s reliance on RBC repair for pos-
terior teeth is likely only to grow. To simplify and speed the
placement of large rear RBCs, manufacturers produce a range
of materials that can be placed in single or deeper increments,
called bulk RBCs. In a relatively short period of time, many
bulk RBCs have become available, with incremental depths
of between 4 and 10mm. The placement of these large incre-
mental RBCs may reduce the time required to repair after
placement, thus reducing technical sensitivity [2]. Palumbo
et al. believe that thermoelastic signal phases associated with
inherent dissipation processes occurring in materials have
been used to locate and assess damage areas in a quantitative
manner. In addition, thermoelastic phase analysis leads to
the evaluation of the durability limits of composites. In fact,
by comparing the results with those provided by standard test
methods, the potential of the proposed procedure is shown
first as a nondestructive technique for continuous monitoring
of damage to composite structures subjected to fatigue loads
and secondly as a fatigue limit index [3]. Boumhaout et al.’s
work deals with the thermomechanical properties of compos-
ites made from mortar and date fiber mesh (DPF). The objec-
tive is to evaluate the thermal and mechanical properties of
this material for building insulation. The volume percentage
of date FibreNet in tested samples ranged from 0% to
51%. The thermal characteristics of the sample are experi-
mentally determined in terms of conductivity, diffusivity,

capacity, and flow rate. In addition, the bending and
compression strengths of the samples were systematically
evaluated. DPF grid has a positive effect on the thermome-
chanical properties of composites. In fact, it significantly
improves the insulation ability of mortar, increases the ther-
mal diffusion damping rate, and makes mortar lighter. DPF
mesh also improves the ductility of mortar and meets the
mechanical requirements of building materials [4]. Based
on plant waste corn cob and nitrogen source melamine,
Li et al. adopted an innovative method to controllable syn-
thesis of multistage nanotube @ mesoporous carbon com-
posites through heat treatment. Corn cobs provide a
carbon source and a small amount of Fe as a catalyst, while
melamine provides a nitrogen source. The corn cob is pre-
treated with concentrated sulfuric acid and then mixed with
melamine. After calcination at 800°C for 2 hours, a large
number of thin walled nitrogen-doped carbon nanotubes
(MWNTS) grew vertically on mesoporous carbon skeleton
with unique structure. The diameter of the nanotubes is
about 50nm, and their length varies between 0.1 and
20μm, which can be controlled by adjusting the ratio of
the pretreated corn cob to melamine. At the same time,
the composite material has stable interconnect pores and
channels with a surface area up to 1100m2/g, which signif-
icantly accelerates the ion and electron transport rates [5].
In the assembly of composite components, the fastener
holes need to be processed not only in large quantity and
high quality requirements but also difficult, which is one
of the most difficult processing procedures in composite
processing. It is easy to produce delamination, tearing, split-
ting, and other phenomena when making holes in compos-
ite materials, so the hole making connection is an
important link that affects the assembly quality of compos-
ite components. Composite layup optimization is to opti-
mize the design in the combination of these types of
layup angles, while considering the laying position of each
layer of composite materials, so as to maximize the excel-
lent properties of composite materials [6].

The honeycomb sandwich structure has been widely used
in aircraft structural parts due to its excellent bending stiffness
characteristics. The full-height sandwich structure is used on
the control surface, which achieves a significant weight

Table 1: Main performance parameters of composite materials
used in wing structure.

Material
T700/
epoxy

Fabric_
T700

NOMEX

Axial modulus (GPa) 120 56 0.3

Transverse modulus (GPa) 9 56 0.3

Z-direction modulus (GPa) 9 8 91

Shear modulus (XY/GPa) 4.8 4.6 0.06

Shear modulus (YZ/GPa) 4.8 4.6 20

Shear modulus (XZ/GPa) 4.8 4.6 30

Poisson’s ratio (XY) 0.3 0.15 0.33

Poisson’s ratio (YZ) 0.3 0.15 0.01

Poisson’s ratio (XZ) 0.3 0.15 0.01
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reduction effect on the premise of ensuring strength and rigid-
ity [7]. Combining the design theories and methods of com-
posite laminates and sandwich panels, as well as the
introduction of bioengineering structural design concepts
and topological structure design concepts, this article will
maximize the use of composite materials to design the wing
in detail. According to the requirements of the initial design,
after designing and analyzing the initial structure, tests were
carried out to prove the feasibility of the design. From the test,
it can be seen that the initial design is relatively conservative,
and the strength of the material and the rigidity of the struc-
ture are still too high. Based on this situation, a lightweight
design of the wing was implemented. Regarding the feasibility
and operability of the molding scheme of various structural
components, the explanation is based on the analysis of factors
such as the existing technical level and manufacturing cost,
manufacturing cycle, and technical level of personnel.

2. Optimized Plan for Composite Wing

2.1. Optimizing the Thickness of Composite Material
Structure Ply

2.1.1. Establishment of Optimization Model. The honeycomb
structure has high deformation and supporting force and
is suitable as a candidate for a deformed structure. How-
ever, the general honeycomb cannot be actively deformed,
and the active deformation honeycomb based on shape
memory materials has a slow deformation speed and can-
not meet the requirements of an adaptive structure [8].

If the material structure and shape of the honeycomb
core layer are determined, the core layer structure can be
treated as a laminate when designing the honeycomb core
layer composite structure. The core layer is just another
layer, and the thickness is the same as the height of the
core layer. The core material of the skin’s honeycomb is
NOMEX honeycomb [9]. The closed wing box structure
is composed of the skin and the beams and ribs of the
wing. The skin of the wing box is mainly used for torsion,
improving the torsional rigidity of the skin and making
the skin with high damage and peeling resistance. It is
covered by carbon fiber cloth. Fabric is the outermost
layer of the T700 wing, and the carbon fiber cloth is com-
posed of longitudinal fibers and transverse fibers. The
main performance parameters of the composite materials
used in the wing structure are shown in Table 1.

2.1.2. Stiffness Performance of Composite Laminates. The
physical equations of laminates can be derived from the clas-
sical laminate theory of composite materials [10, 11]:

V
M

� �
=

A B

C D

 !
χ

γ

� �
: ð1Þ

N is the resultant force array in the middle of the
laminate; M is the resultant moment array in the middle of
the laminate [12].

Since the lower wing panel mainly bears the tensile load,
the tensile load-bearing capacity of the initial model of the

open area can be calculated first. In order to explore other
properties of the open-ended laminate, the stability load-
bearing capacity and postbuckling load-bearing capacity of
the structure are also calculated. Analyze the calculation
result and use it as the design basis for the reinforcement
scheme of the opening area. Tensile stiffness array of lami-
nate A is as follows[13]:

A = 〠
n

k=1
Q ZK − ZK−1ð Þ = 〠

n

k=1
QhK : ð2Þ

Laminated plate tension and bending coupling stiffness
matrix B are as follows [14]:

B = 1
2 〠
K=1

Q Z2
K − Z2

K−1
À Á

= 〠
K=1

QZHK + 1: ð3Þ

Among them, Z represents the distance between the
middle surface and the middle surface of the k-th layer
[15, 16].

The plies involved in this article are symmetrical and
balanced pavement designs, and a reasonable pavement
structure design that meets the requirements of structural
rigidity, strength, and stability has been found.

2.2. Kriging Model. In this paper, the response surface
method of Kriging model is applied to the optimization of
the wing spar position, thereby improving the prediction
accuracy of its response surface. In the Kriging model, the
original unknown function can be expressed as follows [17]:

y xð Þ = f xð Þ + Z xð Þ, ð4Þ

where f ðxÞ is an unknown function of x.
The predicted estimated value yðxÞ of the response value

yðxÞ at the unknown vector x is given by the following for-
mula [18, 19]:

y_ xð Þ = bβ + rT xð ÞR−1 y xð Þ − f bβ� �
: ð5Þ

Table 2: Test protocol and results.

Test
number

W1
/mm

W2
/mm

Wing tip
deformation/mm

Maximum
stress/MPa

1 320 190 19.551 184.11

2 280 190 11.836 126.1

3 360 190 11.92 122.07

4 320 223 23.011 173.84

5 280 223 15.327 121.21

6 360 223 16.614 101.76

7 320 256 22.55 183.54

8 280 256 13.633 76.959

9 360 256 15.613 91.109
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Among them, rTðxÞ is the correlation vector between the
unknown vector x of length n and the sample data [20].

rT xð Þ = R x, x1ð Þ, R x, x2ð Þ, R x, x3ð Þ,⋯, R x, xnð Þ½ �T : ð6Þ

From the narrative about the Kriging model, we can
know that having a certain amount of sample data is the pre-
mise of establishing the Kriging model. When selecting sam-
ples in the entire design space, a limited number of samples
should be used. It is possible to fully reflect the characteris-
tics of the design space, which requires experimental design.
There are many methods of experimental design, such as full
factorial design and central composite design. This paper
uses the central composite design method to arrange the
response surface test, which is designed on three levels,
and a total of 9 sets of parameter variables W1 and W2
are designed. The test plan and results are shown in Table 2.

2.3. Optimal Mathematical Model. Since changing the
position of the spar has little effect on the quality of the wing,
it is not considered here. Under the condition of meeting the
strength requirements, the stiffness of the structure is
selected as the objective function, which is measured by the
deformation of the wing tip [21].

According to the constraints of the wing geometry size,
the variation ranges of the parameter variables W1 and W
2 are, respectively, taken as 280mm ≤W1 ≤ 360mm and
190mm ≤W2 ≤ 256mm, and the optimized mathematical
model can be described as follows [22, 23]:

min S Xð Þ
Fj jmax xð Þ − 1 < 0
Xi ≤ Xn ≤ Xk:

8>><
>>:

ð7Þ

Agent
terminal

Agent
terminal

Agent
terminal

Administrator

Figure 1: The integration process of genetic evolution.
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Among them, S is the stiffness index. This paper selects
the maximum deformation of the wing tip to characterize
it; Xn is the position parameter of the spar; F is the failure
factor of the wing structure [24].

2.4. Optimized Structure. ISIGHT can integrate various types
of simulation software into a unified framework. The setting
of input files and output files; the writing of the call
commands of the process simulation software; the drawing,
reading, and writing of parameters; the selection of design
variables; and other comprehensive optimization algorithms
create the entire design process to achieve generalization,
automation, parameterization, and visualization, eliminating
the limitations of conventional settings in the accounting
process. ISIGHT has powerful postprocessing functions.
Users can draw optimization process curves, output data
tables, and generate analysis reports.

The ISIGHT software has the data interface of many
mainstream engineering software, so it can fully realize the
data transmission between various software. Using the
ISIGHT software to integrate MATLAB and ABAQUS, a
multi-island genetic algorithm for optimizing stack thickness
is realized. First, use MATLAB to generate the layup informa-
tion of the front and rear wing beams, and send the layup
information. The results were imported into the ABAQUS
software, and a finite element model was established for the
calculation. The calculated structural quality, TSui-Wu dam-
age coefficient, and maximum deformation displacement
information are introduced by MATLAB, and selection and
transfer operations are performed to generate the next gener-
ation of hierarchical information and then generate the next
generation of genetic evolution. The integration process is
shown in Figure 1.

2.5. Load Test. The design load test is a test to evaluate the
ability of the test piece to bear the design load. In all major
design cases, the load usually must be 100% of the design
load. However, in the main structure, under the premise of

ensuring the structural strength, a certain proportion of the
initial design load can be load tested on a part of the design
case. For each main design case, when the test load exceeds
the use load test, the load needs to be adjusted in stages
according to an increment of less than 5% of the design load
at each stage, as well as strain, displacement, and damage.
The test parts must be measured and recorded periodically.
The test piece can bear 100% of the design load, and the
structure will not be damaged for at least 3 seconds under
100% of the design load.

3. Optimization Results of Composite Wing
Structure of DF-2 Light Sports Aircraft

It can be seen from the curve shape of Figure 2 that when the
titanium alloy joint is subjected to the maximum load, the
strain at each test point will not change, but will change
linearly. After the load is completely removed, the strain will
all return to zero. Observe all the distortion curves and obtain
the maximum distortion curve of the curve corresponding to
each 10 channels; the maximum value is 1019με. The position
of the tenth strain gauge is the connection structure between
the wing and the fuselage at the wing beam. According to cal-
culations, the stress value at this point is 1088MPa. Therefore,
the maximum stress is all less than 42.73MPa. Because the
tensile strength of the titanium alloy is 900MPa, it can be seen
that all the measurement points meet the strength require-
ments of the titanium alloy. Moreover, the finite element sim-
ulation data, the contrast test data, and the finite element
simulation of the stress value of 10~131MPa are much larger
than the actual test data. This is the result of finite element
simulation analysis and contact. The use of components to
establish bolted connections has stress concentration, and
the finite element simulation error is very large. Therefore, in
the connection of the titanium alloy, the maximum stress
value of the composite material and the titanium alloy that
reaches 1079MPa is a big error. Combined with the previous
engineering design experience, the structural design here will
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not fail but can meet the strength requirements. The strain of
each test point is shown in Figure 2.

It can be seen from Figure 3 that the deformation curves
of the left and right wing ends are quite different. When the
test load is applied in stages, the left and right wing ends
often have a deviation of about 20mm. This is mainly due
to the error of the measurement position selected by the test
operator during the measurement process and the unstable
initial configuration. The maximum deformation of the blade

obtained by finite element simulation is 96.519mm. The
maximum deformation error and simulation data of the left
and right wings are 16.81% and 8.39%, respectively. Since
the test data and simulation data are both above 180mm,
the rigidity of the wing structure is very high, which meets
the conditions. The left and right wing stiffness test is shown
in Figure 3.

After 10 generations of genetic evolution, the 753th
evolutionary individual in the eighth generation was found
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to meet the design requirements and the lowest quality
individual. The layer thickness information expressed is as fol-
lows: the variable cross-section area of the front beam 1-7 is 6/
4/2/2/2/2/2, and the variable cross-section area of the rear
beam 1-7 is 8/4/4/2. The weight of the wing structure
decreased from 0.966kg to 0.803kg, a decrease of 16.87%.
The evolution process is shown in Figure 4.

The angle optimization of the laminate ply adopts the
same method as the thickness optimization, and the evolu-
tion process is shown in Figure 5.

Through the first-level optimization of the beam and rib
layout and the second-level optimization of the composite
material ply, the structural mass is reduced from 1.173 kg
to 0.803 kg, and the mass is reduced by 31.54%. The maxi-
mum deformation displacement of the structure changed
from 34.49mm to 40.95mm, an increase of 18.7%. The fail-
ure factor of Tsai-Wu changed from 0.512 to 0.472, a
decrease of 7.8%. Through the grading optimization study
of the wing structure, a good weight reduction effect has

been achieved under the premise of meeting various design
indicators. The hierarchical optimization results of the wing
structure are shown in Table 3. The Tsai-Wu criterion will
be applied to determine the safety factor for composite
orthotropic shells. This criterion considers the total strain
energy (including distortion energy and expansion energy)
for predicting failure.

During the test, the record of the height of the wing root
and wing tip at both ends of the wing during the test is
shown in Table 4. The data in the table is plotted against
the aforementioned analysis data. Since this test is a load
test, the design load (150% use load), 87.2mm of the analysis
result is converted into the use load result, and the resulting
deformation is 58.1mm. Therefore, the error of the test and
analysis results is 3%, which is considered acceptable within
the scope of the project, and neither of them exceeds the
overall required value.

Quantitative analysis method is a method for analyzing
the quantitative characteristics, quantitative relationships,
and quantitative changes of social phenomena. The quanti-
tative analysis model method is used to model and analyze
the two structural types of beam configuration and mono-
lithic configuration. With the shape parameters as the initial
conditions, the mathematical analysis model is constructed,
and the weight of the wing structure under different loads
is obtained by changing the value of the load. The relation-
ship curve with load is shown in Figure 6. The load density
at the root of the wing is 1357N/mm. It can be seen from
Figure 6 that the monolithic configuration is selected at this
load level, and the weight of the wing structure is lighter.

4. Discussion

After the outer panel and the number of positions of the
composite wing are fixed, the components need to be
assembled. However, most of the initial researches on the
manufacturing process of composite wings mainly focus on
the design, molding, and performance testing of composite
parts. There is almost no research on the assembly process
of composite parts, especially the assembly of composite
parts. The structural optimization technology of composite
materials refers to engineering application technologies that
improve the rigidity, strength, and stability of fiber-
reinforced resin matrix composites by optimizing layer shape,
ply angle, and other layer information. As the proportion of
aircraft structural composite materials increases, the assembly
of aircraft composite structures will account for an increasing
proportion of aircraft assembly. New assembly tools must fully
consider the structural characteristics of composite materials,
combined with new technologies such as flexibility and
reconstruction, and improve the quality and efficiency of
assembly during the design process. Different load-bearing
levels will affect the choice of wing structure and the internal
configuration of the wing structure. Before explaining the
influence of different load levels on the wing structure layout,
the single wing load level range must be defined. The typical
stress modes of various wing structures are beam type, mono-
lithic type, andmultiwall type. Based on the above analysis, the
choice of wing structure mainly affects the rigidity and stability

Table 3: Hierarchical optimization results of wing structure.

Parameters before
optimization

Parameters after
optimization

Beam ratio 1 0.3 0.32

Beam ratio 2 0.75 0.78

Beam ratio 3 0.3 0.27

Beam ratio 4 0.75 0.86

Beam 1 width
(mm)

15 15.21

Beam 2 width
(mm)

15 14.23

Rib 1 (mm) 300 267.21

Rib 2 (mm) 600 576.34

Table 4: The height record of the root and tip of the wing at both
ends of the wing during the test.

Load
Left wing tip

height
Left root
height

Left wing
difference

Right wing tip
height

10%
load

253.98 214.46 39.52 241.8

20%
load

267.9 216.88 51.02 245.28

30%
load

273.6 218.54 55.06 254.22

40%
load

275.5 211.56 63.94 256.2

50%
load

284.68 212.8 71.88 258.42

60%
load

291.62 214.58 77.04 265.00

70%
load

294.00 208.46 85.54 268.38

80%
load

299.02 208.28 90.74 272.82
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of the wing structure. In the assembly process, it is necessary to
repeatedly optimize the assembly sequence to find a suitable
assembly process to ensure the adjusted assembly of the
chassis. In addition, due to the limitations of natural material
forming processes and methods, compared with metal com-
ponents, the manufacturing geometric accuracy of composite
components is not easy to control and can be assembled due
to large rigidity, brittle matrix, and weak interlayer strength.
The deformation is very small, and it is generally not allowed
to drop, and it is difficult to correct the assembly gap. These all
show the high components of composite components [25, 26].

The connection design and strength analysis of compos-
ite structures are different from those of metal structures.
The influencing factors of composite material structure are
much more complicated than the influencing factors of
metal structure, and the damage mechanism is essentially
different from the influencing factors of metal structure.
Regarding the metal connection, according to the plasticity
of the metal material, the load can be redistributed to the
multinail connection, and the force of each nail element
becomes uniform. After confirming the connection strength
of the nail elements, each nail element is loaded. However,
composite materials are brittle materials with small plastic
deformation, multiple nail connections, and large difference
in load distribution of nail elements. In addition, the nail
holes in the connecting parts of the composite material cut
off the reinforcing fibers, resulting in a complicated stress
distribution and a more serious stress concentration
problem at the end of the hole. There are various types of
combinations of wing separation surfaces. Therefore, it is
necessary to comprehensively consider the overall structural
characteristics and determine the appropriate power trans-
mission path according to the link components such as the
beam edge between the wing segments and the long truss
configuration. There is a unified design of the connection

method of the wing separation surface, which largely
depends on the designer’s design experience [27].

Composite materials are widely used in aerospace and
completely replaced metals in some fields such as wind
power blades. Carbon fiber reinforced composite material
(CFRP) has the advantages of high specific strength, high
specific rigidity, and high heat resistance, so it is widely used
in ultra-high-speed aircraft. Due to corrosion resistance,
fatigue resistance, and design, composite materials can be
used in complex environments such as plains, plateaus,
and the sea. The working hours and maintenance intervals
become longer, and they can play an irreplaceable role in
some areas such as forwards. Compared with the traditional
optimization method, the optimization method adopted in
this paper has a series of optimization characteristics,
including generalization, automation, parameterization,
and visualization. For complex design variables such as
panel and number of bits, the platform can be optimized at
the same time. The optimization results show that the struc-
tural quality is reduced, the strength and rigidity are
improved, and the optimization efficiency of the composite
material is improved. This research includes finite element
theoretical research on laminated plate structure and honey-
comb sandwich structure. The typical structure of the com-
posite wing, such as the main beam, will be analyzed and
optimized according to the general requirements of the engi-
neering field [28, 29].

The extensive use of composite materials in the aviation
field actually brings many possibilities to the structural
design of aircraft. This is because, compared with metal
materials, composite materials have higher strength and
higher designability. The wing layer has orthotropic anisot-
ropy, and the structural characteristics are determined by
the angle and order of the layers. In the past, the aircraft
manufacturing and assembly process, the number of tools,
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the size, and the diversity all have the disadvantages of high
cost and a lot of labor costs for disassembly and assembly.
To cooperate with automated robotic mining systems,
reconfigurable, low-cost design, and manufacturing
technologies are required. The positioning configuration
adopts a modular design, which can complete the position-
ing of the dynamic module and modify the mode of the
dynamic module by moving various dynamic modules. This
technology is very important for reducing costs and achiev-
ing flexible assembly.

According to the anisotropy and unevenness of the
lamination of the composite material, the longitudinal
and transverse characteristics are completely different,
and the tensile characteristics and compression character-
istics are also different. According to the anisotropy, the
direction of each layer of the composite material can be
adjusted at will, personalized design according to various
structures and uses, and the elastic properties and strength
properties of the material can be adjusted according to
various needs to obtain the best structural effect. The
deformable aircraft can change its shape according to dif-
ferent flight conditions, so it can obtain the best perfor-
mance in the entire flight process. The outer panel of a
deformable aircraft can not only deform with the structure
but also needs to withstand the air load. Foaming material
is a new type of composite material using fuel gas filler.
There are many types of foam materials, but they generally
have the following characteristics: light weight, material
saving, low thermal conductivity, excellent heat insulation
performance, excellent sound insulation effect, impact load
absorption, excellent cushioning performance, and high
strength.

With the intensification of market competition, the
aviation industry has undergone fundamental changes in
the performance and cost of aircraft design concepts. Air-
craft designers and manufacturers have begun to focus on
ways to reduce aircraft costs to obtain higher performance,
and as a result, they have carried out aircraft design. In addi-
tion to considering the aerodynamic shape and structural
weight, manufacturing possibilities, manufacturing costs,
and other factors must also be considered. The final decision
of the design plan not only considers the mechanical point
of view (aerodynamic characteristics and structural charac-
teristics) but also considers whether the structure is easy to
manufacture and whether it can accept manufacturing costs
and other factors. According to the final design plan, factors
such as aerodynamics, structure, manufacturing possibilities,
and manufacturing costs are comprehensively balanced. The
use of smart materials and structures can realize the config-
uration and reorganization of the aircraft during flight and
obtain the best air performance. In the future, airplanes
can fly like birds, and intelligently deformed airplanes are
an important direction for future development of airplanes.
The deformable aircraft can be adapted to various flight con-
ditions by changing its configuration to achieve the best
overall performance. Deformable technology, high energy
density drive technology, and adaptive construction technol-
ogy are still the main technologies for realizing deformable
aircraft [30].

5. Conclusion

This article first introduces the main types of wing structures
and the design characteristics of composite materials and
then summarizes the main methods of modern wing
structure selection and design and proposes a quantitative
analysis model method that combines force transmission
analysis with finite element. According to the force trans-
mission characteristics of different components, a specific
construction method that is different from the construction
standard of the quantitative analysis model is provided.
Next, a quantitative analysis model of the beam configura-
tion and the monolithic configuration is constructed, and
the load-weight characteristic curve of the structure is dis-
played. The box section simulation process restores the
actual stress distribution of the wing structure through mul-
tiple modeling analyses. The calculation formula for impor-
tant elements of the stability of the box segment has been
optimized to ensure the accuracy of the calculation results.
On this basis, through the strength analysis of the wing
structure, the classification method, the optimized size lay-
out of the wing structure, and the optimization process anal-
ysis and comparison of the structural efficiency of the design
schemes, the best design of the wing can be completed
quickly and accurately structure. This article did not study
the ply sequence and ply optimization of composite laminate
structure or sandwich structure. In the future, it should be
combined with related theories and algorithms to make the
structure design more perfect.
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The research direction of the new generation of embedded memory can be summarized into two types of embedded nonvolatile
memory and embedded volatile memory; the research on online testing of embedded memory started in the past ten years, and
there are few research results. This article analyzes the feasibility of the noncontact IC chip in the embedded ferroelectric memory
of the sports game auxiliary timing device and is aimed at obtaining an optimized embedded ferroelectric memory by analyzing
the relevant data to achieve the update and update of the sports game timing device system. Early sports event timing methods
generally use manual timing (stopwatch) or camera shooting timing; this method is inefficient, poor real-time, huge workload,
and prone to errors. This research mainly focuses on the analysis and discussion of the material structure and performance of
the embedded ferroelectric memory and the process of noncontact IC chip. This article uses custom welding circuit technology
to prepare the best ferroelectric filter in the test part and verifies the influence of temperature on the material; in order to
understand the properties of ferroelectric materials at the electronic and atomic level, a first-order statistical method is
obtained. The numerical calculation results of the experiment verify that the evaluation value of the serial port synchronization
module as a whole exceeds the pulse synchronization; the network synchronization as a whole exceeds the code
synchronization, and the result of the network time service module is the opposite, but as a whole, each module of the
noncontact IC chip has strong performance adaptability; in the application of auxiliary timing, the maintainability of
noncontact IC chip is quite outstanding, and the maximum value is 7.97; a large number of complex simulation system tasks
can be completed by simple and direct tasks.

1. Introduction

Competitive sports highlights a new development culture,
and promoting sports development has become one of the
important strategies for the development of sports in many
countries [1]. The continuous improvement of athletes’
competitive sports level will make the education system
gradually become another important foundation for the
cultivation of competitive sports reserve talents after the
competitive sports system [2]. The development of compet-
itive sports is not only an expectation to cultivate high-level
athletes with all-round development of morality,
intelligence, and physical fitness but also a useful
supplement to the competitive sports system and a useful
reference to foreign competitive sports [3]. This is the

fundamental reason why competitive sports has attracted
the attention of the Chinese people, continues to develop,
and has a bright future. The development of competitive
sports urgently needs to strengthen the research of
competitive sports events, but most of the existing researches
are partial and unilateral status quo investigations or
macrotheoretical analysis on the organization, management,
construction, and training guarantee of competitive sports
teams [4].

With the rapid development of VLSI technology and the
rapid promotion of the concept of Internet of Things, the
importance of information storage has become more and
more obvious [5]. Embedded memory originally refers to
the memory integrated on the embedded microprocessor
chip, used for code or other long-term data storage. Now

Hindawi
Journal of Nanomaterials
Volume 2022, Article ID 9933084, 12 pages
https://doi.org/10.1155/2022/9933084

https://orcid.org/0000-0002-7946-8399
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/9933084


RE
TR
AC
TE
D

in a broad sense, the storage circuit uses the same process as
other working circuits and is integrated into a chip to work.
The main purpose of this is to greatly reduce the delay of the
data interface and to greatly accelerate the speed of the
memory and reduce the application [6]. The research
direction of the new generation of embedded memory can
be summarized into two types of embedded nonvolatile
memory and embedded volatile memory. Embedded non-
volatile memory is divided into high-speed and low-power
applications. These types of memories are aimed at different
applications, and all have strong application prospects [7].

New embedded nonvolatile memory (eNVM) for large-
scale technology nodes such as ferroelectric field effect
transistors (FeFET) has been studied in depth and is very
promising. Sasaki et al. describe a magnetic resonance
wireless power transmission system with auxiliary coils. The
system was proposed to supply power from the bed to an
“implantable cardioverter defibrillator” (ICD) device. ICDs
are the most effective treatment for preventing sudden cardiac
death (SCD), with supportive pacing and antitachycardia pac-
ing, low-energy cardioversion, and high-energy defibrillation
[8]. In this study, a 1/2 scale model was used to study the power
efficiency of a magnetic resonance wireless power transmission
system with auxiliary coils. When the transmission distance is
100mm and the main resistance is 20Ω, the maximum trans-
mission efficiency of using the auxiliary coil is about 70%
higher than that when the auxiliary coil is not used [9]. For
the first time, Popov et al. observed direct bonding on Si or
C-sapphire substrates and hydrogen transfer from the silicon
layer in the silicon on sapphire (SOS) structure throughHREM
for the first time. The conclusion is that the OII phase is mainly
stabilized by high compressive stress [10]. Kobayashi et al.
designed andmanufactured a nonvolatile SRAM by integrating
with ferroelectric HfO2 capacitors and proved its storage/recall
operation before/after power failure through experiments. The
sub-10nm thick ferroelectric HfO2 capacitor has obtained
excellent ferroelectricity and memory characteristics.
NVSRAM with ferroelectric HfO2 capacitors can be a candi-
date for cost-effective, normally off, and ultralow power
embedded memory solutions for IoT power management
[11]. Inference and on-chip learning can be facilitated by fur-
ther eNVM technology options, such as multibit operations
and linear switching. Lederer et al. introduced the advantages
of FeFETs based on hafnium oxide for such applications
because they have a basic three-terminal structure that can
selectively activate or deactivate selected devices and adjust lin-
earity and dynamic range for certain applications. In addition,
the effects of the material properties of the ferroelectric layer,
the thickness of the interface layer, and the scaling on the
device performance are discussed [12]. Chien et al. recommend
embedding 256kb resistive random access (ReRAM) in the
microcontroller unit as a data buffer for communication with
independent flash memory. It is manufactured using a combi-
nation of TSMC0.18μm process and Industrial Technology
Research Institute ReRAM back-end process. Simulations
show that compared with other nonvolatile memory (such as
ferroelectric RAM), ReRAM buffers run at least 51% faster
[13]. Khan et al. studied the potential of ferroelectric field effect
transistor technology in current embedded nonvolatile mem-

ory applications and future memory, bionic, and alternative
computing models. The material and device-level challenges
involved in high-volume manufacturing of advanced technol-
ogy nodes (≤10nm) are emphasized, which is reminiscent of
the challenges encountered in the early development of high-
K metal gate transistors [14]. Ferroelectric field effect transis-
tors (FeFETs) based on ferroelectric hafnium oxide (HfO2)
films show great potential for future embedded nonvolatile
memory applications. Yurchuk et al. verified the possibility of
charge trapping in HfO2-based FeFET memory during stan-
dard operation. The single-pulse ID-VG technique (MOS tube
Id-Vg curve data) was used to analyze in detail the kinetics of
charge trapping and its interaction with ferroelectric polariza-
tion switching. In addition, the impact of charge trapping on
important storage characteristics (such as retention and dura-
bility) has also been studied [15]. These studies have carried
out detailed research through experiments. They have carried
out data acquisition on related objects such as embeddedmem-
ories of ferroelectric materials. However, it can be found that
their research angles are relatively single and belong to the
study of physical properties. The demonstration of the practical
application of the experimental results is still lacking.

Ferroelectric film is the basis of ferroelectric memory.
According to the requirements of embedded ferroelectric
memory for ferroelectric materials, the microstructure and
electrical properties of different parts of thin ferroelectric film
are discussed, and a good integrated capacitor is provided
through customized integration technology. The analysis of
the etch degradation process of ferroelectric films during aggre-
gation shows that the magnitude of the reheat treatment does
not completely correct the cause of etch degradation. In the
high-speed memory, we used a conventional bandgap refer-
ence voltage-controlled oscillator charge pump scheme [16].
As for the design of low power consumption, we implement
the reference current reference and reference voltage reference
with circuits, respectively. The program makes full use of the
high-speed and precise calculations in data processing to
design some of the best automated business automation and
continuous and efficient operation of the business. On the basis
of in-depth research on data mining technology, we eliminate
general data miningalgorithms and develop intermediate class
libraries as technical tools and process analysis for sports
events. For the specific development process of a noncontact
IC card chip, methods such as gated clocks and optimized
layout structures are used to reduce chip area and reduce chip
power consumption.

2. Embodiment of the Auxiliary Function of
Ferroelectric Memory

2.1. The Combination of Sports Events and Computer
Technology. People have gradually realized the original con-
centrated advantage. After all, the high-intensity stand-alone
training program is a highly developed model based on high
investment, high elimination rate, and low throughput. It is
a systematic cultural study at the expense of young people’s
cost of improving the level of competition [17]. With the
rapid development of computer technology and network
technology, people have ushered in a new era of network
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characterized by information and knowledge. The
information that people are exposed to, especially digital
information, is increasing exponentially. As the most
powerful tool for modern human development, computer
technology will inevitably play an inescapable responsibility
in the development of sports competition. Through infor-
mation management, the problems of large number of
participants in previous competitions and sports
competitions, complex project settings, tight timeliness,

and difficulty in scheduling have been solved [18]. Computer
technology uses relevant information to automatically gen-
erate graphics, tables, etc. to provide users with high-level
information services to meet the requirements of statistical
analysis and decision support proposed by users. The
information can also provide relevant information to coa-
ches and athletes participating in the competition in a timely
and accurate manner. With the rapid development of
science and technology, the use of high-tech technology to
assist referees in judgment has become a reality, the accuracy
of judgments has also been improved, and the pressure on
referees has also been reduced. The use of high technology
plays an important role in the accuracy and speed of task
execution. And it has been widely used in the judicial proce-
dures of many sports events. In order to improve the level of
sports competition, more and more countries continue to
apply new technologies to sports competitions [19]. The
clear 3D animation display, the rapid response within a
few seconds, and the pressure line or out-of-bounds gap
accurate to the millimeter are all showing the world the
convenience and precision that high-tech brings us.

Data mining is the process of searching for information
hidden in a large amount of data through algorithms. Data
mining brings data technology to the next level. It not only
needs and transfers past data but also discovers multiple
connections between data, thereby promoting the generation
of useful information [20]. The system can not only express
the business logic flow in reality but also store and process
the business in reality and persist the corresponding data
according to the data model. When there is an error in the
data that needs to be modified, in the face of a less rigorous
system, you only need to provide a corresponding means to
repair the error, not the information that cannot be modified
[21]. The communication and low coupling between the
modules are fully considered, and more user loads can be
quickly met, and it can be expanded downward when the
system utilization is not high, saving costs.

2.2. Embedded Ferroelectric Memory and Noncontact IC
Chip. Driven by fast-paced memory products, a number of
successful memory technologies have emerged in the
memory field in the past ten years, eliminating traditional
technologies in the industry and expanding the application
space of memory technologies [22]. As the concept of the
Internet of Things and consumer applications have grown
substantially, embedded storage applications have begun to
flourish. Embedded memory has also encountered bottle-
necks in its further development. At present, the process
and manufacturing of memory cells are also at a relatively
advanced level in the world, but at the same time, it also

encounters general problems in new memory research, such
as process volatility and instability. It poses challenges to
process research and circuit design. More and more new
memory technologies pursuing different product segments
are introduced one by one [23]. For the new generation of
nonvolatile embedded memory, low power consumption,
low cost, high speed, and other characteristics are required.
The market for modern processors and embedded
applications is extremely competitive, and only those com-
petitors with high production characteristics and perfor-
mance can win. Due to the importance of standard
transmission interfaces and standard procedures for
interoperability, middleware has become an integral part of
many measurement tasks. For application software develop-
ment, middleware is more important than system and
network services [24].

With the substantial increase in chip integration, circuit
design and application pose new challenges to discrete mem-
ories. Limited by the frequency of incoming and outgoing
signals, the high-speed clock cannot be transmitted to the
chip, providing a clock signal for the overall operation of
the chip [25]. If the peak value is too high, the power supply
voltage will drop too much, which may cause the chip to
reset or fail to work normally, showing that the working dis-
tance of the card becomes shorter. The charge pump used in
a good memory needs to meet the driving voltage and
driving current and has the smallest possible area and power
consumption. The specific design depends on different types
of memory [26]. New devices combining ferroelectric mate-
rials and semiconductor devices have gradually been applied.
Ferroelectric memory is a nonvolatile memory produced by
a combination of thin ferroelectric film and CMOS technol-
ogy. Bonded film is a key component of embedded ferroelec-
tric memory; it is the specific application of spontaneous
polarization of integrated ferroelectric film and its inversion
retention characteristics under the action of electric field
[27]. The field of embedded ferroelectric storage devices is
a major breakthrough in microelectronics technology and
information storage and manufacturing technology. It has
opened up many new ways for the fame and development
of microelectronics technology, information storage, and
manufacturing technology and greatly stimulated the
research and development of various universities. In order
to understand the properties of ferroelectric materials at
the electronic and atomic level, humans have developed a
first-order calculation method, in which electrons are the
main calculation object for the interaction of intermediate
ions [28, 29]. The relationship between the strength of the
ferroelectric capacitor and the electric field is

�Ra = �Ri − �Ro + �Rsin
À Á 1

π
sin aχa

�Ri + �R
À ÁÂ Ã

+ 1
2

� �
,

O = i• l
�R
L

= i ∗
l

L�R
δi

�L
m

+ p
� �

:

ð1Þ

Among them, �L is the voltage, m is the thickness, and i is
the area. Calculating the polarization intensity of the
capacitor. It is different during the voltage rise �R and fall
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phases. The corresponding expression is automatically
selected according to the change of the input voltage during
the simulation, that is

χ = f i −
f i + f i−1k kð Þ ⊗ 1

1 + α f+f ið ÞÀ Á
+m

,

i : f i = Lα−χ a+aið Þ2 + l l − 1ð Þ,
α : δ =O cos l

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ϕ i + im−1ð Þ

ph i
⊗ l f ið Þ:

ð2Þ

In the design and simulation of large-scale integrated
circuits, it will take more time and reduce the simulation effi-
ciency f i. δ is the residual polarization in the positive and
negative directions, and the maximum value that can be
reached in the other direction is calculated by the formula:

i =
ð
∀i∈δ

m − 1ð Þ �R i − 1ð ÞÀ Á
l�R �R + χi−1
À Á

,

f ′ =
ffiffiffiffiffiffiffiffi
δi−1

p
cos2 αi=1lð ÞÀ

− δi−1•
α

α−1
:

ð3Þ

The phase f ′ of the detection signal represents the sign
of the charge, and the amplitude δi−1 of the electrostatic
force signal reflects the density of the polarized charge or
the magnitude of the electric potential.

3. Ferroelectric Memory and Noncontact IC
Chip Auxiliary Timing Experiment

3.1. Properties of the Embedded Ferroelectric Memory. In the
mid-1990s, ferroelectric memory products were already on
the market. Ferroelectric memory has become one of the
most promising new members in the memory family. Since
the ferroelectric device does not require an external or cur-
rent power supply to maintain the two states, it can be used
to make a storage device to store digital data, and the storage
device can maintain its internal storage information without
a power supply. The composite film storage unit has an
excellent editing function, which can temporarily maintain
its intelligent state. Ferroelectric random access memory is
a nuclear mode of operation. After this kind of destructive
reading, the data needs to be rewritten, so a large number
of erasing and rewriting tasks will be accompanied in the
information reading process. The concept of memory is very
wide and has multiple levels and types, but in the process of
information storage, data must be converted into binary
data. With a large number of reads and writes, reliability
problems such as fatigue failure will occur. In the case that
the continuous reduction of the size of the memory cell will
cause various problems, many researchers have realized that
breaking the limitations of binary storage will greatly
increase the storage density of the memory. When the mem-
ory cell is read, the state of the memory cell will change due
to the read operation. After each read, the original position is
damaged, and a voltage must be applied to restore the orig-
inal polarization. The schematic diagram of the structure of
the ferroelectric memory storage unit is shown in Figure 1.

The development of material science research, material
preparation technology, and microelectronic integration
technology has made great progress in the application of fer-
roelectric thin films in nonvolatile memory. Initially,
researchers focused on the use of ferroelectric thin film
polarization. Ferroelectric memory inserts can be written at
bus speed; there is no write delay during data transmission,
there are no restrictions on the amount of data transmission
and write delay, and the system can complete the writing of
the entire chip. Compared with other memories, the writing
speed of ferroelectric memories is more than 10,000 times
faster. The reading speed is also very fast, and there is no
obvious speed difference from the writing process. The per-
formance comparison of embedded ferroelectric memory,
EEPROM, and FLASH is shown in Table 1.

Studying the morphology and microstructure of
ferroelectric thin films is very important for analyzing the
performance of ferroelectric thin films and mechanical
devices. The electrical properties and customization content
of thin ferroelectric thin films are the same as those of
general ferroelectric materials, but there are special consider-
ations in the application of thin film materials, and the
research methods and technologies are different. Ferroelec-
tric thin film is a key component of ferroelectric memory.
High-quality thin ferroelectric thin film is the foundation
and stability of ferroelectric memory, and the quality of
ferroelectric thin film is reflected by specific performance
parameters. The memory-related parameters of different
storage unit power consumption are shown in Table 2.

Embedded ferroelectric memory is essentially a combi-
nation of the functions of a semiconducting CMOS circuit
and an integrated ferroelectric capacitor. Therefore, from a
process point of view, the two can form different device
structures during the process of mutual integration.
Although many experiments have been done to improve
the retention of ferroelectric storage and improve it, the
visual problem between ferroelectrics and semiconductors
has not been well resolved. The analysis of the crystalline
and electrical properties of ferroelectric films with different
structures shows that the electrical properties of ferroelectric
films are closely related to the crystalline properties of the
films. The experimental setup is shown in Figure 2.

The grain boundaries between the surface grains and the
internal grain boundaries will not affect the overall electrical
environment of the film. Ferroelectric memory uses the dif-
ferent orientations of polarized electric domains and the
reversal movement of electric domains to store and read
information. The preparation and processing of the
ferroelectric film will affect the performance of the coupling
circuit. At the same time, the processing of the thin ferro-
electric film and the back-end coupling circuit will also cause
certain damage to the thin ferroelectric film, resulting in the
degradation of the ferroelectric capacitor.

The development of microelectronics, optoelectronics,
sensors, and other related technologies has also put forward
further demands for the miniaturization, thin-film, and
high-density applications of ferroelectrics. From the per-
spective of the device structure, the integrated ferroelectric
capacitor is mainly used to replace the ordinary dielectric
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capacitor in the semiconductor memory. There are many
types of ferroelectric memory storage cells. After the ampli-
fier outputs the signal, the ferroelectric capacitor should be
rewritten to restore the destroyed polarization state. After
the amplifier generates a signal, the ferroelectric capacitor

should be rebuilt to restore the damaged polarization state.
In terms of electrodes, the existing ferroelectric materials
do not have the negative crystalline properties of traditional
Pt electrodes, which affect the performance of the materials.
Although pulsed laser technology can effectively control the
composition of the film, the problem of small particles on
the surface of the film and the preparation of large-area film
coatings is a problem that needs to be solved. The content of
molecules at different temperatures is shown in Figure 3.

It can be seen that the ferroelectric properties of the sam-
ples with different holding time are different. This is mainly
due to the influence of the holding time on the grain size and
film structure, resulting in different ferroelectric properties.
The lower electrode material controls the structure and elec-
trical properties of the ferroelectric thin film, and the inter-
action between the electrode material and the substrate
directly determines the function and life of the ferroelectric
memory. The development of the information age requires
large-capacity and small-sized memory, which means that

N

Inductive
voltage

FL

BM

FL

B

M

N Transfromer

BN

Figure 1: Storage unit structure.

Table 1: Three kinds of memory performance parameters.

Parameter FLASH EEPROM Ferroelectric memory

Unit structure 1A 2A 2A2R

Write time 12 2 150

Read time (ns) 125 205 115

Write voltage (V) 21 12 4/2.7

Number of reads and writes 2A10 2A10 4A20

Quiescent current (μA) 17 3 25

Maximum write operation current (mA) 37 10 6

Maximum read operation current (mA) 16 9 8

Table 2: Storage unit power consumption.

Memory
Maximum power
consumption

Minimum power
consumption

Average power
consumption

RF8∗

502
573.27 2.11 2.07

RF6∗

287
888.01 0.874 19.4

POS5G∗

6
2.69 1.75 47.3

PISK∗7
(6021)

572.41 3.96 8.76

PISK∗7 28.96 3.96 6.08
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the density of the storage unit needs to be increased, and the
volume of the storage unit needs to be reduced. The size of
the ferroelectric film as a storage medium is also reduced.
The residual polarization capacity of the material should be
as large as possible, so that the small ferroelectric capacitor
area can accept a large polarization current change, which
is beneficial to reduce the cell area of the ferroelectric
memory. The dielectric frequency should be small because
high-frequency dielectric materials will produce a large lin-
ear conversion rate, which obscures the availability of the
polarization conversion curve. Under the action of an
external electric field, the ferroelectric observes the turning
polarization through the destruction and development
process of the data and the movement of the surrounding
particles. The corresponding relationship between the drive
capability of the ferroelectric memory and the area,
capacitance, and power consumption is shown in Table 3.

3.2. Application of Noncontact IC Chip in Time Monitoring.
Even for two-state storage based on epitaxial ultrathin film,
the writing of the storage state is very unstable. By applying
a current-limited writing method, the storage device can
realize multilogic state storage. Ferroelectric reversible
diodes cannot maintain a high switching ratio storage state

after power failure. In order to promote the application of
such electronic storage devices, the problem of maintaining
high switching ratio storage after power failure must be
solved. Because the interface barrier is affected by the inter-
nal defects of the electrode and the ferroelectric material,
although the ferroelectric memory based on the ferroelectric
capacitor is a relatively new operating system, its character-
istics and mechanical properties are still unclear and require
in-depth study. With the development and progress of
society, smart cards have been widely used in many fields,
especially noncontact IC cards, work permits, and identity
certificates. The characteristic coefficient of noncontact IC
chip is shown in Figure 4.

In fact, although the same preparation parameters are
used when different substrates are used, the quality of the
prepared films is not the same. Therefore, the design of
low-power circuits has developed innovative and scientific
methods. With the gradual improvement of integrated cir-
cuit design technology, there will be fewer and fewer ways
to reduce chip power consumption, and the share of power
consumption will also become smaller and smaller. Reduc-
ing the area of the chip can avoid large parasitic resistance
and capacitance and can reduce the power consumption of
the chip. Use it to establish a connection with the internal

The internet

Sample surface

Curved watch glass

Heating equipment

Termination
device Data service

Processing
command

Thermo
coupleOn-chip reset

Power
supply

Power regulater

Figure 2: Experimental setup test.
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circuit. It can not only make test points but also can be used
for imaging and repairing. Analyzing the application of IC
chip is shown in Figure 5.

The biggest feature of the noncontact IC card system is
the use of RFID technology for noncontact identification.
The antenna of the IC card contact is not integrated on the
chip. On the one hand, this increases the cost of card
manufacturing, and on the other hand, it also limits the flex-
ibility of applications, thereby limiting the application range
of noncontact IC cards. The chip card IC is mounted on the
label using flip chip technology. This type of label is usually
attached to the horizontal surface of the paper and covered
with adhesive on the back. In this way, the antenna has a
winding on the back of the ferrite core, and a film mark is
made as a sticker mark, and a round shape is provided. Dig-
ital correction uses a group of different living body signal
worlds to reflect the distributed digital information and only
needs to locate and judge the change of the living body
signal during the demodulation process. In order to maxi-
mize the antinoise capability of the system, channel coding
technology is needed to manage possible or existing errors.

Channel coding is to change the original digital signal with
no equivalent or equivalent to a digital signal with normal
or equivalent enhancement. Data intrusion is achieved by
controlling the access status of storage areas and redundant
storage. Controlling the access status of the storage area
can prevent the destruction of the stored data when an error
occurs. Simulating different synchronized data for
evaluation in different modules is shown in Figure 6.

Obviously, the evaluation value of the serial port
synchronization module as a whole exceeds the pulse syn-
chronization; the network synchronization as a whole
exceeds the code synchronization, and the result is the
opposite in the network time service module, but the overall
performance of each module of the noncontact IC chip is
adaptable. If the external time reference source is a wired
source, the program is also used for correction to obtain a
more accurate second pulse. The time synchronization
device sends out a pulse signal at regular intervals. After
receiving this pulse, the timing equipment uses the rising
or falling edge of the pulse to calibrate the local clock. Com-
parison of function consumption before and after
optimization is shown in Figure 7.

When performing functional simulation of the chip,
record the real-time flip information of each device of the
chip, combine the parasitic parameter information of the
power supply network and the signal network, and analyze
the power consumption, IRDrop, and electromigration
problems caused by all the flips in the chip at the same time.
The first clock of the first standby synchronization system
receives the wireless time service, and the time service is sent
by the other party. We can set the view to receive the time
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Figure 3: Temperature affects volatilization parameters.

Table 3: Related correspondence index.

Drive capability Area Capacitance Power consumption

CL 4.98∗1.89 0.0078 0.0021

C1 4.98∗2.19 0.0127 0.0013

C2 4.98∗3.71 0.0328 0.0117

C3 4.98∗5.01 0.0691 0.0248

C4 4.98∗7.82 0.219 0.0569
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service sent by the top-level synchronization. Analyze the
feasibility of simulating auxiliary timing for this operating
design, and the result is shown in Figure 8.

Judging from the 9 test results of noncontact IC chips,
the feature of maintainability is quite prominent in the
application of auxiliary timing, with a maximum value of
7.97. According to the requirements of traditional
gymnasium design and sports competition rules, it provides
a fair competition environment for athletes, the gymnasium
prohibits the use of natural lighting during the game, and
artificial lighting is used without skylights. The consequence
of this design is that the use of the stadium requires the help
of artificial equipment. The introduction of skylight lighting
has greatly reduced the energy consumption of gymnasiums,
and the enthusiasm of university gymnasiums to open to the
outside world is also increasing day by day. The noncontact
IC of embedded ferroelectric material can realize a large
number of complex simulation system tasks through simple
and easy operations in time, which greatly reduces the labor
of competitors, improves performance, and ensures the
accuracy and reliability of data, the probability of technology
and economy, and the feasibility of management.

4. Discussion

As the parts in the form of circular circuits become smaller
and smaller, the coupling degree is higher and higher, and

the speed is getting faster and faster; people in the
manufacturing chain have found many problems that cause
it and gradually focus their work on the design and research
of energy efficiency optimization. The process size of the
coupling circuit is getting smaller and smaller, the number
of transistors that can be accommodated in a single area
increases, and the area of the cut leads to an increasing
power density, which is prone to overheating. Adjust the
loading process and design constraints according to the
characteristics of the chip module, and plan the additional
loading plan of the chip according to the average flip posi-
tion of the display during normal operation; complete all
stored back-end programs, save time, usage, and other
parameters according to the previous storage characteristics
to ensure the continuity of the design. Then, complete vari-
ous verifications of the chip to ensure the correctness of the
chip design. The weak ferroelectricity of ultrathin films
needs to be detected by special instruments. Piezoelectric
atomic force microscope is a commonly used tool for detect-
ing ferroelectric properties. Although it has been very
advanced, it still needs development in the detection of weak
ferroelectricity. With the continuous progress of integrated
circuit design and manufacturing technology, the proportion
of embedded memory in the chip is getting higher and
higher. Due to the increase of transistor density in embed-
ded memory, it is easy to find internal defects, and people
have conducted in-depth research on the test of embedded
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memory. With the further improvement of film preparation
technology, the preparation technology of epitaxial film has
been mastered by many scientific workers.

5. Conclusion

At present, the system only recognizes the functions of game
score statistics, and there are many shortcomings in provid-
ing humanized services and drills throughout the game. In
terms of practice, it analyzes and sorts out general college
gymnasiums, college gymnasiums that take into account
urban competitions, and urban gymnasium space design
data models and provides suggestions for optimization of
the space design of the competition hall and activates the
space design thinking of the competition hall, gets rid of
some misunderstandings in the current design, and broaden
the vision of the current space design. Out of the consider-
ation of both urban events and the use of competitive sports,
the choice of technology should be based on the needs of
both aspects, respect the principle of rationality of
technology, and must not blindly use it to cause unnecessary
waste. The key to solving this problem lies in two aspects.
On the one hand, it is necessary to further study the process
of resistive random access memory to reduce the current of
the write operation as much as possible. On the other hand,
it is to optimize the high-voltage module plan and try to use
a smaller capacitor to achieve the appropriate operating

current, which is also the next step in the work of resistive
random access memory. Since many future research and
development environments are currently undergoing
research and development, ferroelectric memory has unique
advantages compared to other types of memory; ferroelectric
memory is very likely to become a new product that replaces
existing traditional memory and flash memory. In recent
years, noncontact IC cards have integrated data protection
and cryptography, electronic computing technology,
manufacturing technology, and many other professional
application technologies, forming an independent technical
field. The combination of the two overcomes the main
technical obstacles to the integration of ferroelectrics and
semiconductor devices, making it possible to integrate ferro-
electric devices compatible with semiconductor technology,
and has greatly promoted the development of ferroelectric
thin film preparation and material research.
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Because of its large specific surface area, small particle size, high surface energy, and unique nanoeffect, the morphological
characteristics of nanoparticles are the key factors affecting the properties of materials. How to detect and evaluate the
morphological characteristics of nanoparticles is the first problem to be solved in the preparation and application of
nanomaterials. The main purpose of this paper is to use TEM to recognize the image features of nanoparticles and introduce
the transmission electron microscope and image edge segmentation method and random forest algorithm. A method
integrating the in situ characterization of modern electron microscopy and the measurement of the electrical properties of
nanomonomers was developed. In this paper, a multielectrode TEM in situ electrical measurement platform is prepared, which
improves the contact during the integration of nanomaterials and improves the electrical measurement accuracy of the TEM in
situ electrical method. In this paper, based on the random forest algorithm, a multirandom forest algorithm is proposed. Due
to the different gray levels of images referenced by the multirandom forest algorithm, the segmentation results are processed by
FCM clustering algorithm. Experimental results show that in terms of image segmentation accuracy, the minimum Jaccard
coefficient obtained by multiple random forest algorithm is 89% and 95%, respectively, which is obviously better than
watershed segmentation method and maximum entropy threshold segmentation. In the aspect of automatic image
segmentation of nanoparticles, the image segmentation accuracy is the highest when the sample block size and the number of
sample blocks selected in the multiple random forest algorithm are 5 ∗ 5, 7500, and 35, respectively. Therefore, the
multirandom forest algorithm has achieved high accuracy in image segmentation of nanoparticles, which provides valuable
information for the preparation and application of nanomaterials. A new type of TEM dark-field imaging diaphragm was
prepared, which greatly improved the imaging quality of weak-phase bulk materials represented by graphene and nonspiral
biological samples represented by intracellular polyvesicles.

1. Introduction

At present, the traditional CMOS process is close to the limit
of development, and the traditional means of improving the
performance of nanoelectronic devices by reducing the
device size will become less and less feasible in the foreseeable
future. Application requirements such as high-performance
computing and big data have put forward higher requirements

on the computing speed and reliability of electronic devices. In
recent years, with the continuous research of image processing
technology in the field of computer, the emergence of electron
microscope provides the possibility for people to explore the
mystery of the micro world. After years of development, it
has become an indispensable tool in modern science and tech-
nology. For nanomaterials, the size and distribution of nano-
particles determine the physical and chemical properties of
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nanomaterials. Therefore, the measurement and characteriza-
tion of nanoparticle size are an important aspect of nanomate-
rial structure research, especially the measurement of
nanoparticle distribution has important practical significance.
Nanoparticle recognition refers to the extraction and analysis
of particle features in nanoparticle images. Transmission elec-
tron microscopy (TEM) is an important tool for characteriz-
ing nanomaterials [1]. It can observe the submicroscopic or
ultramicrostructure which cannot be seen under the optical
microscope below 0:2 μm.

Strzeciwilk et al. describe the results of TEM training at
TiC Crystal and Co. Teak crystals are prepared using high
temperature superconductivity (HTS) technology using
cobalt as high temperature oil. The physical structure of
the crystal is investigated by natural metal. X-ray phase
analysis of the samples was performed. Li et al. focused on
the study of twins in bulk metals FCC and BCC and their
effects on the mechanical properties of all metals. It is possi-
ble that these unique defects are directly related to the prop-
erties of the macro machine that uses the flexible mounting
tool to simultaneously degrade the nanomachine and the
nanoimage [2, 3]. Mayer et al. combine double-angle shear
geometry and flat-bore compression at nanointerter to
determine the mechanical properties of these films under
shear stress. In order to further explain the voltage attenua-
tion failure device, TEM-mounted tests were performed on
TEM sheets with dual markers. Aluminum layer thicknesses
of 50 nm and 100nm were used to indicate the effect of the
restriction on deformation. Compared to the 100nm sample
(423 ± 28:7MPa), the tensile strength of the 50 nm sample is
higher (690 ± 54MPa) [4]. Shen and Sun introduce external
fields such as electronics, thermal energy, light field, and
electricity to TEM, which can create a nanolaboratory at
TEM and compare real-world environments. Therefore, in
addition to static structural design, the indoor TEM can also
recognize the capabilities of the two-dimensional material
structure and the evolution of performance. This extension
is expected to handle and create two-dimensional materials
in individual size, providing the necessary features and prop-
erties for future applications [5].

Lyon et al. reduced Au to water-soluble gold-plated iron
magnetic oxide nanoparticles with a diameter of 60nm on
the surface 2-Fe2O3 or Fe3O4 oxidized particles partially
from recycled hydroxylamine. The morphology and optical
properties of the core/shell particles depend on the amount
of gold deposited, while the magnetic properties are very
independent of the amount of gold added [6]. Wei et al.
solve this problem by synchronizing 30nm nanoprecipita-
tion via Ostwald maturation. When the prefrontal cortex
has a large swelling of the membrane, 2 hours of boiling or
10 days of ambient aging allow the gelatinous material to
grow into a nonuniform nanoparticle [7]. Nayral et al. pre-
pared core-core nanocomposites consisting of a sn0 core
and a thin-layer tin oxide with thermal decomposition of
[{Sn (Nm2) 2} 2] containing a small amount of water control
in anisole. The particles are exposed by electron microscopy
(TEM, HRTEM, and SEM), X-ray diffraction (XRD), photo-
electron spectroscopy (XPS), and Mossbauer (Mssbauer)
spectroscopy. TEM micrographs show the magnitude of a

particle’s rotation, and their distribution depends on the
initial test conditions, such as temperature, time, water
concentration, and pretin concentration [8]. Copolymers of
ε-caprolactone and L-lactide (pCLLA) with different mono-
mer fractions were synthesized at the rate of GEH polymer-
ization and the drug accumulated in large amounts of PCL,
PLLA, and their copolymers were prepared by precipitation.
Large particles are indicated by XRD, TEM, and attenuation
luminescence. The size of LiYF4 molecules can be adjusted
by converting the F ratio to lanthanide ions. After passiv-
ation with oleic acid ligands, LiYF4 nanoparticles can be
readily dispersed in various nonpolar liquids, such as hex-
ane, cyclohexane, dichloromethane, and toluene [9, 10].

This paper mainly introduces the transmission electron
microscope, image edge segmentation method, and random
forest algorithm. In this paper, based on the random forest
algorithm, a multirandom forest algorithm is proposed.
Due to the different gray levels of images referenced by the
multirandom forest algorithm, the segmentation results are
processed by FCM clustering algorithm. The experimental
results show that the multirandom forest algorithm achieves
high accuracy in the segmentation of nanoparticles. The
electrodes prepared by this technique can be easily improved
into excellent ohmic contacts when integrated with nanoma-
terials, which can reduce the influence of contact resistance
on the measurement of electrical properties. In addition,
the technology realizes the adjustable number, size, and
spacing of electrodes, and it is easy to obtain contact resis-
tance information by multiterminal electrical measurement,
so as to obtain more reliable electrical properties.

2. TEM and Nanoparticles

2.1. Transmission Electron Microscope. Since the advent of
the world’s first transistor in 1947, integrated circuits based
on microelectronics technology have greatly changed human
production and lifestyle. During this period, the develop-
ment of integrated circuits has always followed Moore’s
law, that is, the number of integrated transistors per unit
area doubles every 18 months, and the critical size of transis-
tors shrinks by a factor of 0.7 every 18 months. By 2009, the
feature size of the marketed microprocessors in integrated
circuits has reached 45 nm, the 32nm size is brewing into
mass production, and the industry and academia have aimed
at 22 nm.

Transmission electron microscope (TEM) is one of the
important tools to detect the micromorphology, crystal
structure, and chemical composition of materials. It uses a
short wavelength high-energy electron beam as the incident
light source [11]. Under a certain accelerating voltage, the
electron beam converges through the electromagnetic lens
and passes through the sample, thus obtaining the subang-
strom spatial resolution.

TEM is generally composed of three parts: electronic
optical part (lighting system, imaging system, observation,
and recording system), vacuum part (vacuum system and
vacuum display instrument), and electronic part (various
power supply, safety system, and control system). Electron
optics is the core part of electron microscope. According to
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the different types of electron gun in lighting system, TEM
can be divided into thermal emission transmission electron
microscope and field emission transmission electron micro-
scope. In TEM, an incident electron beam is generated by
heating the filament with lanthanum hexaborate (LaB6).
Tungsten wire is used as electron emission source of field
emission TEM. Under the strong electric field, the internal
electrons will be emitted from the filament surface above
the barrier due to the tunneling effect. Compared with ther-
mal emission, field emission can produce electron beam with
higher brightness, better coherence, and single wavelength.
Combined with the TEM-SPM technique, the structure-
dependent in situ electrical measurement experiments were
carried out on a variety of nanomaterials. First press the gold
tip of the STM with the gold electrode inside the sample
holder. It was then slowly separated under TEM observation
until atomically sized gold nanowires were obtained. Since
the entire stretching process can be imaged in TEM, the width
of the nanowires is controlled to be only a single atom wide.

(1) Lighting system

The electrical system is essentially an electrical circuit
breaker, a condenser, an electronic pistol, and a printer.
Your job is to provide a light source with high brightness,
low beam angle, good contrast, and stable beam. In order
to meet the requirements of the dark field image, the light
beam can be adjusted to 2-3 degrees.

(1) Electron gun

The electron gun is the light source that emits electrons.
It is actually an electrostatic lens composed of cathode, grid,
and anode. The cathode is the source of free electrons. There
are usually direct heating and close contact heating as well as
cathode separation, each of which remains independent. In
electron microscopy, the cathode is usually made of heated
filament and tungsten metal, which has the characteristics
of low cost, low brightness, and short life. The cathode is
the source of free electrons. Once the cathode is heated, it
can produce free electrons, anode, and cathode electric field.
The anode can attract the cathode that emits free electrons
and change its motion state from chaos to orderly orienta-
tion. After the cathode grid is biased, it can produce the con-
vergence effect of the electron beam, that is, to gather to the
central axis, so that the electron beam is in the center of the
axis the movement can be carried out through anode and
injection gun to form the required light source to irradiate
the sample.

Within a certain limit, the amount of free electrons emit-
ted by the filament is proportional to the heating current
intensity, but after this limit is exceeded, the current con-
tinues to increase, which can only reduce the service life of
the filament, but cannot increase the amount of free elec-
trons emitted. We call this critical point the filament satura-
tion point, which means that the emission of free electrons
has reached “full capacity” and can no longer be added. In
normal use, the heating current of the filament is often
adjusted and set at a position close to saturation, which is

called “undersaturation point.” In this way, the service life
of the filament can be extended to the maximum extent
under the condition that a large amount of free electron
emission can be obtained.

The grid is located between the cathode and anode, near
the end of the filament. It is a cap-shaped metal object with a
small hole in the center for the electron beam to pass
through. Apply a negative voltage of 0-1000 v (cathode) to
the grid. This negative voltage is called gate bias, its height
is different, and users can adjust it according to their needs.
The grid bias voltage can make the electron beam converge
to the central axis and control and restrain the electron
emission on the filament to a certain extent.

The working principle of the electron gun: under the
action of the filament power supply, the current flows
through the cathode of the filament and heats it to above
2500°C. Free electrons are generated and escape from the
surface of the filament. When the power is turned on, an
accelerating voltage is generated. The positive charge gener-
ated on the anode surface forms a positive electric field, and
the free electrons on the cathode surface escape after being
affected by the electric field and are emitted by the electron
gun to form a power supply. In the process of electron
microscope, the filament can be adjusted to the low satura-
tion point, and the beam current can be controlled by adjust-
ing the gate bias voltage.

In the electron microscope, the acceleration voltage is
also adjustable, so as long as the acceleration voltage is
increased, the penetration can be enhanced, because the
acceleration of voltage will reduce the wavelength, and the
smaller the wavelength, the stronger the penetration.
Although this can improve the resolution, but also brings
the corresponding disadvantages, that is, the reduction of
imaging contrast. Therefore, when the application of high-
resolution observation is not pursued, a lower acceleration
voltage can be selected to obtain a larger imaging contrast,
especially for biological samples with low contrast, it is
sometimes advantageous to choose a lower acceleration
voltage.

(2) Condenser

The capacitor is under the gun. The condenser is com-
posed of a first condenser and a second condenser. The pur-
pose of setting a condenser in the electron microscope is to
gather the electron beam emitted by the electron gun into
a spot with uniform brightness and adjustable irradiation
range and project it on the sample below. After the electron
beam passes through the capacitor, a uniform spot with
adjustable irradiation range is formed and projected onto
the sample. The first condenser is a strong magnetic field
lens, and the second one is a weak magnetic field lens. All
levels of capacitors are used together to adjust the diameter
of the light beam spot, so as to change the intensity of illumi-
nation brightness. The corresponding adjustment knob is
generally set on the control panel of the electron microscope.
The first concentrator and the second concentrator have dif-
ferent magnetic pole shape and working current, so the first
concentrator has stronger magnetic field strength, while the
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second concentrator has lower magnetic field strength. The
method of changing the brightness by adjusting the capaci-
tance current is actually an indirect method. The maximum
brightness is limited by the electron beam. In order to
change the brightness of the light to a greater extent, the size
of the electron beam can be fundamentally changed by
adjusting the gate bias voltage in the electron gun mentioned
above. The main requirements for magnifying imaging
lenses such as intermediate mirrors and projection mirrors
are to obtain the highest magnification required for high res-
olution and the lowest magnification required to find a suit-
able field of view under the condition of shortening the
height of the lens barrel as much as possible. It is also hoped
that their aberrations, distortions, and axial astigmatism are
as small as possible when conducting electron diffraction
image analysis, doing special observations such as selected-
area diffraction and small-angle diffraction.

The condenser is located below the electron gun and is
generally composed of one stage, which are called the first
and second condensers in order from top to bottom. The
purpose of setting the condenser in the electron microscope
is to condense the electron beam emitted by the electron gun
into a light spot with uniform brightness and adjustable illu-
mination range and project it on the sample below. The
structures of the first condenser and the second condenser
are similar, but the shape of the pole piece and the working
current are different, so the strength and use of the magnetic
field formed are also different. The first condenser is a strong
magnetic field lens, and the second condenser is a weak
magnetic field lens. The condensers of all levels are used
together to adjust the diameter of the illumination beam
spot, thereby changing the intensity of the illumination
brightness. Generally, it is set on the electron microscope
control panel. There are corresponding adjustment knobs.

(2) Imaging system

(1) Sample room

The sample chamber is under the condenser, and there is
a sample stage for loading the sample. The sample stage
must be able to move on the horizontal plane and direction
to select and move the observation field. Correspondingly, it
is equipped with a joystick or a rotating handwheel, which is
a precise adjustment mechanism to move left and right in a
certain direction. Modern high-end electron microscopes
can be equipped with a computer-controlled motor-driven
sample stage, which strives to be accurate when moving, sta-
ble when fixed, and can make label-type positioning marks
on the sample by the computer, so that users can rely on it
when they need to do retrospective comparison. Computer
positioning search is difficult to achieve in manual selection
operations.

Because of the short electron wavelength and weak pen-
etration, it is necessary to make very thin samples. At this
time, ultrathin slicing machine is needed for cutting. In
order to achieve better cutting effect, diamond cutter or spe-
cial glass cutter is required for ultrathin slicer. The sample is
first installed on the copper wire and then fixed on the sam-

ple table. The sample table and the sample holding rod are
integrated, which is a very fine part. There is an O-shaped
rubber sealing ring in the middle of the sample bar, and
the surface of the sealing ring is coated with vacuum grease
to isolate the vacuum between the sample chamber and the
outside of the mirror body.

(2) Objective

The objective lens is the most important part of electron
microscope. Its function is to keep the phase of the elastic
scattering beam converging on the focusing plane from the
difference direction of the sample. A scattering pattern con-
taining the sample structure or diffraction pattern will con-
verge the elastic scattering beam of the same sample point
on the image plane to form the sample group corresponding
to the microscopic image. The quality of TEM depends on
the quality of objective lens to a great extent.

The objective lens is a strong magnetic lens with a very
short focal length, which requires extremely high working
conditions such as material purity, processing accuracy, and
pollution conditions during use. The core problem of improv-
ing the resolution index of an electron microscope is the com-
prehensive assessment of the performance design and process
manufacturing of the objective lens. The focal length is as
short as possible, the aberration is small, and the space is
expected to be large, which is convenient for sample manipu-
lation, but there are many contradictory links in the middle.

The function of the objective lens is to enlarge the main
image, change the working current of the objective lens, and
adjust the focal length. An electron microscope is used to
change the operating current of the objective. After passing
through the sample, the electron beam is projected onto
the objective lens to form the first image, which usually
determines the imaging accuracy. If there is an error in this
kind of imaging, even if the error is very small, it will be dis-
played at a higher magnification once it is amplified.

(3) Intermediate mirror and projection mirror

An intermediate mirror, a first projection mirror, and a
second projection mirror are arranged below the objective
to complete the further magnification of the objective lens
imaging. The total magnification of electron microscope is
the product of objective lens, intermediate lens, and projec-
tion lens. The intermediate lens is mainly used for secondary
magnification or reduction of objective lens imaging. By
changing the position of the intermediate lens, the imaging
operation or electron diffraction operation is controlled.
The imaging operation is to enlarge the image of the objec-
tive lens and display it on the fluorescent screen. In order
to obtain the imaging operation, the objective plane of the
central lens and the image plane of the objective lens should
overlap. The operation of electron diffraction is to reduce the
object image and display it on the fluorescent screen.
Through the imaging operation mode, we can obtain the
morphology, structure, and other information of the sample,
while the phase analysis of the sample requires the diffrac-
tion operation mode.
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In the TEM-SPM method, the Schottky contact between
the sample and the electrode is easy to form, which affects
the measurement of the electrical properties of nanomateri-
als. Currently, TEM-SPM optimizes the contact between
nanomaterials and electrodes by applying Joule heat gener-
ated by a suitable current. The contact Schottky resistance
obtained in this way is large, the resistance difference
between different contacts is obvious, and the TEM-SPM
method is difficult to improve to the ohmic contact.

2.2. Medical Ultrasound Imaging Based on Edge
Segmentation Method. Edge is the important visual informa-
tion contained in the image, and it contains most of the
information of the image [12]. Edge detection is a key step
in image processing and machine vision. The effect of edge
detection is very important for image analysis and under-
standing. Images contain a lot of information, but not all
of it [13–15]. By edge detection, not only the structural attri-
butes of the image are preserved but also the information irrel-
evant to the image processing target is eliminated, greatly
reducing the amount of data contained in the image, and
finally, the edge information we need is obtained [16–18].
The edge-based segmentation method is used to detect the
gray change of the discontinuous position image in terms of
texture, gray level, and color and reflect the gray level gradient,
represented by ∇f ða, bÞ = ∂f /∂f i + ∂f /∂f j [19]. The edge

detection operator eða, bÞ =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

f 2aða, bÞ + f 2bða, bÞ
q

is defined,

which is the amplitude of∇f ða, bÞ. To simplify the calculation,
it can also be defined as the sum of the absolute values of the
partial derivatives f a, f b:

e a, bð Þ = f a a + bð Þj j + f b a + bð Þj j: ð1Þ

(1) Sobel operator

Sobel operator image a point is as the center, in the
neighborhood of 3 ∗ 3D direction and the partial derivative
of the direction [20, 21]. The formula of Sobel operator is
as follows:

In the vertical direction:

S1 x, yð Þ = f x − 1, y − 1ð Þ + 2f x, y − 1ð Þ + f x + 1, y − 1ð Þj
− f x − 1,ð y + 1ð Þ + 2f x, y + 1ð Þ + f x + 1, y + 1ð ÞÞj:

ð2Þ

In the horizontal direction:

S2 x, yð Þ = f x − 1, y − 1ð Þ + 2f x − 1, yð Þ + f x − 1, y + 1ð Þj
− f x + 1, y − 1ð Þ + 2f x + 1, yð Þ + f x + 1, y + 1ð Þð Þj:

ð3Þ

Select a threshold T , if S1ðx, yÞ > T , it means there is edge
passing in the vertical direction of ðx, yÞ, and ðx, yÞ is edge
point. In the same way, if Sðx, yÞ > T , also means edge point
in ðx, yÞ [22].

(2) Roberts operator

The gradient in the Roberts algorithm can be seen as the
difference between two pixels in any vertical direction. The
Roberts operator, on the other hand, takes the difference
between two adjacent pixels in the diagonal direction:

Δi f = f x, yð Þ − f x + 1, y + 1ð Þ, ð4Þ

Δj f = f x, y + 1ð Þ − f x + 1, yð Þ: ð5Þ
Its gradient amplitude value is

R x, yð Þ = Δi fj j + Δj f
�

�

�

�, ð6Þ

or

R x, yð Þ =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Δ2
i f + Δ2

j f
q

: ð7Þ

The convolution operator is expressed as

Δi f =
1 0
0 −1

�

�

�

�

�

�

�

�

�

�

, Δj f =
0 1
−1 0

�

�

�

�

�

�

�

�

�

�

: ð8Þ

Select the close value T appropriately, if Rðx, yÞ > T ,
then, ðx, yÞ is the edge point.

(3) Laplace operator

Laplace operator is a second derivative operator, whose
center of function is zero in the frequency domain is sym-
metric, so it has rotation invariance. This graph is processed
by Laplace operator, and the pixel has the feature of zero
gray mean. The Laplace transform of a two-dimensional
graph function is the isotropic second derivative. The for-
mula is as follows:

∇2 f a, bð Þ = ∂2 f a, bð Þ
∂a2

+ ∂2 f a, bð Þ
∂b2

: ð9Þ

Let us write it as a difference:

∇2 f x, yð Þ = f x − 1, yð Þ + f x, y + 1ð Þ + f x + 1, yð Þ
+ f x, y − 1ð Þ − 4f x, yð Þ: ð10Þ

2.3. Random Forest Algorithm

2.3.1. Bagging Algorithm. The principle of bagging algorithm
is to determine the training set, get the number of training
samples, and determine the number of weak classifiers.
Then, the samples are randomly put back from the training
set until the samples are equal to the training samples. If the
number of existing weak classifiers reaches the standard,
stop sampling and construct a strong classifier by voting
strategy as the final classification result. If the number of
weak classifiers is not enough, the samples are randomly
put back from the training set.
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2.3.2. Random Forest Algorithm. The principle of a random
forest algorithm is the development of many independent
decision trees, and each decision tree can be trained indepen-
dently with training samples [23]. Each decision tree is accord-
ing to the training plan. In order to create decision trees, it is
necessary to create a corresponding number of training pro-
grams. Creation ofN training units is from an original training
base with a statistical modeling process. The test samples are
categorized according to randomly assigned subtrees, and the
results of each background are summarized. As a powerful
classifier, the random forest algorithm has a strong power.

Random forest algorithm has many excellent character-
istics. Random forest algorithm can be applied in many
fields and has achieved excellent performance. It has the fol-
lowing advantages: (1) the algorithm is simple and easy to
understand and easy to implement; (2) it can detect the
interaction between features in the training process; (3) it
has good antinoise ability and good ability to deal with a cer-
tain amount of data loss; (4) it can be processed in parallel.

3. Experimental Design

3.1. Experimental Design. These data include 800 transmis-
sion electron microscope (TEM) images of nanoparticles
with an acceleration voltage of 70 kV and a magnification
of 6000.

When the nearest neighbor field is initialized, a 5 × 5
window is used to sample the reference image set a uni-
formly and independently, and a set of 8000 effective blocks
is obtained.

In the process of image block matching, the matching
block of the block to be searched is searched step by step.
Table 1 shows the experimental results of one query block
under three different search steps and calculates the best five
matching blocks. Di represents the distance between the
query block and the 6-neighborhood block.

The weights of the corresponding tag matching blocks
are extracted and optimized. Six query blocks are selected,
and the similarity weights between the optimal matching
of each query and the five blocks are calculated according
to the formula.

From Tables 1 and 2, we can get the di and wi values of
each query block, search out the optimal image matching
block of the query block, and finally extract the optimal
matching block for weighting to reconstruct the initial seg-
mentation results of nanoparticles.

3.2. Experimental Steps. In this experiment, n reference
images with different gray levels are extracted from database
X and y for decision tree algorithm processing: (1) generate
n-ary tree through training set; (2) analyze the path genera-
tion rules of n-tree generated; (3) predict or classify new data
according to the generated rule set. After processing, n deci-
sion trees are generated, and a single random forest is col-
lected to form multiple random forests. Input the image a
to be segmented and output the segmentation result of
image a of each random forest classifier. In the experiment,
n different random forest classifiers are used to get the seg-
mentation results of N graphs a. After getting n different

segmentation results, FCM clustering algorithm is used for
processing. The steps of FCM clustering algorithm are as
follows:

(1) The gray values of N pixels with the same coordi-
nates in the segmentation results are extracted, and
the X ∗ y samples with sample size n are finally
obtained

(2) According to the obtained x ∗ y samples of N, the
probability of the points expressed as nanoparticles
in each sample s is calculated. Let n ða, bÞ be the
number of points labeled as nanoparticles in row a
and column B of N segmentation results, and P ða,
bÞ is the probability of points labeled as nanoparti-
cles in column A and column B in n segmentation
results

(3) By calculating the probability p of nanoparticles for
all the sample data, we can construct the probability
map of the base film obtained by N results

(4) FCM clustering is performed on the calculated prob-
ability graph

(5) Through the above four steps, after completing the
classification of X ∗ y samples, the postprocessing
of N segmentation results is completed. After con-
structing the probability map of nanoparticles, the
structure of nanoparticles was extracted by FCM
clustering, and the segmentation results with high
accuracy were obtained after optimization

4. Analysis of Experimental Results

4.1. Evaluation of Image Segmentation Accuracy. In this
paper, the segmentation results are compared with the

Table 2: Similarity weight between query block and optimal block.

Image block number
Similarity weight W1 between the query

block and the best matching block
W1 W2 W3 W4 W5

1 0.2235 0.2156 0.2030 0.1985 0.1923

2 0.2185 0.2015 0.1985 0.1867 0.1815

3 0.2376 0.2278 0.2056 0.1975 0.1862

4 0.2163 0.2085 0.1989 0.1875 0.1832

5 0.2623 0.2073 0.1975 0.1865 0.1812

6 0.2185 0.2015 0.1956 0.1929 0.1918

Table 1: Experimental results of three different search steps.

Search step size
The distance value Di between query block

and 6 domain block
D1 D2 D3 D4 D5 D6

4 38 65 295 85 125 315

2 59 315 65 326 106 178

1 79 48 71 35 105 299
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manual segmentation golden standard image, and the Jaccard
index is used to evaluate the segmentation results. Jaccard
index is a geometric similarity measure function. The larger
the Jaccard value, the better the segmentation performance.
The formula is as follows:

Jaccard X, Yð Þ = X ∩ Yj j/ X ∪ Yj j: ð11Þ

In the formula, a and B are the results of manual segmen-
tation and automatic segmentation, respectively, and the over-
lap rate of nanoparticle regions between the two results is
calculated. The similarity coefficient is between [0,1]. The Jac-
card value is 1 when the manually segmented nanoparticle
region completely overlaps with the auto segmented basement

membrane region, and 0 when there is no overlap term. The
closer to 1, the higher the similarity, the better the segmenta-
tion effect.

In this paper, we use multiple random forest algorithm,
watershed segmentation method, and maximum entropy
threshold segmentation to detect TEM images of 800 groups
of nanoparticles. Jaccard similarity coefficient of three differ-
ent methods is shown in Table 3.

As can be seen from Figure 1, the minimum Jaccard
coefficient obtained by the multiple random forest algorithm
is 89%, and the highest is 95%. The lowest and highest Jac-
card coefficients are 86% and 92%, respectively. The lowest
and highest Jaccard coefficients are 45% and 58%, respec-
tively. For the same group of images, from left to right is
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Figure 1: Jaccard similarity coefficient of three different methods.
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Figure 2: Effect of sample size on segmentation accuracy.

Table 3: Jaccard similarity coefficient of three different methods.

Method Image 1 Image 2 Image 3 Image 4 Image 5

Multiple random forest algorithm 0.92 0.93 0.89 0.95 0.91

Watershed segmentation method 0.88 0.86 0.92 0.92 0.89

Weighted median filter 0.58 0.45 0.58 0.64 0.55
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Figure 3: The influence of sample number on segmentation results.
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corresponding to the multirandom forest algorithm, water-
shed segmentation method, and maximum entropy thresh-
old segmentation Jaccard coefficient.

4.2. The Size of Sample Block Affects the Segmentation Result.
In the initialization process, the size of sample block directly
affects the accuracy of segmentation results. In this experi-
ment, eight groups of images are selected to calculate the
influence of sample block size on the segmentation results
of each group, as shown in Figure 2.

As can be seen from Figure 2, when the size of the sam-
ple block is less than 5 ∗ 5, the segmentation accuracy does
not change much; when the size of the sample block is
greater than 5 ∗ 5, the segmentation accuracy begins to
decline. Considering the segmentation results and computa-
tional complexity, the computational complexity of 5 ∗ 5
size is less than 3 ∗ 3 size in the case of low image accuracy.
Therefore, the size of the sample block is suggested to be 5
∗ 5.

4.3. The Influence of the Number of Evenly Distributed
Samples on Segmentation Results. In the process of image
block matching, the number of evenly distributed samples
directly affects the result of image segmentation. In this
experiment, we selected 8 groups of images to calculate the
effect of sample size on the segmentation effect of each group
of images, as shown in Figure 3.

The smaller the number of samples, the worse the seg-
mentation effect. This is mainly because the sample block
contains too little information, resulting in poor matching
effect and resulting in poor segmentation effect. When the
number of samples is more than 7500, the accuracy of seg-
mentation has little change. Considering the segmentation
results and computational complexity, this paper suggests
that 7500 is the most suitable sample size.

4.4. The Influence of the Number of Random Forests on
Segmentation Results. In the process of multirandom forest
algorithm segmentation, the number of constructed forests
has a direct impact on the image segmentation results. In

this experiment, eight groups of images are selected, and
the influence of the number of forests on the segmentation
effect is calculated.

It can be seen from Figure 4 that the segmentation effect
is gradually enhanced with the increase of the number of
selected forests (n ≤ 35). This is mainly because the informa-
tion of gray distribution is too little, which will lead to poor
matching effect and poor segmentation effect. When the
number of random forests is 15, the segmentation accuracy
of 8 groups of images is very different. The main reason is
that when building multiple random forests, some images
will choose the training images with similar gray levels, so
the segmentation accuracy is higher than other images. With
the increase of the number of random forests, the segmenta-
tion accuracy of 8 groups of images is gradually improved.
When the number of trees is more than 35, the segmentation
accuracy changes little. Considering the segmentation results
and computational complexity, the number of forests should
be set to 35.

The experimental results show that in terms of image
segmentation accuracy, the Jaccard coefficient obtained by
the multiple random forest algorithm is significantly better
than watershed segmentation method and maximum
entropy threshold segmentation and is more suitable for
the segmentation of nanoparticles. Multiforest algorithm
uses multiple random forest classification. When the num-
ber of forests is large enough, there will always be one or
more training images whose gray value is close to the gray
value of the segmented image. It overcomes the problem of
low image accuracy caused by gray difference between differ-
ent images and improves the segmentation accuracy of
nanoparticles. When the size of the sample block is less than
5 ∗ 5, the segmentation accuracy does not change much
when the size of the sample block is less than 5 ∗ 5; when
the size of the sample block is greater than 5 ∗ 5, the seg-
mentation accuracy begins to decline. It is suggested that
the size of the sample block should be 5 ∗ 5. When the num-
ber of samples is more than 7500, the accuracy of segmenta-
tion does not change much. With the increase of the number
of selected forests (n ≤ 35), the segmentation effect is
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Figure 4: The influence of the number of random forests on segmentation results.
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gradually enhanced. When the number of trees is more than
35, the segmentation accuracy changes little. When the mul-
tiple random forest algorithm is used, the best result is when
the number of forests is set to 35.

5. Conclusion

With the development of materials science, nanoparticles
have large specific surface area, small particle size, high sur-
face energy, and unique nanoeffect. The morphology of
nanoparticles is a key factor affecting the properties of
materials.

In this paper, we mainly study the image recognition of
TEM nanoparticles. We mainly introduce transmission elec-
tron microscopy, image edge segmentation, and random for-
est algorithm. In this paper, based on the random forest
algorithm, a multirandom forest algorithm is proposed.
Due to the different gray levels of images referenced by the
multirandom forest algorithm, the segmentation results are
processed by FCM clustering algorithm. This paper
improves the imaging quality of TEM for weak phase bulk
materials and biological samples, builds a multielectrode
TEM in situ electrical platform based on microchips, realizes
pollution-free etching with atomic precision, prepares nano-
dots, and observes coulombs. The blocking phenomenon
was observed, the nanowire-induced fracture process was
observed, and the nanowire fracture mechanism was stud-
ied. The minimum and maximum Jaccard coefficients
obtained by multiple random forest algorithm are 89% and
95%, respectively. The lowest and highest Jaccard coeffi-
cients are 86% and 92%, respectively. The lowest and highest
Jaccard coefficients are 45% and 58%, respectively. The Jac-
card coefficient of the proposed algorithm is higher than that
of watershed segmentation and maximum entropy threshold
segmentation. In the aspect of automatic image segmenta-
tion of nanoparticles, the image segmentation accuracy is
the highest when the sample block size and the number of
sample blocks selected in the multiple random forest algo-
rithm are 5 ∗ 5, 7500, and 35, respectively. As the feature size
of CMOS shrinks to the nanometer scale, the electromigra-
tion of metal interconnects seriously affects the reliability
of microelectronic devices. After the metal nanowires are
prepared on the microchip, the microscopic dynamic
changes in the metal electromigration can be directly
observed by using the TEM in situ electrical technology,
and the metal electromigration mechanism can be further
studied, thereby providing a guarantee for increasing the
reliability of electronic devices. Using TEM in situ electrical
technology to study the working mechanism of new memory
devices, new memory devices such as resistive memory and
phase change memory have attracted much attention
because of their fast speed and high storage density. Unifor-
mity is an urgent problem to be solved in the large-scale
application of these new memory devices. After the new
memory device is fabricated on the microchip, the working
process of the device is directly observed by TEM in situ
electrical technology, and the working mechanism of the
device is analyzed, thereby reducing the uniformity problem
of the new memory device.

In this paper, the multirandom forest algorithm is pro-
posed because of the randomness of the automatic segmen-
tation method of nanoparticle image. The next step is how to
improve the speed of automatic segmentation of nanoparti-
cle image and ensure the accuracy of image segmentation.
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This article mainly studies the effect of nanoligament combined with tennis on the rehabilitation of ligament injury patients. This
article first uses nanoligaments made by ACL reconstruction technology to give targeted rehabilitation treatment to patients with
ligament injuries, analyzes the internal structure of the knee joint cavity ligaments, and clarifies the rehabilitation of ACL injuries
and other combined injuries. The construction method of nanoligament composite fiber composite ligament is mainly introduced.
Secondly, the nanoligament damage mechanism can be used to prevent excessive knee deformation and internal rotation. Finally,
the nanoligament is combined with the fiber composite ligament, and the silk fibroin filament yarn is used as the axis to form a
composite structure on the fiber composite ligament structure to strengthen the rehabilitation effect for patients with ligament
injury. In this study, combined with the data analysis of patients with nanoligament injury, it was found that after 50 patients
have undergone corresponding tennis training and knee flexion angle observation, the recovery speed is 5 times faster than
that of ordinary patients. The experimental results show that the combination of nanoligaments and tennis has a positive effect
on rehabilitation training for patients with ligament injury.

1. Introduction

1.1. Background and Significance. Anterior cruciate ligament
(ACL) injury is a common serious sports injury. The ante-
rior cruciate ligament has the important function of restrict-
ing the excessive advancement of the hard bone and
controlling the rotation. Knee joint instability occurs after
the anterior cruciate ligament is damaged. Since then,
meniscus cartilage injury, articular cartilage injury, and knee
arthritis symptoms are treated. Treatment is a hot spot in the
field of sports medicine. About 3.5 million anterior cruciate
ligaments are damaged in the United States each year, and
the annual medical cost is $6.5 billion. With the develop-
ment of China’s national strength and sports competition,
the incidence of anterior cruciate ligament injury has
increased significantly, but there are also studies showing
that the incidence of anterior cruciate ligament injury in
Chinese athletes is 0.39%. The main cause of anterior cruci-
ate ligament rupture is sports injuries, accounting for more

than 70%, and the most affected people are basketball and
football. For the treatment of patients with ligament injuries,
people have developed nanoartificial ligaments to recon-
struct anterior cruciate ligaments and use the exercise effect
of tennis to strengthen the repair of sports injuries.

The material of the nanoartificial ligament is polyethyl-
ene terephthalate (PET), which is the same as the material
of surgical sutures and artificial blood vessels and has good
biocompatibility. It can effectively share the gravity and be
absorbed by the human body. It is safe to use and will not
cause rejection. The nanoartificial ligament adopts the
bionic structure design, and the two end structures are
densely woven in the middle; there is loose free fiber in the
middle, and the mechanical properties are good. In addition,
the tennis exercise accelerates the repair of the patient’s
physical function, and the effect is more excellent [1, 2].
The safety and functional evaluation of the knee joint is an
important part of the evaluation of the efficacy after ACL
reconstruction. Currently, Lachman is used to evaluate the
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front and back stability of the knee joint, and the axial move-
ment test is used to evaluate the rotation stability of the knee
joint. Flexible stability is required in activities [3]. Modern
three-dimensional walking analysis technology provides a
new method for objectively, accurately, and quantitatively
evaluating the stability and function of sports knee joints
and is widely used to evaluate the efficacy after ACL recon-
struction [4, 5].

1.2. Related Work. Seijas mentioned in his paper that an
anterior cruciate ligament (ACL) injury is a highly injured
accident in the working area of young athletes. The use of
bone grafts, despite being a treatment option, can still cause
postoperative problems, such as pain in the anterior knee,
which limits its use and leads people to prefer alternative
grafts. Their purpose was to evaluate whether the application
of PRGF can reduce the pain of the anterior knee at the
donor site reconstructed by BTB-ACL. The materials and
methods they used are as follows: 55 patients participated
in double-blind and randomized clinical trials, compared
two groups of patients who used ACL transplantation for
ACL reconstruction, and whether they used PRGF at the
donor site after harvesting the graft. Knee pain results com-
pared with the control group: the pain in the donor site of
the PRGF group was reduced, and there was a significant
difference in the first two months of follow-up [6]. Kim’s
research believes that various knee joint injuries caused by
anterior cruciate ligament have been identified as important
risk factors for the development of knee osteoarthritis (OA).
However, no studies have been conducted using large sam-
ple studies to examine the relationship between ACL and
OA. His research goal was to use the National Health Insur-
ance Service Cohort data to study the impact of ACL injuries
and other related knee joint structures on the development
of OA. It also designed a retrospective cohort study of epide-
miology and set up a database of epidemiological research
service groups from the active adult population of the
National Health Insurance [7]. Gomes’ study believes that
knee osteoarthritis (KOA) lacks sufficient treatment
response outcome indicators. The role of ultrasound in the
treatment of inflammatory joints and periarticular diseases
has been well established, but its application in OA is less.
The purpose is to develop a new high-resolution US protocol
to assess the structure and inflammation of primary knee
osteoarthritis. The scanning protocol was jointly developed
by three high-level rheumatologists with similar experience
in the United States. The proposed scheme has been shown
to be reliable for patients with KOA and is therefore a prom-
ising tool that can be used for clinical practice and research
purposes [8].

1.3. Innovation in This Article. The main innovative work of
this paper includes the following aspects: (1) use modern
three-dimensional gait analysis technology to evaluate the
dynamic knee rotation stability and lower extremity func-
tion after ACL reconstruction with nanoartificial ligament
and compare it with patients after autologous tendon trans-
plantation. (2) The expression of PDGF and BMP-2 in the
tendon-bone interface was measured by immunohistochem-

istry, which laid a certain foundation for further clarification
of the vascularization of the tendon-bone interface and the
specific bone formation mechanism. The research in this
paper can provide a perfect and improved development sug-
gestion for the rehabilitation training of patients with liga-
ment injury and can also provide new ideas for the
research in the field of medical rehabilitation.

2. Nanoligament Combined with Tennis
Training Method for Rehabilitation Training

2.1. Nanoligament Based on ACL Reconstruction Technology.
ACL reconstruction was performed in a supine position.
Bone and joint endoscopy was performed after bleeding,
and the knee joint cavity was regularly checked to confirm
ACL injuries and other beds. At this time, first consider
using nanoligaments to help patients deal with ligament
injuries; first deal with combined injuries: the extent of
half-moon cartilage injury, shaping, subtotal resection, total
resection, or suture [9, 10]. According to the principles of
isometric reconstruction surgery described in the literature,
reassemble the ACL and regularly maintain the ACL gap.
First, use special locators to create tunnels for the hard bones
and thigh bones. The external connector of the cervical bone
is approached through the inside of the front, the center of
the opening of the Qinggu tunnel joint is 7mm in front of
the PCL, and the blind needle forms a cervical bone tunnel
with a diameter of 6.5mm through the ACL stump [11,
12]. Then, arrange the thigh bone external device through
the hard bone tunnel. The center of the inner mouth of the
thigh bone tunnel is located in the hepatology of the right
knee. The liver and the lower edge of the posterior wall fall
6mm. The position of the femur is generally determined
by medical instruments. Drill the guide pin through the
femur in reverse, penetrate the skin in front of and on the
side of the thigh, make a 4 cm skin incision at the point of
the femoral needle, use a series of cannulas to protect the
soft tissue of the thigh, and drill from the lateral femur with
a guide needle Through the femoral tunnel reaching the
knee joint, the specific scheme is shown in Figure 1 [13, 14].

Once the bone tunnel is established, the nanoligaments
will be installed and fixed. Select 150 bundles of fibrous
LARS artificial nanoligaments (AC 120 2B) from the left or
right knee [15]. Electric wires are introduced from the exter-
nal opening of the thigh tunnel through the knee joint and
connected through the hard bone tunnel. Place the LARS
artificial ligament on the steel wire, and after the external
port of the bony tunnel passes through the knee joint, the
LARS artificial nanoligament will pass the ACL stump from
bottom to top. The free fiber enters the thigh tunnel 1mm,
and the external ligament rotates slightly outward. Along
the external opening of the thigh tunnel, connect the 8mm
diameter interface to squeeze the screw to fix the ligament.
Attach a loop of artificial nanoligament at the end of the
bone, bend or unfold the knee joint 30 times, adjust the lig-
ament tension, confirm the knee joint mobility, spine angle
projection, and confirm whether the LARS artificial nanoli-
gament will affect the impact between the head and the pos-
terior cruciate ligament (PCL) [16, 17]. In a 30- to 40-degree
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bend of the knee, push the hard bone backwards and use
three 15mm diameter interfaces to braid the screw to fix
the hard bone end of the ligament. Cut the extra ligament
outside the femoral tunnel and the hard bone tunnel, and
suture the incision [18, 19].

Use the same rehabilitation program in the four centers.
No bracing is required after surgery. From the first day after
the operation, the quadriceps muscle function training was
started. Subsequent training programs and training volumes
are determined according to the degree of recovery. The next
day, the ground was partially weight-bearing. The knee
ROM reached 0°-90° 1 week after the operation. Partial
weight-bearing of abduction was 1-2 weeks after operation,
and it gradually transitioned to complete weight-bearing at
4 weeks after operation. Daily activities resumed 6 weeks
to 3 months after surgery, started jogging 4 months after
surgery, and gradually resumed unrestricted exercise 3 to 6
months after surgery [20, 21].

After the operation, apply pressure to all patients, wrap
the bandage in a correct position and fix it, raise the affected
arms and legs, apply a local cold compress to the knee joints,
relieve pain, and implement anti-inflammatory treatment.
On the first day after surgery, it is best for patients to
straighten the affected limbs and take active measures such
as the sand head muscles [22, 23]. The cotton legs were
removed the next day after rehabilitation removal surgery.

The knee joints were fixed with external support frames.
The external fixed struts had a range of motion of 0°-90°

(0° full expansion). They adjusted the position and encour-
aged patients to go out [24]. Within the setting range of
the fixed bracket, nonsupporting bearings activate bending
and extend knee joints and continuous manual mechanical
movement. Partial weight support can be used for squat
exercise after one week of surgery. At this time, the patient’s
physical function has gradually recovered. Continue to
observe for another week. At this time, the patient’s physical
function has gradually recovered. Continue to observe for
another week, and the external fixed bracket is removed
two weeks after surgery. Knee joint active flexion and renal
motion indicate the supporting part of weight walking [25].

2.2. Structure of Knee Ligaments and Damage Mechanism.
The medial structure of the knee ligament is divided into
three layers from the surface layer to the myocardium. The
medial ligament (MCL) and the medial joint capsule and
their thick parts have the function of preventing excessive
dryness of the knee joint. The lateral structure is divided into
3 layers, the first layer is the urethral tube branch and the
posterior expansion of the arm, and the second layer is the
anterior knee muscle membrane and the posterior part of
the quadriceps and the two knee bands. The third layer is
the half-moon ligament, lateral half-moon ligament, arcuate

Radical
rehabilitation

Conservative
rehabilitation

Raise the affected limb, local cold compress of the knee joint,
analgesic, anti-inflammatory and other treatments. On the first
day after surgery, the patient is encouraged to actively raise the

affected limb and exercise the isometric contraction of the
quadriceps, etc.

Remove the cotton legs and use knee
external fixation brace to fix it. The

external fixation brace is adjusted to 90.
0-90 ° active flexion and extension

flexion and extension exercise and CPM
passive exercise, squat exercise is

appropriate.

Remove the cotton leg
and fix it with the knee
joint external fixation

brace in a straight
position.

The external fixed brace is adjusted
to 130 ° to strengthen flexion and

extension and squat exercise.

Remove the thread, remove the
external fixation, and walk with

weight on the crutches. Daily
chinese medicine fumigation and

washing.

Maintain a straight position,
strengthen leg lifting,
isometric contraction

exercise.

The external fixed brace is
set to 0 °-90 ° to start
proper squat exercise.

The external fixed brace is
set at 0 °-120 °. Strengthen

squat exercise.

Remove the external
fixation and walk under

the weight.

First day

The next
day

One week
after

surgery

Two weeks
after

surgery

Four weeks
after

surgery

Six weeks
after

surgery

Figure 1: ACL reconstruction technique treatment plan.
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ligament, and joint capsule. The posterior structure is rein-
forced by the posterior structure formed by the wrist ten-
don and the forearm thigh and its accessory structure. It is
separated from the joint capsule by the synovial capsule;
the posterior part is healed with the joint capsule and
the medial meniscus. The side structure mainly prevents
excessive knee reversal, and the second role is to prevent
excessive knee deformation and internal rotation. The
anterior cruciate ligament and posterior cruciate ligament
of the joint. The anterior cruciate ligament can be divided
into the anterior medial, posterior and external junctions,
and the anterior internal junction. In knee extension, the
long axis of the attachment surface is nearly vertical. The
cross section of the attachment end of the tibia is approx-
imately triangular, with the base facing forward and the
tip facing backward. The important function of this angle
is to prevent forelimb bones, medial rotation, knees, and
hyperextension. The posterior cruciate ligament can be
divided into anterior posterior and posterior and posterior
interior. The anterior and external are tense, the posterior
and internal are slack, the posterior and internal are
stretched when the knee is stretched, and the anterior
and external are slack.

The most common electromechanical damage to the
medial ligament is the direct violence on the side of the knee
joint, which leads to knee trauma and damage to the medial
ligament. Because the lower dead point of the medial liga-
ment is wider, it is generally stopped at the thigh or joint
space where the injury occurs near the ligament. If the vio-
lence is severe or the knee joint rotates and hurts in parallel,
ligament rupture and joint dislocation may occur simulta-
neously. Lateral ligament injuries are mostly caused by direct
violence against the medial knee, and the incidence is signif-
icantly lower than that of the medial ligament ligaments, and
the posterior tendon is damaged by the hard bone mutation
and lateral ligament injury. There are damaged ligaments
and arcuate ligaments in the lateral structure. If the violence
is large, the posterior structure of the knee joint will be dam-
aged, and the cruciate ligaments can be merged. When walk-
ing or exercising, it will cause pain above the fibular head on
the posterolateral side of the knee. In addition, the patient
will also cause pain on the outside of the knee joint when
the patient bends his legs or crosses his legs. The damaged
mechanism of the anterior cruciate ligament often bends,
and the lateral turn is injured, causing the medial ligament
to be injured. There are also few trauma injuries, partial or
complete fracture of the anterior cruciate ligament. Damage
to the posterior cruciate ligament often occurs when the
forearm is hardened; that is, the posterior cruciate ligament
ruptures in front of the muscle bone. The posterior cruciate
ligament is affected by femoral osteoporosis and the poste-
rior cervical bone platform. The ligament may be injured
when bending occurs. Excessive knee injury may cause pos-
terior cruciate ligament injury.

2.3. Construction Method of Nanoligament Combined Fiber
Composite Ligament. Since the mechanical properties of lig-
ament materials made of regenerated silk fibroin materials
cannot meet the requirements, the dense structure of liga-

ment materials composed of natural silk fibroin fibers affects
the adhesion and growth of cells. The above silk fibroin
materials have their own performance defects, and we com-
bine three methods to form artificial nanoligaments to form
a regenerated silk fibroin nanoligament composed of silk
fibroin fibers, silk fibrils, and natural silk fibrils. The main
structural design of the regenerated silk fibroin fiber com-
posite nanoligament still uses YTS2-24 vertical rotary pol-
ishing machine and core brake. It can demonstrate well the
original basic structure of the regenerated silk fibroin nano-
ligament. The schematic diagram of fabric formation is
shown in Figure 2 (picture from http://www.pixabay.com).
During the construction process, silk fibers were first woven
with cashmere, which greatly improved the shortcomings of
the easily deformable tubular fabric. Second, the outer gauze
is used to dye the fabric layer between natural silk fibrin
fibers and cotton, and the outer gauze is used to make the
fabric layer. After being controlled with an angle of 45 + 2°,
the outer layer of the electrospun nanofiber membrane
with a thickness of 3mm is packaged. This fibrous mem-
brane is one of the main ways to prepare nanofibrous
materials, which can be effectively applied to the immobi-
lization of enzyme catalysts. As a result, the broad fabric
layer is woven with natural silk fibroin fibers from the
packaging raw yarn. Finally, the composite structure of
regenerated silk fibroin fiber composite nanoligaments is
composed of electrospun nanofiber membranes and natu-
ral silk fibrous fiber fabrics.

According to the conclusion of the mechanical proper-
ties of the ligament material formed by different layers of
natural silk fibroin fibers, if weaving 8 layers, the mechanical
properties of the material are close to the human ACL, so
during the formation of composite nanoligaments, the indi-
vidual layer fiber weaving method is matched with two dif-
ferent silk fibroin fiber materials. In the hybrid project, the
ratio of electrospun nanofiber membranes to natural silk
fibroin is 1 : 1; that is, the number of fabric layers formed
by natural silk fibroin fibers is 8 layers, while the electrospun
nanofiber membranes have 7 layers. The silk fibroin filaments
are woven into the middle of the nanoligament material as a
shaft yarn. This ratio is mainly to unify the applicability and
functionality of the nanoligaments.

Figure 2: Schematic diagram of nanoligament fabric formation.
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3. Nanoligament Rehabilitation
Training Experiment

3.1. Experimental Sample. The subjects of this experiment
were 100 patients with different degrees of ligament injury.
According to their prevalence, 50 patients underwent corre-
sponding nanoligament surgery. In the subsequent rehabili-
tation training, data collection was carried out. First, tennis
was added to 100 rehabilitation patients to assist in knee
flexion. The experiment recorded the knee flexion test
results of 50 nanoligament treatment and nontreatment
patients. Later, different tennis techniques were used to
record the recovery of patients with nanoligaments. Finally,
do another set of comparative tests. Patients treated with
nanoligaments were divided into three groups to test the
knee flexion angle. The LARS group, the HT group, and
the control group were 2:7 ± 1:3 degrees, 2:8 ± 2:5 degrees,
and 2:1 ± 2:7 degrees, respectively. These different knee flex-
ion angles represent different degrees of injury in rehabilita-
tion patients, which are used as experimental variable data in
this paper.

3.2. Experimental Environment Classification Setting. The
degree of knee nanoligament damage can be divided into 3
degrees: first degree: ligament fiber rupture, local pain, no
change in joint stability; second degree: most ligament fiber
rupture, severe local reaction, function is obviously limited,
but almost does not affect the stability of the joint; third
degree: the ligament is completely damaged. According to
the pressure test after ligament injury, the degree of the edge
of the joint surface can be divided into mild (6mm), inter-
mediate (6-15mm), and severe (greater than 15mm). The
treatment of first-degree and second-degree injuries requires
conservative treatment. Patients with mildly injured liga-
ment rupture and minor restlessness can also be treated con-
servatively. Conservative treatment is largely aimed at the
patient population without severe impairment of joint stabil-
ity. Four to 7 weeks of fixed plaster to strengthen the quad-
riceps movement can obtain satisfactory results. If the lateral
ligament and surrounding tissue are severely damaged,
unstable, or the cruciate ligament or meniscus is damaged,
it should be repaired in time.

3.3. Experimental Procedure

(1) Experimental preparation: exclude patients with
carotid artery injury and related fractures. The
patient was placed in a supine position and under-
went spinal canal anesthesia. In many cases of liga-
ment injury, epidural block anesthesia is used. The
inflatable tourniquet near the thigh was pressurized.
Reconfirm the stability of the front, back, inside, out-
side, and rotation of the knee

(2) Experimental examination: arthroscopy device
(arthroscopy equipment belongs to medical imaging
equipment, mainly including American Stryker
brand monitors, cold light sources, cameras, and
image systems) and knee arthroscopy, standard sur-
gical method for knee arthroscopy, anterior cruciate

ligament reconstruction device. After stopping the
blood, pressurize the tourniquet and check the blood
in the joints. First, check the joint cavity, repair the
damaged meniscus, perform suture, formation or
resection, check the end and continuity of ACL and
PCL, regularly clean, and explore under the micro-
scope to maintain the stability of ACL and PCL. This
is for the late replacement of blood circulation and
blood circulation reconstruction of ligaments and
the rapid recovery of inherent tolerance. Observe
the medial and lateral articular walls of the hema-
toma under a microscope, observe the structural
damage signals of the medial and lateral sides, and
perform knee cartilage injury and classification

(3) Reconstruction of the posterior cruciate ligament:
insert the PCL tibial catheter into the posterior tibia
from the anterior medial aspect. In addition, it can
also be placed under the observation of the posterior
medial approach, and its front end is embedded in
the exit of the tibial tunnel. Select the guide pin
through the anterior cortex of the tibia (45- to 50-
degree direction), select the appropriate diameter of
the drill according to the size of the graft, to avoid
nerve and blood vessel damage at the roost, and
please pay attention to the tibia. The bones and soft
tissues remaining in the tunnel are cleaned to avoid
sharp parts. Similarly, a rocket tunnel of the same
diameter was excavated using a femoral locator.
After the tunnel is completed, the needle is inserted
into the tibial tunnel from front to back, and the
front end of the needle is slightly curved to facilitate
the clamping of the intercondylar notch. Similarly,
the femoral wire or microbridge stays ahead and fol-
lows the tibial tunnel to a single figure. The traction
line of the head button is close to the traction line of
the femur to connect the femur. The lead is pulled to
rotate the built-in button, and the graft is retracted
by 6mm. The button is pressed parallel to the cortex
of the femur at the external opening of the bone
tract, and the tibial end of the graft is tightened,
and the distal bone tract is fixed with absorbable
nails larger than the same diameter

(4) Anterior cruciate ligament reconstruction: connect
the tibial tunnel guide, position the top of the guide
at the midpoint of the line between the anterior angle
of the lateral meniscus and the medial condyle (a
more accurate positioning method), and follow the
locator drill into the guide pin and observe whether
the position of the needle point is accurate under
the microscope. Then, use the tibial drill bit to drill
the tibial tunnel of the same diameter along the
guide pin to clean the excess tissue of the tunnel.
Then, use the femoral end guide to locate the ACL.
At the top dead center, after the positioning is accu-
rate, drill the guide pin along the positioner, use a
4.5mm diameter hollow drill and the same implant
diameter drill bit to drill the rocket-shaped tunnel,
and the guide pin is pulled to place the pull wire.
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Connect the graft traction line with the indwelling
traction line in the knee flexion position, pull it out
along the tibial tunnel, joint cavity, and femoral tun-
nel, flip the button so that the button is parallel to
the femoral cortex embedded in the external opening
of the bone tract, and tighten the end of the tibia. Fix
the distal bone tract with absorbable nails larger than
the same diameter. After the reconstruction is com-
pleted, the position relationship of the reconstructed
ligament can be checked under the microscope
again, and there is no intercondylar impact when
the joint is moving

4. Analysis of Postoperative Rehabilitation of
Patients Treated with Nanoligaments

4.1. Effect of Different Tennis Stretching Exercises on Patients
after Nanoligament Surgery. In tennis, the functional trac-
tion of the body’s flexibility mainly reflects the lateral flexion
and expansion of the entire spine, so the lateral flexion and
expansion of the body are indicators of testing the body’s
flexibility. Ligaments are distributed throughout the body,
preventing bones from bending and expanding. The entire
range of motion of the ligaments is very large and can be
used for bending and elongation movements around the
front axis. Nanoligaments treat patients with lateral flexion
motions around the rotation axis and orbital motions and
circular motions around the vertical axis. Generally, liga-
ment activity is large, and rib activity is low. Ligaments are
the key to maintaining joint movements of the body. The
trunk is the core that connects the limbs and the head. The
brain communicates commands to all parts of the body
and controls the core connection of body movement.
According to the biomechanics principles of tennis technical
action, the center of gravity of the body should be kept stable
during the strike, the body should not be shaken during the
strike, and the quality of the strike should not be affected.
The range of motion of the ligament should be maintained
on a relatively fixed vertical axis.

As can be seen from Figure 3, after 8 weeks of training,
the performance of each experimental group has been
improved in the bending test of the side of the body of
patients treated with nanoligaments, which is accelerated
by nearly 5 times faster than that of general treated patients
through static stretching exercises The sport effect is the
most ideal. The static stretching exercise is to continuously
and stably stimulate the stability of the ligament of the sub-
ject, thereby improving the structural function of skeletal
muscles. With the deepening of the training phase, the static
stretching exercise is more beneficial to the training effect of
nanotreatment patients. Subjects can improve the level of
flexible quality training in system management and increase
the degree of lateral ligament curvature. In the process of
stretching, the human lumbar spine does not have many
muscle protection functions. It is necessary to pay attention
to the muscles of the spine muscles in the lumbar spine,
square muscles in the lumbar spine, and part of the erector
spinae. The main function of the human waist and abdomen
is not to simply improve the mobility of the joints, but to

emphasize painless activities within the normal range of
human motion, so pay attention not to damage the lumbar
spine during the stretching exercise. No matter what kind
of stretching method is used, you must avoid sneak attacks
and oppressions. Pay attention to it in sections, increase

30

Static group
Power group

PNF group
Comparision group

25

20

15

10

5

0
Before the experiment

To
rs

o 
lat

er
al

 fl
ex

io
n 

sc
or

e

After the experiment

Figure 3: Comparison of the results of each group’s lateral flexion
test.
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Figure 4: Table of the types of technical actions that affect the
occurrence of knee ligament injury.

Table 1: Technical action factors affecting the occurrence of knee
injury.

Serial number Relevant factors Load factor

1 Unfamiliar technical action 0.75

2 Technical moves are difficult 0.73

3 Technical action is very standard 0.24

4 Wrong technical action 0.78
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the range of ligament movement in a slow and powerful way,
and improve the body’s ability to stretch the body of the ten-
nis ligament patient while ensuring safety. And the breath-
ing adjustment mentioned in the previous specific
experimental program can make the stretching exercise get
better results.

4.2. Analysis of Tennis Movement Technical Movements on
Patients after Nanoligament Operation. As the key reason
that affects whether a person’s ligament is vulnerable to
damage, technical action should be divided into various fac-
tors for analysis and research. Patients with different ages of
nanoligament treatment should show their own type of tech-
nical action. The difference is very limited, and the analysis
and research on the types and factors of technical actions
should not be divided into different age groups.

The data in Figure 4 shows that the technical actions that
caused the injury of the nanoligaments to treat patients were
ranked as follows: 14% serve, 10% backhand ball, 18% fore-
hand ball, 100% backhand ball fifteenth, 10% for emergency
stop change, 8% for high pressure ball, 13% for forehand,
and 12% for interception. For tennis players, every incorrect
technical action may lead to damage to the knee ligaments.
Among them, serving, backhand drawing, forehand draw-
ing, and backhand cutting cause a high probability of knee
injury. But at the same time, every standard action can avoid
a knee injury. Therefore, the treatment of patients with
nanoligaments can use standardized actions to accelerate
the speed of recovery.

According to the sociological statistical methods and sta-
tistical principles, using SPSS 15.0 data analysis software, the
load factor range of 16 causative factors is 0 < K < 1; that is,
the larger the K value, the more likely to have knee ligament
injury, and the more Xiaoyue is conducive to the protection
of the knee joint. Because the influence of each factor on the
knee ligament injury is not absolute, it is impossible to have
K = 0 or K = 1. The specific load factor is shown in Table 1.

Analysis of the data in Table 1 shows that the technical
action factors greatly affect whether the rehabilitation of
patients with ligament injury can be accelerated. This
requires that the technical movements mastered by the
patients in training must conform to the characteristics of
tennis and at the same time meet the requirements of phys-
iological anatomy or try to comply with the principles of
biomechanics. Effective and correct technical actions are
conducive to the full play of athletes’ physiology and psy-
chology and help nanoligament treatment patients to
achieve good rehabilitation results.

4.3. Analysis of Knee Flexion Angle after Nanoligament
Treatment. Using one-way analysis of variance (ANONA),
the time-distance parameters, knee internal rotation, exter-
nal rotation angle, knee flexion, knee extension angle, and
sagittal plane vertical reaction of the LARS group and the
HT group affected lower limbs and normal control force
comparison. SPSS 12.0 software was used for all statistical
analysis. The significance level is a < 0:04. Sagittal knee angle
during stance: the knee flexion angle when the heel is on the
ground is 2:7 ± 1:3 degrees, 2:8 ± 2:5 degrees, and 2:1 ± 2:7
degrees in the LARS group, the HT group, and the control
group, respectively. There was no difference between the
three groups (statistical significance p > 0:04). The maxi-
mum knee flexion angle and the minimum knee flexion
angle in the standing period are 31:2 ± 8:6 degrees and 6:9
± 3:5 degrees, 31:5 ± 8:8 degrees and 7:1 ± 3:5 degrees, and
30:8 ± 4:7 degrees and 6:8 ± 3:2 degrees in the LARS group,
the HT group, and the control group, respectively. Com-
pared with the three groups, the difference was not statisti-
cally significant (p > 0:05), as shown in Table 2 and Figure 5.

The knee rotation angle of patients with nanoligaments
during walking is shown in Table 2 and Figure 6. The max-
imum internal rotation angle was 5:3 ± 1:4 degrees, 5:2 ± 1:0
degrees, and 4:8 ± 1:5 in the LARS group, the HT group, and

Table 2: Knee flexion and extension and rotation angle.

Knee flexion and extension angle during standing LARS group HT group Compare group p value group

Heel 2:7 ± 1:3 2:8 ± 2:5 2:1 ± 2:7 0.457

Knee bending angle 31:2 ± 8:6 6:9 ± 3:5 31:5 ± 8:8 0.354

Knee flexion angle 7:1 ± 3:5 30:8 ± 4:7 6:8 ± 3:2 0.452

Maximum internal rotation 5:3 ± 1:4 5:2 ± 1:0 4:8 ± 1:5 0.321

Minimum internal rotation 7:2 ± 0:9 7:8 ± 1:3 5:2 ± 1:6 <0.002

HT group
Campared group
LARS group

16

14

12

10

8

4

0
10 20 30 40 50

Kn
ee

 b
en

di
ng

 an
gl

e

60

Gait cycle percentage

70 80 90 100

2

6

Figure 5: Knee flexion and extension angle when walking.
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the control group, respectively. There was no statistically sig-
nificant difference between the three groups (p > 0:04). The
maximum external rotation angle of the knee joint was 7:8
± 1:1 degrees, 8:2 ± 1:4 degrees, and 5:6 ± 1:9 degrees in
the LARS group, the HT group, and the control group,
respectively. The HT group and the LARS group were signif-
icantly larger than the control group (p < 0:002). There was
no significant difference between the HT group and the
LARS group (p > 0:04). Based on the above data and image
analysis, nanoligament injury patients undergo tennis train-
ing and technical movement analysis after surgery, and a
certain knee bending angle will also affect the rehabilitation
effect of nanoligament treatment patients. Within a reason-
able range, the corresponding rehabilitation training will
speed up.

5. Conclusions

This research is aimed at the current clinical application of
nanoligaments and the research of tennis sports on reha-
bilitation patients with sports injuries and the surface
modification of nanoligament materials to improve their
biocompatibility. And because of their small size, nanoma-
terials are very different from traditional materials in
terms of optical properties, electrical properties, and chemi-
cal activity. The special properties of nanomaterials make it
have full play in ECL sensing; in particular, some emerging
nanomaterials are paid attention by researchers due to their
superior performance and are widely used in ECL. Some
inspirations can be obtained from this, which helps to clarify
the future research direction of artificial ligaments.

This study further confirmed that from the biomechani-
cal point of view, the combination of nanoligaments and

tennis can promote the healing of the tendon and bone
boundary surface after surgery. In order to avoid reconstruc-
tion failure caused by ACL slack, theoretical support is pro-
vided. The results of this experiment also show that the
synthesized nanomaterials can act as a scaffold in the body,
allowing PRP to slowly and fully release growth factors,
gradually absorbed by new bone growth, and finally replaced
by new bone, which is a more suitable scaffold.

In this study, at the early stage after surgery, the interface
with a strength similar to the rest point is directly reduced.
For the buffering of the stop stress, the mechanical charac-
teristics of this rest point structure are better than the indi-
rect rest point, and the bonding force of the tendon-bone
interface is improved. This provides us with a new way of
thinking, that is, after ACL transplantation, early recovery
of work and exercise ability, to avoid failure of recon-
struction caused by ACL relaxation and to promote func-
tional rehabilitation in clinical practice. This experiment
has only been studied in morphology, and the more
direct evidence is that it needs the support of biomechan-
ical experiments. Although this paper has carried out a
profound study on the rehabilitation training of patients
with ligament injury by using nanoligament combined
with tennis exercise therapy, there are still many deficien-
cies. We will study appropriate treatment methods and
means from more perspectives based on the existing tech-
nology and level and continuously improve the quality of
rehabilitation treatment.

Data Availability

No data were used to support this study.
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In today’s environment where the society attaches great importance to environmental pollution, there has been a certain amount
of research at home and abroad to explore the solutions to pollution of the large amount of polluting and persistent harmful
substances that remain in nature. And most people think that it is necessary to solve the problem of pollution in two ways. (1)
Energy: without discussing other energy sources, we will only discuss the main oil of today’s energy. The treatment and use of
this energy will cause pollution to a certain degree, and it has been overexploited. The exploration of new energy sources and
increasing the use of natural energy such as wind and solar energy are the main research directions today. (2) Degradation of
existing pollutants: nowadays, due to the rapid development of various industries, attention to environmental pollution has
reached a point that cannot be ignored. As a kind of brominated flame retardant, polybrominated diphenyl ethers are widely
used because of their low price and stable chemical properties, mostly in electronic appliances, building materials, textiles,
furniture, and other products. But the substance is extremely harmful. This article focuses on the degradation treatment of
tetrabromodiphenyl ether, which is one of the polybrominated diphenyl ethers that are long-lasting and difficult to be
degraded in the environment. It has become an emerging persistent organic pollutant due to its toxicity, persistence, and
bioaccumulation. Based on the reduction and debromination of zero-valent iron, the effect of debromination of
tetrabromodiphenyl ether is explored under the coupling effect of the nanosized iron powder with the smaller particles of zero-
valent iron and vitamin B12. The experimental results in this paper show that when the dosage of nanoiron powder is between
0.0 g/L and 0.15 g/L, according to the degradation diagram, the reaction rate is continuously strengthened with the increase of
nanoiron powder. When the dosage of nanoiron powder is 0.15 g/L-1.0 g/L, the effect will be weakened with the increase of the
concentration. Therefore, an increase in the concentration of nanoiron powder will promote the progress of the debromination
reaction. But when it reaches a certain level, the reaction rate will gradually decrease until it stops.

1. Introduction

The current state of environmental pollution cannot be
underestimated. Through the diffusion of the food chain in
nature, the atmosphere, and the air, pollutants are perme-
ated around people, which have affected people’s daily life,
and even the weather has undergone abnormal changes
due to its influence. The intensification of the greenhouse
effect will have serious consequences. Now, the era is devel-

oping rapidly. With the advancement of related scientific
research results of computer network portable technology,
the process of electrical appliance industrialization has accel-
erated and expanded. Nowadays, a large number of elec-
tronic devices are updated every year, resulting in a large
amount of electronic waste. Polybrominated diphenyl ethers
(PBDEs) are widely used as flame retardants in industrial
production and they are widely used in plastic flame-
retardant parts in electronic appliances. By analyzing the
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physical and chemical properties, exposure pathways, and
pollution levels of PBDEs, this article summarizes the main
pathways of photodegradation and aerobic and anaerobic
microbial degradation. This article makes a corresponding
risk assessment for its carcinogenic properties and compares
the risk of impact in various environments. Through the risk
comparison between adults and children, this article
explores the catalytic debromination effect of metal oxides
under sunlight. Metals and vitamin B12 have catalytic reduc-
tion effects and are highly efficient in the field of degrading
organic matter. Therefore, this article proposes the debromi-
nation reaction of tetrabromodiphenyl by metal combined
with vitamin B12 and conducts corresponding experiments
on the effects of various metals.

Polybrominated diphenyl ethers are a type of global
organic pollutants that are widespread in the environment.
Because of its good flame retardancy, it is often used as an
additive flame retardant and widely used in various prod-
ucts. In the process of production and use, it can be released
from the product and enter the ecosystem through various
channels. But it has high bioaccumulation effect and high
carcinogenicity. It has a great impact on the environment,
and children are more affected by its toxicity than adults.
It can be seen that the research on the degradation direction
of polybrominated diphenyl ethers is of inevitable signifi-
cance. Now, a large amount of electronic waste is generated
every year. The flame-retardant plastics of electronic waste
release highly toxic by-products during their disposal, and
related research has attracted the attention of many scholars.
The original treatment of e-waste may release a large
amount of organic pollutants into the environment, but its
scale and mechanism still need to be fully resolved. Li et al.
have carried out heat treatment and open burning of typical
electronic waste, namely, plastics and printed circuit boards.
The emission factor of the sum of 39 polybrominated diphe-
nyl ethers (∑_(39)PBDE) in the heat treatment is 817 −
1:60 × 10 ~ ð5Þng g ~ ð−1Þ and undetected −9:14 × 10 ~ ð4Þ
ng g ~ ð−1Þ. In open burning, airborne particulate matter
(87%) is the main carrier of PBDEs, followed by residual
ash (13%) and gaseous components (0.3%). In the open fire
heat treatment, they were 30%, 43%, and 27%, respectively.
Evaporation and reabsorption may be the main emission
mechanism of slightly brominated BDE, but severely bromi-
nated BDE is often related to particles produced by heating
or combustion. The different size distributions of PBDEs in
the emission source and nearby air indicate a remarkable
reprocessing process in the atmospheric diffusion process
[1]. The triglyceride of ricinoleic acid and the acid residue
contain both hydroxyl and double bonds, which can be eas-
ily functionalized. Hydroxyl groups can be converted into
phosphorous esters of different structures, and unsaturated
groups can easily be added to bromine. Using spectroscopy
and thermal methods, Howell and Ostrander fully character-
ize castor oil derivatives that contain phosphorus, bromine,
or phosphorus and bromine. The thermal stability and deg-
radation modes of these compounds have been evaluated by
thermogravimetric analysis and infrared spectroscopy [2]. In
terms of phosphorus-based flame retardants, Daniel and
Howell use four phosphorus esters derived from industrially

obtained glucose derivative isosorbide as starting materials.
After thermal degradation, the four esters showed different
degradation curves. Phosphate esters provide better coke
yields than phosphonates and phosphinates, the latter being
more thermally stable. Fourier transform infrared spectros-
copy and thermogravimetric analysis were used to monitor
the thermal stability of the compound under constant tem-
perature and variable time. Studies have shown that degra-
dation is accompanied by the release of corresponding
phosphoric acid [3]. By rationally manufacturing metal
nanostructures to excite plasmon resonance, the efficiency
of hot carrier excitation can be significantly improved. Ishii
et al. have conducted in-depth research on these plasma-
enhanced photoelectric and photothermal conversion from
a basic and application-oriented perspective. Among them,
it exclusively uses gold and silver. In contrast, this progress
report covers nonmetallic materials that can be used for
plasma-enhanced photoelectric and photothermal conver-
sion [4]. After exploring and researching many modified
anodic oxides, Chen et al. tried to summarize the latest
developments in the rational design and modification of
these oxides before, during, and after anodization. Each part
completely solves the reasonable design strategy, aiming to
improve the overall PEC performance [5]. Park et al. pro-
posed and researched a transparent light-emitting diode
(LED) panel with a 16 × 16 multicolor LED array for signage
applications. As a transparent electrode, it can use estab-
lished simulation models to manufacture and characterize
three layers of oxide/metal/oxide (OMO) with various Al
interlayer thicknesses. Using commercial ray tracing optics
and SPICE simulation tools, Park et al. designed the LED
panel and studied its optical and electrical characteristics.
In addition, in order to solve the waveguide effect and volt-
age drop problems of the entire panel, they integrated addi-
tional optical structures and various OMO widths in the
design. The results show that the OMO electrode intercon-
nection and the proposed design consider the key aspects
of implementing transparent LED digital signage applica-
tions [6]. Guo et al.’s research results show that low temper-
ature is an important way to improve the stability of high-
concentration precursor solutions in the sol-gel process. In
addition, a stable precursor solution is used, followed by spin
coating and sequential layer annealing. Then, a thick BLFO
film is prepared on an indium tin oxide/glass substrate,
which has a perovskite structure without impurity phases.
In particular, it can obtain a high remanent polarization (P
r) of 42.85 μC/cm2. This may be related to lanthanum dop-
ing, preferred (110) orientation and relatively dense micro-
structure [7]. The scholars’ research discussed above has
certain auxiliary guidance for the research of this paper,
but most of the abovementioned research processes require
special professional techniques and a deep understanding
of experimental supplies in order to further avoid the pro-
cess harm. Its content is too complicated, and the experi-
ment process is accompanied by certain dangers and the
harmfulness of gases, so more attention should be paid to
the experiment.

The innovations of this article are as follows: (1) It is
proposed to use nanoscale iron powder for debromination
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reaction; (2) after coupling vitamin B12 and iron powder, the
tetrabromodiphenyl ether is debrominated, and the Good
results; and (3) the degradation ability of various metals such
as Al, Zn, Fe, and Sn on the reduction and debromination of
tetrabromodiphenyl ether was discussed. And this article
analyzes the effect of debromination with the addition of
vitamin B12.

2. Polybrominated Diphenyl Ethers Based on
Metal Oxides

2.1. Application of Metal Oxides in the Catalytic Degradation
of Pollutants Under Sunlight. Now, the world is facing the
same dilemma, that is, the shortage of available energy and
the increasingly serious environmental pollution. It has
caused extreme weather in the global climate [8]. And the
emission of greenhouse gases has caused global warming.
People attach great importance to sustainable and
pollution-free new energy sources in nature [9]. The first
thing that comes to our mind is solar energy. As a daily vis-
ible and very important existence in nature, solar energy has
naturally attracted people’s attention. Solar cells, photocata-
lytic hydrogen production, and photocatalytic degradation
of organic pollutants are all intuitive manifestations of peo-
ple’s utilization of solar energy [10]. Metal oxide semicon-
ductor materials are used for photovoltaic power
generation, hydrogen production, and catalytic decomposi-
tion [11]. Due to the different properties of metal elements,
the oxides formed by them exhibit different properties and
application characteristics, such as in a wide range of envi-
ronmental pollution control, metal oxide materials can be
used as catalysts and adsorbents to treat industrial toxic
waste gas and environmental organic pollutants [12]. In
semiconductor materials, when the energy is greater than
the band gap, the surface can be irradiated with light energy
to absorb the light energy. Electrons are excited from the
valence band to the conduction band and become holes.
Figure 1 shows its catalytic texture, which can improve cat-
alytic efficiency.

For the research of metal semioxide semiconductor
materials, there have been research directions for related
content as early as before. It was discovered that titanium
dioxide can catalyze the start of hydrogen production under
the action of sunlight [13]. The photocatalysis of metal oxide
semiconductor materials has been rapidly developed.
Through the study of the photocatalytic reaction of a variety
of metal oxide materials, it is found that the hyperactive
metal oxides have a certain degree of restrictive conditions
in the reaction effect of photocatalytic hydrogen production.
From all researches on catalytic hydrogen production, it is
found that not all metal oxide semiconductor materials can
be used for catalytic hydrogen production. However, the
application of this material in environmental protection
has only begun to develop and prevail in the past ten years.
Studies have found that titanium dioxide can catalyze the
degradation of organic pollutants polychlorinated biphenols
under ultraviolet light in the sun [14]. In the research of
metal oxide materials in the past few years, it can be said that
this material has become an important research object in the
chemical field for the treatment of pollutants due to its high
efficiency, less secondary pollution, low cost, and easy prep-
aration [15].

2.2. Polybrominated Diphenyl Ethers Based on Metal Oxides.
Polybrominated diphenyl ethers are abbreviated as PBDEs,
which are brominated flame retardants [16]. PBDEs are aro-
matic compounds based on bromine-substituted hydrogen
atoms in biphenyls. According to the position and number
of bromine substitutions, there are 209 kinds of homologues.
It has good flame retardant properties and stable perfor-
mance. It is also widely used in electronics, electrical appli-
ances, fabrics, building materials, petroleum, and other
industries because of its low price and low impact on mate-
rials [17]. PBDEs have the characteristics of low vapor pres-
sure and strong lipophilicity at room temperature, high
boiling point, and low solubility in water. It has a fairly sta-
ble chemical structure [18], and its chemical structure is
shown in Figure 2. It is difficult to degrade through physical,
chemical, or biological means.

The flame retardant properties of PBDEs are gas phase
flame retardant, and the specific mechanism is as follows.
PBDEs are decomposed by heat to generate HBr, which
can capture active free radicals that transfer combustion
chain reactions [19]. It can produce bromine free radicals
with lower activity, which can slow down or stop the com-
bustion reaction. In addition, HBr is a high-density, low-
flammability gas [20]. It can not only dilute the oxygen in
the air but also cover the surface of the material. It can be
isolated from the air to slow down combustion and sponta-
neous combustion [21]. However, if it is in a high tempera-
ture environment, it can release bromine atoms and burn it
under certain conditions, which will generate more toxic
PBDD/DFs.

Studies have shown that PBDEs are a variety of pollut-
ants found in the environment and have been detected in a
variety of environmental media such as water, air, soil,
organisms, and humans [22]. Highly brominated diphenyl
ether is soluble in water or volatilized in the air and
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Figure 1: The basic principle of photocatalysis of metal oxide
materials.
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deposited on organisms. It is debrominated in the natural
environment, decomposed into low-brominated diphenyl
ether, and then passed through water, air, bioaccumulation,
etc. The path propagates in the environment and finally con-
stitutes the path [23]. The environmental behavior of PBDEs
mainly includes the movement between pollution sources,
environmental media, and the transformation and final fate
during the movement [24]. Its impact on the environment is
shown in Figure 3.

Because PBDEs are persistent in the environment, their
increasing exposure routes bring great risks to human
health [25].

3. Health Risks of Polybrominated Diphenyl
Ether PBDEs Based on
Optoelectronic Materials

Nowadays, people have a certain degree of awareness about
the pollution of polybrominated diphenyl ethers, and the
amount of exposure in the environment is increasing day
by day, and the substance has a certain degree of carcino-
genic risk. This ingredient is a serious hazard to human
health, especially for children who are underdeveloped. This
chapter evaluates the health risks posed by polybrominated
diphenyl ethers and discusses the carcinogenic risks posed
by them. Exposure refers to the exposure of the human body
to one or more physical, chemical, or biological factors in
time and space. There are two ways to expose. External
exposure refers to the level of external environmental pollut-
ants that the human body directly contacts; internal expo-
sure refers to the actual exposure level of these pollutants
in the body after being absorbed by the human body through
various interfaces and other biological material samples to
obtain the concentration of pollutants [26, 27].

3.1. Evaluation of PBDEs Exposure in Smoke. Respiratory
inhalation is an important way to be affected by smoke pol-
lution. Compared with other methods, breathing and inhala-
tion of PBDEs is the main way of human exposure [28]. For
the inhalation method, the risk assessment method affected
by pollutants is adopted this time. The evaluation method
calculates the concentration of pollutants contained in the
flue gas in a specific scenario, and the calculation equation
is as follows:

HRsingle = Rair × inhC ×HEInh × HF ×HD
QHF × BL , ð1Þ

HRtotal = HRsingle 〠
i=10

1−i
BDEs: ð2Þ

Among them, InhC represents the volume of air
breathed by adults every day, and the related parameter
value is 1:6E + 0:1. HEInh represents the absorption conver-
sion factor of the lungs, and the value of this parameter is
7:5E + 0:5. HF represents the frequency of exposure, and
the value is 2:5E + 0:2. HD represents the exposure period
of an adult, and the parameter is 2:5E + 0:1. The value of
the life cycle BL is 2:6E + 0:4. The concentration factor
QHF of PM10 is 1:4E + 1:2. These values are combined with
Equations (1) and (2), plus the required measurement values
in the area, namely, the particle concentration Rair in the
flue gas, the average monomer exposure concentration Rai
r, and the total concentration HRtotal of lifetime exposure.
The calculation results are shown in Table 1.

It can be seen from Table 1 that under different regener-
ation temperatures, the lifetime exposure concentration of
PBDEs in the flue gas to adults is different [29, 30]. The gen-
eral trend is that as the temperature increases, the exposure
concentration continues to increase.

3.2. Risk Assessment Method. Health risk assessment
includes noncarcinogenic risk assessment and carcinogenic
risk assessment. The classification is based on whether the
pollutants have carcinogenic properties. The formula for cal-
culating the carcinogenic risk (CHF) of toxic compounds is

CHF =HC × RUN: ð3Þ

In Equation (3), CHF represents the carcinogenic risk
index of respiratory inhalation, and HC is the concentration
of compound exposure and the carcinogenic risk RUN per
unit of respiratory inhalation [31]. After referring to the tox-
icity of PCBs and the intake factors, the RUN value is calcu-
lated, and the following is calculated:

The carcinogenic risk of smoke also increases with the
increase in temperature, which is consistent with the expo-
sure level. The higher the level of exposure, the higher the
risk of cancer. In the temperature range of 180-210°C, com-
pared with the US EPA health risk standards, the carcino-
genic risk of tribromo and nonabromodiphenyl ether is
between 1.0E-03 and 1.0E-01. Its carcinogenic risk level is
in a high position, and the carcinogenic risk values of other
homologues are all higher than 1.0E-01, and its carcinogenic
risk level is very high [32].

Oxygen atom

Br, m Br, n

M + n = 1 – 10

Figure 2: The chemical structure of polybrominated diphenyl ethers.
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3.3. Exposure Risk Assessment Model. Exposure mainly refers
to the process by which the human body is exposed to che-
micals through different environments. It is closely related to
the exposure time, way, and intensity. The selection of
parameters is the basis for risk evaluation [33]. With refer-
ence to relevant literature, this section selects three models
of breathing inhalation, skin contact, and hand-oral inges-
tion to analyze PBDE exposure. Among them, the hand-
oral intake route is unique to children, and the details are
as follows:

Model of breathing and inhalation method:

Hinh = R × IC × L
BW , ð4Þ

R = MC × BS
U ×Q

: ð5Þ

In Equations (4) and (5), Hinh represents the way of
breathing and inhalation, R represents the release of PBDEs
in the air, IC represents the inhalation rate, L represents the
daily exposure time, and BW represents the quality of the
inhaled population. The indoor volume U and the ventila-
tion rate Q are related to each other. BS is the contact area.
MC represents the daily release of indoor PBDEs.

Exposure model by skin contact:

Hderm = MC′ × RA × L
BW : ð6Þ

Hderm is the amount of exposure by skin contact, and B
is the probability of PBDEs migrating to the hands. RA rep-
resents the contact area of the skin.

Hand-oral intake model:

Horal = M × LH × BS × HF
BW : ð7Þ

Photodegradation Biodegradable

Production of flame retardants Polybrominated diphenyl
ethers

Waste electronic equipment

Low brominated diphenyl etherHighly brominated diphenyl ether

Figure 3: Environmental behavior characteristics of polybrominated diphenyl ethers.

Table 1: Respiratory exposure of PBDEs in flue gas at different
temperatures.

Exposure level of each series 180-190°C 190-200°C 200-210°C

Tri 0.26 0.12 0.13

Tetra 0.26 0.18 0.2

Penta 0.34 0.32 0.25

Hexa 0.77 1.46 1.2

Hepta 1.65 2.17 3.16

Oeta 0.1 0.28 0.33

Nona 0.06 0.18 0.18

Deca 8.17 11.12 12.06

PBDEs 11.7 15.9 17.5
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Horal represents the exposure by hand-oral ingestion,
and LH is the transfer probability of PBDEs per exposure.
HF represents the probability of contact.

As polybrominated diphenyl ethers are widely used as
flame retardants in a variety of consumer products, the per
capita annual exposure continues to rise. Moreover, bioaccu-
mulation and environmental persistence may increase the
risk of human carcinogenesis. Therefore, the following
models can be used to assess its potential nonchemical carci-

nogenic risk:

EP = Hinh + Hderm +Horal
CfD : ð8Þ

Among them, the risk of nonchemical carcinogenesis is
represented by EP, and the noncarcinogenic reference dose
of pollutants is CfD.

Table 2: Experimental reagents and material list.

Reagent materials Chemical formula Purity

Vitamin B12 C63H88O14N14PCO 98%

Tetrabromodiphenyl ether C12H6C12H6Br4O 95%

Nano iron powder Fe 99%

Methanol CH3OH Chromatogram pure

Tetrahydrofuran C4H8O Analytically pure

Hydrochloric acid HCI Analytically pure

Sodium hydroxide NaOH Analytically pure

Figure 4: Scanning electron microscope image of reduced iron powder and nanoiron powder.
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3.4. Degradation of PBDEs. Biodegradation: it refers to the
reduction of harmful substances by microorganisms in the
natural environment [34]. Microbial degradation can be
divided into two types: (1) aerobic degradation, which is
mainly through the isolation and cultivation of a certain
strain that has high degradability for PBDEs, and (2) anaer-
obic degradation, which refers to the use of the extracted
anaerobic bacterial populations to debromine and degrade
PBDEs through the cultivated bacterial species, because
PBDEs will undergo debromination and degradation reac-
tions to varying degrees in an anaerobic environment.

Photodegradation Method: it refers to the photolysis
reaction of most harmful substances in the natural environ-
ment under the action of absorbed sunlight [35]. As an
important way to transform PBDEs, PBDEs are degraded
by absorbing the ultraviolet band in sunlight.

Zero-valent Iron Degradation: it is a relatively popular
degradation method in recent years. It is mainly a degrada-
tion method of debromination of PBDEs through zero-
valent metals [36].

Hydrothermal Reaction Treatment: it is a common treat-
ment method in daily life. For example, tetrabromobisphenol
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Figure 6: Different metals coordinate the debromination effect of B12.
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Figure 7: The effect of increasing nanometer iron powder on debromination.
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reacts in high temperature subcritical water for a period of
time, and the debromination reaction occurs [37] .

Composite Degradation Technology: based on the stable
and long-lasting characteristics of PBDEs, a single degrada-
tion method cannot completely produce a good degradation
effect on PBDEs. Therefore, the fusion application of multi-
ple degradation methods can achieve a relatively good effect
on its degradation [38].

3.5. Metal-Based Oxide Debromination Experiment. This
experiment uses vitamins and zero-valent metal particles
to decompose low-concentration halogenated organic mat-
ter in the soil and other systems to achieve actual therapeu-
tic effects. The zero-valent iron reduction/debromination
method has been developed in recent years. Because iron
is a very active metal, and its chemical properties are also

very active, it is more and more popular. Facts have proved
that it has greater electronegativity and redox characteris-
tics. It can reduce a variety of pollutants. There are several
other advantages of zero-valent iron in the treatment of
pollutants. Due to its electrochemical properties, it has a
certain role, such as in microelectrolysis. In addition, due
to its porous material properties, it has the effect of adsorb-
ing organic pollutants in a specific pH range. Compared
with zero-valent iron powder, nanoiron powder has finer
particles. This experiment uses metal materials, which
decompose tetrabromodiphenyl ether under the combined
action of vitamin B12. Then, by observing the effect of each
addition of zero-valent iron on the experimental effect, the
experiment discussed the decomposition effect of various
metals and the possibility of decomposition in the scene
of fusion with vitamin B12.
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Figure 8: The effect of increasing B12 on debromination under the same quality of iron powder.
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3.6. Reagents Needed for Experiment. The main experimental
materials are shown in Table 2.

3.7. Sample Analysis Method for Degradation Experiment.
The total amount of the reaction solution for the decompo-
sition and debromination experiment is 30mL. The experi-
ment was carried out in a 50mL three-necked flask, adding
500mg/L of tetrabromodiphenyl ether stock solution and
an initial concentration of 10mg/L of tetrabromodiphenyl
ether. Brominated diphenyl ether reaction liquid is a mixed
solution of methanol and water. It is added with different
amounts of vitamin B12 and nanoiron powder. It uses
sodium hydroxide or hydrochloric acid to adjust the pH.
The rotation speed is controlled to 220 rpm under protective
gas and light-proof conditions. All reactions are completed
under normal temperature and pressure.

3.8. Scanning Electron Microscopy (Sem) Analysis of
Nanometer Iron Powder. The scanning electron micrographs
of iron powder and nanoiron powder are shown in Figure 4,
respectively.

As shown in Figure 4(a), the particles of reduced iron
powder are relatively coarse. The scanning electron micro-
graph of the nanoiron powder is shown in Figure 4(b). In
contrast, the nanoiron powder has a much smaller particle
size and the diameter is in the nanometer range. The study
found that nanoiron powder is more reactive than ordinary
iron powder and iron filings, and it has a larger specific sur-
face area due to the nanosize effect. With strong reactivity
and excellent adsorption performance, it has been widely
studied and applied.

4. Result Analysis

4.1. The Influence of Different Metals on the Debromination
Effect of Tetrabromodiphenyl Ether. The results of degrada-
tion effect of different metals Al, Zn, Fe, and Sn are shown
in Figure 5.

The decomposition rates of metals Al, Zn, Fe, and Sn are
16.64%, 24.20%, 29.04%, and 27.44%, respectively. Its low
decomposition efficiency is mainly due to the high reduction
of active metals, which can reduce many pollutants. It also
has specific electrochemical and adsorption characteristics,
electrolysis, and adsorption of pollutants. Therefore, the
main catalytic reaction without a catalyst leads to less
decomposition of pollutants. Secondly, in the larger metal
particles and partial oxidation of their surface, etc., tetrabro-
modiphenyl ether is likely to deteriorate. The results show
that the decomposition effect is Fe>Sn>Zn>Al. This may
be related to the nature of the metal itself. The slow decom-
position rate of aluminum is mainly due to the formation of
a dense oxide film in the environment, which hinders the
reaction.

4.2. The Effect of Different Metals and Vitamin B12 on the
Debromination Effect of Tetrabromodiphenyl Ether. Cou-
pling Al, Zn, Fe, and Sn with B12 to degrade, the experiment
takes a certain quality of metal B12. The experimental results
are shown in Figure 6.

As shown in Figure 6, the decomposition rates of metals
and vitamins after coupling are 84.57%, 82.41%, 82.81%, and
98.89%. From the point of view of the increase of time, the
decomposition rate shows an obvious decreasing trend with
the passage of time, but the decomposition rate of several
metals maintains a stable state at the end, respectively. The
results show that the coupling of the ball-milled aluminum
powder with B12 can efficiently and quickly decompose tet-
rabromodiphenyl ether. The reason for the impact may be
that the ball mill restored the aluminum reduction ability.
It destroys the oxide layer on the surface and makes the reac-
tion more thorough.

4.3. 4.2 The Influence of the Dosage of Main Reactants on
Debromination. The dosage of nanometer iron powder
affects the debromination effect. For the reaction system,
when the dosage of B12 is 0.1mM, the degradation diagram
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Figure 10: The effect of initial concentration on the debromination effect of tetrabromodiphenyl ether.
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of the dosage of nanometer iron powder on the debromina-
tion effect is shown in Figure 7.

As shown in Figure 7, the amount of nanoiron powder
ranges from 0.0 g/L to 0.15 g/L. With the increase in the
amount of nanoiron powder, the decomposition rate of tet-
rabromodiphenyl ether has a slope change. When the dosage
of nanoiron powder is from 0.15 g/L to 1.0 g/L, the effect
decreases as the concentration increases. This may be due
to the increase in the concentration of nanoiron powder that
can provide more reaction sites. If the concentration is too
high, the hydrogen concentration generated by iron corro-
sion that covers the iron surface and interferes with the reac-
tion will be too high. Therefore, increasing the concentration
of nanoiron powder will accelerate the dehydrogenation
reaction, but when it reaches a certain level, the reaction rate
gradually decreases and stops.

The influence of the dosage of B12 on the debromination
effect of tetrabromodiphenyl ether is shown in Figure 8.
Under the dosage of 0.15 g/L nanoiron powder, this article

discusses the effect of vitamin B12 dosage on the degradation
of tetrabromodiphenyl ether. In the range of 0.0mM-
0.1mM, increasing the dose of vitamin B12 will accelerate
the degradation efficiency. At concentrations between 0.1
and 2.0mM, the degradation rate decreases as the concen-
tration increases. When the amount of vitamin B12 is gradu-
ally increased to a certain amount, tetrabromodiphenyl ether
is rapidly degraded within 120 minutes. This shows that
increasing the vitamin B12 level within a certain range will
significantly increase the rate of reaction degradation. Too
high levels of vitamin B12 can interfere with electron
transfer.

4.4. The Influence of Pretreatment Process on the
Debromination Effect of Tetrabromodiphenyl Ether. When
the reduced iron powder is subjected to various pretreat-
ments and combined with B12, the decomposition effect of
the nanoiron powder is significantly higher than that of acid
washing, alkaline washing, and methanol washing, as shown
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in Figure 9. Alkaline washing refers to a high-strength lye
solution prepared with sodium hydroxide and sodium car-
bonate or trisodium phosphate to soften, loosen, emulsify,
and disperse deposits; pickling refers to the use of acid solu-
tion to remove oxide scale and rust on the surface of steel
method. According to the degradation rate, the pretreatment
methods are sorted into acid washing, alkaline washing,
nanoiron powder, and methanol treatment processes. This
is due to the large specific surface area and fine particles of
the nanoiron powder, which can provide more reaction sites,
which in turn can better provide electrons for the reaction.
The results show that the effect of pickling is better than
alkaline washing and methanol washing. Acid can remove
the oxide film on the metal surface, clean the surface, and
improve the debromination effect.

The initial concentration range of tetrabromodiphenyl
ether is 10-100mg/L. After 120 minutes of reaction, the
result of measuring the effect on the dehydrogenation effect
is shown in Figure 10. The degradation efficiency of tetra-
bromodiphenyl ether continued to decrease as the initial
concentration increased. The removal rates after the reac-
tion were 91.62%, 82.44%, 13.63%, and 5.39%, respectively.
This is mainly because when the reaction concentration of
tetrabromodiphenyl ether is low, nanoiron can provide a
large effective surface area. So increasing the contact area
ratio of the reaction will result in more active sites. So its
dismantling is relatively complete. Therefore, if the pollut-
ant concentration increases before the reaction, the tetrabro-
modiphenyl ether will eventually contact the nanoiron
surface only after fierce competition. It can cover the surface
when it is fully occupied, and only when it comes into con-
tact with other molecules can it cause interference. There-
fore, its debromination effect has been reduced.

4.5. The Influence of pH on the Debromination Effect of
Tetrabromodiphenyl Ether. The initial pH of the system is
4.0 to 10.0, and the reaction is carried out under alkaline
conditions. Figure 11 shows the effect of the initial pH of
the system on the removal rate of tetrabromodiphenyl ether.
The weakly acidic system environment is conducive to the
dehydrogenation reaction. If the pH value changes during
the reaction, the initial pH value of the system will become
acidic, and the concentration of tetrabromodiphenyl ether
will drop rapidly. The results show that the reaction is easier
to proceed under acidic conditions, while the reaction is
slower under alkaline conditions. The main reason is that
the high hydrogen ion concentration enhances the cleaning
ability of the metal, increases the corrosion rate, and at the
same time promotes the production of reducing substances,
thereby promoting the reaction, and vice versa. As the H+
concentration in the system increases, iron corrosion occurs
rapidly, and its surface is blocked. This is not conducive to
the progress of the reaction.

The change in pH value in Figure 12 shows a trend of
small fluctuations during the reaction time, which is basi-
cally stable thereafter. With the initial increase of pH, the
final degradation of tetrabromodiphenyl ether was 5.36,
7.08, 7.25, and 9.45. Under acidic conditions, the increase
in pH may be due to the consumption of H+ or the produc-

tion of OH-. As the pH increases, the slowing down of deg-
radation may be due to the fact that the reaction is basically
stable. Iron dissolves in the aqueous medium and emits elec-
trons to produce H2. These reactions increase the pH. Under
acidic and neutral conditions, as an electron acceptor, H+
can compete with tetrabromodiphenyl ether for electrons.

5. Conclusions

This paper discusses that the environmental behavior of
PBDEs is the basis for their pollution prevention and con-
trol, due to their far-reaching impact on social and economic
development and human health. Therefore, it is urgent to
develop a fast, efficient, and thorough polybrominated
diphenyl ether degradation technology. In the experiment,
we studied the catalytic reduction effect of tetrabromodiphe-
nyl ether and influencing factors with nanoiron powder and
vitamin B12. The experiment investigated the effects of vita-
min B12 dosage, iron dosage, pH value, pretreatment condi-
tions, reaction concentration, pH change value, etc. on the
decomposition rate of tetrabromodiphenyl ether. The opti-
mal reaction conditions for the catalytic reduction of tetra-
bromodiphenyl ether with nanoiron powder and vitamin
B12 are as follows: the amount of nanoiron powder is
0.15 g/L, the amount of vitamin B12 is 0.1mM, and the initial
pH value is 6.0 under pickling. It is the best reaction condi-
tion under all the listed conditions. The removal rate of
10mg/L tetrabromodiphenyl ether after 120 minutes of reac-
tion is as high as 91.62%. Compared with traditional zero-
valent iron powder, nanoiron powder has stronger reducing
power and higher surface activity. This means that it can
provide more active centers for the reaction.
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At present, with the acceleration of rural urbanization, people’s market demand for new building materials is also increasing, and
the research and development of new PVC/fine sand imitation stone composite materials are also in continuous progress and
development. The purpose of this article is to analyze the feasibility of developing new PVC/fine sand imitation stone
composite materials to promote rural urbanization and propose the application of more new PVC/fine sand imitation stone
composite materials to our urbanization construction. In, we first conducted research on the new PVC/fine sand imitation
stone composite material and rural urbanization, and then, we conducted research on the various properties of the new PVC/
fine sand imitation stone composite material and the development of rural urbanization. The research results show that the
new PVC/fine sand imitation stone composite material has at least 400% improvement in compressive performance compared
with the traditional PVC material, and it is also better than the traditional PVC material in terms of the material expansion
and contraction performance, which is more conducive to the application our rural urbanization is under construction.

1. Introduction

Urbanization is a natural historical process in which nonag-
ricultural industries agglomerate in cities and towns and
rural populations are concentrated in cities and towns
along with the development of industrialization. It is an
objective trend in the development of human society. Tra-
ditional urbanization has led to a series of problems in
my country, such as uneven regional development, low
resource carrying capacity, excessive reliance on land sup-
port, and environmental pollution. Therefore, a new type
of urbanization has emerged. Polyvinyl chloride, as one of
the world’s earliest industrialized plastics, is one of the five
general purpose resins. It has been widely used in national
life and social economy because of its excellent perfor-
mance and economic price. Polyvinyl chloride has excellent
physical properties and has outstanding performance in
corrosion resistance, chemical stability, and flame resis-
tance. Compared with other materials, it has the advantage
of low price. Therefore, PVC is widely used, and its use is
in thermoplastic resin. It is second only to polyethylene,
accounting for one-third of the total global synthetic resin

consumption. In the social environment with the rapid
development of science and technology and the gradual
expansion of the application scope of polymer materials,
the requirements for various materials in urbanization con-
struction are getting higher and higher, and plastic prod-
ucts are required to meet the more and more precise
division of labor, and the needs of the industry are
increasing.

Architecture is a symbol of human civilization, and the
regional and nationality of architecture are expressed by
building materials. Although many people have conducted
research on PVC composite materials, the research focuses
on the application of PVC composite materials in tradi-
tional buildings, and there is no systematic detailed classifi-
cation of contemporary applications of PVC composite
materials. In the construction of a new type of urbaniza-
tion, in today’s urgent need for regional feelings, we take
the application of PVC composite materials as the core part
of in-depth research, apply its divergent thinking to all
aspects of urbanization, and actively explore the use of
bamboo and wood. The ideological expression, aesthetic
expression, and technical expression of the local materials

Hindawi
Journal of Nanomaterials
Volume 2022, Article ID 2682278, 13 pages
https://doi.org/10.1155/2022/2682278

https://orcid.org/0000-0002-4049-4610
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/2682278


represented by brick and stone in the new urbanization
construction have summarized a set of guiding principles,
which will be implemented in the future new urbanization
construction and promote regional culture. With the rapid
development of contemporary construction technology
and new materials, the expression methods of PVC com-
posite materials are no longer limited to traditional tech-
niques. Under the guidance of new concepts and new
processes, many innovative expression methods have been
formed. The artistic appeal and spiritual symbolism of
bamboo, wood, brick, and stone improve the aesthetic qual-
ity and cultural connotation of the building and give people
the enjoyment of beauty [1]. The buildings in the new
urbanization construction should strive to achieve equal
emphasis on traditional PVC composite materials and
modern technology and try to find a new way of innovation
in the continuation. This is not only a respect for the local
natural environment and national culture, but also a warn-
ing for modern people to lose themselves and blindly seek
development.

With the continuous progress of society, the process of
rural urbanization is also accelerating. Goodall SK based
the research on the migration of nomads from rural to urban
areas in the western Ladakh Himalayas and stated that the
case study is consistent with the rapid urbanization currently
underway in Leh related to [2]. Arouri M’s survey on rural
urbanization found that urbanization has stimulated the
transition from agricultural activities to nonagricultural
activities in rural areas. Rural households have experienced
a decrease in agricultural income and an increase in wages
and nonagricultural income. And urbanization helps rural
families reduce the poverty rate of expenditure [3]. The
development of the government governance system is also
a major factor in promoting rural urbanization. In a study,
Oke D analyzed some related factors of Lagos urbanization
caused by rural to urban migration. The research results
show that the education and modern transportation pro-
vided by the Lagos government are crucial to the country’s
urbanization drive [4]. In the process of rural urbanization,
some problems inevitably arise. Guo Y’s in-depth case study
of the South China Sea in the Pearl River Delta revealed the
unexpected seriousness between local villagers and migrant
workers in villages undergoing effective urbanization, social
inequality, and isolation [5]. Although some problems will
inevitably arise in the process of rural urbanization, they
cannot stop the development of urbanization. As a com-
monly used PVC composite material in rural construction,
it is also undergoing continuous innovation and develop-
ment. Dan-Asabe B pointed out that Dum Palm particle-
reinforced polyvinyl chloride (PVC) composites were devel-
oped with relatively low-cost materials, providing overall
light weight and good mechanical properties, which can be
used as potential applications for pipeline materials [6].
Sacramento AS described a new method of producing
antibody-like bionic materials in the study of composite
materials. It includes the preparation of composite imprint-
ing materials that have never appeared before, with highly
conductive supporting nanostructures, and the assembly of
highly conductive polymer layers at low temperatures [7].

In the research on the production of composite materials,
people are also making continuous progress. In a research
conducted by Lyubimova ON, a mathematical model and
simulation method for calculating the temperature field
and material property distribution in the production process
of composite materials were provided to better study com-
posite materials [8]. Although the continuous development
of PVC composite materials has improved its own usability,
PVC composite materials have also made some people not
consider using them as building materials for houses and
their decorations due to their low heat resistance [9].

The innovation of this article lies in the full research and
analysis of new PVC composite materials and rural urbani-
zation. The new PVC/fine sand imitation stone composite
materials are used in rural urbanization construction, and
new composite materials with more wear resistance, corro-
sion resistance, high flame resistance, and lower prices are
introduced into rural urbanization construction. This is to
help rural people build their homes by using more cost-
effective materials.

2. Development of New PVC/Fine Sand
Imitation Stone Composite Materials and
Methods to Promote Rural Urbanization

2.1. PVC Material. Polyvinyl chloride, called PVC, is a white
powder with an amorphous structure. In 1835, the Von
Liebig Institute in Houston, Germany, synthesized vinyl
chloride, and in 1872, Barman synthesized polyvinyl chlo-
ride [10, 11]. However, actual PVC products were not
produced in the USA until the 1920s, and a large-scale pro-
duction in Europe will begin in the next 20 years. Because
of its abundant raw materials, the manufacturing process
is very mature, the price is very low, and the uses are very
wide. It is still second only to polyethylene resin in the
world [12]. The two main general purpose resins account
for 29% of the world’s total synthetic resin production.
There are many processing methods for PVC processing,
such as molding, lamination, injection molding, extrusion
molding, calendar ring, and brooch molding. PVC can
manufacture software products and hardware products.
Among them, software products mainly include artificial
leather, films, steel wire sheaths, and soft boards, and hard-
ware products mainly include boards, doors, windows,
pipes, valves and other configuration materials [13]. Chlori-
nated polyethylene has excellent flame retardancy and high
chemical resistance [14].

Polyvinyl chloride is a noncrystalline polymer, and its
main feature is that it is amorphous, nonbranched, and
regularly arranged with lock-like links. The polymerization
degree n of polyvinyl chloride is generally 500~2000. This
material is a material with high mechanical strength, and
its chemical properties are very stable [15]. Due to the
large amount of chlorine molecules in the molecular struc-
ture, it has high polarity and excellent flame retardancy.
Plastic products made of polyvinyl chloride have excellent
advantages such as abrasion resistance, acid resistance,
alkali resistance, and insulation [16]. However, the optical
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and thermal stability of the device is relatively low, and if
no thermal stabilizer is added, it starts to decompose at
100 degrees Celsius. Experiments show that the higher
the temperature, the faster the decomposition [17]. At
present, the PVC industry is developing rapidly all over
the world and has broad prospects. All countries are opti-
mistic about the possibilities of PVC and the benefits of
the ecological environment. With its outstanding and
unique performance, PVC has proved its role to the world.
Yes, social development needs it, and environmental pro-
tection needs it. This is an inevitable trend of the progress
of our human social civilization [18].

2.1.1. Preparation of PVC Composite Materials. According to
the formula, the uniformly mixed materials are supplied to
the extruder barrel through the hopper. Under the action
of the rotating movement of the screw, the material mixture
moves along the rotation until it is pressed in front of the
barrel, and then is cooled and formed, and the pushed prod-
uct is completed. Figure 1 shows part of the production
machine required for the preparation of PVC composite
materials [19]. These machines have their own preparation
process, in different forms.

Figure 2 shows the production flow chart of the new
PVC/fine sand imitation stone composite material.

A composite material is a combination of one material
as the matrix and another as the reinforcement [20]. Vari-
ous materials complement each other in terms of perfor-
mance, resulting in a synergistic effect, so that the
comprehensive performance of the composite material is
better than that of the original material to meet various
requirements. With PVC as the matrix, it is divided accord-
ing to different types of reinforcements. There are currently
4 categories. PVC composite materials: one is fiber, the
other is powder, and the third is granular, such as PVDC
and polyurethane.

After the preparation of the PVC composite material, the
thermal conductivity and flame retardant performance
should be tested separately. In the production process, since
PVC is a heat-sensitive material, even adding a heat stabi-
lizer can only increase the decomposition temperature and
prolong the stabilization time without decomposition [21].
This requires that the molding processing temperature of
PVC should be strictly controlled. In particular, rigid PVC,
because its processing temperature is very close to the
decomposition temperature, often decomposes due to
improper temperature control. The quality of extrusion
granulation is closely related to the characteristics of the
extruder, the structure of the head, the temperature, the
feeding speed, the rotation speed of the main engine, the
traction speed, and other factors. In the thermal conductivity
test, the composite material sample is made into a circular
sample with a diameter of 6mm, and the upper temperature
of the instrument is set to 36°C, and the lower temperature is
set to 15°C, when the indicator does not change more than
0.1 within one minute. Put the sample on the thermal con-
ductivity tester at °C, start the test after the thermal conduc-
tivity is stable, test once a minute, start counting, and
measure three times within the range of the value difference

not exceeding 5% [22]. The calculation formula of thermal
conductivity:

ΔW
ΔT

= λ ∗Q
θ1 − θ2
H

: ð1Þ

When testing the flame retardancy of PVC composite
materials, the sample size is as follows: length × width ×
height = ð100mmÞ × ð6:5 ± 0:5mmÞ × ð3 ± 0:5mmÞ. During
the test, first consult the literature to estimate the range of
the oxygen index of the sample, adjust the oxygen and nitro-
gen proportionally to this value, clamp the sample vertically
on the iron clamp, and then use an igniter to ignite [23].
Adjust the ratio of oxygen and nitrogen, and observe the
burning distance of the sample after 3 minutes until the
burning of the sample starts timing. If it exceeds 60mm, it
means that the oxygen concentration is high and adjusts it
downward; if it is less than 60mm, it means that the oxygen
concentration is low and adjusts it upward. When it reaches
60mm in 3 minutes, the oxygen content is the oxygen index
of the composite material. The calculation formula of oxy-
gen index is as follows:

OT = WO2
WO2 +WM2

∗ 100%, ð2Þ

where OT represents the oxygen index, WO2 represents the
oxygen flow rate, and WM2 represents the nitrogen flow
rate.

2.1.2. Composite Material Processing Performance Test. The
polymer melt can exhibit viscous flow and elastic deforma-
tion under the influence of external force, so the processing
and molding of PVC are manifested in viscous flow [24].
The most basic manifestation of its processing performance
is its rheological properties, and rheological properties refer
to the viscous flow of materials. For a long time, scholars
have established the relationship between the speed and tor-
que in the torque rheometer for the first time, to the research
on the theoretical model of the processing conditions, rheo-
logical parameters and geometric dimensions of the torque
rheometer, and then to Bousmina. Based on the power law
fluid equation, a series of theoretical derivations are carried
out, and the following relational expressions are obtained.
When the fluid flows in the pipeline, the distance it flows
in a certain period of time is the flow velocity. The flow
velocity generally refers to the average flow velocity of the
fluid, and the unit is m/s.

Γ = 22N+1πN+1WLR2
BM

N 1 + qN+1

N β2/N − 1
� �h iN , ð3Þ

Rn = 2n+1πn+1LR2
B

1 + qn+1

n β2/n − 1
� �h in , ð4Þ

β =
RB

RI
, ð5Þ
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where RB is the equivalent radius; RI is the radius of the
mixer; L is the length of the rotor; q is the speed ratio of
the two rotors; Γ is the balance torque, N ·m; W is the con-
sistency coefficient; n is the power law index; and WL is the
indicator. The above formula can be transformed to obtain
the rotor equivalent radius RI formula, as shown in

RI =
RB

1 + 4πN/nð Þ 2πWLRc
B 1 + qN+1/Γð Þð Þ1/n

h in/2 : ð6Þ

Bousmina also gave the calculation formula of the shear
rate and shear viscosity of the polymer melt in the torque
rheometer, as shown in

χ = χ1/2 =
22 1+ 1/Nð Þð Þπn

N
β2/N

1 + βð Þ2/N β2/N − 1
� � , ð7Þ

η χð Þ = Γ

πL RB + RIð Þ 1 + qN+1ð Þχ : ð8Þ

However, when Bousmina calculates the melt viscosity
and equivalent radius, it is calculated according to the set
temperature of torque rheology. It does not take into
account the actual temperature of the material in the cavity,
so some scholars have carried out temperature correction.

The relationship between viscosity and temperature is as
follows:

η = A exp ΔQ/REð Þ: ð9Þ

From the above formula:

η Eð Þ
η Eð Þ′

=
Γ Eð Þ
Γ Eð Þ′

= exp
ΔQ
R

1
E
−

1
E′

� �� �
: ð10Þ

2.2. Rural Urbanization. “Urbanization” has a very rich
connotation. It was in the twentieth century that urbaniza-
tion gradually became popular and accepted by the masses.
With the development of society and economy, the concept
and connotation of urbanization are constantly enriched
and improved [25]. Scholars in various fields have given
meaning to urbanization from various angles. Sociologists
believe that urbanization is a process by which rural resi-
dents enjoy the material and spiritual enrichment brought
about by urban development and urban production and
lifestyle changes. Many scholars have studied this transfor-
mation through the illiteracy rate, mass communication
penetration rate, and language uniformity rate. Demogra-
phers believe that urbanization is a process in which local
populations continue to gather in cities and cities. This
process will inevitably lead to an increase in the number
of cities and cities. The essence of urbanization is the

Twin screw extruderInjection molding machine Dryer

Figure 1: Part of the machine diagram for preparing PVC composite materials.
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Twin screw extrusion

Granulation

Figure 2: The production flowchart of the new PVC/fine sand imitation stone composite material.
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urbanization of the population. Many scholars’ research on
the level of urbanization is also based on the ratio of urban
permanent residents to the total population [26].

2.2.1. Development History of Urbanization. The urbaniza-
tion process since the founding of New China is roughly
divided into three stages. The first stage: 1949~1957. Soon
after the founding of the People’s Republic of China, it
entered a period of large-scale industrialization and urban
construction under the “First Five-Year Plan.” The second
stage: from 1958 to 1978. The urban population accounts
for 30%~70% of the total population. Urbanization has
entered a period of rapid development, and the urban popu-
lation can exceed 50% in a relatively short period of time and
then rise to about 70%. The third stage: Since 1978, since the
reform and opening up, China has entered a stage of steadily
advancing urbanization. The implementation of a series of
reform and opening policies has greatly promoted the devel-
opment of urbanization. In the 42 years from 1978 to 2020,
the level of urbanization in China has increased from 17.9%
to 63.89%. Figure 3 shows the development map of China’s
urbanization process.

2.2.2. Measurement of Urbanization Level. The level of
urbanization is an important indicator of the social and eco-
nomic development of countries and regions. It has always
been the focus of scholars to determine the level of urbaniza-
tion in line with reality through scientific and objective
methods [27]. There are many methods to measure the level
of urbanization, which can generally be divided into four
categories: entropy method, population index method, other
main index method, and compound index method.

The first introduction is the entropy method. “Entropy”
is the measure of uncertainty. Experiments show that the
more elements, the more comprehensive the index, the
smaller the uncertainty, and the smaller the entropy. Exper-
iments show that the fewer the elements, the higher the uni-
lateralist of the index, and the greater the uncertainty [28].
Therefore, the degree of dispersion of the index can be
judged from the result of the entropy value. Experiments
show that the smaller the entropy value, the greater the
weight and the greater the degree of dispersion. Experiments
show the greater impact of indicators on the results and vice
versa. The calculation steps of the entropy method are as
follows:

(1) Matrix construction and standardization: Assuming
a comprehensive evaluation of the y indicators of w
objects, a matrix of 18 w × y can be established,
where Amn represents the value of the nth indicator
in the m area, m = 1, 2,⋯,W, n = 1, 2,⋯, y; w is the
number of regions, and y is the number of indicators

(2) Data standardization: The unit, positive and negative
directions, and the size of various indicators are dif-
ferent, and the original data must be standardized.
The formula for calculating the positive index is as
follows:

Amn′ = Amn −min Anf gð Þ/ max Anf g −min Anf gð Þ: ð11Þ

The calculation formula of the negative index is

Amn′ = max Anf g − Amnð Þ/ max Anf g −min Anf gð Þ: ð12Þ

(3) Calculate the proportion of the j-th index value in
the i-th year:

Tmn =
Amn′

∑w
m=1Amn′

: ð13Þ

(4) Calculation of index entropy:

On = −K 〠
w

m=1
Tmn ∗ ln Tmnð Þ: ð14Þ

(5) Calculation of entropy redundancy:

Dm = 1 −On: ð15Þ

(6) The weight of the indicator:

qm =
Dm

∑w
n=1Dm

: ð16Þ

(7) Evaluation scores for individual indicators:

Emn = qm ∗ Amn′ : ð17Þ

(8) Comprehensive level score of the i-th year:

Em = 〠
y

n=1
Emn: ð18Þ

The second introduction is the population index
method, which indicates that the level of urbanization is
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the ratio of the urban population (or urban nonagricultural
population) to the total population. The formula is as
follows:

CU =
U
C

∗ 100%, ð19Þ

where CU represents the level of urbanization, C represents
the total population, and U represents the urban population.
Towns and villages are the two basic forms of human settle-
ments, and their essence is the agglomeration of population
in space. From the perspective of population aggregation,
the difference between towns and villages lies in the fact that
towns have large populations, large scales, and high densi-
ties, and the opposite is true in rural areas [29]. Population
urbanization is the process of population transfer and
agglomeration from rural to urban areas. It is the result of
the combined effect of the “pull force” of cities and towns
and the “push force” of rural areas. It is the essence of
urbanization.

Finally, the compound index method is introduced,
which refers to selecting several or more indicators that
reflect the various characteristics of urbanization, and by cal-
culating the weights of each indicator and summing them,
the total score representing the comprehensive level of
urbanization in a country or region is obtained. The mathe-
matical expression of this method is as follows:

P =〠FiGi, ð20Þ

where P refers to the comprehensive level of urbanization, Fi
refers to the value of various indicators in urbanization, and
Gi refers to the weight corresponding to each indicator. The
compound index method is to overcome the shortcomings
and limitations of the single index method, trying to mea-
sure the comprehensive level of urbanization from multiple
perspectives of the connotation of urbanization [30].
Although the compound index method can fully reflect the

connotation of urbanization, its biggest disadvantage lies in
its strong pertinence and weak versatility.

2.2.3. The Development and Content of New Rural
Urbanization. With the continuous development of society,
the process of urbanization in rural areas has been accelerat-
ing. With the continuous development of urbanization, rural
infrastructure has been improved, basic housing conditions
have been improved, and the presence of large industrial
and commercial enterprises has provided a large number
of employment opportunities for people in rural areas. How-
ever, with the development of urbanization, farmland
resources in rural areas are continuously lost, environmental
pollution has increased, and large numbers of rural people
have migrated to cities. Figure 4 shows the problems caused
by the process of rural urbanization in some areas.

In the process of rural urbanization development, five
requirements must be followed, namely, integrating urban
civilization on the basis of protecting rural culture, integrat-
ing urban-rural integration with local characteristics, new-
type urbanization must focus on environmental protection,
and new-type urbanization. When the “elements” are
pushed forward neatly, the reform of the land management
system must be followed up. Figure 5 is a schematic diagram
of the five requirements for the development of rural
urbanization.

2.2.4. Characteristics of Urbanization. First, people are the
core of development. The core of the scientific concept of
development is people-oriented. The new type of towns
urges cities to provide complete basic public services; solve
the problems of difficult medical treatment, expensive med-
ical treatment, and difficulty in schooling; and realize the
equalization of rural residents in pension insurance, medi-
cal treatment, salary level, children’s education, housing,
and comprehensive coverage. The permanent population
of the city enables the vast number of migrant workers
entering the city to also enjoy the public services that urban
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Figure 3: Development of China’s urbanization process.
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residents should have and then live and work in peace and
contentment.

The second point is the intensification of development
models. Intensive development refers to improving labor
productivity by improving technology and improving man-

agement methods, continuously reducing energy consump-
tion and production costs, and improving the quality and
efficiency of production factors to achieve economic growth.

The third point is to coordinate urban and rural develop-
ment. Traditional urbanization refers to the transfer of rural

Land pollution Air pollution Migration

Figure 4: Part of the problems caused by the process of rural urbanization.

The integration of rural
culture and urban

culture
Local specialties Environmental

protection

Overall advance

Rural urbanization

Land management

Figure 5: Five requirements for the development of rural urbanization.

Before cleaning After cleaning

Figure 6: Comparison of fine sand before and after treatment.
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population to cities, and the indicator to measure the level of
urbanization is also the proportion of urban permanent
residents to the total population of the city. The urbanization
model that sends samples can be said to be a “population
transfer” urbanization path. However, urbanization is also
a comprehensive indicator that reflects the level of economic
development of a region. The new urbanization believes that
as the speed of urbanization continues to accelerate, the
urban industrial structure is continuously adjusted and fur-
ther optimized, and the economic links between cities and
regions become closer. The flow of resources between urban
and rural areas is more convenient and effective, the income
gap between urban residents and rural residents will con-
tinue to shrink, basic social welfare will be equalized, devel-
opment barriers between urban and rural areas will be
eliminated, and the integrated development of urban and
rural areas will be truly realized. The coordinated develop-
ment of urban and rural areas is to maintain equal emphasis
on urban and rural areas and narrow the gap. The two forms
of social and economic spatial organization of urban and
rural areas cannot be homogenized. The construction of
new rural areas must maintain the local characteristics and
original features of rural areas. Persisting in the coordinated
development of urban and rural areas and urban radiation
and driving rural development and rural promotion and
support for the rise of cities are an effective way to enhance
the overall economic and social development of a country
and region, and it is also the only way to long-term
development.

The fourth point is the sustainability of development.
The new urbanization adheres to the premise of “ecological
protection” and achieves simultaneous urbanization in the
four aspects of population, society, economy, and land.
With the advancement of new urbanization, the protection
and construction of urban ecology should be equally
emphasized, industrial upgrading should be accelerated,
the development of modern service industries and modern
agriculture should be accelerated, the gap between urban
and rural areas should be continuously narrowed, and the

fruits of social development can be shared by all, and the
rational development and utilization of energy should be
achieved by controlling the rate of economic growth. Coor-
dinating the relationship between man and nature with
resources effectively curbs the “urban diseases” caused by
traditional urbanization, such as traffic congestion, environ-
mental degradation, and polarization between the rich and
the poor, so as to achieve an orderly, healthy, and sustain-
able development of towns.

2.3. New PVC/Fine Sand Imitation Stone Composite
Material. The new PVC/fine sand imitation stone composite
material is a new composite material made by combining
PVC material and fine sand. This material is superior to tra-
ditional composite materials in terms of heat resistance, scal-
ability, and impact resistance. This article mainly introduces
the production of the composite material.

2.3.1. Preliminary Treatment of Fine Sand. The fine sand we
see is basically free of impurities, and the sand grains are rel-
atively regular, but it cannot be denied that some sand grains
are attached to the surface of yellow-brown. In the pretreat-
ment of fine sand, it is first necessary to rinse with water to
remove the mud and attachments on the surface of the fine
sand and to increase the twisting force between the surface
of the fine sand and the PVC molecular chain before use.
In order to make the surface of the fine sand look rough
and concave, alkali immersion cleaning is performed. After
these cleaning steps are completed, polar chemical bonds
will be formed on the surface of the fine sand. Figure 6 is a
comparison diagram of fine sand before and after cleaning:

2.3.2. Pretreatment of PVC/Fine Sand Imitation Stone
Composite Material. The first step is to modify the surface
of the fine sand and use a coupling to correct the surface
of the pretreated fine sand. Increase the friction force indi-
cated by the fine sand, make the reinforced material (fine
sand) compatible with the matrix (PVC), and improve the
performance effect of promoting various characteristics of
the composite material after forming. Secondly, the required
components of the composite material are proportioned,
and the dyeing treatment is carried out. According to the
performance requirements of composite materials, the
matrix can be divided into one or more types using polymer
compounds. As a reinforcing material, the fine sand and the
addition amount can also be adjusted in a wider range
according to different usage requirements. The general pur-
pose is to add to the quality of PVC and fine sand at a ratio
of 1 : 3 and use other additives such as composite heat stabi-
lizers. A variety of color series using organic pigments is to
dye the modified sand and the dyeing of the mixture of
PVC and sand (or pure PVC) to have a better effect and
also make the color of the composite material uniform
and bright. The third step is to use an internal mixer to
mix the modified and dyed sand and PVC and add plasti-
cizers for mixing and preplasticization and thermal stability
to compress them. It can also be molded by extrusion mold-
ing, injection molding, and other methods. Finally, there is
the surface treatment part. The surface treatment uses

Table 1: World demand for several commonly used plastics.

Plastic
type

1990/
10,000 tons

2010/
10,000 tons

2016/
10,000 tons

26-year
growth rate

HDPE 1200 3590 4690 4.6

PVC 1870 3610 5470 6.0

EPS 280 620 750 5.2

PA 200 360 400 5.3

PET 270 1650 2130 5.1

LDPE 1980 4020 4970 4.1

PP 1390 5190 6890 5.2

ABS,
ASA

380 830 960 4.1

PC 150 440 510 3.8

PU 560 1290 1560 5.4

Total 9180 22770 30210
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PVC/fine sand composite material to evenly disperse the
fine sand particles on the substrate. The color of the fine
sand particles and the accumulation state of the particles
will be changed by the corresponding process. The surface
of the composite material can show the texture of various
sandstones. Its appearance can be made into a smooth sur-
face with limited molding once, or it can be formed only
once.

3. Experimental Design and Result Analysis of
New PVC/Fine Sand Imitation Stone
Composite Materials and Promotion of Rural
Urbanization Construction

3.1. Investigation and Result Analysis of Changes in the
Consumption Demand of PVC Materials. The demand for
plastics is increasing worldwide. According to the relevant
data of the world plastics industry, from 1990 to 2016, all
kinds of plastics in the world have been growing steadily.
Table 1 shows the global demand for some commonly used
plastics.

According to the latest data report from an agency in
the USA, the global demand for plastic pipes has steadily
increased at an annual rate of 8.5% from 2013 to 2017.
Among them, chlorinated polyethylene is a resin suitable
for manufacturing pipes. PVC is an organic polymer com-
pound polymerized by vinyl chloride under the condition
of a starting agent. It is one of the world’s five main gen-
eral purpose plastics and is supported in all fields. It is
now a plastic variety second only to polyvinyl chloride
and polypropylene.

According to Table 1, we can get the world demand
change diagram of several commonly used plastics around
the world, as shown in Figure 7.

From Figure 7, we can see that the main market shares
are polyethylene plastic (PE), polypropylene plastic (PP),
polyvinyl chloride plastic (PVC), and polystyrene plastic
(PS), and the future of plastics in the market Demand will
also continue to expand. Among them, PVC has the fastest
growth rate, reaching a growth rate of 7%.

3.2. Test and Analysis of the Heat Resistance Performance of
the New PVC/Fine Sand Imitation Stone Composite Material.
Vicat softening temperature is an important index for eval-
uating the heat resistance of materials and reflecting the
physical and mechanical properties of products under heat-
ing conditions. The higher the Vicat softening temperature
of the material, the higher the dimensional stability of the
material when heated, the lower the possibility of thermal
deformation, and the higher the heat resistance of the mate-
rial. Table 2 is the Vicat softening temperature table of some
common plastics.

0

1000

2000

3000

4000

5000

6000

7000

8000

H
D

PE
PV

C
EP

S
PA PE

T
LD

PE PP
A

BS
, A

SA PC PU

Q
ua

nt
ity

Material type

1990/10,000 tons
2010/10,000 tons
2016/10,000 tons

4.6

6

5.2 5.3 5.1

4.1

5.2

4.1
3.8

5.4

0

1

2

3

4

5

6

7

H
D

PE
PV

C
EP

S
PA PE

T
LD

PE PP
A

BS
, A

SA PC PU

G
ro

w
th

 ra
te

 (%
)

Material type

26-Year growth rate

Figure 7: Changes in world demand for several common plastics.

Table 2: Vicat softening temperature table of common plastics.

Minimum softening
temperature

Maximum softening
temperature

Polyvinyl
acetate

35 85

Polyoxymeth 165 185

Polystyrene 70 115

Polypropylene 160 170

Polyvinyl
chloride

60 85

Nylon12 170 180

Compound
PVC

90 110
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According to Table 2 and related literature data, we can
get the Vicat softening temperature comparison chart of
some plastics, as shown in Figure 8:

According to Figure 8, we can conclude that the Vicat soft-
ening temperature of somematerials such as polyoxymethylene,
polypropylene, and nylon 12 exceeds 160°C, while the Vicat
softening temperature of ordinary PVC materials is 63°C. The
average Vicat softening point of the sand imitation stone com-
posite material is 103°C. Although materials such as polyoxy-
methylene and polypropylene have higher heat resistance than
PVC materials, these materials are not suitable for ordinary
construction. Although the heat resistance of traditional PVC
materials is not high, it also meets the requirements of modern
and ordinary construction. With the development of new PVC
composite materials, its heat resistance is higher than that of
ordinary PVC materials, so it has a wider range of applications
and is more popular than traditional PVC materials. Due to its
high chemical stability, it can be used to make anticorrosion
pipelines, pipe fittings, oil pipelines, centrifugal pumps, and
blowers. The rigid board of PVC is widely used in the chemical
industry to make the lining of various storage tanks, corrugated
boards of buildings, door and window structures, wall decora-
tions, and other buildingmaterials. Due to its excellent electrical
insulation properties, it can be used in themanufacture of plugs,
sockets, switches, and cables in the electrical and electronic
industries.

3.3. Comprehensive Performance Test and Result Analysis of
the New PVC/Fine Sand Imitation Stone Composite
Material. In order to better test the various properties of
the new PVC/fine sand imitation stone composite material,
we conducted related experiments on the composite mate-

rial’s compression resistance, abrasion resistance, and scal-
ability. Table 3 and Table 4 are the compressive strength
performance test table and the expansion performance test
table of the new PVC/fine sand imitation stone composite
material, respectively.

According to the experimental results in Table 3 and
Table 4, it can be concluded that the average compressive
strength of the new PVC composite material is higher than
9KJ/m2, and the average value of its expansion performance
is greater than 100MPa. The reason for the large difference
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Figure 8: Comparison of Vicat softening temperature of some materials.

Table 3: Compressive strength performance test table.

Test result 1 Test result 2 Average value

1 9.2 9.6 9.4

2 8.6 9.0 8.8

3 10.8 10.4 10.6

4 16.4 15.2 15.8

5 18.6 19.6 19.1

6 12.9 13.1 13.0

Table 4: Scale performance test table.

Test result 1 Test result 2 Average value

1 98 112 105

2 152 156 154

3 182 184 183

4 194 206 200
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between the experimental data of the same material is that
the given pressure is quite different. According to some
other experimental data, we get a comparison chart of the
compressive strength of the new PVC composite material
and the compressive strength of ordinary PVC, as shown
in Figure 9:

According to Figure 9, we can find that the compressive
strength of the new PVC composite material is more than
400% higher than that of the ordinary PVC material. There-
fore, the application range of the new PVC fine sand imita-
tion stone composite material in the construction of rural
urbanization will be much larger than that of ordinary
PVC materials. The two properties of pressure resistance
and elasticity can be regarded as outstanding features of
the new PVC/fine sand imitation stone composites.

3.4. Rural Urbanization Survey and Result Analysis. This
survey is aimed at a certain province in central China. We
have investigated the changes in population and urban size
in the development of rural urbanization in this province.
We analyze from three perspectives: population, number of
towns, and number of companies. The specific survey results
are shown in Table 5:

According to Table 5, we can see that with the develop-
ment of rural urbanization in this province, the number of
rural urban population has increased, and the number of
industrial enterprises in rural urban areas is also increasing.
According to some data we have, we have obtained the
changes in China’s urban population over a period of time,
as shown in Figure 10:

According to Figure 10, we can see that between 2008
and 2015, the proportion of urban population has increased
by 10%, and the number of people absorbed by the eastern
region far exceeds that of other regions, accounting for more
than 70% of the total population. With the acceleration of

the urbanization process, the vigorous construction of vari-
ous infrastructures, the development of houses, and the
development of industry, people’s demand for new PVC
materials will gradually increase.

4. Discussion

This article is devoted to the research of the new PVC/fine
sand imitation stone composite material, and the develop-
ment of the new PVC/fine sand imitation stone composite
material is applied to the feasibility study of our rural urban-
ization. We not only discussed the new PVC/fine sand imi-
tation stone composite material, but also studied the
preparation material and preparation process of the new
PVC/fine sand imitation stone composite material. At the
same time, we also conducted research and analysis on our
urbanization development process and other aspects. In this
article, we have analyzed the demand for PVC materials.
Through the study of the new and old PVC materials, the
results show that the new PVC/fine sand imitation stone
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Figure 9: Comparison of the compressive strength of the new and old PVC materials.

Table 5: Changes in various factors in rural urbanization.

Population Number of towns Number of companies

2014 2501000 3 15

2015 2543000 4 21

2016 3620100 5 29

2017 3692001 7 35

2018 3764100 9 41

2019 3859000 12 48

2020 3964001 15 55

2021 4042100 17 64
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composite material is more in line with the product’s com-
pressive strength and expansion performance.

Through the analysis of the case in this article, we can
conclude that the development and application of the new
PVC/fine sand imitation stone composite material are more
conducive to rural urbanization. In the process of urban
construction, people can apply the new PVC/fine sand imi-
tation stone composite material to our house construction,
house decoration, parks, bridges, and guardrails. By using
the new PVC/fine sand imitation stone composite material,
not only can it improve its compression resistance, abrasion
resistance, and heat resistance, but the appearance of the
new PVC/fine sand imitation stone composite material is
more tactile and cost-effective. It is cheaper than other
materials.

This article starts with the global demand for PVC mate-
rials. Through the changes in demand for PVC, the perfor-
mance test, and analysis of the new PVC/fine sand
imitation stone composite material, the advantages of the
new PVC/fine sand imitation stone composite material in
the rural urbanization construction are studied. Research
and analysis show that the new PVC/fine sand imitation
stone composite material has more advantages in terms of
comprehensive performance, use, cost, and appearance and
has more application markets in rural urbanization.

5. Conclusions

Through the research and analysis of the results of the
experiments and cases in this article, we have come to an
important conclusion: With the continuous development
of society, the process of rural urbanization is also develop-
ing rapidly, and China’s urbanization rate increased during
2008-2015 alone, by 10%. The development of urbanization
is indispensable to the construction of various infrastruc-

tures in cities and towns, and the new PVC/fine sand
imitation stone composite materials have also played an
indispensable role in these constructions. Our research
shows that the compressive performance of the new PVC/
fine sand imitation stone composite material is 400% higher
than that of the traditional PVC material, and there has
been a lot of improvement in the elasticity of the material.
In the construction of urbanization, more use of new PVC/
fine sand imitation stone composite materials can not only
improve the reliability of the building, but also reduce the
construction cost of the building. While the above conclu-
sions are obtained in this paper, due to the limitation of
time, energy, and processing conditions, there are still some
imperfections in the experiment, which need to be further
improved.
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Sports events are an indispensable part of popularization and strong entertainment and can promote the physical and mental
health of the people and the construction of cultural and spiritual civilization. Therefore, it is necessary to use a timer to
record and analyze data during the game. In the traditional sense, the game timer is a fixed system. And now we can design
sports event timer operations through mobile phones, computers, and other equipment to assist in the calculation of game
time and competition. Ferroelectric memory is a kind of random access memory, which combines the fast read and write
access of dynamic random access memory with the ability to retain data. Based on this, the ferroelectric memory timer
proposed in this paper is intended to improve the accuracy and fairness of sports events. Therefore, this article has tested the
function of the timer designed in this article by studying the ferroelectric memory and experimental construction and testing
methods and finally concluded that the design is reasonable, but there is still a problem of data susceptibility. The experimental
results show that there is a certain gap between the time interval measurement level of the timer and SR, the difference is
47 ps, the pulse width difference is controlled at 0.004, and the measurement uncertainty of timer interval is better than 60 ps.
This shows that the timer can be applied, but it needs further improvement.

1. Introduction

Ferroelectric memory has the characteristics of small size
and low power consumption. It has a wide frequency range
used in sports competitions, mainly used for timing sports
events, and can also be used as other equipment such as sty-
lus pens and other physical sports counting tools. Its internal
structure is relatively simple, the volume is relatively small,
the performance is stable, and the anti-interference ability
is very good. Large storage space, small size, and light weight
are one of the main characteristics of ferromagnetic mate-
rials. This feature is also closely related to the application
value: when used in sports timers, it can not only realize
the data storage function but also effectively improve the
efficiency of the game.

The sports event timer is a device that can record the
time of the event. It consists of a display screen, buttons,
and a timer. Count according to the time of the sporting

event and display it on the display screen, so that you can
visually see all the data recorded on the display. This not
only improves work efficiency but also avoids erroneous
actions. Specifically, it releases the clock information in
real-time and accurately through the front-end multiseed
clock equipment, so that the time of each intelligent system
is centralized and synchronized. After the game is over, the
statistics and analysis of the data in the game timer are also
a technical method [1]. In order to achieve the structural
optimization design of the sports game timer, it is necessary
to implement its technical indicators on the software.

When the traditional timer is used for sports competi-
tions, the data to be displayed is usually first input to the dis-
play and then displayed on the display. Although this has the
advantages of intuitiveness and convenient operation. But to
a certain extent, it will give people a feeling of cumbersome,
inconvenient, and error-prone. So there are many researches
on sports timers and ferroelectric memory. Memory allows
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designers to write data to nonvolatile memory faster and
more frequently at a lower price [2]. Among them, Li et al.
took the FM28V100 ferroelectric memory model as the
research object, conducted electron radiation experiments,
and studied the damage law of the total radiation dose of
the ferroelectric memory under different working methods
and different radiation sources [3]. An’an et al. conducted
an experimental study on the single-event effects of medium
and high energy protons on two commercial ferroelectric
memories and found that one of the devices exhibited
single-event reversal and functional interruption under pro-
ton irradiation [4]. Feizhuan et al.’s traditional basketball
game uses manual scoring or flops and uses a timer to com-
plete the game timing. This timing and scoring involve many
human factors, which affect the fairness of the game and the
fairness of performance to a certain extent [5]. Pengcheng
combined the NBA game rules and put forward a 24-
second countdown overall plan for basketball games based
on the AHDL language [6]. In order to overcome the short-
comings of existing microcontroller timer applications that
cannot be paused or restarted, Kang describes a timer that
uses external interrupts to pause or restart [7]. Xiaocheng
et al. proposed the design requirements of basketball timers
according to FIBA’s requirements for the DE10_Lite timer
and functions of Uniview Technology [8]. In sports events,
the accuracy of the timer is a symbol of fairness in the arena.
The ferroelectric memory has the characteristics of less
interference, so it is a way of choice to apply it to the timer.

The innovation of this paper is to compare the advan-
tages between them by studying the types of ferroelectric
memory, ferroelectric film capacitors, ferroelectric storage
technology, and structure and functional principles, then
propose a sports timer based on ferroelectric memory, and
carry out this system structure design and analysis. Through
analysis and design and further experimental verification,
the designed timers are compared in terms of pulse width
and time accuracy. Thereby, the experimental data results
and conclusions can be drawn.

2. The Structure Timer of Sports Event Timer
Based on Ferroelectric Memory

2.1. Ferroelectric Memory

2.1.1. Classification of Ferroelectrics. Ferroelectric crystals
include gallium arsenide, lamination, multijunction, and
perovskite. Among all ferroelectric crystals, the perovskite
structure is the most typical and common structure.
Although it was later discovered that CaTiO3 is actually a
twisted perovskite structure, the name still exists [9, 10].

2.1.2. Ferroelectric Film Capacitor. Ferroelectric film capaci-
tors are a type of flat capacitors. Using the knowledge of
dielectric physics, we know that the charge H stored in a
capacitor can be expressed as

H = S ⋅ C: ð1Þ

Among them, S is the area of the capacitor plate, and C is

the electric displacement vector in the ferroelectric film. The
definition of electric displacement vector is

C =M Fð Þ + θ0F, ð2Þ

where F is the electric field strength (physical quantity
indicating the strength and direction of electric field), and
the θ0 is dielectric constant. M is the polarization intensity,
which is a nonlinear function of F. The electric field strength
F can be expressed as

F = v
t
, ð3Þ

where v is the voltage and t is the thickness of the ferro-
electric film. The polarization intensity M can be expressed
as

M Fð Þ = θ0 θq Fð Þ − 1
� �

⋅ F: ð4Þ

θq is the relative permittivity, which is also a function of
the electric field F. Substituting formula (1) into formula (2)
and taking into account that the relative permittivity of fer-
roelectrics is usually much greater than that, we can get

C Fð Þ = θ0 ⋅ θq Fð Þ ⋅ F ≈ θ0 ⋅ θq Fð Þ − 1
� �

⋅ F =M: ð5Þ

Substituting this approximate expression into equation
(1), we can get

P =Gdip +GF +Gg: ð6Þ

Formula (6) relates the microscopic physical quantity in
the ferroelectric film to the macroscopic measurable charge
quantity. Iron sheet structure film is composed of several
grains with different sizes. The total free energy P of the
polycrystalline film is composed of three parts. The surface
depolarization field does work GF , the domain wall pinning
field does work Gg, and the dipole flips work Gdip, namely,

P =Gdip +GF +Gg: ð7Þ

If the film is very thin and can only accommodate one
layer of electrical domains, the polarization direction of the
ferroelectric domains is perpendicular to the electrode and
the orientation is the same, then:

F = −
1
θ0

M: ð8Þ

If the situation is a little more complicated, the polariza-
tion direction of the domains perpendicular to the interface
will periodically change, and this distribution makes Gdip
reach the minimum value. At this time, there are

GF =
θ∗ ⋅ k ⋅M0 ⋅ v

t
: ð9Þ
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Among them, t is the thickness of the film, k is the width
of the electric domain, M0 is the polarization intensity in
each electric domain, v is the volume of the entire film,
and θ∗ is a factor related to the dielectric constant. If the roll-
ing work μwall is determined per unit area of the domain
wall, the total work Gg done by the domain wall is

Gg =
μwall
k

⋅ v: ð10Þ

Combining formulas (9) and (10), there are

GF +Gg =
θ∗ ⋅ k ⋅M0 ⋅ v

t
+ μwall

k
⋅ v: ð11Þ

When formula (11) takes the minimum value, there are

k =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
μwall ⋅ t
θ∗ ⋅M2

0

s
: ð12Þ

From formula (12), the following conclusion can be
drawn: as long as the polarization of the ferroelectric thin
film is not zero, the ferroelectric domain width is a finite
domain wall. Neither work nor domain width k will be 0
[11, 12].

2.1.3. The Structure and Function Principle of Ferroelectric
Memory. The function of storing data in ferroelectric mem-
ory is mainly completed by ferroelectric capacitors with
thin-film ferroelectric materials as the carrier [13]. Generally
speaking, ferroelectric materials do not contain “iron,” but
refer to ferroelectric crystals. Compared with traditional
nonvolatile memory such as EEPROM and FLASH, ferro-
electric memory has lower leakage current, because the data
storage of ferroelectric memory is not carried out by free
electrons, but by atomic polarization [14, 15]. When an elec-
tric field is applied to a ferroelectric crystal, the central atom
inside the ferroelectric crystal will move and change with the
distribution of the electric field. When the atom gains a cer-
tain amount of energy, the violent movement of free carriers
in the crystal expands rapidly, causing the charge to collapse
[16]. In this case, the polarization of the ferroelectric mate-
rial is a certain function of the applied electric field. When
the applied electric field disappears, the polarization of the
ferroelectric material becomes stable, and the corresponding
data information is stored in the ferroelectric crystal [17, 18].

Figure 1 shows the hysteresis loop block diagram of the
ferroelectric capacitor and the block diagram of the ferro-
electric memory. In (1), the abscissa represents the applied
electric field, and the ordinate represents the polarization
intensity. Figure (a) is a schematic diagram of 1T1C ferro-
electric memory. Among them, the word line is connected
to the gate of the transistor to control the turn-on and
turn-off of the transistor. The bit line is connected to the
source of the transistor. Figure (b) is a block diagram of
1T2C ferroelectric memory, the structure is similar to
1T1C ferroelectric memory [19, 20].

The manufacturing technology of ferroelectric memory
integrates ferroelectric thin film process and traditional
CMOS process. Ferroelectric memory not only includes a
ferroelectric memory array that stores data but also includes
CMOS peripheral circuits that amplify and read signals, con-
trol timing signals, and data latch functions [21, 22].

FRAM has many advantages and is suitable for embed-
ded systems. It is a new type of memory with relatively
mature industrialization technology. It can work in extreme
environments and may replace Si-based devices that cur-
rently require heat preservation devices to be used in space-
craft or aerospace probes. In order to reduce launch costs or
increase satellite functions, it is considered to have great
potential for space applications. Compared with SRAM,
although ferroelectric memory is not advantageous in terms
of speed and price, from the perspective of the overall
design, ferroelectric memory still has certain advantages.
Ferroelectric memory is very resistant to electromagnetic
radiation, elementary particle radiation, and nuclear radia-
tion. They generally will not interfere with the stored infor-
mation due to the radiation of a single charged particle, and
they can withstand high dose rates of X-rays and neutrons
and large total doses of radiation [23].

2.2. Sports Event Timer Based on Ferroelectric Memory. The
sports event timer based on ferroelectric memory is mainly
composed of two parts: hardware circuit and software pro-
gram. A simple circuit diagram is designed in the hardware
part. First use a multimeter to measure whether the connec-
tion between each device and the microcontroller is correct.
Then through the analysis of the data, the corresponding
parameter values are obtained and displayed. At the same
time, these variables can be converted into voltage signals
and input to the PC terminal.

The sports event timer based on ferroelectric memory
uses the digital pulse waveform to convert the data into the
required signal through the analog circuit and then process
it by the single-chip microcomputer. The output of the ana-
log circuit is a sine wave, variance, time interval, and other
parameter information; and in actual use, due to some
uncertain factors that affect the final result, it will lead to
large errors or inaccurate realization of moving objects
within the measurement value range. And so on, digital inte-
grated circuits can be used to complete data acquisition and
control.

The working principle of ferroelectric memory is first, in
the display, there is a sliding rheostat and two data drive
boards. When a certain number appears on the display
screen (red LED red light). Then connect the data line to
the intermediate relay control module for data recording
and storage; finally, the corresponding time, location, and
other information will be displayed on the display screen
for people’s reference (including the time unit of sports
events). The structure design of the ferroelectric memory
mainly utilizes a sliding rheostat and two light-emitting
diodes. The specific design is shown in Figure 2.

The game timer based on ferroelectric memory does not
need to be modified in the program. First, it is simulated by
software, and then, its function and implementation method
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are improved. When used, the display was found to be the
same as the previous design. However, because there are
many interference factors in the hardware circuit that affect
the display effect of the display screen and cannot save the

data content information well; second, the software part
does not add the corresponding module so that it can better
utilize the functions of the PC to complete the accuracy
index required by timer (for example: time and speed).
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Figure 1: Electric circuit of ferrocapacitance and ferroelectric memory circuit structure.

TDC

Figure 2: Functional block diagram of Stratix FPGA development board.
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2.3. Design of Two-Step Timer. The two-step TDC is actually
not a fixed circuit structure, but a TDC design idea that
combines two TDC basic structures. Usually, two structures
with complementary advantages are selected for design in
the basic implementation structure of TDC. In order to take
into account the time resolution accuracy and dynamic
range of this subject, while completing the layout design in
the smallest possible area, a combination of pulse counting
TDC and delay line-based TDC was selected. The two-step
TDC combines the advantages of the basic clock cycle
counting method and the delay line-based TDC two timing
methods and can achieve both dynamic range and time res-
olution accuracy. The “two-step” of two-step TDC has a dual
meaning. The first meaning is expressed in the structure of
the TDC. The start signal and the stop signal, respectively,
represent the timing start signal and timing end signal of
the TDC. The two-step TDC has a two-stage structure,
namely, the fine interpolator and the coarse timer. These
two modules are also the two most critical modules of the
two-step TDC. They have their own division of labor when
measuring the time interval to be measured.

Choosing a suitable delay unit is very critical for real-
izing the ideal time resolution accuracy of TDC. The
structures of delay units that are often used include
inverters, buffers, differential inverters, and switching
inverters. The inverter has the greatest advantages in terms
of structure, time resolution accuracy, and area. Regarding
the delay line structure, the design challenge is to ensure
the linearity of the circuit. The inverter structure is
single-ended input and single-ended output, which is more
sensitive to noise. Using an inverter as a delay unit is
bound to introduce fine interpolator greater nonideal fac-
tors. Therefore, considering the structure, time resolution
accuracy, area, and antinoise ability, a differential inverter
is used as the delay unit.

Based on the Cadence platform, the simulation of the
fine timer is carried out. A rising edge signal is input to the
fine timer during simulation, and the rising edge signal
passes through the delay unit on the delay line. The position
of the rising edge will lag equidistantly on the time axis, and
the simulation results are consistent with the theoretical
analysis. At the same time, it can be seen that after the input
rising edge signal passes through the delay line, there is a
delay, and the delay of each delay unit is about 186 ps.
Therefore, the designed two-step TDC fine interpolator has
a time resolution accuracy of 186 ps and a dynamic range
of 2 ns.

The coarse adjustment timer is a circuit that can record
the number of clock cycles of the reference clock, that is,
the pulse timer. A binary timer can be used in the specific
circuit design. The basic unit of a binary timer is an edge-
type flip-flop. Among them, if you want to realize the func-
tion of clearing the output state of the coarse adjustment
timer, the trigger needs to be improved.

The two-step TDC uses a coarse adjustment timer to
process the time to be measured that is an integer multiple
of the reference clock period, while the residual time uses a
16-bit fine interpolator for processing. Its timing error
sources are the timer and the interpolator.

The work of the two key circuit modules of the two-step
TDC-the fine interpolator and the coarse timer is controlled
by the edge signal. The signal propagates in the circuit and
will inevitably be interfered by noise, parasitics, and other
factors, which will cause the signal to be distorted. One of
the most straightforward ways to optimize single-shot accu-
racy is to increase the frequency of the reference clock.
Another way to improve the single input accuracy of TDC
is to interpolate the residual time, where the residual time
refers to the time less than one reference clock cycle, that
is, the part of the time processed by the fine interpolator in
the two-step TDC.

The overall block diagram and workflow of the hardware
design are shown in Figure 3. The hardware of this system
includes single-chip microcomputer MSP430F149 and its
peripheral circuit parts (reset circuit and clock crystal oscil-
lator), relay part, independent button part, display part,
and drive circuit part. The whole circuit is controlled by
the single-chip MSP430F149; the key control mode, time,
and step are driven by ULN2803; and the corresponding
data is displayed on the LCD12864 display.

Driven by the clock circuit, the single-chip microcom-
puter can run normally and stably, mainly because of the
operation of the clock circuit, which helps each component
of the single-chip microcomputer to perform its own work
well. This kind of operation among them is automatic. The
clock circuit uses pulse signals to satisfy the operation of
the hardware part. In order to proceed with the work prog-
ress of the circuit from the initial state, it is necessary to
make the core parts of the system in the initial state.

For the clock circuit, from the point of view of the
microcontroller, the significance of the clock circuit is to
provide a signal that the circuit system can perform stably,
and this signal is timed. In order to achieve such a state,
two parts are required, one part is that the other part of
the crystal oscillator is a matching peripheral circuit, and
the so-called timing time is the timing clock of the system.
Time is the timing clock of the system. The clock circuit is
an oscillator, which provides a beat to the single-chip micro-
computer. The single-chip microcomputer must perform
various operations under the control of this beat. Therefore,
the single-chip microcomputer will not work normally with-
out a clock circuit. The clock circuit itself does not control
anything. The clock circuit helps the microcontroller to
work in a stable state. The subsystem clock, auxiliary clock
signal, and main clock signal provide signals for the
MSP430F149 microcontroller. The subsystem clock provides
services for some peripheral high-speed operating circuit
modules, the auxiliary clock signal provides services for
some peripheral low-speed operating circuits, and the main
clock signal is a normal circuit module operating in a stable
state.

3. System Testing and Analysis

After the system design is completed, it is necessary to build
an experimental platform to evaluate the performance of the
system. First, it introduces the experimental testing methods
and evaluation indicators used in this article. Then select the
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signal source to test the accuracy of the timer’s measure-
ment. Finally, test the timer’s time interval and pulse width
measurement functions separately, use the test data to eval-
uate the performance indicators of the timer, and analyze
the problems in the timer.

3.1. Test Method. The test platform with design specifica-
tions can make the test results more credible and provide a
better reference for practical applications. In the field of time
interval measurement, comparison method and fixed time
interval measurement method are two commonly used test
methods.

The comparison method is to use different measuring
instruments to test the same signal source at the same time
under the same external environment. The signal to be mea-
sured and the reference time are both generated by the same
clock source and then transmitted to the measuring instru-
ment through the same path, and the measurement is per-
formed at the same time. This series of operations
emphasizes the “same source.” Then compare the measured
results. In order to measure the performance of the devel-
oped measuring instrument, another instrument with very
excellent performance is usually required. In this test plat-
form, the measurement result of the SR540 time interval

timer with the best performance in the field of time mea-
surement is selected as a reference for comparison.

The fixed time interval test method is to use the time
interval measurement timer to measure the signal source to
produce a fixed time interval without considering the cable
and device delay. This method is simple to operate, and
the result is more intuitive, but the signal quality of the sig-
nal source is very high. However, the accuracy of the time-
to-digital conversion circuit is getting higher and higher,
and the requirements for the signal source are getting higher
and higher. At present, it is difficult to find a suitable signal
source for testing in many cases. For this reason, this test
platform does not design the realization of the fixed time
interval test method separately but adopts the combination
of the above two methods.

This platform uses the SR540-Timer universal time
interval measurement device to compare with a channel of
the timer, uses the 10MHz signal generated by the National
Time Service Center Clock Tower as the reference signal of
the timer and the time base SR540, and then compares the
time base of the 1 pps signal. The pulse distribution amplifier
generates two signals to be measured, and each signal is sent
through three channels and then sent from the other output
terminal of the SR540 and the timer; the timer is connected
to send the measurement results to the upper computer for
processing. Different cable lengths can set different time
intervals.

3.2. Evaluation Index. To design a measurement system, it is
usually necessary to give the actual performance of the sys-
tem, and scientific evaluation indicators are needed to eval-
uate the performance. In the field of time-frequency
measurement, it is generally necessary to give the two indi-
cators of system measurement deviation and measurement
accuracy. Measurement deviation is usually affected by the
stability of the time base, internal noise, trigger noise, and
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body is
time

Enter
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Whether it's time

Enter the
measurement
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Figure 3: Overall block diagram and workflow of hardware design.

Table 1: Timer comparison with SR540 data results.

Time Calculagraph SR540 Time interval Standard deviations

0 506.67 506.42 57.6/10.2 0.0562

1800 506.73 506.43 57.5/9.9 0.0573

3600 506.75 506.45 57.3/10.3 0.0596

5400 506.81 506.46 56.6/9.8 0.0654

7200 506.79 506.44 57.2/9.4 0.0725

9000 506.75 506.43 56.6/9.3 0.0849
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uncertainty within the system. This concept is considered
more when the “absolute” value of the measurement is more
important. This paper uses the standard deviation of the
experimental data to characterize the measurement accuracy
of the system. This is because the designed test platform
mainly uses the delay line test method, that is, two delay
lines of different lengths and different delays are used to send
the signal to be measured into the measurement. The chan-
nel is tested. Two different delay lines produce a fixed time
interval, but the exact true value of this interval cannot be
determined, so it is more appropriate to use the standard
deviation as an evaluation index of measurement accuracy.
The standard deviation is usually a statistic used to charac-
terize the degree of dispersion of the system measurement
value relative to the mean value.

3.3. System Test. First, analyze and evaluate the accuracy of
the system measurement. Test the time interval measure-
ment function of the timer. When measuring, the reference
clock uses the 10MHz frequency signal of the clock room
of the National Time Service Center. The signal to be mea-

sured is 1 pps. The signal is delayed by a length of 100m
extension cable. The timer generally has 2-4 measurement
channels, which will trigger sr540, so as to adjust the level
to be consistent with the trigger level of this system.

Evaluate the accuracy of the system measurement. In the
actual test, the measurement value of the SR540 can be
regarded as the true value based on the test method of the
comparison method, and the timer and the SR540 can be
measured synchronously. Subtract the value of to get the dif-
ference between the two, which can be regarded as the accu-
racy of the system.

When measuring the pulse width, first, when configuring
the chip, set the function to pulse width measurement, that
is, configure the value of configuration register 1 to 2 f. In
actual measurement, TDC-GPX2 internally connects mea-
surement pins 1 and 3 (or 2 and 4) to an input pin (STOP1
or STOP2). The rising edge is measured by channel 1 (or 2),
and the falling edge is measured by channel 3 (or 4). Then
make the difference of the measurement result to get the
value of pulse width.

4. Analysis of Test Results

4.1. Time Interval Measurement Performance Test. Calculate
the measurement results and summarize the results with
Table 1. The experimental value takes 2.5 hours of synchro-
nized measurement results and then statistics on this mea-
surement result. From the standard deviation statistical
results, it can be seen that the timer measurement interval
accuracy is 56.3 ps, and the SR540 measurement interval
accuracy is 9.3 ps. It can be shown that the time interval
timer can achieve a single measurement accuracy better than
60 ps, which has reached a relatively good level, but there is
still a certain gap with SR540.

As shown in Figure 4, to evaluate the accuracy of the sys-
tem measurement, in the actual test, the measurement value
of the SR540 can be regarded as the true value based on the
test method of the comparison method, and the value
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Figure 4: Alignment of timer and SR540 measurements and error plots.

Table 2: Timer and SR540 pulse width measurement contrast and
error value.

Time Calculagraph SR540 Error

0 204.859 204.857 0.41

1000 204.857 204.856 0.45

2000 204.856 204.852 0.44

3000 204.86 204.854 0.56

4000 204.856 204.855 0.47

5000 204.854 204.853 0.45

6000 204.852 204.854 0.53

7000 204.853 204.856 0.46

8000 204.854 204.856 0.55

9000 204.855 204.857 0.5
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measured by the timer and the SR540 synchronized mea-
surement is subtracted. The difference between the two can
be regarded as the accuracy of the system. It can be seen
from the data that the accuracy test in two ways can ensure
that the deviation of the system measurement is less than
495 ps.

4.2. Pulse Width Measurement Performance Test. In terms of
measurement accuracy, the measurement result of this func-

tion is still compared with the pulse width measurement
result of SR620. The pulse width to be measured is the
1 pps signal of the clock room of the National Time Service
Center, and the reference clock is the 10MHz signal of the
clock room. This paper randomly selects 10 data for analysis,
as shown in Table 2.

In Table 2, the error is controlled below 0.6, and the
pulse width measurement range is around 204.85. Among
them, the timer is not much different from the SR540, and
the performance basically meets the standard requirements.

4.3. Differential and Integral Nonlinear Error Test. As shown
in Figure 5, we can see the result of the differential nonline-
arity error of a delay line (start), where the maximum value
is 4 LSB and the minimum value is -1 LSB, where 1 LSB =
189:4 ps. It is the differential nonlinearity error of another
delay line (stop), the maximum value is 3 LSB, the minimum
value is -1 LSB, and 1 LSB = 173:6 ps. Start delay line’s inte-
gral nonlinear error, the maximum value is 0.08 LSB, the
minimum value is -0.03 LSB, and the average value of inte-
gral nonlinear error is 0.014 LSB, of which 1 LSB = 189:4 ps.
The integral nonlinear error of the stop delay line, the max-
imum value is 0.07 LSB, the minimum value is -0.07 LSB,
and the average value of integral nonlinear error is
-0.03 LSB, where 1 LSB = 173:6 ps.

4.4. Oscillator Distribution Requirements. Changes in tem-
perature and process will affect the frequency range of the
output clock signal of the circuit. In order to ensure that
the frequency of the output clock signal of the circuit can
reach the design value, it is usually desirable to have the
oscillator tuning range within the system frequency require-
ment range. The details are shown in Table 3.

When the temperature changes from low to high, the
threshold voltage becomes smaller and Kvco decreases. The
output frequency of the oscillator increases with the increase
of its control voltage, which meets the theoretical
requirements.

4.5. System Multichannel Measurement Conformance Test.
This timer can measure multiple channels at the same time,
so test the consistency of the measurement of different
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Table 3: Simulation of the adjustment range of the oscillator.
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channels of the system. In this test, the second, third, and
fourth channels are used to test the 100m extension cable.
Channel 2 is connected to the 1 pps signal output by the
pulse distribution amplifier. Analyzing the multichannel cal-
culation data, we get Figures 6 and 7.

It can be seen from Figure 6 that in a set of data, the fine
measurement value and the final measurement result are
normally distributed, indicating that the source of error in
this measurement is mainly random error, but the single-
channel fine measurement value is not very standardized.
The normal distribution indicates that the measurement
results are affected by errors other than random errors. But
the final measured value still shows a more standardized
normal distribution.

As shown in Figure 7, it can be seen from the statistical
results of the standard deviation that the 3-channel measure-
ment accuracy is 46.7 ps, and the 4-channel measurement
accuracy is 33.2 ps. The measurement consistency of each
channel is better, and the measurement accuracy is better
than 50ps. The results show a normal distribution, which
further shows that the main source of noise that causes sys-
tem measurement errors is random noise.

5. Conclusion

The ferroelectric memory is mainly composed of a data reg-
ister, two counting units, and four output modules. The core
of the device is a block circuit for timing, which includes a
display, buttons, buzzer alarm indicator, and other compo-
nents. During sports games, ferroelectric memory chips are
used as carriers to transmit the sports event time informa-
tion to the processor and save it. Then according to the pro-
gram control the LED light to turn on or off the required
sports data register to display the current time and start date,
the end of the game, the results after the game, and the sum-
mary number after the game. Determine the size of each part
and the connection relationship between each component
according to the parameter values such as the movement
time label and time as a reference basis. This article mainly
uses the time interval measurement method and the experi-
mental comparison method to study the equipment accu-

racy of the ferroelectric memory in the system in the
sports timer. Through various experimental investigation
results, it is concluded that the measurement uncertainty of
the timer interval designed in this paper is better than
60 ps, the measurement data is accurate and reliable, and
the signal pulse width measurement performance can be
consistent with the international leading measurement
equipment SR540. The timer in this article has certain fluc-
tuations in the measurement result of the frequency signal,
and its performance is not ideal. It needs to be processed
by a suitable filtering algorithm to improve the frequency
measurement accuracy of the timer.
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This paper is focused on developing composites using kenaf fibers, epoxy polymer, and incorporation of graphene fillers. The
kenaf fibers are treated with 5% NaOH to remove the hydrophilic nature and reinforced it with the hydrophobic matrix. The
composites are fabricated using the compression moulding technique by keeping 60wt.% epoxy as constant, and the graphene
and kenaf fiber weights are changed accordingly. The samples for tensile, flexural, impact, hardness, and water absorption tests
are prepared as per the ASTM D3039, D790, D256, D2240, and D572 standards, respectively. The effect of graphene fillers in
the 5% NaOH-treated kenaf fibers reinforced with the epoxy matrix is tested. Among the various samples, sample 4 which has
6% graphene addition in the epoxy matrix reinforced with 5% treated kenaf fiber displayed the highest tensile strength of
63MPa, flexural strength of 97MPa, impact strength of 9.56 kJ/m2, hardness value of 97, and lower water absorption of 5.13%.
This is due to the proper dispersion of graphene fillers in the matrix which caused better interfacial adhesion between the fiber
and matrix. The water absorption test showed the lowest value in sample S5 as the graphene fillers obstruct water penetration
in the fibers. SEM analysis is done on the prepared samples to study the surface flaws and structural changes.

1. Introduction

The usage of synthetic fibers has created many threads to the
environment which prompted the researchers to search for
an alternative material. Natural fibers diminish ecological
risks, and they can be used as a composite by reinforcing it
with the polymer matrix [1]. Researchers have worked on
natural fibers to identify their expanded applications and
benefits. Natural fibers can be obtained from plants, animals,
and a mineral base. Plant fibers as reinforcement material
play a prominent role in developing natural fiber composites

[2–4]. Among the plant fibers, bast and leaf fibers provide
good mechanical properties because of their stiffness and
hard structure. Generally, plant fibers can be divided into
the primary cell wall and secondary cell wall. The primary
cell wall comprises disordered cellulose, hemicellulose, lig-
nin, pectin, etc. The secondary cell wall has crystalline cellu-
lose in which S2 cell is responsible for mechanical properties.
Hemicellulose acts as a matrix material that surrounds the
cellulose structure, and lignin provides extra strength by
protecting the fiber from external damage. This makes the
cellulose have strength and stiffness. As the cell divides, the
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cellulose and lignin amount rise, but the polyose content
remains the same throughout [5–7]. The properties of natu-
ral fibers when reinforced with polymer matrix includes
fiber content, orientation, microfibrillar angle, the interfacial
bond between the fiber and matrix, and high water content
[8]. However, when plant fibers get reinforced with the
hydrophobic matrix, it results in poor bonding leading to
less mechanical properties. This is because hemicellulose
absorbs more water content from the atmosphere and forms
new hydrogen bonds on the surface which makes the fiber to
be hydrophilic. This hydrogen bond formation can be
reduced by treating the fibers chemically with different pro-
cesses. In addition to this, the components such as lignin,
pectin, wax, and oily substances will be removed to a better
extent, and it will result in enhanced stability of the fiber
[9–11]. The properties that impact the influence between
the fiber and matrix are expressed as follows: (i) proper mat-
ing of two unique materials, (ii) dispersion of fiber content
in the matrix, (iii) orientation of fiber, and (iv) better surface
interaction. Upon treating the fibers with different treatment
processes, the mechanical properties of composites get
enhanced by reduced water intake and better interfacial
adhesion [12–14]. Sreenivasan et al. [15] reported that
potassium permanganate-treated short Sansevieria
cylindrica-reinforced polyester composites showed mini-
mum water intake when compared to other treated fibers.
Mylsamy and Rajendran [16] studied the effect of alkali
treatment and optimum treatment percentage on agave
Americana fibers. The optimum treatment is found to be
5%, and the treated fiber reduced the noncellulosic compo-
nents and thereby enhanced the tensile property of the fiber.
This is in line with the author. The mechanical and tribolog-
ical properties can further be enhanced by incorporating
fillers with the polymer matrix [17]. Fillers are additive
materials that are used to enhance wear resistance, thermal
stability, and flame resistance. The property of filler depends
on its size, aspect ratio, and chemical composition. Ganesan
et al. [18] assessed the effect of nanoclay filler and eggshell
powder on the mechanical properties of jute fiber/polyester
composite. The author concluded that the incorporation of
filler enhanced the mechanical properties of the composite
even if it is not chemically treated. The NaOH-treated jute
fiber reinforced with eggshell powder (1.5%)+nanoclay
(1.5%)/polyester matrix showed the highest flexural strength
of 39.52MPa than the untreated fiber. The increment is due
to filler addition which hindered the formation of crack.
Venkateshwar et al. [19] investigated the effect of different
fillers (Al2O3, CaCO3, and TiO2) on the influence of
mechanical properties of Prosopis juliflora epoxy-
reinforced composites. The author reported that Al2O3 filler
mixed uniformly in the matrix which resulted in enhanced
bond strength. Benin et al. [20] concluded that Prosopis juli-
flora/epoxy composites with 12% barium sulfate filler pro-
vided superior mechanical properties. This is because the
fillers and matrix remain bonded properly. Banyan fiber
reinforced with 4% graphene incorporation in the epoxy
matrix showed a higher tensile strength of 40.6MPa and
flexural strength of 163.23MPa. This increment is due to
the proper dispersion of graphene fillers in the matrix [21].

Nanofillers for instance graphene and carbon nanotubes
have been proven to enhance the mechanical properties
and reduced the water absorption content in the composites
[22, 23]. For this experimental work, kenaf fiber (Hibiscus
cannabinus) has been preferred because of its ability to pro-
duce in various environmental circumstances [24]. A study
demonstrated that kenaf fiber can be used to create panels
for furniture, seats, and armrests. It was also suggested that
kenaf-reinforced composite materials might be used as noise
obstacles and sound dampers [25]. This experiment work
highlights the significance of incorporating graphene as a
filler material in 5% alkali-treated kenaf fiber-reinforced
epoxy composites. The above combination has not been
reported in any literature data. The major purposes of the
paper are expressed in the following ways: (1) effect of 5%
NaOH treatment on kenaf fibers, (2) addition of graphene
fillers with various proportions (0%, 2%, 4%, 6%, and 8%)
in the matrix, (3) examining the mechanical and water
absorption properties in the prepared composites, and (4)
analyze the surface morphology of the prepared samples
using SEM.

2. Materials

Kenaf fibers were purchased from KCT, Tifac core, Coimba-
tore, India. Epoxy resin (LY 556) and hardener (HY 951) are
chosen as matrix material, and it has been collected from
Covai Seenu & Company Coimbatore, Tamil Nadu. As per
the manufacturer’s suggestions, it is mixed in the ratio of
10 : 1. The resin and hardener are combined to generate a
chemical effect that turns the liquid stage into a solid [26,
27]. Graphene as a filler material is added to the matrix
material with various proportions (0%, 2%, 4%, 6%, and
8%).

2.1. Treatment of Kenaf Fibers. Kenaf fibers are immersed in
12 litres of distilled water for 1day to eliminate the unwanted
particles residing on them. Later, the fibers are left to dry in
the air for 24 hours. Dried kenaf fibers are soaked in 5%
NaOH to remove the hydrophilic nature to a better extent.
This 5% NaOH composition is 60ml of NaOH in 12 litres
of water. Treated kenaf fibers are washed thoroughly in dis-
tilled water to remove the additional NaOH present in them.
Then, the fibers are left to dry in the air for 1day.

2.2. Fabrication of Graphene-Filled Composites. The treated
kenaf fibers were cut into 30 cm length with the help of a
cutter based on the moulding constraints. Graphene filler
and epoxy resin cannot be mixed thoroughly as the resin
chosen is highly viscous. To avoid this constraint, the gra-
phene powder was scattered into the epoxy resin and then
whisked for a prolonged period of 40min at 80°C. Then,
the hardener was added to the graphene/epoxy mixture in
the ratio of 10 : 1. Aluminium plates of dimension 300 ∗
300 ∗ 5mm are chosen for the compression moulding pro-
cess (Supplier: Modern Plastics Pvt Ltd., Coimbatore, India).
To obstruct heating of the plates, white grease is applied to
them. For sample 1, the epoxy resin along with the hardener
was poured on the surface of the aluminium plate, and then,
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the 5% NaOH-treated kenaf fibers are placed above the resin
mixture in a unidirectional way. Then, the epoxy resin along
with the hardener was poured above the fiber. For other
samples, it was prepared by the addition of graphene fillers
(2%, 4%, 6%, and 8%) into the epoxy resin, and the same
process is repeated as mentioned above. The prepared lami-
nates are processed in the compression moulding machine,
and they are kept at a temperature of 130°C, with a pressure
of 35 bar for 45 minutes. Later, the laminates are left for the
curing process for 50 minutes. With the help of a diamond
cutter, the final laminate of dimensions (300 ∗ 300 ∗ 5mm)
is removed from the mould. The prepared laminated can
be tested mechanically as per the ASTM standard. Table 1
shows the composition of the prepared sample.

2.3. Physical and Mechanical Tests

2.3.1. Tensile Test. It is one of the mechanical tests to deter-
mine the material behaviour under applied load. The sam-
ples are prepared as per the ASTM D3039 requirement
with a dimension of 250 ∗ 25 ∗ 5mm and a crosshead speed
of 2mm/min [28]. It was tested in a computerized universal
testing machine (Supplier: Aimil Ltd., India). Before the test-
ing process, the samples are mounted onto the machine, and
utilizing a hydraulic system, they are gripped to avoid dislo-
cation. The value of each sample tested is noted. A total of
three samples were tested in each composition, and the aver-
age value is taken for the analysis.

2.3.2. Flexural Test. This test determines how much a mate-
rial will bend under the applied load. The samples for this
test are prepared as per the ASTM D790 requirement with
a dimension of 125 ∗ 12:7 ∗ 5mm and a crosshead speed
of 2mm/min [10]. It was tested in a computerized universal
testing machine, and the values for each sample are
recorded. A total of three samples were tested in each com-
position, and the average value is taken for the analysis.

2.3.3. Impact Test. This test determines how much a material
can absorb toughness during the applied load. The samples
for this test are prepared as per the ASTM D256 require-
ment with dimensions of 65 ∗ 12:7 ∗ 5mm [10]. It was
tested using digitalized Izod impact test, and the values for
each sample are taken. A total of three samples were tested
in each composition, and the average value is taken for the
analysis.

2.3.4. Hardness Test. This test determines how much a mate-
rial will experience localized deformation under mechanical
indentation or scratching. The samples for this test are pre-
pared as per the ASTM D2240 requirements with dimen-
sions of 20 ∗ 20 ∗ 5mm [10]. Shore D durometer is used to
test the samples. At 6 different locations, the indentations
were made, and the mean values are noted.

2.3.5. Water Absorption Test. The resistance to absorbing
water is tested using this test. The samples are prepared as
per the ASTM D572 requirements with dimensions 64 ∗
12:7 ∗ 5mm [29]. The samples are immersed in distilled
water for 5 days at room temperature, and the changes are

noted accordingly. After a certain interval of time, the sam-
ples are taken out and wiped with a cloth, and then, the
weight of the sample is measured. The amount of water
absorbed in a sample is determined using the below-
mentioned formula, where Wb represents the final weight
after immersion, Wa indicates the initial weight of a sample,
and W shows the percentage of water absorbed.

W = Wb‐Wa
Wa

∗ 100: ð1Þ

2.4. SEM Analysis. A scanning electron microscope was used
to analyze the surface flaws and structural changes of the
prepared samples using SEM JEOL JSM-6510LA. For this
technique, the operating voltage is 25 kV.

3. Result and Discussion

3.1. Tensile Strength. Tensile values of each composite under
various loads are presented in Figure 1. 6wt.% Gr fillers rein-
forced in treated kenaf/epoxy composite showed a maxi-
mum value of 63MPa, and 0wt.% Gr fillers showed the
minimum value of 36MPa. With the addition of Gr fillers,
the tensile strength increased, and beyond a certain limit, it
begins to decline. Sample S4 which have 6wt.% Gr fillers
proved to have maximum tensile strength and optimum
content. This value is obtained because of the nature of gra-
phene incorporated as a filler material. Graphene fillers
obstruct the water molecules to penetrate the fiber, thereby
creating proper bonding between the fiber and matrix. Gra-
phene filler has a strong C-C bond which makes it difficult to
rearrange its positions resulting in brittle nature [30]. Fur-
thermore, the 6wt.% Gr reinforced in treated kenaf/epoxy
composite bonded properly, and graphene particles are dis-
persed uniformly in the matrix, thereby enhancing tensile
strength than other Gr variations. 6wt.% Gr fillers provided
better interlocking with the fiber-matrix adhesion, and when
stresses are applied, it is distributed evenly in the composite
[31]. In sample S5, 8wt.% Gr fillers reinforced in treated
kenaf/epoxy composite showed a tensile strength of
58MPa which is greater than 0wt.% Gr, 2wt.% Gr, and
4wt.% Gr fillers samples and less than 6wt.% Gr filler sam-
ple. With an increase in Gr fillers, the agglomeration of par-
ticles tends to take place, and crack propagation will not
occur which indicated that the addition of graphene fillers
makes the composite resulting in enhanced brittleness
instead of higher tensile strength [21]. 8wt.% Gr fillers will
undergo a necking process within a short duration, and the

Table 1: Composition of the prepared samples.

Sample
number

Kenaf fiber
(wt.%)

Epoxy resin
(wt.%)

Graphene
(wt.%)

S1 40 60 0

S2 38 60 2

S3 36 60 4

S4 34 60 6

S5 32 60 8
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material breaks rapidly because of the brittle nature of gra-
phene. 4wt.% Gr fillers showed a value of 56MPa which is
greater than 0wt.% Gr and 2wt.% Gr and lower than
6wt.% Gr and 8wt.% samples. This decrement is because this
concentration is not sufficient to hinder void formation in the
matrix when compared to the 6wt.% Gr filler sample [32].
2wt.% Gr filler sample showed a tensile strength of 41MPa
which is greater than 0wt.%Gr and lesser than other graphene
samples. This concentration reduced void content compara-
tively less than other Gr samples. In sample S1, the kenaf fibers
are treated with 5% NaOH, and it is reinforced with epoxy
resin to remove the noncellulosic contents to a good extent.
The tensile strength of 32 MPa is attained due to the removal
of impurities. 5% NaOH effectively removes this, but some
constituents tend to degrade and created a void in it resulting
in ease of water penetration also decrease in tensile strength.

3.2. Flexural Strength. The values of each sample for the flex-
ural test are presented in Figure 2. Sample S4 displays the
highest flexural strength of 97MPa followed by sample S5
(94MPa), sample S3 (89MPa), sample S2 (73MPa), and
sample S1 (67MPa). Sample S4 showed the highest flexural
strength because the 6wt.% Gr fillers with the matrix
enhanced the bonding in the interface, thereby promoting
better load sharing capability. Also, 6wt.% graphene addi-
tion proved to be an optimum concentration because the
fillers are dispersed uniformly in the matrix, thereby reduc-
ing holes and enhancing the flexural properties. 8wt.% Gr
fillers in sample S5 showed flexural strength of 94MPa
which is lower than sample S4 and higher than all other
samples. This is due to the reason that 8wt.% Gr fillers
caused agglomeration in the matrix; also when reinforced
with treated kenaf fiber, it resulted in improper interfacial
bonding between the fiber/matrix. With 8wt.% Gr addition,
the flexural property of the composite starts to decline
because of delamination between the layers. Also, 8wt.%
Gr fillers did not disperse throughout which caused some

debris in that region, and when the load is applied, the sam-
ple showed lower flexural properties and enhanced brittle-
ness of the composite [21]. 4wt.% Gr and 2wt.% Gr fillers
in samples 3 and 2 are insufficient to hinder void formation
causing fiber pull-out in the surface and resulting in lower
flexural strength of value 89MPa and 73MPa when com-
pared to 6wt.% Gr and 8wt.% Gr filler samples, respectively.
In sample S1, treated kenaf fibers removed the hydrophilic
nature in the fiber and have been well bonded with the
matrix. But the load distribution did not occur evenly in
the composite because of the microgaps present in it leading
to a decrease in flexural strength of a value 67MPa when
compared to other varying Gr filler samples.

3.3. Impact Strength. It determines how much a material can
absorb energy under applied load. The values of each sample
for this test are displayed in Figure 3. Sample S4 showed
maximum impact strength of 9.56 kJ/m2 and minimum
impact strength of 4.85 kJ/m2. 6wt.% Gr fillers in sample
S4 showed the highest impact strength (9.56 kJ/m2) as
6wt.% graphene addition absorbed more energy before the
inception of brittle behaviour. This is because the optimum
concentration of graphene into the matrix resulted in better
interlocking between the fiber and the matrix. The increase
in impact strength depends on factors like the toughness of
the composite, compatibility between the fiber and matrix,
and proper dispersion of filler material into the matrix
[21]. 4wt.% Gr fillers in sample S3 showed an impact
strength of 7.32 kJ/m2 which is higher than 8wt.% Gr filler
samples. 4wt.% Gr fillers absorbed more energy than
8wt.% Gr fillers, and this is due to the fact that 4wt.% Gr
fillers did not make the composite crack easily, whereas the
addition of Gr fillers beyond 6wt.% made the composite
embrittle. 8wt.% Gr filler in sample S5 showed an impact
strength of 7.18 kJ/m2 which is greater than 0wt.% Gr and
2wt.% Gr and less than 6wt.% Gr and 4wt.% Gr filler sam-
ples. This is due to the agglomeration of graphene particles
in the matrix region which caused the composite to lose its

70

60

50

40

30

20

10

0

32

41

56

63
58

0% Gr 2% Gr 4% Gr 6% Gr 8% Gr

Composite

Te
ns

ile
 st

re
ng

th
 (M

Pa
)

Figure 1: Tensile strength of graphene-filled kenaf/epoxy
composites.

100

80

60

40

20

100
0% Gr 2% Gr 4% Gr 6% Gr 8% Gr

Composite

Fl
ex

ur
al

 st
re

ng
th

 (M
Pa

)

67
73

89
97 94

Figure 2: Flexural strength of graphene-filled kenaf/epoxy
composites.

4 Journal of Nanomaterials



ductile nature and hence resulted in a reduction in impact
strength. 2wt.% Gr filler in sample S2 showed an impact
strength of 6.65 kJ/m2 which is lower than 6wt.% Gr,
4wt.% Gr, and 8wt.% Gr fillers and greater than 0wt.% Gr
filler sample. This is due to the reason that 2wt.% Gr did
not hinder the void formation as compared to 6wt.% Gr,
4wt.% Gr, and 8wt.% Gr filler samples. Sample S1 which
has 0wt.% Gr filler showed the lowest impact strength of
4.85 kJ/m2 when compared to all other Gr fillers with vary-
ing samples. This is because when it is treated, the fibers
are split into smaller ones making it withstand load, but
the microgaps which are present in the composite led to a
reduction in lower impact strength.

3.4. Hardness. It will determine how much a material can
withstand penetration depth when the load is applied to it.
If the material is brittle, then the hardness will be more
[21]. The hardness value of each sample is displayed in
Figure 4. 8wt.% Gr filler in sample S5 showed a maximum
hardness value of 97, and 0wt.% Gr in sample S1 showed a
lower hardness value of 56. 8wt.% Gr filler in sample S5
showed a higher hardness value because the brittle nature
of graphene particles also resisted penetration when the load
is applied on it when compared to all other samples. 6wt.%
Gr filler in sample S4 showed a hardness value of 89, and this
is greater than 0wt.% Gr, 2wt.% Gr, and 4wt.% Gr fillers
and also lesser than 8wt.% Gr filler samples. 6wt.% Gr filler
showed uniformed dispersion of graphene in the matrix and
enhanced the interfacial bonding between the fiber/matrix,
but the addition of more graphene fillers showed resistance
to penetration. 4wt.% Gr filler in sample 3 showed a hard-
ness value of 81 which is greater than 0wt.% Gr and
2wt.% Gr and lower than 8wt.% Gr and 6wt.% Gr filler
samples. 4wt.% Gr filler did not lock the void formation
resulting in fiber pull-out from the surface which resulted
in lowering of hardness value. In the sample S2, 2wt.% Gr
filler in the matrix is not sufficient to increase the hardness

value, so this composite displayed a hardness value of 69
which is higher than 0wt.% Gr filler but higher than other
Gr filler samples. The treated kenaf fibers reinforced with
epoxy matrix in sample S1 showed a hardness value of 56
which is lower than all other Gr filler samples. 5% NaOH-
treated kenaf fibers provided a rough surface, so the sample
resisted penetration initially, but after a certain period, it
failed because of some hydrophilic nature in the fiber.

3.5. Water Absorption Tests. This test is used to determine
the hydrophilic nature of the fibers. The values of water
absorption tests for all samples are displayed in Figure 5.
Sample S5 which have 8wt.% Gr filler reinforced in treated
kenaf/epoxy composite showed more resistance to water
absorption than other samples. Graphene plays an obstacle
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in transporting water to the composites [22]. With the addi-
tion of graphene fillers, the void content is minimized,
thereby locking it with the matrix and leading to better inter-
facial adhesion between the fiber and matrix. Due to this rea-
son, the water absorption test displayed lower valves. Sample
S1 showed high water absorption of 10.56% when compared
to all other Gr filler samples. The kenaf fibers are treated
with 5% NaOH to remove the impurities and noncellulosic
content like hemicellulose and pectin, and then, it is rein-
forced with epoxy resin. Even after treating the kenaf fiber,
it possesses some hydrophilic nature and void content. With
2wt.% Gr addition in sample S2, the gaps present in the
matrix are removed partially, and some holes allowed the
fibers to interact with water molecules, thereby absorbing
water content. Sample S2 showed a water absorption value
of 9.72 than sample S1 but higher than all other Gr filler
samples. The addition of graphene fillers resisted water pen-
etration by locking the void formation. In sample S4, 6wt.%
Gr addition resisted water absorption as the concentration of
filler addition locks the void from interacting with the water
molecules. 6wt.% Gr filler showed a value of 5.22 which is
lower than sample S5.

3.6. SEM Analysis. Figure 6(a) represents the SEM image of
sample S1 which consists of 5% NaOH-treated 40wt.%
kenaf fiber reinforced with epoxy resin. This sample showed
a rough surface due to the removal of noncellulosic compo-
nents in it, but there are a few microholes that are present in
the matrix after the treatment. These microholes may create
stress concentration leading to the deterioration of mechan-
ical properties of the composites [33]. In sample S2, the
2wt.% Gr addition disperses well with the matrix by hinder-
ing void formation to some extent, so the water absorption is
reduced, and the interfacial bond will be better than 0wt.%
Gr filler sample. This change can be seen in Figure 6(b). In
sample S3, 4wt.% Gr filler reinforced in treated kenaf/epoxy
composites showed proper bonding and minimal void con-
tent in the matrix. Figure 6(c) represents the SEM image of
sample S3 which showed well dispersion of graphene with
the matrix, no fiber pull-out, and proper interfacial adhesion
between the fiber and matrix. Above 6wt.% Gr incorpora-
tion with the matrix leads to fiber pull-out. According to
Zhang et al. [33], after 5% NaOH treatment, the interfacial
adhesion between the kenaf fibers and the matrix was greatly
improved with 6wt.% Gr. Treated kenaf fibers with 6wt.%
Gr had extremely greater tensile strength than other

Micro Holes

(a)

Void contents

(b)

No fiber pull-out

Homogeneous Gr
dispersion

(c)

Fiberb pull-out

(d)

Figure 6: (a–d) represents SEM images for various concentration of graphene filler reinforced in treated kenaf/epoxy composite.

6 Journal of Nanomaterials



composition, and the fracture of treated kenaf fibers could
greatly enhance the mechanical strength of composites. In
Figure 6(d), the SEM image of sample S5 has 8wt.% Gr
incorporation with the matrix which displayed agglomera-
tion in the matrix region causing weak interfacial adhesion
between the fiber and matrix. The poor fiber/matrix inter-
face could not provide sufficient stress transport; thus, the
mechanical properties of the composites decreased signifi-
cantly. Severe fiber/matrix debonding with nanofillers could
be witnessed due to the poor interfacial adhesion between
fibers and the matrix, as shown in Figure 6(d). The unneces-
sary voids and microholes in the composites (S1 and S2)
were witnessed at lower/higher weight fraction of graphene,
which may reduce the reinforcing effect of the nanofillers
resulting in the reduction of mechanical properties [21].

4. Conclusion

The mechanical and water absorption test is carried out for
the various concentrations of reinforcement graphene filler
with kenaf. Increment in mechanical properties strongly
depends on the uniform dispersion of graphene in the
matrix. The major findings of incorporating graphene in
the treated kenaf/epoxy composites are discussed as follows.
Graphene plays a major role in obstructing water penetra-
tion in the composite, thereby minimizing void concentra-
tion in it. The investigation proved that the addition of
graphene improved the performance of the composite ther-
mal stability. With more than 6wt.% Gr filler reinforced in
treated kenaf/epoxy composites, the properties like tensile,
flexural, and impact strength start to decline, but maximum
hardness value of 97 is achieved at 8wt.% Gr filler sample.
Beyond 6wt.% graphene addition, the composite becomes
embrittle causing agglomeration in the matrix and reduction
in mechanical properties. SEM analysis is done to study the
morphological surface of various graphene concentrations
reinforced in treated kenaf/epoxy composites. 6wt.% Gr
filler sample is found to optimum, and this displayed no
fiber pull-out, better bonding in the SEM analysis.
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Amorphous alloy refers to the orderly arrangement of the internal structure of various substances in nature. Amorphous solid
materials include amorphous inorganic materials, amorphous polymers, and amorphous alloys. Amorphous alloys, also known
as glassy alloys or metallic glasses, are atomically condensed, long-range disordered, and short-range ordered alloy materials
that have the distinctive properties of both metals and glasses. Ligament injury is damage caused by different degrees of
damage to the ligaments of a certain part of the body. The purpose of this paper is to investigate amorphous alloys and
ferroelectric nanomaterials and the repair of athletic ligament injuries in the soccer game, using the excellent properties of
amorphous alloys and ferroelectric nanomaterials to solve the problem of athletic injuries. Knee and ankle injuries and muscle
strains account for a large percentage of soccer injuries. In this paper, researches and explorations have been conducted on the
preparation of new composite magnetic nanomaterials, the construction of immunosensor interfaces, and the development of
new signal amplification and renewable immunosensors. The rehabilitation effect of the medial collateral ligament of the
athlete’s knee joint is used as the research object, and various methods are used. In-depth investigation and research and
statistical analysis of the data obtained one by one were carried out. The experimental results in this article show that from the
age of ligament injury, the number of people between 18 and 20 is relatively small, and the number of people aged 20–40 is
relatively large. The number of people who have been trained for three years and above is 5, and the proportion of ligament
injuries is 0.8%; the number of training for two years is 33, and the proportion of ligament injuries is 13.7%, the number of
training for one year is 98, and the proportion of ligament injuries is 40.7%, and the number of training for six months is 105,
and the proportion of ligaments is 44.8%.

1. Introduction

1.1. Background. In line that scientific and artistic fields are
constantly evolving, sports in China have also been flourish-
ing. More and more sports, as well as sporting events, are
getting more and more attention, especially soccer. It is a
good thing for the whole society that soccer is being taken
seriously, but along with the focus on performance, we
should also be concerned about the physical injuries of the
athletes. Soccer consists of many high-intensity and decisive
action confrontations, and its fast and variable nature, high
level of confrontation, and tight schedule contribute to the
high incidence of sports injuries. Basically all athletes have
different degrees of physical injuries, maybe a back injury
or a leg injury, which are closely related to the sports injuries

we are discussing. Sports injuries are not like the bumps and
bruises of our lives, especially ligament strains, which take a
long time to recover from and are difficult to resist medica-
tion. Random ligament injuries have a significant impact on
the life of the operator. However, until now, there has been
no direct and effective way to treat sports ligament injuries
and only some degree of pain relief. This type of injury is
mostly characterized by localized pain in the knee joint
along with swelling, flexion, and extension difficulties, and
often walking difficulties, which in the long run can cause
fear in daily training and affect the performance of technical
movements. Currently, widely used amorphous alloy mate-
rials can be deformed according to their magnetic character-
istics and are highly sensitive to external stresses. Compared
with the traditional is metal magnetic material, non-alloy
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material atomic arrangement disorder, high resistivity, has
high permeability, low loss, can improve transformer effi-
ciency, reduce mention, and reduce weight. In addition,
nanomaterials are very small in size and can present acous-
tic, optical, electrical, magnetic, and thermal properties [1].
With the new characteristics, if nanomaterials can be com-
bined with amorphous alloy materials, they may produce
unexpected results when applied to the repair of ligament
injuries.

1.2. Significance. The combination of nanomaterials and
amorphous alloy materials in the repair of ligament injuries
can fill the current lack of effective treatment of ligament
injuries and promote the progress of medical care; curb the
adverse effects of ligament injury on athletes, so that they
can continue to struggle in their careers and improve
China’s sports performance; expand the use of nanomateri-
als and explore their functions; nanomaterials have the
advantages of large specific surface area and conductivity,
nanomaterials have the advantages of large specific surface
area and conductivity, and their application in the construc-
tion of immunosensors can effectively improve the above
shortcomings of immunosensors.

1.3. Related Work. With the development of the national
economy, sports continue to receive attention, and sports
performance has become the focus of national attention.
But in following sporting events, it is found that the physical
ailments of athletes are otherwise ignored, especially liga-
ment injuries have caused fatal injuries to athletes. We must
find an effective way to contain it. Based on basic sciences,
Pearce obtained the unanimous opinion of the members of
the ESSKA-AFAS Ankle Instability Team to propose a best
evidence method. Before the experiment, base scientific
and proclinical data on bone cell recovery after ligament
rebuilding, as well as the reconstruction of sensorimotor
control, were reviewed, and then members of the ESSKA-
AFAS ankle instability team obtained information about
the ankle based on this evidence. Rehabilitation recommen-
dations were proposed for the early postoperative period,
early recovery phase, and goal-oriented late rehabilitation
and recovery exercise phases, and practical and evidence-
based guidelines were adopted for the rehabilitation and
recovery activities after the surgery of the lateral ankle liga-
ment [2]. In order to obtain amorphous alloys with high
plasticity, Shan SF designed a series of 100xTMx alloys to
investigate the effect of Nb and Y additions on plasticity.
100xTMx alloy means Ti40 Zr25 Cu9 Ni8 Be18, where x = 0,
1, 2, 3, and 4 and TM =Nb. The plasticity of different bulk
amorphous alloys was investigated by measuring the plastic
deformation energy (PDE) during loading. The obtained
results indicate that the inclusion of Nb decreases the PDE
level, contributes to the creation of more than one fracture
zone, and obviously increases the breaking force and
complexity, but the inclusion of element Y decreases the
breaking force and plastic strain of the alloy [3]. Kuji syste-
matically prepared different microstructures by annealing
B-rich Fe-Si-B-Cr amorphous plates to obtain the best
mechanical and processing properties of the alloy. Anneal-

ing is a metal heat treatment process that involves slowly
heating the metal to a certain temperature, holding it for a
sufficient amount of time, and then cooling it at a suitable
rate. The purpose is to reduce hardness and improve
machinability, reduce residual stress, stabilize dimensions,
and reduce deformation and cracking tendencies. Thermal,
structural, and mechanical analyses show that the early reac-
tion sequence of the amorphous alloy after annealing is
characterized by structural relaxation, heterogeneous nucle-
ation of the surface α-Fe (Si) phase, and homogeneous
nucleation of the metastable Fe3B nuclei, which is influenced
by the α-encircled Fe shell [4]. Danylyak analyzed the
thermal stability and crystallization kinetic parameters of
Fe82Nb2B14REM2 (REM = Y, Gd, Tb, or Dy) amorphous
metal alloys by differential scanning calorimetry. Iron-
based alloys were crystallized in two stages; we calculated
the activation energy of the two stages of crystallization of
amorphous alloys according to the Kissinger, Ozawa, and
Augis-Bennett models. The process of doping Fe84Nb2B14
alloy with rare earth metals leads to an increase in tempera-
ture, crystallization activation energy, and frequency factor.
The doping of rare earth metals leads to a decrease in the
crystallization rate constant of alloys revealing their resis-
tance to temperature treatment [5]. Fangping conducts the
experiment by preprocessing the Zr-based amorphous alloy
with ultrasonic-assisted vibration microcompression at dif-
ferent amplitudes and frequencies and then compresses the
sample until it breaks. The process is simulated by the finite
element analysis software ABAQUS. By comparing the
results of simulation and experiment, the reliability of the
finite element model is verified. At 0, 19, 27, 36, and 43μm
ultrasonic amplitudes and 20, 25, 30 and 35 kHz frequencies,
the effect of energy flux density on the room temperature
deformation behavior of Zr-based amorphous alloys was
studied. The results show that as the ultrasonic amplitude
and frequency increase, the elastic modulus decreases, the
equivalent stress distribution becomes more uniform, and
the formability improves. This is due to the increase in tem-
perature caused by ultrasonic vibration and the increase in
the free volume concentration of the compressed sample.
However, studies have found that when the ultrasonic
energy flow density increases, the formability of amorphous
alloys decreases [6]. Ding summarizes studies that provide
information on releases of ENM in occupational settings,
in different industrial activities, and during the use of
various nanomaterials. It also assesses background informa-
tion—like the amount of material processed, protective mea-
sures, and measurement strategies—to understand which
release scenarios may lead to exposure. High-energy pro-
cesses, such as synthesis, spraying, and processing, are
associated with the release of large numbers of primarily
small-sized particles. The current analysis suggests that
process-based release potential can be ranked to help prior-
itize release assessments, which can be useful in stratifying
exposure assessment methods and guiding the implementa-
tion of workplace safety strategies [7]. Huang suggested that
nanomaterials could be used in the field of sports therapy.
Nanoscale materials have been widely used as reagents for
therapeutic and diagnostic (i.e., therapeutic diagnostics)
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purposes. He discusses some general design considerations
for advanced therapeutic diagnostic materials from a diag-
nostic and therapeutic perspective, as well as the challenges
of their use. Common classes of nanoscale biomaterials have
been shown to have diagnostic and therapeutic potential,
with size variations such as control and surface modifica-
tions that can modulate biocompatibility and interaction
with target tissues [8]. These theories have discussed tropical
damage, amorphous alloys, and ferroelectric nanomaterials
to a certain extent. Because of the limitations in the research,
the actual operation is not very rational and not practical.

1.4. Innovation. It is the first time that amorphous alloys and
ferroelectric nanomaterials are used in the rehabilitation of
ligament injuries. This is a new attempt for the entire med-
ical field. If this method can be promoted, it will achieve a
new breakthrough in sports ligament injuries. A porous
nanogold film was modified on the surface of the glassy car-
bon electrode of the large specific surface area and strong
adsorption capacity of nanogold.

2. Amorphous Alloys and Ferroelectric
Nanomaterials and Repair Methods for
Sports Ligament Injuries

2.1. Ferroelectric Nanomaterials. Nanomaterials are mate-
rials in which at least one dimension in three-dimensional
space is at the nanometer size (1-100 nm) or consists of them
as the basic unit, which is approximately equivalent to the
scale of 10 to 1000 atoms closely aligned together [9, 10].
At the beginning of the twentieth century, related
researchers discovered the dielectric properties of sub-
stances, combining organic matter with ferroelectric phe-
nomena for the first time. Because of its low density, easy
processing, and low price, it has been widely used. After
research, it has been found that there are four kinds of crys-
tals in ferroelectric nanomaterials, and the four kinds of sub-
strates can be converted to each other [11]. The specific
conversion is shown in Figure 1:

In the middle of the last century, the emergence of new
materials is the rapid development of nanomaterials. In the
subsequent gradual development, as researchers continue
to explore theories, the scope of application of nanomaterials
has become wider and wider. Nanoceramics have small
grain size, and the grains can easily move on other grains;
therefore, nanoceramic materials have very high strength
and high toughness as well as good ductility; these character-
istics make nanoceramic materials can be cold processed at
room temperature or sub-high temperature, making them
ductile and high-performance ceramics [12]. In recent years,
the continuous improvement of science and technology has
forced the upgrading of traditional materials. Due to the lim-
itations of various functions, traditional scientific and tech-
nological materials can no longer meet the requirements of
modern technology. New nanomaterials have a lot of room
for development. From the offline situation, the entire
nanomaterials are still in their infancy, and the subsequent
development is still very violent. At this stage, although
researchers choose different nanomaterials for experiments,

but so far there have been no more satisfactory results. In
short, nanomaterials are very important functional mate-
rials, and the research and application of their characteristics
still need continuous research and exploration [13, 14]. The
ratio of the number of surface atoms to the total number of
atoms in a nanocrystal particle increases dramatically as the
particle diameter becomes smaller. For example, at a particle
diameter of 10 nm, the particle contains 4000 atoms, and the
surface atoms account for 40%; at a particle diameter of
1 nm, the particle contains 30 atoms, and the surface atoms
account for 99%.

2.2. Amorphous Alloy. Amorphous alloys refer to alloyed
materials that are condensed by atoms and have an orderly
structure [15]. According to the form of amorphous alloys,
they can be divided into ribbons, fibers, filaments, and pow-
ders. Amorphous alloys have low elasticity, high toughness,
high resistivity, high chemical activity, resistance to radia-
tion damage, and high corrosion resistance. Amorphous
alloys have their own microstructures, so it causes the lack
of many functions of amorphous alloys, but amorphous
alloys also have unique properties [16]. In terms of chemical
functionality, compared with ordinary alloy materials, the
corrosion resistance of amorphous alloys is very good. This
unique advantage provides convenience for its wide applica-
tion in various fields. After research by researchers, the qual-
ity of corrosion resistance is determined by the structure and
composition of the substance, and the structure and forma-
tion of amorphous alloys are relatively uniform, so it has
good corrosion resistance. Structural uniformity refers to a
substance without structural defects such as grain bound-
aries and lattice defects. Composition uniformity refers to
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Figure 2: Magnetization of amorphous alloy materials.
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the absence of static inclusions and heterogeneous compo-
nents in the substance. The homogeneity of the composition
is due to the fact that it is a fast-hardening material and the
various atoms are “localized” before they can diffuse, so
there are no fluctuations in composition like segregation,
inclusions, and heterogeneity in the crystalline state. Since
amorphous alloy materials are satisfied, the corrosion resis-
tance is high [17].

Amorphous alloy itself has magnetic characteristics, but
because the level of development is not enough, it is difficult
to directly obtain its specific quantity; usually we use the sat-
uration magnetic induction to reflect; function expression is
as follows:

S = ϕ0 G + Kð Þ ∗ G + Kð Þ: ð1Þ

Among them, S represents the magnetic induction inten-
sity, K represents the magnetization intensity, and ϕ0 repre-
sents the constant.

In the technical magnetization diagram, the amorphous
alloy material is basically the same as the ordinary alloy
material, as shown in Figure 2:

According to Figure 2, the main influencing factor in the
magnetization process is the reversible domain wall dis-
placement or reversible domain rotation in zone a. The mag-
netization degree is weak in zone b, the initial magnetization
rate is large in zone c, the domain rotation plays a major role
in zone d, and the wall movement and domain rotation of
the internal domains in zone e are all completed.

When the magnetization of amorphous alloy materials is
relatively weak, the function expression is as follows:

Q = α1T + βT2,

W = φ1T + 4πβT2:
ð2Þ

Among them, Q represents the magnetization intensity,
α1 represents the magnetic susceptibility, T represents the
magnetic field intensity, β represents the constant, W repre-
sents the magnetic induction intensity, and φ1 represents the
initial permeability. Figure 3 is a schematic diagram of the
relationship between magnetic sensors and magnetism:

When it comes to the magnetism of amorphous alloy
materials, the stretching effect is involved, which essentially
refers to the energy exchange of the material. The specific
function expression is as follows:

ι = ι T , χð Þ,
W =W T , χð Þ,

(

χ = χ W, ιð Þ,
T = T W, ιð Þ,

( ð3Þ

whereW represents the magnetic induction intensity, T rep-
resents the magnetic field intensity, ι represents the stress,
and χ represents the strain.

The electromechanical coupling coefficient has a cer-
tain relationship with the permeability and elastic modulus
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Figure 3: Magnetic sensor and magnetic relationship diagram.
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of amorphous alloy materials, which can be expressed as
follows:

d2 =
λa − λb
λz

=
SQ − SK

SO
, ð4Þ

where λ1,λ2 represents the reversible permeability of the
amorphous alloy material under steady stress and constant
strain and SQ, SK represents the elastic modulus of the
amorphous alloy material under steady magnetic induction
and steady magnetic field strength, where

d2 = ω
φδ

φN

� �2
+
λ1 − λ2
λZ

,

S =
9
4
Sγc

2

πN2
c

νi
N
Nc

� �2
,

ð5Þ

where ω represents the magnetic susceptibility, δ repre-
sents the expansion ratio, δc represents the saturation
magnetostriction coefficient, N represents the magnetiza-
tion, Nc represents the saturation magnetization, νi repre-
sents the reversible permeability, and S represents the
elastic modulus.

In operation, stress sensitivity can be used to evaluate the
magnetostrictive effect and inverse magnetostrictive effect of
amorphous alloy materials. The specific function expression
is as follows:

T =
3γcNC

2Li
sin2ρ0 cos ρ0, ð6Þ

where γc represents the saturation magnetostriction coeffi-
cient, Nc represents the saturation magnetization, Li repre-
sents the uniaxial magnetic anisotropy, and ρ0 represents
the angle between the magnetization vector and the mag-
netic field.

The electromagnetic induction effect refers to the mutual
induction phenomenon of electricity and magnetism. For a

closed loop coil with a magnetic core, the function expres-
sion can be as follows:

Lj = −F
dμ
di

= −FS
dU
di

= −FS
d ιGð Þ
di

, ð7Þ

where Lj represents the induced voltage, μ represents the
magnetic flux, F represents the number of coils, S represents
the cross-sectional area of the magnetic core, U represents
the magnetic induction intensity of the magnetic core, ι rep-
resents the magnetic permeability of the magnetic core, and
G represents the magnetic field intensity.

Table 2: Clinical efficacy comparison experiment.

Group Excellent Good Generally Difference

1

Forward 0 0 3 15

Rear 0 5 8 6

2

Forward 0 0 5 10

Rear 7 12 13 3

3

Forward 0 7 3 13

Rear 0 10 11 2

4

Forward 0 3 6 12

Rear 3 7 9 5

Figure 4: Common ligament injuries.

Table 1: Patient status table.

Group Male Female 18-20 20-30 30-40

1 15 7 2 7 5

2 13 5 3 9 12

3 10 9 4 8 8

4 12 3 1 11 13
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If the permeability does not change with time, it means
that it can be used to detect the change of the magnetic field.
The specific detection is as follows:

Lj = −ιFS
dG
di

: ð8Þ

It has been demonstrated by experimental studies that
the Hall effect of ferromagnetic materials can be expressed as

κg =H0Q + ϕ0N H1 − SH0ð Þ =H0Q + ϕ0HcN , ð9Þ

where B represents the magnetic induction intensity of the
applied magnetic field, N represents the intrinsic magnetiza-
tion strength, S represents the demagnetization factor, H0
represents the normal hall coefficient, H1 represents the
abnormal hall coefficient, and Hc represents the spontaneous
hall coefficient.

In a low field, the induction intensity of amorphous alloy
materials is very small, dominated by anomalous effects,
which can be expressed as follows:

Pf =
βμf

βW

����
����
W⟶0

= Pc,

Pdf =
βμf

βW

����
����
W≥Nc

= P0:

ð10Þ

When the external field changes the magnetic field, the
amorphous alloy material will have an induced voltage phe-
nomenon, and its function expression is as follows:

uN = −χa Ja
dQa

di
∞−

Nc
2 Ja
ga

dQa

di
, ð11Þ

where χa represents the circumferential differential perme-
ability, Ja represents the cross-sectional area of the axial
magnetic circuit, Qa represents the circumferential magnetic
field strength, Nc represents the saturation magnetization,
and ga represents the circumferential magnetic anisotropy.

2.3. Sports Ligament Injury. With the continuous develop-
ment of economy, people pay more and more attention to
the all-round development of people [18]. The country is
also advocating the all-round development of people’s
“ethics, intelligence, physique, beauty, and labor.” Therefore,
China’s sports industry has also taken off. However, injury

in sports training is an inevitable problem. Once an injury
occurs, it will not only cause great harm to the body, but also
affect the performance of the game and reduce the perfor-
mance of the game [19]. According to statistics, in addition
to common abrasions in sports, the most common injury
is ligament. Ligaments are the most critical and complex
joints of the human body. Ligaments connect bone to bone
and are distinct fibrous tissues that either attach to the sur-
face of the bone or fuse with the outer layer of the joint cap-
sule to enhance the stability of the joint and prevent injury.
Injury occurs when the ligament is stretched beyond its tol-
erance by violence that produces nonphysiological activity.
No matter what training is being performed, the flexible
cooperation of ligaments is required. Because of excessive
use, the probability of injury is also greatly increased. Usu-
ally we divide ligaments into medial collateral ligament, lat-
eral collateral ligament, anterior cruciate ligament, and
posterior cruciate ligament. Both sides of the medial collat-
eral ligament, including longitudinal and oblique fibers, are
used to prevent knee rotation instability. The medial side is
the main structure that maintains the stability of the medial
knee joint. It is related to all parts of the body. The main
function is to prevent outward movement; when the knee
joint is flexed, the calf is suddenly adducted and internally
rotated, and the lateral collateral ligament may be injured
[20, 21]. The posterior cruciate ligament starts after the
spine of the embryonic bone. The posterior cruciate liga-
ment is also an important structure to maintain the knee
joint. Its injury can cause the instability of the knee joint
and damage other structures in the joint. Figure 4 is a picture
of common ligament injuries:

3. Amorphous Alloy and Ferroelectric
Nanomaterials and the Repair Experiment of
Sports Ligament Injury

3.1. Case Selection and Grouping. The experimental subjects
were all patients with ligament injury, aged between 18 and

Table 3: Validation of validity.

Group Total people Percentage (%)
Effective number of

people in the structure
Percentage (%)

Number of people
valid for content

Percentage (%)

Invalid 0 0 0 0 0 0

Poor results 1 9 3 27 1 9

General 0 0 2 18 0 0

Good 2 18 3 27 3 27

Excellent 5 45 4 36 1 9

Table 4: Length of ligament injury training survey.

Group Number of people Proportion (%)

More than three years 5 0.8

Two years 33 13.7

One year 98 40.7

Half a year 105 44.8%
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40 years old, and were divided into 4 groups for separate
experiments, and statistics were made according to the char-
acteristics of the patients’ age, symptoms, and gender [22].
The specific data is as follows:

According to the data in Table 1, in the four groups, the
probability of male ligament injury is greater than that of
females. Although there may be population base reasons,
this situation is not obvious from the experimental data.
From the perspective of the age of ligament injury, the num-
ber of people between 18 and 20 is relatively small, and the
number of people with ligament injuries between 20 and
40 years old is relatively large. This reflects the flexibility of
the ligament to a certain extent. Once injured, the possibility
of a complete cure is very small [23].

3.2. Comparison before and after Treatment. There is no dif-
ference between the four groups of patients with ligament
injury before treatment, and they are not comparable. Once
different treatments are passed, we can explore the differ-
ences in treatments from the treatment results [24].

According to the data in Table 2, it can be seen that
the results of treatments arranged by different groups are
not the same. In the first group, the good before treatment
is 0, the good after treatment is 0, the good before treatment
is 0, the good after treatment is 5, the normal before treat-
ment is 3, and the normal after treatment is 8, and the differ-
ence before treatment is 15, and the difference after treatment
is 6. In the second group, the good before treatment is 0, the
good after treatment is 7, the good before treatment is 0, and
the good after treatment is 12. Before treatment is generally 5,
after treatment is generally 13, the difference before treat-
ment is 10, and the difference after treatment is 3; in the third
group, the good before treatment is 0, and the good after

treatment is 0. It is 7 for good before treatment, 10 for good
after treatment, 3 for normal before treatment, 11 for normal
after treatment, 13 for poor before treatment, and 3 for poor
after treatment; in the fourth group, the good is 0 before
treatment, the good is 3 after the treatment, the good is 3
before the treatment, the good is 7 after the treatment, the
general is 6 before the treatment, the general is 9 after the
treatment, the difference before treatment was 12, and the
difference after treatment was 5. According to the overall
treatment effect, the treatment effect of the second group is
better, and the treatment effect of the third group is relatively
poor [25].

3.3. Treatment Effect Test. In order to explore the effective-
ness of the treatment effect, it is not only necessary to look
at the operation, but also the probability of recurrence. In
order to ensure the validity of the data and scientifically
and reasonably reflect the content of the research and dis-
cussion, we have analyzed the collected data in various ways.
In order to increase the authority of the conclusions, we have
invited relevant researchers to conduct research based on the
survey questions rationality assessment. The details are as
follows:

According to the data in Table 3, in the total number of
questionnaires, 0% of people think it is invalid, 9% think that
the effect is not good, 0% think that the average person
thinks the effect is good, and 18% think that the effect is very
good. In the structural effectiveness survey, 0% of people
think that the effect is invalid, 27% think that the effect is
not good, 18% think that the average person thinks the effect
is good, 27% think that the effect is good, and the proportion
thinks that the effect is very good 36%; in the content valid-
ity survey, 0% of people think it is invalid, 9% think the effect

145

150

155

160

165

170

0 0.5 1 1.5 2

V
ol

ta
ge

Distance

Category 1
Category 2

450

455

460

465

470

475

480

485

490

495

500

0 0.5 1 1.5 2

Fr
eq

ue
nc

y
Distance

Figure 5: Schematic diagram of the forces applied.
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is not good, 0% think the effect is good, 27% think the effect
is very good, and 9% think the effect is very good. According
to the survey results, although the overall treatment effect is
not good, the data obtained is still valid. The side proves that
the validity survey method is correct and can continue to be
implemented.

According to the data in Table 4, it can be seen that lig-
ament injury training is prone to occur. In the survey data,
the number of people who trained for three years or more

was 5, the percentage of ligament injuries was 0.8%, the
number of people who trained for two years was 33, the per-
centage of ligament injuries was 13.7%, and the number of
people who trained for one year was 98. The proportion
was 40.7%, the number of training for half a year was 105,
and the proportion of ligament injuries was 44.8%. Accord-
ing to ten sentences, ligament injuries often occur at the
beginning of training, which is closely related to the training
method and self-protection consciousness. The more training
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time, the less chance of ligament injury, so to a certain extent
the protection of ligaments. In addition to medical treatment,
it is more important to increase the awareness of self-protec-
tion, find the correct training method, and reduce the proba-
bility of injury. In this way, the ligaments can be maintained
in a good state without frequent injuries.

4. Amorphous Alloys and Ferroelectric
Nanomaterials and the Repair Analysis of
Sports Ligament Injuries

4.1. Amorphous Alloy Material Design. According to
Figure 5, the distance change during the whole experiment
is within 2mm, but the voltage change is within 20V.
Although there is a linear downward trend in the perfor-
mance of the entire image, the actual value is very small
and difficult to measure; this phenomenon also occurs in
the frequency; the distance change is only 2mm, and the fre-
quency is only 30 kHz floating, which will cause great diffi-
culty to the subsequent data capture.

4.2. Ferroelectric Properties of Nanomaterials. According to
the data in Figure 6, the performance of the amorphous alloy
material changes greatly by changing the voltage during the
experiment. When the voltage is negative, the value obtained
is also negative. When the voltage is positive, the obtained
value is also a positive value. When the voltage is zero, one
of the obtained values is a positive value, and the other is a
negative value, which indicates that the material has strong
ferroelectricity. When the voltage is -10V, the amplitude dif-
ference between the two is very small. When the voltage is
-5V, the two substances are almost the same. When the volt-
age is 0V, the two substances begin to have a gap. When the
voltage is 5V, the difference between the two substances in
the gap began to narrow. When the voltage was 10V, the
two substances were almost the same.

4.3. Ligament Rehabilitation Training. According to the data
in Figure 7, before rehabilitation training, the gap between
male and female active knee flexion angles is very small. Pas-
sive knee flexion angle is 95 degrees for boys and 115 degrees
for girls. From this data, it can be shown that girls’ ligaments
are more flexible and injured during training. The probabil-
ity is lower. After a period of training, the active knee bend-
ing angle of boys is 125 degrees, the active knee bending
angle of girls is 130 degrees, and the knee bending angle of
women is still greater than that of men. This proves the pre-
vious point of view. In passive knee bending training, the
angle of boys after training has reached 140 degrees, and
the angle of girls has reached 148 degrees. Although the
overall situation has not changed, it has changed signifi-
cantly from before training, indicating that this training is
effective.

5. Conclusions

With the continuous advancement of science and technol-
ogy, sports and sports performance have received unprece-
dented attention, but we must pay attention to the physical

condition of the athletes while focusing on honor. The topic
of this paper is the repair of amorphous alloys and ferroelec-
tric nanomaterials and the repair of sports ligament injuries
in soccer. It is expected that the excellent properties of amor-
phous alloys and ferroelectric nanomaterials will play a role
in the treatment of ligaments. In the experiment, this paper
mainly completed the following tasks: (1) Research and
exploration were carried out from the preparation of new
composite magnetic nanomaterials, the construction of
immunosensor interface, and the development of new signal
amplification and renewable immunosensors. (2) Various
methods have been used to conduct in-depth investigations
and studies and statistical analysis of the data obtained one
by one, to formulate the corresponding rehabilitation train-
ing plan. (3) The excellent characteristics and sensitivity of
amorphous alloys and ferroelectric nanomaterials are higher
than those of conventional methods, with a wide linear
range, and are expected to be applied in the field of clinical
testing. However, there are still many shortcomings in the
experimental work: (1) The experimental subjects are not
large enough, and they are only searched in a limited range,
which cannot represent the ligament training situation of
various sports, so the data obtained is not universally repre-
sentative. (2) The strength and flexibility of vulnerable parts
should be strengthened during the training process. Due to
the complexity of sports and different characteristics, it is
impossible to provide accurate training methods.
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Graphene is a two-dimensional material with excellent performance and unique structure. Since its successful manufacturing in
2004, it has quickly become a research hotspot in the fields of materials, chemistry, physics, and engineering. This article focuses
on the study of exfoliated single-layer graphene based on dispersed carbon nanotubes and understands the related theories of
carbon nanotubes and exfoliated single-layer graphene on the basis of literature data. The mathematical model and simulation
calculation method are analyzed, and then, the effect of the single-layer graphene peeling based on the dispersed carbon
nanotubes is tested, mainly to the experimental verification of the peeling process parameters and the influence of the
dispersant on the peeling effect, and then, the peeled graphite quality of the graphene was tested, and the test results showed
that the thickness of single-layer pure graphene is 0.6-0.9 nm, and the experimental statistics show that the graphene of single-
layer and double-layer occupies 81% of the experimental sample; most of the single-layer graphene exfoliated based on
dispersed carbon nanotubes in this paper is single-layer, two-layer graphene, and a relatively small amount of multilayer graphene.

1. Introduction

In recent years, due to the widespread application of com-
puter technology and the mature development of computing
technology, a new round of scientific and technological rev-
olution has been produced for computer simulation
methods [1, 2]. In addition to theoretical research and
empirical analysis, computer molecular simulation has also
become another important scientific investigation method
for people to understand the microcosm. At the same time,
it is the main tool and method for new material design
research [3, 4]. The computer extracts numerical values
related to atomic diffusion coefficient, electron diffusion
orbital through dynamic simulation, and numerical values
that cannot be reflected in theoretical research or experi-
ments [5, 6].

As a major type of petrochemical raw material, carbon
nanotubes are widely used in the separation, refining, and
processing of products in the chemical industry such as pet-
rochemical, gasoline, and natural gas [7]. The special physi-
cal properties of various aspects, such as electricity, have
attracted the attention of foreign scientists [8, 9].

The natural absorption isotherms of hydrogen atoms in
pore size carbon nanotubes at different working tempera-
tures have been found that under high and low temperature
conditions, a moderate increase in the diameter of the car-
bon tube can also help hydrogen storage [10]. Therefore,
some researchers have developed almost equivalent models
to analyze the mechanical properties of carbon tubes used
as reinforcement materials. The research results show that
when the total integral number of carbon nanotubes is fixed,
the measured value of sidewall/resin carbon nanotubes
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increases as the diameter of carbon nanotubes increases and
continues to remain constant after exceeding the specified
value. When the diameter of carbon nanotubes reaches sixty
to eighty nanometers, the strength of the single-wall carbon/
composite is maximized. When the volume fraction of car-
bon nanotubes changes, it can be found that as the volume
fraction of carbon nanotubes increases, the measured value
of Young’s axis also increases accordingly. In other words,
when the volume fraction of carbon tubes reaches 25%, the
axial elastic modulus of the composite resin with the same
orientation of carbon nanotubes can reach 330GPa. At the
same time, in the case of composite resins in which carbon
nanotubes are randomly distributed in the range of 0 to
7%, as the volume fraction of carbon nanotubes increases,
the measured value also increases [11]. Some researchers
studied the exfoliated graphene and chose N,N-dimethyl-
propylamine, N-(3-dimethylaminopropyl)methacrylamide,
and 2-(tert-butylamino)methylacetonitrile. As a solvent, it
participates in the production of graphene, but because the
content of the graphene diffuser produced by it varies greatly
and, at the same time, due to the continuous expansion of
raw materials and the continuous peeling of the precipitate,
the content of graphene in the solution reaches 15mg/mL-1.
This is due to the strong interaction between the substance
in the solution and the graphene. Therefore, the interaction
between the solvent and graphene is the key reason for
determining the content of graphene in the solution, and it
is also the main reason to consider when choosing the sol-
vent [12]. Some researchers used three different molecular
ratios. The preparation of graphene solution was studied
through the three-proportion system method. The above
three parts of the mixed solution must be mixed at a high
speed of 120 revolutions per minute for ten minutes before
use, and the solution and the coloring solvent must be thor-
oughly mixed. When the molar ratio of BA reached 1 : 3, the
dispersed content of graphene was as high as 6.5mg/mL.
When the NBA molar ratio reaches 1 : 4, the graphene con-
tent is only 0.09mg/mL, and when the molar ratio reaches
1 : 3, it is only one-72nd, and it also shows that this ratio will
make the n-butanol molecule internal self-bonding gener-
ated, so that the individual DMF solution can be stripped
to obtain graphene, but different mixed solutions can neither
guarantee the dispersion stability of graphene nor the stabil-
ity of the graphene diffusion liquid, so different mixed solu-
tions can affect graphene. The diffusion concentration
produced a great difference [13]. This type of research lacks
data support, and the conclusions drawn are still open to
question. In summary, the research on the preparation of
graphene has attracted much attention, but the preparation
process is affected by many factors, so it is necessary to
investigate these factors in depth.

This paper studies the exfoliation of single-layer gra-
phene based on dispersed carbon nanotubes and analyzes
the structure of carbon nanotubes, the preparation method
of exfoliated single-layer graphene, and the factors affecting
the stripping effect on the basis of literature data. Research
is carried out based on the mathematical model and simula-
tion calculation method of the single-layer graphene exfoli-
ated by dispersed carbon nanotubes, and then, the

graphene exfoliated by this method is tested, and relevant
conclusions are drawn from the test results.

2. Carbon Nanotubes and Exfoliated Single-
Layer Graphene

2.1. The Structure of Carbon Nanotubes. The basic structure
of the carbon tube can be obtained using graphene sheet
mapping [14]. The grid of the graphite sheet is represented
by the vector C = na1 +ma2 (n and m are integers, and al
and a2 are the unit vectors of the graphite layer) [15]. The
basic process of using flat grid points in the graphite layer
to make carbon nanotubes is shown in the figure: starting
from grid point zero, first use grid point A to establish grid
vector C, and then, establish a line perpendicular to vector
C, and then use points O and B to indicate. This point is a
threaded grid point in the two-dimensional layer of the
graphite layer, and the vector OB is a convertible vector, rep-
resented by T (see Figure 1). The straight line OD is a line
parallel to the unit vector A, and the angle between the
carbon-carbon bond of the hexagonal lattice perpendicular
to the vector ODC and the sawtooth axis along the sawtooth
axis of the hexagonal graphite lattice and the OD is θ. A line
C passing through the spiral vector perpendicular to point A
and a line perpendicular to point OB intersect at point B at
point B′. The atomic weight contained in the rectangular
OAB′B is the atomic weight contained in the single-walled
carbon nanotube unit cell. On the axis OB, roll the powder
sheet and align OB and A with the axis AB′ or align the axis
OB with the axis AB′ to form the circumference of the main
body of single-walled carbon nanotubes, and form the
single-walled carbon tube of the main body at OB; the OA
is formed around the single-walled carbon tube. Throughout
the development process, it has been found that two param-
eters (n and m) can be used to describe single-walled carbon
tubes. Regardless of the attribute, the structure of single-
walled carbon nanotubes is completely determined by two
quantities (n and m) (diameter and helix angle or both
showing the graphite sheet structure index or helix vector
C and translation vector T). Therefore, only selecting the
spiral vector C of the graphite mesh determines the basic
structure of the carbon tube and various technical parame-
ters [16].

2.2. Preparation Method of Exfoliated Single-Layer Graphene

2.2.1. Mechanical Peeling Method. The mechanical peeling
method, as the name implies, is to use external physical
and mechanical forces to resist the van der Waals force
between the toner layers to peel the toner [17]. The raw
material often used here is highly oriented pyrolytic graph-
ite. The process of manufacturing graphene involves gradu-
ally grinding centimeter-sized graphite blocks into smaller
graphite flakes, and then grinding them into nanoscale
graphite flakes. Graphite flakes continue to decompose and
become thinner and thinner.

2.2.2. Liquid Phase Exfoliation Method. The liquid phase
exfoliation method is a solution that can be produced
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industrially, and it is also suitable for the manufacture of
graphene composite materials [18]. The exfoliation method
must overcome the van der Waals force between graphite
layers, and the diffusion of graphite in liquid is the most
direct and effective way to reduce the van der Waals force.
Therefore, the liquid phase exfoliation method generally
includes the following three stages: (1) the diffusion process
of graphite in the solvent; (2) the auxiliary exfoliation by
means of ultrasound, microwave, shear, heating, and electro-
chemistry; and (3) graphite obtained by centrifugation. The
exfoliation preparation of graphene solution can include
two types of substances: direct liquid phase exfoliation and
auxiliary liquid phase exfoliation [19]. Figure 2 is a sche-
matic diagram of the principle that the solvent disperses gra-
phene in the solution smoothly.

2.2.3. Chemical Vapor Deposition Method. After decompos-
ing some carbon-containing compounds, other forms of car-
bon can be converted to graphitic carbon. In subsequent
catalysis experiments, the researchers found that the contact
of hydrocarbons or carbon vapor with nickel or single crystal
platinum can also form a graphite layer [20]. Subsequent
studies have shown that the filled d orbitals of transition
metals can absorb some carbon atoms. This provides a basis
for the preparation of graphene by CVD [21]. When the car-
bon material is decomposed at a high temperature, the car-
bon atoms combine with the metal to form a carbon
source. Due to the limited amount of molten metal carbon,
sp2 hybrid carbon is deposited to form graphene. The type,
concentration, and duration of the carbon source introduced
during the deposition process have a significant impact on
the size and number of graphene layers obtained. Figure 3
shows the preparation process of the CVD method.

2.2.4. Granulator Method. When the granulator rotates at a
high speed, the water tank on the granulator rotates around
the main shaft of the turntable and rotates around its own
main shaft, thereby realizing planetary motion. Under the
influence of high-speed centrifugal force, the crushing ball
and the material in the tank rotate together at high speed,
and a higher kinetic energy is formed in the relative move-
ment between the crushing ball and the material. The shear
stress and compressive stress between them cause the mate-
rial to be stripped and crushed. The use of granulation in

graphene production roughly includes wet granulation and
dry granulation. The main medium of granulation is organic
solvent (such as DMF, NMP, and cyclobutane) [22].

2.3. Factors Affecting Peeling Effect. Because the surface
energy of graphene is high, the surface energy of the solution
selected in the production process must be consistent with
the surface energy of graphene, and it can diffuse into the
solution stably. But at the same time, solutions suitable for
exfoliating graphene are usually expensive and toxic. Water
is the most commonly used solution, which is relatively safe
and has the highest biocompatibility. However, the surface
tension of water is far from that of graphene. Regarding this
issue, R&D personnel have done a lot of research and added
surfactants to adjust the H tendency so that the graphene is
exfoliated from the water phase [23].

2.4. Simulation Calculation Method. Molecular simulation is
usually a classic engineering-based research method, includ-
ing molecular engineering, Monte Carlo, and molecular
dynamic simulation [24]. This method regards the molecu-
lar model or system as a classical engineering model and cal-
culates the molecular energy by repeatedly sampling the
constitutive space of the molecular system to obtain the
molecular orbital and structural properties. Molecular
dynamic (MD) simulation is a type of molecular simulation
that not only studies the structural properties of molecular
systems but also analyzes the thermodynamics, migration,
and chemical properties of the system. Therefore, it is widely
used in materials, biopharmaceuticals, chemistry, and other
fields.

(1) The molecular dynamic simulation process is mainly
composed of the following three parts. (1) Calculate
the total kinetic energy of the entire system. (2) Cal-
culate the internal force of each molecule (atom)
from the relationship between kinetic energy and
force. Then, according to Newton’s classical
mechanics, the position of the atom can be inferred.
(3) Solve physical quantities such as dynamics and
thermodynamic properties according to the struc-
tural properties of the system [25]

(2) Some important issues in molecular dynamic
simulation

2.4.1. Potential manipulation and energy optimization.
Dynamic function is a form of function that controls the
interaction force between atoms, which directly determines
the dynamic energy of a system composed of different
atoms, and is the most important parameter to control
dynamic simulation [26]. For each atom, various potential
characteristics must be selected to explain the interaction
between them. A typical potential function is usually formed
by superimposing various forms of interaction between indi-
viduals, such as the following equation:

U =〠Ubonds+〠Uangles+〠Udihedral+〠Uimproper

+〠Uinverison+〠Ucross+〠U int er:
ð1Þ

O

B

A

B`

D

𝜃

Figure 1: Schematic diagram of graphene sheet mapping to carbon
nanotubes.
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In the formula, the following are shown: (1) the potential
energy caused by the expansion and contraction of the bond;
(2) potential energy caused by the bending of the bond
angle; (3) the potential energy when the dihedral angle devi-
ates from the equilibrium position; (4) potential energy
caused by pseudo-distortion; (5) potential energy caused by
face flip; (6) interaction, potential energy caused by cou-
pling; and (7) intramolecular nonbond interaction.

2.4.2. Conditions. In order to generate relatively accurate
regular statistical data and accurately predict the macro-
scopic properties of materials and structures, it is necessary
to perform MD simulations on systems with a large number
of microscopic particles. However, due to the limitations of
existing calculation conditions, up to 108 particles can be
simulated, which is different from the macroscopic size,

which is not enough at present. Periodic restrictions are usu-
ally introduced in the dynamic simulation to eliminate the
restrictions as much as possible. In other words, the creation
of a central unit gives a period limit that allows the system to
recur in space and expands the system to infinity [27].

2.4.3. Overall and temperature and pressure control. MD
simulates the motion of the system on the atomic scale,
and the molecules perform a large amount of thermal
motion. Therefore, statistics must be performed on the sys-
tem containing a large number of particles to represent the
statistical sample. In addition, the system for studying ther-
modynamics cannot be infinite, it must be finite. In quan-
tum mechanics, the sum of the quantum states of each
small particle in a thermodynamic system is its microscopic
state. As a statistical engineering concept, the collection rep-
resents a collection of thermodynamic systems with the
same macroscopic state but not necessarily the same micro-
scopic state. The macroscopic state of the thermodynamic
system mainly includes temperature (T), pressure (P), vol-
ume (V), and energy (E). Therefore, in the case of the same
chemical composition of the system, the set can be divided
into volume and energy harvesting NVE ensemble, pressure
and temperature NPT set, same volume and temperature
NVT set, etc.

When different holistic therapies are used in the system,
the molecules in the system are in different states. Therefore,
for different structures and molecules, different sets must be
selected accordingly to control macroscopic conditions such
as temperature and pressure.

The dynamic simulation in this paper mainly adopts the
Berenson constant temperature variable method and pro-
portional coefficient constant pressure method to control.

(1) Berenson variable scale thermal bath method. This
method performs temperature control by connecting the
analog system to a thermostatic bath with a temperature of

Solvent molecule
(e.g. N-Methyl-2-

pyrrolidone (NMP) )

Graphite

Surfactants / intercalators
(so-called surface stabilizers)

Liquid-phase
exfoliation

Surfactant-assisted
Liquid-phase exfoliation

 

Figure 2: Liquid phase exfoliation (LPE) process.
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Figure 3: Schematic illustration of the preparation of grapheme by
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T . This means that the heat exchange rate is proportional to
the temperature difference between the two.

dT tð Þ
dt

= T0 − T tð Þ
τ

: ð2Þ

1 is called the relaxation time, and the smaller the equi-
librium time, the shorter (usually choose c~0. lps). As men-
tioned earlier, the dynamic simulation uses the difference
formula to approach the differential equation step by step.
Here, Taylor’s expansion and Fourier’s law are used to
expand in 2 places to solve the problem:

T tð Þ = T0 + T 0ð Þ − T0ð Þe−t/τ, ð3Þ

T t + Δt/2ð Þ
T t − Δt/2ð Þ = λ2, ð4Þ

where 3 is the acceleration factor.

2.5. Principles of Simulation Calculation. The basic principle
of molecular dynamics is to first reflect all kinds of particles
to its original position and momentum and then adjust the
motion rules of these particles to completely obey the New-
tonian equation of motion [28]. The data can be used to
solve the equations to obtain displacement, velocity, and
acceleration. The principles of statistical physics calculate
system mechanics, thermodynamics, kinetics, and their
properties.

Imagine a system composed of N particles; the sum of
the total kinetic energy and kinetic energy of the particles
is the total kinetic energy of the entire system. According
to Newton’s second law, the acceleration of particle i is

a = F
m
: ð5Þ

According to classical mechanics, force 1 received by
each particle i is the negative gradient of the potential energy
function U :

Fi = −∇iU : ð6Þ

It can be seen from the above that the basic principle of
molecular dynamic modeling is to first obtain the dynamic
ability of the particles from the relative position of the mov-
ing particles and then calculate the force acting on the parti-
cles and the acceleration of motion by Newton’s second law.
After that, through the original velocity and initial displace-
ment, the velocity and displacement after time t can be
obtained, and then, through repeated cycles, the velocity
and displacement of new particles can be obtained every
day. The basic principle of solving the Newtonian equation
of motion above is to resolve a normal quadratic differential
equation step by step through the finite difference method in
a very short time step. Some classic calculations are summa-
rized below.

(1) The Verlet algorithm is usually the simplest and is
loved by many researchers. Its generation is the
result of Taylor’s expansion of particle coordinates
at time t:

r t + Δtð Þ = r tð Þ + V tð ÞΔt + 1
2! a tð Þ Δtð Þ2+:⋯ , ð7Þ

r t + Δtð Þ = r tð Þ −V tð ÞΔt + 1
2! a tð Þ Δtð Þ2 + ::⋯

ð8Þ

Add the two equations together to get

r t − Δtð Þ = −r t − Δtð Þ + 2r tð Þ + a tð Þ Δtð Þ2 ð9Þ

3. Mathematical Model and Simulation
Calculation Method Based on the
Exfoliation of Single-Layer Graphene from
Dispersed Carbon Nanotubes

3.1. The Idea of Exfoliating Single-Layer Graphene with
Dispersed Carbon Nanotubes

(1) Establish a mathematical model based on the high-
speed centrifugal motion of the crushing sphere in
the crushing cavity and the motion trajectories of
the collision sphere and the shear sphere

(2) The centrifugal shear strength is calculated accord-
ing to the model

(3) Calculate the scattering limit length of the blind zone
between the spheres based on the model, that is, the
boundary scattering zone

3.2. Preparation Process. Take 0.8 kg of carbon nanotube
powder, 3 kg of dispersant, and 20m of solvent, and the sol-
vent is NMP. After the above materials are stirred and dis-
persed in the dispersion tank, they are continuously
transported to the 30-liter crusher through a constant-
speed diaphragm pump and a 30-liter crusher. The inner
cavity is straight 244mm. In the crusher, the material is con-
tinuously supplied to the crusher in a continuous crushing
mode. The crusher continuously crushes and outputs the
crushed materials at the same time and be crushed and dis-
persed at a high speed of 11m/s for 10 hours to form a vis-
cous dispersion of carbon nanotubes.

3.3. Establishment of Carbon Nanotube Model. The carbon
tube has a hexagonal crystal structure. Each carbon atom
in the carbon nanotube is connected by three other con-
nected carbon atoms, among which the sp two-
hybridization is the most important. Single-walled carbon
nanotubes can also produce graphene-level mapping, so that
the regular hexagonal lattice of carbon nanotubes forms a
certain angle with the axis. In other words, the carbon nano-
tubes now appear to be spiral and have chiral characteristics.
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It can be divided into three types: sawfish type, armchair
type, and spiral type.

In this article, the Materials Studio modeling software is
used to create carbon nanotube models and hybrid carbon
nanotubes with different structural parameters. The diame-
ter of the carbon nanotube structure is 8.14A and the length
is 120.52A.

3.4. Centrifugal Friction Shear Strength. The simulation cal-
culation method provided in this article is based on the rapid
centrifugal movement of the crushing balls in the crushing
chamber. The balls collide with each other and shear, peel
off the single-wall graphene, and disperse the carbon nano-
tubes. The mathematical model of collision and friction
between spheres calculates the shear strength 1 between
spheres as follows.

Pd =
Fc

1/2ð ÞSq
= 4ρv2r2

3R2 , ð10Þ

ni =
V1
V2

= 3m
4ρπr3 , ð11Þ

〠P = niPd =
mv2

πR2r
, ð12Þ

where 1 is the linear velocity of the centrifugal movement of
the sphere, R is the radius of the grinding cavity, r is the
radius of the sphere, 2 is the shear friction between the two
spheres, and S sphere is the surface sphere of the grinding
cavity. V is the volume of a single sphere, 5 is the density
of the sphere, 3 is the shear strength of the friction between
the spheres, 6 is the number of spheres,m is the total mass of
the sphere, and 4 is the shear force and the shear strength
between the total friction.

3.5. The Dispersion Limit Length of the Dispersion Limit
Zone. Table 1 takes a 30 L grinder with a direct inner cavity
of 244mm and a linear velocity of 11m/s as an example to
calculate the selection of balls and the limit dispersion table:

From the data in Table 1, we can see that when the
diameter of the sphere is less than 1.2μm, the dispersion
limit length of the limit dispersion zone is less than
1μm. In other words, the dispersion is performed at the
nanometer level. The diameter r of the sphere is less than
0.38μm, and the shear strength reaches the limit value of
650.12GPa, which is the peeling of graphite flakes. The
toner flakes are peeled to form a single layer of graphene
dispersed in the liquid.

3.6. Stripping Parameters. The grinding process contains a
variety of process parameters that need to be balanced
and controlled, such as graphene exfoliation and carbon
nanotube diffusion. Through the peeling and diffusion
effects after the test, the main parameters of the entire
processing flow are determined. After the process parame-
ters are selected, the process parameters need to be strictly
controlled to achieve graphene exfoliation and carbon
nanotube diffusion. Due to the change of process

parameters, the results of delamination and diffusion will
be quite different.

3.7. Graphene Detection Method

(1) At present, graphene characterization mainly
includes graphene morphology characterization and
thickness characterization. The UV spectrophotome-
ter mainly measures the absorbance and concentra-
tion of the graphene dispersion obtained by the
liquid phase separation method. XRD is used as a
tool for measuring crystallinity and interplanar spac-
ing. The 2θ angle of the crystal can be combined with
the Bragg equation to calculate the interplanar spac-
ing of the crystal, and the change in the crystal struc-
ture can be inferred from the change in 2θ. Graphite
is a stable structure formed by stacking graphene
sheets, 2θ = 26:6°, and the corresponding interplanar
spacing is 0.335 nm. When graphite is exfoliated into
graphene, the structure of graphite is destroyed, and
the peak intensity of graphite at 26.6° is significantly
reduced, the peak shape becomes wider, and the
intensity and peak can be reduced. The Raman spec-
trum of graphene contains different D and G peaks.
The degree of graphene defects can be judged by
the ratio of the D peak to the G peak. The greater
the ratio of the two, the greater the defect. XPS can
measure the carbon and oxygen content of graphene.
Generally speaking, the higher the oxygen content of
graphene, the higher the degree of substitution of the
original structure of graphene, and the larger the
defects in graphene. The Raman and XPS character-
ization results are complementary to each other.
Both SEM and HR-TEM can characterize the exter-
nal shape of graphene nanosheets. Among them,
SEM can measure the internal shape and area of gra-
phene nanosheets and characterize the external
shape of multiple graphene sheets, but because of
the low resolution, the detailed internal structure of
each graphene sheet cannot be clearly seen. HR-
TEM’s ultrahigh resolution technology can over-
come this problem. In the HR-TEM graph, the shape
and thickness of the graphene sheet can be clearly
seen, and the number of internal grid patterns can
be known by magnifying the edge of the graphene
sheet and determining the number of graphene
layers. At the same time, HR-TEM’s selected area
electron diffraction (SAED) technology can also
make people distinguish single-layer, double-sided,
and multilayer graphene. AFM can measure the
internal thickness of graphene nanosheets. This
function also makes it a powerful tool to characterize
the number of graphene layers. By combining the
thickness of single-layer graphene, the number of
multilayer graphene sheets can be measured, and
the distribution of the thickness and number of
layers of the prepared graphene nanosheets can be
calculated through mathematical statistics of specific
numbers
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(2) UV-Vis is one of the most commonly used methods
to characterize the concentration of graphene.
According to Lambert’s law, the absorbance of a
dilute solution is directly proportional to the thick-
ness of the liquid layer and the concentration of the
substance. The reason for being limited to dilute
solutions is that the average distance between sub-
stances increases at high concentrations, and indi-
vidual graphene particles are affected by
neighboring particles and their charges, changing
their ability to absorb specific radiation

4. Based on the Effect of Stripping Single-Layer
Graphene from Dispersed Carbon Nanotubes

4.1. The Influence of Preparation Conditions on the Effect of
Exfoliating Single-Layer Graphene

(1) The influence of various temperature and pressure
variables on the performance of graphene is studied,
and the experimental results are shown in Figure 4

As shown in Figure 4, at a high temperature of 250°C,
the rate of graphene formation is about ten percent. When
the high temperature rises to 450°C, the rate of graphene for-
mation is reduced from 10% to 7%. When the high temper-
ature exceeds 450°C, the solvent decomposes in a large
amount. But facts have also proved that high temperature
is not conducive to graphene peeling. Due to the increase
in pressure, the utilization rate of graphene has increased.
When the pressure rises by 26MPa (the maximum operating
pressure allowed by the reactor), the utilization rate of gra-
phene will reach 12%. High pressure may also be thought
to help exfoliate graphene.

(2) A brief study of the influence of speed on graphene
output during centrifugation is shown in Table 2

It can be seen from Table 2 that under the same reaction
conditions and the same separation time, the yield of gra-
phene samples is 15% when the speed is 500 rpm, the yield
of graphene samples is 11% when the speed is 1000 rpm,
and the yield of graphene samples is 1500 rpm when the
speed is 1500 rpm. The rate is 7%. The yield of graphene
samples decreases as the rotation speed increases.

Table 1: Select ball and limit dispersion table.

Ball diameter
(μm)

Friction shear
strength (GPa)

Dispersion limit
length l (um)

Remark

1.41 184.98 1.10 Micron dispersion

1.22 215.73 0.95

Nanodispersion (dispersion of carbon nanotubes)1.12 258.98 0.79

0.61 431.55 0.49

0.42 647.23 0.32 Nanodispersion, there will be flattening and tearing phenomenon
(exfoliation of single-layer graphene)0.39 650.12 0.31
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Figure 4: Influence of preparation conditions on the effect of exfoliating single-layer graphene.

Table 2: Effect of speed on graphene production during
centrifugation.

Entry Rotating speed (rpm) Time (min) Yield (%)

1 500

35

15

2 1000 11

3 1500 7
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4.2. The Influence of the Amount of Dispersing Aids on the
Peeling Effect of Single-Layer Graphene. The system was pre-
pared with different concentrations of dispersing aids and
peeled at 3500 rpm for 15 minutes and then centrifuged at
1100 rpm for 35 minutes to obtain a graphene dispersion.
The law of concentration is shown in Figure 5.

It can be seen from Figure 5 that, as the concentration of
the dispersant increases, the concentration begins to
decrease and eventually stabilizes and no longer changes.
The initial increase in the concentration of the dispersion
aid is due to the fact that it provides more stabilizers for
the adsorption of the graphene surface, resulting in an
increase in the stability of the dispersed graphene. However,
when the polymer concentration exceeds the critical value
(2mg/mL), the dispersed graphene concentration does not
increase but decreases. This phenomenon is because the
excess dispersant molecules entangle with each other to form
supramolecular structures such as micelles. The supramole-
cules are too large to enter the outer layer of the space gra-
phene sheet, and as a result, the amount of graphene
dispersed does not increase. In short, the optimal dispersion
concentration of 2mg/mL is selected and then determined as
a constant process parameter.

4.3. Stability of Graphene Dispersion. Under normal circum-
stances, the stability of solute molecules (hereinafter referred
to as graphene) in solution mainly depends on three kinds of
interactions: the interaction between the solvent and the sol-
ute, the interaction between the solvent and the solvent, and
the interaction between the solute. In the mixed solvent sys-
tem, the solvent-cosolvent interaction also has a significant
impact on the solvent-solute interaction and solute stability.
Excess molar volume, as a kind of excess thermodynamic
force, and excess molecular volume may reflect the interac-
tion between molecules in the mixture. For a mixed system
of water and TMU, the excess molecular weight can be cal-
culated by the following formula. Table 3 shows the calcu-
lated value of excess molar volume.

VE = xM1 + 1 − xð ÞM2½ �ρ − xM1ρ1 − 1 − xð ÞM2ρ2: ð13Þ

In the formula, 1 and 2 represent the density of water,
TMU and water-TMU and mixed solvent, respectively, and
3 and 4 represent the density of water and TMU,
respectively.

It can be seen from Table 3 that when the volume frac-
tion of water is 0.3, the excess molecular volume of the
mixed solvent is the minimum, and the dispersion concen-
tration of graphene is the maximum.

The concentration of the dispersion aid is selected as
2mg/mL, and the relationship between the eccentricity of
the graphene concentration (left) and the sedimentation
time (right) is obtained. The initial graphite concentration
is 80mg/mL, the shear removal time is 15 minutes, and the
solution is left for 6 hours. Remove the supernatant and cen-
trifuge at different speeds for 35 minutes. Take the superna-
tant and measure the absorbance. After calculating the
concentration, take the supernatant and observe the concen-
tration of the graphene dispersion after different precipita-
tion times. The results are shown in Figure 6.

It can be seen from Figure 6 that the graphene concen-
tration is inversely proportional to the eccentricity. If the
centrifugation speed is slow, a high-concentration graphene
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Figure 5: Influence of the amount of dispersing aids on the effect of exfoliating single-layer graphene.

Table 3: Calculated value of excess molar volume.

Water volume fraction (Vw) Density Excess molar volume

1.0 0.997 0.00

0.9 0.999 -0.10

0.8 1.002 -0.25

0.7 1.005 -0.44

0.6 1.008 -0.67

0.5 1.010 -0.96

0.4 1.011 -1.22

0.3 1.001 -1.61

0.2 0.998 -154

0.1 0.982 -1.23
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dispersion can be obtained. On the contrary, the obtained
graphene concentration is low. In the actual preparation
process, the concentration and stability of the graphene dis-
persion are the most significant factors. At high eccentricity,
the graphene dispersion is very stable, but the concentration
is low. The obtained graphene has a high concentration, but
the dispersibility is unstable. Precipitation experiments show
that after 2 days at room temperature, about 96% of gra-
phene is still stably dispersed in the system. This indicates
that the entire system is in a stable state.

4.4. Evaluation of the Exfoliation State of Graphene. The
AFM and TEM testing methods were used to characterize
the exfoliation state of graphene, and the resulting sheet size
distribution and thickness distribution are shown in
Figure 7.

It can be seen from Figure 7 that more than half of the
graphene sheets are 300-500 nanometers in size, and more
than 80% of the graphene sheets are about 1.5 nanometers

in size. The thickness of a single layer of pure graphene is
0.6-0.9 nm, and the thickness of each layer is slightly larger
than that of pure graphene, because the graphene sheet here
adsorbs a dispersion aid. Thickness statistics show that most
of the graphene obtained in the experiment is single-layer,
double-layer, and a very small part of graphene with few
layers.

5. Conclusions

This article focuses on the exfoliation of single-layer gra-
phene based on dispersed carbon nanotubes. This paper
establishes a mathematical model based on the high-speed
centrifugal motion of the crushing ball in the crushing cavity
and the motion trajectories of the collision ball and the
shearing ball. According to the model, the centrifugal shear
strength and the scattering limit length of the blind zone
between the spheres are calculated, that is, the boundary
scattering region. After understanding the relevant theories,
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the exfoliated single-layer graphene based on dispersed car-
bon nanotubes is analyzed, and then, the exfoliated single-
layer graphene based on this method is examined. The test
results show that the thickness of each layer of the graphene
stripped in this paper is slightly larger than that of pure gra-
phene, because the graphene sheet here adsorbs the disper-
sion aid, and most of the graphene stripped in the
experiment is in a single-layer and double-layer layers; very
few of them are multilayered. Most of the data in this study
are from data sources, but a small part of the data does not
have sufficient evidence to prove that it is true and effective.
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Cracks that are detected in concrete structures represent significant damage, and they can lead to a detrimental effect on the
structure’s durability. Their identification in a timely manner can help ensure structural safety and guide in-depth maintenance
operation. Automatic detection of such cracks has been proposed using internal crack detection utilizing ultrasonic sensors in
concrete. Cracks within the concrete can be detected using ultrasonic sensors. In this investigation, we introduced an
intelligent method that is aimed at developing a crack detection scheme using ultrasonic sensors. These ultrasonic sensors are
used for the detection of cracks in buildings which cannot be seen with our naked eyes; they are capable of alerting authorities
via SMS message and providing the cracks’ location via GSM and GPS modules. To monitor internal cracks in the concrete
cubes and cylinders, the ultrasonic sensors can be fixed at the centre of the cube which will be used for interval crack
monitoring based on crack detection technology. The grade of concrete used for testing is M25, and it is well mixed with the
ingredients of cement, fine aggregate, coarse aggregate, and water. The concrete is placed in the cube moulds having the
dimensions 150mm× 150mm× 150mm. The cylinders used in the case of the experimental analysis are of the dimensions of
150mm diameter and 300mm height. These specimens are cast and kept in the curing tank for 28 days to attain the
maximum strength. After completion of the curing period, the specimens were taken out from the tank and weighed. After
this weighing process, the cubes and cylinders are about 8.884 kg and 13.399 kg, respectively. The information about the cracks
can be displayed on the LCD, and also, the transmitted short message about the cracks can be exchanged between the devices
using IoT.

1. Introduction

Concrete is the most often utilized material in the world for
numerous civil infrastructure projects such as bridges and
buildings. They are safely constructed by superimposing

the various loads to the foundation, but their structural
integrity is compromised by a variety of operating environ-
mental factors. As a result, their strength is critical in nature,
maintaining a high level of safety structures and durability,
and their efficiency factors are critical because civil
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infrastructure accounts for a significant portion of the
national economy. The adopted ultrasonic sensor system
can be classified into two major modules, namely, the hard-
ware module and the software module. An ultrasonic sensor
has two main parts, (a) the transmitter and (b) the receiver;
the transmitter sends out a signal after it has been reflected
off the surface or cracks [1, 2]. The principle of the ultra-
sonic sensor emits short bursts of high-frequency sound at
regular intervals. Background interference is effectively sup-
pressed by using ultrasonic sensors. Almost all materials
which reflect the sound can be detected regardless of hue.
Microultrasonic sensors are ideal for target distances ranging
from 20mm to 10m, and they will record the time, pinpoint
precision, etc. Some of the sensors can even resolve the sig-
nal to 0.025 precision [3, 4].

In this, the ultrasonic sensors play a major role in spot-
ting the crack inside the concrete cube. Through ultrasonic
ways, the cracks in the surface can be detected and the depth
can be displayed. The GSM (Global System for Mobile Com-
munication), GPS (Global Positioning System), and
microcontroller-based broken bridge track detection are,
when implemented, an efficient method for the detection
of cracks which are present in the tracks. If a stretch is
detected, then this sensor will send a signal to the Arduino
UNO board which will activate the GPS receiver to exchange
the information using IoT [5, 6].

In this paper, we proposed a low-cost, low-power IoT-
based embedded technology to help and improve the safety
standards for cylindrical concrete by preventing the cracks
and impediments in the buildings. The testing crack proto-
type can identify fractures and impediments on buildings
and cracks quickly. The findings indicate that this proposed
technology will improve the dependability of safety systems
[7–9]. By incorporating these characteristics into real-time
applications, it can reduce the accidents by up to 70%. The
major objectives of the paper are given below.

(1) The proposed IoT-based GPS and GSM for the
internal crack detection system is an assisting unit
that uses ultrasonic sensors to identify the cracks in
cylindrical concrete available in buildings and brid-
ges, etc.

(2) These sensors will check for the presence of a crack
and displays the message on the LCD display if it
exists. If the crack is detected, the data can be com-
municated using IoT

(3) As a result, the proposed method reduces automo-
bile accidents and saves lives and also reduces the
economic losses. This method is highly effective in
reducing the need of human assistance in detecting
cracks

2. Existing Method and Review of Literature

Crack detection is a telltale sign that a building is deteriorat-
ing. Crack detection is frequently required during the main-
tenance stage of a civil structure. In addition, inspection of
the structural integrity based on crack analysis becomes sub-

stantial for the service life perdition of the structure. The
process of determining the cracks using manual processes
for large-scale structures is tedious and time-consuming,
and many researchers are proposing their models based on
image-processing concepts, which allows for a more rapid
and efficient measurement of cracks in concrete [8, 9]. The
general framework of these models is shown in Figure 1.

Figure 1 depicts an image-processing methodology based
on an automated methodology for concrete detection. This
model numerically expresses the crack defects, and this
method can also be used to detect the internal cracks
[10–12].

Figure 1 depicts an image-processing methodology based
on an automated methodology for concrete detection. This
model numerically expresses the crack defects, and this
method can also be used to detect the internal cracks [11,
13].

For identifying and analyzing concrete surface cracks,
Hsieh et al. [8] developed an automated technique-based
image-processing system. Crack detection is performed
based on the crack analysis which is performed on a picture
of a concrete surface, and the crack width, length, and area
are calculated. A numerical model for crack flaws was cre-
ated by Bao et al. [3], and the suggested technique is used
to identify and quantify the cracks. Mak and Picken sug-
gested an image-based automated crack identification model
for postdisaster building evaluation; the authors show that
the suggested method may provide considerable benefits in
postdisaster building element analysis based on numerical
tests [14].

Chidambaram and colleagues [15] offer a hybrid detec-
tion method that incorporates both digital picture correla-
tion and acoustic emission. The Otsu method and Sobel’s
filtering in Talan et al.’s work made use of image-
processing techniques to identify cracking flaws in digital
pictures. A multifractal analysis of crack patterns was carried
out by Gonzalez et al. [16] with applications in reinforced
concrete shear walls. In [17], Otsu suggested the identifica-
tion of surface cracks in tunnel linings based on infrared pic-
tures, and it is an effective crack identification method. Low
contrast, uneven light, and severe noise pollution are all
prevalent problems in tunnel lining photos, and the pro-
posed solution is capable of addressing them.

Furthermore, one of the most important tasks of pave-
ment surveys is to detect cracks that occur on the pavement
surface. It is because if cracks are found early and properly
repaired, the cost of road reconstruction can be reduced by
up to 80% [18]. As a result, numerous image-processing
methods for detecting asphalt pavement cracks where fis-
sures have been formed. Image thresholding algorithm-
based road crack identification models by Subramanian
et al. [19], Alam et al. [20], and Kogilavani et al. [21] have
all provided solutions.

Furthermore, many scholars [22–24] have established
models based on edge detection algorithms. Nonetheless,
the above-mentioned crack detection models’ performance
is frequently hampered by the complex texture of asphalt
pavement and the shading conditions of digital images
[25]. As a result, more sophisticated methods such as to
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boost fracture detection performance, beam let transform
[21], and shadow reductions [22] have been applied.
According to a survey of the literature, applying intelligent
image-processing models for automatic crack identification
and analysis is becoming more popular.

The mode input is the original image captured by the
digital camera. The suggested enhanced Otsu technique is
then used to apply the image-thresholding procedure on
the original picture. The M2GLD algorithms, as well as the
classic Otsu algorithm, were discussed in the previous sec-
tion, which make up the suggested improved Otsu tech-
nique. Following the picture penalization procedure, the
picture concentrated effort procedure is used to remove
noisy pixels and the noncrack objects mentioned in
Figure 2. The research work is considered an image-based
automatic crack identification model for postdisaster build-
ing evolution; the authors show that the suggested method
can provide significant benefits in postdisaster building ele-
ment analysis based on a numerical experiment [26, 27].
Furthermore, one of the most important tasks of concrete
surveys is to detect cracks that occur on the pavement sur-
face. If the cracks are found at early stages and they can be
properly repaired, the cost of road reconstruction can be
reduced by as much as 80%. As a result, numerous image-
processing methods for detecting asphalt pavement cracks
have been developed. The image-processing procedure is
divided into two steps: firstly, the area with less than a par-
ticular number of pixels (Np) are removed, and then, an axis
is added to the image length of an object, where

ARI = LM
LN

: ð1Þ

The major axis and minor axis lengths are measured
using an object-circumscribed ellipse [11–15]. The major
axis and minor axis lengths are LM and LN , respectively.

The limitations of the existing methods are as follows.
This is the research gap identified in existing methods. The
limitations are as follows:

(1) The existing method does not have an IoT-based
GPS and GSM for internal crack detection system
which is an assisting unit that uses ultrasonic sensors
to identify the cracks in cylindrical concrete available
in buildings and bridges, etc.

(2) The sensors used in the existing method are unable
to detect the presence of a crack

(3) Due to these limitations, the existing method cannot
reduce the automobile accidents and cannot reduce
the economic losses. That is why the existing
methods are not effective in reducing the need of
human assistance in detecting cracks

3. Materials and Method

3.1. Proposed Method. The “GPS and GSM for internal crack
detection” is an assisting unit that uses ultrasonic sensors to
identify cracks in cylindrical concrete. The sensors are used
to detect the presence of cracks and display the message on
an LCD display if the cracks are detected [16–18]. As a
result, this proposed method reduces the automobile acci-
dents and saves lives and also reduces the economic losses
[19]. The block diagram of the proposed method is shown
in Figure 3. The objectives of the proposed method are given
below.

(1) The proposed IoT-based GPS and GSM for internal
crack detection is an assisting unit that uses ultra-
sonic sensors to identify the cracks in cylindrical
concrete available in buildings and bridges, etc.

(2) Detect impediments trying to access the concrete
structures (e.g., buildings, bridges, and dams)

(3) The sensors will check for the presence of a crack
and displays the message on the LCD display if it
exists. If the crack is detected, the data can be com-
municated using an IoT device

(4) As a result, the proposed method reduces automo-
bile accidents and saves lives and also reduces the
economic losses. This method is highly effective in
reducing the need of human assistance in detecting
cracks

3.2. Block Diagram for Proposed Method

3.2.1. Arduino UNO. Arduino is a user-friendly hardware
and software platform which is freely available, and it is an
open source software. The Arduino board can detect input
like light from a sensor, a button like in Figure 3, or a twitter
tweet and convert them to outputs such as turning a motor,
lighting and LED, or turning on a computer. Anything may
be posted on the internet. The Arduino IDE (Integrated
Development Environment) is a piece of software developed
by Arduino that is used to write, compile, and upload code
to Arduino devices. This is an open source programme,
which is simple to install and use to start compiling code

Image
acquisition

Crack
detection

Crack
analysis

(width, area,
orientation)

Image
processing

(1) Edge
detection

(2) Shape
analysis

Figure 1: Image-processing-based crack detection model.
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on the fly, and is compatible with almost all Arduino mod-
ules. The Arduino IDE is an open source software that is
used to write and build code for the Arduino module. It is
easily accessible for operating systems such as Mac, Win-
dows, and Linux, and it is based on the Java Platform. This
environment includes built-in methods and instructions
for debugging, modifying, and compiling code.

3.2.2. GSM Module. A GSM modem is also known as a GSM
module, and it is a hardware device which uses GSM tech-
nology used to connect remote networks. From the stand-
point of the mobile phone network, they are substantially
identical to a regular phone, including the requirement for
a SIM card to identify themselves to the network.

3.2.3. Ultrasonic Sensor. Ultrasonic waves travel at a faster
rate than normal sound waves (i.e., the sound that humans
can hear). Ultrasonic sensors send ultrasonic pulses into
the air and detect reflected waves from objects. Ultrasonic
sensors contain a wide range of features such as intrusion
alarm systems, automated door openers, and backup sensors
for vehicles.

New application industries such as industrial automa-
tion equipment and automotive electronic industries are

growing and will continue to rise in parallel with the rapid
expansion of information processing technology. The
research work [14] developed a unique piezoelectric
ceramics manufacturing method to create several types of
ultrasonic sensors which are small and have very high per-
formance. The below-mentioned catalog’s information will
assist in making the best use of ultrasonic sensors.

3.3. HC-SR04 Sensor Features

(i) The operating voltage is +5V

(ii) 2 cm to 450 cm theoretical measuring distance

(iii) 2 cm to 80 cm practical measuring distance

(iv) 3mm precision

(v) Covered measuring angle: 15°

(vi) 15mA is the operating current

(vii) 40Hz is the operating frequency

3.4. HC-SR04 Ultrasonic Sensor: Working. This sensor is fre-
quently used in a variety of applications including distance
measurement or object detection. The ultrasonic transmit-
ter and receiver are housed in two eye-like projections on
the module’s front. The sensor is based on the elementary
concept

Distance = Speed × Time: ð2Þ

GPS module

Ultrasonic
sensors Arduino UNO

LCD

Buzzer

GSM module
& IoT

Power supply

Concrete cube

Figure 3: Block diagram of the proposed method.

Object

Figure 4: Ultrasonic wave travel in air.

Acquisition of image

Min-max gray level enhancement Otsu-based image thresholding

Image cleaningCrack detection

Crack analysis
Boundary

Thinning

Crack properties

Length Width Area Perimeter Orientation

Figure 2: Image enhancements with the proposed method.
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The ultrasonic transmitter emits an ultrasonic wave
that passes through the air and is reflected back toward
the sensor if it comes into contact with any substance.
The ultrasonic receiver module detects the reflected wave
as depicted in Figure 4.

3.4.1. LCD Display (16 ∗ 2). A liquid crystal display (LCD)
screen is a type of electronic display that can be used for a
variety of purposes. A 16 ∗ 2 LCD display module is a low-
cost module that can be found in a wide range of devices
and circuits. A 16 ∗ 2 LCD has two lines and can display
16 characters per line.

3.4.2. Buzzer. A buzzer is also known as a beeper, and it is an
auditory signaling device which is mechanical, electrome-
chanical, or piezoelectric. Buzzer and beepers are commonly
used in alarm clocks and timers and to validate human input
such a mouse click or keyboard keystroke.

4. Result and Discussions

The ultrasonic sensors are placed in a concrete cube as
shown in Figure 4, and after 24 hours, these cube specimens
are taken out from the moulds and kept in a water tank for
curing as shown in Figures 5(a) and 5(b). After 28 days, the
curing process can be done, and the specimens are tested for
compression under a compressive testing machine (CTM) as
per IS 516:1959. If the cracks are not found in the specimen,
then it shows no crack detected on the LCD as shown in
Figure 6.

If the cracks are found in the concrete cube, the sensors
detect the location and width of the crack present, and if the
crack is not detected, this means that it does not send any
message to the mobiles as shown in Figure 5. If the crack
is detected, this means it sends via SMS to the mobile as
shown in Figures 7–9. After detecting the crack, the message
is displayed on the LCD. For reference, the sensors were
named as left and right, where the depth is 11 for one con-
crete cube, and the data is communicated to the mobile
along with the latitude and longitude. Figures 8(a) and
8(b) represent the depth of the cracks available in the right
and left sides of the cube. The sensors are placed at the right
and left sides of the cube. If the crack is detected by the sen-

sors, then the message is displayed on the LCD connected to
the system.

The left sensor is housed within a rectangular cube. As
the pressure increases, fractures emerge inside the concrete,
which are detected by the sensor and sent through SMS to
a smart phone as shown in Figure 10. By not receiving the
track’s echo, the ultrasonic sensors can detect cracks in
buildings and bridges. If the track’s echo is received, then
that gives the information that no crack is detected in the
track. The output of the ultrasonic sensor is rounded and
sent to a microcontroller that is linked to GPS and GSM.

To monitor internal cracks in the concrete cubes and
cylinders, the ultrasonic sensors were fixed at the centre of
the cube which will be used for interval crack monitoring
based on crack detection technology. The grade of concrete
used is M25 and well mixed with the ingredients of cement,

150 mm

150 mm

Sensor

150 mm

75 mm

(a) (b)

Figure 5: (a) Ultrasonic sensors are placed inside the concrete cube and its depth. (b) Wired connections after placing ultrasonic sensors in
the concrete cube and cylinder.

Figure 6: Specimens kept under curing for 28 days.

Figure 7: Displayed message on LCD, when no crack is detected.
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fine aggregate, coarse aggregate, and water. The concrete is
placed in the cube moulds having the dimensions 150mm
× 150mm × 150mm and the cylinders of dimensions of
150mm in diameter and 300mm in height. These specimens
were casted and kept in a curing tank for 28 days to attain
the maximum strength. After completion of the curing
period, the specimens were taken out from the tank and
weighed. Cubes and cylinders are about 8.884 kg and
13.399 kg, respectively. Now, the specimens were kept under

a compressive testing machine, and connections were given
as shown in Figures 2, 3, and 4. The load is applied gradually
with an intensity of 1.4 kN/s. And the results were taken for
every 50N which are shown in Table. 1. The cube and cylin-
der calculations mentioned in Tables 1 and 2 are given
below.

Figure 10: Received message in mobile, when crack is detected.

Figure 9: Experimental sensors in the cube setup before placing the
cylinder.

(a)

(b)

Figure 8: (a) Detection of internal cracks through LCD display
(right). (b) Detection of internal cracks through LCD display (left).

Table 1: Cube strength for 7 days and detected crack sizes.

S.
no.

Load in
N

7-day cube compressive strength in
N/mm2

Cracks in
mm

1. 50 2.22 0.00

2. 75 3.33 0.00

3. 100 4.44 0.15

4. 125 5.56 0.20

5. 150 6.67 0.30

6. 175 7.78 0.30

7. 200 8.89 0.75

8. 250 11.11 0.75

9. 275 12.22 1.00

10. 300 13.33 1.00

11. 325 14.44 1.75

12. 358 15.91 2.50

Table 2: Cube strength for 14 days and detected crack sizes.

S.
no.

Load in
N

14-day cube compressive strength in
N/mm2

Cracks in
mm

1. 50 2.22 0

2. 100 4.44 0.20

3. 150 6.67 0.50

4. 200 8.89 0.50

5. 250 11.11 0.70

6. 300 13.33 0.70

7. 350 15.56 0.90

8. 400 17.78 1.26

9. 450 20.00 1.55

10. 515 22.88 1.95

Load in N
Cracks in mm

0 0 0 0.01 0.07 0.1

Cube strength vs. detected crack sizes
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Figure 11: Cube strength vs. detected crack sizes.
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From Figures 11 and 12 and Tables 1, 2, 3, 4, 5, and 6, it
is found that the cracks that are detected by the sensors are
good enough, and these can be used in monitoring the
health of structures. These sensors can be utilized such that
a structure which is in a seismic zone can detect and monitor
the vibrations that are coming from the earth, and these will
be displayed on the screen. The cracks and the vibration sen-
sors can be used for the structures which are under construc-
tion and which are already constructed. The sensors are
placed in concrete structures for the detection of vibration
alerts and cracks, and the information can also be exchanged

between the devices using IoT, so that this proposed method
can save the lives of the people living in the buildings.

5. Conclusion

This paper describes the intelligent method for detecting the
cracks and impediments in pillars of buildings. This method
is cost effective, the reliability of safety measures in collaps-
ing older structures can be improved as a result of this new
creative technology, and also, this method is used to identify
faults in tracks of the bridges. This helps to detect the cracks
in buildings which are not visible to our necked eyes. It is
capable of alerting authorities via SMS message and provid-
ing the cracks’ locations via GSM and GPS modules. This
method cannot cause any damage to nearby structures.
The design is extremely efficient and user-friendly. The
detection of fractures in a surface is very simple using this
method. It is simple to use, and power consumption is also
very low. Reduction of accidents can be effectively mini-
mized by using this method. Therefore, it is concluded that
this intelligent system is very effective and can minimize
the accidents that can be caused during disasters by provid-
ing the information through mobiles and buzzer sounds.

Data Availability

The data used to support the findings of this study are
included in the article.

1 2 3 4 5 6 7 8 9 10
28-days splitting tensile

strength in N/mm2 0.35 0.71 1.06 1.41 1.77 2.12 2.48 2.83 3.18 3.59

Cracks in mm 0 0 0.05 0.1 0.3 0.5 1.15 2.65 3.15 3.5

Cr
ac

ks
 in

 (m
m

)

Cylinder strength and detected crack sizes

Figure 12: Cylinder strength and detected crack sizes.

Table 3: 28-day cube strength and detected crack sizes.

S.
no.

Load in
N

28-day cube compressive strength in
N/mm2

Cracks in
mm

1. 50 2.22 0.00

2. 100 4.42 0.00

3. 150 6.67 0.05

4. 200 8.89 0.10

5. 250 11.11 0.10

6. 300 13.33 0.15

7. 350 15.56 0.18

8. 400 17.78 0.26

9. 450 20.00 0.30

10. 500 22.22 0.53

11. 550 24.44 1.05

12. 600 26.67 1.53

13. 643 28.58 1.85

Table 4: Cylinder strength for 7 days and detected crack sizes.

S.
no.

Load in
N

7-day splitting tensile strength in
N/mm2

Cracks in
mm

1. 25 0.71 0.00

2. 50 1.06 0.10

3. 75 1.41 0.50

4. 100 1.77 1.30

5. 125 2.12 1.90

6. 179 2.53 2.50

Table 5: Cylinder strength for 14 days and detected crack sizes.

S.
no.

Load in
N

14-day splitting tensile strength in
N/mm2

Cracks in
mm

1. 25 0.35 0.00

2. 50 0.71 0.00

3. 75 1.06 0.05

4. 100 1.41 0.10

5. 125 1.77 0.30

6. 150 2.12 0.50

7. 175 2.48 1.15

8. 193 2.73 2.65

Table 6: Cylinder strength for 28 days and detected crack sizes.

S.
no.

Load in
N

28-day splitting tensile strength in
N/mm2

Cracks in
mm

1. 25 0.35 0.00

2. 50 0.71 0.00

3. 75 1.06 0.05

4. 100 1.41 0.10

5. 125 1.77 0.30

6. 150 2.12 0.50

7. 175 2.48 1.15

8. 200 2.83 2.65

9. 225 3.18 3.15

10. 254 3.59 3.50
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China is a large agricultural country. With the development of industrial production, mechanized harvesting has become an
inevitable development trend of agricultural material harvesting. In this paper, based on the latest technology of polycrystalline
ferroelectric composite materials in the design of the shovel frame of the harvester’s vibrating excavating shovel, the relevant
theories of the polycrystalline ferroelectric composite material and the shovel frame of the harvester’s vibrating excavating
shovel are based on the literature. After understanding, the shovel frame structure of the vibrating excavating shovel of the
harvester was designed, and the latest technology of polycrystalline ferroelectric composite material was introduced in the
design of the shovel frame of the vibrating excavating shovel of the harvester to make the vibration system have better
performance. The designed shovel frame structure is tested, and the test results show that the horizontal output force received
by the shovel designed in this paper increases with the increase of speed and is minimized at 0.26m/s. The vertical output
force decreases first and then increases with the increase of speed. It is the smallest when the running speed is 0.39m/s. The
horizontal working resistance is always greater than the vertical working resistance, and it can be seen that the design of the
shovel frame structure can be realized in actual work.

1. Inductions

Nowadays, because China’s grain crop harvesting work is
still labor-based and the level of mechanization of crop pro-
duction is relatively low, a large amount of labor intensity,
labor, and time plus huge costs have significantly reduced
agricultural output. Production has had a great negative
impact [1, 2]. At present, although some places have adopted
mechanical harvesting of crops, they are only used for tren-
ching, and engineers are required to participate in excava-
tion, harvesting, and installation at the same time.
Therefore, the degree of mechanization is relatively low.
So, harvesting must be mechanized to increase labor effi-
ciency and reduce labor intensity [3, 4].

In the harvester, the vibration function of the harvester is
also the main part of the harvester’s work. The vibration
equipment is also the basic equipment for harvesting. Its

structure and motion parameters have a significant impact
on the crop damage rate and the labor intensity of manual
drilling [5, 6]. Therefore, optimizing and improving the per-
formance of the shock absorber are very important for
improving the working efficiency of the harvester.

Aiming at the research on the vibrating shovel of the
harvester, some researchers have developed a cassava har-
vester with a drilling excavator with a built-in main knife
structure. The principle is that the main knife penetrates
the bottom of the tuber to completely separate the potato
soil during harvest. The combine harvester includes harvest-
ing tools, tuber cleaning/traction device, and collector/com-
biner. In addition to the lifting/loading device, it also has a
device to loosen the soil around the cassava tubers, pull the
tubers smoothly off the ground, and then use the device to
load them onto the truck. Compared with previous har-
vesters, an advanced feature of this type of machine is the
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integration of conveyor and harvester from separation to
loading. However, the research on excavation parts and
vibrating screens is still in the preliminary test stage, and
the relevant research theories are not yet mature. Most cas-
sava harvesters cannot carry out fully mechanized harvesting
operations, and more research work is required to use the
machines, especially the subsequent finishing operations.
In addition, due to different geography and planting condi-
tions, these machines are not completely suitable for cassava
harvesting in our country. For this reason, it is necessary to
develop a cassava harvester suitable for China’s production
conditions in accordance with the actual development of
cassava in China [7]. Some researchers also pointed out that
among the various combined harvesters produced at home
and abroad, the excavator screen excavator is particularly
suitable for peanut harvesting and film waste collection
operations in China. It has the advantages of a low fruit drop
rate, the recovery of residual film, the whole film, and the
above-ground/underground broken film that can be recov-
ered at the same time, and the recovery rate of residual film
is high. However, the traditional single-screen excavator has
problems such as large vibration and low soil cleaning effect.
In recent years, China has invested a lot of manpower, mate-
rial, and financial resources in the research and development
of film waste-recycling machines, but the current film waste-
recycling machines on the market have a single function and
low economic performance and commercial value. These are
all factors restricting the development of agricultural mechani-
zation in China [8]. Some scholars believe that the excavation
and harvesting of most agricultural products have gone
through three main stages: shoveling, farming, and mechani-
cal harvesting. Nowadays, the most developed countries have
achieved almost mechanized harvesting, but in economically
underdeveloped areas, manual harvesting is still the main har-
vesting method. Digging harvesters generally include digging,
soil separation, placement (or collection), and other processes.
Among them, excavation equipment and separation and
transportation equipment are important components that
determine the quality of excavation and harvesting [9]. In
the study of polycrystalline ferroelectric composite materials,
relevant researchers pointed out the characteristics of poly-
crystalline ferroelectric composite materials [10]: ferroelectric
materials have strong spontaneous polarization, and the
iron-based material of the bismuth layer has a high Curie
working temperature. In the inspection of the entire bismuth
ferroelectric layer material, it does not involve the extraction
of the bismuth oxide layer produced by the B-based ironmate-
rial, the lanthanide A site, and the relaxation type, and the high
Curie of most bismuth layer iron materials’ working tempera-
ture is above 500. At the same time, the ferroelectric material
with the bismuth layer has good temperature stability in terms
of high dielectric and piezoelectric properties, and the ferro-
electric material with the bismuth layer also has an ultrahigh
mechanical quality coefficient that reduces the dielectric con-
stant and dielectric loss (2000-7200). Because of the high non-
polarization and low insulation effect of the bismuth oxide
layer, the iron-bonded bismuth layer material also has an
ultrahigh temperature coefficient of resistivity. This is due to
the role of the bismuth peroxide layer in the defect, which

makes the perovskite layer more stable, so the contour struc-
ture of the bismuth layer ferroelectric material has better
fatigue resistance [11]. Other researchers pointed out that
multi-iron composites are materials that combine two ormore
custom-made iron materials in different ways. Among them,
composite magnetic electrical materials are a hot research
topic. Compared with single-phase magnetic materials, com-
posite magnetic materials have a higher magnetic coupling
coefficient, and the temperature of the Curie ferroelectrics
and ferromagnets is much higher than at room temperature.
Because of these advantages, composite magnetoelectric mate-
rials have been extensively studied [12]. In summary, with the
development of mechanized production, more and more peo-
ple begin to pay attention to the design of harvesters, but most
of them stay in the theoretical part, and the mechanical appli-
cations of the design are not extensive.

This paper studies the shovel frame structure of the
vibrating excavating shovel of the harvester, which is the lat-
est technology of polycrystalline ferroelectric composite
materials, and analyzes the characteristics of the polycrystal-
line ferroelectric composite material and the shovel frame
structure of the vibrating excavating shovel of the harvester
on the basis of literature data. We prepare the theoretical
foundation for the following structural design, then design
the shovel frame of the harvester’s vibrating excavating
shovel on the basis of these theories, test the designed struc-
ture, and draw relevant conclusions through the test results.

2. Shovel Frame Structure of the Polycrystalline
Ferroelectric Composite Material and the
Vibrating Shovel of the Harvester

2.1. Characteristics of Polycrystalline Ferroelectric Composite
Materials. In addition to the macroscopic characteristics of
the electrical group, iron materials have two important char-
acteristics: the structure of the electrical domain and the
Curie temperature.

(1) Electric domains refer to small regions with the same
spontaneous polarization direction of ferroelectric
materials. The boundaries between electrical regions
are called domain walls [13]. If the angle between the
polarization directions of adjacent electrical regions
is 180°, then this region is called a field 180°. If the
angle between the polarization directions of adjacent
electrical regions is 90°, it is called a field of 90°, as
shown in Figure 1. The electric field can be reversed
under the action of external force and electric field.
This is called electric field change. Applying an elec-
tric field opposite to the direction of spontaneous
polarization to a ferroelectric substance can reverse
the sector by up to 180°, but applying a compressed
voltage or a voltage parallel to the direction of spon-
taneous polarization can reverse the sector by 90°

(2) The spontaneous polarization phenomenon of ferro-
electrics only exists in a specific temperature range,
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and the spontaneous polarization disappears if the
temperature exceeds a certain temperature. The fer-
roelectric has undergone a phase change process
from the ferroelectric phase to the normal dielectric
phase [14]. That is, the temperature of the corre-
sponding ferroelectric phase transition is called the
Curie Tc temperature. Near the Curie temperature,
ferroelectrics have many properties, such as dielec-
tric response, piezoelectric response, and pyroelectric
effect. Therefore, the Curie temperature change is
one of the important means to adjust the physical
properties of ferroelectrics

2.2. Application of Polycrystalline Ferroelectric Composite
Materials

(1) Research on iron scale effect: due to the development
of the thin iron film and ultrafine iron powder tech-
nology, the phenomenon of iron size has become a
practical problem, so it must be studied in depth in
time. Humans first theoretically predicted the
changes of spontaneous polarization, phase transi-
tion temperature, and dielectric sensitivity of mate-
rials with time scales and measured the critical
electric strength of typical ferroelectrics [15]. The
above results have not only led to the design of a
large number of integrated steel electrical compo-
nents and thin composite materials but also pro-
moted the development of modern polycrystalline
ferroelectric composite material theory under lim-
ited time scale conditions

(2) Basic research and application research on ferroelec-
tric liquid crystals and ferroelectric polymers: studies
have confirmed that the liquid crystals in the
inclined laminar flow phase composed of iron chiral
atoms have ferroelectricity. In terms of performance,
ferroelectric liquid crystals are very advantageous in
electrooptical display and nonlinear optical applica-
tions. The electrooptical display is mainly through
the reversal of polarized light, and its speed is several
orders of magnitude higher than that of ordinary fil-
amentary liquid crystal [16]. For nonlinear optics,
the effect of second or high-frequency harmonic out-
put exceeds the usual inorganic constitutive nonlin-
ear optics application crystals. Ferropolymers were
only recognized more than ten years ago and have
a long history with thermoelectrics and piezoelec-
trics [17]. However, some new types of ferroelectric

polymers did not appear until ten years ago. After
research, the iron polymer discovered has a wider
range of compositions and different structures, so
more ferroelectrics appeared later, which expanded
the research field of ferroelectric physics and devel-
oped new applications

(3) Research on integrated ferroelectrics: the combina-
tion of the thin iron film and semiconductor is called
integrated ferroelectric, and the research on this
material is very extensive [18]. The basic form of fer-
roelectric memory is random access ferroelectric
memory. It was initially considered to be the main
purpose of research, and it was not commercialized
until 2000 [19]. Compared with the 1950s and
1960s, modern materials and technologies have
solved some important problems. First, the use of
thin films helps to reduce the depolarization voltage
and integrate with standard silicon or circuits, and
the fatigue performance is significantly improved,
resulting in multiple inverted iron films, which have
gradually realized important uses in memory. At the
same time, the application of ferroelectric thin films
is not limited to the storage field but also includes
ferroelectric effect transistors and ferroelectric ran-
dom access memories. In addition to memory, the
built-in ferroelectrics can also be used in infrared
detection and imaging equipment, ultrasonic and
surface acoustic equipment, and optoelectronic
equipment. It can be seen that the built-in thin film
devices have huge application prospects

2.3. The Shovel Frame Structure of the Vibratory Excavating
Shovel of the Harvester

2.3.1. Working Principle of Harvester. As shown in Figure 2,
the excavator operation process has typical cyclic character-
istics, whether it is a front excavator or a reverse excavator
drilling method. The cycle process mainly includes five
stages: drilling, emptying the bucket, rotating, unloading,
and drilling. The important stage of drilling design energy
consumption is also the stage when the working device is
subjected to drastic random load changes. During the entire
drilling phase, very complex physical and mechanical phe-
nomena occur between the bucket and the soil, that is, the
soil is destroyed. The bucket is the first tangent to the
ground at a specific initial speed and cutting force. If it is a
forward drilling method, the main purpose is to destroy
the integrity of the accumulated soil. After being completely
destroyed, gravity causes the soil to roll into the shovel. At

Figure 1: Schematic diagram of domain structure.
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the same time, the bucket continues to cut deeply until the
bucket is full. This mode of operation mainly occurs in
open-pit mining and mineral blasting. The main purpose
of excavator drilling is to destroy the soil structure.

2.3.2. The Relevant Parameters of the Shovel Frame of the
Vibratory Excavating Shovel of the Harvester

(1) The Surface Inclination of the Vibrating Shovel of the
Harvester. The vibrating shovel is also one of the main parts
of the digging harvester, which directly affects the efficiency
of the whole machine, and the shovel surface angle a is the
main reason that affects the quality of the excavator [20].
Inappropriate viewing angles can cause soil retention and
increase operating power. The design principle of angle a
is to make the excavated material rise to a certain height
along the surface of the bucket machine to prevent the exca-
vated material from falling in the middle direction. At the
same time, the excavation object should also do the follow-
ing: the excavation is smooth, and it is transferred to the rear
vibrating screen to gradually eliminate soil dirt.

According to design experience, if the angle a is larger,
the crop soil mixture will be scattered on both sides and
trapped in the digging shovel. In fact, the angle a is deter-
mined by many factors, such as the ability to loosen the soil,
the height of the drilling material lifted by the excavator, and
the characteristics of the soil. The larger the angle a, the
weaker the ground, but it also increases the digging resis-
tance and tends to maintain the ground. The smaller the
angle a, the smaller the digging resistance of the excavator,
the better the ground, and the higher the penetration effi-
ciency, but the crushing effect of the shovel on the ground
is reduced. At a = 25°, the moderately hard sandy loam is
obviously blocked. So, in summary, the inclination value of
the shovel surface is initially set in the range of 18°-26°.

2.3.3. Vibration Drive Device. The drive unit is mainly used
to drive vibration. The drive unit is mainly composed of a
drive shaft, a front-drive joint, a rear-drive joint, a cam-
drive arm, and a cam block. The transmission structure
transmits power from the power output shaft of the tractor
to the drive shaft. The drive shaft drives the cam to recipro-
cate. The front-drive connector and the rear-drive connector
move forward and backward at the same time under the
influence of the eccentric drive arm during driving [21].

The design of the drive camshaft arm is mainly used for
the reverse movement of the two vibrating rods. The mass of
the eccentric transmission vibrating arm is 2.67 kg, the
eccentricity is 9mm analyzed by the 3D software center of
gravity analysis unit, and the calculated moment of inertia
is 0.024 kgm. When the eccentric drive arm rotates, the iner-
tial force will be generated, which will cause the whole
machine to vibrate and affect the stability and service life
of the machine tool. Therefore, it is necessary to balance
the vibration. Therefore, it is necessary to install an eccentric
mass with the moment of inertia such as an eccentric drive
arm on the drive shaft. The mass is 1.78 kg, and the eccen-
tricity (the distance from the center of the camshaft to the
drive shaft) is 13.5 nm. The eccentric block of the eccentric
transmission arm and the camshaft are symmetrical about
the axis of the transmission shaft and are both located on
the transmission shaft to neutralize the moment of inertia
generated during operation.

2.4. Related Calculation Model. The discrete element method
(DEM) is a numerical simulation method for calculating
complex discrete systems, mainly used to calculate the
mechanical and kinematic properties of granular materials
[22]. When analyzing mechanical problems, many mechan-
ical or motion systems are usually involved. The laws and
states of each system can be expressed and calculated
through the interaction of mathematical analysis functions.

Mining
method

Shovel

Backhoe

Dig

Out of
bucket

Unloading

Turn
around

Figure 2: Working principle of the harvester.
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For the more complicated problems when using this mathe-
matical analytical function method, new arithmetic methods
have emerged, such as the finite element method (FEM) and
the discrete element method. The finite element method
divides the system to be analyzed into microscopic units,
approximates each unit with a simple mathematical analysis
function with limited degrees of freedom, and calculates the
increase of the entire system through each microscopic unit.
Similar to the idea of the finite element method, the discrete
element method treats the entire system as a collection of
interacting discrete units, analyzes the interaction between
the discrete units, and then combines the mechanical action
and exchange of energy between the units to obtain the anal-
ysis results of the entire discrete system and the mechanical
influence on the external structure [23].

In summary, this paper uses the Hertz-Mindlin model to
carry out discrete element numerical simulation experiments
[24]. Suppose there are two spheres with radii of R1 and R2,
and δn is the amount of normal overlap:

δn = R1 + R2 − r!1 − r!2

�
�
�

�
�
�, ð1Þ

where r!1 and r!2 are the vector positions of the centroids of
the two particles.

Then the size of the contact radius a is equal to

a =
ffiffiffiffiffiffiffiffiffiffi

δnR
∗

p

: ð2Þ

In the formula, R∗ is the equivalent radius of the particle,
and the derivation formula is as follows:

1
R∗ = 1

R1
+ 1
R2

: ð3Þ

The normal phase force between particles Fn is

Fn =
4
3 E

∗ Rð Þ1/2δn3/2, ð4Þ

1
E∗ = 1 − λ1

2

E1
+ 1 − λ2

2

E2
, ð5Þ

where E∗ is the equivalent elastic modulus between particles,
E1 and E2 are the elastic modulus of two spherical particles,
respectively, and λ1 and λ2 are the Poisson’s ratio.

The normal damping force calculation formula is

Fd
n = −2

ffiffiffi

5
6

r

β
ffiffiffiffiffiffiffiffiffiffiffi

Snm∗
p

vreln , ð6Þ

m∗ = m1m2
m1 +m2

, ð7Þ

vreln = v!1 + v!2
� �

× n!: ð8Þ

Among them, m∗ is the mass equivalent, m1,m2 is the
mass of the two particles, and vreln is the relative velocity of
the normal phase between the two particles.

The calculation formula of the tangential force between
particles is

Ft = −Stdt , ð9Þ

St = 8G∗
ffiffiffiffiffiffiffiffi

R∗α
p

, ð10Þ

G∗ = 2 − v1
2

G1
+ 2 − v2

2

G2
, ð11Þ

where G∗ is the gravitational velocity.
The calculation formula of tangential damping force is

Fd
t = −2

ffiffiffi

5
6

r

β
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Stm∗vrelt

q

: ð12Þ

In the formula, vrelt is the tangential relative velocity
between the two particles.

3. The Shovel Frame Structure Design of the
Vibratory Excavating Shovel of the Harvester

3.1. Application of the Latest Technology of Polycrystalline
Ferroelectric Composite Materials. The shovel frame struc-
ture of the excavating shovel of the harvester should be
applied to the ferroelectricity of the polycrystalline ferroelec-
tric composite material to realize good control of the shovel
frame structure. This article expands the application of the
polycrystalline ferroelectric composite material in the vibra-
tion system.

3.1.1. Principle of Vibration System. The excavator designed
in this research adopts the principle of vibration. When the
vibrating excavator is working, the control unit adopts a
pulse generator (motor, rotary valve). The structure of the
oil circuit of the vibrating cylinder retracts the piston rod
of the vibrating cylinder, and the shovel mounted on the pis-
ton rod vibrates and destroys the soil. Since the shovel
returns through the return spring, it can drive the shovel
to vibrate back and forth in a balanced position [24].

3.1.2. Vibration Structure. The vibrating shovel is driven by a
ZL50G loader and provides a hydraulic drive. The hydraulic
system of the vibrating excavator is powered by a gear pump
connected in series with the main pump of the loader
ZL50G. The gear pump drives four parallel vibrating oil cyl-
inders to move, and the excavating shovel moves under each
vibrating oil cylinder. The vibrating cylinder periodically
provides active vibration, and the return spring provides a
specific pressure to reset the shovel [25]. The excavating
shovel is made of a 65Mn steel plate and is fixed on the com-
ponent with bolts, which can be easily replaced after wear.

Based on the above analysis, the control during the
vibration process is very critical. Therefore, in order to have
a better control capability of the vibration system, an inte-
grated ferroelectric is used to design the system circuit.

3.2. Design of the Opening Angle of the Shovel Surface of the
Shovel. The design of the opening angle of the drilling shovel
directly affects the resistance of the drilling. If the opening
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angle of the digging shovel surface is too large, the stems,
leaves, and weeds are not easy to be cut during the operation
of the digging shovel, and the movement resistance is large,
which will increase the power consumption of the machine
and increase the manufacturing cost [26]. Therefore, it is
necessary to adjust the opening angle r of the digging shovel
blade so that the stems, leaves, and weeds can slide smoothly
along the edge of the shovel blade to reduce the digging
resistance.

In the structural design of the second-order curved
shovel, the opening angle of the shovel surface directly
affects the digging resistance of the shovel surface during
excavation. If the opening angle of the shovel surface is too
large, the shovel blade will be difficult to cut stems, leaves,
and weeds and will be easily tangled, resulting in a sharp
increase in drilling resistance and increased energy con-
sumption. Therefore, it is necessary to effectively control
the opening angle of the shovel surface. To achieve the pur-
pose of cutting stems, leaves, and weeds, reduce the resis-
tance to drilling. According to the geometric relationship
shown in Figure 3, the total resistance p of the stem, weeds,
and soil at the end of the leaf is decomposed along the direc-
tion of the leaf and perpendicular to the direction of the leaf.
The geometric relationship is as follows:

3.2.1. Design of Inclination Angle of Shovel. In order to study
the change law of convex curved shovel resistance with the
inclination of the shovel face and the length of the shovel
body, the virtual shovel face inclination is introduced into
the resistance calculation formula to realize the approximate
calculation of the curved shovel. When the virtual shovel
surface inclination and the length of the shovel body are
unknown quantities, the calculation results are shown in
Figure 4.

The comprehensive analysis in Figure 4 shows that
under various combinations of the virtual shovel surface
length and the subsurface inclination angle, the drilling
resistance increases with the increase of the drilling depth.
In addition, the length of the virtual surface of the shovel
also has a certain influence on the resistance of the shovel.
Under the same combination of digging shovel surface incli-
nation angle, as the virtual length of digging shovel surface
increases, the digging resistance tends to decrease, but the
effect is not significant. In the actual design, the surface

length of the excavating shovel should not be too long; oth-
erwise, the soil-blocking phenomenon will be more serious
when harvesting crops. On the other hand, it is unfavorable
for the soil separation of the next vibrating device, and the
load capacity of the tool alone is increased to increase the
power consumption.

In order to study the variation of convex curved shovel
resistance with the height of the shovel surface, the virtual
shovel surface height is introduced into the resistance calcu-
lation formula to realize the approximate calculation of the
curved shovel. When the virtual shovel surface height is an
unknown quantity, the calculation results are shown in
Figure 5.

The analysis of the change curve of top resistance with
the height of the primary shovel (Figure 5) shows that the
resistance of the shovel decreases with the increase of the
height of the primary shovel. It can be seen that the height
of the stepped excavating shovel has a great influence on
the excavation resistance. Therefore, when designing the
excavating shovel, the height of the stepping excavating
shovel must be appropriately selected so that the digging
resistance will not become too high. The resistance of the
shovel is also closely related to the combination of shovel
inclination. Analyzing Figure 5, it can be seen that even if
the slope of the main shovel changes, the slope of the auxil-
iary shovel will not change. When the shovel resistance
changes and the inclination of the front surface of the main
shovel is determined, if the inclination of the auxiliary shovel
surface increases, the resistance of the shovel surface
increases sharply. Therefore, the change of the inclination
angle of the secondary excavator has a great influence on
the resistance, and it is more obvious. The difference in the
inclination angle of the two steps can be used to measure
the crushing ability of the surface of the secondary excavat-
ing shovel. The greater the difference, the higher the crush-
ing capacity, but the greater the surface resistance of the
shovel.

After analyzing and studying the relationship between
the inclination angle of the secondary surface curve and
the drilling resistance, it may be found that the inclination
angle of the main excavator surface must be smaller than
the secondary inclination angle, and the difference between
the two inclination angles cannot be too large or too small.
If the value is too high, if the surface soil compressibility of
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Figure 3: Geometry diagram of the blade edge.
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the digging shovel is low, the surface resistance of the dig-
ging shovel will increase sharply. If the value is too low,
the soil will not have enough compressibility, but the resis-
tance will be relatively low. Based on the above situation,
the combined inclination angle of the convex surface of the
excavating shovel pair is 15° and 30°.

3.3. Shovel Body Length Design. The length design of the
shovel body should follow this principle. The length of the
shovel body cannot be too long or too small. The length of
the shovel body of the digging shovel is so long that the
resistance between the soil body and the shovel surface is
very small. However, when harvesting, the rear edge of the
digging shovel surface is seriously blocked, which makes
the crop fragile and affects the harvesting effect. The length
of the shovel body is too small to cause the crops to be
brought to the vibration chain of the conveyor before break-

ing, it is also difficult to break due to vibration, and the
energy consumption of the vibration chain of the conveyor
increases sharply. Therefore, the length design of the shovel
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body should comprehensively consider the above factors and
carry out a reasonable design.

The length of the shovel body is determined as shown in
Figure 6, l0 is the virtual shovel face length, l1 is the first
shovel face length, l2 is the second shovel face length, a is
the virtual shovel face inclination, a1 is the first shovel face
inclination, a2 is the inclination angle of the second-stage
shovel surface, h is the height of the rear end of the shovel
body, and h1 is the height of the first-stage shovel surface.

The actual design of the shovel body length should
ensure that the speed is not zero when moving to the rear
end of the first section; otherwise, the soil cannot be trans-
ported in time, causing a blockage.

3.4. Design of the Number of Teeth. For the bucket model for
three different numbers of teeth (the number of teeth is 0, 2,
and 4), a three-dimensional numerical model of the natural
accumulation of noncohesive minerals during bucket dril-
ling was established, the bucket manipulation process was
visualized, and the bucket load during the entire drilling
period was extracted. Compared with the previous model
test and overall test method, the numerical simulation
method guarantees the consistency of the test to a large
extent, avoids the reproducibility and reproducibility of the
model test, improves the reliability of the results, and
reduces the influencing factors. The test cost and test cycle
are reduced [27]. The experimental results are processed,
and three types of hopper material quality curves that
change with time (Figure 7) are extracted to explain the fill-
ing information and flow of the hopper material.

Through the processing of the test results, as shown in
Figure 7, three types of bucket material quality changes that

change over time are extracted, and the filling information
and flow of the materials in the bucket are described. The
figure shows that the quality curves of the three buckets tend
to be the same but have different widths and different final
constant values. From 0 to 15 seconds, the quality of the
three buckets will be significantly improved. Within 0-4 sec-
onds, the gradient becomes smaller, indicating that the
integrity of the material has been destroyed by the bucket
teeth, and it begins to flow into the bucket. Starting from 4
seconds, the slope of the curve increases sharply. Large
means that the material starts to enter the bucket quickly
in large quantities. The slopes of the three curves are similar,
but due to the difference in the number of bucket teeth, the
quality of the bucket begins to vary. This difference is max-
imized in 6 seconds. The mass of the four-tooth bucket is

Table 1: Discrete element simulation parameters.

Parameter Numerical value

Soil particle radius (m) 0.001~0.003
Number of simulated soil particles 400000

Soil density (kg/m2) 1540

Soil Poisson’s ratio 0.3

Soil shear modulus (Pa) 1:01e + 06
Digging shovel density (kg/m′) 7890

Poisson’s ratio of digging shovel 0.269

Shear modulus of shovel (Pa) 8:2e + 10
Time step (s) 2:65e − 05
Total simulation time (s) 52~53
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Figure 7: The bucket material quality change curve with time.
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43.40 tons. Compared with the teeth in bucket 0, the mass of
the 2,964-ton bucket is almost 46.4% higher.

Observe the change of each curve from the maximum
mass of the entire bucket to the final speed. The less the
number of bucket teeth, the more stable the quality of the
bucket and full bucket, that is, the more stable the maximum
mass and final speed. The fewer the number of teeth, the
lower the quality of the spilled material when the material
quality in the bucket is maximized. Therefore, from the test
results, it may be a reasonable choice to place less or no teeth
on the nonsticky drilling material.

4. The Shovel Frame Structure Test of the
Vibrating Excavating Shovel of the Harvester

In this chapter, using the EDEM discrete element modeling
software, according to the physical and mechanical parame-
ters of the soil, a soil particle model was established, com-
bined with field test conditions, and a 3D model of the
harvester for simulation adjustment was created. A particle
factory will be built to simulate the work of the harvester.
The movement of the ground and the power of the shovel
were observed in the process. The harvester uses discrete
data methods to simulate working resistance at six different
operating speeds (0.26m/s, 0.35m/s, 0.37m/s, 0.39m/s,
0.48m/s, and 0.52m/s). A discrete data method is used to
study the feasibility of harvester, and a new digital design
research method is provided for this.

4.1. Establishment of Discrete Element Model. Use the EDEM
software to simulate and analyze the working resistance of
the harvester. In addition to obtaining the physical and

material parameters of the soil and harvester in advance, it
is also necessary to select the correct contact model and cre-
ate a soil particle model. Create geometry for the shovel
model, set limits for the simulation area, create a particle fac-
tory, and run the simulation.

4.2. Selection of Discrete Element Simulation Parameters. The
closeness of the discrete simulation results to the actual field
test results mainly depends on the choice of discrete simula-
tion parameters. The selection of parameters is to consult
relevant documents and make adjustments according to
the simulation process. The specific simulation parameter
values are shown in Table 1.

4.3. Discrete Element Simulation Results and Analysis. The
simulation test adopts a single-factor test, which only
changes the forward speed of the excavating shovel along
the negative direction of the X-axis. The forward speed of
the excavating shovel is adjusted in the six simulation tests.
The negative direction along the X-axis is 0.26m/s, 0.35m/
s, 0.37m/s, 0.39m/s, 0.48m/s, and 0.52m/s, respectively.
The simulation results are divided into three groups. The
specific data results are shown in Tables 2–4.

Analyzing the above simulation test data table, if other
simulation parameters are consistent, changing the forward
speed of the excavating shovel in the negative direction of
the X-axis increases with the increase of the horizontal force
of the excavating shovel. The increase first decreases and
then increases. The working speed is 0.39m/s, and the hori-
zontal working resistance is always greater than the vertical
working resistance.

5. Conclusions

This paper studies the shovel frame structure of the vibra-
tory excavating shovel of the harvester with the latest tech-
nology of polycrystalline ferroelectric composite materials.
After understanding the relevant theories, the shovel frame
structure of the vibrating excavating shovel of the harvester
is designed. In the shovel frame structure, the latest technol-
ogy of polycrystalline ferroelectric composite material is
introduced to make the vibration system have better perfor-
mance, and the designed shovel frame structure is tested
through actual tests. The test result shows that when the
minimum speed is 0.26, the vertical resultant force first
decreases and then increases with the increase of speed.
The operating speed is 0.39m/s, and the horizontal operat-
ing resistance is always greater than the vertical operating
resistance. Therefore, the shovel frame structure designed
in this paper is feasible in actual work. However, there are
still some shortcomings in the research process of this arti-
cle, which are mainly manifested in the absence of an actual
field experiment.

Data Availability

No data were used to support this study.

Table 3: Discrete element simulation results 2.

Working speed
(m/s)

Horizontal force of the
shovel (N)

Vertical force of the
shovel (N)

0.26m/s 55.91 55.65

0.39m/s 66.99 44.21

0.52m/s 89.43 59.76

Table 4: Discrete element simulation results 3.

Working speed
(m/s)

Horizontal force of the
shovel (N)

Vertical force of the
shovel (N)

0.35m/s 55.81 55.52

0.37m/s 66.99 44.89

0.39m/s 89.43 59.76

Table 2: Discrete element simulation results 1.

Working speed
(m/s)

Horizontal force of the
shovel (N)

Vertical force of the
shovel (N)

0.26m/s 55.91 55.65

0.37m/s 62.21 47.89

0.48m/s 66.12 52.34
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This paper studied the airflow cooling during blade surface processing and explained the applicable occasions of airflow cooling.
The flat heat transfer model was used to study the characteristics of the cooling airflow during blade surface processing. The study
of the model showed that the cooling coefficient of the airflow was affected by speed and pressure. Furthermore, the generation
and strength of the autogenous cooling airflow were closely related to the physical properties of the grinding tool. In terms of
processing heat generation, this paper used the Johnson-Cook material constitutive model to calculate the residual heat on the
surface of the processed blade, and the surface temperature rise was within a controllable range. For the airflow intensity
generated by the high-speed rotation of the tool, the airflow preset method was used to verify whether it meets the processing
conditions.

1. Introduction

Due to the difficult processing of materials [1], the complex-
ity of the shape, the diversity of materials, the diversity of
various blade, etc., the difficulty of blade processing has been
heavy. The key technologies of blade processing are thorny
problems that the aviation industry urgently needs to over-
come. Taking compressor blades as an example, they need
to be forged or cast billet, milling, surface grinding, and
other processes (such as manual polishing of the blade sur-
face and dynamic balance adjustment of the blade) [2, 3]
before they can be assembled to the shaft system; Figures 1
and 2 show a milled blade and its surface grinding technol-
ogy. The machining accuracy of the blade has a great influ-
ence on the high-speed rotation accuracy of the shaft
system and the performance of the whole machine [4–6].
In recent years, the development of blades with small aspect
ratios and curved blades has put forward new requirements
for blade processing accuracy and processing methods [7,
8]; the reason for this difficulty is that the geometry of the
small aspect ratio blade is more complex than that of the
general blade, which is difficult to complete with the existing

processing technology. Such blades often need to undergo
more complex surface grinding and surface coating layer
process treatment. In summary, blade surface processing
technology is the core technology of blade production.

Cooling during blade processing is a long-term concern.
Due to the heat dissipation of titanium alloys, the surface of
the blades will be ablated during the processing, and the
local high temperature during the processing of nickel-
based alloy blades will change the properties of the blade
materials. The form of cooling and the control of cooling
conditions are factors that cannot be ignored in blade pro-
cessing technology.

2. Application of Airflow Cooling and
Mathematical Model

There are many cooling methods for surface grinding
[9–11]. In the grinding machine processing that uses a
high-speed rotating hard grinding wheel as a grinding tool,
coolant is usually used for cooling. This cooling method
can not only take away the high temperature generated by
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the processing heat, but it also can wash the surface of the
workpiece and the surface of the grinding wheel at the same
time and then take away the chips. In the abrasive belt grind-
ing process, since the base material of the abrasive belt is a
flexible material, it is not suitable to use a liquid cooling
medium, and airflow is often used as a cooling medium.
Compared with liquid, airflow cooling does not have partic-
ularly high cooling efficiency, but it has several obvious
advantages.

First of all, the airflow cooling will not change the proper-
ties of the abrasive belt base material, the airflow cannot be
attached between the abrasive belt base material and the con-
tact wheel, and the movement form of the abrasive belt will
not be changed; secondly, the airflow will not form residues
on the surface of the workpiece and will not spread to the
gap between the workpiece and the fixture, and the movement

state of the workpiece will not be changed; third, the air flow
launching device can be far away from the workpiece, thereby
preventing interference in space; fourth, under the same
power, the speed of the gas flow is higher than that of the liq-
uid, which helps to increase the circulation frequency of the
cooling gas. Obviously, the shortcomings of airflow cooling
must be paid attention to and overcome. Due to the Brownian
motion of gas molecules, the cooling airflow spreads quickly;
therefore, a cooling airflow recovery device must be installed
during the grinding process of the blade surface using airflow
cooling. Since the recycled airflow is mixed with chips falling
off the surface of the blade, abrasive particles dropped due to
abrasive belt wear and various metal dusts, the processing
environment must be ventilated, smoke and fire are prohib-
ited, and employees must be equipped with breathing system
protective masks.

The cooling air flow passes through the surface of the
blade being processed and takes away the heat generated
by the processing. This physical process can be illustrated
by a flat plate heat transfer model. In the model shown in
Figure 3, a certain microelement on the surface of the blade
is taken as the research object. Since the selected microele-
ment is small enough, its surface can be regarded as a plane
approximately. The surface of the microelement is parallel,
and the influence of the difference in the direction of the
air movement can be corrected on this model. It is worth
noting that according to the definition of fluid mechanics,
the airflow velocity near the blade is distributed in a gradi-
ent, the airflow velocity closer to the blade is slower, and
the airflow velocity farther away from the blade is faster.
However, in this model, whether the blade or the airflow
microelements are small enough that the airflow gradient
distribution is very weak, which is ignored for the conve-
nience of calculation.

The temperature distribution under this condition can
be analyzed by the method of combining the N-S equation
and the energy equation. When the cooling airflow and the
processing speed reach a steady state, the governing equa-
tions of air flow heat transfer near the blade element should
satisfy the following conditions.

Mass conservation equation:

∂ρ
∂t

+ ∂ ρuið Þ
∂xi

= 0: ð1Þ

Figure 1: Blades formed by CNC milling.

Figure 2: Blade surface grinding technology.

Cooling airflow

Blade surface microelement

Figure 3: Flat plate heat transfer model.

Table 1: Johnson-Cook model parameters for Ti6al4v.

A B n m Tm Tr

1098 1092 0.93 1.1 1630 20

Table 2: Parameters for Johnson-Cook model damage.

d1 d2 d3 d4 d5 Tm Tr Reference strain rate

-0.09 0.25 0.5 0.014 3.87 1630 20 1
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Momentum conservation equation:

∂ ρuið Þ
∂t

+
∂ ρuiuj

� �
∂xi

+ ∂p
∂xi

‐
∂τij
∂xj

+ ρgi + Si = 0: ð2Þ

In the above two formulas, t is the cooling airflow den-
sity, p is the airflow pressure, u is the airflow velocity, τ is
the viscous stress tensor, and S is the source term of the
momentum equation.

The energy conservation equation in the cooling airflow
region is

∂ ρcpT
� �
∂t

+
∂ ρuicpT
� �
∂ xið Þ −

∂
∂xi

ke
∂T
∂xi

� �
− ST = 0: ð3Þ

The energy conservation equation in the microelement

region of the processed blade is

∂ ρcpT
� �
∂t

−
∂
∂xi

k
∂T
∂xi

� �
−QT = 0: ð4Þ

In the above two formulas, cp is the specific heat capac-
ity, QT is the heat source, ke is the effective thermal conduc-
tivity, k is the molecular thermal conductivity, ST is the
source term of the energy equation, and k and ke satisfy
the following relationship:

k = ke − kr: ð5Þ

The definition of kr is

kr =
cpμr
Pr

: ð6Þ

Temp
(Avg: 75%)

+4.583e+03
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+8.000e+01
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+0.000e+00

Figure 4: Temperature distribution of the abrasive grain group passing through the highest peak of the blade.

Temp
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+0.000e+00

Figure 5: Temperature distribution of the abrasive grain group leaving the blade.
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In the above formula, μr is the turbulent viscosity coeffi-
cient, and Pr is the turbulent Prandtl number.

For the model in Figure 3, the following empirical for-
mula can be used to calculate the heat transfer coefficient:

Nu = αl
λ

= 0:664Re
1/2Pr

1/3: ð7Þ

It can be seen from the above formula that the change of
the turbulent Prandtl number of the cooling airflow is
caused by the change of the turbulent viscosity coefficient,
and the change of the Prandtl number causes the change
of the plate heat transfer coefficient. However, the heat

transfer coefficient is not only affected by the Prandtl num-
ber, but also by the airflow Reynolds number. The definition
of the turbulent Reynolds number shows that when the
speed and pressure of the cooling airflow change, its Reyn-
olds number will change, which will make the blades micro-
element’s heat transfer coefficient changes.

3. Numerical Calculation Model for
Processing Temperature

In this paper, the heat generated during the surface grinding
of the blade microelement is simulated. The blade material is
a new titanium alloy Ti6Al4V.The Johnson-Cook material
constitutive model is a thermo-viscoplastic constitutive
model suitable for this blade material. The reason for choos-
ing the Johnson-Cook constitutive model is that this consti-
tutive model can not only adapt to the thin-wall shape
characteristics of the blade, but also is commonly used in
titanium alloys. Research on the dynamic constitutive rela-
tionship of metals and mature numerical calculation pro-
grams can often achieve better results in grinding
mechanism simulation. The mathematical expression of
Johnson-Cook material constitutive model is

σ = A + Bεnð Þ 1 + C ln ε

ε0

� �m� �
1 −D

T − T0
T0

� �k
" #

: ð8Þ

In the above formula, A, B, n, C, and m are material con-
stants, respectively, representing the yield stress intensity,
strain strengthening coefficient, strain strengthening index,
strain rate strengthening parameter, and temperature strain
rate sensitivity under quasi-static conditions; σ is the flow
stress; Tm is the melting point temperature; T is the temper-
ature of the blade material, Tr is the reference temperature,
usually designated as the ambient temperature of the simula-
tion experiment; ε is effective plastic strain, and ε0 is the ref-
erence strain rate. The Johnson-Cook material constitutive
model parameters of Ti6al4v are shown in Table 1.

In addition to the constitutive model, the simulation of
such problems must also define failure criteria. During the
grinding process of the blade surface by abrasive particles,
the blade material undergoes deformation similar to shear
failure under the plowing action of the abrasive particles.
Therefore, the failure parameters of the blade material can
be defined as follows:

ω =〠 Δεpl

εplf

 !
: ð9Þ

In the above formula, Δεpl is the increase in plastic

strain, and Δεplf is the amount of failure strain.

The failure strain Δεplf is a function related to the strain
rate, compressive stress deviator stress ratio, temperature,

Tool move
reference point

Blade move
reference point

Figure 7: Motion constraints in the case of both blade and abrasive
belt movement.

Tool move
reference point

Figure 6: Motion constraint of the stationary state of the blade.
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and other parameters, and its expression is

εplf = d1 + d2e d3 p/qð Þð Þ
h i

1 + d4
εpl
•

ε0
•

0
@

1
A

2
4

3
5 1 + d3θð Þ: ð10Þ

The dimensionless strain rate in the above formula is
denoted as εpl

• / ε0•, and the compressive stress deviatoric
stress ratio is denoted as p/q, where p is the compressive
stress and q is the Mises stress. For material Ti6al4v, d1,
d2, d3, and d4 are invalid parameters, and their values are
shown in Table 2.

4. Analysis of the Results of
Numerical Calculations

The temperature change of the material during processing
can be obtained after analysis using the finite element soft-
ware ABAQUS. In this paper, The temperature cloud dia-
gram of the processing process is used to analyze the
temperature change during this process. The results are
shown in Figures 4 and 5. It can be clearly seen from these
two figures that the area where the temperature rises sharply
is the area where the chips remain, that is, the valley area of

the milling texture. In the peak area of the milling texture,
the temperature of the blade surface element does not rise
sharply. The reason for this phenomenon is as follows: on
the one hand, because the simulation analysis is a single
grinding, the microelements on the blade surface are not
constantly rubbed, which causes the temperature of the sys-
tem to rise and accumulate. On the other hand, the large
amount of heat generated during grinding is mostly attached
to the chip body. The grinding simulation setting defaults
that the cut chips are completely separated from the work-
piece, so there is a significant temperature increase in the
area where the chips remain. The areas where there are no
residual chips, that is, those areas where the chips have been
evacuated, will not cause a sharp rise in the surface temper-
ature of the blade. The heat generated by mechanical friction
during processing is removed with the removal of chips. It
can be seen that it is very necessary to remove chips in time.

This paper distinguishes two different simulations and
experiments in which the blade is at rest and the blade is
in motion, in order to maximize the accuracy of the calcula-
tion. Figures 6 and 7, respectively, show the constraints of
these two simulations; due to the different constraint condi-
tions, the former cannot be simply defined as the state where
the speed of the latter is zero. The simulation calculation
amount of the blade and the belt at the same time is several

LE, Max. Principal
+5.434e+00
+4.981e+00
+4.528e+00
+4.076e+00
+3.623e+00
+3.170e+00
+2.717e+00
+2.264e+00
+1.811e+00
+1.359e+00
+9.057e−01
+4.528e−01
+1.311e−06

S, Mises
+1.000e+03
+9.167e+02
+8.333e+02
+7.500e+02
+6.667e+02
+5.833e+02
+5.000e+02
+4.167e+02
+3.333e+02
+2.500e+02
+1.667e+02
+8.333e+01
+0.000e+00

U, Magnitude

PE, Max. Principal
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+2.500e−01
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−2.000e−01
−2.750e−01
−3.500e−01
−4.250e−01
−5.000e−01

+1.000e−01
+9.167e−01
+8.333e−02
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+4.167e−02
+3.333e−02
+2.500e−02
+1.667e−02
+8.333e−02
+0.000e+00

Figure 8: Simulated calculated blade surface with blade feed motion when the abrasive belt is in the initial wear stage.
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times that of the static and fixed state of the blade. In addi-
tion, the geometric characteristics of the original shape of
the blade surface in the collection and distribution model
should be as close as possible to the real blade blank surface.

Except that the setting of abrasive material parameter Gm
is controlled by empirical value, other detailed parameters
setting can be carried out as described below:

The hardness parameter H of the abrasive particle group
is controlled by changing the parameters of the material.
Change the speed of the reference point rotation (load-
boundary condition) by setting the speed values of the six
degrees of freedom in the boundary conditions, thereby con-
trolling the movement frequency f of the abrasive particle
group. On this basis, the linear velocity vs. of the abrasive
particle group is controlled by changing the radius of gyra-
tion of the abrasive particle group movement (that is, the
distance between the reference point and the abrasive parti-
cle group). Similarly, this control method is also adopted for
the motion parameter vw of the blade surface model,

We can control the normal force Fn between the blade
and the abrasive particle group by changing the MPC con-
tact option parameter (interaction-MPC constraint) in the
constraint options. The definition of MPC is multipoint con-
straints; that is, the constraint point is not a single contact

form. The tangential force Ft between the blade and the
group of abrasive particles is controlled by setting the inter-
action property-tangential behavior in the interaction prop-
erty, and the number of revolutions N of the abrasive
particle group in a period of time is controlled by setting
the time step (step-time period). The cooling condition con-
stant adopts the default preset value, that is, the reduced air
flow rate (Kg/min) produced by the high-speed rotation of
the grinding tool, so that the workpiece can be effectively
cooled during processing.

Figure 8 shows a set of simulation results that meet the
above settings. The results show that the machining results
achieve the expected results under the cooling conditions
of the air flow generated by the grinding tool. The cooling
condition constant changes due to changes in various
parameters of the tool, and the cooling effect brought about
by this change is in line with the processing requirements.

5. Experiment and Analysis

According to the above calculation results, the airflow generated
by the high-speed rotating grinding tool can meet the require-
ments of velocity and flow rate; meanwhile, the heat carried
by the chips will not cause the local temperature of the blade
surface to rise too high. This paper uses an air flow meter to
measure the cooling air flow conditions in the actual process.
Figures 9 and 10 show that when the machine rotates at a cer-
tain speed, the air velocity in the contact area of the blades
and the contact wheel and the air velocity in the space near
the processing area are, respectively, 7.413m/s and 5.903m/s,
and the airflow temperature is about 15 degrees Celsius.

In an open situation, the total pressure ratio of the cool-
ing airflow can be set to 1.1, the airflow temperature is 288 k,
the atmospheric pressure is 0.101Mpa, and the air density is
1.2Kg/m3. At this time, the cooling airflow mass flow on the
processing surface can be used as follows The formula
shown approximates:

qm =Vρ0Π: ð11Þ

In the above formula, qm is the mass flow rate of the
cooling gas, ρ0 is the air density, and Π is the total pressure
ratio of the airflow.

If the area of the air flow around the processing area is
0.01m2, then the air flow rates of the two are 5.75Kg/min
and 4.57Kg/min, respectively. In the simulation calculation,
it can be considered that the cooling airflow generated by
the rotation of the grinding tool is equivalent to the flow rate
of 5kg/min. More powerful ventilation air flow and cooling
effect need to be achieved by generating cooling airflow
through an air compressor. Obviously, the cooling effect of
the airflow is closely related to the geometry of the tool.
The research in this article can give such a processing idea:
it is possible to design a processing tool that can not only
conform to the blade surface grinding, but also generate
high-speed cooling airflow due to the movement of the tool
itself. This tool will change the shape of the contact wheel of
the belt machine. These work will be carried out in further
research.

Figure 9: Cooling air flow velocity in the contact area during blade
machining.

Figure 10: Cooling air flow velocity in the space near the
processing area.
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6. Summary and Outlook

On the basis of the plate heat transfer model, the character-
istics of the cooling airflow during the blade surface process-
ing are studied. The cooling coefficient of the airflow is
affected by the speed and pressure. The generation and
strength of the self-generating cooling airflow are closely
related to the physical properties of the grinding tool. In
terms of processing heat generation, this paper uses the
Johnson-Cook material constitutive model to calculate the
residual heat on the surface of the processed blade, and the
surface temperature rise is within a controllable range.

For the airflow intensity generated by the high-speed
rotation of the tool, the airflow preset method is used to ver-
ify whether it meets the processing conditions. In the subse-
quent research, in addition to the plate heat transfer model,
the conical capillary model can also be used as the cooling
airflow model. It is necessary to improve the shape of the
processing tool so that it can not only meet the requirements
of blade surface processing, but also generate high-speed
cooling airflow. Future research can be combined with cool-
ing and lubrication, air flow types, etc. to increase the
breadth and depth of research.
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Spinal cord injury is a serious neurological injury disease. With the improvement of living standards in China in recent years, we
began to develop sports hobbies, so the cases of sports spinal cord injury also increased. The main cause of spinal cord injury is the
microenvironment after spinal cord injury, which prevents nerve regeneration. With the support of the state and the efforts of
regenerative medical scientists in China, remarkable progress has been made in the reconstruction of microenvironment after
spinal cord injury in recent years. The scaffold was combined with multifunctional nanoparticle repair technology to
reconstruct the microenvironment of nerve regeneration by transplantation. The purpose of this paper is to carry out an
experimental analysis on the repair of spinal cord injury after exercise based on multifunctional nanomaterial particles, and
this paper takes badminton as an example to explore. The microenvironment of spinal cord injury was improved by
implantation of multifunctional nanomaterial particles and nerve regeneration collagen scaffold. We found 48 patients with
spinal cord injury after badminton and divided them into two groups. The pilot group was treated with a multifunctional
nanomaterial granular nerve scaffold, whereas the treatment in the control group was with ordinary drugs. The experimental
group was followed up for nine months, starting one month after the surgery. After nine months of experimental investigation,
we found that the treatment of multifunctional nanoparticle nerve scaffold can not only reduce the injury area and scar
formation but also promote the regeneration of nerve microenvironment and the recovery of body function and motor
function of patients and reduce the inflammatory reaction caused by injury and pain.

1. Introduction

Spinal cord injury is the most serious complication of the
spinal cord, which has the characteristics of high disability
rate, high morbidity rate, high mortality rate, and many
complications [1]. Spinal cord injury belongs to the central
nervous system injury, and its repair after injury has
always been a major problem in the international medical
community [2]. At present, with the rapid development of
high-altitude work, modern transportation industry, and
the endless variety of difficult sports injuries, the incidence
of this disease is increasing year by year. What follows is

the highly degraded physical health and quality of life of
the patients, as well as the heavy mental and economic
burden to the patient’s family and even the whole society,
which greatly hinders the development of society [3].

Following spinal cord injury, some conduction tracts in
the medulla spinalis, such as the corticospinal tract [4], can
regenerate and grow into the medulla spinalis distal to the
injury, but this does not significantly improve motor func-
tion after playing badminton in spinal cord injury patients.
This is mainly due to the fact that after spinal cord injury,
although some nerve fibers in the corticospinal tract can
sprout and grow, they cannot form the correct neural
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circuit with the motor center of the nerve loop originally
dominated by the lower part of the injury. It affects the
recovery of original nerve function.

With the continuous development of modern biomed-
ical diagnosis and treatment technology, the original tradi-
tional disease diagnosis mode and treatment mode can no
longer meet the needs of precision medicine and personal-
ized medicine [5]. Multifunctional diagnosis and treatment
mode, with its own accuracy, reliability, and the function
of multiple examinations at the same time, has been highly
praised by patients and medical workers. Multifunctional
nanoparticle [6] technology, that is to integrate multiple
components with different properties into one nanoparti-
cle, can conduct real-time tracking and adjuvant treatment
of disease diagnosis and treatment through its own physi-
cal and chemical properties at the same time of diagnosis
and treatment. Therefore, in this paper, we applied the
multifunctional nanoparticle technology to the treatment
of spinal cord injury, combined the multifunctional nano-
particles with collagen nerve scaffold [7], and improved
the wound site of patients with spinal cord injury due to
badminton sports, as far as possible to reduce the pain
of patients, shorten the recovery cycle, and reduce the bur-
den of patients.

Multifunctional composite nanostructures are usually
composed of two parts: the core and the outer shell [8].
Compared with the common simple nanostructures,
core-shell nanostructures play a good role in protecting
the core components, especially the easily oxidized or
unstable components, and significantly improve the physi-
cal and chemical stability of multifunctional particles. In
addition, the biocompatible shell outside the core can
effectively reduce the biological toxicity of nanoparticles,
improving the biological dispersion ability and phagocyto-
sis efficiency of nanoparticles [9]. Core shell structure [10]
can also effectively improve the connectivity of multifunc-
tional nanoparticles with other biomolecules by changing
the shell composition, so that the nanoparticles have better
targeting and drug-loading capacity. In addition, the com-
position of the core and the shell can be selectively chan-
ged according to the specific application requirements, so
that the multifunctional nanoparticles have the characteris-
tics of both at the same time, so as to achieve a variety of
biomedical diagnosis and treatment purposes. At present,
core-shell nanomaterials with different functions have been
widely used in electronic instruments, biomedicine, optics,
and catalysis.

In this paper, we will analyze the pathological mecha-
nisms of marrow injury from all aspects, starting from the
physiological structure of the marrow, from chronic spinal
cord injury to acute spinal cord injury. From the theme of
this paper, the application of multifunctional nanomaterial
particles in the treatment of spinal cord injury is
described. The objectives are to analyze the research status
and prospect of multifunctional nanomaterial particles in
the treatment of spinal cord injury and combine the mul-
tifunctional nanomaterial particles with collagen nerve
scaffold to maximize the efficacy of both in spinal cord
injury.

2. Mechanism of Spinal Cord Injury

2.1. Physiology of the Spinal Cord. The medulla spinalis not
only connects the brain to the peripheral nerves but also
produces spinal reflexes [11]. The spinal cord begins in the
medulla oblongata at the base of the brain, passing across
the greater foramen and through the vertebral canal. In
humans, the spinal cord ends at the level of the first lumbar
spine, while in rats the spinal cord ends at the level of the
third lumbar spine. In the process of growth, the growth rate
of the lumbar spine is faster than that of the spinal cord, so
the spinal nerve under the cervical spine passes through the
intervertebral foramen under the corresponding vertebral
body. From the inside to the outside, the spinal cord is cov-
ered by the leptomeningeal, arachnoid, and dural H-layer
fibrous tissue. There is a subarachnoid space filled with cere-
brospinal fluid [12] between the pia mater and arachnoid.
There are fibrous connective tissue and adipose tissue
between the dura mater and spinal plate. These structures,
along with the spine, protect the spinal cord. The gray mat-
ter of the spinal cord is located in the center and surrounded
by white matter. The gray matter is composed of interneu-
rons, neuronal cell [13], dendrites, afferent nerve fibers,
and glial cells. The peripheral white matter is mainly com-
posed of multiple groups of myelinated axons. These axons
with different functions are called fiber bundles or fiber
pathways, which run longitudinally along the spinal cord.
Some axons send information down from the brain to the
peripheral nerves, while others transmit information from
the peripheral nerves to the brain.

At present, spinal cord injury can be divided into three
stages.

(1) Acute stage: in the first few days after injury, the
main necrosis cells and then hematoma appear in
the gray matter of the spinal cord, compressing the
surrounding tissues, causing edema and microcircu-
lation disorders, and aggravating the spinal cord
injury

(2) Secondary reaction stage: injury after several
minutes to a few weeks, including continuous ische-
mia and necrosis of cells, inducing or promoting
apoptosis and necrosis of nerve cells, injured sites
and surrounding areas

(3) Chronic stage: it can last for several days or even
years, the range of apoptosis continues to grow,
and scar formation, cystic regional expansion, and
changes in nerve impulse transmission pathway were
observed; some patients even have chronic central
pain such as hyperalgesia and allergy

2.2. Primary Injury and Secondary Injury. When the spinal
cord is severely injured, or the most common sudden
impact, compression or vascular blockage, nerve injury has
begun. We call it “primary injury.” The primary injury is
the mechanical injury of spinal cord caused by the injury
itself, which results in necrosis of intramedullary cells and
interruption of axons. It can be divided into spinal cord
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concussion, spinal cord contusion and hemorrhage, spinal
cord compression, cauda equina injury, etc. It can lead to
permanent irreversible dysfunction of the spinal cord. The
prognosis and rehabilitation were in direct proportion to
the degree of injury at that time. At present, the local treat-
ment of primary spinal cord injury is not effective. This is
mainly because the local treatment of primary spinal cord
injury is not suitable for primary spinal cord injury.

A series of harmful biological reactions caused by
mechanical spinal cord injury are called “secondary injury.”
Secondary injury occurs after primary injury, sometimes
more severe than primary spinal cord injury, leading to cen-
tral hemorrhage and necrosis to edema and apoptosis area
2-3 cm long near the spinal cord, which is often replaced
by glial scar tissue in the late stage. The mechanisms include
microcirculation, free radical and lipid peroxidation, excit-
atory amino acid theory, calcium overload, electrolyte
disturbance, and inflammatory reaction. It is one-sided to
discuss one or more pathological injury mechanisms. Sec-
ondary injury is the result of multiple mechanisms. The
interaction of various mechanisms affects the development
of spinal cord injury. Secondary injury can occur within
minutes to weeks after primary injury and last for several
years. It can develop to both ends of the spinal cord, leading
to more severe nerve damage, and eventually into a chronic
phase.

It is very necessary to understand the biochemical and
cytological mechanisms of primary and secondary spinal
cord injury [14]. Therefore, we can study the treatment
methods of these two periods to reduce the area of secondary
injury and promote nerve regeneration. In 1911, Allen
removed the inflammatory fluid from the spinal cord injury
area in dogs and found that the motor function of dogs was
significantly improved. Therefore, he proposed the concept
of secondary spinal cord injury. With the development of
research, Dr. Allen proposed that local hemorrhage at the
injury site could lead to more severe spinal cord injury.

2.3. Apoptosis. Apoptosis [15] is a kind of programmed cell
death that occurs under physiological or pathological condi-
tions. Trauma can also lead to apoptosis. There is clear mor-
phological and histological evidence that spinal cord injury
can induce apoptosis. Apoptosis occurs in neurons, oligo-
dendrocytes, microglia, and astrocytes. After spinal cord
injury, oligodendrocytes in white matter die within weeks
due to demyelination. Apoptotic cells were found in dentate
and monkey and human spinal cord injury, which indicated
that the active cell death aggravated the injury degree of
central nervous system. The mechanism of apoptosis after
spinal cord injury has not been fully studied, but the apopto-
sis of microglia and oligodendrocytes is closely related,
suggesting that the activity of microglia may be related to
apoptosis.

2.4. Inflammatory Response Theory. Inflammatory response
theory: immune inflammatory response is the mechanism
of self-defense and repair when the body is injured. Studies
have shown that in spinal cord injury, the main inflamma-
tory cells involved are neutrophils, monocytes, lymphocytes,

and microglia in nerve cells. After spinal cord injury, resident
microglia are activated, leukocytes rapidly infiltrate into the
injured area and release unfavorable cytokines and reactive
oxygen species, which leads to more leukocyte aggregation
and more serious tissue damage. Secondary inflammatory
reaction often plays a negative role in injuring spinal cord tis-
sue, destroying and repairing, and promoting apoptosis and
excessive hyperplasia of scar. A scholar believes that human
intervention can control the development of secondary
inflammatory response in favor of spinal cord repair; other-
wise, inflammatory reaction will promote cell apoptosis and
expand the scope of injury. Some studies suggest that inflam-
matory reaction is not completely harmful, it may play a ben-
eficial role in the process of nerve tissue repair.

2.5. Chronic Stage of Spinal Cord Injury. The chronic stage of
spinal cord injury includes slight demyelination of white
matter, dissolution of gray matter, deposition of connective
tissue [16], proliferation of reactive glial cells, and eventually
formation of therapeutic scars. Glial scar [17] is mainly com-
posed of reactive astrocytes, microglia (macrosatellite cells),
extracellular matrix, and chondroitin sulfate polysaccharide.
It acts as a barrier to prevent axons from passing through.
About 25% of patients with spinal cord injury will form cystic
cavity around glial scar [18]. Syringomyelia is usually caused
by syringomyelia, which usually causes neuropathic pain. As
a result, many patients develop pain syndrome, which even-
tually leads to depression. The mechanisms of pain and
depression following spinal cord damage have not been
clearly studied, but animal experiments have found that neu-
rons from the back corners of the spinal cord are hyperexcit-
able for several weeks after injury, which could be associated
with pain. In addition, studies have shown that chronic pain
is related to the activation of the hypothalamic pituitary
adrenal axis, and chronic pain is an inevitable stressor. The
activation of HPA axis can also cause the release of glucocor-
ticoid, which is closely related to depression.

3. Research on the Repair of Spinal Cord
Injury with Nanomaterials

3.1. Research Background of Spinal Cord Injury. Spinal cord
injury leads to partial or total loss of function below the
wound. It not only brings great changes to patients and their
families but also brings economic losses far beyond our
expectation. The quality of life of patients with spinal cord
injury is the lowest compared with other healthy people or
disabled people. The average quality of life of patients with
spinal cord injury is low, and their ability of self-care is
low. They are eager to recover and to be able to take care
of themselves. In this paper, we studied the changes of phys-
ical function of patients with spinal cord injury for nine
months under two different treatment methods: multifunc-
tional nanoparticle nerve scaffold and drug treatment, hop-
ing to change the life status of patients with spinal cord
injury.

3.2. Research Status. In view of the current high incidence
rate and high disability rate of spinal cord injury, treatment
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after onset has been a hot and difficult point in clinical
research. At present, medical researchers divide the mech-
anism of spinal cord injury into two kinds: mechanical
primary mechanism and biochemical secondary injury
mechanism. We should choose appropriate treatment
methods to block the two different injury mechanisms. At
present, animal experiments and some clinical studies have
confirmed the neuroprotective effects of surgery, drug ther-
apy, and genetic engineering therapy on spinal cord injury.
However, the specific surgical treatment and drug protection
mechanism are not mature and controversial. It is expected
that more research results will be translated into clinical
practice to benefit patients with spinal cord injury.

3.3. Research Prospects. As one of the world’s medical prob-
lems, the research on the treatment of spinal cord injury has
attracted the attention of researchers and clinical scholars.
The number of clinical studies on spinal cord injury is
increasing. However, there are still some key problems to
be solved.

(1) Analysis of microenvironment of nerve regeneration:
after spinal cord injury, injury will lead to local
ischemia, hypoxia, edema, stem cell activation and
other reactions, and then axon demyelination, glial
cell proliferation, nerve cell necrosis, and other prob-
lems, and finally form a cavity or scar injury is not
conducive to nerve regeneration microenvironment.
The process of continuous dynamic change is
accompanied by the dynamic changes of various sig-
nal molecules and cells in the microenvironment

(2) Regeneration and repair mechanism of complete spi-
nal cord injury: spinal cord injury can be divided
into complete injury and incomplete injury. After
incomplete spinal cord injury, some axons with
intact nerves can regenerate and recover their func-
tions by means of springing. However, complete spi-
nal cord injury can completely cut off the nerve, and
its regeneration and repair mechanism were a key
issue to be studied

(3) Clinical research path of spinal cord injury: although
relevant clinical studies have been carried out, there
are still some problems to be solved in the clinical
research of spinal cord injury. For example, due to
the existence of spinal cord shock, the current com-
monly used Asian classification is not suitable for
judging the severity of acute spinal cord injury.
How to judge a patient as a complete injury? The
scars of old spinal cord injury in patients will inhibit
nerve regeneration. It is difficult to distinguish the
scar tissue of old spinal cord injury from normal
nerve tissue in operation and to remove the scar

The repair of spinal cord injury is a complex process,
which involves not only spinal cord injury but also periph-
eral nerve and muscle degeneration, as well as different psy-
chological changes of patients. Therefore, it is necessary to
establish a complete psychological rehabilitation plan for

spinal cord injury, which is combined with the continuous
development of regenerative medicine technology, and
repair the spinal cord tissue and reconstruct the injured
spinal cord through the combination of multifunctional
nanoparticles and nerve regeneration scaffold. In the near
future, nerve regeneration and motor function recovery
of patients with spinal cord injury will be realized.

3.4. Research Methods. First of all, we need to determine the
purpose of the study and the content of the study and select
the research object reasonably for the experiment. We
selected 48 eligible patients with spinal cord injury after bad-
minton. Under the condition of ensuring the patients’
knowledge, we randomly divided the patients into two
groups, 24 people in each group. From the patients’ choice
of treatment, the influence of nanoparticle nerve scaffold
on body weight recovery, the promotion of motor function
recovery by nanoparticle nerve scaffold, and the alleviation
effect of nanoparticle nerve scaffold on inflammatory reac-
tion were explored. Finally, the data were collected and
sorted out to study the effect of multifunctional nanomateri-
als on the repair of spinal cord injury after badminton.

3.5. Experimental Process. The microenvironment is not
conducive to nerve regeneration after spinal cord injury,
which mainly includes the following: (1) primary injury
and secondary injury lead to nerve cell death; (2) lack of
nutritional factors to promote nerve regeneration; and (3)
cell proliferation forms scar tissue and some chemical mole-
cules in scar, such as chondroitin sulfate proteoglycans
(CSPGs), which act as physical and chemical barriers to
nerve regeneration. On the one hand, they inhibit the
growth of axons; on the other hand, they inhibit the differen-
tiation of neural stem cells into neurons. With the deepening
of research, scientists gradually realize that due to the com-
plex microenvironment formed after spinal cord injury,
single strategy is difficult to effectively promote the repair
of spinal cord injury, and the combination of multiple strat-
egies is the focus of spinal cord injury repair. It is the most
suitable and effective method to reconstruct the microenvi-
ronment of spinal cord regeneration by using multifunc-
tional nanoparticles.

At present, multifunctional nanomaterial particle colla-
gen scaffold for nerve regeneration is used. It is a kind of
polymer material. We prepared the nerve regeneration
scaffold by coating the multifunctional nanoparticles on
the collagen nerve scaffold and then implanted the scaffold
into the spinal cord injury site of the experimental group.
Due to the characteristics of the growth of spinal cord nerve
cells, the ideal spinal cord injury repair material structure
should be cell oriented, that is, it can guide the orderly
growth of cell axons. According to the characteristics of lon-
gitudinal and orderly growth of spinal cord neurons, nerve
fibers were guided to extend orderly. The results showed that
compared with the control group, the function of the patients
was significantly improved, and the basic movement of the
patients showed coordination and mobility. Histological
and immunocytochemical analysis showed that the recovery
may be due to the decrease of tissue loss and glial scar. After 9
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months of follow-up, the patient had no obvious adverse
reactions, which initially proved that nerve regeneration col-
lagen scaffold transplantation was safe.

For the control group, we were on medication. Only two
drugs, methylprednisolone and sialic acid tetrasaccharide
ganglioside, were found to have significant effects on recov-
ery from spinal cord injuries and have obvious effects on
the rehabilitation of spinal cord injury. The dose and course
of treatment determined by NASCIS should be strictly
followed. There are many similarities between GM-1 and
MP in pharmacological mechanism, such as reducing tissue
edema, reducing lipid peroxidation, reducing the production
of free radicals, and stabilizing membrane structure. GM-1
can also promote axon growth, stimulate synaptic formation,
and improve nerve conduction function. GM-1 was given 48
hours after injury and lasted for several months. At the same
time, they received medical observation together with the
experimental group.

4. Results and Discussion

4.1. General Information Survey. As shown in Table 1, in
order to improve the biological experimental study on the
repair of spinal cord injury after badminton with multifunc-
tional nanomaterial particles, we collated the general data of
patients in the experimental group and the control group.
From the above data, we can see that the age of patients with
spinal cord injury due to badminton is mainly between 26
and 35 years old. However, no matter when the experimen-
tal group is still in the control group, the patients who often
exercise are relatively few. From this, we know that as long
as the 26-35 age groups are office workers, it is precisely
because they usually lack exercise, so they are more likely
to be injured in sports.

4.2. Selection of Treatment Methods for Spinal Cord Injury.
At present, the common spinal cord treatment methods in
China include multifunctional nanoparticle nerve scaffold,
drug therapy, and stem cell therapy. We investigated the
patients with spinal cord injury after badminton in a certain

place from 2017 to 2019 and calculated the treatment
method when treating spinal cord injury.

As shown in Figure 1, the current common clinical treat-
ment of spinal cord injury is focused on nanoparticle nerve
scaffold treatment, which accounts for 40% of the clinical
treatment of spinal cord injury. The second is drug therapy.
Compared with the surgical treatment of nanoparticle nerve
scaffold, the clinical selection rate of drug treatment is less,
but still accounts for 31%. And stem cell therapy accounts
for 12%. In addition, other methods also accounted for
17%, which shows that some of these methods still have cer-
tain development prospects.

4.3. Weight Recovery of Patients after the Operation of
Nanomaterial Nerve Scaffold. After some medical research,
we know that the recovery of patients’ body weight is
closely related to the recovery of patients’ body function.

Table 1: General information of patients.

Project
Experimental group

(N = 24)
Control group

(N = 24)

Age

15-25 5 7

26-35 12 11

35-45 7 6

Place of residence
Countryside 9 12

Town 15 12

Marital status
Married/cohabitation 19 15

Divorced/unmarried 5 9

Fitness

Frequently 4 5

Occasionally 8 8

Rarely 6 4

Never 6 7

12%

17%

40%

31%

Other
Steam cell therapy
Drug treatment
Nanoparticle nerve scaffolds

Figure 1: Selection of current methods of spinal cord injury
quality.
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Postoperative weight recovery of patients is conducive to
speeding up the recovery of bodily functions.

As shown in Figure 2, we recorded and compared the
weight of patients in the experimental group and the control
group one month after operation. According to the research,
the weight recovery of patients after surgery represents the
recovery of patients’ body function to a certain extent. From
the comparison of our data, we can see that the weight of the
experimental group and the control group in the observation
period is rising, but relatively speaking, from the first to the
third month, the body weight of the experimental group and
the control group was almost the same, but from the fifth
month, the body weight of the experimental group rapidly
recovered, and the recovery speed was much faster than that
of the control group.

4.4. Nanomaterial Nerve Scaffold Promotes the Recovery of
Motor Function. During the 9-month follow-up treatment,
we recorded not only the weight data of the two groups
but also the recovery level of motor function. Motor func-

tion is very important for everyone, especially for patients
with spinal cord injury due to badminton.

As shown in Figure 3, we started recording from the first
month after surgery. In the first month, the motor functions
of the experimental group and the control group were at the
same level. In the third month, the motor function of
patients in the experimental group decreased slightly due
to some reasons after operation, but in the follow-up treat-
ment, the motor function quickly caught up with the control
group, and in the fifth month, the motor function of the
experimental group recovered rapidly, while the recovery
of the control group was relatively slow. It can be seen that
nanoparticle nerve scaffold can promote the recovery rate
of motor function.

4.5. Nanoparticle Nerve Scaffold Reduces Inflammatory
Response. In the recovery process of the disease, no matter
whether it is surgical treatment or delayed treatment, as long
as there is a wound, there is the possibility of inflammation,
so we also recorded the experimental group of patients in the

Recovery rate

Nine month

Seven month

One month

Three month

Five month
Ti

m
e

54%

78%

32%

14%

10%
13%

19%

24%

31%

42%

Control group 
Experimental group 

Figure 2: Weight gain of patients after nerve stenting with nanomaterials.
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Figure 3: Recovery rate of motor function promoted by nanoparticle nerve scaffolds.
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control group during the experimental period of inflamma-
tory reaction.

As shown in Figure 4, we monitored the inflammatory
response of the pilot and controlled patients from the first
month after surgery. In the first month, the inflammatory
response rates in the test and control arms were very similar.
In the following eight months, the rate of inflammatory
response in both groups decreased. But with the passage of
time, the inflammatory response rate of the experimental
group decreased much faster than that of the control group.
After nine months, the inflammatory response rate of the
experimental group decreased from 45% at the beginning
to 8% at the ninth month. The control group was treated
with drugs, from 47.85% at the beginning to 17% at the
ninth month.

5. Conclusions

This paper mainly explores the repair of spinal cord injury
after badminton sports with multifunctional nanomaterial
particles. After spinal cord injury, patients will have a certain
degree of movement disorders, and at the same time, various
functions of the body will also have different degrees of
problems, for example, urinary system infection, hydrone-
phrosis, and dysuria. The follow-up treatment of spinal cord
injury is not only a challenge to the patient’s bearing capac-
ity but also a heavy burden for the patient’s family. Based on
this point, we began to explore the use of multifunctional
nanomaterial particle nerve scaffold for the treatment of
patients. We found 48 patients with spinal cord injury after
badminton exercise and divided them into two groups. The
experimental group was treated with multifunctional nano-
particle nerve scaffold surgery, and the control group was
treated with drug therapy. After nine months of treatment
data recording, we compared the data and found the follow-
ing three points: first, although the weight of the control
group and the experimental group increased after operation,

the overall recovery rate and recovery rate of the experimen-
tal group were much higher than those of the control group.
The weight recovery after the operation represents the recov-
ery of body function to a certain extent. It can be seen that the
surgical treatment of multifunctional nanoparticle nerve
scaffold has great help for the recovery of body function of
patients with spinal cord injury after badminton exercise.
Second, we focus on the recovery of motor function of
patients with nanoparticle nerve scaffold. From one month
after the operation, we recorded nine months. Although
motor function was recovering in both control and labora-
tory patients, it recovered quite quickly and increased in
magnitude over time in the laboratory group versus the con-
trol group. Third, we observed the inflammatory response
after the nanoparticle nerve scaffold surgery. In the first
month, because of the surgical wound, the inflammatory
reaction of the experimental group was slightly stronger than
that of the control group. But in the follow-up treatment, the
inflammatory reaction of the experimental group of patients
quickly went down. Through the above three points, we
found that the multifunctional nanoparticle nerve scaffold
treatment can make the body function and motor function
of patients recover quickly, shorten the treatment cycle, and
greatly reduce the pain of patients and the burden of patients’
families. At the same time, it can greatly and rapidly reduce
the postoperative inflammatory reaction of patients. In addi-
tion, we also investigated the treatment options of spinal cord
injury patients with badminton sports in a hospital from
2017 to 2019. Among them, 40% of the patients chose nano-
particle nerve stent surgery. To sum up, it is meaningful and
promising to study the experiment of repairing spinal cord
injury after badminton with multifunctional nanomaterial
particles.

Data Availability

No data were used to support this study.
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At present, cancer has become one of the main reasons that affect people’s life and health.With the development of nanomaterials and
nanotechnology, tumor phototherapy such as photodynamic therapy, photothermal therapy, and combination therapy has been
developed rapidly. Based on this, this paper proposes to take gastric cancer, esophageal cancer, liver cancer, intestinal cancer, and
pancreatic cancer as the starting point and apply the methods of network meta-analysis to comprehensively carry out the
horizontal comprehensive evaluation of the efficacy and safety of traditional Chinese medicine injections. It is hoped that this
article can provide high-quality evidence-based medicine for clinical decision-making and promote clinical rational drug use. The
purpose of this paper is to study the meta-analysis of the main components of tumor treatment with nanophotodynamics
combined with traditional Chinese medicine. The experimental results in this paper show that non-small-cell lung cancer has the
largest number of evaluations, with 77 evaluations, accounting for 38.5% of the total frequency of tumor types. This may be related
to the fact that lung cancer ranks first in the morbidity and mortality of malignant tumors. It is followed by the evaluation times of
liver cancer and gastric cancer, which were 29 times and 25 times, respectively, accounting for 14.5% and 12.5% of the total
frequency of tumor types. The therapeutic effect of SM-NP light therapy group on tumor was significantly higher than that of free
Ce6 light therapy group, and its destruction and killing effect on tumor tissue was greater.

1. Introduction

The high recurrence rate, easy spread, and poor prognosis of
tumors are the main challenges of clinical treatment. Cur-
rently, surgery, chemotherapy, and radiotherapy are the
three main methods of clinical treatment of cancer. It has
been widely used in tumor therapy, but it is difficult to
inhibit it. It is effective in the treatment of malignant tumors.
An ideal therapeutic strategy can not only effectively and
safely remove tumors in situ but also prevent tumor metas-
tasis by activating the body’s immune system to recognize
and remove tumor cells.

Chemotherapy is one of the important methods for the
treatment of malignant tumors. However, traditional che-
motherapeutic drugs lack tumor selectivity and have serious

side effects. Photodynamic therapy is a new cancer treatment
method developed in recent years. Photosensitive drugs
enter the body and accumulate under the concentration
and generate singlet active oxygen under the action of laser
light of absorption wavelength, thereby producing cytotoxic
effect. As a safe and efficient cancer treatment, photody-
namic therapy can not only directly kill tumor cells but also
potentially improve the immunogenicity of tumor cells. It
induces an antitumor immune effect and meets the clinical
demand for combined tumor therapy.

The innovation of this paper is to explore new research
methods to comprehensively evaluate the efficacy and safety
of different types of traditional Chinese medicine injections
in the treatment of digestive system tumors, which has
important academic significance and clinical value. This
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paper evaluates the antitumor efficacy and biosafety of pho-
todynamic nanodrugs by analyzing the data, which is the
basis for clinical tumor treatment application method and
data reference.

2. Related Work

In recent years, photodynamic therapy (PDT) has become a
research hotspot in the field of tumor therapy due to its non-
invasive and spatiotemporal controllable advantages. Syner-
gistic therapy and precise drug delivery at the tumor site
have emerged as a promising strategy to achieve tumor erad-
ication. Here, Li et al. prepare smart near-infrared fluores-
cence imaging-guided nanoliposomes L@CY@DOX by
encapsulating a chemotherapeutic drug (doxorubicin), lipo-
some (L), and a near-infrared (NIR) photosensitizer (CY). It
can enhance the therapeutic effect of chemotherapeutic PDT
in cancer treatment [1]. Lack of selectivity of tumor cells and
overproduction of glutathione (GSH) are two major chal-
lenges for efficient and safe cancer PDT, because they cause
damage to normal tissues and scavenge ROS in cancer cells.
Herein, Pan et al. report a GSH-responsive nanophotosensi-
tizer based on CoOOH nanosheets for PDT of cancer. The
current nanophotosensitizers represent a promising smart
platform to synergistically improve the therapeutic index
and safety of PDT [2]. Recently developed photodynamic
therapy has received much attention for achieving effective
root canal disinfection. It uses an optimized nontoxic photo-
sensitizer (PS) such as indocyanine green (ICG). It is an inte-
gral part of this technology. Therefore, the aim of Akbari
et al.’s study was to improve the photodynamic properties
of ICG by incorporating ICG into nanographene oxide
(NGO). It prepared NGO-ICG as a new PS and evaluated
the antibacterial effect of NGO-ICG on Enterococcus faeca-
lis after photodynamic therapy [3]. The application of tradi-
tional photodynamic therapy (PDT) is often limited by
insufficient oxygen supply, and it is difficult to achieve high
PDT efficacy. Herein, Qin et al. combine liposomes with
photosensitizers indocyanine green (ICG) and perfluorooc-
tyl bromide (PFOB) to develop a novel oxygen-enriched
photodynamic nanospray for postoperative cancer therapy.
This oxygen-enriched photodynamic nanospray strategy
may open new avenues for clinically effective postoperative
cancer therapy [4]. Photoimmunotherapy is a new treatment
approach that is minimally invasive for malignant tumors.
Here, Zhang et al. designed a targeted multifunctional black
phosphorus (BP) nanoparticle, modified with PEGylated
hyaluronic acid (HA) for photothermal/photodynamic/
photoimmunotherapy. In vitro and in vivo experiments
demonstrated that HA-BP nanoparticles have good biocom-
patibility, stability, and sufficient efficacy in the combined
photothermal therapy (PTT) and photodynamic therapy
(PDT) treatment of cancer. Zhang et al.’s research expands
the biomedical applications of BP nanoparticles, demon-
strating the potential of modified BP as a multifunctional
therapeutic platform for future cancer treatment [5]. Wang
et al. design a versatile and powerful nanoplatform. They
have cleverly integrated multiple molecules with therapeutic
and diagnostic properties to stimulate the delivery of respon-

sive drugs to lesions. This is still a huge challenge. Here,
Wang et al. report a facile and ingenious cross-linked nano-
gel based on medicinal chemical cross-linking as a straight-
forward strategy to overcome assembly instability. This
work provides a unique strategy for designing a series of
prodrug nanogels as a universal drug delivery platform for
precise disease therapy and diagnosis [6]. Deng et al. devel-
oped the mitochondria-targeted biodegradable polymer
polylactic acid. The data suggest that X-PDT treatment has
cytoreductive, antiproliferative, and profibrotic effects. The
nanocarriers effectively enhance the radiosensitization effect,
which makes it possible to enhance the radiation effect [7].
Lack of selectivity of tumor cells and overproduction of glu-
tathione (GSH) are two major challenges for efficient and
safe cancer PDT because they cause damage to normal tis-
sues and scavenge ROS in cancer cells. Herein, Wei et al.
reported a GSH-responsive nanophotosensitizer based on
CoOOH nanosheets for PDT of cancer [2]. However, the
shortcomings of these studies are that the model construc-
tion is not scientific enough and the data is limited to adapt
to more complex situations.

3. Nanophotodynamic Therapy-Related
Methods of Tumor

3.1. Advantages and Development Status of Photodynamic
Therapy for Cancer

3.1.1. Photodynamic Therapy. Over the past few decades,
photodynamic therapy (PDT) has undergone tremendous
progress as a treatment modality. It includes age-related
macular degeneration, psoriasis, atherosclerosis, and various
malignancies. It mainly activates the photosensitizer (PS)
accumulated at the tumor site by light with a specific wave-
length. The activated PS transfers energy to surrounding
oxygen molecules, resulting in the reduction of oxygen and
the generation of reactive oxygen species (ROS) (Figure 1).
Oxidation of biomacromolecules results in tumor reduction,
vascular damage, local acute inflammation, and immune
responses [8].

Compared with traditional treatment methods, PDT is
due to its weak invasiveness, ideal convenience and flexibil-
ity, effective curative effect, and high patient acceptance. It
has laid a solid foundation for the clinical application of
PDT. Since the advent of the first approved PDT prodrug
procarbazine in 1970, three photosensitizers, protoporphy-
rin, verteporfin, and 5-aminolevulinic acid, have been
approved by the FDA. More than 16 drugs have subse-
quently entered clinical trials or are on the market. Com-
pared with traditional treatments, PDT still has many
limitations as a first-line clinical treatment due to the lack
of effective photosensitizers, appropriate light doses, and
effective photosensitizer delivery [9].

In drug delivery systems, light is a common external
stimulus used to trigger drug release. Compared with com-
plex and uncontrollable internal stimuli, light can control
drug release in a more controllable time and space. Based
on the process of PDT oxygen consumption and ROS gener-
ation, PDT can be combined with nanomedicines sensitive
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to the tumor microenvironment (such as ROS, hypoxia),
and finally, it achieves a positive feedback and synergistic
treatment effect [10].

3.1.2. Advantages of Photodynamic Therapy for Cancer. Pho-
tosensitizers, excitation light, and oxygen molecules are
three important elements for PDT. The mechanism of action
of photodynamic therapy is to utilize the selective enrich-
ment of photosensitizers in tumor tissue. It converts oxygen
into reactive oxygen species (ROS) that can kill cells through
a laser-triggered photosensitizer with strong tissue penetra-
tion. It can oxidatively damage surrounding organelles and
biomolecules, eventually inducing tumor cell necrosis and
apoptosis, sealing tumor blood vessels, and causing vascular
damage [11]. In addition, photodynamic therapy is often
accompanied by the production of acute inflammation.
Through the recruitment and activation of immune cells
such as neutrophils and dendritic cells at the tumor site,
acute inflammation in the local tumor is triggered, and an
immune response is generated to further kill the tumor.

3.1.3. Tumor Phototherapy. In recent years, cancer, namely,
malignant tumor, has become one of the important diseases
threatening human health worldwide, although human
beings have deeply researched on the mechanism and treat-
ment of cancer for decades. However, the increasing number
of new cases of cancer and the high mortality rate still pose a
huge challenge to the current clinical cancer treatment

methods. Existing mainstream cancer treatments include sur-
gical resection, chemotherapy, or radiation therapy, but these
treatments have their own limitations. Although surgical
resection has a good therapeutic effect on early-stage solid
tumors, its therapeutic effect on metastatic tumors is limited.
In addition, in order to ensure the curative effect during the
operation, a large amount of normal tissue adjacent to the
tumor is often removed, thereby causing significant damage
to the patient’s body. Chemotherapy is a commonly used clin-
ical treatment method to control tumor growth through sys-
temic administration. While killing cancer cells, it also kills a
large number of normal cells, and it is easy to induce cancer
cells to develop resistance to chemotherapeutic drugs, which
often leads to the failure of treatment [12].

Radiation therapy is a common clinical cancer treatment
method that induces cancer cell death by irradiating cancer
cells with radionuclides or ionizing radiation. Due to the
controllability of radiation, that is, the irradiation range,
the systemic toxicity caused by radiotherapy is significantly
lower than that of chemotherapy by systemic administra-
tion. However, radiotherapy still irradiates the normal tis-
sues around the tumor to different degrees, causing
obvious side effects. In view of this, on the basis of existing
cancer treatment methods, combined with the advantages
of multiple disciplines such as tumor biology, material sci-
ence, and instrument manufacturing, new cancer treatments
are developed. It has received more and more attention and
research to meet the needs of current clinical cancer patients.
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Figure 1: Schematic diagram of a typical photodynamic reaction.
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At present, a large number of studies have shown that many
new cancer treatment methods (such as tumor immunother-
apy, phototherapy, and gene therapy) and tumor treatment
strategies under image navigation have good application
prospects. At the same time, by combining with the com-
monly used clinical treatment methods, it also endows these
traditional cancer treatment methods with new vitality and
development opportunities and provides new options for
the safe and efficient treatment of tumors [13].

3.2. Application of Nanomaterials. In the past few decades,
nanomaterials have been extensively researched and devel-
oped and have been successfully applied in the fields of catal-
ysis, medicine, sensors, and biology. In particular, it has also
received extensive attention in water treatment and waste-
water treatment. Moreover, the flow properties of nanoma-
terials in solution are very high. Nanomaterials have a
relatively large specific surface area due to their small size,
so they have strong adsorption capacity and reactivity. It
has been reported that heavy metals, organic pollutants,
inorganic anions, and bacteria can be successfully removed
by many kinds of nanomaterials [14].

Due to the unique size-dependent properties of nanoma-
terials, they have a profound impact on various application
fields such as the construction industry, products of daily
life, and medical and healthcare. Figure 2 is an overview of
nanomedicine.

Nano-antibacterial materials have attracted much atten-
tion due to their stable performance, good antibacterial effect,
and low price. For example, nanotitanium oxide material has
photocatalytic effect, which can decompose toxic gases such
as formaldehyde and benzene and kill bacteria on its surface.
Nanometer self-cleaning materials have great development

space. Nanomaterials also have many applications in catalysis.
Catalysts play an important role in the field of chemistry. Cat-
alysts can increase the reaction rate and shorten the reaction
time. Most of the traditional catalysts have low catalytic effi-
ciency and difficult preparation, resulting in waste of raw
materials, reducing economic benefits, and polluting the envi-
ronment. Nanomaterials have many active sites. It can greatly
improve the reaction rate and control the progress of the reac-
tion. It can even make chemical reactions that were previously
inoperable go smoothly.

Nanoparticles used as catalysts are as follows:

(1) Metal nanoparticles

(2) Nanoparticles are supported on porous supports,
which can further increase the selectivity of catalysts

(3) Compound nanoparticles

Nanomaterials are used in lithium electrical energy to
improve cycle life. It can undergo some reactions that cannot
occur in other materials, increasing the charge-discharge
rate [15]. At present, nanomaterials can be well used as con-
trast agents in medical imaging. The mechanism by which
nanobiomaterials promote the repair of damaged tissue is
shown in Figure 3. Nanoparticles are widely used in biomed-
icine and can be used as biochips, bioprobes, etc. New med-
icines require new means of drug delivery so that side effects
can be reduced and better efficacy can be achieved. Nano-
technology drug delivery can deliver drugs directly to cells
and to targeted tissues.

3.3. Unsupervised Learning. The difference between unsu-
pervised learning and supervised learning is that data does
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Figure 2: Overview of nanomedicine.
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not need to be identified in advance. According to different
learning method rules and the clustering characteristics of
the data itself, this paper finds the corresponding internal
rules and finds useful hidden information in the complex
and disordered data [16].

3.3.1. Clustering Algorithm. Clustering algorithm is a kind of
classification and grouping of things with the same attri-
butes. It classifies cluttered sets of data into meaningful clus-
ters. The essence of a clustering problem is an optimization
problem, but this optimization must satisfy certain cluster-
ing conditions or clustering rules. The advantage of cluster-
ing is that the processing time is fast, the operation is simple,
and it is easy to explain; the disadvantage is that the param-
eters need to be set when using, and sometimes, the result
may be locally optimal. The classification of clustering algo-
rithms is shown in Figure 4 [17, 18].

(1) Data Standardization. In order to eliminate the influence
of different dimensions of the original data, this paper
adopts the cluster analysis method in the data preprocessing,
and the original data needs to be standardized. The normal-
ized formula is

Amn =
Bmn − Bnffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
var Bnð Þp   m = 1, 2,⋯,jð Þ, ð1Þ

Bn =
1
j
= 〠

j

m=1
Bmn, ð2Þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
var Bnð Þ

p
=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
j
〠
j

m=1
Bmn − Bnð Þ2

vuut , ð3Þ

(2) Define the Distance. Assuming that there are j sample
data in a b-dimensional space, the formula for calculating
the distance between sample m and sample n is as follows:

Dmn = 〠
b

k−1
Amk − Ankj j: ð4Þ

The formula calculates the absolute value distance.

Dmn =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
〠
b

k=1
Ank − Amkð Þ2

vuut : ð5Þ

The formula calculates the Euclidean distance.

Dmn=MAX1≤k≤b Amk − Ankj j: ð6Þ

The formula calculates the Chebyshev distance.

Usually, the smaller the distance is, the closer the simi-
larity of the sample objects of the study is.

(3) Similarity Coefficient. The similarity coefficient of any
two b-dimensional vectors can be used to measure the sim-
ilarity of these two vectors in the b-dimensional space. The
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Figure 3: Mechanism of nanobiomaterials to promote repair of damaged tissue.
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similarity coefficient Cmn is used to represent, where m and
n are the two vectors to be compared. Cmn satisfies symme-
try; that is, the two vectors to be compared satisfy Cmn =
Cnm: In general, the cosine of the angle between two vectors
is a common similarity coefficient:

COS θmnð Þ = ∑b
k=1AmkAnkffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑b

k=1A
2
mnA

2
nk

q : ð7Þ

3.3.2. K-Means Clustering

(1) K-Means Algorithm. The K-means algorithm is an unsu-
pervised algorithm. As a classical clustering method, it is
widely used to solve various partitioning and clustering
problems, and it is still one of the most widely used cluster-
ing algorithms. At the same time, the K-means algorithm is
also the basis for many more complex clustering techniques.
While there have been many improvements to clustering
methods today, the K-means algorithm is not outdated or
obsolete and, in fact, may be more popular now than ever.
The central idea of K-means clustering is to divide n data
objects according to the number of categories K given in
advance, so as to minimize the difference within each class
and maximize the difference between classes. The flowchart
of the K-means algorithm is shown in Figure 5 [19, 20].

The K-means algorithm is also known as the k-means
algorithm. The algorithm idea is roughly as follows: it ran-
domly selects k samples from the sample set as cluster cen-
ters and calculates the distances between all samples and
the k “cluster centers.” For each sample, it is divided into
the cluster where the closest “cluster center” is located, and
the new “cluster center” of each cluster is calculated for the
new cluster.

According to the description, we can roughly guess the
three main points for implementing the K-means algorithm:
selection of the number of clusters k, the distance from each
sample point to the “cluster center”, and according to the
newly divided cluster, updating the “cluster center.”

(2) Key Points of K-Means Algorithm.

(1) Selection of k value

The choice of k is generally determined according to
actual needs, or the value of k is directly given when the
algorithm is implemented.

(2) The measure of distance

A sample is given:

Mi = Mi
1,M

i
2,⋯,Mi

p

n o
, ð8Þ

Mj = Mj
1,M

j
2,⋯,Mj

p

n o
, ð9Þ

where i, j = 1, 2,⋯, t represents the number of samples and
p represents the number of features.

(a) Ordinal attribute distance measures (discrete attri-
butes {1, 2, 3} or continuous attributes)

Minkowski distance

Dmk M ið Þ,M jð Þ
� �

= 〠
p

u=1
Mi

u −Mj
u

�� ��h !1/h

: ð10Þ
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Figure 4: Classification of clustering algorithms.
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Euclidean distance refers to the Minkowski distance
when h = 2:

Ded M ið Þ,M jð Þ
� �

= M ið Þ −M jð Þ
 

2
=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
〠
p

u=1
Mi

u −Mj
u

�� ��2
s

:

ð11Þ

Manhattan distance refers to the Minkowski distance
whenh = 1:

Dman M ið Þ,M jð Þ
� �

= M ið Þ −M jð Þ
 

1
= 〠

p

u=1
Mi

u −Mj
u

�� ��: ð12Þ

(b) Disordered attribute distance metrics (such as {air-
plane, train, ship})

VDM (Value Difference Metric)

VDMh Mi
u,M

j
u

À Á
= 〠

k

g

yu,Mi
u, g

yu,Mi
u

−
yu,Mj

u, g
yu,Mj

u

����
����
h

: ð13Þ

Among them, yu,Mi
u represents the number of samples

whose value is Mi
u on attribute u, and yu,Mi

u, g represents the
number of samples whose value is Mi

u on attribute u in the g
th sample cluster. VDMhðMi

u,Mj
uÞ represents the VDM dis-

tance between two discrete values Mi
u and Mj

u on attribute u.

(c) Mixed attribute distance metric, which is a combina-
tion of ordered and disordered:

MinkovDMh Mi,MjÀ Á
= 〠

ps

u=1
Mi

u −Mj
u

�� ��h − 〠
p

u=ps+1
VDMh Mi

u,M
j
u

À Á !1/h ð14Þ

Among them, ps contains ordered attributes and p − ps
unordered attributes.

The data set in this article is a continuous attribute, so
the Euclidean distance is mainly used in the code to measure
the distance.

(3) Update “cluster center”

For each divided cluster, calculate the mean value of the
sample points in each cluster, and it uses the mean value as
the new cluster center.

3.4. Genetic Algorithms

3.4.1. Overview. Genetic algorithm (GA) is a new global opti-
mization algorithm developed in recent years. It is based on
evolution theory and adopts design methods such as genetic
combinatorial optimization technology, genetic variation,
and natural selection.

Genetic algorithm is an optimization search algorithm
based on biological evolution theory and molecular genetics.
It first encodes possible solutions to a particular problem,

Prior preparation

Determine the intitial center of the
class

Divide other objects in the dataset into the collection of the nearset center point

Specifies the number
of clusters

Calculate the new cluster center

Determine classification results

No

Yes

The central point changes or meets
the constraints of the evaluation function

Figure 5: Flowchart of the classic K-means algorithm.
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called chromosome-encoded solutions. This paper randomly
selects N chromosomes as the initial group and then calcu-
lates the fitness of each chromosome according to the value
of the evaluation function. It is predetermined that the best
performance value of a chromosome is the highest fitness
value, the chromosome with the highest fitness value is
selected for replication, and a new set of chromosomes is
created. These chromosomes are more customized to the
environment through genetic operators. People will eventu-
ally adapt to the new environment, and forming a better
group becomes the best solution to the problem [21, 22].

3.4.2. Basic Algorithm. The execution of the genetic algo-
rithm involves many random operations, first considering
the result of the selection. In standard genetic algorithms,
selection criteria are based on the principle of proportional-
ity. Therefore, through the action of the ith selector, the
expected value of the number of people who will continue
to exist in the next generation is nðgi/∑gÞ; then, there is

�g P, tð Þ = 1
n P, tð Þ〠gi: ð15Þ

Then,

n P, t + 1ð Þ = n P, tð Þ ⋅ �g P, tð Þ
g tð Þ : ð16Þ

The equation shows that the effect of the selection oper-
ator will increase (decrease) the ability of a pattern above
(below) the average to be applied across generations,
improving quality.

Then, it analyzes the role of the crossover operator. This
plan can obviously be maintained in the next generation if
there is no intersection or if the intersection point is beyond
the character positions specified on the left and right ends of
the figure. Therefore, the probability Rs that the P mode will
continue to exist in the next generation should satisfy

Rs ≥ 1 − Rc ⋅
φ Pð Þ
L − 1ð Þ : ð17Þ

Taking into account the effects of selection and cross-
over, there are

n P, t + 1ð Þ ≥ n P, tð Þ ⋅ �f P, tð Þ ⋅ 1 − Rc ⋅ φ Pð Þ
L − 1ð Þ/�g tð Þ

� �
: ð18Þ

Finally, because Rm represents the probability of the
mutation operator acting, the constant probability is 1 −
Rm. If all the specified characters remain unchanged, the P
pattern can naturally continue to exist in the next genera-

tion, the probability ð1 − RmÞOðPÞ; Rm is usually not large;
then, under the action of the mutation operator, the proba-
bility of P continuing to exist is

1 − Rmð ÞO Pð Þ ≈ 1 − Rm ⋅O Pð Þ: ð19Þ

The probability of unreserved is about OðPÞ ⋅ Rm. So, tak-
ing into account the functions of selection, crossover, and
mutation operators, we end up with

n P, t + 1ð Þ ≥ n P, tð Þ ⋅ �g P, tð Þ ⋅ 1 − Rc ⋅ φ Pð Þ/ L − 1ð Þð Þ ⋅ Rm½ �
�g tð Þ :

ð20Þ

Specifically, if �gðP, tÞ = gðtÞð1 + cÞ, c > 0 is a constant,
then

n P, tð Þ = n P, t − 1ð Þ 1 + cð Þ = n P,Oð Þ 1 + cð Þt: ð21Þ

The flowchart of the standard genetic algorithm is
shown in Figure 6.
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Figure 6: Genetic algorithm flowchart.
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4. Network Meta-Analysis Experiment of
Traditional Chinese Medicine Injections in
the Treatment of Digestive System Tumors

4.1. Current Status of Systematic Review/Meta-Analysis of
Traditional Chinese Medicine Injections in the Treatment of
Tumor Diseases. Since the publication of the first systematic
review of TCM injections for oncology in 2008, with the increase
of years, the number of publications of related systematic reviews/
meta-analyses has also increased (y = 3:272x, R2 = 0:855). As
shown in Figure 7 3 papers were published before 2009, 35 papers
were published from 2010 to 2012, 156 papers were published
from 2013 to 2017, and 40 papers were published in 2018 [23].

4.2. Tumor Types Involved. Among the 198 systematic
reviews/meta-analyses retrieved, 2 classic meta-analyses are
aimed at the treatment of multiple tumors with a single vari-
ety of traditional Chinese medicine injections. In addition,
the other 196 such systematic reviews/meta-analyses were
all single-species or multispecies TCM injections for the
treatment of a single type of tumor. The total frequency of
occurrence of different types of tumors was 200. Among
them, non-small-cell lung cancer has the most evaluation
times, with 77 evaluation times, accounting for 38.5% of
the total frequency of tumor types. This may be related to
the fact that lung cancer ranks first in the morbidity and
mortality of malignant tumors. The second was the evalua-
tion times of liver cancer and gastric cancer, which were 29
and 25, respectively, accounting for 14.5% and 12.5% of
the total frequency of tumor types. In addition, 17 studies
only mentioned evaluating the disease as “tumor.” It does
not describe the type of tumor in detail. The types of tumors
involved are shown in Table 1. The number of cases for dif-
ferent types of tumors is shown in Figure 8.

4.3. Involving Varieties of Traditional Chinese Medicine
Injections. Among the 198 systematic reviews/meta-analyses
included in this study, 14 network meta-analyses and 4 classic
meta-analyses, respectively, evaluated multiple varieties of tra-
ditional Chinese medicine injections. The rest of the literature
is only for a single variety of traditional Chinese medicine
injections. A total of 14 TCM injection varieties were involved
in the included systematic review/meta-analysis. The total
occurrence frequency of different varieties of traditional Chi-
nese medicine injections is 352 times. It accounted for 15.6%
of the total frequency of Chinese medicine injections, followed
by Shenqi Fuzheng injection and Aidi injection; the frequency
of occurrence was 50 times and 45 times, accounting for 14.2%
and 12.8%, respectively. For traditional Chinese medicine
injections, there is a frequency of 10 or more occurrences, as
shown in Table 2, for the varieties involved in the evaluation.
It includes Fufang Kushen injection, Shenqi Fuzheng injec-
tion, Aidi injection, Kangai injection, Cinobufasu injection,
Kanglaite injection, Brucea oil emulsion injection, Xiaoaiping
injection, and Delisheng injection.

At the same time, this study summarizes the following
14 varieties of traditional Chinese medicine injection com-
ponents and functional indications. It further analyzes the
relationship between its components, efficacy and indica-
tions, and the treatment of tumors.

A summary of the dominant varieties of traditional Chi-
nese medicine injections based on cluster analysis is shown
in Table 3.

(1) To carry out the evaluation of clinical efficacy of tra-
ditional Chinese medicine injections in the treat-
ment of gastric cancer, esophageal cancer, liver
cancer, bowel cancer, and pancreatic cancer using
network meta-analysis and the ranking of the
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Figure 7: 2008-2018 published status of systematic review and meta-analysis of traditional Chinese medicine injections in the treatment of
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therapeutic effects. The ranking of different outcome
indicators suggests that traditional Chinese medicine
injections are the best drugs for the treatment of dif-
ferent digestive system tumors. The cluster analysis
results show that (1) for the treatment of gastric can-
cer with traditional Chinese medicine injection com-
bined with FOLFOX chemotherapy, in terms of
improving the total clinical efficiency and improving
the quality of life, astragalus polysaccharide com-
bined with FOLFOX chemotherapy and Kangai
injection combined with FOLFOX chemotherapy
have more advantages than other traditional Chinese
medicine injections. In terms of alleviating adverse
reactions, astragalus polysaccharide combined with
FOLFOX chemotherapy, sodium cantharidate, and
vitamin B and FOLFOX chemotherapy have advan-
tages over other traditional Chinese medicine injec-
tions. In addition, in the treatment of gastric cancer
with traditional Chinese medicine injection com-
bined with XELOX chemotherapy, Brucea chinensis
oil emulsion and compound Sophora flavescens have
more advantages than other traditional Chinese
medicine injections in improving the total clinical
effective rate and improving the quality of life indica-
tors. Mushroom polysaccharide has more advan-
tages than other traditional Chinese medicine
injections in terms of alleviating adverse reaction
indicators. (2) In improving the survival rate of
patients with esophageal cancer, cinobufacini and
Kangai injections combined with radiotherapy are
dominant in the comprehensive ranking. Compound
Sophora flavescens injection combined with radio-
therapy has an advantage in the comprehensive rank-
ing of the clinical total effective rate and the
improvement of quality of life. (3) In the study of tra-
ditional Chinese medicine injection combined with

hepatic artery embolization in the treatment of liver
cancer, compared with the cluster analysis results of
other traditional Chinese medicine injections, Brucea
oil emulsion and cinobufagin combined with TACE
were dominant in the comprehensive ranking of sur-
vival rate. Kanglaite and astragalus polysaccharide
combined with TACE are dominant in the compre-
hensive ranking of clinical total effective rate and qual-
ity of life improvement. Shenmai combined with
TACE is dominant in the comprehensive ranking of
adverse reactions. (4) Compared with the cluster anal-
ysis results of other traditional Chinese medicine
injections, Xiaoaiping injection assisted by FOLFOX
chemotherapy regimen in the treatment of colorectal
cancer has the advantage in the comprehensive rank-
ing of clinical efficacy and quality of life improvement

(2) In terms of safety, traditional Chinese medicine
injections combined with radiotherapy or chemo-
therapy can alleviate the occurrence of adverse reac-
tions. However, few adverse reactions caused by
TCM injections have been reported in RCTs, so no
definite conclusion can be drawn

4.4. Establishment of Animal Tumor Model. The experimen-
tal animals were BALB\c mice, 4.4-6.5 weeks old, weighing
11-16 g, female. In large-scale culturing of murine breast
cancer cells 4T1, collecting 4T1 cells in the logarithmic
growth phase, and counting them in a cytometer, the
medium was used to prepare a cell suspension of1 × 107

/mL. The 50μL cell suspension was subcutaneously injected
into the right back of BALB\c mice. After one week of cul-
ture, the tumor size was measured with a vernier caliper reg-
ularly. When the tumor volume was about 58 − 110mm3, it
could be used as a tumor model for in vivo research. Tumor
volume was calculated according to the following formula:

Table 1: Statistics of tumor types involved.

Serial number Disease Frequency of occurrence Percentage

1 Non-small-cell lung cancer 77 38.5%

2 Liver cancer 29 14.5%

3 Gastric cancer 25 12.5%

4 Tumor 17 8.5%

5 Malignant pleural and peritoneal effusion 12 6%

6 Colorectal cancer 9 4.5%

7 Lung cancer 8 4%

8 Mammary cancer 8 4%

9 Esophageal cancer 8 4%

10 Cancer pain 4 2%

11 Lymphoma 3 1.5%

VTumor volume = LTumor length diameter ⋅
M2

Thewidest diameter of a tumor perpendicular to the longest diameter

2
: ð22Þ
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In order to observe the histopathological changes of SM-
NPs in photothermal/photodynamic synergistic treatment of
tumors, a single dose of PBS, free Ce6, and SM-NPs was
injected into tumor-bearing mouse via tail vein. The tumor
tissue was irradiated with laser 24 hours after administra-
tion, and a nonirradiated control group was set, respectively.
Six hours after laser irradiation, the tumor-bearing mice
were sacrificed and the heart, liver, spleen, lung, kidney,

and tumor tissues were taken out for H&E staining. It can
be seen from Table 4 that sporadic areas of cell necrosis
and infiltration of inflammatory cells can be observed in
the tumor tissue of the free Ce6 light treatment group. In
the SM-NP tumor tissue, obvious necrosis area and a large
number of inflammatory cell infiltration can be seen. The
results showed that the therapeutic effect of the SM-NP light
therapy group on tumor was significantly higher than that of
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Figure 8: Plot of the number of cases for different types of tumors.
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the free Ce6 light therapy group, and its destruction and kill-
ing effect on the tumor tissue was greater. Table 4 shows that
the histopathology of the heart, liver, spleen, lung, and kid-
ney tissue in each treatment group has no obvious changes.
The results showed that although SM-NPs had a strong kill-
ing effect on tumor tissue, it was safe for the heart, liver,
spleen, lung, kidney, and other tissues and had no obvious
toxic and side effects.

5. Discussion

At present, malignant tumor has become one of the most
serious diseases threatening human health. The World
Health Organization’s report on cancer in the world says
there are 14 million new cancer cases and 8.2 million

deaths worldwide each year. When malignant tumors
occur, it increases the difficulty of treatment and the risk
of life. Therefore, how to effectively prevent and treat can-
cer, especially to prevent tumor metastasis or recurrence,
is an urgent problem to be solved in current scientific
research.

There are three main methods of treating cancer: sur-
gery, chemotherapy, and radiation. However, traditional
treatment methods have disadvantages such as large trauma,
large toxic and side effects, prone to multidrug resistance,
damage to the immune system, and difficulty in avoiding
tumor recurrence. In recent years, tumor immunotherapy
has become one of the important research fields, an impor-
tant breakthrough, and an important development direction
of tumor therapy.

Table 2: Statistics of traditional Chinese medicine injection varieties involved in the systematic review/meta-analysis of tumor diseases.

Serial number Disease Frequency of occurrence Percentage

1 Compound Sophora flavescens injection 55 15.6%

2 Shenqi Fuzheng injection 50 14.2%

3 Aidi injection 45 12.8%

4 Kangai injection 35 9.9%

5 Cinobufacini injection 29 8.2%

6 Kanglaite injection 27 7.7%

7 Javanica oil emulsion injection 25 7.1%

8 Xiaoaiping injection 18 5.1%

9 Delisheng injection 14 4.0%

10 Elemene injection 13 3.7%

11 Lentinan injection 12 3.4%

12 Ginseng polysaccharide injection 10 2.8%

13 Shenfu injection 10 2.8%

14 Astragalus polysaccharide injection 9 2.6%

Table 3: Summary table of dominant varieties of traditional Chinese medicine injection based on cluster analysis.

Name of digestive
system tumor

Intervention measures
of the control group

Outcome indicators
The dominant varieties of traditional Chinese
medicine injection obtained by cluster analysis

Gastric cancer
FOLFOX chemotherapy

regimen
Total clinical effective rate, quality

of life, and adverse reactions
Astragalus polysaccharide injection, Kangai

injection, sodium pincer, and vitamin B injection

Gastric cancer
XELOX chemotherapy

regimen
Total clinical effective rate, quality

of life, and adverse reactions
Brucea javanica oil emulsion injection, compound
Sophora flavescens injection, Lentinan injection

Esophageal cancer Radiotherapy
Clinical total effective rate, quality

of life, adverse reactions, survival rate

Compound Sophora flavescens injection, Shenqi
Fuzheng injection, compound Sophora flavescens
injection, Cinobufagin injection, Kangai injection

Esophageal cancer Chemotherapy
Total clinical effective rate, quality

of life, and adverse reactions
Compound Sophora flavescens injection

Liver cancer TACE
Clinical total effective rate, quality of
life, adverse reactions, survival rate

Brucea javanica oil emulsion injection,
cinobufagin injection, Kanglaite injection,

astragalus polysaccharide injection,
Shenmai injection

Colon cancer
FOLFOX chemotherapy

regimen
Total clinical efficiency

and quality of life
Xiaoaiping injection

Pancreatic cancer Chemotherapy
Total clinical effective rate, quality

of life, and adverse reactions
Javanica oil emulsion injection, Kanglaite

injection, Aidi injection
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Phototherapy is a new way of thinking in current cancer
treatment research. It is also one of the hottest research areas
in biomedical applications, which is fundamentally due to
the advantages of phototherapy with high treatment accu-
racy, minimal tissue damage, and no drug resistance. At
present, the common phototherapy reagents mainly have
shortcomings such as low absorbance, poor water solubility,
easy aggregation, easy quenching of fluorescence, and poor
dark toxicity. In this paper, combining the performance
advantages of organic semiconductor nanoparticles and
photosensitizers, a series of high-performance organic nano-
phototherapy agents were designed, and their applications in
tumor phototherapy were initially explored.

6. Conclusion

Organic semiconductor nanomaterials are nanostructured
materials. Due to its strong light absorption, stable light,
high brightness, and good biocompatibility, it has been
widely used in bioimaging, antibacterial, antitumor, gene
therapy, and drug release in the past decade. In this study,
a network meta-analysis of traditional Chinese medicine
injections in the treatment of digestive system tumors was
carried out, and the clinical efficacy and safety of different
varieties of traditional Chinese medicine injections were sys-
tematically, scientifically, and comprehensively evaluated. At
the same time, Bayesian theory was used to identify the
dominant varieties of traditional Chinese medicine injec-
tions and to optimize the program of adjuvant radiotherapy
and chemotherapy for the treatment of digestive system
tumors. It provides high-quality evidence-based medical evi-
dence for clinical use.
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Nanotechnology has become an important technology that cannot be ignored in high and new technology, and the application of
nanomaterials is to design all aspects of life. With the more popularization of badminton, the blending of the two is also
increasing. The purpose of this paper is to discuss the combination of sports health care and nanotechnology in badminton.
This paper starts with the application of nanotechnology in badminton racket materials, hoping to explore the impact of
nanotechnology on badminton sports health care. In this paper, 130 testers of different ages from different schools were
selected for 17 weeks of badminton training. By comparing the physical fitness indicators before and after, this paper finds the
impact of badminton on physical health. The experimental results show that badminton exercise training has an impact on
human health and has a significant impact on human height, weight, and lung capacity.

1. Introduction

Badminton is a traditional Chinese sport. In recent years, the
excellent performance of the national badminton team in
international competitions has gradually brought the fitness
function of badminton into the public’s field of vision. It
integrates social, entertainment, fitness, stress relief, and
other attributes into one and improves the body’s physical
health and physical self-esteem. It makes badminton the best
choice for contemporary teenagers to carry out extracurricu-
lar sports training activities. In addition, the continuous
increase of badminton extracurricular training activities,
the gradual rise of badminton club training, and the expansion
of badminton teachers and referees and other professionals
have not only laid a foundation for the extracurricular bad-
minton sports training for senior primary school students. It
also provides a guarantee for their physical health and the
development of physical self-esteem.

The global science and technology and economy are in a
stage of rapid development, and information technology,
biomedical technology, and nanotechnology have become

three important technologies side by side. And nanotechnol-
ogy is a key basic technology. It lays a solid foundation for
the development of information technology and biotechnol-
ogy. Nanotechnology has also increasingly become the focus
of competition in the world’s high-tech fields. Nanotechnol-
ogy is more and more deeply affecting and changing people’s
production, life, and thinking. Its impact on economy, politics,
and society is more reflected in the fierce competition between
countries for nanotechnology research and application.

This paper mainly has the following two innovations: (1)
This paper is based on the research of value proposition gen-
eration in the process of nanotechnology commercialization
from a layered perspective. This paper mainly analyzes the
generation of value propositions in the process of nanotech-
nology commercialization from the industry level, company
level, and specific business level. (2) About the research on
the connection of value proposition generation in the process
of nanotechnology commercialization, this paper mainly ana-
lyzes the influencing factors, typical obstacles, and targeted
strategies in the process of value proposition generation in
nanotechnology commercialization.
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2. Related Work

The emergence of nanomaterials has greatly changed peo-
ple’s lives, and nanotechnology has penetrated into all
aspects of life, and there are many studies on it. Mihail C
examined progress in nanotechnology development since
2000, achievements over the past decade, and opportunities
for research, education, innovation, and social outcomes
worldwide by 2020 [1]. Duhan J S believed that nanotech-
nology is an interdisciplinary field of study. He discussed
the potential uses and benefits of nanotechnology in preci-
sion agriculture. Tools and techniques based on modern
nanotechnology have the potential to solve various problems
of traditional agriculture [2]. Lee CH conducted research on
the science and engineering of water purification, especially
oil-water separation. His research goals are to provide a
comprehensive review on oil-water separation by nanotech-
nology and organic chemistry and to improve understand-
ing of the environmental issues of water purification using
nanotechnology [3]. Reis CP believed that nanotechnology
has developed alternative routes of administration, namely,
those based on nanotechnology. Nanoparticles made of syn-
thetic or natural materials have been shown to successfully
overcome the inherent barriers to insulin stability, degrada-
tion, and absorption across the gastrointestinal tract and
other mucosal membranes [4]. Mirkin CA discussed emerging
nanotechnology-based tools. These tools have the potential to
dramatically impact cancer research, diagnosis, and treatment.
His research explains how nanotechnology exploits the size,
shape, and composition-dependent properties of nanomateri-
als. It provides new tools for precision cancer medicine [5].
Weng Y highlighted the latest progress in nanotechnology-
based system development. The system can deliver ocular
drugs and genes to the eye through corneal absorption, perio-
cular injection, and intravitreal injection for the treatment and
diagnosis of ocular diseases. Then, he discussed and pros-
pected the applications and challenges of nanosystems in oph-
thalmology [6]. Falagan-Lotsch P saw it as a nanoactivation
method currently on the market or in development, such as
antimicrobial food contact surfaces/packaging, nanoactivated
sensors for rapid detection of pathogens/contaminants, and
nanodelivery biocidal methods. It showed great potential in
the food industry [7]. Michal reviewed the research progress
of nanoantibacterial drugs in the past two years and intro-
duced their unique properties, mode of action, and activity
against multidrug-resistant bacteria and biofilms [8]. Since
the launch of the US National Nano Initiative (NNI) in
2000, nanotechnology research has become the focus of global
attention. Various countries have formulated nanotechnology
plans relative to their national conditions. It strives to seize the
commanding heights of science and technology strategy in the
twenty-first century and to seize the initiative of future eco-
nomic development [9].

3. Nanotechnology Algorithms
and Applications

3.1. Nanotechnology. Nanoscience and technology is one of
the foundations of the new era of science and technology

in this century. A nanometer is a unit of length and is one
billionth of a meter. Studying the properties of materials
and their applications in the range of 0.1 to 100nm structure
scale is what we call nanotechnology, and sometimes
nanoscience and technology are also collectively referred to
as nanotechnology. Nanotechnology is a technology to man-
ufacture new materials, new devices, and research new pro-
cesses based on nanoscience through new methods. The
concept of nanoscience and technology is expressed differ-
ently in different literatures. But it will continue to improve
as the discipline develops, and more detailed concepts will be
drawn. Nanotechnology is based on advanced science and
technology at the nanoscale and is the product of the com-
bination of modern science and modern technology.
Nanoscience and technology is the product of the interlaced
and compatible theory and high technology, not just the
expansion of a single discipline. Nanoscience and technol-
ogy holds enticing prospects in terms of basic research.
As a technology, nanotechnology will provide human
beings with novel products and devices with specific func-
tions. Nanoscience and technology are full of opportunities
and challenges [10, 11].

Due to its unique properties, nanotechnology is widely
used in military, medical, environmental energy, biological
research, and other fields. It has brought great positive sig-
nificance to national security and people’s life, changed peo-
ple’s original production methods, improved production
efficiency, and reduced energy consumption. And in the field
of the environment, it is not far behind. The catalyst devel-
oped by it can effectively solve the problem of sewage and
air quality [12, 13]. The huge positive significance of nano-
technology and some undiscovered potential values have
made the world carry out crazy research on it, forming a
“nanostorm” [14]. Among them, nanomaterials include four
common forms of nanopowder, nanofiber, nanofilm, and
nanoblock [15], as shown in Figure 1:

Nanotechnology contributes to the utilization of new
energy sources. Hydrogen is abundant in nature. After burn-
ing, it will not pollute the environment, so it is regarded as a
new type of energy in today’s society. However, some previ-
ous technologies cannot achieve the best effect of hydrogen
transportation and storage. The researchers discovered that
carbon nanotubes are a material that can store hydrogen.
The surface area of 1G carbon nanotubes can reach hun-
dreds of square meters, and a large amount of absorbed
hydrogen can be released by slight heating at room temper-
ature. And this technology is expected to be included in the
application stage in the future, when human beings can use
hydrogen on a large scale to replace scarce fossil energy.
Yet, the air we breathe will also change dramatically, as
shown in Figure 2:

It is not difficult to see that the definitions of nanotech-
nology have different focuses on nanotechnology. The
UNESCO definition highlights the convergence of nanoscale
research at both theoretical and applied levels. The National
Nanotechnology Innovation Organization’s definition high-
lights the novel properties of materials and systems at the
nanoscale. The NSF definition emphasizes convergent fusion
at the nanoscale. The EU’s seventh framework plan lists
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many areas related to nanotechnology. At the same time,
these definitions have in common: First, they all reflect the
scope of research at the nanoscale. Second, they all focus
on the novel properties exhibited by matter at the nanoscale
[16, 17], as shown in Figure 3:

3.2. Applications of Nanotechnology. Nanotechnology, like
previous new technologies, was first used in the military field
to prove its huge military value. When this technology
emerged, people had glimpsed its broad prospects in the mil-
itary field. The US Department of Defense clearly recognized
the importance of nanotechnology a decade ago and has

played an important role in supporting this field. The US
Department of Defense website reported in February 2001
that the US Department of Defense announced that in
2001, it awarded $8.75 million to 16 nanometer research
projects. It has also awarded 14 research institutions of $15
million annually since 2002 to carry out nanotechnology
research in 15 basic disciplines and engineering fields. Nano-
technology has brought global medical care to another level,
and it has opened up new windows for biopharmaceuticals
and chemical pharmaceuticals with its unique structure
and properties. Because there is still a lot of work in the basic
theory and application development, it is still in the research
and development stage. Therefore, although a lot of research
on the preparation, structure, and properties of nanobiome-
dical materials has been carried out, it is still in its infancy.
Therefore, we look forward to people’s further exploration.
Experts pointed out that due to the introduction of nano-
technology in the future, the production of medicines and
the delivery of medicines will undergo fundamental changes
[18–19], as shown in Figure 4:

3.3. Application of Nanotechnology in Badminton Health
Care. The application of nanomaterials has been very exten-
sive and can be seen everywhere in our daily life. It has a lot
of applications in light industry, chemical industry, machine
manufacturing, electronic product manufacturing, and other
fields. Nanomaterials will play a major role in future life, and

Nanoparticles Nanoblock

Nano fiber Nanofilm

Figure 1: Four forms of nanomaterials.

Nanotechnology

New product New market New energy

Figure 2: The economic impact of nanotechnology.
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nanotechnology will bring more variety to our lives. The
dominance of nanotechnology demonstrates its social value
that cannot be ignored. It is widely and strongly applied to
all fields of society with its unique properties, promoting
the stable and orderly development of society [20–21].

In the field of badminton, with the excellent properties of
nanomaterials, nanomaterials have in-depth applications in
badminton rackets, protective gear, and others, as shown
in Figure 5:

In this century, the nano industry must be one of the
main industries leading the development of the science and
technology industry. Nanotechnology and nanomaterials

have penetrated into various industries of the national econ-
omy, such as medical industry, environmental energy, com-
puter industry, biological research, national security, and
aerospace. It promotes the rapid growth of the national
economy, and its economic impact will certainly exceed that
of the information industry [22, 23].

3.4. Nanotechnology Hidden Markov Models. Hidden
Markov model (hidden Markov model, HMM for short) is
a statistical model, which is used to describe a Markov pro-
cess with hidden unknown parameters. The difficulty is to
determine the implicit parameters of the process from the

Minimal scale

Novelty

Figure 3: Nanotechnology.

Military application

Medical application

Figure 4: Nanotechnology applications.
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observable parameters. These parameters are then used for
further analysis, such as pattern recognition.

Many properties of hidden Markov models are used to
solve real-world practical problems. According to the differ-
ent types of data processed, hidden Markov models can be
divided into discrete hidden Markov models and continuous
hidden Markov models. Discrete hidden Markov models are
the basis of continuous hidden Markov models and are eas-
ier to understand. The remainder of this chapter will give a
detailed introduction to discrete hidden Markov models
and continuous hidden Markov models.

3.4.1. Elements of Hidden Markov Model. A hidden Markov
model (HMM) can be described by five elements, including
2 state sets and 3 probability matrices:

The number of hidden states N is the number of unob-
served states. The hidden states satisfy the Markov property,
which is the actual hidden state in the Markov model.
Implicit states are usually not available through direct
observation.

The number of observable states M is the number of
states that can be clearly observed. Its observable state is
associated with the hidden state in the model. It can be
obtained by direct observation. The number of observable
states does not have to be the same as the number of hidden
states (the number of different colored sticks thrown in the
above example).

The implicit state transition probability matrix A
describes the transition probability between states in the
HMM (the probability of transitioning the person who
throws a small stick in the example). It can be expressed as
aij ∈ A. aij represents the probability of transitioning from
state i to state j at time t, where 1 ≤ i ; j ≤N .

The observation state radiation probability matrix B (the
probability that the specified person throws the specified
color stick in the example) can be expressed as bjðkÞ ∈ B. bj
ðkÞ represents the probability of selecting the observation
feature as xk from the state j at time t, where 1 ≤ j ≤N ; 1 ≤
k ≤M.

The initial state probability matrix π represents the prob-
ability matrix of the hidden state at the initial time t = 1. It
can be expressed as πi ∈ π; πi represents the probability of
selecting state i at time t = 1, where 1 ≤ i ≤N.

3.4.2. Training of Hidden Markov Models. When training an
HMM for a given problem or specified dataset, consider the
joint probability of the hidden state (Si) and the observable
state (Oi) and simplify it with the intrinsic properties of

Markov chains for continuous data. The resulting joint
probability:

Pr S,Oð Þ = Pr S1ð Þ
YT
t=2

Pr St St−1jð Þ
YT
t=1

Pr Ot Stjð Þ: ð1Þ

3.4.3. Probability Calculation of Observable Sequences. To
calculate the probability of observing the sequence O =O1,
O2,⋯,OT , it is assumed that the model parameters λ are
known, namely, the parameter values A, B, and π are all
known. For a given λ, the computation is done by consider-
ing every possible sequence of states that can produce an
observation sequence O. The sum of the obtained probabili-
ties is the probability of producing the observation sequence
O through the model parameters λ.

Supposing the implicit state sequence that may produce
the observation state sequence O is

S = S1, S2,⋯, ST , ð2Þ

Pr O S, λjð Þ =
YT
i=1

Pr Oi Si, λjð Þ, ð3Þ

Pr O S, λjð Þ = bS1 O1ð ÞbS2 O2ð Þ,⋯, bST OTð Þ: ð4Þ
Under the condition that the model parameter is λ, the

probability that the hidden state sequence is S is calculated
as follows:

Pr S λjð Þ = πS1
aS1S2aS2S3 ,⋯, aST−1ST : ð5Þ

Substituting formula (5) into formula (1), we get

Pr S,Oð Þ = Pr S λjð ÞPr O S, λjð Þ, ð6Þ

Pr O S, λjð Þ = Pr O S, λjð ÞPr S λjð Þ: ð7Þ
By considering every possibility that can produce an

implicit state of the observation sequence O, the probability
of obtaining the observation state sequence O from the
model parameters λ can be obtained. The following formula
is obtained

Pr O λjð Þ = 〠
all S

Pr O S, λjð ÞPr S λjð Þ, ð8Þ

Nanotechnology racket Nanotechnology ball net Nanotechnology protective gear

Figure 5: Nanotechnology racket.
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Pr O λjð Þ = 〠
S1,S2,⋯,ST

πS1
aS1S2aS2S3 ,⋯, aST−1ST bS1 O1ð ÞbS2 O2ð Þ,

⋯ , bST OTð Þ:
ð9Þ

In order to better explain the calculation method derived
from formula (8) and formula (9), let us start from the
beginning again with the example of a person throwing a
small stick. With the parameter values given in Figure 6,
the expression is used to calculate the probability of observing
the sequence fred, greeng.

Here, the sequence O = fred, greeng is observed. For all
hidden state sequences S, the probability of finding the
observation sequence O is

Pr O person2, person1f gjð Þ = 0:6 × 0:1 × 0:07, ð10Þ

Pr O person2, person3f gjð Þ = 0:6 × 0:4 × 0:2, ð11Þ

Pr O person2, person2f gjð Þ = 0:6 × 0:1 × 0:02: ð12Þ
The total probabilities obtained are

Pr O λjð Þ = 0:0546: ð13Þ

In all possible states, the probability of observing the
sequence O is calculated, and in formula (13), these calcu-
lated probabilities are summed, so that the probability of
observing the sequence O of the HMM, the parameter λ, is
obtained. The computational complexity of using formulas
(2) to (9) to calculate the probability is quite high. For exam-
ple, for an HMM with N hidden states, the time complexity
of the exhaustive search is 2TNT , where T is the length of
the observation sequence. Therefore, it is necessary to find
some other alternative ways to calculate the probability of
observation sequence.

3.4.4. Forward-Backward Algorithm. Forward-backward
algorithm is a relatively less computationally intensive
method that can calculate the probability of an observation
sequence. The forward variable αtðiÞ is defined as

αt ið Þ = Pr O1,O2,⋯,Ot , St=i λjð Þ, ð14Þ

where αtðiÞ is the local observation sequence probability,
which represents the probability that, for a given λ, the
observation sequence is state i at time t. The specific steps
of the forward-backward algorithm are as follows:

Initialization: For all states i, α1ðiÞ = πibiðO1Þ, where i ∈
f1 toNg.

Induction: For each time point t, a value of the forward
variable αtðiÞ can be obtained, and for each time point t =
2,⋯, T and all states j (j ∈ f1 toNg) recursively calculate
the forward variable αtðjÞ:

αt jð Þ = 〠
i

αt−1 ið Þaij
" #

bj Otð Þ: ð15Þ

Termination: For a given HMM, the probability of
observing sequence O can be calculated by the following
formula:

Pr O λjð Þ =〠
i

αT ið Þ: ð16Þ

In this method, each state at time t − 1 is fully computed
before considering the state at time t. Therefore, for a given
HMM model λ, the last state in the operation constitutes the
final probability of producing the observation sequence O. It
can be found that the time complexity of the forward algo-
rithm is N2T , where N refers to the number of hidden states
and T refers to the length of the observation sequence.

The backward algorithm is similar to the forward algo-
rithm and is used to calculate the probability of the observa-
tion sequence for a given λ. The backward variable βtðiÞ is
defined as follows:

βt ið Þ = Pr Ot+1,Ot+2,⋯,OT St=i, λjð Þ: ð17Þ

As in formula (17), βtðiÞ represents the backward vari-
able, which refers to Si at time t, where λ is known and Si
is the hidden state. The final probability is as in

Pr O λjð Þ =〠
i

πibi O1ð Þβ1 ið Þ: ð18Þ

As described above, both forward and backward
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algorithms can be used to compute PrðOjλÞ to evaluate
problems. Forward and backward algorithms can also be
used together to solve the problem of model parameter
estimation.

4. Badminton Health Care

4.1. Objects and Methods. Constitution refers to the quality
of human life. It is a comprehensive and relatively stable fea-
ture of the human body on the basis of heredity and acqui-
sition in terms of human body shape structure,
physiological function, physical quality, psychological qual-
ity, and adaptability. A healthy physique is the basis for
ensuring people’s normal life, study, and work. Among
them, a healthy physique is characterized by normal devel-
opment and symmetry in the human body morphological
structure. In terms of physiological function, it shows that
the physiological functions of various organ systems in the
human body are normal. In terms of physical fitness, it is
mainly reflected in strength, speed, and endurance to meet
the physical needs of general labor and sports. On the level
of psychological quality, it is manifested in having psycho-
logical characteristics suitable for its age and gender and
being able to withstand corresponding psychological pres-
sure. Adaptability is reflected in the body’s natural adapt-
ability and social adaptability to resist common pathogens
and enable the body to integrate into society and interact
with others normally.

In order to explore the different effects of students par-
ticipating in badminton extracurricular training on physical
health and physical self-esteem, three primary schools (JE
Primary School, QS Primary School, and CT Primary
School) were randomly selected. This article is based on
the grouping criteria of only participating in extracurricular

training in badminton, basketball, and swimming, and not
participating in any extracurricular sports training. Partici-
pation in various sports in the standard is in the range of
six months to one year, and the level of sports ability is
equal. Before the investigation, this article will visit and
check the physical health status of all participants in the
experiment. This article confirms that the participants are
in good physical and mental health and explains the proce-
dures for this experiment to the subjects. The data collectors
introduced the purpose and precautions of this questionnaire
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Figure 7: Basic information of research objects.

Table 1: List of questionnaires.

Questionnaire
type

Questionnaires
Effective

questionnaire
With good
efficiency

Network
questionnaire

100 96 96%

Paper
questionnaire

30 30 100%

Add up to 130 126 96.92%

Table 2: Physical fitness measuring instruments and testing
method.

Physical index Measuring instrument

Height Height meter

Weight Weight meter

Vital capacity Pneumatometer

50-meter run Stopwatch

One-minute sit-ups Count

One-minute jump rope
Stopwatch, starting whistle,

and skipping rope

50 × 8 round trip Stopwatch
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to the school physical education teachers and training team
coaches in detail. It is convenient to answer the feedback
information that is not understood during the questionnaire
and data collection process in a timely manner. Physical edu-
cation teachers and coaches in each school assist in distribut-
ing questionnaires, read out instructions, and explain filling
requirements. It promises to keep the information filled in
confidential and to fill in truthfully by the participants. In this
paper, the fifth and sixth grade students of three primary
schools are divided into four groups: no training, badminton,
basketball, and swimming, and a total of 130 students in four
groups are selected from each school. Later, due to the phys-
ical discomfort of 1 student and the failure of the assessment
questionnaire for 3 students, 4 special subjects were excluded,
and 126 students were retained as the research subjects of this
experiment. The 126 study subjects were in good health and
had no disease or other factors that would make them unfit to
participate in the experiment. Among them, the number of
students who participated in extracurricular training in bad-
minton, basketball, and swimming and those who did not
participate in the training were 34, 32, 30, and 34, respec-
tively. In terms of gender distribution, there are 70 boys

and 60 girls, and the proportions of each group are shown
in Figure 7:

In order to explore the impact of badminton on the
development of physical self-esteem among Chinese senior
primary school students, this study uses the physical self-
esteem scale to investigate the research subjects. The physi-
cal self-esteem scale for children is based on the PSDQ and
PSPP and combines the characteristics of Chinese develop-
ment and growth. It is divided into 12 different dimensions
of health, appearance, strength, speed, flexibility, endurance,
coordination, physical attractiveness, motor skills, physical
activity, physical worth, and overall self-esteem. They collec-
tively reflect the physical self-esteem of adolescents. The
scale has a total of 78 items, and items 1, 13, 25, 37, 49, 61,
73, and 76 reflect the health subscale. 2, 14, 26, 38, 50, and
62 items reflect the physical attractiveness subscale. 3, 15,
27∗, 39, 51∗, 63, 74, and 77 items reflect the motor skills
subscale. 4∗, 16∗, 28, 40, 52, and 64 reflect physical activity
subscales and more. It takes about 20–25 minutes to fill in
the answer, using a five-level scoring method; each subscale
is scored separately and not included in the total score of the
scale.
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Figure 8: The improvement rate of badminton on physical function.

Table 3: Effects of badminton on body function and form.

Training former male Training former female After training male After training female

Height (cm) 169.99 162 172.45 164.46

Weight (kg) 56.99 47.72 57.9 49

BIM 20.8 18.4 23.06 17.46

Vital capacity (ml) 3739.79 2906.15 3789.6 3057.07
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In view of the need to fill in the physical self-esteem scale
questionnaire for the grouped students, the author con-
ducted a physical fitness index test on 130 students partici-
pating in the experiment in three primary schools, and
then, the paper distributed, filled in, and collected the
questionnaire. After informing the students to fill in the
requirements, they supervise the students to fill in the ques-
tionnaires according to their own specific conditions and
subjective feelings within half an hour. Correlation analysis
was performed on all questionnaires. A total of 130 question-
naires were distributed this time, 130 questionnaires were
recovered, and the recovery rate was 100%. Among them,
126 are valid questionnaires, and the effective rate is
97.67%, as shown in Table 1:

The physique measuring instruments and test methods
are shown in Table 2.

4.2. Physical Fitness Results. At the beginning of the design of
the experiment, the body shape of the experimental subjects
was changed. As the first indicator of the impact of badmin-
ton on the physique of middle school students, the reason is
that height represents the growth and physical condition of
human bones. Height is greatly affected by external and
internal factors, including eating habits, age, and gender.
Weight is a horizontal standard for judging health or not
and determines a person’s physical function. On this basis,
the ratio of height to weight (i.e., BMI) is a long-standing
internationally recognized standard for measuring body
mass index. According to Chinese management, the stan-
dard is (18.5–23.9) kg/m2, and the ideal body mass index is
22 kg/m2. Through the experiments of the first stage, we
observe the experimental results. As can be seen from
Figure 8 and Table 3, through 15 weeks of badminton exer-

cise, the experimental data of the experimental group and
the control group show that in terms of body shape, the boys
have P > 0:05 in terms of body weight and BMI value, and
there is no significant effect. The height is significant at
P < 0:05 and has an effect. However, because the height
growth rate of boys and girls is about 1.5%, this is normal
growth, because middle school students are in the stage of
physical growth and development. For girls, P > 0:05 for
height and weight, and P < 0:05 for BMI, which has a sig-
nificant effect. Therefore, it can be concluded that badmin-
ton has an impact on the height of boys’ and girls’ BMI in
terms of body shape of high school students.

In this paper, strength quality, speed quality, endurance
quality, and flexibility quality are used as the indicators of
this experiment. The experiments corresponded to standing
long jump, 50-meter sprint, 800/1000-meter run, and for-
ward bending while sitting. It can be seen from Figure 9 that
before and after training, regardless of gender and category,
there is a certain improvement. Therefore, it can be con-
cluded that badminton can improve the aerobic endurance
of high school students.

4.3. Comparative Analysis of Different Exercise Modes. It can
be seen from Figure 10 that there are differences in the phys-
ical health indicators of students participating in badminton
extracurricular training and other groups. (1) The sit-up
scores of the students who participated in the extracurricular
badminton training were higher than those of other groups,
and there was an extremely significant difference with the
nontraining and basketball groups (P < 0:01). (2) The 50-
meter running scores of the students who participated in
the extracurricular badminton training were higher than
those of the nontraining group, and there was a significant
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difference (P < 0:05). (3) The vital capacity scores of students
participating in swimming training were higher than those
of other groups, and there was a significant difference
(P < 0:05). (4) There was no significant difference between
the scores of students participating in extracurricular bad-
minton training and the scores of other groups in terms of
BMI, one-minute rope skipping, 50∗8 round-trip running,
and sitting forward bending (P > 0:05). In addition, it can
be seen from the average situation that the average scores
of students participating in badminton extracurricular train-
ing in the 50-meter run and sit-ups are higher than those of
other groups. It shows that the speed quality and muscle
strength quality of students participating in badminton
extracurricular training are better than those of other
groups.

5. Conclusion

Through one-way statistical analysis on the physical self-
esteem index and overall self-esteem of the fifth and sixth
grade students participating in badminton extracurricular
training and the scores of students in the no-training group,
basketball group, and swimming group, we can see that stu-
dents who participated in badminton training had extremely
significant differences with other groups in the six scales of
physical attractiveness, motor skills, appearance, flexibility,
coordination, and physical self-esteem (P < 0:01). In addi-
tion, the multiple comparisons of the scores of the senior
primary school students participating in badminton training
and the students in the no training group, the basketball
group, and the badminton group in these six dimensions
can be clearly seen: In the multiple comparison of appear-
ance subscale scores, the appearance scores of the senior pri-
mary school students in the badminton group (3.72 points)

were higher than those of the basketball group students
(3.22 points). And there was a significant difference in the
scores between the two groups (P < 0:05). In the multiple
comparison of the scores of the flexibility subscale, the flex-
ibility score of the senior primary school students in the bad-
minton group (3.93 points) is much higher than that of the
swimming group students (3.39 points) and the basketball
group students’ scores (3.08 points). There was an extremely
significant difference in flexibility scores between the bad-
minton group and the basketball group (P < 0:01), and there
was a significant difference between the badminton group
and the swimming group (P < 0:05).
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The residual compressive stress of concrete members can offset the tensile stress caused by some external load and hinder the
generation and expansion of surface cracks to enhance the flexural strength of concrete. In order to carry out this
strengthening method, the single-layer and double-layer gradient coatings mixed by sulphate aluminium cement with different
amounts of expansion agent on the surface of concrete specimens were discussed, and the theoretical calculation formula of
surface compressive stress caused by this was deduced. Combined with experimental data, the influence of surface compressive
stress on flexural strength of concrete was studied. The results demonstrate that the greater the surface compressive stress
generated in the coating, the better the effect of improving the flexural strength of concrete. To obtain sufficient surface
compressive stress, it is recommended that the cross-sectional product ratio of the substrate to the coating is more than 80; the
higher the elastic modulus of the coating, the greater the surface compressive stress; the smaller the shrinkage rate of the
coating, the greater the surface compressive stress. The improvement effect of double-layer gradient coating on the flexural
strength of concrete is better than that of single-layer coating. Compared with the reference specimen without coating, the
improvement rates of double-layer gradient coating on the early and late flexural strength of concrete are 57.7% and 45.7%,
respectively.

1. Introduction

Concrete has become the most widely used civil engineering
materials in practical construction projects due to its high
compressive strength, low cost, easy access to raw materials,
and convenient construction. It plays a key role in promot-
ing the development of social economy. With the develop-
ment of science and technology, concrete buildings will
gradually develop in the direction of large scale, high layers
and large span in the future. However, the low flexural
strength of most concrete used nowadays can lead to surface
cracking of large concrete structures (such as foundation
slab, wall slab, floor slab and underground structure, etc.),
and even affect the safety performance and service life of
concrete structures. [1–3]. Improving the flexural strength
of concrete through diverse ways has become one of the

urgent problems to be solved, so it has gradually become a
research hotspot of experts and scholars.

The incorporation of reinforcement with high tensile
strength in concrete is one of the first measures to enhance
the flexural strength of concrete structures, and the prema-
ture cracking of concrete in the tensile area limited the use
of reinforced concrete components in large span or bearing
power load structures. The emergence of prestressed con-
crete solves this problem. It uses the high compressive
strength of concrete to make up for its low flexural strength
and utilizes the precompression method to indirectly
improve the flexural strength of concrete. In essence, it
changes the crack-prone characteristics of concrete, which
is very effective for saving steel, reducing the size of the
structural section, reducing the weight of the structure, pre-
venting cracking, and reducing deflection. In addition, with
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the further development of research and development work,
various mineral admixtures, fibers, additives, and nanophase
materials, polymer has been applied by scholars to improve
the flexural strength of concrete and has achieved good
results. The research status is as follows:

Tolmachov et al. [4] added water reducer, mineral
admixture, and fiber into concrete to increase its flexural
strength by 25.7%. Singh et al. [5] found that the flexural
strength of RAP concrete could be increased by 10% by add-
ing 10% (mass fraction) silica fume. Zhang et al. [6] found
that when the fly ash content was 20% (mass fraction, the
same below), the flexural strength of recycled concrete could
be increased by 29.9%. On this basis, the flexural strength
could be further increased by 11.4% by adding 1% water
reducer, while the flexural strength of concrete could be
increased by 30.7% by adding 10% silica fume. Somasekhar-
aiah [7] showed that when 10% silica fume was added to the
concrete, and 1% steel fiber and 0.25% polypropylene fiber
were mixed in the concrete, the strength improvement rate
reached 71.5%. Mahadik et al. [8] found that different dos-
ages (volume fraction of 0.25%~1%) of steel fiber had differ-
ent degrees of improvement effect on the flexural strength of
concrete, and when the dosage was 0.75%, it was the best,
and the improvement rate reached 43.3%. Bhat and Alam
[9] found through a large number of tests in the concrete
mixed with 0.5% to 2% (volume fraction) of steel fibers
can improve its flexural strength, the flexural strength of
concrete at the early age became the highest when the steel
fiber content was 2%. Bi et al. [10] found that the flexural
strength of polypropylene fiber with a length of 18mm and
a dosage of 0.6 kg/m3 was increased by 32.3% when it was
mixed with concrete.

Turlapati and Chintapalli [11] suggested that the flexural
strength of polypropylene fiber with a volume fraction of 1%
could be increased by 35%. Wyrzykowski et al. [12] com-
bined expansion agent, super absorbent polymer, and
shrinkage-reducing agent to make the prestress of central
concrete reach about 2.5MPa~3.0MPa. Yang et al. [13]
found that when the content of expansive agent was 6%
(mass fraction), the early and late flexural strength of con-
crete could be enhanced by 6.2% and 4.1%, respectively. Li
et al. [14] found that when the content of nanosilica was
5% (mass fraction), the flexural strength of lightweight con-
crete could be enhanced by 17.5%. Saafi et al. [15] incorpo-
rated 0.35% reduced graphite oxide into cement-based
composites, resulting in an increase of 134% in flexural
strength. Wang et al. [16] found that the flexural strength
of concrete could be increased by 12% by adding 0.5% car-
bon nanotubes and 1.0% polyvinyl alcohol nanosecond
emulsion. Liu et al. [17] added 7% acrylic acid (AA) and 1-
acrylamido-2-methylpropanesulfonic acid (AMPS) polymer
into concrete to increase its flexural strength by 61.2%.

However, all of the above technical ways to improve the
flexural strength of concrete have limitations. The produc-
tion process of prestressed concrete members is complex,
the technical requirements are high, and special tension
equipment and professional technical operators are needed.
At the same time, the construction cost of prestressed con-
crete structures is large, and the engineering cost of fewer

components is high. The application of mineral admixtures
in concrete provides a driving force for the sustainable devel-
opment of resources, and its beneficial effect on the perfor-
mance of concrete is no doubt. However, industrial waste
residue used as mineral admixtures is after all an industrial
byproduct, so there are also some problems. For example,
silica fume will aggravate the shrinkage of concrete, and fly
ash and slag will reduce the initial mechanical properties of
concrete. At the same time, the measures taken to stimulate
the activity of mineral admixtures may lead to hidden dan-
gers such as alkali aggregate reaction, weak resistance to sul-
fate attack, and poor compatibility of admixtures [18–22].
The incorporation of fiber into concrete can significantly
enhance the flexural strength of concrete, while studies have
shown that the incorporation of steel fiber has no obvious
enhancement effect on the compressive strength of concrete,
and there are also problems such as high unilateral cost and
construction difficulties. Basalt fiber production process
energy consumption is enormous, and process control is
not easy. Ordinary glass fiber is brittle and easy to break,
easy to be damaged in the mixing process, and plant fibers
have problems such as elevated water absorption, poor alkali
resistance, and difficult processing [23, 24]. Nanomaterials
are not only expensive but also need to consider the disper-
sion problem in the use process, and their application in
concrete needs to be further studied [25, 26]. There continue
to be some deficiencies in the overall performance of poly-
mer concrete when it is modified by a single polymer. The
incorporation of chemical admixtures will lead to changes
in the structural quality of polymer membranes, which will
have a negative impact on concrete [27, 28].

In addition to the abovementioned prestressed concrete,
another successful application of prestressed reinforcement
technology is the tempered glass. The tempered glass can
improve the strength of the glass by 2~5 times by forming
a layer of preloading stress on the surface of the ordinary
glass, and at the same time, it can improve its thermal stabil-
ity and safety performance, and it has been comprehensively
promoted and popularized worldwide since the beginning of
the 20th century [29–31]. Both in the field of concrete and
glass, prestressed reinforcement design of macroscopic
structure is adopted. The compressive stress is introduced
into the material or component in advance to offset the
external tensile stress, so as to increase the strain of the
matrix cracking due to tension, and improve the fracture
strength, reliability, and durability of the material. In recent
years, a prestress design of high strength and high damage
tolerance composite ceramics comparable to the prestress
distribution of tempered glass has produced good results
[32, 33]. In fact, as long as it can be realized, this method
can be applied to any brittle material, and concrete is one
of the typical brittle materials, with the property of compres-
sive and tensile resistance. Therefore, this study introduces
the idea of surface prestress design into concrete. By
double-layer gradient coating of sulphate aluminium cement
with different expansion agents, Because of the difference
shrinkage rate between Coating 1 and Coating 2, Coating 1
and concrete, the surface residual compressive stress is
formed on concrete surface to offset the flexural stress
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caused by external load, so as to prevent or reduce the for-
mation and expansion of surface cracks, thereby improving
the flexural strength of concrete and extending its service
life. The method is simple to operate, not limited by the
component size and shape, and more economical, while
the substrate does not need to consider the compatibility
with the new material, which has good application
prospects.

2. Theoretical Analysis

The principle of prestressed concrete to enhance the flexural
strength of structural members is to produce precompression
stress in concrete and pretension stress in steel through the
reinforcement in the tensile zone. The precompression stress
can reduce or offset the tensile stress caused by the external
load, so that the tensile stress of structural members is not
large or even in the compression state, so as to improve the
flexural strength of concrete structural members. In turn, coat-
ing the surface of the tensile zone of concrete with coating
shrinkage rate less than the shrinkage rate of the substrate will
produce precompression stress on the surface of the concrete
and produce a balanced pretension stress inside the concrete,
which is the same as the principle of improving the flexural
strength of prestressed concrete. Only one of the precompres-
sion stresses is generated inside the concrete, and one is gener-
ated on the surface of the concrete. If a double-layer gradient
coating with different shrinkage rates is applied on the con-
crete surface, the second coating (coating 2) shrinkage rate< -
the first coating (coating 1) shrinkage rate, the surface residual
compressive stress in both coating 1 and coating 2, the double-
layer gradient coating, which can further enhance the flexural
strength of the concrete. The residual stress distribution dia-
gram of prestressed concrete, single-layer coated concrete,
and double-layer gradient-coated concrete is shown in
Figure 1.

To determine the feasibility of this idea, this paper first
derived the theoretical calculation formula of the surface
compressive stress generated by applying double-layer gradi-
ent coating, assuming the contraction ratio of coating 1 and
coating 2 is αc1 with αc2, and the shrinkage rate of concrete
substrate is αs, the cross-sectional diagram of the length
direction of the test piece before and after the coating is
shown in Figure 2. Assuming that no constraint exists in
the ideal free shrinkage case, the shrinkage of coating and
substrate is shown in the dashed line section of Figure 2,
and the shrinkage rate of coating 1, coating 2, and substrate
can be indicated by formula (1), (2) and (3).

αc1 =
δ11
L

, ð1Þ

αc2 =
δ12
L

, ð2Þ

αs =
δ2
L
: ð3Þ

In the formula, the amount of free contraction of the coat-
ing 1 and the coating 2 is δ11 and δ12, δ2 is the length direction

of the substrate, and L is the initial length of the sample. In
fact, because the tight binding of the interface has deformed
the coating identical to the substrate, assuming that the overall
amount of cooperative deformation of the composite sample is
δ, and the overall shrinkage rate is �α:

�α = δ

L
: ð4Þ

The residual stress in the coating and the substrate is bal-
anced, assuming the surface compressive stress in the coating
1 and the coating 2 are σc1 and σc2, the tensile stress in the sub-
strate to balance the surface compressive stress is σs, under the
action of stress, the linear deformations of coating 1 and coat-
ing 2 are d11 and d12, the linear deformation of the substrate is
d2. According to the relationship between stress and strain,
formulas (5), (6), and (7) can be obtained:

d11 =
σc1
Ec1

× L: ð5Þ

d12 =
σc2
Ec2

× L: ð6Þ

d2 =
σs
Es

× L: ð7Þ

The elastic modulus of the coating 1 and the coating 2 is
Ec1 and Ec2, respectively, Es is the elastic modulus of the sub-
strate, which is known or tested. To facilitate derivation and
analysis, assuming the cross-section area of the coating 1 and
the coating 2 is equal, known from the substrate tensile stress
and the coating compressive stress in the cross section:

σc1Sc + σc2Sc = −σsSs: ð8Þ

From Figure 2, d11, d12, δ11, δ12, and δ2 has the following
geometric relationship:

d11 = δ − δ11, ð9Þ

d12 = δ − δ12, ð10Þ

d2 = δ2 − δ: ð11Þ
Combined with formula (3), (4), (7), (8) and (11) can get

formula (12):

σc1 + σc2 =
Ss
Sc

� �
· Es · αs − �αð Þ: ð12Þ

It can be seen by formula (12) that the surface compressive
stress is not a material constant, and it is related to the cross-
sectional product ratio of the coating to the substrate. In order
to more intuitively evaluate the surface compressive stress of
various shapes and dimensions, it is best to use the material
constant instead of the unknown quantity, and the extraordi-
nary parameters can be expressed in combination with the
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above formula:

�α = Ec1αc1 + Ec2αc2 + Es · αs · Ss/Scð Þ½ �
Ec1 + Ec2 + Es · Ss/Scð Þ½ � : ð13Þ

Combining equation (12) and equation (13), the calcula-
tion formula of surface compressive stress caused by double-

Tensile stress

Compressive stress

(a)
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Compressive stress
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Coating

Coating

(b)

Double compressive stress

Coating 2

Coating 2
Coating 1

Coating 1

Double compressive stress

Tensile stress

(c)

Figure 1: Residual stress distribution diagram of prestressed concrete (a), single-layer coating concrete (b), and double-layer gradient
coating concrete (c).
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Figure 2: Cross-sectional diagram of coating specimen.
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Figure 3: Theoretical relationship between surface compressive
stress and cross-sectional area ratio under four modulus ratios.
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Figure 4: Theoretical relationship between surface compressive
stress and cross-sectional area ratio under four shrinkage ratios.

Table 1: Chemical composition of cement and expansion.

Material CaO SiO2 Al2O3 SO3 Fe2O3 MgO

P·O42.5R 56.78 22.61 7.01 1.94 2.89 3.73

SAC42.5 49.50 8.51 20.17 14.91 1.97 0.77

HME®-IV 52.56 1.03 13.61 28.33 0.66 1.81
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layer gradient coating can be obtained:

σc1 + σc2 =
Ss
Sc

� �
· Es · αs 1 − Ec1αc1

Esαs
+ Ec2αc2

Esαs
+ Ss
Sc

� �
/ Ec1

Es
+ Ec2

Es
+ Ss
Sc

� �� �
:

ð14Þ

Similarly, the formula for the surface compressive stress
generated by a single-layer coating can be deduced as
described above:

σc =
Ss
Sc

� �
· 1 − EsSs

EcSc
+ αc
αs

� �
/ 1 + EsSs

EcSc

� �� �
Es · αs: ð15Þ

In the formula, σs is the tensile stress generated in the sub-
strate and balanced with the surface compressive stress, Sc and
Ss are the cross-sectional areas of coating and substrate,
respectively. Ec and Es are the elastic modulus of coating and
substrate, respectively, αc and αs are the shrinkage of coating
and substrate, respectively.

It can be seen from formula (14) that the magnitude of
the surface compressive stress in the double-layer gradient
coating is closely related to the cross-sectional area ratio,
elastic modulus ratio and shrinkage ratio between the coat-
ing and the substrate. Therefore, the magnitude of surface
compressive stress can be adjusted by these parameters to
achieve the effect of optimal design. In this paper, the
cross-sectional product of the concrete substrate has been
determined, and its shrinkage rate and elastic modulus are
also a fixed value (Obtained αs = 330 × 10 − 6, Es = 28:1
GPa through test), allowing qualitative analysis of surface
compressive stress generated in double-layer gradient coat-
ing based on formula (14).

First, the elastic modulus value and contraction rate
value of coating 1 are taken as the invariants, and when
the shrinkage and elastic modulus of coating 2 are variables,

the variation trend of the surface compressive stress gener-
ated in the double-layer gradient coating with the ratio of
the cross-sectional area of the substrate to the coating is ana-
lyzed. It is assumed that the shrinkage ratios of coating 1 and
coating 2 to substrate (αc1/αs = 0:6, αc2/αs = 0:3) are both
fixed values. When the elastic modulus ratio of coating 1
to substrate is Ec1/Es = 0:6, and the elastic modulus ratio of
coating 2 to substrate is Ec2/Es = 0:6， 0.9， 1.2， 1.5, respec-
tively, the variation trend of surface compressive stress in
the double-layer gradient coating with the cross-sectional
area ratio of substrate to coating is shown in Figure 3. It is
assumed that the elastic modulus ratio of coating 1 and coat-
ing 2 to substrate (Ec1/Es = 0:8, Ec2/Es = 0:5) is a fixed value.
When the shrinkage ratio of coating 1 to substrate is αc1
/αs = 0:6, and the shrinkage ratio of coating 2 to substrate
is αc2/αs = 0:2, 0:3, 0:4, 0:5, respectively, the variation trend
of the surface compressive stress generated in the double-
layer gradient coating with the cross-sectional area ratio of
the substrate to the coating is shown in Figure 4.

Table 2: Performance indicators of the expansion agent.

Inspection item

Fineness
Limited expansion

Rate (%)
Compressive

strength (MPa)
Sieve residue
(1.18mm)

(%)

Specific surface area
(m2·kg-1)

In water
(7d)

In air
(21d)

7d 28d

Performance indicator 0 390 0.102 0.034 40.0 53.4

Table 3: Mixture ratio of coating and substrate.

Sample no.
Mixture ratio of substrate

(kg·m-3)
Mixture ratio of coating

(%)
C W S G SAC42.5 HME®-IV

Control 350 190 648 1177 / /

SC -0% 350 190 648 1177 100% 0%

SC -6% 350 190 648 1177 94% 6%

SC -10% 350 190 648 1177 90% 10%

DC-0%-10% 350 190 648 1177
Coating 1: 100%
Coating 2: 90%

Coating 1: 0%
Coating 2 : 10%

k

k

k
Coating 1

Coating 2

k

h1

h2

Substrate

Figure 5: Schematic of the double-coated specimen.
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As shown from Figure 3, when the elastic modulus of the
coating 2 is a single variable, the surface compressive stress
(σc1 + σc2) increases with the increase of Ec2/Es; according
to Figure 4, when the shrinkage rate of the coating 2 is a sin-
gle variable, the surface compressive stress (σc1 + σc2)
decreases with the increase of αc2/αs; Figures 3 and 4 show
that the surface compressive stress (σc1 + σc2) increases first
with the increase of Ss/Sc, and plateaus after Ss/Sc > 80. Sim-
ilarly, when the elastic modulus value of the coating 2 is
taken as invariants, and the shrinkage rate value and the
elastic modulus value of the coating 1 are the variables, the
trend of surface compressive stress changes with the cross-
sectional area ratio value of the substrate and the coating,
which is completely consistent with the above.

Considering the above analysis: (1) on the premise of
coating 2 shrinkage < coating 1 shrinkage < substrate
shrinkage, the smaller the shrinkage of coating 1 and coating
2, the greater the surface compressive stress. (2) The higher
the elastic modulus of coating 1 and coating 2, the greater
the surface compressive stress. (3) In order to obtain enough
surface compressive stress, it is suggested that Ss/Sc > 80.

3. Experiment

3.1. Materials. According to the above theoretical analysis, it
can be seen that the shrinkage rate of coating 2< that of
coating 1< that of substrate is the prerequisite for the gener-
ation of surface compressive stress, and the concrete will
contract during the hardening process. Therefore, in this
study, the slightly expanded sulphoaluminate cement was
selected as the main component of the coating material,
and the shrinkage rate of the coating material was adjusted
by adding different amounts of concrete efficient expansion
agent, so as to ensure the smooth generation of surface com-
pressive stress.

Ordinary Portland cement (P·O42.5R) and sulphate alu-
minate cement (SAC42.5) were selected as cement in the
concrete substrate and coating, respectively. Fine aggregate
in substrate was medium sand with fineness modulus Mx

Preparation of substrate Preparation completed
demoulding after 24h Preparation of coating

Spraying coatings Spraying completed Smoothing completed

Figure 6: Preparation process of coated concrete specimen.

Figure 7: Flexural strength test.

Figure 8: Elastic modulus test of coating.
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= 2:82, and the coarse aggregate was stone with continuous
gradation of 5~30mm in particle size. Calcium oxide-
calcium thialuminite compound expansion agent (HME®-
IV) was used for the expansion agent, and water was labora-
tory tap water. The chemical composition of the cement and
the expansion agent is shown in Table 1, and the perfor-
mance indicators of the expansion agent are shown in
Table 2.

3.2. Design of Coating and Substrate. In order to facilitate the
test of the shrinkage rate and elastic modulus of the coating
material, the low content of expansion agent and sulphate
aluminate cement was selected as the coating in this experi-
ment, and five groups of test schemes were designed. Among
them, the blank test group without coating had a total of one
group; the single-layer coating consisted of three groups,
which were composed of sulphate aluminate cement and
0%, 6%, and 10% expansion agent, respectively. There was
a group of double-layer gradient coating, the first layer and
the second layer were the substrate of sulphate aluminate
cement and expansion agent with the contents of 0% and
10%, respectively, so that the shrinkage difference between
the two layers reaches the maximum. The water-cement
ratio of the coating is 0.5, and the mixture ratio of the refer-
ence specimen without the coating and the substrate with
the coating were consistent. The mixture ratio of the coating
and the substrate is given in Table 3.

3.3. Methods

3.3.1. Preparation of Coated Concrete Test Specimens. After
the concrete substrate was poured, solid, and flattened, it
shall be covered with plastic film and placed in the room
with an ambient temperature of (20 ± 1)°C. After 24h, the
concrete surface shall be cleaned and moistened with a wet
rag. The prepared coating was evenly sprayed on the con-
crete surface (four faces in the length direction) and
smoothed with a scraper. Double-layer gradient coating
sprays the second coating immediately after spraying the
first coating and smoothing with a scraper, and the test sche-
matic diagram is shown in Figure 5, where k is a cross-sec-
tion, h1 for the thickness of the first coating, and h2 for the

thickness of the second coating. The specific preparation
process of coated concrete specimen is shown in Figure 6.

3.3.2. Flexural Strength Test. The prepared specimens were
cured to 7d and 28d at (60 ± 5)% relative humidity and
(20 ± 1)°C, and then, according to GB/T 50081-2019 guide-
lines, the specimens of size 100mm × 100mm × 400mm
were tested for measuring flexural strength by universal test-
ing machine (Figure 7), and the controlled loading rate was
0.05MPa/s. Take the average value of the flexural strength
test results of a group of 3 specimens as the test result.

3.3.3. Coating and Substrate Shrinkage Rate Test. According
to JC/T 313-2009 guidelines, the specimen size of 25mm ×
25mm × 280mm was tested for measuring shrinkage rate
of the coating by JH-320 alkali aggregate specific length
meter. Specimen size of 100mm × 100mm × 515mm was
tested for measuring shrinkage rate of the concrete by
HSP-540 shrinkage apparatus as per GB/T 50082-2009
guidelines. After the molding of the specimen, the initial
length was measured after the curing condition of 1d under
the above discount strength test, the specimen length
changes after curing to 28d to calculate the shrinkage rate
of 28d age, and the shrinkage rate of the coating and

Pressure

Preloading 3 times 4th 5th

30s 30s

Specimen destruction

Time

N0.4

N0

0

Figure 9: Schematic diagram of the loading method of the coating elastic modulus.

Figure 10: Elastic modulus test of substrate.
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substrate was calculated as the formula:

S28 =
L28 − L1ð Þ

L0
× 100%: ð16Þ

In formula, S28 indicates the shrinkage rate of 28d (pos-
itive expansion and negative contraction); L28 is the length
of 28d, mm; L1 is the initial length of the specimen, mm;
L0 is the effective length of the specimen (coating specimen
250, substrate specimen 485), mm. Take the average value
of the shrinkage rate test results of a group of 3 specimens
as the test result.

3.3.4. Coating and Substrate Elastic Modulus Test. In order
to calculate the theoretical value of surface residual compres-
sive stress generated in the coating, the elastic modulus of
the coating and the concrete substrate at the age of 28d were
tested by the dial indicator method. Specimen size of 70:7
mm × 70:7mm × 220mm was tested for measuring elastic
modulus of the coating by TM-3 mortar elastic modulus tes-
ter as per JGJ/T70-2009 guidelines (Figure 8), and the load-
ing speed was set to 0.5kN/s. The schematic diagram of the
loading method is shown in Figure 9, N0 is the initial load
at a stress of 0.3MPa and N0:4 is the pressure at 40% of
the axial compressive strength.

Specimen size of 150mm × 150mm × 300mm was
tested for measuring elastic modulus of the concrete sub-
strate by TM-2 concrete elastic modulus tester as per GB/T
50081-2019 guidelines (Figure 10), and the loading speed
was set to 0.3MPa/s. The schematic diagram of the loading
method is shown in Figure 11, F0 is the initial load with a
stress of 0.5MPa, and Fa is the load at 1/3 axial compressive

strength. Take the average value of the elastic modulus test
results of a group of 3 specimens as the test result.

3.3.5. Microscopic Test. The interface morphology and
microstructure between coating and substrate were observed
by JSM-6360LV scanning electron microscope. The sample
preparation steps were as follows: after the flexural strength
test of the specimen, a small sample was cut at the section of
the specimen to be tested and then immersed in anhydrous
ethanol solution for 24 h to stop the hydration reaction;
finally, the test sample was placed in a 100°C oven for drying
for 12h. The surface of the sample to be tested needs to be
sprayed with gold for 30min before using scanning electron
microscope to observe the sample, so as to increase the con-
ductivity of the sample and make the observation of the
interface microstructure clearer.

4. Results and Discussion

4.1. Theoretical Value Calculation of Surface Compressive
Stress. According to the qualitative analysis in Section 2,
the thickness of the coating should be less than 1.25mm.
Therefore, the thickness h of the single-layer coating and
the thickness h1 and h2 of the double-layer gradient coating
were both set to 1mm in the test of this study, that was, the
cross-sectional area ratio of coating to substrate remained
unchanged. In order to verify that the surface compressive
stress of the gradient coating is greater than that of the
change of coating shrinkage rate and elastic modulus, the
shrinkage rate and elastic modulus were tested (Table 4),
and the theoretical values of the surface compressive stress

Load

Physical alignment Preloading 2 times Specimen destruction

90s

90s

90s

90s 60s

60s

60s

60sFa

F0

0 Time

Figure 11: Schematic diagram of the loading method of the substrate elastic modulus.

Table 4: Test results of shrinkage rate and elastic modulus of coating and concrete.

Sample no. Ss/mm2 Sc/mm2 αs/% αc/% Es/MPa Ec/MPa

SC-0% 10000 100 -0.330 0.020 2:81 × 104 1:80 × 104

SC-6% 10000 100 -0.330 0.056 2:81 × 104 2:00 × 104

SC-10% 10000 100 -0.330 0.081 2:81 × 104 1:75 × 104

Sample no. Ss/mm2 Sc/mm2 αs/% αc1 αc2j /% Es/MPa Ec1 Ec2j /MPa

DC-0%-10% 10000 100 -0.330 0.020 0:081j 2:83 × 104 18000 17500j
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were calculated based on Equations (14) and (15), respec-
tively. The calculation results are shown in Table 5.

According to Table 4, the shrinkage rate of all coating
materials is positive and still expanding at 28d, while the
concrete substrate is shrinking, and the shrinkage rate is
coating 2< coating 1 shrinkage rate, which shows that the
coatings used in the test meet the prerequisite conditions
for generating surface compressive stress.

The SC-0% group is the single-layer coating group with-
out expansion agent in the coating, and the DC-0%-10%
group is the double-layer gradient coating group with 10%
expansion agent content on the basis of SC-0% group. It
can be seen from Table 5, the surface compressive stress in
the coating of DC-0%-10% group is 29.02MPa, the surface
compressive stress is increased by 206.1% compared with
the SC-0% group. The coating of SC-10% in the single-
layer coating group was the same as that of coating 2 in
the double-layer gradient coating group, and the surface
compressive stress in the coating of DC-0%-10% group
was still higher than that of SC-10% group by 9.19MPa. In
the three single-layer coating groups, with the increase of
the content of expansion agent in the coating from 0% to
10%, the shrinkage rate of the coating showed a downward

trend, while the elastic modulus of the coating changed little,
and the surface compressive stress in the coating increased.

The above analysis shows the following. (1) The surface
compressive stress generated by the double-layer gradient
coating group is significantly higher than that generated by
the single-layer coating group, which also verifies the con-
clusion of the theoretical derivation of the double surface

Table 5: Theoretical values of the surface compressive stress in the coating.

Sample no. Ss/Sc Es/Ec αc / αs Es/MPa αsj j /% σc/MPa

SC-0% 100 1.56 -0.61 2:81 × 104 0.330 9.48

SC-6% 100 1.41 -1.70 2:81 × 104 0.330 17.67

SC-10% 100 1.61 -2.45 2:81 × 104 0.330 19.83

Sample no. Ss/Sc Ec1/EsjEc2/Es αc1 / αsjαc2/αs Es/MPa αsj j/% σc1 + σc2
/MPa

DC-0%-10% 100 0.64|0.62 -0.61|-2.45 2:83 × 104 0.330 29.02

Note: When the surface compressive stress is calculated, the shrinkage of the substrate is absolute value.
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Figure 12: Flexural strength of uncoated specimens and coated specimens.

Figure 13: Interface morphology between coating and substrate.
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compressive stress in Section 2. (2) When the cross-sectional
area ratio of the coating to the substrate is a fixed value and
the elastic modulus ratio changes little, with the decrease of
the coating shrinkage, the surface compressive stress in the
coating increases, which is consistent with the conclusion
obtained in the qualitative analysis.

4.2. Experimental Verification of Improving Flexural Strength
of Concrete. To further verify the improvement effect of the
double-layer gradient coating on the flexural strength of
concrete than the single-layer coating and to study the influ-
ence of the surface compressive stress on the flexural
strength of concrete, the 7d and 28d flexural strength of
uncoated and coated specimens were tested. The test results
are shown in Figure 12.

It can be seen from Figure 12 that compared with the
reference specimen without coating, whether single-layer
coating or double-layer gradient coating can improve the
7d and 28d flexural strength of concrete, even the lowest
group of 7d flexural strength in the coated specimen (SC-
0%) also reached the 28d flexural strength of the reference
specimen without coating (Control).

The effect of surface compressive stress on the early flex-
ural strength of concrete was better than that on the later
flexural strength. In the single-layer coating group, 7d and
28d flexural strength of concrete specimens increases with
the increase of expansion agent content in the coating. The
7d and 28d flexural strength improvement rates of SC-0%
group were 38.5% and 14.3%, respectively, the improvement
rates of 7d and 28d flexural strength in SC-6% group were
50.0% and 25.7%, respectively, and the 7d and 28d flexural
strength improvement rates of SC-10% group were 53.8%
and 31.4%, respectively. The flexural strength of double-
layer gradient coating group (DC-0%-10%) was better than
that of the other three single-layer coating groups. The early
and late flexural strength was 4.1MPa and 5.1MPa, respec-
tively, and the strength improvement rate was 57.7% and
45.7%. This shows that the method proposed in this study
to produce double surface compressive stress by coating
double-layer gradient coating on the surface of concrete is
feasible and effective for improving the flexural strength at
early and late stages.

Combined with the theoretical values of surface com-
pressive stress in Section 4.1 and the test results of flexural
strength in this section, it can be found that the compressive
stress on the surface of concrete and the improvement effect
on the flexural strength of concrete with coated double-layer
gradient coating are greater than those with coated single-
layer coating. In the single-layer coating group, under the
premise of small changes in the elastic modulus of the coat-
ing, with the increase of the content of expansion agent in
the coating, the shrinkage rate of the coating decreases,
and the surface compressive stress generated in the coating
increases. The improvement effect on the flexural strength
of concrete is also becoming more and more obvious. It
can be seen that the greater the surface compressive stress
generated in the coating, the better the effect of improving
the flexural strength of concrete.

4.3. SEM Microanalysis. Good adhesion between the coating
and the concrete substrate is the premise of the surface resid-
ual compressive stress, and it is also the key to the overall
and common stress of the concrete components after coat-
ing. Figure 13 shows the micromorphology of the interface
between the double-layer coating and the concrete substrate
at the age of 28d. It can be observed from the figure that the
boundary between the coating and the substrate is obvious
and closely integrated, indicating that the cement slurry with
expansion agent as the coating can better bond with the con-
crete substrate and further generate surface residual com-
pressive stress.

Figure 14 shows the SEM comparison results of the con-
crete substrate at the interface between the double-layer gra-
dient coating and the uncoated specimen at the age of 28d.
Figure 14(a) shows that there are obvious cracks in the sub-
strate of uncoated concrete, and the overall structure is
uneven and irregular; compared with the uncoated speci-
men, the overall structure of the double-layer coated con-
crete substrate in Figure 14(b) is dense, and the internal
cracks are significantly reduced.

This phenomenon may be due to the coating increases
the wettability of the substrate surface and improves the
water-cement ratio between the coating and the substrate,
which promotes the hydration of the interface cement. At

(a) (b)

Figure 14: Internal morphology of substrate at interface between uncoated specimen (a) and coated specimen (b).
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the same time, the expansion agent reacts to generate a large
number of AFt crystals that are interwoven to fill and cut off
the capillary pores, so that the large pores are reduced and
the total porosity is reduced, thereby improving the com-
pactness of the microstructure at the interface [34]. The
improvement of the pore structure at the interface by the
coating reduces the overall moisture loss of the specimen,
thereby reducing the shrinkage stress caused by the moisture
loss of the pores, which is conducive to reducing the shrink-
age cracking of concrete. In addition, the in-plane compres-
sive stress of the surface itself is compressed and densified,
which hinders the expansion of surface microcracks, and
can improve the flexural strength of concrete [2].

The above microscopic analysis results show that the
improvement effect of low shrinkage coating on the flexural
strength of concrete is due to the fact that the generated sur-
face compressive stress reduces the tensile stress caused by
the external load and inhibits the generation and propaga-
tion of surface cracks. On the other hand, it is due to the
improvement effect of coating on the structure of the inter-
facial transition zone.

5. Conclusions

(1) The theoretical analysis of double-layer gradient
coating enhancing concrete flexural strength shows
that the size of the surface compressive stress is
related to the cross-section product ratio, elastic
modulus ratio, and shrinkage rate ratio of the sub-
strate and the coating, so through these parameters,
the size of the surface compressive stress can be
adjusted to achieve the optimal design effect. When
the parameters of the substrate are unchanged, the
higher the elastic modulus of the coating, the greater
the surface compressive stress; the smaller the
shrinkage of the coating, the greater the surface com-
pressive stress; when the cross-sectional area ratio of
substrate to coating is more than 80, the surface
compressive stress is larger

(2) Coated on the concrete surface by double-layer gra-
dient coating, the first layer is pure sulfate cement
mixed with 10% expansion agent, Because the
shrinkage rate of Coating 1 is between that of con-
crete and Coating 2, surface compressive stresses
are formed between Coating 1 and Coating 2, and
between Coating 1 and concrete, respectively, during
the curing process. which effectively improves the
early and later fracture strength by 77.7% and
45.7%, respectively, compared with the uncoated ref-
erence test

(3) By combining the theoretical value of surface com-
pressive stress of the coating test and the flexural
strength test results, it was found that the double-
layer gradient coating test produces more surface
compressive stress and higher flexural strength than
the single-layer coating test; the smaller the shrink-
age rate of the coating, the greater the surface com-

pressive stress, the higher the flexural strength. It
can be shown that the greater the surface compres-
sive stress generated in the coating, the better the
improvement effect of the concrete flexural strength

(4) SEM test results show that the coating mixed with
expansion agent and cement can be safely and stably
attached to the concrete substrate. The coating can
improve the density of the interface with the sub-
strate and hinder the formation and propagation of
surface cracks

The strengthening method adopted in this study can
provide a new idea for improving the flexural strength of
cement-based materials, but there are still some problems
that need further study, mainly including the following:

(1) The more specific relationship between the ratio of
different cross-sectional area, elastic modulus ratio
and shrinkage ratio, and the flexural strength of
specimens is taken as the focus of future research

(2) In the future research, various types of coatings can
be selected for further study to further increase the
effect of surface residual compressive stress on the
flexural strength of concrete

(3) In the future research, the coating can be coated by
machine, which can reduce the deviation of the test
results caused by manual operation
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Waterproof and impermeable problems seriously affect the safe use, normal structure, and working life of concrete projects. The
waterproof performance of concrete can be improved by mixing with a proper amount of waterproofing agent; nevertheless, the
early strength of concrete will be seriously affected. With the development of complex structures such as larg e spans in soil and
water engineering and the increasingly complex engineering environment, people have put forward higher requirements for the
working performance, strength, impermeability, durability, and intelligence of cement-based materials required. This article
compares the changes in compressive strength, fluidity, and water permeability of mixed concrete by controlling the two
variables of waterproofing agent and nanosilica. Combining the results of XRD microstructure analysis, the influence of
nanosilica and waterproofing agent on the performance of concrete is explored. Moreover, it is hoped that other excellent
properties of concrete can be improved, and a waterproof material with good opacity can be found. The test results show that
after adding waterproofing agent alone, the 3 d compressive strength of concrete is decreased by 14.81%, the water permeability
is reduced by 71.6%, and the depth of carbonic acid molecules at 28 d is also decreased by 37.3%. On the other hand,
compared with concrete using waterproof coating alone, after adding in nanosilica, the 3 d compressive strength is increased by
about 30%, and the water immersion height is decreased. The results show that the addition of polymer has a great influence
on the compressive strength and carbonic acid resistance of concrete.

1. Introduction

Nanowaterproofing agent is a high-quality waterproofing
agent that can maintain water resistance for a long time,
with the functions of antimigration, water reduction, and
performance improvement; this is a new generation of
high-energy environmentally friendly products. Concrete
can play a certain waterproof role in building structures, so
it is widely used in waterproof buildings. However, in many
engineering projects, concrete has not achieved the expected
waterproof effect, resulting in serious water leakage in many
building structures, which brings great inconvenience to
production and life.

Because of the special properties of nanoparticles, some
properties of the material can be changed after the addition
of the nanoparticles, which can endow the material with spe-
cial property required by the user, or make the special per-
formance of the material more excellent [1]. At the same
time, it can also help to open up the research road of mate-
rial modification theory. Manufacturers and users of nano-
modified materials put forward new requirements for
material properties, such as stronger waterproof perfor-
mance [2]. Frequent maintenance and leak repairs increase
the economic expenditure and may not receive good results.
With the development of modern society, the utilization of
underground space has become popular, and the
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requirements for waterproof technology are getting higher
and higher.

Regarding the performance of concrete, relevant scien-
tists have done a lot of research. Tanaka et al. had chal-
lenged the development of innovative asphalt mixtures,
in view of the fact that the water stranded on the concrete
deck of the highway bridge would significantly deteriorate
and aggravate its damage. This asphalt mixture could
ensure sufficient water resistance even during the limited
time for concrete bridge repairs. After years of basic labo-
ratory tests, a specially designed modified asphalt was
developed, the performance of the mixture was specified,
and its durability was checked using APT equipment,
thereby obtaining a prototype mixture. Through the staged
field test, the best construction method was finally
obtained [3].

Sanytsky et al. were committed to the development of
nanomodified cement-based composite materials in the field
of self-cleaning building materials. The particle size distribu-
tion of the main components of multicomponent cement
such as ultrafine zeolite and limestone, titanium dioxide,
and kaolin additives was given. The interface degree of active
surface in Portland cement and auxiliary cementing material
was calculated. Studies had shown that due to the synergistic
effect, anatase and rutile mixtures could be added to cement-
based composite materials to improve the performance of
self-cleaning gypsum. The mathematical programming
method was used to study the effect of titanium dioxide
and kaolin additives on the mechanical properties of nano-
modified multicomponent cement. The results obtained by
XRD and SEM methods showed that the addition of TiO2
nanoparticles with a high specific surface area to the cement
paste would result in the formation of a denser microstruc-
ture in the cemented matrix [4].

The purpose of Pacheco-Torres et al. is to evaluate the
effect of surface roughness and bond strength between steel
and concrete surfaces in two different ways. In this study,
push-out tests were performed to evaluate the interface
behavior between steel and concrete bonded using epoxy
resin. Roughness is obtained by forming grooves on the sur-
face of the specimen. From this study, it can be concluded
that the epoxy resin used in the study can be safely used as
an adhesive between steel sections and concrete bridge decks
with a compressive strength of less than 50MPa [5].

Regarding nanomodified materials, related scientists
have done a lot of research. Li et al. studied the influence
of nanosilica and silicone oil paraffin emulsion mixed with
flue gas desulfurization gypsum on its water resistance.
They mixed nanosilica with desulfurized gypsum, explored
how the waterproof and mechanical properties of desulfur-
ized gypsum were affected by the particle size and content
of nanosilica, and analyzed its waterproof mechanism.
They combined with the microscopic morphology analysis
of the gypsum sample, the appropriate size of nanosilica
filled the crystal pores and reduced the porosity, and this
changed the structure and morphology of the gypsum
crystals to a certain extent. The dense oil-hydrophobic film
and nanosilica produced a compact gypsum structure,
which prevented water molecules from entering the gyp-

sum, thereby improving the performance of FGD gypsum
[6]. Xu et al. incorporated nano-ZrO2 concentrate into
phenolic epoxy resin to prepare a nanomodified coating
system. They used a combination of electrochemical
methods and surface characterization methods and evalu-
ated the corrosion performance of the coating in a hot
mixed acid solution, focused on the extent to which the
corrosion performance of the coating was affected by the
content of nano-ZrO2. The results showed that the addi-
tion of 1% and 3% of nano-ZrO2 could effectively improve
the corrosion resistance of the coating, while the addition
of 5% of nano-ZrO2 reduced the corrosion resistance of
the coating. The coating containing 3% nanometer ZrO2
showed the smallest species diffusion, the lowest average
roughness (5.94 nm), and the highest C/O ratio (4.55)
and coating resistance and showed the best corrosion per-
formance in the coating samples [7]. Liao et al. prepared
aliphatic amine-modified layered silicate clay by n-
octadecylamine intercalation method. It was an organically
modified clay, which was a new type of phase change
material. Through the ion exchange reaction, when the
equivalent ratio of ODA-HCl to Na+-MMT was 1, and
measured by X-ray diffraction (XRD) analysis, the inter-
layer corridor of the silicate-layered structure extended
from 12Å to 28Å. The obtained organoclay could be used
as a good heat storage and phase change material [8].
Irshidat and Al-Saleh studied the thermal and fire resis-
tance properties of nanoclay-modified cement mortar. To
prepare the modified mortar mixture, they replaced part
of the cement with montmorillonite nanoclay (0-2% of
the cement weight). The fire resistance was evaluated by
comparing the residual mechanical strength of the heated
sample and the control sample. Through XRD and SEM
tests, the effects of nanoclay on the chemical composition
and microstructure of the thermally damaged samples
were evaluated, respectively. The experimental results
showed that the nanoclay-modified cement mortar had
higher compressive, tensile, and flexural strength than
the control sample, especially at higher temperatures.
Due to high-temperature exposure, the addition of nano-
clay significantly reduced the degradation of the tensile
and flexural strength of the cement mortar. SEM images
showed that due to high-temperature exposure, the pres-
ence of nanoclay reduced the density and width of fine-
line cracks that appeared along the cement matrix [9].
These methods provide some references for our research.

This article sets up a control group experiment, by
controlling one variable unchanged and changing
another variable; a comparative analysis study is carried
out; and comparisons are made between groups. The
changes in the cement-related properties after mixing
various materials are studied, and the changes in the
microanalysis of the cement are observed. By analyzing
the crystal structure and chemical composition of con-
crete, the principles and laws of concrete performance
affected by different components are summarized. The
novelty of this experiment lies in the addition of new
research content and research methods, while verifying
the existing experimental results.
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2. Methods for the Performance of Rigid
Waterproof Concrete

2.1. Concrete Waterproofing Agent. Among the many chem-
ical admixtures, there is a concrete waterproofing agent that
can fill the capillary channels inside the concrete. And it has
the ability to reduce the material’s ability to attract water and
the ability of water to penetrate concrete under hydrostatic
pressure [10, 11]. Waterproofing agent can significantly
improve the ability of concrete to repel water, so as to
achieve the purpose of improving the durability of con-
crete [12].

Water-repellent active materials have a waterproof effect,
reduce plasticity and surface tension, and reduce harmful
holes that concrete can easily allow water to penetrate [13].
In the presence of colloids or other ingredients, use water-
proof media to block and fill the pores, and the cement con-
crete will remain in the pores after hardening. Because the
road blocking the pores is blocked, the way for water to pen-
etrate into the concrete is reduced, so as to achieve the pur-
pose of waterproofing [14]. Cutting the pores promotes the
airflow in the waterproofing medium to be evenly distrib-
uted in the concrete, generating closed small bubbles, block-
ing the capillary channels, and increasing the density of the
concrete. This makes the concrete from hydrophilic to
hydrophobic [15]. There are active hydrophobic ingredients
in the watertight area. After adding concrete, a hydrophobic
layer can be formed on the capillary wall. This weakens the
capillary adsorption and reduces the water absorption rate
of concrete. This hydrophobic effect can effectively prevent
water vapor and nonpressurized water from entering the
concrete. From the research results of hydration products,
after adding waterproof materials, almost no new hydration
products are formed, and some new products formed by
water-resistant active substances that may be colloids are
formed [16].

The functions of concrete waterproofing agent include
effectively enhancing the waterproof function and antisee-
page function of concrete. Incorporating a watertight
medium into the concrete promotes changes in the pore
structure of the concrete and releases gel at the same time.
The gel fills the internal pores of concrete, and the density
is 6-9 times that of unimpregnated concrete [17]. It signifi-
cantly improved the performance of mortar and reduced
bleeding rate. It can replace limestone to a certain extent,
overcome hollowing and scaling, reduce soil ash, save work,
and improve efficiency; it can delay the heat release rate of
cement and effectively prevent the fracture of concrete; it is
also possible to store cement while maintaining the same
strength and decline as the reference concrete [18–19].

The use of waterproofing agent has certain functions of
water reduction, plasticization, and surface tension reduc-
tion, which can reduce the harmful pores in the concrete
that easily seep water and at the same time make the con-
crete uniform and dense, thereby improving the ability of
concrete to resist pressure water.

In the waterproofing agent, there are components that
form colloid or other blocking and filling capillary pores.
After the cement concrete hardens, it stays in the capillary

pores, cuts off the capillary pores, and makes it difficult for
water to enter, so as to achieve the purpose of waterproofing.

The air-entraining component in the waterproof profile
produces some small and uniform closed air bubbles in the
concrete, which blocks the capillary passage and improves
the impermeability of the concrete.

Make concrete from hydrophilic to hydrophobic. There
are active hydrophobic components in the waterproof pro-
file. After adding concrete, a hydrophobic layer can be
formed on the wall of the capillary, which weakens the
adsorption of the capillary, thereby reducing the water
absorption of the concrete. This hydrophobic effect is effec-
tive in preventing water vapor and unpressurized water from
entering the concrete but has little effect on preventing the
penetration of pressurized water.

2.2. The Impact of Nanomaterials on Concrete. Because of
the special properties of nanomaterials, the mixing of nano-
materials into concrete will change some of the properties of
the concrete. The specific performance is in the following
important aspects:

(1) Cement stone is mainly composed of three parts:
cement that has not reacted with water, the reaction
product after the reaction between cement and
water, and pores. Pores are the spaces that can be
filled by the other two parts in the cement stone
[20]. The strength of cement stone is inversely pro-
portional to the number of pores and directly pro-
portional to the density of cement stone. Adding
nanomaterials to concrete can fill the remaining
pores in the cement, making the overall structure
of the concrete denser and stronger [21]

(2) Nanomaterials have the characteristics of small size,
large surface, and high chemical activity. The addi-
tion of nanomaterials to the cement matrix not only
directly involves the hydration process of the cement
but also promotes the hydration process of the
cement through the secondary hydration reaction
with the hydration product. Especially, it improves
the strength of concrete [22, 23]

(3) Nanomaterials accelerate the hydration reaction of
cement and act as a catalyst, and the faster hydration
of cement is beneficial to increase the initial strength
of concrete. There are many chemical bonds on the
surface of nanomaterials, and these chemical bonds
are also very active, so there is no need to form a sta-
ble C-S-H phase during the hydration process [24].
The C-S-H phase is formed directly on the surface
of the nanomaterial, and the loose hydrated cin-
namic acid gel is transformed into a lattice structure
centered on the nanoparticle. Thus, a general, uni-
form, and dense secondary interface can be formed
in a good state [25, 26]

(4) Nanomaterials can significantly reduce the dense
distribution and directional arrangement of calcium
hydroxide at the interface between concrete cement
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slurry and aggregate, which helps to improve the
comprehensive performance of the interface, thereby
improving the strength and durability of cement-
based materials

Due to its special physical and chemical characteristics,
nanomaterials have the following important roles in con-
crete: cement stone is composed of unhydrated cement par-
ticles, hydration products, and capillary pores. Capillary
pores are the spaces in the cement stone that are not filled
by cement particles and hydration products. The fewer the
capillary pores, the denser the cement stone and the higher
the strength. Nanomaterials can fill the capillary pores inside
cement-based materials, making the internal structure of
concrete more compact. Cement particles are equivalent to
coarse aggregates, and nanomaterials play a good role in fill-
ing, which can reduce the total porosity in cement-based
materials, effectively refine pores, and reduce critical pore
size, thereby improving the compactness and durability of
cement-based materials.. Nanomaterials are smaller in size,
are larger in surface energy, and have great chemical activity.
The addition of nanomaterials to cement-based materials
can not only directly participate in the cement hydration
process but also promote the process of cement hydration
through secondary hydration reactions with hydration prod-
ucts, thereby improving the strength of concrete, especially
cement-based materials’ early strength.

2.3. Concrete Performance. Concrete has the following basic
properties:

(1) Impermeability: the ability and performance of con-
crete materials to resist pressure penetration by
water and oil not only reflect the ability of concrete
to resist water flow. It also affects concrete perfor-
mance, carbonization, and chloride ion penetration
[27]

(2) Frost resistance: under the conditions of water
adsorption and continuous low temperature, the
concrete material has experienced multifrozen soil
cycle, retaining its original properties or not signifi-
cantly reducing the original properties

(3) Corrosion resistance: the ability to resist the corro-
sive and destructive effects of the surrounding envi-
ronment is called corrosion resistance

(4) Fluidity: the concrete mixture flows under its own
weight or mechanical vibration, and the mechanical
vibration can flow evenly and densely on the form-
work. It reflects the dilution consistency of the con-
crete mixture and the ability to fill the form [28]

(5) Compressive strength: when concrete is subjected to
continuous and slowly increasing external pressure,
the limit of pressure that the concrete can withstand
per unit area at the critical point of destruction

From the research results of hydration products, few new
hydration products formed crystals after the incorporation

of water repellent. The new products formed by some water
repellents are likely to be colloids.

3. Experiments on the Performance of Rigid
Waterproof Concrete

3.1. Preparation before the Experiment. Some raw materials
that need to be prepared before starting the experiment:

(1) Cement. Use the data in Table 1 as a technical stan-
dard to ensure that the cement used in the experi-
ment meets the standard

(2) Water repellent. For example, Table 2 is used as the
performance standard of waterproofing agent, and
the materials used in the study are all waterproofing
agents with a cement content of 2%

(3) Nanomaterials. For example, Table 3 is used as the
technical standard for nanomaterials

Trial mixing is carried out in the laboratory, and the
mixed ingredients, proportions, and test mixing are
obtained, such as the concrete materials shown in Table 4.

In order to better mix the concrete, the mixing process
shown in Figure 1 is used in the lubrication process: first,
wet the mixing drum of the concrete mixer, pour all the
coarse aggregates during the mixing process, then pour the
half sand, and then pour the cement (according to the test
requirements, add different amounts of anticorrosion and
hydrophobic substances). After the mixing is completed,
reduce the amount of water and water pouring, and mix
horizontally. Turn off the machine after the mixing is com-
plete. If you find that the fluidity of the concrete is obviously
low, add an appropriate amount of water-reducing agent
and mix horizontally until the flow rate meets the require-
ments. Then, determine the amount of water-reducing
agent, quickly load the mixed concrete into the test shell,
and swing it firmly.

3.2. Experimental Process

3.2.1. Liquidity Test Experiment. To quantitatively analyze
the fluidity of concrete, it is necessary to use the index of
slump. According to the “Standard for Test Methods of Per-
formance of Ordinary Concrete Mixtures,” the experimental
procedures and precautions for concrete test experiments
are formulated. Before the test, take a clean water source
and use a brush to moisten the inner wall of the slump cyl-
inder and the tamping rod, and put a funnel of appropriate
size on the top of the cylinder. Put it on the iron plate, step
on the pedal with your feet, and slowly adjust and fix it. The
mixed concrete is taken out and divided equally into three
parts, and the three layers of space in the cylinder are filled
with concrete, respectively. The height of each layer is set
to 1/3 of the cylinder height, and the plug is inserted about
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25 times in each layer. The stopper is injected into a spiral
shape from the outside, and each penetration detection point
is distributed as evenly as possible on the surface. Especially
when printing the bottom, the tip of the knife must pene-

trate the entire depth. When lightly impacting the second
layer and the previous layer, the tip of the knife must pene-
trate the surface of the next layer. When inserting and
punching the upper layer, make sure that the concrete of
the upper layer is poured and lift it higher or with the top
layer of the caving drum. After completion of cementing,
the concrete is wiped with a knife. After removing the con-
crete on the floor by the side of the drum, the foldable pipe
rises vertically and firmly. At this time, check the difference
between the upper body point and the height of the cylinder,
which is the slump.

3.2.2. Compressive Strength Test. When determining the
compressive strength of concrete, strictly refer to the “Stan-
dard for Test Methods for Mechanical Properties of Ordi-
nary Concrete.” The main equipment includes the pressure
tester, ruler, and brush as shown in Figure 2.

The specific steps of the experiment are as follows:

(1) Dry the test piece taken out from the curing site and
the water on the upper and lower bearing plates, and
start the experiment immediately

(2) The sample should be placed under the pressure
plate or backing plate of the testing machine. If a
sample is formed, the upper surface should be per-
pendicular to the storage area of the sample. The
center of the sample should correspond to the center
of the pressure plate under the testing machine. In
the test mode or worksheet, adjust the ball position
and adjust the contact balance

(3) When the specimen begins to deform, pay attention
to it. When the specimen deforms sharply and
reaches the critical point of being destroyed, stop
adjusting the throttle, and record the load value
when the specimen is broken

(4) Use the following formula to calculate the compres-
sive strength of the test piece:

XCC =
M
N

, ð1Þ

where XCC is the compressive strength of test piece (MPa),
M the destroy load of specimen (N), and N the pressure-
bearing area of the test piece (mm2).

3.2.3. Water Penetration Test. Based on the Standard for
Test Methods of Long-term Performance and Durability of
Ordinary Concrete, the water penetration test is carried
out after preparing the materials required for the experi-
ment. To quantify the water penetration resistance of con-
crete, the water penetration resistance of concrete is
expressed by measuring the average water penetration height
under constant water pressure. The water penetration testing
machine used is shown in Figure 3.

The specific method of the test is as follows:

Table 1: GB175-2007 quality standard for ordinary Portland
cement.

Insoluble matter (%) ≤0.75
Insoluble matter (%) ≤5.0
Sulfur trioxide (%) ≤3.5
Loss on ignition (%) ≤5.0
Chloride ion (%) ≤0.06
Fineness (%) ≤10.0

Setting time
Initial setting (h:min) ≥0:45

Final coagulation (h:min) ≤10:00

Flexural strength
Three days (MPa) ≥3.5

Twenty-eight days (MPa) ≥6.5

Compressive strength
Three days (MPa) ≥16

Twenty-eight days (MPa) ≥42.5
Stability Qualified

Table 2: KIM waterproof agent technical form.

Physical property

Inspection items Measured results

Appearance Light gray powder

Particle size (μm) 40-150

Bulk density (g/cm3) ~1.4
Proportion ~2.8

Curing properties

Curing properties Test method Detection result

Permeability Taywood/Valenta -70%

Shrinkage cracking BS 1881-5 -25%

Freeze thaw resistance BS 5075-2 -87%

Compressive strength BS EN12390-3 +8%

Flexural strength BS EN12390-5 +7%

Elastic modulus BS 1881-122 +16%

Table 3: Test report of nanocinnamon dioxide.

Inspection items
Quality
standard

Measured
results

Appearance White powder Compliant

Average particle size (nm) 50 ± 5 50

Specific surface area (m2/g) 200 ± 30 200

Content (%) ≥90.5 99.7

pH value 5-7 6.8

Surface treatment section Nothing Nothing

Loss on ignition (%) 950 × 2
h

≤6.0 0.5

Arsenic 1.0 Qualified

Lead 1.0 Qualified
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(1) Take out the test piece one day before the curing
time of the test piece is reached, and wipe it with a
clean damp cloth. Air-dry the test piece or use other
methods to dry it, and seal it after the surface of the
test piece is completely dry

(2) Coat the side of the sample with a layer of molten
paraffin containing a small amount of resin, and
then, preheat the sample with a spiral pressure heat-
ing furnace or an electric furnace. In order to fix the
sample on the bottom of the test model, release the
pressure after the test model is completely cooled,
and touch the test model with paraffin on the side
of the test piece. When the paraffin slowly melts
but does not flow, it indicates that the preheating
temperature of the test model has reached the
standard

(3) When the test piece meets the test standard, start the
water penetration tester. Open the valve at the test
position to make all the water seeping from the hole
flow into the test pit. After the test pit is filled with
water, close the gate and install the sealed test piece
on the impermeability instrument

(4) After the test piece is installed, immediately open the
valve under the test position to constantly control
the water pressure in each time period, and control
the pressurization time to no more than five
minutes. When a stable pressure is reached, record
this time as the start time of the experiment. Before
the pressure reaches a stable level, always pay atten-
tion to the penetration of water on the end surface of
the test piece. When water immersion occurs on the
end face of the test block, the test block stops the test,
the time is recorded as the end of the experiment,
and the height of the test block is taken as the water
penetration height of the test block. If the end sur-
face of the test piece is not immersed in water, the
test is terminated after the test is completed, and
the test piece is taken out. During the test, when
water is found to seep out from around the test piece,
it must be sealed again

(5) Place the test piece taken out of the impermeable
meter on the pressure plate. Diameter steel buffer
sheets are arranged in the center of the upper and
lower end surfaces of the test piece in the diameter
direction, and check whether they are in the same
vertical plane. Then, start pressing and divide the
specimen into two halves along the longitudinal area.
After dividing the test block, use the waterproof
mark to trace the watermark

(6) The trapezoid plate is placed on the dividing surface
of the test piece, and the water inlet height of each
measuring point is measured at equal intervals along
the water bottle with a steel ruler for accurate read-
ing. When reading, if the measurement point is
blocked with aggregate, the water penetration height
near the two ends of the aggregate is measured and
the average value is taken. The average value can be

Table 4: Composition and proportion of each sample of concrete.

Group Composition and proportion of admixture

P1 Ordinary concrete

P2 Ordinary concrete + 2%waterproof agent
P3 Ordinary concrete + 2%waterproof agent + 1%nanosilica
P4 Ordinary concrete + 2%waterproof agent + 1:5%nanosilica
P5 Ordinary concrete + 2%waterproof agent + 2%nanosilica
P6 Ordinary concrete + 2%waterproof agent + 1%nanosilica + 0:01%PowderA
P7 Ordinary concrete + 1:5%nanosilica + 0:01%PowderA

+ + ++

1/2 Sand 1/2 SandCement

Stir 30%

Nanometer material

Mixture Water reducing
agent

Stir

2 min

Fresh concreteCoarse aggregate

Figure 1: Schematic diagram of concrete pulling and mixing sequence.

Figure 2: Pressure testing machine.
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used as the water immersion height of the measure-
ment point

3.2.4. Phase Analysis-X-Ray Diffraction Analysis. XRD is the
abbreviation of X-ray diffraction. The material is diffracted
by light to cause the transformation of atoms in the atomic
layer and obtain a diffraction pattern. X-rays are a type of
short-wavelength electromagnetic waves that can penetrate
quite thick objects. Light crystals formed by electron transfer
in the inner layer of X-ray molecules under the irradiation of
high-speed moving electrons can act as photons. The coher-
ent scattering formed by multiple atoms or ionic molecules
causes an impact on the light, which in turn affects the
intensity of the scattered rays. The maximum intensity of
light formed by the overlapping of divergent waves from sev-
eral molecules is called diffracted light of light. It can be
obtained by the following formula:

2M sin θ = α, ð2Þ

where M is the plane distance and α is the wavelength.

The measurement angle is based on rays of known wave-
lengths, and then, the crystal plane distance is calculated,
which is mainly used for X-ray structure analysis. Another
way to determine the angle is to use a known metal crystal
to calculate the wavelength of the characteristic X-ray. The
calculated characteristic X-ray wavelength can also be used
to find the elements contained in the sample from existing
data. Figure 4 is a block diagram of the diffractometer.

Prepare the test sample: after testing the compressive
strength, take a specific test block, dismantle it, and put it
in absolute ethanol to stop the final water. Before the test,
use the mortar to mash the powder. After passing through
the 80 square-hole sieve, it is double-sealed with a sealed
bag and stored for later use.

3.2.5. Pore Structure Analysis. In this test, a pressure system
test is used to test the hole structure. The pump will not pen-
etrate most pressure materials. The pump can be forced into
the pores of the porous solid under the action of only exter-
nal force. Generally speaking, the pressurized pressure is

Figure 3: Water penetration resistance testing machine.

MicroprocessorOutput

Control
computer

Goniometer
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Single channel
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2𝜗turn
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r

Sample

X-ray diffraction

X-ray entry

Divergent slit

X-ray tube

Voltage stabilization

Rectification

High voltage
transformer Voltage regulator Power supply High-voltage

power supply

Figure 4: Block diagram of diffractometer composition.
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equal to the surface tension of the capillary orifice pump.
The relationship between hole radius and external pressure
is as follows:

M = −
2m cos α

N
, ð3Þ

where M is the capillary pore radius, N is the pressure
applied to the pump, α is the wetting angle of the pump to
the solid, and m is the surface tension of the pump.

4. Experimental Analysis of Waterproof
Concrete Performance

4.1. Concrete Fluidity. In this test, different amounts of
water-reducing agent are added to control the slump to

remain basically the same. During the mixing process, it
can be clearly observed that after adding nanometers, the
fluidity of the concrete is obviously affected, and the content
of the required water-reducing agent increases. Finally, the
slump of each test group is basically maintained at between,
which meets the specification requirements.

4.2. Compressive Strength of Concrete. The compressive
strength of each sample concrete is shown in Figure 5.

Through the analysis of the above data, it can be seen
that the mixing of water-repellent agent seriously affects
the early strength of concrete. This is because the fluidity
of concrete is improved by the addition of organic water-
repellent agent and has a retarding effect. The incorporation
of nanomaterials solves the problem of low strength in the
early stage, and the compressive strength in the later stage
is also greater than that of the benchmark group. The incor-
poration of PowderA has an effect on the strength of con-
crete, and the early decrease is obvious. This is also
because PowderA is an organic material, which is not good
for the early strength.

In the compressive strength test, the 3 d strength of the
P7 group concrete after adding KIM waterproofing agent
decreased by 14.81%, and by 28d, it only decreased by
3.94% with the P1 group. The strength of P3, P4, and P5
added with nanosilica increases significantly, especially the
3 d strength which increases by about 30%. However, the
strength of the specimens doped with different amounts of
nanosilica differed by less than 3%. Because nanosilica fills
and refines a large number of pores in the concrete, it makes
the apparent structure of the concrete denser, thereby
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promoting the development of concrete strength. The spec-
imens with PowderA have lower early strength, reaching
the level of P1 group by 28d.

The incorporation of nanosilica will cause the loss of
concrete slump. With the increase of nanosilica content,
the slump drops sharply, and the fluidity of the concrete
mixture will gradually decrease. In order to make up for
the slump loss, the required water-reducing agent content
increases. The specific surface area of nanomaterials is very
large. Although their incorporation reduces part of the filling
water, it greatly increases the surface adsorption water,
which greatly increases the water consumption of standard
cement consistency.

4.3. Concrete Anti-Water Penetration Test. The water pene-
tration test was carried out after 28 days of curing of the
specimen. The test result is shown in Figure 6.

By calculating the reduction rate of the permeable height
in each group of samples relative to the P1 group, the effects
of various composite waterproofing agents on the water per-
meation resistance of concrete were analyzed. The results are
shown in Table 5.

From the above test data analysis, it can be seen that
after adding KIM waterproofing agent, the ability of concrete
to resist water penetration is greatly improved. On this basis,
the density of concrete added with nanosilica is improved,
and the water penetration resistance is further strengthened.
In PowderA, a small amount of air will be introduced, so the
impermeability of concrete will be slightly reduced. The
combination of nanosilica and KIM waterproofing agent
and the combination of nanosilica and PowderA have
roughly the same waterproof penetration effect, but the
combined effect of the three has a certain degree of
impermeability.

4.4. X-Ray Diffraction Analysis. By analyzing the results of
X-ray diffraction, it can be seen that the XRD diffraction
spectra of each group are basically the same. Among them,
29.4° is selected, and 18.1° and 39.4° are selected as the char-
acteristic peaks of calcium hydroxide. By comparing the

characteristic peaks, a semiquantitative method is used to
determine the amount of the corresponding substance. The
main substance peaks obtained by ray diffraction analysis
are shown in Table 6.

First, analyze the content of C3S, which can be seen from
Table 6:

(1) Compare the P7 group with the P1 group; the con-
tent of C3S in the sample was similar at 3 d; the con-
tent of P1 group was more than that of P7 at 7 d, and
the content of the P7 group was more than that of
the P1 group at 28 d

(2) Compare the P3, P4, and P5 groups; the content of c
in the samples showed a decreasing trend at 3 d, 7 d,
and 28 d, and the cement hydration continued to be
uniform

(3) Compare the P6 group with the P4 group; the P6
group showed fluctuations similar to that of the P7
group. The content increased significantly at 28 d,
even exceeding the content at 3 d, and it was quite
low at 7 d

5. Conclusion

The effect of nanomodified waterproofing agent on the per-
formance of underground rigid waterproof concrete was
studied by designing the impermeability durability test of
concrete with different proportions. Comparing with the
case of adding the waterproofing agent only, the early
strength of concrete was significantly improved by adding
nanomodified waterproofing agent. The concrete modified
by nano-SiO2 showed good improvement in water resis-
tance, seepage resistance, and chloride ion penetration resis-
tance, nearly double the water resistance and seepage
resistance of ordinary concrete; in addition, the chloride
ion penetration resistance was better than that of single
water repellent. There are still many deficiencies in this
paper, such as the lack of analysis of the reasons for the
influence of nanomodified materials on concrete and the
incomplete perspective on the influence of nanomodified
materials on concrete. Nanomaterials are the new materials
of the century. They exhibit unique properties in physics,
chemistry, structure, etc., which lead to their research and
applications in various fields. In the field of construction
engineering, researchers add nanomaterials to traditional
building materials to improve the performance of traditional
building materials and give new application value. More
comprehensive research should be done on the specific
influence and mechanism of nanomaterials on concrete
properties, and all research results should be combined to
classify the types of nanomaterials and the influence of
nanomaterial dosage on concrete and formulate

Table 5: Comparison of concrete impermeability test results.

Group P2 P3 P4 P5 P6 P7

Reduction rate of each group relative to P1 group 71.6% 75.1% 76.9% 76.9% 74.4% 76.1%

Table 6: Peak value of main substances.

Sample
Crystal plane/crystal

(001)/CH (101)/CH C3S
3 d 7 d 28 d 3 d 7 d 28 d 3 d 7 d 28 d

P1 946 1199 1099 692 870 812 490 490 332

P2 988 978 1140 756 886 869 460 328 571

P3 1116 1150 640 700 717 645 480 339 307

P4 804 546 993 714 652 650 521 541 416

P5 753 822 862 677 708 578 578 348 340

P6 474 427 967 606 682 620 377 302 453

P7 586 604 736 649 653 749 541 374 683
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corresponding standards, so as to provide a theoretical basis
for the target concrete to select the corresponding nanoma-
terials and dosage according to the required performance
index.
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During sports, athletes’ incorrect technical movements and direct physical confrontation can easily cause ankle injuries. Joint
ligament injury is a common injury in sports. A ligament injury is an injury to the ligaments in a part of the body caused by
varying degrees of injury. Clinical manifestations include localized swelling, pressure pain or joint instability, and pain that increases
when pulled in the direction of violence. In order to further investigate the rehabilitation methods of nanomaterials for repairing the
ankle Achilles tendon ligament injury in athletes, nanomaterials are materials in which at least one dimension in three-dimensional
space is at the nanometer size (1-100nm) or consists of them as the basic unit, which is approximately equivalent to the scale of 10 to
1000 atoms closely aligned together. In this paper, we found that the healing rate of patients was over 90% by the dynamic balance
system combined with surface electromyography, surgical treatment, and extracorporeal shock wave. It can be seen that the dynamic
balance system combined with surface electromyography (SEMG), surgical treatment, rehabilitation therapy of Taijiquan exercise,
and extracorporeal shock wave therapy have significant effects on the rehabilitation of athletes’ ankle and Achilles tendon ligament
injuries and can effectively alleviate and resolve athletes’ ankle Achilles tendon ligament injury.

1. Introduction

With the vigorous development of sports in China, people
are more interested in participating in physical exercise.
Not only professional athletes but also people who partici-
pate in physical exercise will inevitably suffer from ankle
injury. Ankle sprain is a relatively common injury in sports,
and injuries cause great pain to athletes. The saddle joint of
the talus is wide in front and narrow in back, with the wider
part entering the ankle point in dorsal extension and the
narrower part entering the ankle point in plantarflexion.
The anatomical and physiological characteristics of the ankle
joint make it more prone to inversion and valgus sprains
during plantarflexion. The ankle joint is composed of the
articular surface of the lower end of the tibia and fibula and
the talar pulley, so it is also called the talar calf joint. It is
one of the important joints of the human body. It mainly
depends on the ankle joint extension and plantar flexion.

The instability caused by ankle sprain is divided into
lateral instability and medial instability. Clinical manifesta-

tions of ankle sprains include pain and swelling at the site
of the sprain immediately after the injury, followed by skin
bruising and, in severe cases, immobility of the affected foot
due to pain and swelling. The incidence of lateral instability
combined with articular cartilage injury is 55%. It is mainly
talar cartilage injury, most of which are located on the
medial talar articular surface. The rate also increased signif-
icantly, with a median instability associated with cartilage
damage of 98%. Lateral collateral ligament injuries are
common in the exercise population, and a comprehensive
rehabilitation plan is a crucial outcome. Most literature on
nonsurgical and postoperative rehabilitation includes
observation reports and case studies, and primary studies
comparing rehabilitation programs have not been published.
The goal of an injured athlete is not only to return to the
game without functional restrictions but also to address risk
factors and prevent future injuries [1, 2].

Kyo Chul and others believe that nearly a century ago, a
serious ankle sprain was considered to be an ankle ligament
injury. With the advancement of imaging and surgical
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techniques and the development of tools, the treatment of
ankle sprains (including subtalar injuries) has greatly
improved. The ankle ligament repair or reconstruction has
been improved anatomically and has less trauma than
before. Here, the term ‘“reconstruction” refers to nonana-
tomic reconstruction, which is a replacement reconstruction
with a short fibular tendon, such as the Evans procedure,
which significantly alters the biomechanical mechanisms of
the ankle and subtalar joint under weight bearing. Rather,
tendon transplantation to reconstruct ligaments has become
the standard for treating severely injured ligaments, but it
does not reproduce the original ultrastructure of the ankle
ligaments [3]. The anatomical structure of the ligament
includes a ligament with a distal end at both ends, and the
structure should also have proprioceptive functions. To date,
it is still impossible to reconstruct a fully functional anatom-
ical ligament. The cooperation between regenerative
medicine and surgical technology is expected to improve
the reconstruction of ankle ligaments. However, we need
more time to develop a technology to reconstruct the ideal
ligament complex. Lee and Hogan believe that ligament
sprain refers to the tearing of fibrous tissue in the ligament
and is the main cause of foot and ankle complex injuries
during field sports; external rotation of the foot is considered
to be the main injury mechanism with ankle sprains. There
are specific types of ligament damage; however, the effect
of the magnitude and direction of the load vector on the in
situ stress state of the ankle ligament has not been quantified
in the literature. Finding the maximum injury tolerance of a
human foot with an acceptable single ligament subfracture
distribution, using a previously developed and fully validated
foot and ankle joint model to reproduce a series of joint foot
rotations experienced during high-risk athletic activities.

In view of the susceptibility of sprained ankle joints, on
the basis of traditional treatment, special attention should
be paid to prevention and rehabilitation during rehabilita-
tion. This article analyzes and summarizes the causes,
diagnostic methods, treatment measures, and prevention
methods of athletes’ ankle joint injuries, with a view to help-
ing athletes train scientifically and actively cooperate with
medical staff to effectively avoid and reduce the occurrence
of ankle joint injuries and its adverse effects. Repairing ankle
ligament injuries can relieve the patient’s pain and for the
athlete can lead to timely training and good performance.

2. Proposed Method

2.1. Reasons for Ankle Injury. Ankle sprains usually occur
when our body loses its center of gravity, causing damage
to the soft tissues on the outside or inside of the foot, such
as ligaments and joint capsules, during sports such as
walking or running and jumping.

(1) More common in sports related to jumping

Sports events such as figure skating, alpine skiing, free-
style skiing, and basketball and gymnastics often require
athletes to make jumping movements, and as the difficulty
of the movement continues to increase, athletes engaged in

these events have the possibility of ankle injury much higher
than other athletes. The function of the ankle joint is mainly
completed within a range of 70°-140° extension and flexion.
When the ankle joint has excessive valgus and external rota-
tion, varus and internal rotation, or the talus backwards, it
violently impacts forward. When the tibial articular surface,
the ankle joint is easily damaged, most of which are strains
of the medial and lateral ligaments of the ankle joint [4].
The ankle joint is often subjected to excessive amplitude
movements, so that the ankle points do not match the talar
articular surface, which will cause ankle joint misalignment,
which mainly refers to the medial and lateral or anterior and
posterior displacement of the talus. Of these, the talar out-
ward and forward are more common. When the ankle joint
is sprained, the muscle ligaments are weak, and the joints are
loose and unstable. During the activity, the lower end of the
tibia and the inner and outer sides of the talus impact each
other on the joints, which can also damage soft eyes, affect
joint activities, and hinder normal activities.

(2) Insufficient preparation activities

The mechanism of ankle joint injury caused by insufficient
preparation activities. In general sports, before doing exercises
or competitions, do some activities that make the body heat
and nervous system such as running and jumping, and then
do some stretching of the limbs and joints. For amplitude
activities, these activities can adjust the body parts to a state
suitable for high-intensity exercise as soon as possible before
normal sports training or competition. If the previous prepa-
ration activities are insufficient, the nervous system, the blood
circulation system, and related muscle tissues are not fully
mobilized, and the body lacks the necessary coordination,
flexibility, and stretchability, and the ankle joint muscle liga-
ment stretch may not be sufficient. Improved, the excitability
of the nervous system is relatively low, the antagonist muscles
cannot be fully relaxed in a timely manner, coupled with
rushing into these exercises or competitions, sudden jump
movements or landing instability; it is easy to cause ankle
injury [5]. During training or competition breaks, sometimes
due to venue, number of people, or other factors, the interval
between two activities is longer, and athletes often ignore the
proper preparation activities before entering the next exercise.
The stretchability of the muscle has been reduced to a certain
degree, but the physical strength has been restored to a certain
degree. In the second exercise, the range and strength of the
movement are relatively large and the speed is relatively fast.
This has hidden the sprains of the ligaments of the joints or
muscle tension. There is a high possibility of injury. In addi-
tion, a considerable part of the athletes only focused on
improving the extensibility of large muscle groups and the
amplitude of large joints in the preparation activities, while
neglecting to improve the functional conditions of other small
joints (such as the ankle joint) [6].

(3) Other factors

There are also other factors, such as training with inju-
ries, excessive local load, paralysis of the mind, wrong tech-
nical movements, poor venues, excessive excitement, and
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lack of protection, which can also cause ankle injuries. For
example, the investigation center for the most common inju-
ries in alpine skiing found that ankle ligament injuries were
more caused by incorrect technical movements of athletes
[7–9]. During training, if the venue is not good, it is easy
to make the action fail. Poor weather conditions can also
lead to injury accidents. In the summer, the temperature is
too high, the athletes have difficulty concentrating, and their
physiological adaptability is poor, which is prone to acciden-
tal injuries. In the cold winter, the muscles are stiff, the coor-
dination of movements is not good, and it is easy to cause
damage to the ankle muscle ligaments.

2.2. Rehabilitation Treatment of Ankle Achilles Tendon
Ligament Injury. Rehabilitation gymnastics is a specially
choreographed unarmed, or with the help of equipment,
limb movement, and functional exercise gymnastics to
enable the sick and injured to achieve the purpose of preven-
tion, treatment, and rehabilitation.

(1) Rehabilitation gymnastic therapy

Action 1: take a sitting position and land on the edge of
the calcaneus. Use the toe of the affected ankle to write 1
English letter at a time, and write 26 English letters once.
Action 2: “Car windshield wiper” training. Take the seat
with your feet flat on the ground, with your toes facing
forward, and rotate the affected ankle to simulate the move-
ment of the car’s windshield wiper. Come out to touch the
ground. Action 3: take a seated position to train the lower
leg. In the sitting position, the ankle-limb limb is used for
hoisting training. It is required to raise the calf as high as
possible, and at the same time, keep the toes away from
the ground. Then, put the heel back to its original position
[10]. Action 4: stand on one leg (partially load-bearing).
When standing, place one hand on the table, transfer part
of the body weight to the side of the affected ankle, and hold
it for 15 s. Increase the time for 15 s each time until you can
use the ankle support for 45 s. Then, gradually increase the
amount of body mass that can be supported until it can
support all of its own body mass. Action five: training of
varus and eversion of the affected ankle. Inversion training
uses the outside of the affected ankle to rest on a fixed object,
such as the edge of a table leg or door frame. Use the ankle to
apply force for 2 s. Eversion training is to use the inside of
the ankle’s foot against a fixed object to push it inward for
3 seconds. Action six: use the training belt to train the ankle
inside and out. Take a seated position, straighten your knees,
use a training strap to fix one end to a heavy object (such as a
table foot), and wrap one end around the inside of the ankle
or the outside of the small toe. The ankle varus training is to
rotate the foot away from the table foot with the foot, and
then return to the initial position, count one training, be
careful not to perform calf movements, external rotation
training is to train the belt around the outside foot of the
toe to turn out actions. Action seven: stand on one leg to
support the whole, lifting training. Take the ankle-footed
standing position, flex the knee on the healthy side, keep
your feet away from the ground, and maintain a full body

support for about 30s. Action eight: use a large towel to fold
into a rectangle, the size is consistent with the size of the
patient’s feet. At the beginning of training, use both hands
to support the support to ensure safety, gradually squat,
and then stand up. With the progress of rehabilitation, grad-
ually give up the help of supports, use their own muscle and
nervous system to adjust the balance, and perform squat
training. At a higher stage, the affected foot stands alone
on the towel, and the rehabilitation teacher throws it to his
body. Ball (you can change the direction and quality of the
ball to increase the difficulty of training). For those athletes
who are engaged in sports, conditions can be used for spa
treatments, stepping, jumping, or kicking in various direc-
tions in waist-deep water [11].

(2) Traditional Chinese medicine therapy

(1) Mild ligament damage

Immediately after the injury, apply cold compresses to
reduce the formation of hematomas. Local swelling can obvi-
ously be infused with cold water or externally applied with ice
cubes. Replace once every 3 minutes for 30 minutes to con-
strict blood vessels and relieve local congestion. After 24 hours
of sprain, switch to hot compress therapy, soak the towel with
warm water or hot vinegar, hot wine, etc., and put it on the
wound for 30 minutes. It can improve blood and lymph fluid
circulation 1-2 times a day, which is conducive to blood stasis
on the wound. And exudative absorption, in addition to self-
reinforcing muscles and tendons, first slowly pull out and
stretch the ankle joint, after a short time to do varus and ever-
sion movements, do not use local manual rubbing in the early
stage of injury, you can use Chinese medicine external appli-
cation The rice dumplings are crushed into fine powder and
mixed with frankincense into milk powder, which is adjusted
to a paste with wine or egg white and applied to the wound,
and the dressing is changed once a day [12].

(2) Severe ligament injury

Closed sticky plaster fixation method: the local drug is
closed with a 2% lidocaine needle 1.5ml and prednisolone
acetate 0.5ml. The ankle joint is placed in a mild valgus posi-
tion with viscous fixation. If there is damage to the anterior
fibula ligament and then slightly extended, the viscous paste
passes from the inside of the foot through the plantar and
lateral malleolus to the mid-anterolateral midsection of the
calf. -4 strips, then use bandages to strengthen the fixation,
usually 3 weeks can be fixed. Can be used 2% procaine
2ml, plus acetic acid and acetaminophen 2ml, for pain point
closure, once a week, 3 times a course of treatment. Massage
and acupuncture combined with fixed methods: acupunc-
ture points such as Fengshi, Zusanli, Taixi, Kunlun, Qiuxu,
Jueju, Jiexi, Taichong, and Ashi can be selected. Acupunc-
ture (retaining needle for 15-30min), once a day, to clear
the qi of the meridians [13]. Restriction of ankle motion
can be fixed with adhesive tape (rubber plaster) or bandages
for 1-2 weeks. Those with medial collateral ligament injury
should be inverted and fixed, those with lateral collateral
ligament injury should be inverted and fixed to reduce the
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tension of the injured ligament and accelerate the injury of
the ligament. Repair. If the lateral collateral ligament of the
ankle is damaged, take 3 pieces of 2.5-3 cm wide tape to
valgus the affected foot. The first piece of tape starts from
the inside of the foot and passes through the front of the
lateral malleolus to the front of the calf and then behind
the tape. Adhere the second and third tapes in parallel, and
then apply bandages outside. It can also be treated with
proprietary Chinese medicines. Sanqi injury pills, betta pills,
Yunnan Baiyao, Qilisan, and conventional administration
are used. It usually recovers in about 15 days [14].

(3) Tai Chi exercise

Patients are organized to participate in the study and exer-
cise of prescribed Taijiquan movements. During exercise,
attention is required to focus on activities that hurt the ankle.
In the early treatment stage, surgical therapy is the main part,
and some rehabilitation exercises are performed at the same
time as surgical therapy. The focus of rehabilitation treatment
during this stage is to prevent symptoms such as ankle insta-
bility or recurrent dislocation. After 3 weeks, patients with
ankle ligament injuries were trained in Taijiquan, ranging
from small to large. When the ankle was active, the two
strengths penetrated each other, embracing each other, and
running in parallel. During this period of training, it is
required to increase the body’s center of gravity. The body’s
center of gravity projection should be as close to or around
the injured ankle as possible to prevent the injury from getting
worse. It is not required to do the complete movement of
Taijiquan. After 5-6 weeks, with the gradual recovery of the
ankle injury, the body’s center of gravity should gradually
decrease when performing Taijiquan exercises, so that the dis-
tance of muscle work will increase accordingly.When playing
Taijiquan, there is no need to focus on mental concentration.
Under the control of consciousness, the mind of the practi-
tioner always focuses on the injured ankle and the whole set
of movements, eliminates the interference of other thoughts,
and focuses on directing the functions of all organ systems
throughout the body to cooperate with the injured ankle.
Movement effectively prevents repeated ankle ligament inju-
ries [15]. In the later stage of rehabilitation, in order to
increase the left and right ankle ligament activity, perform
“left cloud hand” or “right cloud hand” and othermovements.
Such movements can be moved laterally. Through training,
the left and right ankle ligament activities can be guaranteed.
In order to increase the full range of motion, “Left and Right
Knee Staggers” is used. This move includes back and forth
movements, left and right movements, outward abduction,
inner buckle, lifting, and other movements to fully move the
ankle ligaments; in order to make the ankle ligaments, the
increase in the range of activity should be practiced in
spiral-type arc movements, such as “left and right mustang
split mane.”The angle of body rotation is large, and the center
of gravity gradually transitions to one foot. Because the center
of gravity of the entire body moves smoothly, a certain height
moves at a constant speed or constant speed, so that the ankle
ligaments can be safely and fully exercised [11]. Regular exer-
cise of this kind can not only promote the healing of ligaments

and shorten the recovery time but also enhance the flexibility
and flexibility of the ankle ligaments.

(4) Extracorporeal shock wave therapy

Extracorporeal shock wave is a mechanical pulsed
pressure wave transmitted through the medium of physics
mechanism, which can produce good therapeutic effect on
a wider range of human tissues where pain occurs through
the positioning and movement of the treatment probe.
Cavitation is the basis of ESW’s effect on soft tissues. In
the process, shock wave bubbles will be generated. Such
bubbles will rapidly expand within a few microseconds and
then burst after 100μs, resulting in secondary, spherical
shock waves, shearing. Tissue, release free radicals, target
soft tissues that impinge on the lesion, resulting in axial
damage, local bleeding, ecchymosis, hematoma, etc. When
the energy of ESW is lower than 0.12mJ/mm2, the perme-
ability of the cell membrane can be triggered, while when
the energy of ESW is 0.5mJ/mm2, the changes of cytoplasm
and mitochondria are mainly caused. Although the role of
ESW in the treatment of soft tissue injuries is relatively clear,
its mechanism of action is uncertain. Studies have found that
ESW can promote the formation of new blood vessels,
improve microcirculation, and promote the recovery of
neural tissues by directly activating the healing process of
soft tissues. Hausdorf et al. called the application of different
ESW to the rabbit femoral end 10 days later and observed a
decrease in local blood flow and bone metabolism. They
believed that the process of ESW stimulation and promotion
of tendon healing may be through local microfracture and
damage to promote local growth factors and NO release to
achieve tissue repair [12].

2.3. Nanomaterials. Nanomaterials are materials with nano-
scale structures, which can be divided into zero-dimensional
nanomaterials and one-dimensional nanomaterials accord-
ing to their specific dimensions, and it has been asserted that
when one can arrange and combine substances on very small
dimensions, various materials of novelty will be obtained.
The ratio of the number of surface atoms to the total number
of atoms in a nanocrystal particle increases dramatically as
the particle diameter becomes smaller. For example, at a
particle diameter of 10nm, the particle contains 4000 atoms
and the surface atoms account for 40%; at a particle diameter
of 1 nm, the particle contains 30 atoms and the surface
atoms account for 99%. It was not until the end of the last
century when the first International Conference on
Nanoscience and Technology was held in the United States
that theoretical research and contemporary science and
technology were formally combined, which marked the offi-
cial birth of nanotechnology. When the size of a material is
at the nanometer level, the number of atoms on the surface
of the material will increase dramatically, and this number
will far exceed the number of ordinary materials, when the
chemical activity of the material will be greatly increased.
At the same time, nanomaterials are comparable to or
smaller than the wavelength of light waves, the wavelength
of de Broglie and the coherence length of superconducting
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states, and the periodic boundaries of the materials are
destroyed, resulting in “novel” optical, electrical, magnetic,
acoustic, and thermodynamic properties; in addition, nano-
materials have quantum size effect and macroscopic quan-
tum tunneling effect. These unique characteristics provide
the conditions for the wide range of applications of nanoma-
terials. With the continuous in-depth development of theory
and practice, nanostructures not called systems have been
established at present. Along with the maturity of applica-
tion, the uniqueness of nanomaterials plays a pivotal role
in the field of biotechnology and advanced manufacturing.

3. Experiments

3.1. Dynamic Balance System Combined with Surface
Electromyography (SEMG) Experimental Monitoring

(1) Wu, the research subject, suffered severe strain on
the right ankle Achilles tendon, and developed
strained periarthritis, which was manifested as local
thickening, tenderness, and a feeling of induration.
The right Achilles tendon still had a thickening of
5 cm in length. According to the degree of soft tissue
damage, it was II degree, and some ligaments were
lacerated. Zhang, the Achilles tendon side collateral
ligament excessive pull, acute sprain, I degree injury,
slight swelling, physical examination and early isoki-
netic strength test, neither of them suffered severe
pain in the ankle, joint effusion and other phenom-
ena. Wu’s wound suture is located in the posterior
midline incision. The tendon sheath has been sepa-
rated and the degenerative tissue has been removed.
The scar has a slight swelling. The pain arc is located
at the fibula long and short muscle stops. Wu’s pain
point is located at the tibialis anterior muscle stop.
The symptoms of the two patients were similar. Both
suffered from weakness of the posterior ankle mus-
cles, the range of motion of the joints and dorsiflex-
ion was small, and there was a large difference in the
muscle strength of the left and right ankle joints.
Myasthenia gravis is mainly characterized by partial
or generalized skeletal muscle weakness, easy fatigue,
aggravation of symptoms after activity, and reduc-
tion of symptoms after rest and is generally serious,
long-lasting, and difficult to treat

(2) Research method: the Biodexpro3 isokinetic force
measurement system (according to the test standards
specified by the Chinese Medical Association) was
used to orient the heart slowly 60%/s X5 times,
mainly to test the ankle joint dorsiflexor maximal
muscle strength index; 180% fast/s X25 times, the
main test of muscle endurance indicators, a total of
4 tests before and after rehabilitation treatment,
and the comparative analysis of the measurement
indicators. In the test, the two people stood with
the affected leg in turn, flexed their knees about 90°

on the healthy leg, and stood continuously for 30
seconds. According to the stability program set by

the system, they performed “8-1” levels in order
from easy to difficult, with the soles of the feet as
much as possible. It moves close to the center of
the display screen and moves in the same part. It
can perform various actions such as front collar back
and back, inversion, and eversion as the platform
rotates. Tested 2 times before and after treatment

3.2. Surgical Treatment Monitoring

(1) General information: 16 cases of ankle fractures with
triangular ligament rupture were surgically treated,
including 10 males and 6 females. X-ray examination
of the ankle joint laterally and ankle points was per-
formed routinely before operation. After the internal
fixation of the lateral malleolus fracture is completed
during the operation (if the posterior malleolus frac-
ture needs to be fixed as well), if the ankle perspective
shows that the ankle joint is in good position, the
external rotation stress test of the ankle joint should
also be performed, and those with negative tests do
not need surgery. Triangular ligament. If it is positive,
it needs to be explored to repair the triangular liga-
ment. This group accounts for 14 cases; if the intraop-
erative perspective shows that the medial malleolus
talar space has not recovered, it is considered that
the insertion of the gap after the rupture of the trian-
gular ligament results in poor reduction. Triangle
ligament, this group accounted for 2 cases

(2) Surgical methods: after the ligament was exposed in 16
patients in this group, the fracture sites were as
follows: 5 cases at themedial malleolus rupture, 6 cases
at the middle rupture, and 5 cases at the talar rupture.
The person who broke at the medial malleolus was
screwed in two 2.8mm absorbable anchors or metal
anchors at the center of the malleolus for repair; the
middle fracture was sutured directly with l-0 absorb-
able suture; screw in two 2.8mm absorbable anchors
or metal anchors at the dead center for repair. When
knotting sutures, you should pay attention to shorten-
ing the length of the original ligament slightly.
Observe under direct vision to maintain the appropri-
ate medial space of the ankle joint. Do not overtighten
the ligament to shorten too much and affect the later
function recovery. For type AO type C fractures, the
preoperative judgment may be associated with lower
liver fat combined injury, and the lower liver fat com-
bined should be fixed. In this group, 4 patients with
type C fractures were still positive after the deep repair
of the triangular ligament was completed. Therefore,
the liver fat joint is fixed under the liver fat hook.
Finally, the superficial layer of the fractured triangular
ligament was sutured with 2-0 absorbable sutures, and
the incision was closed layer by layer

3.3. Rehabilitation Monitoring of Taijiquan Exercise

(1) Research subjects: the research objects came from
different groups such as teachers, students, and
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workers in a university, and 76 patients with ankle
ligament injuries were selected (average age: 30:47
± 9:05 years). And randomly selected 41 cases (aver-
age age 31:42 ± 8:35 years old) as the experimental
group, mainly Taijiquan exercise. The remaining 35
patients (mean age 29:35 ± 9:45 years) were used as
the control group for routine rehabilitation training

(2) Research methods: the subjects were randomly
divided into the control group and the experimental
group and organized to participate in the study and
exercise of the prescribed Taijiquan movements.
During the exercise, the rehabilitants were required
to focus on the activities of injured ankles. In the
early treatment stage, both groups are mainly surgi-
cal treatment, and medical staff assists in some reha-
bilitation exercises at the same time of surgical
treatment. At this stage, the focus of rehabilitation
treatment is to prevent symptoms such as ankle
instability or recurrent dislocation. After 3 weeks,
41 patients with ankle ligament injuries in the exper-
imental group performed Taijiquan exercise, with a
small amount of exercise. During the early training,
the patient exercised under the guidance of an
expert. With the help of Tai Chi during the ankle
movement, the two strengths penetrated each other,
embracing each other, and running in parallel. Dur-
ing this period of training, it is required to increase
the body’s center of gravity. The body’s center of
gravity projection should be as close to or around
the injured ankle as possible to prevent the injury
from getting worse. It is not required to do the com-
plete movement of Taijiquan. During this period, the
control group mainly carried out some conventional
rehabilitation training, began to perform standing
posture exercises, and then carried out partial
weight-bearing exercises. After 5-6 weeks, with the
gradual recovery of ankle injuries, the body’s center
of gravity during the Taijiquan exercise in the exper-
imental group should gradually decrease, so that the
distance of muscle work will increase accordingly,
and the physiological pressure on the ankle liga-
ments will gradually increase. The control group
began to carry weight-bearing walking training; and
gradually extended the training time (maximum 45
minutes) and performed exercises such as running,
jumping, and stepping up and down in the later
stage of rehabilitation

3.4. Extracorporeal Shock Wave Therapy Monitoring

(1) Research subjects: 40 athletes with ankle ligament
injuries were selected, including 22 males and 18
females; the course of disease was 3 months and 1
year. They were randomly divided into an external
shock wave (ESW) treatment group of 25 cases (14
men and 11 women) and a closed control group of
15 cases (8 men and 7 women). Both groups were
diagnosed by physical examination and ankle MRI
before treatment. Inclusion criteria are as follows:

(1) aged 16 years or older, (2) no history of surgery
and cardiovascular and cerebrovascular diseases, (3)
the contralateral ankle is normal, (4) the range of
motion of the ankle joint is the same on both sides
before the injury, (5) preoperative X-ray examina-
tion confirmed no history of fractures, (6) local skin
was free of infection, necrosis, allergies and other
symptoms, and (7) all athletes had no midfoot and
forefoot ligament injuries

(2) Treatment method

(1) ESW group: DolorClast radiation shock wave
therapeutic apparatus produced by Swiss EMS
company is used for treatment. The patient was
placed in supine position, and the pain points
at the ankle ligament injury were identified by
palpation, and the blood vessels and nerve distri-
bution areas were avoided. Then, the coupling
agent was locally applied, and the ESW treat-
ment head was vertically aligned with the tender-
ness site, and the pressure was set to 2.0-4.0 bar,
impact frequency 6Hz, impact pulses 2000 times
at each part, handle pressure is medium. The
impact energy is adjusted according to the
patient’s tolerance, and the impact treatment is
performed with a larger pressure tolerated by
the patient. 3 to 4 times is a course of treatment,
with a maximum of no more than 2 courses, and
the interval between the two treatments is 7 days

(2) Closed group: the same position as above, after the
pain point of the ankle ligament was determined,
the pain point was injected with triamcinolone
1ml and2% lidocaine 1ml suspension, closed once
every 5-7 days, 3 times as 1. The course of treat-
ment should not exceed 2 courses at most, in order
to prevent the accumulation of medicinal fluid in
the local tissue and damage to the local tissue

4. Discussion

4.1. Dynamic Balance System Combined with Surface
Electromyography (SEMG)ExperimentMonitoringandAnalysis

(1) Comparison of healthy and affected calf circumfer-
ence and joint activity before and after treatment

Comparison of calf circumference and joint mobility
between the two before and after rehabilitation is shown
in Table 1:

It can be seen from Table 1 that the ankle and calf cir-
cumference of the two people increased rapidly in more
than one month, while the range of joint activity increased
significantly, almost doubled. Over time, it can withstand
the normal amount of training, no adverse reactions, swell-
ing at the Achilles tendon subsided, and pain has been
significantly reduced. Comparative examination found no
significant difference in calf circumference, and the sides
tended to balance.

6 Journal of Nanomaterials



(2) Changes in muscle function before and after rehabil-
itation training

Due to the influence of individual differences, the maxi-
mum strength index mainly takes the ratio of peak torque to
weight, also known as relative peak torque (PT/BW), which
represents the relative muscle strength of muscle contraction;
strength endurance is mainly through work fatigue (ER, unit
(%)) to reflect its ability. It specifically represents the fatigue
resistance of muscles during repeated contractions. The lower
the endurance index, the stronger the muscle’s resistance to
fatigue, indicating that the endurance is better. Then, observe
the two people’s long-term muscle work to maintain muscle
tension and stress. The maximum strength and strength
endurance indicators are shown in Table 2 and Figures 1
and 2. Muscular endurance is the ability of the body to per-
form sustained muscular work for long periods of time, i.e.,
the ability to fight fatigue. Endurance includes two aspects,
namely, muscular endurance and cardiovascular endurance.

From Table 2 and Figures 1 and 2, it can be seen that with
the passage of time, the relative peak torque values of the right
ankle plantar flexor muscle groups continued to increase, the
dorsiflexor muscles were basically flat, and the work fatigue
index decreased gradually, indicating that the strength level
of the right ankle was significantly improved, and the antifa-
tigue ability was improved. The right ankle even surpassed
the uninjured left ankle in some strength levels.

In summary, after the rehabilitation treatment cycle, the
calf muscle fibers of the two people increased, and the corre-
sponding strength and muscle fatigue resistance were signif-
icantly improved, indicating that better results were achieved
through rehabilitation treatment.

4.2. Surgical Treatment Monitoring Analysis

(1) All fractures have healed. The average healing time of
fractures is l2.8 weeks (10 to 14 weeks). There were no
cases of delayed fracture healing and fracture
nonunion, and no wound complications occurred

AOFAS ankle-hindock function score: excellent in 8
cases, good in 8 cases, excellent and good rate was 100%,
with an average of 93 points (85-100 points). The VAS pain
score was 0.94 points (0-2 points). Specific patient informa-
tion is shown in Table 3.

(2) Anatomy of the triangular ligament: the triangular
ligament is a fan-shaped complex structure composed
of multiple ligaments. The deltoid ligament is the
main ligamentous structure that stabilizes the medial

aspect of the ankle joint and functions to maintain
the normal anatomical position of the talus and pre-
vent its exostosis and dislocation. The anatomy of
the triangular ligament is still controversial. It is gener-
ally believed that the triangular ligament is composed
of shallow and deep layers. Milner et al. believe that
the main basis for distinguishing deep and shallow
layers is the number of joints they cross. A joint, but
sometimes it is not absolute

4.3. Monitoring and Analysis of Rehabilitation Treatment of
Taijiquan Exercise

(1) Rehabilitation assessment results

After 76 patients with ankle ligament injury were subjected
to follow-up, investigation, and statistics for 12-15 months
(average of 12.5 months in the experimental group and 13.8
months in the control group), the following criteria were used
to evaluate the effect of rehabilitation treatment shown.

As can be seen from Figure 3, the rehabilitation assess-
ment results are as follows: excellent: no reinjury, no pain
during walking, ankle dorsiflexion angle of 20°-30°, plantar
flexion of 40°-50°, no lameness, easy squatting, and normal
joint function; good: no reinjury, good function of the joint
cavity and tendon sheath, back extension of 10°-20°, plantar
flexion of 25°-40°, mild swelling and pain after walking a
long distance, slightly lameness, more convenient to squat,
and can maintain normal work; poor: there is reinjury, the
injury recovers slowly, pain and lameness are obvious during
walking, the ankle is swollen and unstable, back extension is
0°-5°, plantar flexion is 5°-15°, and it is inconvenient or diffi-
cult to squat.

(2) Comparison of rehabilitation effects

Compare the curative effect of the experimental group
with the curative effect of the control group. The evaluation
results are tested by x2, as shown in Figure 4.

As canbe seen fromFigure 4, the healing effect of the exper-
imental group was significantly better than that of the control
group (P < 0:05) (see Table 4). Tested by x2: P < 0:05.

The results show that the exercise of Taijiquan allows the
ankle ligament to be exercised, which effectively prevents the
occurrence of contracture, ankle instability, and recurrent
dislocation. When playing Taijiquan, there is no need for
mental attention. Under the control of consciousness, the
mind of the practitioner always focuses on the injured ankle
and the whole set of movements, eliminating the interfer-
ence of other thoughts, and focusing on directing the
functions of all organ systems throughout the body to coop-
erate with the injured ankle. Performing activities effectively
prevents repeated ankle ligament injuries.

4.4. Monitoring and Analysis of Extracorporeal Shock
Wave Therapy

(1) Comparison of VAS scores

The comparison of VAS scores is shown in Table 5.

Table 1: A comparative study of leg circumference and joint
mobility between the two before and after rehabilitation.

Calf girth Range of joint activity

Before treatment −1:6 ± 0:5 46:8° ± 1:2
After treatment 0:8 ± 1:0 85:3° ± 1:6
Note: the positive sign indicates that the affected side is thicker than the
healthy side, and the negative sign is opposite.
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Figure 2: Change of fatigue degree before and after 4 times of work.

Table 2: Comparison of four tests of right muscle strength (affected side) before and after two persons.

Test target
Flexor plantaris at 60°/s Flexor dorsal at 60°/s

Right 1 Right 2 Right 3 Right 4 Right 1 Right 2 Right 3 Right 4

Peak moment (Newton A kind of rice) 75.7 97.9 111.1 116.3 52.1 41.9 49.0 56.8

Peak torque/weight (%) 94.6 122.4 138.9 145.4 65.1 52.4 61.3 71.0

Total work (joules) 136.5 224.5 260.9 270.9 157.1 140.6 181.7 218.0

Average power (Watts) 49.9 74.4 86.9 75.8 55.3 45.8 54.5 60.4

Work fatigue (%) (180°/s) 56.2 29.8 28.0 13.7 26.5 16.3 19.3 21.2
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As can be seen from Table 5, there was no significant
difference in VAS scores between the two groups before
treatment, at the end of treatment, and 4 weeks after
treatment (P > 0:05), and there was a significant difference
in VAS scores at 8 weeks after treatment (P < 0:05). At
the same time, the VAS scores of the two groups before
treatment were significantly different from those at the
end of treatment, 4 weeks, and 8 weeks after treatment
(P < 0:05).

(2) Kofoed score comparison

Kofoed score comparison is shown in Table 4.
It can be seen from Table 4 that there was no significant

difference in the scores of the Kofoed observation indexes
before treatment between the two groups (P > 0:05); the
scores of pain, function, and activity of the ESW treatment
group after treatment were significantly higher than those
of the closed treatment group, with significant differences.

Table 3: Materials of 16 patients.

Case Age (years) Involved side
AOFAS score
(pre/post)

VAS score
(pre/post)

Follow-up
Time/months

1 22 Left 100/100 0/0 30

2 35 Left 100/97 0/1 38

3 42 Left 90/90 0/1 48

4 48 Left 100/87 0/2 84

5 52 Left 100/97 0/0 32

6 68 Right 90/85 0/2 72

7 38 Right 100/97 0/1 64

8 52 Right 100/90 0/1 42

9 40 Left 100/97 0/0 34

10 40 Left 100/90 0/2 40

11 31 Right 100/97 0/1 65

12 64 Right 90/87 0/2 32

13 40 Right 100/90 0/1 36

14 41 Left 100/90 0/1 41

15 38 Left 100/97 0/0 40

16 30 Right 100/97 0/0 52
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Figure 3: Rehabilitation evaluation results of the experimental group and control group.
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Sexual significance (P < 0:05). The shortest recovery time for
recovery training after treatment in the two groups: The
shortest recovery time (5:52 ± 1:36 weeks) for athletes after
training in the ESW treatment group was significantly
shorter than that in the closed treatment group
(6:60 ± 1:76 weeks) (P < 0:05).

5. Conclusions

For a long time, many sports workers and athletes have
believed that “sports injuries are inevitable” and that “with-
out sports injuries, high-level sports performance cannot
be achieved,” which has no scientific basis. The fundamental
way to reduce exercise operations is to adhere to the princi-
ple of prevention. We must carefully analyze and study the

various factors that are likely to cause injuries, summarize
our experience, and gradually form the concept of injury
prevention in ideology. With sufficient attention, the illness
must not be delayed, and the acute injury gradually evolves
into a chronic injury. To this end, this paper presents a study
on rehabilitation and monitoring of Achilles tendon liga-
ment injuries in athletes based on nanomaterial repair.

In this paper, we found that the dynamic balance system
combined with surface electromyography (SEMG) experi-
mental monitoring, surgical treatment monitoring, rehabili-
tation therapy monitoring of Taijiquan exercise, and
monitoring of extracorporeal shock wave therapy. The
dynamic balance system combined with surface electromyo-
graphy (SEMG) treatment can increase the calf muscle
fibers, increase the corresponding strength and muscle
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Figure 4: Comparison of rehabilitation effect between experimental group (41 cases) and control group (35 cases).

Table 4: Comparison of Kofoed scores between the two groups before and after treatment.

Kofoed observation index
Group ESW Closed group

Preoperative Postoperative Preoperative Postoperative

Pain 12:00 ± 8:66 40:60 ± 8:46 14:00 ± 10:56 26:67 ± 11:29
Function 7:08 ± 4:14 23:52 ± 3:64 8:40 ± 4:84 17:00 ± 4:63
Activity degree 4:52 ± 1:90 16:60 ± 2:47 5:07 ± 2:34 13:13 ± 3:00
Total 23:60 ± 14:70 80:72 ± 14:57 27:47 ± 17:74 56:80 ± 18:92

Table 5: VAS scores of patients in both groups before and after treatment.

Group Number of cases Before treatment At the end of treatment 4 weeks after treatment 8 weeks after treatment

Group ESW 25 8:40 ± 1:19 3:72 ± 1:40 2:72 ± 1:37 2:40 ± 1:44
Closed group 15 8:53 ± 1:12 3:40 ± 1:12 3:33 ± 1:11 4:73 ± 1:98
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fatigue resistance, and achieve good curative effects. Surgical
treatment can accelerate fracture healing, with a cure rate of
93%. It has a significant effect on the rehabilitation of ankle
ligament sprains; Taijiquan exercises can exercise the ankle
ligaments and effectively prevent the occurrence of contrac-
tures, ankle instability, and recurrent dislocations; the anal-
gesic effect of extracorporeal shock wave treatment on
patients with ankle ligament injuries Compared with the
traditional closed treatment, the effect is more durable
and effective.

The results of this study indicate that ESW also has a
strong analgesic effect on pain after soft tissue injury. In this
article, immediately after treatment and 4 weeks after treat-
ment, the VAS scores of the ESW group and the closed
group were significantly lower than before the treatment,
indicating that the two treatment groups had better analgesic
effects in the early stage and there was no difference. The
VAS score of the ESW group at 8 weeks after treatment
was significantly lower than that of the closed group, indicat-
ing that the effect of closed treatment was less than 8 weeks
after treatment, and the analgesic effect of ESW lasted lon-
ger. In addition, the total effective rate in the ESW group
was also significantly higher than that in the closed group
after treatment. Therefore, we believe that the analgesic
effect of ESW on patients with ankle ligament injury is more
durable and effective than traditional closed treatment.
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With the improvement of people’s attention to health, basketball is a sport that can strengthen the body and deeply loved by
people. However, basketball involves a lot of physical activity and a quick stop technique, which increases the risk of arthritis.
The reason for this paper is to concentrate on the utilization of nanotube joined restoration treatment in the treatment of knee
joint pain in basketball players. This paper first introduces the structure and properties of carbon nanotubes, analyzes the
pathology of knee arthritis and the causes of knee arthritis in basketball players, and discussed the knee arthritis rehabilitation
treatment method. According to the diagnostic criteria of osteoarthritis and the significant incorporation and rejection
measures, a sum of 50 patients with knee osteoarthritis were chosen as the review subjects and separated into test gathering
and control bunch. The benchmark group was treated with conventional electroacupuncture, and the exploratory gathering
was treated with nanotubes as repair materials for knee arthritis. The experimental results show that the application of
nanotube combined rehabilitation therapy in the treatment of knee arthritis in basketball players is practical to a certain extent.
The total score of WOMAC in the two groups after treatment decreased to a certain extent compared with that before
treatment, but the difference in the experimental group was more obvious, and the difference was significant after statistical
analysis (P < 0:05).

1. Introduction

Influenced by international high-level games, such as the
NBA, basketball is gaining popularity among the general
public. However, basketball players may suffer some sports
injuries due to the influence of factors such as fierce con-
frontation, fierce competition, frequent physical contact,
and playing environment. On the one hand, sports injury
will not only bring physical inconvenience and pain to bas-
ketball participants but also affect their normal work and
study. Serious injury will also make people physically dis-
abled and even lose their lives. On the other hand, sports
injuries have a negative impact on the smooth development
of basketball.

As a normal one-layered nanomaterial, carbon nano-
tubes stand out because of their one of a kind construction
and physical and synthetic properties. Carbon nanotubes
have strong mechanical properties, stable chemical proper-
ties, special electronic structure, and optical properties and

have a wide range of applications in material variation and
environmental science, especially in the field of biomedicine.
The discovery and development of special properties of car-
bon nanotubes is a very active research, which has laid a
foundation for the treatment of knee arthritis patients.

Acrisio et al. reported theoretical studies on the structure
and phonon properties of single-walled and double-walled
carbon nanotubes under hydrostatic pressure. Their results
confirmed a dramatic change in the volume of the single-
walled carbon nanotubes at high pressures [1]. Their report
did not address the real problem. Loredo-perez et al. aimed
to quantitatively study the injurious spontaneity, knee
edema, proinflammatory cytokines, bone mineral density,
and microstructure of unilateral knee arthritis mice fed a
high-fat diet. Their method was to give standard diets (SD)
and HFD to male ICR mice starting at 3 weeks of age. The
serum levels of il-1 and il-6 were first injected by CFA and
then analyzed by ELISA for RANKL and microcomputed
tomography [2]. Although they conducted quantitative
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studies on mice fed with HFD, they still need to conduct
qualitative studies. Straker et al. team found that arthritis
of the hip and knee afflicts those who continue to pursue
exercise as they age. They discussed mechanical measures
to reduce joint load, including support, footwear, and foot
orthotics/insoles. Biomechanical considerations of applying
gait retraining and joint unloading techniques are proposed
[3]. The method they proposed has no practical application
value.

This paper first introduces the structure and properties
of carbon nanotubes, analyzes the pathology of knee arthritis
and the causes of knee arthritis in basketball players, and
discussed the knee arthritis rehabilitation treatment method.
According to the diagnostic criteria of osteoarthritis and the
relevant inclusion and exclusion criteria, a total of 50
patients with knee osteoarthritis were selected as the study
subjects. The control group was treated with ordinary elec-
troacupuncture, and the experimental group was treated
with nanotubes as repair materials for knee arthritis. The
experimental results show that the application of nanotube
combined rehabilitation therapy in the treatment of knee
arthritis in basketball players is practical to a certain extent.
Nanotube can withstand high temperature and is harder
than steel, so it has a higher repair effect than traditional
repair methods [4].

2. Treatment of Knee Arthritis with Nanotube
and Rehabilitation Therapy

2.1. Nanotubes. As typical one-dimensional nanomaterials,
carbon nanotubes (CNTs) have unique physical, chemical,
and electronic properties [5, 6]. Carbon nanotubes are one-
dimensional hollow tubular nanomaterials formed by curl-
ing graphite sheet layers. Single-walled carbon nanotubes
are framed by twisting a solitary layer of graphite, and multi-
walled carbon nanotubes are shaped by twisting different
layers of graphite [7, 8]. The specific structure formed by
carbon nanotubes is related to the Angle and curvature when
the graphite sheet is curled into a tube, so it may have differ-
ent chirality, which are zigzag, armchair, and chiral.

Because of the unique and stable special closed topolog-
ical structure of CNTs, CNTs will not break when subjected
to bending but can achieve elasticity according to volume
changes, with high strength and toughness [9]. It has excel-
lent performance in physical mechanics, electricity, heat,
and so on. When CNTs or their functionalized products
are added to polymer or composite materials, their physical
and mechanical properties, thermal properties, and electrical
properties can be improved to a certain extent.

2.2. Basketball Players and Knee Arthritis

2.2.1. Knee Arthritis. Osteoarthritis (OA) is a chronic osteo-
arthritis with prominent pathological features. OA is a kind
of degenerative change of articular cartilage and secondary
bone hyperplasia [10, 11]. Clinically, chronic joint pain, stiff-
ness, swelling, and joint dysfunction are the main manifesta-
tions. As the knee joint is the most complex joint in the
whole body with the highest load and the heaviest shear

force, osteoarthritis (KOA) is most likely to occur at this
joint [12, 13]. The symptoms of KOA are mainly manifested
as knee swelling and pain when walking up and down stairs,
sitting and standing up, knee pain and discomfort, etc. There
will also be swelling, popping, and fluid accumulation in
patients [14]. The clinical manifestations are degeneration
of local cartilage tissue of knee joint, formation of osteophyte
at knee joint edge, and changes of subchondral bone reactiv-
ity [15].

The entire course of disease development affects not only
the articular cartilage but also the entire knee joint, including
the subchondral bone, joint capsule, ligament, synovium,
and the surrounding muscles of the knee joint [16, 17].
The onset of the disease is characterized by abnormal bio-
chemical metabolism of the knee cartilage, and then damage
to the structure of the knee joint, resulting in fibrosis, gap,
ulcer, and damage to the entire knee joint surface, leading
to knee joint pain and abnormal function [18].

2.2.2. Causes of Knee Joint in Basketball Players. Basketball
sports have a lot of physical activities and technical move-
ments such as quick stop. When basketball players use these
technical movements to play games, they are likely to cause
great sports injuries to themselves. During the movement of
the knee, the knee needs to bounce and squat continuously.
This instantaneous explosive action keeps the knee in a bent
state for a long time, which will cause the knee joint to bear a
lot of extra load, thus causing sports injuries. The knee is the
most vulnerable part during exercise. Once this part is dam-
aged, the level of the athlete will be greatly affected, and this
effect is not short-term, it will cause great harm to the
athlete.

2.3. Knee Arthritis Rehabilitation Therapy

2.3.1. General Treatment. If KOA patients’ symptom is ligh-
ter, function is normal, should be given priority to with pre-
ventive measures and daily care, to related education and
help the patients study, also should have the health-related
behavior in daily life, to be able to slow the progress of the
disease, and make the patient’s quality of life improved,
make the medical expenses of patients with lower [19, 20].
The contents of KOA education include posture, joint func-
tion, joint protection, disease, psychology, and so on.
Patients should be allowed to understand the basic knowl-
edge of the disease, to avoid catching cold or staying in a cer-
tain position for a long time, as well as excessive joint load.
For obese patients, they should adopt such methods as diet
control, weight loss, restriction of climbing activities, insis-
tence on driving instead of walking, and reduction of activi-
ties when joints swell and should pay attention to the
combination of work and rest, thereby gradually enhancing
their physique. A systematic review of evidence-based med-
icine shows that therapeutic interventions based on patient
education, exercise therapy, and weight control measures
are not only cost-effective but also have good long-term effi-
cacy and should be used as the core clinical treatment. Core
treatments include self-management, health education,
weight and information control, and psychological
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intervention. Health education can significantly improve the
short-term and long-term efficacy of KOA therapy.

2.3.2. Drug Therapy. Acetaminophen, nonsteroidal anti-
inflammatory and analgesic drugs, traditional Chinese med-
icine, blood-activating and collateral-activating drugs or dia-
lectical drugs, and external drugs can be used. Tramadol and
other drugs can be used for severe pain [21, 22]. The use of
acetaminophen (Max. 4 g/d, OTC single dose <650mg) as
the preferred therapeutic agent has been recommended in
several guidelines. If full-dose acetaminophen is not effective
in patients, ACR recommends oral or local administration of
nonsteroidal anti-inflammatory or intra-articular injection
of corticosteroids. Now, clinical also commonly used chon-
droitin sulfate, glucosamine, double reactine and vitamins,
and other drug treatment. It has been reported that intra-
articular injection of corticosteroids, sodium hyaluronate,
deer and melon polypeptides, ozone, and joint cavity irriga-
tion has been widely used and achieved good results. At
present, there is still no strong evidence to prove that glucos-
amine, chondroitin, and other nutritional treatments can be
used as the routine treatment of OA. Corticosteroids can
relieve joint pain in the short term, but long-term repeated
use can cause joint damage. Therefore, the authoritative
guidelines are recommended to be used under certain condi-
tions. Although there are many research methods for restor-
ing articular cartilage, such as changing joint load and
periosteum, perichondrium transplantation, chondrocyte
and mesenchymal stem cell transplantation, artificial matrix,
and growth factors, there is no method that can completely
restore normal articular cartilage. Against glucosamine or
chondroitin drugs, intra-articular injection of hyaluronic
acid, duloxetine, and opioid painkillers is not recommended.

2.3.3. TCM Treatment. There are many methods such as
internal administration of traditional Chinese medicine,
external treatment, acupuncture and moxibustion, massage,
acupotomy, and new treatment combining traditional tech-
niques with modern science and technology. In the theory
of the meridians, the meridians have the functions of articu-
lation of limbs, restraint of bones, viro-body, and locomo-
tion. Based on the theory of tendons, the special features
and rules of tendons diseases were studied, and the tendon
disease has carried on the thorough exploration, and it was
concluded that pathological tendons were the pathogenic
factors of tendons diseases, and a simple and feasible diag-
nostic method was put forward, which laid a solid theoretical
foundation for the treatment. Silver needle therapy is benefi-
cial to the communication and combination between the
theory of biomechanic dynamic balance and the etiology
and pathology of chronic soft tissue injury in the overall
concept of traditional Chinese medicine and western medi-
cine surgical treatment and has achieved good results. Acu-
puncture points in traditional Chinese medicine are closely
related to vascular nerves. Under the stimulation of acu-
puncture points, blood supply of knee joint is improved
and blood stasis is improved. Acupuncture can also directly
stimulate the nerve tissue or pain source area conducting
pain sensation, block the pain conduction in the nerve fiber,

and inhibit the response of spinal dorsal horn cells to injuri-
ous stimuli. It may also effectively strengthen the function of
muscle groups in various parts of the knee joint, consolidate
the normal physiological function of the knee joint, and
maintain the stability. The short-term and long-term effects
of early knee arthritis were observed, and the results were
more satisfactory than that of drug therapy. In the aspect
of antiexercise fatigue, acupuncture therapy has advantages
that other therapies do not have. The action mechanism of
traditional Chinese medicine therapy is complex, and the
study on the action principle is yet to be further studied.
The traditional Chinese medicine therapy and the emerging
Chinese medicine therapy have different standards in terms
of treatment norms, which also need to be further
developed.

2.3.4. Physical Therapy. Physical therapy was aimed at alle-
viating or eliminating the symptoms of KOA through the
rational use of various physical factors. Such methods
can improve local blood circulation, relieve muscle spasm,
promote the absorption and dissipation of joint inflamma-
tion, and reduce bone pressure and pain. Compared with
internal medicine and surgery, physical factor therapy is
more economical in cost and can reduce medical costs.
At the same time, it is additionally of incredible impor-
tance to work on patients’ personal satisfaction and lessen
family and social weight. Physical therapy generally uses
physical properties such as sound, optics, electricity, or
mechanics as well as cold and heat conduction to carry
out corresponding treatment without sequelae [23]. The
application of low-intensity pulsed ultrasound to promote
cartilage repair in osteoarthritis has been found to have a
good effect. The application of modulated medium fre-
quency electrotherapy has a continuous and significant
effect on relieving knee joint pain and is of great signifi-
cance. The results of low-frequency thermal vibration
magnetic therapy showed that the pain intensity score of
the patients was significantly reduced after treatment.
Low-intensity laser intravascular irradiation for elderly
osteoarthritis can reduce the dosage of NSAIDS. Some
scholars have summarized the physiotherapy scheme of
KOA. If the acute knee joint swelling is obvious, the main
method should be analgesia and detumescence. At the
same time, cold therapy can be used to shrink the local
blood vessels so as to reduce exudation and increase the
pain area. In the chronic phase, ultrasound therapy and
warm or micro heat ultrashort wave and microwave ther-
apy should be used to enhance the local blood circulation.
For example, if ligament and soft tissue are involved,
medium frequency or low frequency electrotherapy should
be used to release adhesion. If necessary, two physical fac-
tors can be combined to improve the therapeutic effect.

2.3.5. Exercise Therapy. Maintain normal composition and
structure and mechanical properties of articular cartilage
must make the joints have a certain weight, while maintain-
ing the normal articular cartilage type, intensity, and fre-
quency of the load there is a wide range, but when the
intensity or frequency of the load above or below this range,
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destroy the balance of the synthesis of articular cartilage deg-
radation mechanism, composition, and ultrastructural
changes of cartilage. Proper exercise is necessary to maintain
the normal use of articular cartilage. Sports training has the
advantages of noninvasive, efficient, and lasting and is
favored by more and more doctors at home and abroad.

Through exercise training, the muscle strength around
the knee joint is enhanced, and the symptoms of muscle
atrophy are alleviated, so as to ensure the normal transmis-
sion of joint mechanics. At the same time, the stability of
joints has been improved, so that the joints in a good state
of protection can prevent the development of OA. Quadri-
ceps strength training can steadily improve knee joint func-
tion and increase walking distance. Clinicians often use this
training method to improve knee joint function. Routine
quadriceps muscle strength training can relieve symptoms
and slow down the progression of joint degeneration to a
certain extent. Meanwhile, it can also increase the mobility
and stability of the knee joint and inhibit or slow down the
vicious cycle of joint instability in KOA. Although many
scholars believe that training quadriceps muscle strength
can relieve the symptoms of joint pain, strengthening quad-
riceps muscle strength training cannot improve the joint
movement of the knee joint. Although quadriceps exercise
improved muscle weakness, it did not achieve the desired
effect of improving the symptoms of KOA. However, the
researchers still agree that quadriceps rehabilitation exercise
can be performed according to patients’ different conditions
and individual differences.

With the exception of the quadriceps, the stability of
knee activity is determined by the ratio of muscle strength
between the quadriceps and the hamstring. In patients with
KOA, the extensor knee and the flexor knee muscles have
the same loss of strength. Therefore, attention should be
paid to both the knee extensor muscle strength training
and the flexor knee muscle strength training. The results
can improve the muscle strength, further coordinate the
flexor and extensor muscle strength ratio, and increase the
stability of the knee joint, thus effectively controlling or
slowing down the development of KOA’s disease. Constant
speed muscle strength training requires the assistance of
exercise equipment, through the equipment to adjust the
resistance at a constant speed, and in the process of move-
ment, the muscle in all angles can occur to maximum con-
traction and maximum tension, so as to achieve the best
training effect. Isokinetic muscle strength training can effec-
tively improve the muscle strength of quadriceps femoris
and other muscle groups around the knee joint, significantly
improve the stability of the joints of patients with KOA, and
effectively improve the joint function of patients. However,
isokinetic muscle training equipment has the characteristics
of expensive, complicated operation, and high treatment
cost, so it is still difficult to popularize at present. Chain of
lower limb muscle training can effectively improve the limb
motor function, muscle chain training emphasized to joint
training of muscles, rather than a single muscle training,
confirmed in the muscle chain theory emphasizes the bal-
ance between muscle in the chain and the importance of
coordination, and lower limb muscle chain have positive

effects on KOA rehabilitation training. However, there is a
difference between isokinetic muscle strength training and
quadriceps muscle strength enhancement between male
and female patients. Through isokinetic muscle strength
training, the quadriceps muscle strength can be effectively
enhanced in male KOA patients. However, this concept is
not suitable for female KOA patients.

Insisting on isometric length, isometric tensioning exer-
cise can make joint ache alleviate effectively, make joint sta-
bility increase, and make joint function improve, and its
long-term effect is better than sodium hyaluronate. Because
range of motion is positively correlated with the risk of
injury and falls, increasing range of motion can help reduce
pain. For KOA patients, emphasis should be placed on
stretching the quadriceps, hamstrings, and triceps of the calf
to increase the range of motion of the joint. Static stretch
training had a significant therapeutic effect on KOA patients.
Six weeks of static stretch training resulted in a significant
decrease in WOMAC osteoarthritis index score. For the
KOA patients treated with joint slackening, a medical proce-
dure, the strolling velocity and step length of the patients
altogether worked after therapy contrasted and before ther-
apy, and the aggravation was essentially diminished. The
effect was significantly better than that of the low-
frequency pulse electric group, but the difference was not
significant compared with the electric stimulation group 4
weeks after the end of treatment. Acupuncture combined
with proprioceptive sensation training is conducive to the
improvement of patients’ proprioceptive sensation, which
has a positive effect on the stability, flexibility, and self-
control of the affected knee joints, and at the same time
improves and consolidates the efficacy of acupuncture. In
overweight patients, weight loss combined with exercise or
even weight loss alone can achieve better results in alleviat-
ing pain, improving function, muscle strength, and quality
of life. Therefore, weight control is strongly recommended
as a necessary treatment. In addition to weight loss, joint
stress reduction exercises can be performed by water move-
ment or suspension. Patients with KOA must be trained
with aerobic exercises due to lower limb dysfunction and
decreased body capacity. Aerobic exercise can enhance heart
and lung function. For the elderly, moderate and low-
intensity aerobic exercise such as walking, gymnastics, tai
chi, and swimming can be used in the remission period of
KOA patients. After aerobic exercise, KOA patients not only
effectively relieved their joint pain but also improved their
body function, increasing their walking speed and walking
distance and maintaining their body function for about 18
months. Therefore, to lower the intensity of the exercise,
adhering to long-term training is able to obtain better
results. Numerous studies have shown that exercise is not
only a cure for KOA but also a way to prevent it. Should,
therefore, on the basis of KOA patients to evaluate their
physiological characteristics, the condition of monitoring
of autologous, develop sustainable personalized safe, effec-
tive, strong adaptability of exercise prescription, make
movement dysfunction in patients with improved, pain relief
and disease development delay, delay or avoid surgery time
and improve the quality of life.
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3. Experiments of Nanotube Combined
Rehabilitation Therapy

3.1. Subjects. In this paper, patients with KOA basketball
players who were qualified for primary screening from Jan-
uary 2019 to June 2019 for diagnosis and treatment were
selected for the observation of cases, and they were allocated
to two groups by random number table in chronological
order. The experimental group used nanotubes and electro-
acupuncture combined with rehabilitation therapy. Electroa-
cupuncture is based on traditional acupuncture and
moxibustion by adding low-frequency pulsed electrical stim-
ulation, and through acupuncture and moxibustion to regu-
late qi, the human body's biological microcurrent is
combined with acupuncture. The patients in the control
group were treated with cupping. A total of 50 patients con-
forming to this study were included. The specific data are
shown in Table 1.

3.2. Diagnostic Criteria. The analytic models of this study
were intermittent knee torment in the knee over the most
recent multi month; X-beam pictures (standing or weight-
bearing) showed restricting of joint space, subchondral
osteosclerosis or potentially cystic degeneration, and osteo-
phyte arrangement at joint edges.

3.3. Experimental Methods. Each subject was given a two-
week course of treatment as follows:

Hamstring training: In the prone position, perform the
following movements: (1) straight knee and hip extension
training; (2) bend the knee and bend the calf; (3) internal

and external rotation of the calves; and (4) internal and
external rotation of lower limbs.

Acupuncture point selection is as follows: yinmen point,
weizhong point, weiyang point, yingu point, heyang point,
and chengshan point; the method of acupoint selection was
in accordance with the national standards of acupuncture
and moxibustion points. The depth and angle of acupunc-
ture were also in accordance with the standards. After
obtaining qi, the acupuncture was replenished and deflated,
and the acupuncture was retained for 30min.

Yk-2000a modulated if frequency therapeutic instru-
ment was used, and the electrodes were placed in popliteal
fossis-side juxtaposition. The osteoarthropathy prescription
in the multistep treatment procedure was selected, and the
treatment lasted for 20min. The intensity of current output
should be adjusted according to the patient’s tolerance and
comfort level.

3.4. Statistical Methods. Results statistical analysis was proc-
essed by statistical product and service solutions 20.0 statis-
tical software. The comparison of measurement data met the
t-test of normal distribution with homogenous selection of
variance, while the t ′ test of nonhomogenous selection of
variance did not meet the rank-sum test of normal distribu-
tion. The comparison of counting data was conducted by X2

test, and the rank-sum test was conducted by rank data. All
measurement data are represented by XSD. P < 0:05 indi-
cated that the difference was statistically significant. The sta-
tistical analysis methods of measurement data can be
divided into parametric test method and nonparametric test
method.

4. Discussion of Nanotube Combined
Rehabilitation Therapy

4.1. Comparison of WOMAC and VAS Scores between the
Two Groups

4.1.1. Comparison of WOMAC Scores between the Two
Groups before and after Treatment. Toward the finish of
the one courses of treatment, the two gatherings acquired
specific impacts on the WOMACmanifestation all out score.
It was speculated that both the electroacupuncture group
and the normal acupuncture group had treatable KOA,
while the treatment group had better efficacy than the con-
trol group. WOMAC single symptom score, pain, joint stiff-
ness, and physiological function under the two treatment
methods have obtained a certain effect. Comparison of
WOMAC scores before and after treatment is shown in
Table 2 and Figure 1.

As should be visible from Table 2 and Figure 1, the all
out WOMAC score of the test bunch changed essentially
with the treatment, that is to say,P < 0:05, which was mea-
surably critical. The complete score of WOMAC in the
benchmark group changed essentially with the treatment,
and the combinedt-test showedP < 0:05, which was genu-
inely huge. In this way, it tends to be estimated that the
improvement of absolute indications in the exploratory
gathering and control bunch after treatment is superior to

Table 2: Comparison of WOMAC scores between the two groups
before and after treatment.

Symptoms Group
Integral

Experimental
group

Control
group

The pain
Before 11.21 10.78

After 3.32 3.96

Stiff joints
Before 32.07 31.15

After 46.61 45.89

Physiological
function

Before 3.79 4.85

After 2.14 2.93

The total score
Before 21.21 25.63

After 27.14 33.41

Table 1: Comparison of distribution of gender, age, and disease
course of patients.

Group
Number of

cases
Male Female Age

Course of disease
(month)

Experience
group

25 14 11 26 6

Control
group

25 13 12 25 5.8
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that before treatment. The distinction in the absolute score
between the two gatherings was huge (P < 0:05), so it very
well may be viewed as that the test bunch was superior to

the benchmark group in working on the complete side
effects. You can see the comparison between the control
group and the experimental group, and the experimental
group is significantly better than the control group.

According to the single symptom score, the pain score of
the experimental group was significantly different before and
after treatment, with statistical significance (P < 0:05). The
changes of joint stiffness before and after treatment were sig-
nificant (P < 0:05). There were significant differences in the
scores of physiological function before and after treatment
(P < 0:05). Therefore, it could be considered that the
improvement of each single symptom in the treatment
group was better than that before treatment. In the control
group before and after treatment, the pain single score dif-
ference is obvious, with statistical significance (P < 0:05),
joint stiffness score changes before and after the treatment,
with statistical significance (P < 0:05), and physiological
function score before and after the treatment, with statistical
significance (P < 0:05), can be thought of as controlled in
improving individual symptoms after treatment and was
better than before treatment.

4.1.2. Comparison of VAS Scores. The VAS is a pain scale
that gives pain a score of 10, with a score of 2 showing no
aggravation, a score of 10 demonstrating serious agony,
and a center score demonstrating changing levels of tor-
ment. Patients were approached to check the degree of
agony on a size of 2 to 4 for gentle pain, 5 to 7 for moderate
torment, and 8 to 9 for serious torment. Correlation afteref-
fects of VAS scores between the two gatherings are displayed
in Figure 2.

As can be seen from Figure 2, there was a huge distinc-
tion in VAS score between the treatment bunch and the
treatment bunch (P < 0:05). The VAS score of the bench-
mark group changed fundamentally with the treatment
(P < 0:05). Along these lines, it tends to be presumed that
the improvement of all out side effects in the treatment
bunch and the benchmark group is superior to that before
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treatment. There was no critical distinction in VAS score
between the two gatherings before treatment (P > 0:05).
VAS scores of the two gatherings were viewed as equivalent
before treatment, and the distinction in VAS scores between
the two gatherings was critical after treatment (P < 0:05). It
very well may be viewed as that the corrective impact of
the treatment bunch is superior to that of the benchmark
group. So you could argue that the treatment group was bet-
ter at improving pain symptoms than the control group.

4.2. Comparison of Knee Joint Mobility and Circumference
Diameter between the Two Groups

4.2.1. Comparison of Knee Joint Mobility between the Two
Groups. With the treatment, the scope of movement and
the circuit breadth of the knee joint in the two gatherings
was improved, and the thing that matters was genuinely
huge. The impact of working on the scope of movement in
the test bunch was superior to that in the control needle
therapy bunch. Electroacupuncture has a solid pain relieving
impact, and this study accepts that the scope of movement of
the joint is generally impacted by torment, which makes it
comprehended that the adequacy of the nanotube in work-
ing on the scope of movement of the joint is superior to that
of the control group. The examination consequences of knee
joint portability between the two gatherings are displayed in
Figure 3.

As should be visible from Figure 3, the scope of move-
ment of the joints when treatment was fundamentally diver-
gent in the treatment bunch, with factual importance
(P < 0:05). The scope of movement of the joints in the
benchmark group was essentially different with the treat-
ment (P < 0:05). Along these lines, it very well may be theo-
rized that the improvement of absolute indications in the
test gathering and control bunch after treatment is superior
to that before treatment. There was no critical contrast in
scope of movement between the two gatherings before treat-
ment (P > 0:05), demonstrating that the scope of movement
of the knee joint before treatment was equivalent between
the two gatherings, and there was no huge distinction in
scope of movement between the two gatherings after treat-

ment (P > 0:05). Along these lines, it tends to be theorized
that the improvement of scope of movement in the test
bunch is like that in the benchmark group.

4.2.2. Comparison of Periknee Diameter between the Two
Groups. With the treatment, the two gatherings of joint ver-
satility and knee around the improvement, measurably crit-
ically contrast. The distinction between the two gatherings of
changes around the knee joint was not measurably huge,
showing that there was no distinction in the capacity of the
two gatherings to switch up the knee joint. In other words,
the experimental group has the same effect of reducing knee
swelling as the control group. The comparison of the two
groups of data is shown in Figure 4.

The data in Figure 4 represent the pathogenic causes of
external causes to the knee joint. As should be visible from
Figure 4, there was a critical contrast in the periwidth of
the knee joint in the treatment bunch with the treatment
(P < 0:05). The fringe distance across of the knee joint was
altogether unique with treatment in the benchmark group
(P < 0:05). Subsequently, it very well may be viewed as that
the periknee breadth of the test bunch and the benchmark
group is more modest than that before the treatment. There
was no critical distinction in the peribreadth of the knee
joint between the two gatherings before treatment
(P > 0:05), showing that the periwidth of the knee joint
before treatment was practically identical between the two
gatherings, while there was no huge contrast in the perimea-
surement of the knee joint between the two gatherings after
treatment (P > 0:05). The outcomes showed that there was
no distinction in the peribreadth of knee joint between the
two gatherings after treatment, and the degree of progress
in the periwidth of knee joint was something similar
between the two gatherings.

5. Conclusions

In this review, the utilization of nanotube joined with recov-
ery treatment in the treatment of knee joint pain was consid-
ered by noticing WOMAC and VAS scores with the
treatment in the trial bunch and the benchmark group and
looking at the scope of movement and periphery of knee
joint in the two gatherings. The outcomes showed that the
utilization of carbon nanotubes in the restoration treatment
of knee joint pain was more powerful than the recovery
treatment alone.

Albeit the pathogenesis of KOA cannot be completely
explained in this review, biomechanical factors assume a sig-
nificant part in the pathogenesis and treatment of KOA. Cli-
nicians should lead a thorough and comprehensive
evaluation and make treatment arrangements for joint secu-
rity and personal satisfaction improvement in patients with
KOA. In the treatment of KOA, consideration ought to be
paid to the general insurance and thorough treatment of
the knee joint.

The treatment time in this study was only 2 weeks, and
knee osteoarthritis, as a chronic disease, requires a longer
treatment time to improve its condition. Compared with
its long treatment time, the treatment time of only 2 weeks
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in this study is relatively short, and due to the different cura-
tive effects, the follow-up results of this study also have cer-
tain differences. There are still some deficiencies in the study
of knee arthritis in this paper, which is expected to be made
up for in future research.
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With the rapid development of outdoor sports in our country, the condition of hip joint injury of athletes appears constantly.
With the continuous progress of modern biotechnology and iatrotechnique, nanomaterials are also gradually used in the
treatment of biological medicine. The purpose of this study is to use nanoscaffold materials in combination with athletics
rehabilitation therapy to treat and analyze hip injuries in athletes. In this study, 290 patients with hip injuries in our hospital
from June to October 2019 were studied. The hip joint injury patients were divided into the control group and the
experimental group according to sex and age. The recovery of the hip joint injury in normal condition, the recovery in the
pharmacotherapy, and the recovery in the combined therapy with the nanoscaffold material were compared. The function of
nanoscaffold materials in experiments can be determined by detecting changes in related indicators in vivo. The results showed
that there were 48 cases of ligament injury, accounting for 67.7% of hip joint injury. 22 cases had muscle and tendon injury,
and 12 cases had articular cartilage injury and bursa injury. There was no significant difference in red blood cells, lymphocytes,
and white blood cells after nanoscaffold material drug delivery therapy, while parathyroid hormone and osteocalcin changed
greatly, which indicated that nanoscaffold material carrier therapy could promote the absorption and treatment of drugs in hip
joint. Therefore, the research conclusions of this paper is that nanoscaffold material combined with rehabilitation therapy can
effectively treat athletes with hip joint injury. It will contribute to the research and practical application of nanomaterials in
modern medicine.

1. Introduction

1.1. Background Significance. Hip joint is the most important
joint to support body weight in walking. It is very important
for the standing position and movement of the body. How-
ever, the pain of hip joint activities will have a serious impact
on the movement and function of the lower limbs of
patients, especially the quality of life of patients including
normal work and research. The incidence of hip joint defor-
mation arthropathy, avascular necrosis of thigh head, hip
heteromorphic syndrome, and hip joint pain caused by hip
infection are high. In outdoor sports, the hip joint is more
prone to injury.

The construction of titanium dioxide nanoscaffold mate-
rials not only is similar to the natural roughness of the arti-
ficial bone material of the artificial titanium but also has
excellent hydrophilicity and greatly improves the cell adhe-
sion and proliferation on the surface. Osteoblast-related cells
can promote differentiation, proliferation, and induction.
Titanium dioxide nanoscaffold materials have excellent
adaptability to current biological fixation and embedding
technology. Scanning electron microscopy (SEM) showed
that osteoblasts have grown into tubular structures of tita-
nium dioxide nanoscaffold materials that can immobilize
bone cells. Microporous structures of specific size titanium
dioxide nanopowders effectively reduce adhesion of bacteria
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and promote growth and formation of bone tissue. Titanium
dioxide nanoscaffold material coating is considered to be an
excellent drug carrier because of its high surface area ratio.
These excellent characteristics are widely used in biomedical
fields.

1.2. Related Work. In the study of rehabilitation treatment of
hip joint injury, Jana believes that the musculoskeletal model
must adapt to the patient’s unique geometry to predict the
patient’s specific hip load. His study compared the accuracy
of anisotropic and isotropic scaled musculoskeletal models
and hip force prediction from standard patient-specific skele-
tal geometry standards. His method is to analyze 356 hips of
250 adult pelvic radiographs. He applied three scaling
methods: hip spacing anisotropic scale, iliac height, iliac width,
lateral and inferior trochanter, isotropic scaling of pelvic
width, and isotropic scaling of hip spacing. At the same time,
he used the inverse static model to estimate the hip joint force
when standing on one leg. The accuracy of his method is not
high [1]. The Lopes et al.’s study compared the ROM of the
hip joint between male patients with contact ACL injury and
noncontact ACL injury. Their method was to compare the
ROM of ipsilateral hip joint between 35 male patients with
contact ACL injury (contact group) and 45 patients with non-
contact ACL injury (noncontact group). In addition, imaging
evaluation of the hip joint is also used to assess the presence
of cam and clamp deformities. His method is unstable [2].
Morimoto et al.’s study measured the electromyographic
activity of piriformis muscle in seven hip joint movements
with a filament electrode. His method was to first select 11
healthy men without severe low back pain or lower limb
injury. A filament electrode was inserted into piriformis mus-
cle, and the surface electrode was attached to the hip muscle
and the dominant brachial trunk muscle. Then, the EMG sig-
nal amplitudes of 7 kinds of hip joint movements were mea-
sured: hip neutral lateral supine abduction, hip neutral
lateral supine abduction, hip joint internal rotation lateral
supine abduction, hip joint external rotation prone extension,
hip joint external rotation prone external rotation, hip joint
pronation prone external rotation, and hip joint supine exten-
sion. They used repeated measurements of one-way ANOVA
to examine the EMG of each of the seven hip movements.
Their method is not practical [3].

1.3. Work of This Paper. In this paper, the structure of car-
bon nanoscaffold materials and the classification by layer
number, chirality, and morphology are introduced. Then,
the mechanical, electrical, and thermal properties of carbon
nanoscaffold materials are described in detail. This study
also describes hip injury and BASRI-hip score and gives
examples of common sports injuries and events. This study
describes the characteristics of hip joint movement of sports
athletes. In this study, 298 patients in our hospital were
divided into different groups according to age and gender.
The experimental group was given drug therapy and nano-
scaffold material combined rehabilitation therapy, respec-
tively, and the control group was compared with the
normal treatment. Observe the changes of blood indexes in
the injured part of hip joint and the change of self-state to

judge the therapeutic effect. According to the results, the
therapeutic effects of hip patients of different genders are
different. From the analysis of the treatment of hip joint
injury with nanoscaffold material drug loading, the hip joint
injury and the type and frequency of injury tissue structure
are different in different age groups. The nanoscaffold mate-
rial combination therapy in this study is very effective in the
treatment of hip joint injury.

2. Carbon Nanoscaffold Materials and Hip Joint
Injury of Sports Athletes

2.1. Structure of Carbon Nanoscaffold Materials. Carbon
nanoscaffold materials (CNTs) are seamless tubular structures
formed by single or multilayer graphite sheets wound around
the same axis. The tube wall is a cylindrical surface composed
of carbon atoms produced by SP2 hybridization and a hexago-
nal grid formed by three carbon atoms around it. The two ends
are hemispherical rich rings composed of five rings and seven
rings. This is formed by the coverage of lean molecules [4, 5].
It can be seen that the structure of carbon nanoscaffold material
is a slightly complex one-axis multilayer structure. Carbon
nanoscaffold materials (CNTs) are standard one-dimensional
carbon nanomaterials because of their nanosized radial size
and microscale axial size, showing a very large aspect ratio. In
order to better understand the structure of carbon nanoscaffold
materials, the academic community mainly uses the following
three methods to classify carbon nanoscaffold materials.

2.1.1. Classification by Layers. Depending on the number of
layers, the carbon nanoscaffold materials are divided into
single and multilayer. The smaller the diameter of multi-
walled carbon nanoscaffold materials, the larger the spacing
between layers. The smaller the diameter, the larger the
radius of curvature, the greater the spacing between layers,
and the van der Waals force between layers [6, 7].

2.1.2. Classification by Chirality. The single-layer carbon
nanoscaffold materials can be considered to be formed by curl-
ing the graphite sheet with hexagonal network structure [8, 9].
The graphite sheet structure is shown in Figure 1. Among them,
a1 and a2 are the unit vectors of the 6-ring lattice with an
included angle of 60°. In the figure, select point O as the origin
and point OA as toward pointA. This vector is the chiral vector
of carbon nanoscaffold materials as shown below. Through
point O, create the vertical vector ob of vector OA. This vector
is the translation vector of carbon nanoscaffold materials as t.
Through point B, the vector BB′ is parallel to the vector OA.
Secondly, OABB is the original unit of carbon nanoscaffold
materials. The angle between vector OA and vector OD is the
rotation angle, and the range is 0∘ ≤ jθj ≤ 30∘. The structure of
SWCNTs can be expressed by chiral vector Ch

Ch = na1 +ma2 = n,mð Þ: ð1Þ

n,m is an integer and 0 ≤ jmj ≤ n. The rotation angle θ can
be expressed by Ch and a1
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cos θ = Cha1
Chj j a1j j =

2n +m

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

n2 +m2 +mn
p : ð2Þ

The rotation angle θ varies with n,m. When θ = 0° and
θ = 30°, the CNTs are not helical but chiral. Specific types
are divided into armchair type and zigzag type. When 0° ≤
jθj ≤ 30° carbon nanoscaffold materials helix, they show chi-
ral structure [10].

2.1.3. Classification by Morphology. According to the various
shapes of carbon nanoscaffold materials, in addition to the
standard cylindrical shape, carbon nanoscaffold materials
can also be divided into L-type, Y-type, or T-type and other
different types. These different morphologies of carbon
nanoscaffold materials are based on unique topologies.
Moreover, there are uncertainties in the preparation process.
Now, according to their morphology, carbon nanoscaffold
materials can be classified into three types: blocking type,
onion type, sea urchin type, variable diameter type, bamboo
type, rosary type, spiral type, spindle type, and other abnor-
mal types [11, 12].

2.2. Properties of Carbon Nanoscaffold Materials

2.2.1. Mechanical Properties. The SP2 hybridization of car-
bon atoms in carbon nanoscaffold materials makes the
strength of carbon nanoscaffold materials very high. In ideal
condition, the tensile strength of CNTs is about 800GPa,
and the shear strength is about 500MPa. In addition, the
strength of carbon nanoscaffold materials is about 100 times
of steel, about 20 times of carbon fiber, the density of carbon
nanoscaffold materials is one sixth of steel, and the weight is
half of carbon fiber. The elastic modulus and hardness of
carbon nanoscaffold materials are the same as those of dia-
mond, and the CNTs have excellent softness and can keep
the original shape after twisting, bending, and stretching.
Due to the excellent mechanical properties of carbon nano-
scaffold materials, it is called “super fiber” in the field of
nanomaterials and has a very wide prospect [13, 14].

2.2.2. Thermal Properties. Because CNT is large in aspect,
heat is transmitted in the axial direction, and the thermal
conductivity in the radial direction is average. In this study,

3000K CNT extends only in the radial direction, and six ring
structures remain on the wall of the tube. When the axial
size of carbon nanoscaffold materials exceeds 10 nm, the
thermal conductivity may reach 6000W/m·k at room tem-
perature and 280W/m·k at low temperatures. In certain size
ranges, carbon nanoscaffold material length and thermal
conductivity are linear functions. Carbon nanoscaffold
materials can be used as additives for composite materials
and can help improve the thermal conductivity of composite
materials [15, 16].

2.2.3. Electrical Performance. The electrical properties of car-
bon nanoscaffold materials are very unique, which may
show various conductive properties such as semiconductors
and metals. The chiral classification of carbon nanoscaffold
materials shows that the rotation angle of carbon nanoscaf-
fold materials is determined by the integers n and M. the
conductivity of carbon nanoscaffold materials is closely
related to the rotation angle. In some studies, armchair car-
bon nanoscaffold materials exhibit excellent electrical con-
ductivity when n =M. In the case of zigzag and chiral
carbon nanoscaffold materials, N −M = 3Q (q is an integer)
denotes metallicity. When nm = 3Q is not satisfied, the semi-
conductor property is indicated. The conductivity of carbon
nanoscaffold materials is not only related to the size and
rotation angle but also vulnerable to the influence of electric
and magnetic fields. If the electric and magnetic fields are
applied, carbon nanoscaffold materials will change from
metal to semiconductor. The good conductivity and curva-
ture radius of carbon nanoscaffold materials are very small,
the open electric field is very low, and the field emission
characteristics of carbon nanoscaffold materials are very
good [17, 18].

2.3. Hip Joint Injury. According to the BASRI hip scoring
system for ankylosing spondylitis, >12 points were defined
as radiation-induced femoral joint lesions. On the images,
there are subchondral bone marrow edema, synovial fluid,
abnormal synovial enhancement, or arthritis, which are con-
sidered to be signs of active inflammatory changes. More-
over, subchondral erosive destruction, articular cavity
stenosis, sclerosis, and stiffness are considered to be the
results of chronic inflammatory changes. Body fluid was
defined as sufficient fluid around the neck of the leg or the
inflated femoral joint capsule on T2 or stir images. Symp-
tomatic femoral joint disease is defined as present or past
pain or limitation of femoral joint motion [19, 20].

The hip joint with an abnormal X-ray was given a score of 1.
The score of 0 indicates that the hip joint is normal; the score of
1 indicates that the hip joint may be abnormal; the score of 2
indicates that the hip joint is mildly abnormal and the joint
space is narrowed significantly; the score of 3 indicates moder-
ate abnormalities in the hip joint, and the joint space is >2mm;
the score of 4 indicates severe abnormalities in the hip joint, the
bones have been deformed, and the contact range between the
articular surfaces of the bilateral bones is >2 cm.

2.4. Common Sports Injuries and Events. The following are
the common sports injuries and events:
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Figure 1: Schematic diagram of carbon nanoscaffold materials
formed by graphene sheet.
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(1) Femoral head fracture: most of the complications of
hip joint dislocation and easy injury items are white
driving and car racing [21].

(2) Femoral neck fracture: the fracture of adduction or
abduction is caused by osteoporosis and falling
down, which is easy to be injured in the elderly
who participate in sports.

(3) Femoral neck Palau fracture: race class periodic
heavy load and easy to hurt events are long-
distance runners and recruits.

(4) Hip joint sprain and synovium imbedding:
sprained hind leg has “lengthening” phenomenon;
you can easily get hurt in gymnastics [22].

(5) Dislocation of hip joint: anterior, posterior, and
central dislocation and easy injury items are bicycle
and car race [23].

(6) Femur tip slip: Sports injuries due to gymnastics
and wrestling can easily lead to disorders of blood
supply to the epiphysis.

(7) Osteoarthritis of the femoral head: excessive train-
ing in adolescence causes the bone supply disorder
of the femoral epiphyseal; fragile events are gym-
nastics or long distance running.

(8) Hip joint disease: dancing too much can also cause
hip injuries.

(9) Contracture and elastic effects of tibial tract: these
may be associated with hip injections, and simple
injury events are jumping [24].

(10) Iliopsoas key bounce and psoas muscle sliding: it is
related to the slight over Zhong or “side leg” exer-
cise, and the vulnerable items are gymnastics and
dance.

(11) Bursitis: Gymnastics can also easily lead to iliac
hematomas and femoral nerve palsy, hip hyperex-
tension injuries or muscle strains when the but-
tocks hits the ground.

(12) Intertrochanteric fracture of femur and tendon
strain and operation end disease: sprain or hip
injury during hurdle and easy injury items are hur-
dle, gymnastics, and dance.

(13) Trochanteric bursitis of femur: the greater trochan-
ter rubs against the iliotibial tract during running.
The vulnerable event is middle and long distance
running [25].

2.5. Hip Joint Movement Characteristics of Sports Athletes.
The special physical characteristics of sports refers to the
main physical characteristics shown in mechanics and biol-
ogy for the purpose of maximizing sports efficiency under
the permission of competition rules. In the new gymnastics,
mastering the characteristics and training rules of sports is
the precondition of physical training. Cognitive characteris-

tic is an important link to improve the level of physical train-
ing. Understanding and mastering specific training rules is
to improve training efficiency. Maintain the basic conditions
of high-quality training for a long time. In the case of new
sports, the flexibility of the hip joint can be improvedmore sci-
entifically by correctly understanding the characteristics of the
athletes’ hip joint, correctly grasping the strength of the hip
joint and understanding the characteristics of the hip joint.
The wide movable area of the hip joint is one of the important
sports characteristics of the player’s hip joint [26, 27].

3. Nanoscaffold Material Preparation and Hip
Joint Injury Treatment Experiment

3.1. Data of Experimental Objects. This data group collected
290 joint fractures and dislocation of sciatic nerve damage in
my hospital from June to October 2019. They were 7-59
years old (average 32:83 ± 10:12 years). All patients have
complete blood circulation, liver function, renal function,
coagulation function, erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP) and HLA-B27 gene determination,
parathyroid hormone (PTH), osteocalcin, 25 hydroxyvita-
min D3, end elongation peptide of N type I bone collagen,
and B bone, as a result of reren’s special placement determi-
nation test, Dr or joint CT examination of the pelvis, and
iliac MRI results of the joint.

3.2. Preparation of TiO2 Nanoscaffold Material Cladding
Structure. Pure titanium is used for preheating, after remov-
ing the oxide film on the surface, grinding, cleaning, and
drying. Electrochemical anodizing establishes an electro-
chemical anodizing system in which the titanium side is
the anode and the platinum side is the anode. In the mixed
solution system of the cathode, ammonium fluoride, and
ammonium hydrogen phosphate, the oxidation voltage is
controlled by a constant 15V for 60 minutes. Scanning elec-
tron microscopy (SEM) confirmed that the coating structure
of nanosized TiO2 nanoscaffold material is TiO2 nanoscaf-
fold material. According to the various specifications
required in the subsequent experiments, cylindrical titanium
dioxide nanoscaffold material-coated titanium rods with a
length of 30mm and a diameter of 3mm and a thin titanium
dioxide nanoplate with a length of 10mm and a width of
10mm were fabricated. Put the sample into a steam pressure
cooker at 120°C, kill the bacteria for 30 minutes, and then
use it after ultrasonic cleaning and drying. Moreover, pure
Ti metal samples are cut into the same size for use.

3.3. Preparation of TiO2 Nanoscaffold Material Coating
Loaded with Gentamicin. A pipette was used to determine
the concentration of 1mg of the prepared intercontinental
mycin solution (100mg/mL), which was added to the pre-
pared 10mm × 10mm TiO2 nanoscaffold material-coated
film and then removed. When the negative pressure device
is opened in the dark, the suction value of negative pressure
gradually rises, and the air pressure in the plastic pipe slowly
drops to 0.01KPa. After about 2 hours, the TiO2 nanoscaf-
fold material sheet was removed, and the surface of the
TiO2 nanoscaffold material sheet was cleaned with 20mL
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of 0.01M phosphoric acid buffer, and the liquid used to
detect ultraviolet light was recovered. The drug loading effi-
ciency and mass of TiO2 nanoscaffold materials with nega-
tive allergen were calculated according to the change of
concentration of kanamycin in the solution. In the above
experiments, the concentration of L-arginine solution was
increased to 200mg/mL and 300mg/mL, and the experi-
ment was continued under the same conditions. In the above
experiments, the drug loading rates of TiO2 nanoscaffold
materials at various concentrations of rhizomycin were mea-
sured and compared.

3.4. In the Determination of Gentamicin Standard Curve, the
Specific Steps Are as Follows:

(1) Weigh the allergen powder with a precision balance
of 10 μ g, 25 μ g, 50 μ g, 100 μ g, 200 μ g, 500 μ g,
and 1000 μ g, respectively, and dissolve them in 10
mL 0.01 M PBS buffer solution. Mix well, and use
as standard solution for future use

(2) PBS buffer solution was prepared as blank control

(3) The UV absorption values of different concentra-
tions of gentamycin standard solution were deter-
mined by UV spectrophotometer at 320 nm
wavelength. The standard curve (UV absorption
value and the concentration of gentamycin in the
solution) was drawn between the two wavelengths,
and the regression equation was established

(4) In the above experiments, 2mL of intercontinental
mycin solution measured in each round was
completely vibrated. The ultraviolet absorbance
value at 320nm was measured, and the value was
restored to the standard curve and regression equa-
tion to obtain the concentration of rhizomycin

4. Nanoscaffold Materials Combined with
Rehabilitation Therapy for the Treatment of
Hip Joint Injuries

4.1. Type and Frequency of Hip Joint Injury. According to the
second standard of sports medicine, the types of injury are
divided into muscle leg injury, joint injury, synovial fluid

bag injury, bone injury, bone injury, and nerve injury. The
types of hip joint injury tissue structure in sports are shown
in Table 1.

According to the classification in Table 1 of the
patients with femoral joint injury in our hospital, the his-
tological types of hip joint injury of Chinese sports ath-
letes were analyzed. The investigation shows that 48 of
290 sports athletes suffer from ligament injury, accounting
for 67.7% of hip joint injury. 22 cases had muscle and ten-
don injury, and 12 cases had articular cartilage injury and
capsule injury. Ligament injury ranks first in the type of
tissue structure of hip joint injury. The main tissue struc-
tures of Chinese sports athletes are hip joint injury, liga-
ment injury, muscle and tendon injury, articular cartilage
injury, synovial fluid bag injury, and bone end injury.
Some athletes were injured on the hip joint at the same
time, which was very serious. The season of hip joint
injury of athletes is shown in Figure 2.

According to Figure 2, 108 athletes who were injured in
the femoral joint of the athletes were classified, and the
injury season often occurred in winter and then continued
in summer. And the spring and autumn players were
injured. The main reasons are low temperature in winter,
high muscle viscosity of athletes, poor preparation, and so
on. In hot summer, athletes consume a lot of energy and
can not supplement energy in time, and concentration force
decreases.

4.2. Therapeutic Effect of Different Gender Hip Joint Patients
Based on Nanoscaffold Material Combination Therapy. To
exclude the impact of gender factors on the test results, we
compared the differences between the two case groups. The
distribution of hemoglobin, red blood cell, and red blood cell
and the sedimentation rate of red blood cells were different
statistically between men and women. In addition, the spe-
cial arrangement of Austin starch (t = 2:06, P = 0:041), β-
bone collagen (t = 2:073, P = 0:040), and t-pinp (t = 2:070,
P = 0:008) also showed that these bone metabolism indexes
were found to be statistically different between the two
female groups There are no statistical differences. The exper-
imental test results are shown in Table 2.

As can be seen from Table 2, although the number of
cases in this survey is less than that of men, the possibil-
ity of hip joint injury is much higher than that of men.

Table 1: Types of hip joint injury in sports.

Damage form
Male Female

Number of injured Proportion Number of injured Proportion

Muscle and muscle leg injury 22 20.3 30 48.5

Ligament injury 48 44.5 42 67.7

Bursa injury 12 11.2 28 45.1

Bone marrow injury 2 1.8 24 38.8

Articular cartilage injury 12 11.2 4 6.6

Nerve injury 2 1.8 30 48.5

Fracture 2 1.8 8 12.8

Others 18 16.8 0 0
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The clinical symptoms of hip joint injury are typical
groin pain and pain accompanied by dyskinesia of femo-
ral joint. The pain may be caused by acute inflammation
and changes of hip joint capsule and synovial nerve. In
this study, hip symptoms and image observations were
completely inconsistent. This may be related to the fol-
lowing reasons: hip pain and exercise restriction can
affect personal subjectivity. The experimental results are
shown in Figure 3.

In Figure 3, the number of red blood cells, hemoglobin,
and distribution range of red blood cells have a great relation-
ship with femoral joint injury, which can be seen that this is
related to hip joint score. The red blood cell distribution width
(RDW) and the component of red blood cell routine width
reflect the variability of red blood cells in circulation. Tradi-
tionally, RDW is a reference index to determine anemia. In
many studies, RDW is associated with many diseases, such
as polycystic ovary syndrome, coronary artery disease, and
heart failure. Inflammation may be the main reason for the

relationship between these diseases and RDW, and RDW
can be used as an indicator of chronic inflammation.

4.3. Analysis of Hip Joint Injury in Different Age Groups.
Through the investigation of the injury age of athletes,
reflect the characteristics of injury age of athletes. As shown
in Figures 4, 290 sports athletes were investigated. In the sur-
vey, the main age is 12-17 years and over 50 years, account-
ing for 34.8% and 37.6% of the players’ questionnaire survey,
a total of 72.4%. The age distribution of hip joint injury ath-
letes is shown in Figure 4.

As can be seen from Figure 4, women aged 9 to 14 are
more injured, while men aged 10 to 16 are more injured.
This may be related to the athlete’s puberty and joint flexibil-
ity. Adolescent athletes are prone to hip injuries due to long-
term exercise because their bones are still growing. Over the
age of 35, the number of patients with the disease continues
to increase with age; both men and women are the same.
This is because the physical strength of middle-aged and
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Figure 2: Season of hip joint injury.

Table 2: Experimental results.

Project
Male Female

Experience group Control group Experience group Control group

Number of cases 67 108 34 24

WBC (109/L) 7:14 ± 3:29 8:43 ± 8:64 8:28 ± 6:52 7:36 ± 3:05
LYM (109/L) 1:86 ± 0:66 1:95 ± 0:63 1:88 ± 0:67 1:93 ± 0:77
RBC (109/L) 4:30 ± 0:62 4:52 ± 0:60 3:91 ± 0:75 4:05 ± 0:41
Hb (g/L) 116:36 ± 19:22 128:37 ± 22:14 104:76 ± 15:12 113:18 ± 13:31
PTH (pg/mL) 27:63 ± 12:47 30:76 ± 17:77 33:64 ± 11:85 37:67 ± 25:33
t-PINP (ng/mL) 84:57 ± 68:48 59:98 ± 52:73 56:74 ± 74:32 42:11 ± 30:07
Osteocalcin (ng/mL) 29:77 ± 19:25 22:54 ± 24:47 20:21 ± 15:35 20:21 ± 8:61
WBC: white blood cell; LYM: lymphocyte; RBC: red blood cell; Hb: hemoglobin; PTH: parathyroid hormone; t-PINP: amino extension end of total type I
collagen; osteocalcin: osteocalcin.
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elderly people decreases, the bones gradually relaxed, and a
lot of problems are accumulated between joints.

4.4. Treatment of Hip Joint Injury with Nanoscaffold
Material Drug Loading. Staphylococcus aureus was cultured
for 4 hours, and Staphylococcus aureus was observed by a
laser scanning confocal microscope on three different mate-
rials (pure Ti metal, titanium dioxide nanoscaffold material
coating structure material without rhizomycin, and titanium
dioxide nanoscaffold material coating structure material
containing rhizomycin) on the surface. The colony number
and density of Staphylococcus aureus on the surface of pure
Ti metal and titanium dioxide nanoscaffold material coating
structure material without sulfur group mildew increased
significantly. The number of Staphylococcus aureus on the
surface of titanium dioxide nanoscaffold material coating

structure material was less than that on pure Ti metal sur-
face, but there were still a large number of Staphylococcus
aureus appeared throughout the field of vision, but not
more, which is obviously concentrated. There was no signif-
icant change in the number of Staphylococcus aureus on the
surface of titanium dioxide nanoscaffold material coating
with rhizomycin compared with that observed in 1 hour.
The therapeutic effect of different materials of nanoscaffold
material is shown in Figure 5.

It can be seen from Figure 5 that the colonies of Staphy-
lococcus aureus on the surfaces of three different materials
(pure Ti free, titanium dioxide nanoscaffold material coating
structure material containing past mycin, and titanium diox-
ide nanoscaffold material coating structure material contain-
ing past mycin) after incubation for 1 hour and 4 hours were
compared by using image Pro software under a laser
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scanning confocal microscope. Regardless of the incubation
time of 1 hour or 4 hours, the count of Staphylococcus
aureus on the surface of titanium dioxide nanoscaffold mate-
rials coated with gentamicin was significantly lower than
that of the information group, and the difference was statis-
tically significant (P < 0:5). After 1 hour, the amount of S.
aureus and S. aureus in the titanium dioxide nanoscaffold
material coating material group was less than those on the
pure Ti metal surface, but the difference was not statistically
significant. After 4 hours of culture, the number of Staphylo-
coccus aureus in the titanium dioxide nanoscaffold material
coating structure material group was much lower than that
of pure Ti metal surface, and the difference was significant.

5. Conclusion

The initial “explosive” release characteristics of TiO2 nano-
scaffold material coating with rhizomycin can not play a
long-term antibacterial effect in vivo. In animal experiments,
Staphylococcus aureus is a common clinical bacterium,
which has no obvious effect on the rare fungal infection after
artificial joint replacement. In addition, the team has a small
number of experimental animals, and the results may be
biased. The clinics also have individual differences. Animal
experiments alone cannot be extended to clinics. Through
the company’s internal experiments, it has been confirmed
that the titanium dioxide nanoscaffold material coating
structure material filled with rhizomycin can effectively
inhibit the initial occurrence of infection around the artificial
joint after artificial joint replacement, and it has a new ther-
apeutic scheme significance for clinical prevention of infec-
tion around artificial joint after artificial joint replacement.

In this study, although there is no significant difference
in age and disease course between patients with hip joint
injury and those with normal hip joint, according to the
Spearman correlation analysis, the degree of hip joint injury
is negatively related to the age of onset; that is, the lower the
age of onset, the more hip joint occurs. The possibility of
damage will increase. There were fewer cases in women than

in men in this study, but the probability of hip injury was
much higher than in men. The clinical symptoms of hip
joint injury are typical inguinal pain and pain accompanied
by hip joint dyskinesia. The pain may be caused by acute
inflammation or changes in the hip capsule and synovial
nerves. This conclusion has great reference significance for
promoting the treatment of hip joint injury.

The injury rate of hip joint is 47%, which is the main
injury site of Chinese sports athletes. There is a positive cor-
relation between the training years of Chinese sports athletes
and the incidence of hip joint injury. Training, talent selec-
tion, rules and technology development, nutrition, and other
factors are the main causes of hip joint injury of sports ath-
letes. Due to the coach’s improper guidance on psychology,
cultural quality, flexible sports, clothing, and venue equip-
ment and other factors, it will also have different degrees
of impact on sports athletes’ hip joint injury. The main effec-
tive countermeasures to prevent hip joint injury are to pay
attention to scientific and reasonable training methods,
strengthen the muscle strength training around the hip joint
of athletes, strengthen the standardization of technical
sports, do a good job in proper preparatory activities, and
establish a scientific Hip protection selection mechanism,
improve the public’s attention to hip protection, and pro-
mote the safety of outdoor sports.
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The first-order phase transition compounds have attracted widespread attention from refrigeration enterprises and scientists due
to their giant magnetocaloric effect and refrigeration temperature region spanning room temperature. Magnetic substances are
crystal structures composed of magnetic ions or atoms with a certain thermal motion or vibration. This research mainly
discusses the multisource coordination optimization of magnetic declination thermoelectric material efficient power generation
device and distribution network. In this study, large doses of MnFe(P,Si) compounds with different ratios were prepared. The
reason for choosing a large dose is that the properties and structures of the samples prepared in a large amount and a small
amount will be more or less the same for the samples fired in the same proportion and in the same process. At the same time,
mass production also prepares for future mass production. Thermomagnetic power generation described in this study is a form
of power generation that converts thermal energy directly into electrical energy. The conversion of thermal energy to electric
energy is realized by the change of magnetization in the closed coil by the thermomagnetic material in the magnetic field
environment, and then, the change of the magnetic flux in the closed coil is realized. The distribution network refers to the
power network that receives electrical energy from the transmission network or regional power plants and distributes it locally
through distribution facilities or distributes it to various users step by step according to the voltage. It is composed of overhead
lines, cables, towers, distribution transformers, isolating switches, reactive power compensators, and some ancillary facilities. A
network that plays an important role in distributing electrical energy in the power grid. This research starts with the active
distribution network scheduling priority and the distribution network scheduling coordination control framework. Combined
with the scheduling and operation characteristics of each component in the distribution network, the coordinated optimization
scheme of the distribution network and the source-network load-storage coordinated control framework are investigated and
analyzed. The scheduling resources of the model include the power of the substation flowing into the distribution network, the
output of the adjustable distributed power source, the output value of the energy storage element, the closing status of the tie
switch, and the section switch. In the study, it was found that when the Fe content was 0.63, the Curie temperature of the
compound could reach 273K at the highest. Scientifically designing a thermomagnetic power generation demonstration device
is an important part of the realization of thermomagnetic power generation. The magnetic declination thermoelectric materials
designed in this study will help to improve the power generation efficiency.

1. Introduction

The rapid development of nanotechnology and advancedmate-
rial synthesis technology provides convenience for the continu-
ous improvement of the dimensionless thermoelectric figure of

merit of thermoelectric materials. This in turn promotes ther-
moelectric power generation technology to play an active role
in civil fields, such as automobiles and ships. Thermoelectric
power generation technology has both social and economic
benefits in the recycling and reuse of industrial waste energy.
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Although the power generation efficiency of the energy
system is reduced when the scale is reduced, its consequent
reduction in transmission losses makes people see the feasi-
bility of studying such systems. As a new microminiature
energy source, the microthermoelectric power generation
system has no moving parts, reliable operation, no noise,
and low pollution. It can be an ideal solution as a miniature
power supply for electronic systems. Compared with tradi-
tional energy, new energy has many advantages, but due to
various technical defects, there is no new energy that can
replace the dominant position of fossil energy in the energy
structure.

It gives the temperature distribution function in the
magnetic declination thermoelectric system structure
according to the energy relation. It also uses the existing
thermoelectric module parameters to establish continuous
mathematical models for the one-dimensional symmetric
and two-dimensional symmetric thermoelectric system
structures. It also gives a discrete mathematical model for
the distribution law of thermocouple pairs. On this basis,
necessary parameter corrections were made to the model
in combination with factors such as heat conduction pro-
cess, structural gap, energy dissipation, and the adoption of
porous structure. Thermocouples are temperature measur-
ing elements commonly used in temperature measuring
instruments. It is based on making full use of the continuity
of the temperature distribution function of the system and
discretizing the thermocouple pair. It performs multivariate
optimization on the parameters of the thermoelectric system
structure model. Based on the design goals, this paper pro-
poses design indicators such as system efficiency function
and volume energy density function and obtains the optimal
value range of the system structure size and main model
parameters.

2. Related Work

As a new microminiature energy source, the magnetic decli-
nation thermoelectric power generation system has no mov-
ing parts, no noise, reliable operation, and low pollution. It
can be used as an ideal solution for the micropower supply
of electronic systems. Magnetic declination refers to the
angle between the magnetic meridian at any point on the
earth’s surface and the geographic meridian. Because com-
pass and magnetic compass are the simplest devices to mea-
sure magnetic declination, the history of discovery and
measurement of magnetic declination is also very early.
Takahashi et al. believed that the power package dispatch
system is expected to become one of the advanced distribu-
tion systems for controlling power, providing energy on
demand, and reducing energy consumption. They designed
and experimentally verified a power packet router to imple-
ment a networked power packet distribution system. Previ-
ously developed routers forwarded power packets directly
to the load. And the new router forwards the packet to the
other router with an information tag reattached to the power
payload. In addition, new routers can adjust the start time of
forwarding received power packets to other sites, thereby
taking advantage of the router’s integrated storage capacity

[1]. Wang and Lin studied the Minimum Distribution Cost
Problem (MDCP) for a flow model of specialized
manufacturing networks in order to simulate the distillation
or decomposition of products in some manufacturing pro-
cesses [2]. Ravadanegh et al. developed an integrated
approach to the problem consisting of power distribution
system reconfiguration, capacitor allocation, and simulta-
neous sizing and siting of renewable energy sources. It also
improves the accountability and system performance
parameters of the power system. They looked for solutions
that are closer to the characteristics of reality. Load forecasts,
market price errors, and uncertainties associated with vari-
able output power of wind-distributed generators were all
taken into account. They adopted NSGA-II combined with
fuzzy set theory to solve the above multiobjective problem.
The scheme they proposed ultimately resulted in a solution
with minimum voltage deviation, maximum voltage stabil-
ity, less contamination, and lower cost. Costs include new
equipment installation cost, reconfiguration cost, power loss
cost, reliability cost, cost of purchasing energy from the elec-
tricity market, line upgrade cost, and operation and mainte-
nance cost of distributed generation [3]. Mehmood et al.
believed that the life of a battery in a battery energy storage
system (BESS) is affected by various factors such as the bat-
tery’s operating temperature, depth of discharge, and the
amount of charge/discharge current supplied to or drawn
from the battery. They found the optimal location and size
of the BESS for voltage regulation in power distribution sys-
tems [4]. Kulmala et al. believed that congestion manage-
ment is one of the core drivers of smart power distribution
systems. Distributed energy sources were used for network
control for cost-effective network interconnection of distrib-
uted generation (DG) and better utilization of network
assets. The main purpose of congestion management was
to prevent voltage violations and overload the network. Con-
gestion management algorithms can also be used to optimize
network status. They proposed hierarchical and distributed
congestion management concepts for future distribution
networks with large-scale DG and other controllable
resources in medium- and low-voltage networks. The con-
trol concept aims to run the network at the lowest cost while
maintaining an acceptable network state. The hierarchy con-
sists of three levels: the primary controller operates based on
local measurements, the secondary control optimizes the set
point of the primary controller in real-time, and the tertiary
control utilizes load and production forecasts as its inputs. It
implements network reconstruction algorithms and connec-
tions to the market. The primary controller is at the connec-
tion point of the controllable resource. The secondary
controller is located in the primary and secondary substa-
tions, and the tertiary control is located in the control center.
Therefore, the control is spatially distributed and operates
on different time scales [5]. Mohtashami et al. proposed a
multiyear distribution network planning optimization
model. This was used to manage the operations and capacity
of distribution systems with significant penetration of dis-
tributed generation (DG). Models take into account invest-
ments in traditional network and smart grid technologies.
It includes dynamic line ratings, quadrature boosters, and
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active network management. It also optimizes the settings of
network control devices and takes into account their net-
work cut DG output access arrangements (corporate or non-
corporate) when necessary. They had carried out a series of
studies on the UK 33 kV actual distribution network to test
the model. The main purpose of the research was to evaluate
and compare the performance of different investment
methods, namely, incremental investment and strategic
investment. The study also demonstrated the ability of the
model to determine the optimal DG connection point to
reduce the overall system cost [6]. Chen et al. through
Matlab modeling and simulation proved that the algorithm
was suitable for distributed generation (DG) distribution
network fault location, which has a certain rapidity and fault
tolerance [7]. The introduction of new energy will bring new
problems and inconveniences in energy conversion, man-
agement, operation, etc., which requires the study of new
supporting technologies for coordination. With the develop-
ment of society, the depletion of fossil energy and the indis-
criminate exploitation of resources has led to environmental
deterioration, and the situation faced by human beings has
become more and more severe. Under the current situation,
many countries are vigorously developing green energy and
have made considerable achievements. The introduction of
new energy will bring new problems and inconveniences in
energy conversion, management, operation, etc., which
require the study of new supporting technologies for coordi-
nation. Therefore, how to comprehensively utilize new
energy and traditional energy and realize the complemen-
tary advantages between the two is an important issue we
are currently facing. As a developing country, China is
developing rapidly, and energy consumption and heat emis-
sion are topics that cannot be underestimated. A large
amount of heat energy emissions will not only bring envi-
ronmental problems but also aggravate natural disasters
such as the greenhouse effect and acid rain.

3. Methods for High-Efficiency Power
Generation of Magnetic Declination
Thermoelectric Materials

3.1. Thermoelectric Materials for Power Generation. Assum-
ing that the internal load of a thermoelectric material mod-
ule is RL, a heat source q can also be added to provide heat
so that the temperature difference between the two ends of
the conductor is maintained by T1 − T2. The potential differ-
ence generated across the conductor is ðS2 − S1Þ ∗ ðS1 − S2Þ,
and the power generated is [8]

W = βP − βNð Þ T1 − T2ð Þ
RL − R

� �2
RL: ð1Þ

Considering the heat flow provided by the heat source,
most of the heat passes through the conductors by means
of heat conduction. But there are parts of the heat flow that
need to be balanced against the Peltier effect and Joule heat-
ing in general. The Peltier effect means that when a current
passes through a loop composed of different conductors, in

addition to irreversible Joule heat, the junctions of different
conductors will endothermic and exothermic phenomena
with different current directions.

Q = k T1 − T2ð Þ + β1 − β2ð ÞIT1 −
I2R
2 : ð2Þ

The current density I is

I = β1 − β2ð Þ T1 − T2ð Þ
R1 + R2ð Þ : ð3Þ

Therefore, the choice of load is generally to achieve max-
imum efficiency [9]

M = 1 + ZTð Þ1/2: ð4Þ

It gets the efficiency formula:

η = T1 − T2
T1

⋅
M − 1

M + χT1/T2
: ð5Þ

It can be seen that the larger the M, the higher the effi-
ciency. However, the size of M is mainly related to Z and
temperature, so the value of ZT has a great influence on
the efficiency of TEG materials.

For the design of thermoelectric sheets and the modeling
of microminiature thermal structures, this paper is aimed at
designing a microminiature thermoelectric conversion sys-
tem as efficient as possible. Thermoelectric conversion sys-
tems are usually composed of thermal structures and
thermoelectric conversion modules. Therefore, a thermo-
electric unit model that comprehensively considers the ther-
mal model and the electrical model is established. After that,
it will build a complete thermoelectric conversion system
model on this basis. The materials used to manufacture ther-
moelectric generators or thermoelectric coolers are called
thermoelectric materials, which are materials that can realize
the interactive transformation of electrical energy and ther-
mal energy.

3.2. Principle of Thermomagnetic Power Generation Device.
When the thermomagnetic power generation material (Mn,
Fe)2(P, Si) is in a strong magnetic field, when the hot water
passes through, when the temperature is higher than the
Curie temperature of the thermomagnetic power generation
material, the thermal motion of the atoms intensifies. The
kinetic energy possessed by the thermal motion of atoms is
sufficient to overcome the exchange between spin-magnetic
moments. The spin moment of the magnetic atoms inside
the material changes from parallel arrangement to disorder,
and the magnetization becomes zero instantaneously. The
thermomagnetic power generation material is transformed
from a ferromagnetic state to a paramagnetic state, and the
magnetic field becomes smaller. When the magnetic flux
passing through the induction coil decreases, an induced
current is generated in the induction coil. Conversely, when
cold water passes through, the temperature of the thermo-
magnetic power generation material is lower than the Curie
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temperature, and the atomic thermal motion weakens when
the temperature decreases. The exchange action between the
spin magnetic moments makes the magnetic atom spin mag-
netic moments return to the parallel arrangement from the
disorderly arrangement. The magnetization changes from
zero to a certain value instantaneously, and the thermomag-
netic power generation material changes from a paramag-
netic state to a ferromagnetic state. When the magnetic
field increases, the magnetic flux passing through the induc-
tion coil increases, which will also generate a reverse induced
current in the induction coil. Hot water and cold water alter-
nately pass through the induction coil plastic tube thermo-
magnetic power generation material, and the ferromagnetic
state and paramagnetic state of the thermomagnetic power
generation material periodically transform each other near
the Curie temperature. This will generate a periodic alternat-
ing induced current and realize the direct conversion of
thermal energy into electrical energy. The principle of ther-
momagnetic power generation device is shown in Figure 1.
For the design of thermoelectric power generation sheet, it
is generally required that the larger the output power per
unit volume, the better, that is, the larger the volume-
specific power, the better. In the actual design process, when
the area and other parameters of the thermoelectric power
generation sheet are determined, and the length of the gal-
vanic coupler arm is short to a certain extent; the output
power of the power generation sheet will reach the maxi-
mum. If it continues to shorten, its power will show a down-
ward trend [10].

For the energy storage devices connected in the network,
the property rights are set to be owned by the distribution
network operation and maintenance company, and they
can participate in the operation and scheduling of the distri-
bution network. Its scheduling cost CE

t :

CE
t =〠λPE

t ΔT ð6Þ

For any distribution network node i, the power balance
formula in polar coordinate form can be listed as follows
[11]

Pi =U〠U G cos β + B sin βð Þ ð7Þ

Qi =U〠U G cos β − B sin βð Þ ð8Þ

Among them: Pi and Qi are the injected active and reac-
tive power of node i, respectively [12].

When using Newton-Raphson’s method to solve a non-
linear system of equations, it is necessary to write out its
modified equations [13]

ΔPi = P −Ui〠U G cos β + B sin βð Þ, ð9Þ

ΔQi = P −Ui〠U G cos β − B sin βð Þ: ð10Þ

3.3. Mn1.23FexP0.3Si0.3 Compound Structure and
Magnetic Test

3.3.1. Material Preparation. The Mn flakes, Fe powder, P
powder, and single-crystal Si block used in the experiment
are calculated in a ratio of Mn1.23FexP0.3Si0.3 (x = 0:6, 0.63,
0.63, 0.67, 0.7, and 0.73). It is weighed with an electronic bal-
ance. It was ball milled with a high-energy planetary ball mill
(pulverisette-3) for 10h under argon protection. It then pre-
compresses the sample into a block under the pressure of 8T
and then puts it into a quartz tube for vacuuming (vacuum
degree < 10-3 Pa), fills it with argon gas to 2 × 103Pa, and
seals the quartz tube. The sealed samples were placed in a
vertical annealing furnace for sintering at 11009°C for 2 h
and then lowered to 830°C for 20 h and then quenched.

3.3.2. Sample Characterization and Performance
Measurement. The X-ray diffraction (XRD) spectrum of
the sample was measured with a Philips PW-1830 X-ray dif-
fractometer (Cu-Kα, h = 0:134184nm) at room temperature
(293K), the measurement step was 0.01°, and the collection
point time was 4 s. It measures the magnetic properties of
compounds with a LakeShore 7407 vibrating sample magne-
tometer [14].

Voltage constraints:

VK ,min <VK <VK ,max, ð11Þ

where Vk is the voltage at node k [15].
Line current constraints:

I ≤ Il,max, l ∈ nl: ð12Þ

In the formula, Il is the number of branches in the power
supply island network after the power supply is restored.
Il,max is the maximum current value allowed for line I.

Microgrid output constraints [16]

Pj,min ≤ P ≤ Pj,max: ð13Þ

Pj,max and Pj,min are the upper and lower limits of the
active power sent by the microgrid j, respectively [17].

Charge load available capacity constraints [18]

EV ≤ EVk,max: ð14Þ

EVk,max is the upper limit of the available capacity of the
charging power [19].

The dispatch model takes the total operating cost of the
distribution network in a single dispatch period as the objec-
tive function.

min F =〠 Cg
t + CDG

t + CESS
t + Ct

D

� �
: ð15Þ

In the formula, time t represents the current time
period [20].

The cost of purchasing electricity from the grid:

Cb = 〠
NG

g

CPΔT: ð16Þ
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Among them, g represents the feeder at the exit of the b
substation, and NG represents the total number of substa-
tion feeders connected to the distribution network.

3.4. Design of Thermomagnetic Power Generation Device.
The thermomagnetic power generation device is composed
of six parts: magnetic field system, cold and heat source sys-
tem, automatic control electronic switch, induction coil, sen-
sitive ammeter, and thermomagnetic power generation
material.

(1) Magnetic field system: the strong magnetic material
NdFeB is used to make a cylindrical strong perma-
nent magnet as the driving magnetic field. The
length is 20 cm, the inner diameter is 9 cm, the outer
diameter is 20 cm, and the maximum magnetic
induction intensity is B = 0:8T. The direction of the
magnetic field is radial. The plastic tube with the
magnetic material placed in the outer coil is placed
in the inner magnetic field area of the cylindrical
strong magnet, and its function is to make the ther-
momagnetic power generation material reach satura-
tion magnetization

(2) Cold and heat source system: the heat source is a
domestic water heater, the maximum temperature
can reach 100°C; the cold source is tap water

(3) Automatic electronic switch: the two electronic
switches are, respectively, connected with the heat
source and the cold source water inlet pipe. The elec-
tronic switch is controlled by a single-chip micro-
computer. The hot and cold water passes through
the thermomagnetic power generation material in
the plastic pipe alternately, and different times can
be set according to needs. The thermomagnetic
power generation material periodically changes in
cold and heat

(4) Induction coil: the induction coil is wound on a plas-
tic tube by a hand-winding machine, and the wound
coil is painted with insulating paint to protect the
coil. After the thermal-magnetic power generation
material is installed inside the plastic pipe, the two
ends are cut with nylon rods and the outside is sealed
with a rubber sheet

(5) Microammeter: measure the thermal-magnetic
power generation current, and use wires to connect
the induction coil and the microammeter [21]

(6) Thermomagnetic power generation material: the
annealed thermomagnetic power generation mate-
rial is cut into 1.3mm thin slices with a wire cutting
machine. The thin copper wires are used to connect
them, leaving a gap in the middle to facilitate the
passage of water and improve the heat exchange
capacity between the material and water. The cut
thermomagnetic power generation material can also
be turned into small particles. The thermomagnetic
power generation device designed in this study is
shown in Figure 2

3.5. Multisource Optimization Model for Microgrid Power
Supply Recovery. After the distribution network fails, the
real-time monitoring of the DMS is used to obtain the sum
of the power available for all microgrids in the outage area
∑Li and the total power ∑MGj of the load in the outage
area, and the microgrid power supply recovery scheme is
selected [22].

〠Li ≤〠MGj: ð17Þ

After the power distribution network fails, the real-time
monitoring of DMS is used to obtain the sum of the external
power of all microgrids in the nonfault outage area ∑MG

Hot water Cold water

External
magnetic

field

A

Outlet

Figure 1: Principle of thermomagnetic power generation device.
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and the total power of the load in the outage area ∑Li.

〠L−〠EV ≤〠MG ≤〠Li: ð18Þ

The multilevel rapid power supply restoration scheme
proposed in this study considers the economics of network
operation after the power supply of the distribution network
is restored. Therefore, in the optimal power flow mathemat-
ical model, the optimization objective is to minimize the
active network loss of the power supply island after the
power supply is restored [23]

min M =min〠I2R, ð19Þ

where I is the line transmission current; R is the line
resistance.

The theoretical output power of a single thermocouple
pair tends to increase with the increase of the temperature
difference between its two sides in a large range and also
tends to increase with the increase of the current. In compar-
ison, the effect of temperature difference on the thermocou-
ple’s power generation efficiency is more obvious. Tide
constraints:

U〠
J=1

YU = P +Q, ð20Þ

where P andQ are the values of active power and reactive
power injected by node i, respectively.

4. Multisource Coordination Optimization
Results of Thermoelectric Material Efficient
Power Generation Device and
Distribution Network

Figure 3 shows the XRD spectrum of the Mn1.23FexP0.3Si0.3
series compounds. It can be seen from the XRD spectrum
that when the Fe content is 0.63, it is a single Fe2P-type hex-

agonal structure. The impurity phase of this series of com-
pounds is one of (Mn, Fe)3Si or (Mn, Fe)3Si3. With the
increase of Fe content, the first impurity phase is (Mn, Fe)

3Si3. Then, the peak intensity decreased gradually until the
Fe content was 0.67, the (Mn, Fe)3Si impurity phase
appeared, and then the peak intensity gradually increased.

It can be seen from Table 1 that when x is between 0.6
and 0.63, the unit cell volume V and the lattice constant a
gradually increase. When x is between 0.63 and 0.73, the
change rule of the unit cell volume V is not obvious. The lat-
tice constants and unit cell volumes of the Mn1.23FexP0.3Si0.3
series compounds are shown in Table 1.

The change of magnetization with temperature of
Mn1.23FexP0.3Si0.3 (x = 0:6, 0.63, 0.63, 0.67, 0.7, and 0.73)
series compounds is shown in Figure 4. The cooling and
heating curves do not overlap, indicating that there is ther-
mal hysteresis. When the Fe content is 0.63, the thermal hys-
teresis of the compound is at least 1K. When the Fe content
is 0.6, the maximum thermal hysteresis of the compound is
21K. The Curie temperature (Tc) of a compound can be
determined by taking the partial derivative of the M-T heat-
ing curve. It can be seen that when the Fe content is 0.63, the
maximum Curie temperature of the compound is 273K.
When the Fe content is 0.6, the minimum Curie temperature
of the compound is 207K.

Mn1.23FexP0.3Si0.3 samples were prepared and cut into
1.3mm thin slices by a wire cutting machine. The samples
were taken with masses of 30 g, 100 g, 130 g, and 200 g,
respectively, and put into a thermomagnetic power genera-
tion device with N = 1030, 2000, 2700, and 3300 coil turns,
and the hot water temperature was about 80°C. Through
the analysis of the measurement data, whether it is a flake
sample or a particle sample, the induced current increases
with the increase of the sample mass. The reason is that
the mass increases, the total number of magnetic atoms
increases, the total magnetic moment increases, and the
change rate of the total magnetic flux of the sample around
the Curie temperature increases. For samples of the same
mass, the induced current produced by the granular sample

S

A
Ammeter Gauss meter

Water
heater

Thermometer

Outlet

S

Electromagnet
power supply

Figure 2: The thermomagnetic power generation device designed in this paper.
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is greater than that produced by the flake sample. The vari-
ation of the induced current is shown in Figure 5.

When a sample of the same mass is placed in the coil, the
induced current I increases with the increase of the number
of turns N of the coil. According to Faraday’s law of electro-
magnetic induction, the induced electromotive force is pro-
portional to the number of turns of the coil. The
relationship between the induced current and the number
of coil turns is shown in Figure 6.

Figure 7 shows the XRD diffraction of Sn-bonded M
n1:23Fe0:63P0:3 − xSi0:3 + x series composite compounds.
Through qualitative analysis of XRD patterns, it can be
known that the compound and the main phase are still
Fe2P-type structure of MnFe(P,Si).

This shows that the main phase structure of the bonded
compound has not changed (A (Mn1.23Fe0.63P0.48Si0.32), B
(Mn1.23Fe0.63P0.46Si0.34), C (Mn1.23Fe0.63P0.44Si0.36), and D
(Mn1.23Fe0.63P0.42Si0.38)). There is an impurity peak around
43° which is Fe3Si3. After data comparison, it is found that
the peaks at 31.7° and 32.3° belong to metal Sn. Both metallic
Sn and impurity peaks have negative effects on the magneto-
caloric properties of the compounds themselves.

The lattice constants and unit cell volumes of the M
n1:23Fe0:63P0:3 − xSi0:3 + x series bonding compounds are

shown in Table 2. From Table 2, we can see that the lattice
constants a and b and the unit cell volume V have no signif-
icant changes. It can only be seen that the lattice constant a
slowly decreases, b increases slowly, and the unit cell volume
V gradually increases. The lattice constants and unit cell vol-
umes of theMn1:23Fe0:63P0:3 − xSi0:3 + x series bonding com-
pounds are shown in Table 2.

The output results of the nonlinear active distribution
network multisource collaborative optimization scheduling
model are shown in Table 3.

Because this model is linear, the linear programming
solver CPLEX is used to solve it. The calculation time is
2.9 s, and the total running cost is 27728.922 yuan. It can
be seen that the fast calculation method can greatly improve
the solution speed while maintaining high accuracy. The
improvement of computational efficiency brought by the lin-
ear algorithm is more obvious in solving large-scale systems
with multiple nodes and multiple times. The planned output
power of the substation within 24 hours is shown in
Figure 8.

Based on the multisource collaborative optimization
nonlinear scheduling model of network reconfiguration,
the SBB mixed integer nonlinear programming solver is
called in GAMS, and the optimal collaborative scheduling
scheme of active distribution network energy storage, flexi-
ble load, and tie switch position control is obtained. Com-
pared with the operation results obtained by the
dispatching model without considering dynamic reconfigu-
ration, it can verify the effective application of dynamic
reconfiguration in the coordinated optimal operation of the
distribution network system. The planned output of the sub-
station is shown in Table 4.

Strategy 2 considers energy storage factors more than
strategy 1. The total operating cost of the active distribution
network is reduced by 3383.42 yuan, and the electricity sales
revenue from the distribution network to the main network
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Figure 3: XRD spectra of Mn1.23FexP0.3Si0.3 series compounds.

Table 1: Lattice constant and unit cell volume of Mn1.23FexP0.3Si0.3
series compounds.

x a (nm) c (nm) V (nm3)

0.6 0.6030 0.3414 0.1082

0.63 0.6064 0.3399 0.1083

0.63 0.6063 0.3404 0.1083

0.67 0.6060 0.3407 0.1084

0.7 0.6048 0.3407 0.1079

0.73 0.6012 0.3480 0.1089
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is 996.03 yuan, an increase of 734.13 yuan compared with
strategy 1. The operating costs of the distribution network
under different dispatching strategies are shown in Table 5.

The operator’s distributed power parameters are shown
in Table 6.

The matching and optimization process of each parame-
ter inside the thermoelectric power generation device is an
extremely comprehensive problem. It is not only related to
material technology but also related to factors such as struc-
ture selection and layout. Therefore, another important
research direction to improve the system thermoelectric
power generation efficiency is to balance the influence of
various parameters on the output power and thermoelectric
conversion efficiency to seek the optimal matching. The load
state of the active distribution network is shown in Figure 9.

5. Discussion

In the past few hundred years, with the rapid development
of industrialization and urbanization all over the world, the
demand for energy has also increased rapidly. The excava-
tion and utilization of large-scale fossil energy have resulted
in a sharp decrease in energy reserves, and at the same time,
the harmful substances produced during energy consump-
tion also directly lead to the deterioration of the environ-
ment. At this stage, adjusting the energy structure
transformation is an effective way to solve the current global
energy and environmental problems.

The access of distributed power sources changes the
power flow direction and network structure of the distribu-
tion network. When its penetration rate is too high, it may
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cause the voltage limit of multiple distribution network
nodes mainly access nodes to be exceeded, and the power
flow will be sent back to the upper-level power grid. In addi-
tion, the randomness and intermittency of the distributed
power supply itself will also cause problems such as voltage

fluctuations in the distribution network. In the military,
the use of a microthermoelectric power generation system
can greatly improve the combat effectiveness of the army.
Microthermoelectric power generation systems can provide

Table 3: Output results of multisource collaborative optimization
scheduling model using nonlinear active distribution network.

Active P (MW) Period

T1 2.6307

T2 2.7338

T3 2.1798

T4 2.2633

T5 2.6834

Table 2: Lattice constant and unit cell volume of Mn1:23Fe0:63P0:3
− xSi0:3 + x series bonding compounds.

Serial number a (nm) c (nm) V (nm3)

3%A&B 2.6272 2.3313 2.1281

10%A&B 2.6263 2.3399 2.1283

3%C&D 2.6267 2.3323 2.1287

10%C&D 2.6262 2.3327 2.1 283

m = 45 g
m = 195 g
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Figure 6: Induced current vs. coil turns.
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Figure 7: XRD diffraction of Sn-bonded Mn1:23Fe0:63P0:3 − xSi0:3 + x series composite compounds.
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power drives for military robots or military electronic equip-
ment. When military robots are used for reconnaissance,
their volume is generally relatively small due to the need
for concealment. In field operations, the conventional power
system has been unable to ensure the smooth flow of mili-
tary communications, which requires the miniaturization
of the power system. In these cases, energy supply is very
important. In addition to the characteristics of large volume,

the biggest weakness of the existing technology, storage bat-
tery, fuel cell, etc., is that the time that can provide electric
energy is short. The microthermoelectric power generation
system can provide a relatively long power supply in a small
volume.

Distributed power generation is an important way to uti-
lize new energy. With the advancement of energy transfor-
mation and the increase of energy demand, the penetration
rate of distributed power generation in the distribution net-
work is gradually increasing. The large-scale access of DG
has changed the structure of the original distribution net-
work. Coupled with the uncertainty of DG’s own output,
when it is connected to different capacities and different
locations, it will have different effects on the operating char-
acteristics of the distribution network such as voltage distri-
bution. Combined with the distribution law of the
temperature field and its potential field, comprehensively
considering the output characteristics and structural reliabil-
ity of thermoelectric power generation, the parameters of the
thermoelectric power generation device are optimized and
matched, and a reasonable structural layout scheme is
designed. It improves the thermoelectric conversion effi-
ciency while reducing reliability problems caused by
mechanical stress and environmental factors.
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Figure 8: Substation planned output power within 24 h.

Table 5: Distribution network operating costs under different
dispatch strategies.

Strategy
Power generation

cost (yuan)
Equivalent operating cost of

energy storage (yuan)

Strategy
1

24747.7 4272

Strategy
2

16949.2 4272.4

Strategy
3

17476.4 4272

Strategy
4

22742.3 4212.4

Strategy
5

14421.2 2177.4

Table 4: Substation planned output.

Time
Substation (MW)

First Second

T1 4.2 0.8

T2 3.3 1.7

T3 3.1 2.3

T5 2.6 3.4

T6 2.1 4.2

Table 6: Distributed power parameters for operators.

Distributed
power

Installed capacity
(kW)

Number of installed units
(units)

Photovoltaic 350 10

Diesel generators 350 6

Micro gas
turbine

520 2

Energy storage
device

610 2
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In addition to increasing the temperature of the heat
source, improving the heat dissipation conditions of the cold
source and rationally arranging the cooling system are also
effective ways to improve the thermoelectric conversion effi-
ciency of the system and improve the performance of the
system. First of all, choosing a reasonable heat exchange
method and heat exchange medium, such as oil cooling, air
cooling, water cooling, or phase change heat, can improve
the performance of the system to a certain extent. Secondly,
optimizing the shape and structure of the radiator compo-
nents and increasing the heat dissipation area of the radiator
components are important measures to improve and main-
tain the system temperature difference.

The characteristics of thermoelectric power generation
devices make such devices play a more important role in pla-
teau weather stations, outposts, and other places where elec-
tricity is difficult to use. When natural gas or oil pipelines
pass through desolate areas, the combustion heat of natural
gas or oil can be used to provide them with a temperature
difference working environment. The performance of mag-
netic declination thermoelectric materials is also related to
temperature difference. This means that both the thermal
conductivity and the electrical conductivity of the material
will affect the thermoelectric conversion efficiency of the
material.

6. Conclusion

The thermal conductivity and electrical conductivity of mag-
netic declination thermoelectric materials are realized by the
movement of internal carriers. Metal Sn and metal Zn are
light metals with low melting point and good electrical con-
ductivity. The powder compound of metal Zn or metal Sn
and MnFe(P, Si) material is mixed uniformly, sealed in a
quartz tube under the protection of high-purity argon gas,
and sintered near the melting point of metal Zn or metal
Sn. This makes the metal Sn or the metal Zn dissolve rapidly

to function as a metal bond. The efficiency of the thermo-
electric power generation device also depends on the heat
dissipation and heat conduction device matched with it, as
well as the thermoelectric coupling effect inside the thermo-
electric power generation device. Therefore, the efficiency of
thermoelectric conversion device is also related to parame-
ters such as temperature difference, load resistance, loop
current, and internal resistance of power generation devices.
Therefore, the optimal matching between the load and the
internal structural parameters of the thermoelectric power
generation device is also an important issue to improve the
thermoelectric conversion efficiency of the system.
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Nanoscience is a comprehensive, interdisciplinary course based on many advanced sciences and technologies that has developed
rapidly in recent decades. Nanotechnology has been widely used in biomedicine, materials science, chemistry, physics,
information and electronic engineering, and other fields. Nanomaterials have been widely used in various research fields
because of their many excellent properties, such as quantum size phenomenon, small size phenomenon, and quantum
mechanics. Surface effects and tunneling phenomena have now become the focus of scientific research. Controlled release
means that the drug is released quantitatively and uniformly through the controlled release coating film, so that the
concentration of the drug in the blood remains unchanged. This paper is aimed at studying the application and performance
of nanoparticles in the controlled release system of anticancer drugs. This paper addresses the issue of the controlled release of
anticancer drugs. This question is based on nanoparticles. Therefore, it was elaborated around supramolecular polymer
nanoparticles, and a case design and analysis of its use in the controlled release system of anticancer drugs was carried out.
The experimental results showed that when laser irradiation and GSH coexisted, the dissolution rate and cumulative
dissolution rate of DOX were the highest, and the total release within 3 h was close to 53%. This result indicates that the
release of DOX from DOX@HMPB@PEI-SS-HA is both photosensitivity and redox responsive, and the photosensitivity
predominates.

1. Introduction

Chemotherapy plays an important role in various cancer
treatments, but traditional chemotherapy cannot achieve
key goals such as stable drug delivery, targeting, stabilization
point, and timely release. We hope these issues will be
resolved. In recent years, the controlled stimulated release
of nanomedicines has been a research hot spot. Since artifi-
cial intelligence and production planning were proposed,
genetic algorithm, as a global optimization algorithm, has
been widely used. It has comprehensive applications in
image processing, machine learning, computer-aided design,
and other fields.

Cancer is one of the main culprits that endanger human
health and threaten human life, which has always been the
focus of doctors. By controlling drug release, it can be

achieved through membrane control systems and in vivo
diffusion systems. Targeted drug release functions can be
achieved through biorecognition mechanisms, permeation
mechanisms, and in vitro control. This series of means
ensures that the blood drug concentration remains stable,
and the patient can get the best effect by taking the drug.

The innovation of this paper is the following: (1) This
paper combines drug controlled release with a decision tree
algorithm and genetic algorithm and introduces the theories
and related methods of the two algorithms in detail. (2) In
the face of drug controlled release, this paper divides the
experimental samples into four groups. Through the evalua-
tion of the experimental results, this paper compares the
performance of nanoparticles in it. It is concluded that
nanoparticles play a positive role in the controlled release
of anticancer drugs.
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2. Related Work

At the end of 1959, the concept of the nanometer was first
proposed by a Nobel Prize winner. But really effective nano-
scale research began in the 1960s. In the past decade, scien-
tists have begun to shift their focus to the study of related
nanomaterials. And it has achieved fruitful research results
in the preparation process. Kumar et al. discuss the struc-
ture, morphology, and optical properties of the prepared
samples. Its refinement revealed a single-phase hexagonal
wurtzite structure without any impurity phase. It enhances
the understanding of the structural and optical properties
of Co/Mn codoped nanocrystals. However, their data is less
[1]. Chevigny et al. investigated the dispersion mechanism of
nanocomposites composed of polymer-grafted nanoparticles
mixed with free chains of the same polymer. Through the
analysis of the interparticle structure factor, they extracted
the thickness of the spherical crown of the grafted brush
and correlated it with the degree of dispersion: the aggrega-
tion of the particles was associated with a significant collapse
of the grafted chains. However, their conclusions are not
comprehensive enough [2]. Ammari et al. work on the
mathematical modeling of plasmonic nanoparticles. They
analyze how plasmonic resonances change and broaden as
nanoparticles change in size and shape. By analyzing the
imaginary part of Green’s function, it was shown that super-
resolution and superfocusing can be achieved using plas-
monic nanoparticles. However, their analysis process is
relatively simple [3]. Son et al. report on the nonvolatile
memory characteristics of bistable organic memory (BOM)
devices. Transmission electron microscopy (TEM) images
show an isotropic distribution of gold nanoparticles around
the PVK colloidal surface. However, their content is not
novel enough [4]. Cabezón et al. conducted a series of exper-
iments to explore the potential of anti-transferrin receptor
8D3 monoclonal antibodies (mAbs) to transport neurother-
apeutics in the BBB. They also discuss the trade-offs of using
this technique in their application and draw conclusions.
Along with other volume electron microscopy imaging tech-
niques, SBF-SEM is a powerful method worth considering
for studying drug transport across the BBB. However, the
influencing factors of their experiment are not single [5].
Examination of surface morphology by Han et al. revealed
rod-like PANI nanoparticles encapsulated with ATP clay
particles, confirming their Pickering emulsion stabilizer
properties. They examined the ER performance of
PANI@ATP nanoparticles dispersed in silicone oil under
different electric field strengths. ER fluid flowing in particles
PANI@ATP exhibits typical electrorheological behavior, and
its shear stress curve is in good agreement with the Cho-
Choi-Jhon model of the rheological formula of state. How-
ever, their data are not accurate enough [6]. Ke et al.
reported the photothermal energy transfer efficiency of gold
nanoparticles of different sizes by evaluating the temperature
distribution of laser-activated particle suspensions in water.
The results show that the photothermal properties of gold
nanoparticles are size-tunable. However, they did not pro-
ceed from reality [7]. Sheikholeslami and Bhatti investigated
the forced fusion heat transfer of nanoparticles in a porous

half-ring under the action of a uniform magnetic field. Ulti-
mately, they concluded that the velocity of nanoparticles
increases with Darcy and Reynolds numbers and that the
heat transfer rate is highest for flaky particles. The Nusselt
number increases with increasing nanoparticle volume frac-
tion, Darcy number, and Reynolds number and decreases
with increasing Lorentz force [8, 9]. However, their process
is more complicated.

3. Methods for Drug Controlled Release

3.1. Application of Nanomaterials in Drug Controlled Release
Systems. The rise of nanotechnology in the 1980s was a very
horizontal and rapidly growing field of research. The fusion
of nanotechnology with biology, materials science, and med-
icine has created a new branch of nanomedicine. The spe-
cific application of “nanomedicine” in disease diagnosis,
treatment, and monitoring has revolutionized the treatment
methods of traditional medicine, which can alleviate the suf-
fering of patients and improve people’s health [10]. Due to
their unique chemical and physical properties, nanomateri-
als have many advantages in drug management and have
been extensively evaluated and studied by scientists and
clinicians.

The drug release behavior of traditional chemotherapy
methods is uncontrollable. After the drug molecule enters
the blood, it is distributed throughout the body through
the diffusion mechanism. The drug molecule usually needs
to undergo protein binding, metabolism, excretion, and
other steps, and the drug concentration decreases rapidly.
Only a small amount of the anticancer drug eventually
reaches the tumor site. The use of nanomaterials as drug car-
riers in this paper can effectively transfer drugs to the site of
injury. It achieves targeted release and controls the drug
release rate.

Most polymeric nanomaterials are biodegradable and
biocompatible. It can control the metabolic kinetics of drugs
through surface chemical modification [11]. Therefore, they
are very suitable as drug carriers: they are commonly used to
make nanocarrier polymers, both natural and synthetic
polymers. Natural polymers include chitosan, albumin, hep-
arin, dextran, gelatin, sodium alginate, and collagen. Syn-
thetic polymers include polyethylene glycol (PEG),
polyglutamic acid (PGA), polylactic acid (PLA), polycapro-
lactone (PCL), polylactide-co-glycolide (PLGA), and N-(2-
hydroxypropyl)-methacrylamide copolymer (PHPMA) [12].

3.2. Decision Tree Algorithm

3.2.1. Overview. Decision tree learning algorithms are induc-
tive learning algorithms based on a set of sample data sets
(data samples can also be referred to as examples), focusing
on conclusions drawn from disturbed and irregularly sam-
pled data sets (concepts). It represents the classification
rules, where the data samples should be able to be embodied
in the form of “attribute inference.”

A decision tree is a tree structure that automatically sorts
data. It is a tree-structured knowledge representation that
can be directly transformed into classification rules. It can
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be thought of as a tree-based predictive model. Among
them, the root node of the tree is the entire space of the data
set, and each child node corresponds to a separation prob-
lem. It is a test on a single variable that splits a spatial data
set into two or more parts; each worksheet node is a data
separator with sorted results. Decision trees can also be
interpreted as a special form of rule sets, which are charac-
terized by a hierarchical organization of rules. The decision
tree algorithm is mainly aimed at the learning method of
“classifying discrete variables into feature types,” and for
continuous variables, they must be discrete in order to learn
and classify [13, 14].

The learning decision tree adopts the object detection
method. It compares the eigenvalues of the internal nodes
of the decision tree and judges that the branch conclusion
of the next node is in the leaves of the node decision tree
according to different eigenvalues. Figure 1 briefly describes
the process of creating a decision tree.

3.2.2. Basic Algorithm. The internal nodes of the decision
tree are features or feature sets, the leaf nodes are the catego-
ries or conclusions of learning differentiation, and the fea-
tures of internal nodes are test attributes or separation
attributes.

After a decision tree is created by learning from a sample
data set, a new set of unknown data can be sorted. When
using decision trees to sort data, top-down backtracking is
used. It judges and compares the eigenvalues of the internal
nodes of the decision tree and decides which branch will be
switched according to the different attribute values obtained
from the leaf nodes.

According to the description, it can be seen that the path
from the root node to the drawing node corresponds to the
connection rules, and the entire decision tree corresponds to
the combination selection of the rules. For example, Figure 2
represents a decision tree; A, B, C in the figure are attribute
names; and a1, a2, b1, b2, c1, c2 are the values of attributes
A, B, C, respectively. When the value of attribute A is a1
and the value of attribute B is b2, it belongs to the second
category.

According to various attributes of the internal nodes of
the decision tree, decision trees can be divided into the fol-
lowing types.

When each internal node of a decision tree contains only
one attribute, it is called a univariate decision tree. But when
the inner nodes of a decision tree contain many variables, it
is called a multivariate decision tree. Each internal node can
have two or more branches, depending on the number of
different feature values for the tested feature.

(1) ID3 Algorithm. On the basis of the CLS learning algo-
rithm, later generations have proposed a variety of decision
tree learning algorithms, the most important of which is
the ID3 algorithm proposed in 1979. The ID3 algorithm is
a decision tree learning algorithm based on information
inheritance, which is the representative of the decision tree
algorithm. Most of the algorithms have been improved and
applied on top of them. The information theory is intro-
duced into the decision tree algorithm, and the divide and

conquer strategy is adopted [15]. When selecting features
at all levels of a decision tree, all features are identified,
and the feature with the largest information gain is selected
as the decision tree node, which is determined by the differ-
ent values of the feature [16, 17]. Finally, this paper adopts a
decision tree to classify the new samples.

In this paper, the sample data set is set as S, and the pur-
pose is to divide the sample data set into m categories.
Assuming that the number of sample data belonging to class
a is Xa and the total number of sample data in S is jSj, then
the probability that a sample data belongs to class a is pð
XaÞ ≈ Xa/jSj. At this time, the uncertainty degree of the deci-
sion tree for dividing X (that is, the information descendant)
is

H S, Xð Þ =H Sð Þ = −〠
m

a=1
p Xað Þ log2p Xað Þ: ð1Þ

If attribute c is chosen for control (assuming attribute i
has n distinct values), the uncertainty (conditional continu-
ity) is

H
S
X

� �
= −〠

m

a=1
〠
n

b=1
p Xa, c = cbð Þ log2

Xa

c
= cb

� �
: ð2Þ

Then, the amount of information provided by attribute c
for classification is

I S, cð Þ =H Sð Þ −H
S
c

� �
: ð3Þ

In the formula, IðS, cÞ represents the reduction degree of
information entropy after selecting feature c as the classifica-
tion feature. Therefore, it should choose to maximize feature
iðS, cÞ. As a categorical feature, decision trees that do this
have the greatest certainty.

It can be seen that the ID3 algorithm chooses to retain
the CLS algorithm, a sentence of information theory, and it
is recommended to select the attribute maximizing IðS, cÞ
as the criterion for selecting the classification attribute test
feature. Figure 3 shows the specific process of the ID3
algorithm.

When the ID3 algorithm is used as the discriminant
model, the number of samples in the experiment, that is,
the discriminant results, is shown in Table 1.

(2) C4.5 Algorithm. The C4.5 algorithm was proposed in
1993. It evolved from the ID3 algorithm, inherits the advan-
tages of the ID3 algorithm, and adds new methods and func-
tions [18]. The main body of the algorithm consists of three
parts: C4.5 tree, pruning algorithm C4.5 pruning, and rule
generation algorithm C4.5 rules.

The C4.5 tree algorithm selects the feature with the high-
est information gain rate in the current sample set as the test
feature. It is based on the theory of information genetics and
finally builds a complete decision tree. For continuous
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features, separate first, that is, divide the values of continu-
ous features into different intervals, which is convenient
for processing. C4.5 pruning uses an error-based pruning
method to prune the entire decision tree to obtain a simpli-

fied decision tree. C4.5 rules converts a complete decision
tree into a set of if.then rules and then simplifies them. Both
simplified decision trees and rule sets resulting from pruning
or rule creation processes can be used for classification.

Classification algorithm learning
Input training set

Input test set

Figure 1: Decision number generation process.

A

A A

1 2 3 4

a1 a2

b1 b2 c1 c2

Figure 2: Simple decision tree.
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Its basic idea is the following: for the sample set W, it is
assumed that the variable i has m features, that is, the eigen-
values i1, i2, …. The number of samples i1 in which ik corre-
sponds to the value of i is m1, respectively.
m1 +m2 +⋯+mk =m should be present if m is the total
number of samples. The entropy value HðS, iÞ of the feature
i is used to determine the cost of obtaining the information
of the sample feature i, namely,

H
S
i

� �
= −〠

k

a=1
p iað Þ log2p iað Þ ≈ −〠

k

a=1

ma

m
log2

ma

m
: ð4Þ

The information acquisition rate is defined as the ratio of
the average mutual information to the cost of acquiring
information, namely,

E S, ið Þ = I S, ið Þ
H S, ið Þ : ð5Þ

That is, the information acquisition rate refers to the
amount of information acquired from the unit cost, which
is a measure of the relative uncertainty of the amount of
information. Taking the information gain rate as the crite-
rion for selecting the experimental characteristics, the char-
acteristic i with the largest EðS, iÞ should be selected as the
experimental characteristic [19].

The pruning strategy adopted by the C4.5 algorithm is
pessimistic error correction, and the misclassification rate
is estimated as

W jð Þ = q jð Þ
P jð Þ : ð6Þ

Start

End

Create node S

All samples belong to class X

Training set is empty

Property list is empty

Information gain for computed
attributes

Select the attribute marker node S
with the highest in formation gain

Return to node S

Return node S as a leaf node and
label it as class X

Label S as the majority class of the
dataset

NO

NO

NO

Y ES

Y ES

Y ES

Figure 3: ID3 algorithm flowchart.

Table 1: ID3 algorithm discrimination accuracy when data sources
are different.

The amount of data Legacy ID3

500 0.539

1000 0.616

1500 0.672

2000 0.728

2500 0.715

3000 0.694
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The continuity corrected error rate is

W ′ jð Þ = q jð Þ + 1/2
P jð Þ : ð7Þ

Accordingly, the misclassification rate of subtree J j is

W Jj
� �

= ∑q að Þ
∑P að Þ , ð8Þ

where i takes the leaves of the subtree, so the corrected mis-
classification rate is

W ′ J j
� �

= ∑ q að Þ + 1/2ð Þ
∑P að Þ : ð9Þ

Then,

W ′ J j
� �

=
∑ q að Þ + PJ j

/2
� �

∑P að Þ , ð10Þ

where PT is the number of leaves on the node.
Using the training data, child nodes always produce

fewer errors than their respective nodes, but when the cor-
rect numbers are used, this does not happen, because they
depend on the number of cards, not just the number of
errors [20].

The standard deviation is calculated as follows:

SE u′ Jað Þ
h i

=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
u′ J j
� �

∗ P að Þ − u′ Jað Þ
� �
P að Þ

vuut
: ð11Þ

Among them, for nodes, there are

u′ að Þ = q að Þ + 1
2 : ð12Þ

And for the subtree, there are

u′ J j
� �

=〠q að Þ +
PJ j

2 : ð13Þ

The flowchart of the C4.5 algorithm is shown in
Figure 4.

When the C4.5 algorithm is used as the discriminant
model, the number of samples in the experiment, that is,
the discriminant results, is shown in Table 2.

3.3. Genetic Algorithms

3.3.1. Overview. The genetic algorithm (GA) is a new global
optimization algorithm developed in recent years. Based on
the viewpoint of biological genetics, the self-adaptive optimi-
zation of individuals is realized through natural selection,
inheritance, mutation, and other mechanisms. This reflects
the evolutionary process of “natural selection and survival
of the fittest” in nature. It is based on the theory of evolution

and adopts design methods such as genetic combinatorial
optimization technology, genetic variation, and natural
selection.

The genetic algorithm is an optimization search algo-
rithm based on biological evolution theory and molecular
genetics. It first encodes possible solutions to a particular
problem, called chromosome-encoded solutions. It ran-
domly selects N chromosomes as the initial group and then
calculates the fitness of each chromosome based on the value
of the evaluation function. It is predetermined that the best
performance value of the chromosome is the highest fitness
value, and the chromosome with the highest fitness value is
selected for replication. It creates a new set of chromosomes.
These chromosomes are more tailored to the environment
through genetic operators, and people will eventually adapt
to the new environment. Forming a better group becomes
the best solution to the problem [21, 22].

3.3.2. Basic Algorithm. The execution of the genetic algo-
rithm involves many random operations, first considering
the result of the selection. In standard genetic algorithms,
selection criteria are based on the principle of proportional-
ity. Therefore, through the action of the ith selector, the
expected value of the number of people who will continue
to exist in the next generation is nð f i/∑f Þ; then, there is

�f P, tð Þ = 1
n P, tð Þ〠f i: ð14Þ

Then,

n P, t + 1ð Þ = n P, tð Þ ⋅
�f P, tð Þ
f tð Þ : ð15Þ

The formula shows that the effect of the selection opera-
tor will increase (decrease) the ability of a pattern above
(below) the average to be applied across generations,
improving quality.

Then, it analyzes the role of the crossover operator. This
plan can obviously be maintained in the next generation if
there is no intersection or if the intersection point is beyond
the character positions specified on the left and right ends of
the figure. Therefore, the probability Rs that the P mode will
continue to exist in the next generation should satisfy

Rs ≥ 1 − Rc ⋅
φ Pð Þ
L − 1 : ð16Þ

Taking into account the effects of selection and cross-
over, there are

n P, t + 1ð Þ ≥ n P, tð Þ ⋅ �f P, tð Þ ⋅ 1 − Rc ⋅
φ Pð Þ/ L − 1ð Þ

�f tð Þ : ð17Þ

Finally, because Rm represents the probability of the
mutation operator acting, the constant probability is 1 −
Rm. If all the specified characters remain unchanged, the P
pattern can naturally continue to exist in the next
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generation, the probability ð1 − RmÞOðPÞ, Rm is usually not
large, and then under the action of the mutation operator,
the probability of P continuing to exist is

1 − Rmð ÞO Pð Þ ≈ 1 − Rm ⋅O Pð Þ: ð18Þ

The probability of unreserved is about OðPÞ ⋅ Rm. So, tak-
ing into account the functions of selection, crossover, and
mutation operators, we end up with

n P, t + 1ð Þ ≥ n P, tð Þ ⋅ �f P, tð Þ ⋅ 1 − Rc ⋅ φ Pð Þ/L − 1 ⋅ Rm
�f tð Þ : ð19Þ

Specifically, if �f ðP, tÞ = f ðtÞð1 + cÞ, c > 0 is a constant,
then

n P, tð Þ = n P, t − 1ð Þ 1 + cð Þ = n P,Oð Þ 1 + cð Þt: ð20Þ

The flowchart of the standard genetic algorithm is
shown in Figure 5.

Coding and initial population: since the algorithm itself
cannot directly deal with the number of solutions, it is
necessary to pass the coding form of the genotype string
structure.

Start

End

Create node S

All samples belong to class X

Training set is empty

Property list is empty

Information gain for computed
attributes

Select the attribute marker node S
with the highest information gain

Return to node S

Return node S as a leaf node and
label it as class X

Label S as the majority class of the
dataset

NO

NO

NO

YES

YES

YES

Property is continuous

Pruning with post-pruning method

Discretization propertiesYES

Figure 4: C4.5 algorithm flowchart.

Table 2: Discrimination accuracy of C4.5 algorithm when data
sources are different.

The amount of data Legacy C4.5

500 0.757

1000 0.732

1500 0.680

2000 0.629

2500 0.652

3000 0.705
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It can be represented by binary and other forms, such as
11001. And it generates n initial groups according to the
encoding form, and n is usually set according to the actual
situation.

Fitness calculation: fitness calculation is to evaluate the
individual’s pros and cons through an evaluation function.
It is the main basis for the next round of operation of the
genetic algorithm, so the design of the fitness algorithm is
very important.

Choosing an action.
Crossover: crossover is to exchange some information

with each other for two individuals that are successfully

paired randomly to form a new individual and then calculate
the fitness. If the fitness data of the new individual improves,
it means that the individual is optimizing in the desired
direction.

Variation: in order to make the individuals in the popu-
lation diverse, it prevents the problem of generating local
solutions. In this paper, some parts of the individual are
manipulated and changed, so that the group can survive
and develop better.

4. Experiment and Analysis of Polymer
Nanoparticles in Drug Controlled Release

4.1. Experiment Preparation. At present, nanodrug carriers
have been widely used in cancer therapy, oral drugs, gene
carriers, intracellular targeted drug delivery, quantitative
drug delivery, immune-enhancing vaccines, and the preven-
tion and treatment of vascular retention [23]. Figures 6(a)
and 6(b) belong to the type of polymer nanomaterials.

Anticancer drug release experiments were divided into
four groups: (1) pH7.4, (2) pH7.4+GSH, (3) pH7.4+NIR
laser irradiation, and (4) pH7.4+GSH+NIR laser irradiation.
The dissolution medium of the corresponding two groups
(1) and (3) was PBS at pH7.4. The dissolution medium of
both groups (2) and (4) was pH7.4 PBS containing 20mM
GSH.

First, 1mg of DOX@HMPB@PEI-SS-HA was uniformly
dispersed in 1mL of the corresponding dissolution medium
and transferred to a dialysis bag (MWCO = 3500Da). Then,
the dialysis bags were put into 5mL of the corresponding
dissolution medium, respectively, and the culture was con-
tinued in a constant temperature environment of 37°C. For
groups (1) and (2), the system needs to be placed in a dark
environment with a constant temperature of 37°C; for
groups (3) and (4), the system must be irradiated with an
808 nm laser (power density is 1.5W/cm2). It is illuminated
10min before each sampling. When the preset time points
are reached, 2mL of the samples to be tested are removed
and 2mL of the same dissolution medium is quickly replen-
ished. According to the absorbance curve of the tested sam-
ple, the absorbance of the tested sample was calculated, and
the cumulative DOX dissolution rate corresponding to dif-
ferent time points was determined.

The in vitro dissolution experiment of each system needs
to be repeated three times, and the average value of the three
times is the release amount of DOX.

In this experiment, two methods of CLSM and FCM
were used for detection, and two methods of MTT and
Live-Dead were used for analysis. In this paper, the cytotox-
icity of HMPB@PEI-SS-HA and DOX@HMPB@PEI-SS-HA
was evaluated, respectively.

4.2. Experimental Results. The PVP-coated solid PB NPs
were etched by HCl to form HMPB NPs. We then combined
electrostatic layer-by-layer self-assembly and chemical cross-
linking to selectively adsorb PEI-SH and HA-SH onto the
surface of HMPB NPs. PEI-SH and HA-SH can react to gen-
erate disulfide bonds, and HMPB@PEI-SS-HA can be
obtained (as shown in Figure 7).

Start

Generate initial population

Calculate individual fitness value

Choose

Cross

Mutations

Meet termination conditions

Output optimal solution

End

NO

YES

Figure 5: Genetic algorithm flowchart.
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Zeta potential and particle size of products at different
preparation stages were detected by DLS. With the progress
of the assembly process, the particle size of the NPs also
gradually increased, and the results are shown in Table 3.

HMPB is a hollow mesoporous structure with a huge
specific surface area and pore volume. It becomes an ideal
carrier for loading anticancer drugs. When DOX was loaded
into HMPB@PEI-SS-HA, when the mass ratio of the two
was 1/1.2, the drug loading reached 46%, and the encapsula-
tion efficiency was close to 94%. In addition to the structural
characteristics, the reasons for the high loading capacity, the
electrostatic interaction between the positively charged DOX

and the negatively charged HMPB@PEI-SS-HA, and the for-
mation of coordination bonds between Fe(II) and DOX in
HMPB play a positive role in the drug loading capacity.

Next, we investigated the release rule of DOX from
DOX@HMPB@PEI-SS-HA. The results in Figure 8 show
that the release of DOX has both redox and light responsive-
ness. Figure 8(a) is the dissolution curve of the control group
at 24 h in Figure 8(b). In the environment with neither NIR
laser irradiation nor GSH, the release rate of DOX from
DOX@HMPB@PEI-SS-HA was very slow, the dissolution
basically reached equilibrium within 24h, and the total
release amount was around 20%. This result can be attrib-
uted to the particularly low exchange efficiency of the inner
charge and the outer dissolution medium through the pores
of the HMPB. This is beneficial for minimizing toxicity and
side effects in healthy tissue. At the same time, it also shows
that DOX@HMPB@PEI-SS-HA is very stable and will not
burst suddenly during the blood circulation process, result-
ing in the sudden release of anticancer drugs.

As shown in Figure 8(b), when there was only GSH, the
dissolution rate of DOX was faster than that of the control

(a) Polymeric micelles (b) High polymer

Figure 6: Polymer nanomaterials.
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Figure 7: Schematic diagram of HMPB@PEI-SS-HA.

Table 3: Particle size of products at different stages of preparation.

Name Hydrodynamic diameter (nm)

PB 103.52

HMPB 111.60

HMPB@PEL-SH· 125.49

HMPB@PEI-SS-HA 142.83
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group, and the cumulative dissolution rate was about 22% at
3 h. It shows that the disulfide bond in the carrier is broken
under reducing conditions, destroying the PEI-SS-HA part
in its structure. It makes the internal DOX and the water
phase medium in closer contact, and the exchange efficiency
is improved. In the environment with only NIR laser irradi-
ation, compared with the control group, the dissolution rate
of DOX was significantly accelerated, and the cumulative
release at 3 h exceeded 40%. It is mainly because of the
strong photothermal properties of HMPB itself.

On the one hand, the laser irradiation significantly
increased the temperature of the system, which increased
the solubility of DOX in the dissolution medium. It simulta-
neously accelerates the DOX exchange efficiency between
the inner space of the nanocapsule and the outer environ-
ment. On the other hand, because HMPB is inside the car-
rier, NIR irradiation directly destroys the structure of
HMPB. Therefore, the overall structure of the carrier will
collapse, resulting in a significant increase in the DOX
release rate. When laser irradiation and GSH coexisted, the
dissolution rate and cumulative dissolution rate of DOX
were the highest, and the total release within 3 h was close
to 53%. This result indicates that the release of DOX from
DOX@HMPB@PEI-SS-HA is both photosensitivity and
redox responsive, and the photosensitivity predominates.

4.3. Experimental Analysis. In the experiments, a NDDS with
both NIR and redox responsiveness, DOX@HMPB@PEI-SS-
HA, was designed and synthesized. Due to the hollow meso-
porous structure of HMPB, the DOX drug loading reached
46%. Anticancer drug release experiments showed that the
strong photothermal properties of HMPB accelerated the
release rate of DOX from DOX@HMPB@PEI-SS-HA when
irradiated with an NIR laser. In addition, DOX dissolution
also has redox responsiveness, but photosensitivity domi-
nates. Cell uptake experiments also confirmed that
DOX@HMPB@PEI-SS-HA could target and bind to the
CD44 receptor. The results of the cytotoxicity evaluation
further confirmed the positive effect of the photothermal
properties of HMPB on accelerating the release of anticancer

drugs and killing cells. HMPB@PEI-SS-HA can not only
load DOX but also deliver other anticancer drugs. Due to
its high drug loading capacity, low toxicity, and excellent
photothermal properties, it has broad application prospects
in the field of photochemical combination therapy.

5. Discussion

First of all, through the study of the relevant knowledge
points of the literature works, this paper has initially mas-
tered the relevant basic knowledge. This paper analyzes
how to study the application of nanomedicine in the con-
trolled release of anticancer drugs based on the decision tree
algorithm and genetic algorithm. This paper expounds the
concepts and related technical algorithms of the two algo-
rithms and explores the application of polymer nanomedi-
cines. In this paper, the applicability of nanomedicines in
the controlled release of anticancer drugs is analyzed by
experiments.

Nanoscience is a comprehensive, multidisciplinary disci-
pline based on many advanced scientific technologies that
have developed rapidly in recent decades. Nanotechnology
has been widely used in biomedicine, materials science,
chemistry, physics, information and electronic engineering,
and other fields. Nanomaterials have been widely used in
various research fields because of their many excellent prop-
erties, such as quantum size phenomenon, small size phe-
nomenon, and quantum mechanics. Surface effects and
tunneling phenomena have now become the hot spots of sci-
entific research. However, scientific researchers still face
great challenges in the preparation of nanomaterials with
different shapes and properties and their applications.
Researchers hope to better understand the microstructure
of nanomaterials and control their shape, structure, compo-
sition, and others [24, 25].

In this paper, the experimental analysis shows that the
organic-inorganic composite nanocapsules are prepared by
polymer nanoparticles, and the DOX drug loading reaches
46%. The in vitro release rate and total nanoparticle release
rate were significantly improved. Cellular uptake and
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Figure 8: In vitro drug release behavior of DOX@HMPB@PEI-SS-HA.
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cytotoxicity experiments further confirmed the positive role
of supramolecular polymer nanoparticles in controlling the
release of anticancer drugs and cell death.

6. Conclusion

Today, functional nanodrug carriers have become a neces-
sary and important means for cancer diagnosis and treat-
ment. Therefore, the preparation and application of
functional nanocarriers have become the focus of chemical
and biomedical workers. The key to producing functional
nanocarriers is the functionality of their materials. Supramo-
lecular polymers with multiple stimuli-responsive properties
are compared to conventional covalent polymers. Because of
its nonhomogeneity, it is harmonized and repairable. The
superior performance and time-synchronized and seeded
copolymers have unique advantages in functional modifica-
tion and self-assembly due to more side chains. There are
many reports on the self-assembly of supramolecular poly-
mers and graft copolymers, but their application in the fab-
rication of functional nanodrug carriers remains to be
further developed. In addition, it is necessary to change the
manufacturing method of polymers to find polymers
through simple modification or reversibility to improve the
function of preparation and performance of drug carriers.
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Engineering design can be regarded as an iterative optimization process. This process is difficult because of two main problems:
the first is that computer-aided engineering (CAE) is time-consuming in terms of evaluating design solutions, while the second is
the high dimensionality of design solutions. In the research community, a surrogate model is proposed to deal with the first
problem while an evolutionary algorithm is adopted for the second. In this work, we develop a new method with only sparse
scattered data, which is very common in many practical scenarios. The surrogate model can also assign a penalty factor for the
predicted value, and this penalty factor can be used as one of the targets of the evolutionary algorithm to balance global
exploration and local exploit. We also adopt a new evolutionary strategy, which can search high-dimensional space. Three
groups of experiments are conducted to validate the proposed methods. The experimental results show that the surrogate
model can predict performance and the corresponding penalty factor, the evolutionary strategy is better in terms of searching
high-dimensional space compared with other evolutionary strategies, and the whole method can generate new design solutions
that are near to the known design solutions. The experimental results show that this method can be used in practical scenarios,
especially where they only have sparse scattered data.

1. Introduction

Engineering design is a complex process involving different
design activities, and it can be generally regarded as the
iteration of design and validation. Currently, with the
help of well-developed computer-aided design (CAD) and
computer-aided engineering (CAE) systems, the design
model can be parameterized and the validation process can
be simulated computationally. Therefore, engineering design
can be regarded as an optimization problem [1], and different
aspects of product can be optimized, such as shape optimiza-
tion [2] and reliability optimization [3].

x̂ = arg max f xð Þ, ð1Þ

x ∈Ω, ð2Þ
where x = ½x1, x2,⋯, xn� is a parameter vector representing a
design solution, Ω is the feasible solution space of x, x̂ is the

optimal solution, and f ðxÞ is the evaluation function of
design solutions. CAE has played the role of f ðxÞ successfully
in engineering design for many years. However, two charac-
ters of such function make the optimization extremely com-
plex and difficult. The first is derivative unavailable, which
means the gradient-descent methods are invalid [4]; the sec-
ond is time-consuming [5], which means the evaluation of
the function requires extensive computational resources. In
addition to above difficulties, the high dimensionality of the
design space is another problem making the optimization
difficult.

A response surface model (RSM) [6] is a method
adopted to deal with the first two difficulties, and it is a sta-
tistical method that explores the relationships between
design variables x and one or more response variables f ðxÞ
[7]. The RSM method is also called as a surrogate model,
metamodels, or emulators in different scenarios [8], and
the underlying idea is to replace the computationally expen-
sive model with a computationally cheaper one [8, 9]. In this
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work, we use the terminology of “surrogate model” referring
to the latter one.

Many technical methods can be used to build a surrogate
model, such as linear or nonlinear interpolation, Kriging
[10], neural network, radial basis function [11], and Gauss-
ian process [12]. Although these methods have been success-
fully applied in solving many engineering problems, some
remaining problems are hindering the applications of the
surrogate model in engineering design. In many scenarios
of applying the surrogate model successfully, either the avail-
able data is sufficient or the method of data collection is
deliberately designed, such as “grid” data or “orthogonal”
data. However, there are many different scenarios where
the data is “sparse,” which means the amount of available
data is small, and “scattered,” which means the data is
located randomly in the feasible design space.

The main contribution of this paper is to propose a sur-
rogate model method and a high-dimensional design space
exploration method, respectively. We first attempt to build
a surrogate model based on “sparse scattered” data and then
use a new evolutionary strategy to explore and exploit the
high-dimensional space. The combination of the two can
realize the rapid generation from sparse scattered point data
to a design scheme. The rest of the paper is structured as
follows. Section 2 provides some related works for this study.
Section 3 explains the technical details of both building a
surrogate model and the evolutionary strategy. Section 4
conducts several groups of experiments to validate the pro-
posed method. Section 5 summarizes this research and iden-
tifies some possible future works.

2. Related Works

In this section, some existing key techniques related to this
work will be explained, including the surrogate model and
evolutionary strategies.

2.1. Surrogate Model. There are many methods for building a
surrogate model, and these methods can be categorized
based on different criteria. From the perspective of data
characteristics, there are methods for both grid data and
scattered data. If the data is collected through Design of
Experiment (DOE) [13], we can get regular grid data, and
the surrogate model is easy to build. For low-dimensional
problem, the Delaunay triangulation [14], natural neighbor
interpolation [15], spline interpolation [16], and so on can
be used to build the surrogate model, while for high-
dimensional problems, the simple nearest-neighbor interpo-
lation [17], Kriging [10], and so on can be used to build the
surrogate model. Zhou et al. presented the nearest-neighbor
value (NNV) interpolation algorithm for the improved novel
enhanced quantum representation of digital images
(INEQR). Experiments show that the proposed interpolation
method has higher performance in high-resolution image
recognition [18]. Qian et al. proposed a general sequential
constraint updating approach based on the confidence inter-
vals from the Kriging surrogate model (SCU-CI). Results
illustrate that the proposed SCU-CI approach can generally
ensure the feasibility of the optimal solution under a reason-

able computational cost [19]. If the data is collected ran-
domly, we can only get irregular grid data, which are also
called scattered data. In this situation, the surrogate model
becomes difficult to be constructed. There are already some
methods to deal with this problem, such as triangulated
irregular network, radial basis function [20, 21], and Kriging
[10]. de Oliveira et al. proposed a new approach for occlu-
sion detection—the surface-gradient-based method (SGBM)
applied to a triangulated irregular network (TIN) represen-
tation. Experimental results demonstrated the feasibility of
the SGBM for occlusion detection in the true orthophoto
generation [22]. She et al. present a novel battery aging
assessment method based on the incremental capacity anal-
ysis (ICA) and radial basis function neural network
(RBFNN) model [23].

From the perspective of key techniques, the methods can
also be categorized as interpolation and fitting. The former
attempts to build a hypersurface that exactly passes the exist-
ing data, while the latter treats existing data as noise-
contained data and attempts to find a hypersurface that min-
imizes the errors, and the hypersurface is unnecessary passing
existing data. From the perspective of complexity, the methods
can be categorized as a linear model or nonlinear model.

Although the surrogate models have been used widely in
many domains, the successful applications always rely on
either grid data or sufficient data. However, in many practi-
cal scenarios, the existing data is neither grid data nor suffi-
cient. The data is sparse and scattered, and methods that fit
for such situations should be developed.

2.2. Evolutionary Computation. Evolutionary computation is
a commonly used method to search optimal solutions from
design space. Most of the evolutionary computation
methods follow the same framework, but they improve the
algorithm by developing different evolutionary strategies,
including crossover, mutant, and selection.

Many evolutionary strategies are developed to improve the
algorithm from two perspectives. The first perspective is devel-
oping a new crossover and mutant method to generate new
offspring, such as differential evolution- (DE-) based method
[24, 25], immune-based method [26], particle swarm optimi-
zation- (PSO-) based method [27], and probabilistic model-
based method [28]. The second perspective is developing a
new selection method, such as decomposition-based method
[29], preference-based method [30], indicator-based method
[31], and hybrid method [32]. Although the above improve-
ments contribute to solving many design problems, there is
also requirement for developing evolutionary strategies for
optimizing a high-dimensional problem.

3. Methodology

In this section, we will explain the proposed method in
detail. Generally, the method has two main parts, includ-
ing surrogate model construction and design solution
searching. In the first part, a surrogate model, which
receives design solutions as input and return performances
as output, will be constructed based on a two-stage inter-
polation process. In the second part, we adopt a new
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mutant strategy, to search the high-dimensional space. The
two parts will be detailed in the following two sections,
respectively.

3.1. Surrogate Model Construction. We first define the data
structure used to build a surrogate model and then explain
the underlying ideas of the two-stage interpolation process,
and finally, we explain the technical detail of this method.
The mathematical symbols used in this work are summa-
rized in Table 1.

3.1.1. Data Structure. Typically, there are two kinds of data
in many engineering design problems, and they are design
solution and the corresponding performance. A design solu-
tion can be represented by a vector x = ½x1, x2,⋯, xd�, in
which x1, x2,⋯, xd are parameters that determine the design
solution, and d is the dimensionality of the design solution x.
A performance is a measurement of design solution x, and
design solution x commonly has several performances for
evaluation. Besides, the performance can be different under
different working conditionsc = ½c1, c2,⋯, cl�, in which c1, c2
,⋯, cl are parameters that determine the working condi-
tions, such as temperature and velocity which can jointly
define a two-dimensional l = 2 working condition. There-
fore, the performance can be represented by a k ×m matrix
where k is the kinds of performances andm is the total num-
ber of working conditions.

p =

p11 p12 ⋯ p1m

p21 p22 ⋯ p2m

⋮ ⋮ ⋮ ⋮

pk1 pk2 ⋯ pkm

2
666664

3
777775
: ð3Þ

Generally, we have a n × k ×m matrix as database D for
building the surrogate model, where n is the number of
known design solutions. As shown in Figure 1, we know
the k kinds of performance under m different working con-
ditions of n known design solutions. It is noteworthy to say
that the n known design solutions are scattered in the high-
dimensional space.

3.1.2. Underlying Considerations and Assumptions. Based on
the above data, the goal is to construct a surrogate model
that receives a design solution x′ and a group of working
conditions c′ as input and outputs the corresponding per-
formances of the design solution x′ under working condi-
tions c′. It is noteworthy that the design solutions x′ and
working conditions c′ are generally not contained in the
database D.

We can regard the surrogate model as a function p =
f ðx, cÞ. This function maps value from d + l dimensional
space Rd+l to k dimensional space Rk, and this high-
dimensional mapping requires more data to train. Since we
only have sparse scattered data, two critical assumptions are
drawn before learning the surrogate model.

Assumption 1. For different design solutions, the mappings
from working condition to performance are identical.

Based on Assumption 1, we do not need to learn a ded-
icated mapping (maps from working condition to perfor-
mance) for different design solutions, which is necessary if
the surrogate model is built, like p = f ðx, cÞ. Therefore, we
can divide the surrogate model into two stages, of which
the first stage maps design solution x′ to performances pc
under existing working conditions c by pc = gðx′Þ, while
the second stage maps c′ to performance under unknown
working condition by p = hðc′Þ. By this assumption, some
dependences among design solutions, working conditions,
and performance are ignored, and this loses the data require-
ment for training the surrogate model.

Assumption 2. The design solutions that are like existing
design solutions are more feasible.

Based on Assumption 2, we make the surrogate model to
assign a penalty factor for the predicted performance. If the

new design solution x′ is far from the known design

Table 1: The mathematical symbols used in this work.

# Symbols Explanation

1 x A design solution

2 x A parameter of the design solution x
3 d The dimensionality of the design solution x
4 c A working condition

5 c A parameter of the working condition c
6 l The dimensionality of the working condition c
7 p The performance of a design solution

8 k The total kinds of performance

9 m The total number of working conditions

10 n The total number of known design solutions

11 D The training database

P1

P2

P
k

...

c1 c2 ............ cm

x1

x2

......
xn

Figure 1: The data structure of the existing training data.
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solutions, the penalty factor should be high and vice versa.
This penalty factor will be used during the design optimiza-
tion process, and it helps to shrink the searching space and
keeps the design solution close to the regions where some
design solutions are known.

3.1.3. Two-Stage Interpolation. The surrogate model can be
implemented by two-stage interpolation. In both two stages,
the inverse distance weighting (IDW) [33] is adopted to
implement the interpolation, which computes an unknown
value based on the following equation:

ŷ = ∑Q
i=1wi × yi
∑Q

i=1wi

, ð4Þ

where Q is the total number of data points used to predict
new value ŷ and wi is the weight of the ith data point. In
the IDW method, the weight is calculated by

wi =
1

x/−xik kP/2
, ð5Þ

where x′ is the data point that the performance is unknown;
xi is the ith data point; k k is to calculate the distance between
two data points in the high-dimensional space Rn; P is the
order the distance, and this is a metaparameter to control
the weights.

Based on this, given an unknown design solution x′ and
unknown working condition c′, we can first interpolate to
get the performances of the design solution x′ under known
working conditions c and then further interpolate to get the
performances of the design solution x′ under unknown
working conditions c′. We also need to assign penalty fac-
tors to the predicted performances of unknown design solu-
tions and working conditions. In this work, we simply use
the Euclidean distance as a measurement of penalty factors,
and the value can be calculated by

PF = PF1 + PF2, ð6Þ

where PF1 is the penalty factor of the first stage and it can be
obtained by (7), while PF2 is the penalty factor of the second
stage and it can be obtained by (8).

PF1 =
1
Q
〠
Q

i=1
x′ − xi

�� ��p/2 ð7Þ

where Q is the total number of design solution used to pre-
dict the performance; x′ is the data point that the perfor-
mance is unknown; xi is the ith data point used to predict
the performance; k k is to calculate the distance between
two data points in the high n dimensional space Rn; P is
the order of the distance, and this is a metaparameter to con-
trol the weights.

PF2 =
1
R
x〠

R

j=1
c′ − cj

�� ��p/2 ð8Þ

where R is the total number of known working conditions
used to predict the performance of unknown working condi-
tions, c′ is the working condition that the performance is
unknown, and cj is the jth working condition used to predict
the performance.

3.2. Design Solution Searching. Based on the method of sur-
rogate model construction in Section 3, a surrogate model
can be obtained, which receives design solution and working
conditions as input and predicts performances and its corre-
sponding penalty factor as output. Based on this surrogate
model, we will adopt an evolutionary algorithm to explore
the design space. The penalty factor will be taken as one of
the fitness functions during the evolutionary process.

Basically, most evolutionary algorithms follow the
same framework. As shown in Figure 2, the critical differ-
ence is the operation of “generating offspring population,”
which is marked by a bold rectangle. The traditional cross-
over and mutant operations are replaced by a simple ergo-
dic system. The detail can be found in Algorithm 1. As
shown in the algorithm, the ergodic system adopted in this
work is a logistic map, and it is used to generate a random
number for generating new offspring. The ergodic evolu-
tion method has the advantages of ergodicity and regular-
ity and performs better in dealing with high-dimensional
design space.

4. Experiment

In this section, we conduct three groups of experiments to
validate the proposed method. The first group is to test
whether the surrogate model can predict the performance;

Begin

Generating initial
population

Evaluating
population against

all objectives

Generating offspring population
[supported by ergodic systems

(replace crossover and mutant)]

Selecting parent generation
[support by non-dominated sorting

and crowding distance]

Stop?

End

Yes

No

Figure 2: The main framework of ergodic evolution.
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the second group is to test whether the ergodic evolution can
search the high-dimensional space; the last group is to test
the method as a whole and to validate the feasibility of
applying it in practice.

Generate an initial population. Evaluate the fitness for each individual.
/∗ D and EP initialization∗/ for i =1 to PS do
for j =1 to Dim do
/∗ DR as a random value∗/ if rand [0, 1) < DR then
Di,j = −1
else
Di,j = +1
end if
EPi,j = rand(0,1)
end for end for
Evaluate the fitness for each offspring individual
Select n individuals as target individuals
/∗Ergodic Search∗/for G =1 to maxIter do
for i =1 to PS do
k=rand(1,Dim)
for j =1 to Dim do
if rand[0, 1) < Cr or j == k then mutanti,j = targeti,j ∗ (1 + Di,j ∗ EPi,j) ergodici,j = mutanti,j
else
ergodici,j = targeti,j
end if end for
/∗Selection∗/
Nondominant sort target vectors of Gth and G −1th generations Apply crowding distance
Select n individuals as target individual
end for
/∗ D and EP update∗/ for i =1 to PS do
for j =1 to Dim do
EPi,j = logistic map(EPi,j)
if rand[0, 1) < DR then
Di,j = −1
else
Di,j = +1
end if end for
end for end for
return the optimum

Algorithm 1:Nondominant sorting- and crowding distance selection-based ergodic evolution algorithm. PS: population size; Dim:
dimension; D: direction factor; DR: direction factor rate; EP: ergodic parameter; G: generation; maxIter: maximum generation; i: index of
individual; j: index of dimension; Cr: mutant rate; targeti,j: individual to generate offspring.
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Figure 3: The 2-dimensional representation of the 20 known
design solutions.

Table 2: Experiment result of this surrogate model (first stage).

P Q 15 10 5 3 2

1 0.01440 0.01371 0.01310 0.01340 0.01344

2 0.01488 0.01443 0.01362 0.01398 0.01359

3 0.01511 0.01462 0.01397 0.01398 0.01365

4 0.01518 0.01471 0.01406 0.01440 0.01369

5 0.01522 0.01476 0.01412 0.01445 0.01371

Table 3: Experiment result of the surrogate model (second stage).

P R 10 5 3 2 1

1 0.02360 0.01690 0.01533 0.01289 0.01879

2 0.02619 0.01766 0.01533 0.01289 0.01879

3 0.02717 0.01781 0.01533 0.01289 0.01879

4 0.02761 0.01787 0.01533 0.01289 0.01879

5 0.02775 0.01790 0.01533 0.01289 0.01879
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Figure 4: The average number of individuals in the nondominant frontier of the three algorithms. The blue star is CE, the green plus sign is
RE, and the red dot is NSGA-II.
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During the experiments, we use a small dataset provided
by a research institute of aerodynamic. This dataset includes
20 known design solutions with 4 design parameters in each
design solution and 4 kinds of performance under 28 work-
ing conditions. Since the 4-dimension design solutions can-
not be shown in a figure, we process the 20 design solutions
by Principal Component Analysis (PCA) and plot the first
two components in a figure. From Figure 3, we can find that
the data is sparely scattered in the design space. We regard
the data with less training data and sparse distribution of
the main parameter data points in the problem as sparse
scattered data.

4.1. Experiment on the Surrogate Model. Based on the
method illustrated in surrogate model construction of Sec-
tion 3, a surrogate model based on sparse scattered data
can be constructed. This section conducts several experi-
ments to test the model and find the optimal metapara-
meters of the surrogate model, such as Q in (4) and P in (5).

Since the proposed method involves two stages, we test
the two stages, respectively. For the first stage, we conduct
experiment based on the 10-fold crossvalidation method.
This method splits all 20 data into 10 groups and uses 9
groups as training data and uses the last group as test data
in each experiment. In each experiment, we calculate an
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Figure 6: The Pareto frontier of the three algorithms in different generations (DTLZ2). The blue star is CE, the green plus sign is RE, and the
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averaged error by (9), and after 10 times of experiment, the
error of the first stage is averaged again.

e = 1
2 × 〠

2

i=1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
28 × 〠

28

j=1
p̂ij − pij

� �2
vuut , ð9Þ

where Pij is the value of the ith predicted performance

under the jth working condition, while the Pij is the real

value of the ith performance under the jth working condition.
Table 2 shows the results of different configurations of Q and
P, and we can find that the surrogate model has the smallest
error when P = 1 and Q = 5.

Table 4: The design solutions in nondominated Pareto front of 4 runs.

Run # Run 1 Run 2

1 12 0 13 3.3 12 0 13 3.2

2 12 0 13 3.4 12 0 13 3.3

3 12 0.4 7 3.5 12 0 13 3.4

4 12.8 0.4 7 3.5 12 0 7 3.5

5 12.8 0.8 7 3.5 12 0.4 7 3.5

6 13.6 0.8 7 3.5 12.8 0.4 7 3.5

7 13 0.5 7.1 3.5 12.8 0.5 7 3.5

8 12.8 0.9 7.1 3.5 13 0.6 7 3.5

9 13 0.9 7.1 3.5 12.9 0.8 7 3.5

10 12.8 0.4 7.3 3.5 13 0.6 7.1 3.5

11 12.8 0.4 7.7 3.5 12 0 13 3.5

12 12 0 13 3.5 13.2 0.8 7 3.6

13 12.8 0.4 7 3.7 12.9 0.7 7 3.8

14 12.8 0.8 7 3.9 12.9 0.8 7 3.8

15 12 0.7 13 4.6 12.9 0.8 7.1 3.8

16 12 0.7 13 4.7 12 0.7 13.1 4.7

17 12 0.7 13 4.8 12 0.5 13.1 4.8

18 12 0.7 13.1 4.9 12 0.6 13.1 4.8

19 12 0.9 13.1 4.9 12 0.6 13.1 4.9

20 12 0.9 13.7 4.9 12 0.8 13.1 4.9

Run # Run 3 Run 4

1 12 0 13 3.2 12 0 13 3.3

2 12 0 13 3.3 12 0 13 3.4

3 12 0 13 3.4 12 0 7 3.5

4 12 0 7 3.5 12.8 0.4 7 3.5

5 12.8 0.4 7 3.5 12.8 0.5 7 3.5

6 13.2 0.5 7 3.5 12.8 0.9 7 3.5

7 12.8 0.8 7 3.5 12.8 1.1 7 3.5

8 13.2 1.2 7 3.5 12 0 13 3.5

9 12.8 0.6 7.2 3.5 12.8 0.6 7 3.6

10 13 0.6 7.4 3.5 12.8 0.7 7 3.6

11 12 0 13 3.5 13 0.7 7 3.6

12 12.8 0.9 7 3.6 12.9 1 7 3.7

13 12.8 0.4 7 3.8 12.8 0.5 7 3.8

14 12.8 0.6 7 4.1 12.8 0.5 7 4

15 12 0.4 13 4.8 12 0.4 13 4.5

16 12 0.7 13 4.8 12 0.4 13 4.6

17 12 0.7 13.1 4.8 12 1.4 13 4.7

18 12 0.9 13.1 4.8 12 0.2 13 4.8

19 12 0.4 13 4.9 12 0.4 13 4.8

20 12 1.2 13.1 4.9 12 0.4 13 4.9
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For the second stage, we also conduct experiment based
on the 10-fold crossvalidation method. In each experiment,
we calculate an averaged error by (9), and after 10 times of
experiment, the error of the second stage is averaged again.
Table 3 shows the results of different configurations of R
and P, and we can find that the surrogate model has the
smallest error when P = 1 and R = 2.

4.2. Experiment on Ergodic Evolution. In this section, we val-
idate the ergodic evolution algorithm in terms of the capabil-
ity of searching high-dimensional space. In this experiment,
16 benchmark functions are adopted as the test problems,
including SCH, FON, POL, KUR, ZDT1, ZDT2, ZDT3,
ZDT4, ZDT6, DTLZ1, DTLZ2, DTLZ3, DTLZ4, DTLZ5,
DTLZ6, and DTLZ7. These benchmark functions are well
known, and the detail can be found in [34].

We compare the performance of ergodic evolution with
NSGA-II, which is a well-known evolutionary algorithm
proposed in [35], and random evolution (RE), which is the
same as Algorithm 1 except that the ergodic system is
replaced by a general random generator. The crossover rate
and mutation rate of NSGA-II are set to 0.9 and 0.1,
respectively.

For each benchmark function, we run the three algo-
rithms 30 times. For each run, the algorithms run 1000 gen-
erations with 100 individuals in each generation. After all
experimental results are obtained, we conduct nondominant
analysis. First, all individuals in the same generation of the
three algorithms are combined, and then, count the number
of individuals in the nondominant frontier after nondomi-
nant analysis. Figure 4 shows the averaged result (30 runs)
of the top 100 generations. From the figure, we can clearly
see that the proposed method is superior to NSGA-II and
RE for most of the benchmark functions except DTLZ2,
DTLZ4, and DTLZ5.

In addition, we plotted the Pareto frontiers of 5th, 10th,
20th, 50th, 100th, 200th, 500th, and 1000th generation of the
three algorithms. Considering the length limitation, we only

show the figures of ZDT3 (Figure 5) and DTLZ2 (Figure 6)
in this paper.

4.3. Experiment on the Whole Method. In this section, we
validate the proposed method. For the ergodic evolution,
two targets are adopted. The first is a function of the 4 per-
formances provided by the aerodynamic institute, while the
second is calculated by equation (5). The surrogate model
is constructed with P = 1, Q = 5, and R = 2.

We run the whole algorithm 20 times, and Figure 7
shows the evolutionary process of the two targets. For each
run, the algorithm evolves 200 generations, and there are
100 individuals in each generation. The figures include 20
lines indicating the evolutionary process of the 20 runs,
and each point in the line indicates the minimum value of
targets in one generation. As we can see, the algorithm con-
verges to minimum targets almost within 100 generations.

We randomly select 4 runs and list 20 design solutions in
the nondominated Pareto front in Table 4. We plot the gen-
erated design solutions and known design solutions in a sin-
gle figure, and both are proceeded by PCA. From Figure 8,
we can find that most of the generated design solutions are
near to known design solutions, which prove that the pro-
posed method can achieve rapid exploration of high-
dimensional space. This result is reasonable since the second
target of the CE restricts the algorithm to exploit new design
solutions in the space near to the known design solutions.

From the extensive experiment results above, we find
that (1) the adoption of some basic assumptions or prior
knowledge can relax the requirement of data for training
the surrogate model. The prior knowledge here represents
views of designers on design problems. In this work, we sim-
ply adopt two basic assumptions, and the whole model is
divided into two parts, and some unimportant relationships
are ignored by the surrogate model. Therefore, we think
transferring basic assumption or prior knowledge into a
computational manner and integrating it with the surrogate
model are feasible ways to build a surrogate model with only
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Figure 8: The 2-dimensional representation of the 20 known design solutions.
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sparse and scattered data. (2) The simple IDW method can
train the surrogate model. However, in different scenarios,
IDW may not always be feasible, and some advanced
methods like Kriging and RBF network should be adopted
and validated. (3) One of the merits of the proposed method
is that the searching space can be expanded with the addi-
tion of more known design solutions. This means that this
method is fit for both sparse and scattered data and relatively
bigger data.

5. Conclusion

To train a surrogate model with only sparse and scattered
data and find new design solutions based on this surrogate
model, this work proposed a two-stage interpolation-based
method for the surrogate model and adopts CE to explore
the high-dimensional space. This paper uses PCA to reduce
the dimension of data and prove the characteristics of sparse
and scattered data. Then, combining the two-stage interpo-
lation and ergodic evolution method, the sparse scattered
point data is generated into the design method. Three
groups of experiments show that the surrogate model can
predict performances, and the CE is efficient in terms of
exploring high-dimensional space.

Although this work proposes a feasible method to deal
with the problems, some remaining problems require exten-
sive research works. In the future, we will enhance the
method from the following aspects.

(i) This work only adopts basic assumptions to relax the
data requirement, and the data requirement can be
further relaxed by incorporating prior knowledge,
such as experts’ experience and physical law. The
main problem will be the technique of embedding
prior knowledge into surrogate models

(ii) In this work, the penalty factor is important and the
simple Euclidean distance is used. In the future,
some nonlinear function of the Euclidean distance
can be used to measure the penalty factor. The diffi-
culty will be how to predefine or learn a nonlinear
function for the penalty factor
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Driven by the slogan of “Fitness for All”, more and more people are participating in sports, which also promotes the popularity of
the sports equipment market, of which badminton rackets are an important part. With the improvement of people’s economic
level, there are higher requirements for the materials of various sports equipment. It is expected that badminton rackets will
not only be light, but also bearable, and the electroplated carbon in carbon fiber composites has such properties. Therefore, the
purpose of this paper is to study the preparation of badminton rackets by electroplating carbon with carbon fiber composite
materials and to study its performance. In this paper, the properties of carbon fiber composites are tested and analyzed, and
the relevant chemical formulas are used to explain them. The experimental results of this paper show that after using the same
pressure to conduct experiments on wooden, iron, steel, steel-aluminum, carbon-aluminum, and carbon bats, it is found that
the bearing capacity of wooden bats is only 28%, the damage degree of badminton racket is 54%, while the bearing capacity of
carbon racket is 89%, and the damage degree of badminton racket is 12%. This fully shows that the badminton racket made of
electroplated carbon material not only has a much higher bearing capacity than badminton rackets of other materials, but also
has a much lower damage degree than badminton rackets of other materials. Therefore, badminton rackets made of
electroplated carbon are more durable and more popular.

1. Introduction

The demand for high-performance composite materials,
especially in the fields of defense, military, and aerospace,
has contributed to the rapid development of science and
technology. Carbon fiber composite material is one of the
most widely used composite materials, and the properties
of carbon fiber directly determine the properties of the com-
posite material. Scientific researchers in various countries
have conducted many studies on the composition and struc-
ture of carbon fibers and their properties. Since the begin-
ning of the twenty-first century, the properties of carbon
fibers have been continuously optimized and improved,
and the research on the manufacturing process of composite
materials has also deepened, striving to make composite
materials more efficient and simpler to manufacture.

A further study of carbon fiber materials is the study of
their composite materials. In the molding process of carbon

fiber composite materials, including hand molding and
stretching. The resin conveying molding process is to per-
form the reinforcement material into a closed shape and
solidify it under vacuum and pressure conditions. This pro-
cess is simple and convenient and is widely used. In the aero-
space field, in addition to the excellent properties of the
composite material itself, it is also found that the carbon
fiber composite material containing some shape memory
effect maintains the shape memory ability.

The innovations of this paper are as follows: (1) This
paper introduces the theoretical knowledge of carbon fiber
composite materials and electroplated carbon and uses car-
bon fiber composite material and electroplated carbon to
analyze how carbon fiber composite material and electro-
plated carbon play a role in the preparation and perfor-
mance research of badminton racket. (2) This paper
expounds the properties of carbon fiber materials and elec-
troplated carbon. It is found through experiments that the
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badminton rackets made of carbon fiber materials and elec-
troplated carbon are of better quality and more popular.

2. Related Work

With the increasing emphasis on sports in China, the
number of people participating in sports is also increasing
rapidly. Mizuno found that people developed fully auto-
matic badminton robots that could catch and serve in
the same environment as a human badminton player. In
the system he invented, the robot could automatically
move to where the shuttlecock would fall and hit it back
with a normal badminton racket. Mizuno gave a general
introduction to a fully automatic badminton robot, but
did not describe it with a practical example [1]. Park
believes that shoulder and elbow injuries account for a
considerable proportion of injuries in badminton. Because
badminton requires repetitive, high-velocity overhead
movements that place high loads on the upper body joints,
badminton players often experience shoulder and elbow
pain and decreased function. His research is mainly to
evaluate the abnormality of the shoulder and elbow ten-
don in badminton players and to explore its correlation
with clinical symptoms. Forty-nine badminton players par-
ticipating in the leisure badminton club were invited to the
sports training center for experiments. Park only intro-
duced the object of the experiment, and did not explain
the process of the whole experiment, resulting in no corre-
sponding conclusions [2]. Duncan’s study examines the
impact of changes in physical and psychological arousal
on badminton short serve performance in competitive
and practice environments. He experimented with 20 bad-
minton players (10 males and 10 females), with short
serve measured at rest, midway, and end of a
badminton-specific training program. The results showed
that the performance of the short serve in practice was
significantly better compared to the game, while the per-
formance of the short serve in the real game was not very
good. This is because in the real game, the athlete will
have anxiety and tension, which will affect the perfor-
mance. Although he conducted experiments on 20 athletes
and analyzed the results of the experiments, there was no
solution to the experimental results [3]. Minkai found that
despite the well-known importance of badminton in
sports, badminton is poorly defined and lacks research.
In contrast to general training typically used to improve
a badminton player’s on-court agility, Reactive Initiation
Training (RIT) challenges perceived speed, requiring only
quick steps in the direction of the shuttlecock. His
research explores comparing the speed of body reflexes
to reaction initiation exercises to determine whether these
exercises are effective in improving on-court agility. 20
badminton novices were divided into two halves and
received physical reaction speed and reaction initiation
training on the court. Before and after training, they took
on-court agility tests with pre-judgment and without pre-
judgment. The results showed that both training methods
reduced the average running time, but only the reaction
initiation training additionally reduced initiation time

and its proportion in those time-consuming positions.
He designed and practiced the process of the whole exper-
iment, but there is no specific experimental data to prove
the authenticity of the experiment [4]. Yuan found that
the loading of gold nanoparticles (AuNPs) onto environ-
mentally sensitive polymer microgels is increasingly used
to tune their optical properties and catalytic activities.
Here, he synthesized composite polymer microgels with a
core-shell structure and controllably loaded AuNPs onto
the network chains of the polymer microgels. The results
show that the prepared AuNPs composites have good
pH sensitivity; thus, the electromagnetic coupling between
AuNPs can be regulated by polymer microgels under var-
ious acidic conditions. But he did not explain in detail
why this study was done [5]. Akhtar discovered that cellu-
lose, a natural biopolymer commonly used as a support
agent, has enhanced applicability and properties. The cel-
lulose he isolated from the waste was used for silver nano-
particle (Ag-NPs) impregnation by a simple and
reproducible method. Cellulose (Ag-Cel) prepared from
Ag-NPs was characterized by powder X-ray diffraction,
Fortier transform infrared spectroscopy, and scanning
electron microscopy. Its thermal stability was investigated
by thermogravimetric analysis. Although the scholar has
carried out detailed experiments, no corresponding conclu-
sions have been drawn [6].

3. Test Method of Carbon Fiber Composite
Material Electroplating Carbon Performance

3.1. Application of Carbon Fiber Composite Materials. In car-
bon fiber composites, if the carbon fibers in the matrix are
stretched along the fibers, the strain capacity of all fibers is
the same, and some fibers will not affect the effect of other
fibers after failure [7]. The broken fibers did not play a role,
but the other fibers played their part as usual. According to
this characteristic, if the material is damaged, especially in
the use of sports equipment, it will not cause serious perfor-
mance degradation. According to this characteristic, the per-
sonal safety of the athlete can be ensured [8].

Badminton is a sport suitable for all ages. In sports, the
hardness and durability of badminton rackets have a great
influence on the sports performance [9]. For example, some
sub-rackets are prone to breakage, which can affect an ath-
lete’s level. The structure diagram of the badminton racket
made of electroplated carbon material is shown in Figure 1.

As shown in Figure 1, with the development of science
and technology, electroplated carbon badminton rackets
have appeared in the sporting goods market. Carbon fiber
has the characteristics of high hardness and toughness. In
specific applications, carbon fiber and other substances are
usually combined to form carbon fiber composite materials
[10]. At the same time, the electroplated carbon should have
excellent mechanical properties after curing, and in addition,
it should have good fluidity, which is convenient for curing
and molding. The application fields of carbon fiber compos-
ite materials are shown in Figure 2.

As shown in Figure 2, in the structure of carbon fiber
composites, fiber reinforcement takes on the heavy
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responsibility of the mechanical properties of the compos-
ites. The electroplated carbon is responsible for the task of
fixing and strengthening and protects the carbon fiber from
damage from the external environment. Therefore, the elec-
troplated carbon and carbon fiber reinforcement of compos-
ite materials need to have excellent wettability and adhesion
[11]. The good performance of carbon fiber self-recovery
after deformation is shown in Figure 3.

As shown in Figure 3, the performance of the composite
material depends on the ratio of reinforcement to matrix
and the performance of the individual components. The
general reinforcing materials are carbon fibers, glass fibers,
plastic fibers, etc. In addition to metals, ceramics, and other
materials, the matrix is mainly a resin material. Reinforcing
materials can increase material strength and improve
mechanical properties [12].

3.2. Characteristic Analysis of Electroplated Carbon in
Carbon Fiber Composites. In the process of glass transition
of electroplated carbon, the mechanical properties of the

resin will be quite different before and after. As the ambient
temperature gradually increased, the free volume of the elec-
troplated carbon molecules began to expand. When the tem-
perature reaches the glass transition temperature, the free
volume of the electroplated carbon molecules is sufficient,
so the configuration of the electroplated carbon molecules
is fully changed and adjusted, and the movement of the
molecular chain is very active [13]. The analysis of electro-
plated carbon with different formulations is shown in
Figure 4.

As shown in Figure 4, because the #20 formula has too
little electroplating carbon, the performance in the DMA test
is not ideal. Therefore, in the DSC test, it is no longer neces-
sary to test the #20 type electroplated carbon, and only the
DSC test of the #40, #60, and #80 samples is required. The
three proportioned samples were scanned at different con-
stant heating rates, and the apparent activation energy Ea
was calculated according to the Kissinger formula; apparent
activation energy can give a clearer physical meaning to ele-
mentary reactions, that is, the difference between the average
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Figure 1: Electroplated carbon badminton racket.
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energy of the activated molecule and the average energy of
all molecules [14], as shown as follows:

‐ Ea

R
= dIn Φ/T2

P

� �
d 1/TPð Þ , ð1Þ

where Φ represents the temperature rise rate, TP repre-
sents the peak temperature, Ea represents the activation
energy, and R represents the molar gas constant. According
to the Kissinger method, when using the Kissinger method
to determine the activation energy of crystallization of amor-
phous materials, it should be ensured that the crystallization
fractions corresponding to the selected temperature are not
very different; otherwise, large errors will be introduced,
and the kinetic formula can be approximated as

H = A ⋅ exp −Ea/RTð Þ ð2Þ

Among them, the pre-entropy factor A is

A = ΦEa exp Ea/RTPð Þ
RT2

P

ð3Þ

The corresponding peaks of the three exothermic peaks
in the DSC scan at different heating rates are shown in
Table 1.

As shown in Table 1, the second exothermic peak disap-
peared when the temperature increased. Because the reac-
tion rate was too fast, the reaction was not sensitive
enough to temperature, so it was incorporated into the third
peak, which was used to test the viscosity of electroplated
carbon as a function of temperature using the temperature
ramp mode of rotational rheology. The time-sweep mode
was used to test the relationship between the viscosity and
time of electroplated carbon at a constant temperature
[15]. The kinetic parameters of the curing reaction are
shown in Table 2.

It can be seen from Table 2 that solidification is a Chi-
nese word, which chemically refers to the process of trans-
forming substances from low molecules to high molecules,
and also refers to the process of forming certain fixed views
and viewpoints on things [16]. When the specific gravity of
electroplating carbon increases, both Ea and A of the curing
reaction of the system will increase. This is because the
energy required for the electroplating carbon homopolymer-
ization reaction is larger than the other two curing reactions
[17]. With the increase of carbon content in electroplating,
the difference between #60 and #80 is an order of magnitude
from #40, while the difference between #60 and #80 is not
obvious, indicating that the addition of electroplating carbon
can prolong the service life of the mixed resin [18]. Electro-
plating carbon under different vision is shown in Figure 5.

As shown in Figure 5, the ability of a metallic material to
resist permanent deformation or fracture under static load,
and it can also be defined as proportional limit, yield
strength, breaking strength, or ultimate strength. In order
to ensure the full progress of the curing reaction, the curing
temperature needs to be higher than the glass transition
temperature, which can ensure good mechanical properties
and curing degree of the electroplated carbon after cur-
ing [19].

3.3. Density Test. In this paper, the method of electroplating
is used to electroplate the carbon fiber with nickel, and the
metallization modification is carried out. The effect of nickel
on the wettability of the carbon fiber interface was investi-
gated by observing the high temperature spheroidization of
the copper plating layer during the heat treatment process.
By testing the thermal shock resistance of the carbon fiber
composite wire, the bonding force between the carbon fiber
and the copper coating was studied [20].

Archimedes’ principle generally refers to Archimedes’
law. An important principle of hydrostatics, which states
that an object immersed in a stationary fluid, experiences a
buoyant force equal to the weight of the fluid displaced by
the object, directed vertically upward and through the cen-
troid of the displaced fluid [21]. The actual density of carbon
fiber copper composites is measured using Archimedes’
principle:

F = pgv ð4Þ

p represents the density of distilled water and g repre-
sents the volume of distilled water displaced by immersion
of the composite in distilled water. The volume V of the
composite material at this time is

V = m1 −m2
p

ð5Þ

Then, the density p of the composite material is

p = m1p
m1 −m2

ð6Þ

Keep 
constraints Metamorphosis

Deformation
recovery

Exert external 
force

Figure 3: Good performance of carbon fiber self-recovery after
deformation.
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Then, the density pr of the composite material is

pr =
p1
p2

ð7Þ

Among them, p1 is the actual density of the composite
material, and p2 is the theoretical density of the composite
material.

3.4. Test of Thermal Conductivity. Raman spectroscopy is a
type of scattering spectroscopy. Raman spectroscopy is an
analysis method of Raman scattering effect, which analyzes
the scattering spectrum with different frequencies from the

incident light to obtain information on molecular vibration
and rotation, and is applied to the study of molecular struc-
ture. Raman spectroscopy is an important means to study
the structure of carbon materials, which reflects the changes
in the structure of carbon materials from the perspective of
chemical structure [22]. The thermal conductivity K is mea-
sured by a laser thermal conductivity meter, and the thermal
conductivity calculation formula is

K = α ⋅ ρ ⋅ Cρ ð8Þ

where K is the thermal conductivity, α is the thermal dif-
fusivity, ρ is the density, and Cρ is the specific heat capacity.

In recent decades, many outstanding research results
have emerged in China in the field of materials, among
which carbon fiber composite materials have been widely
used in modules ranging from module shells and cabinets
to aircraft fuselages [23]. However, how to objectively and
quantitatively evaluate the electromagnetic pulse protection
performance of this new type of composite material, such
as the radio frequency impedance characteristics of the com-
posite material, the electrical conductivity of the composite
material under the action of a magnetic field, and the imped-
ance characteristic of the composite material under the
action of lightning pulse, it involves multidisciplinary
knowledge such as mechanical structure, electromagnetic
field propagation, instrument measurement, and materials.
At present, there are not many people engaged in research
in this field in China, which restricts the development and
improvement of new materials [24].

3.5. Nickel Electroplating and Electroplating Carbon on
Carbon Fiber Surface. The pretreated carbon fibers are elec-
troplated with nickel. The carbon fiber content in the plating
solution was kept at about 0.2 g/L, and the short carbon
fibers were put into the nickel plating solution for ultrasonic

40 80 120 160 200 240 300 340

0
500

1000

1500

2000

2500

3000

3500

Temperature (c)

M
od

ul
us

 (m
pn

)

#20
#40

#60
#80

(a) Storage modulus

40 80 120 160 200 240 300 340

0

500

100

150

200

250

300

350

Temperature (c)

Lo
ss

 m
od

ul
us

 (m
pn

)

#20
#40

#60
#80

(b) Loss modulus

Figure 4: Electroplated carbon with different formulations.

Table 1: Corresponding peak temperature (Tp) of exothermic peak
of electroplated carbon curing system at different heating rates.

System
Heating rate (K/

min)
TP1 Kð Þ TP2 Kð Þ TP3 Kð Þ TP4 Kð Þ

#40
6 420.4 457.0 470.3 486.9

12 453.0 462.1 483.2 489.0

#60
6 431.7 460.9 498.5 505.6

12 458.9 465.6 480.3 489.3

#80
6 439.6 462.5 492.4 499.5

12 460.8 470.1 498.8 505.8

Table 2: Curing reaction kinetic parameters.

System Ea(kJ/Mol) A(min-1) H25(min-1)

#40 62.5 3:43 × 107 4:75 × 10‐6

#60 73.2 4:65 × 108 5:46 × 10‐7

#80 81.6 1:96 × 109 1:63 × 10‐7
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stirring. When the short carbon fibers are all settled on the
bottom cathode copper plate, the power is turned on, and
the thickness of the nickel layer is controlled by the electro-
plating time. The reaction that occurs at cathode Ni during
nickel plating is

Ni2+ + 2e =Ni ð9Þ

The main reaction that occurs at anode Ni2+ is

Ni‐2e =Ni2+ ð10Þ

If the anode current density is too large, anode passiv-
ation is likely to occur, accompanied by the progress of the
side reaction O2↑ as

2H2O − 4e =O2↑+4H+ ð11Þ

Therefore, in the process of electroplating, the current
density is strictly controlled to ensure the quality of the
coating.

The nickel-plated carbon fibers were repeatedly ultra-
sonically cleaned with distilled water, and then copper-
plated. The carbon fiber content in the plating solution was
maintained at about 0.4 g/L. When the nickel-plated carbon
fibers were ultrasonically stirred in the solution, the power
was turned on. The temperature of the plating solution was
40 °C and the current density was 2.5 A/dm. The reaction
that occurs at cathode Cu during copper plating is

Cu2+ + 2e = Cu ð12Þ

The main reaction that occurs at anode Cu2+ is

Cu‐2e = Cu2+ ð13Þ

In the process of copper plating, it is still necessary to
control the current density. Excessive current density will
also be accompanied by side reactions.

The electroplated copper-plated and nickel-plated cop-
per carbon fibers were taken out, repeatedly washed with
distilled water for 3 times, then filtered and cleaned with
anhydrous alcohol on a suction filter, and finally placed in
a vacuum drying box for drying.

Since metal is easily oxidized in the air, it is inevitable
that some coatings will be oxidized to form oxides during
the cleaning and drying process of carbon fibers. The coating
of the oxide is relatively poor, which will affect the subse-
quent experiments, so the copper oxide must be reduced.
The carbon fiber is put into a vacuum tube furnace for
reduction, and the reaction that occurs is

H2 + CuO⟶H2O ð14Þ

Electroplating time is an important factor to control the
thickness of the coating, and the method of determining the
thickness of the carbon fiber surface layer by metallographic
method is difficult to implement. Therefore, this paper uses
the weighing method to estimate the average thickness of
the coating. The weighing method is the method recom-
mended by the International Organization for Standardiza-
tion. It is only suitable for gases that do not react between
components, components and the inner wall of the cylinder,
and condensable components that are completely gaseous
under experimental conditions. The calculation formula of
the average thickness of the coating is

Δr =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 + ρcΔG

ρcNiG
− 1

s !
d ð15Þ

In the formula, ΔG is the weight gain rate of carbon fiber
before and after nickel electroplating; ρc and ρcNi are the
density of carbon fiber and nickel, respectively; and d is
the diameter of carbon fiber.

Many studies have shown that there are two main factors
that affect the thermal shock resistance of coatings. The first
is the difference between the thermal expansion coefficient
of the coating and the base material. The thermal expansion
coefficient of the metal copper coating is larger, while the
thermal expansion coefficient of the matrix carbon fiber is
smaller. Due to the difference in thermal expansion coeffi-
cient, thermal stress will be generated between carbon fiber
and copper during the cooling and heating cycle. The calcu-
lation formula of thermal stress is

σth =
Ef

1 − v
⋅ αr − αsð Þ ⋅ Ts − Trð Þ ð16Þ

Normal multiples of 
electroplated carbon

500 times of 
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Figure 5: Electroplated carbon under different vision.
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In the formula, αr and αs are the thermal expansion coef-
ficients of the substrate and the coating, respectively, and Ts
and Tr are the temperatures of the coating and the substrate,
respectively. It can be seen from the formula that the smaller
the thermal expansion coefficient between materials, the
smaller the thermal stress will be. The greater the interfacial
bonding strength, the better the thermal shock resistance of
the coating.

Since carbon fiber is a carbon material, it has a lower the-
oretical specific capacity ae−. In general, researchers improve
the actual cycle LiaC of carbon fibers through surface
modification, biological preparation of carbon fibers, etc.,
so that it can approach the theoretical capacity to the
greatest extent:

aLi+ + C carbonf iberð Þ + ae− ↔ LiaC ð17Þ

4. Experiment and Analysis of Carbon Fiber
Composite Material Electroplating Carbon

4.1. Experiment and Analysis of the Properties of Carbon
Fiber Composites. In many sports, athletes hope that the
equipment can meet the characteristics of light weight and
high strength at the same time, while the density of carbon
fiber composite materials is only 1.76 to 1.80 g/cm3, and
the density of metal materials is several times that of carbon
materials. For example, steel has a density of 7.87 g/cm3 and
aluminum has a density of 2.7 g/cm3. These materials do not
meet certain special sports needs. The application of carbon
fiber composite materials in sports equipment is shown in
Figure 6.

As shown in Figure 6, therefore, the carbon material is
lightweight and high in strength and is very suitable for

use in sports equipment. Carbon materials are widely used
in some sports such as bicycles, sailboats, poles, golf, and
rackets. The physical properties of different reinforcing
materials and the comparison of badminton rackets made
of different materials are shown in Table 3 and Table 4.

As shown in Table 3, carbon materials have high fatigue
resistance compared with metals and are very suitable for
the manufacture of large rackets. As the competition in

Table 4: Comparison of badminton rackets made of different
materials.

Club type
Racket
quality/g

Handshake
quality/g

Shock
absorption

Standard metal 768 47.8 5.7

Light metal 589 47.8 4.9

Carbon fiber 342 47.8 7.8

Lightweight
carbon fiber

309 47.8 8.9

Figure 6: Application of carbon fiber composites in sports equipment.

Table 3: Physical properties of different reinforcement materials.

Reinforcing
material

Density/
g·cm-3

Tensile
strength/
GPa

Elastic
modulus/

GPa

Elongation/
%

Carbon fiber 1.69 3.47 232 1.48

Glass fiber 2.58 3.47 69 2.56

Boron fiber 2.39 1.38 378 0.37

Alumina
fiber

3.87 1.38 408 0.87
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sports becomes more and more intense, the requirements in
the field of rackets are also increasing.

As shown in Table 4, the interface problem of metal
matrix composites has always been a hot and difficult prob-
lem in research, and the bonding state between the interfaces
has an important impact on the performance of the compos-
ites. The interface between carbon fiber and copper has high
interfacial energy, which will lead to poor wettability
between carbon fiber and copper. This poor wettability

results in the simple mechanical bonding of the interface
between carbon fiber and copper, and it is difficult to pre-
pare carbon fiber composites with good interfacial bonding,
which limits its performance.

The sintering temperature also has a great influence on
the thermal conductivity of the composites, and the thermal
conductivity changes with the increase of the sintering tem-
perature, and the density is the same. With the increase of
sintering temperature, the thermal conductivity first
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Figure 7: Effect of sintering temperature on composites.
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increases and then decreases and reaches the maximum
value at 950°C. The effect of sintering temperature on the
composites is shown in Figure 7.

It can be seen from Figure 7 that when the test temper-
ature is relatively low, the thermal expansion difference
between the composite materials formed by different sinter-
ing temperatures is very small, and as the test temperature
increases, the difference becomes larger and larger. The aver-
age thermal expansion of the samples sintered at 950°C is the
largest, and the average thermal expansion of the samples
sintered at 850°C is the smallest.

It can be seen from Figure 7 that the density has an
important influence on the thermal conductivity of the com-
posite material; the higher the density p, the higher the ther-
mal conductivity of the material. The effect of porosity λ on
composites is

λ = λs 1 − pð Þ ð18Þ

The relationship between the expansion ratio and tem-
perature of the composites with different carbon fiber vol-
ume fractions is shown in Figure 8.

It can be seen from Figure 8 that with the increase of the
volume fraction of carbon fibers, the expansion rate of the
composite material shows a decreasing trend. Objects

expand and contract due to changes in temperature. The
change in length magnitude caused by a unit temperature
change is expressed by the thermal expansion coefficient.
When the volume fraction of carbon fiber volume fraction
increases, the thermal expansion coefficient of the composite
becomes smaller. On the other hand, the addition of carbon
fiber to the matrix will form the interface and internal stress,
which will affect the thermal expansion of the composite.
With the increase of carbon fiber content, the interface and
internal stress will increase, and the influence on thermal

Table 5: Comparison of the bearing capacity of badminton rackets
of different materials.

Pressure Affordability
Level of
damage

Wooden racket 30 28% 54%

Iron beat 30 32% 58%

Steel and aluminum 30 40% 43%

Carbon aluminum
racket

30 65% 28%

Carbon racket 30 89% 12%
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Figure 9: Bearing capacity of badminton rackets of different materials under the same force. (a) Bearing capacity of badminton racket made
of ordinary material. (b) Bearing capacity of badminton racket made of electroplated carbon material.
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expansion will be greater, so the thermal expansion coeffi-
cient will also decrease.

Direct electroplating-hot pressing is a good method for
preparing short carbon fiber composites. Carbon fibers over-
lap each other in the process of electroplating and maintain
uniform dispersion in the subsequent cleaning, drying, and
hot pressing processes and can prepare composite materials
with uniform distribution of carbon fibers.

4.2. Experiment and Analysis of Electroplated Carbon
Badminton Racket. After the electroplated carbon badmin-
ton racket is produced, its durability needs to be tested
through actual use. Hardness, bearing capacity, etc. all need
to be verified. In order to enhance the scientificity of the test,
this paper conducted an experiment on a badminton coach
to let him use badminton rackets of different materials and
test the endurance of badminton rackets under the same
force, so as to compare their hardness and draw conclusions.
The bearing capacity of badminton rackets of different mate-
rials under the same force is shown in Figure 9.

As shown in Figure 9, when testing the flexibility,
mechanical bending equipment can be used to apply pres-
sure to badminton rackets of different materials and com-
pare their ability to withstand the same pressure. In this
paper, experiments were carried out on wooden, iron, steel,
steel-aluminum, carbon-aluminum, and carbon bats, as
shown in Table 5.

As shown in Table 5, the bearing capacity of wooden,
iron, steel, steel-aluminum, carbon-aluminum, and carbon
beats under the same pressure was analyzed. It is found that
only the carbon racket has a relatively high bearing capacity
and a relatively low degree of damage, so now the main-
stream material of the racket is mainly carbon racket. The
racket made of this material is of good quality and light
weight, which can make athletes swing faster and use less
effort. Due to the influence of other factors, such as users,
use environment, and frequency of use, the results of this
experiment are not completely reliable, and there are certain
differences.

5. Conclusions

With the development of science and technology, people’s
quality requirements for various things are getting higher
and higher. The development of China’s aviation industry
is inseparable from the contribution of carbon fiber compos-
ite materials. Carbon fiber composites have been widely used
in many fields because of their good properties. This article
first gives a general introduction to carbon fiber composite
materials and electroplated carbon so that people can under-
stand the properties and principles of the two and then use
the relevant chemical formulas to analyze their properties.
Finally, it is found that both have super-strength properties.
In the experimental part, this paper compares the physical
properties of electroplated carbon and different reinforcing
materials and draws the conclusion that the fatigue strength
of carbon fiber composites is much higher than that of metal
materials. Then, the hardness and bearing capacity of elec-
troplated carbon badminton rackets were compared. Under

the same force and pressure, the electroplated carbon bad-
minton racket is not only more durable, but also harder than
other badminton rackets. Therefore, it is very necessary to
study the preparation and performance of electroplated car-
bon badminton rackets.
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The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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This article takes the application of nanomaterials in new concrete materials as the research object and explores the defects of
nanomaterials in improving the toughness and tensile capacity of traditional concrete by analyzing the effects of nanomaterials
on the structure and properties of new concrete. This article takes the application of nano-SiO2 in new concrete materials as
an example. Firstly, the experiment of preparing nanoconcrete was carried out, and then, aiming at the experimental results, a
detailed analysis and discussion on the effects of nano-SiO2 on the shrinkage, mechanical properties, and microstructure of the
new concrete materials were carried out. The research results show that the cement paste with nano-SiO2 is much better in
chemical shrinkage than the cement paste without admixture, and the chemical shrinkage value of the cement paste with
nano-SiO2 increases significantly in the early setting stage. The chemical shrinkage values are 11.4%, 26.7%, 53.9%, and 94.2%,
respectively, according to the amount of nano-SiO2 added. With the extension of the setting period, the growth rate of the
shrinkage value of cement paste slows down; nano-SiO2 can improve the compressive capacity and strength of concrete, and
with the increase of the amount of compressive strength, the value of compressive strength is also increasing. In the early stage
of coagulation, when the nano-SiO2 dosage is 1.6%, the compressive strength of the coagulation for 3 days is 39.02%. With the
prolongation of the setting period, the increase in compressive strength continues to increase, but the growth rate slows down;
the addition of nano-SiO2 has changed the microstructure of concrete. Nano-SiO2 has high pozzolanic activity, which can
promote the hydration process of cement, and because of the small particles, it can fill the voids of concrete, thereby
improving its compactness and mechanical strength.

1. Introduction

1.1. Background and Significance. In recent years, with the
rapid development of the social econoour, the process of
industrialization and urbanization has also been accelerat-
ing, which is manifested in the construction and improve-
ment of various infrastructures. Concrete, as the most
widely used construction material in the construction indus-
try, has also been used in the largest amount. In recent years,
its demand has also increased exponentially. However, due
to the problems of insufficient toughness and tensile resis-
tance caused by the components of concrete materials, many
projects have collapsed and damaged, which has a major

impact on casualties and property losses. Seeking new build-
ing materials and improving the quality of building mate-
rials are the demands of many parties.

Nanomaterials were born in the 1960s and have been
widely used since the 21st century. For example, it has
played a huge application value in medical, chemical, elec-
tronic industry, and biochemical fields. It is a new type of
material with excellent physical and chemical properties,
which is different from the atomic and molecular character-
istics of microscopic particles and different from macro-
scopic objects. Nanomaterials are mesoscopic structural
materials with singular characteristics [1]. Because of their
small size, they exhibit strange properties that neither

Hindawi
Journal of Nanomaterials
Volume 2022, Article ID 7396295, 10 pages
https://doi.org/10.1155/2022/7396295

https://orcid.org/0000-0002-7122-6029
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/7396295


microscopic particles nor macroscopic objects possess. The
development of nanomaterial technology is a revolution in
the history of materials science and construction engineering
[2]. Its unique properties of light, electricity, heat, and mag-
netism have had a huge impact on the development of the
construction industry and civil engineering. Adding nano-
material into traditional concrete and other building mate-
rials to change the composition structure of traditional
concrete can greatly improve the mechanical properties
and durability of new concrete, thereby improving its tough-
ness and tensile capacity [3].

1.2. Related Work. Since the advent of nanomaterials in the
1960s, more and more experts and scholars have paid atten-
tion to it due to its special properties. Huang and Lovell
pointed out that nanomaterials have been widely used as
reagents for therapeutic and diagnostic (therapeutic) appli-
cations. They note that research efforts in nanomaterials
have changed beyond the in vitro investigation of emerging
substances to the conception of substances that work on
more contextually relevant patterns of animal disorders,
thus multiplying the opportunity for therapeutic clinical
conversion. Common categories of nanoscale biomaterials,
consisting of magneto nanoparticles as well as volume parti-
cles, upswitched granules, dielectric silica granules, charcoal-
based granules, and organochromatic dye-based granules,
exhibit the diagnostic and therapy applications of biomate-
rials. Changes like dimensional manipulation and process
surface modification allow for regulation of ecological com-
patibility and interaction from the intended organization.
Demands for better treatment for testing disorders and
intensified chemical therapies, as well as practical thoughts
on the need for climatologically scalable nanomaterials, are
set to be crucial drivers [4]. Xiangzhen et al. have also stated
that temporary structural failures frequently occur in
dynamic tension (e.g., spalling) when reinforced structures
are loaded by detonating and impact velocity charges. The
precise forecast of structural failure due to static forces is
known to be a competitive issue. In their study, they suggest
a nonlocal damage-dependent modelling to forecast tempo-
rary elastic failure of specific concrete material building on
the relatively recently developed localized porous square
product model. In this nonlocal pattern, the interference
fields diminish as the extent of insolation grows, and this
results in an ideal characterization of the total damage area
and the free surface localization, i.e., the lack of localization
disappears in such areas. The statistical illustrations of one-
dimensional peel tests and two-dimensional dynamic ten-
sion tests on concrete slabs show that a less damage-
dependent nonlocal model can address the full range of
restrictions of the primal nonlocal market. A general model
predicated on nonlocal injuries was then validated on the
basis of two experiments, the divided Hopkinson extension
lever test and the adapted divided Hopkinson lever (scat-
tered) trial. Mathematical demonstrations indicate that the
suggested nonlocal induction model can provide a sensible
estimate of the location of mechanical dynamic tension fail-
ure. However, the topographic example does not properly
forecast dynamic tension failure, while the primitive nonto-

pographic model does not forecast several cracks at high
load rates [5]. The advantages of nanomaterials in construc-
tion have only emerged in recent years. Therefore, there is
not much research on nanomaterials in the construction
industry. Based on this, it is very meaningful to study the
application of nanomaterials in new concrete materials.

1.3. Innovation in This Article. The innovations in this article
are mainly reflected in the following aspects: (1) It is pro-
posed to apply nanomaterials to new types of concrete.
The excellent properties of nanomaterials can effectively
improve the defects of traditional concrete toughness, tensile
strength, compression, and insufficient durability. (2) Take
nano-SiO2 as an example through experiments to specifically
explore the influence of nanomaterials on the performance
and structure of concrete, turn abstraction into concrete,
and make the article easy to understand. The article provides
a suggestion for optimization and improvement of concrete
materials in the construction industry and can also provide
new ideas for the research of nanomaterials.

2. Nanomaterial and Their Application in New
Concrete Materials

2.1. Nanomaterials. Nanomaterials are a new and hot new
material science in the past two years and have received
extensive attention and research from all walks of life since
its inception. It refers to a material that is at least one-
dimensional in the three-dimensional space at the nanome-
ter level. Because of its small size, it exhibits singular charac-
teristics that are very different from the atoms and molecules
of microscopic particles and macroscopic objects. The form
of particles between microscopic atoms and macroscopic
individuals. The size of nanomaterials is in the range of 1-
100 nm, which is equivalent to the scale of 10-1000 atoms
closely packed together [6, 7].

2.1.1. Characteristics and Effects of Nanomaterials. Nanoma-
terial particles are small and larger than the surface volume.
When the diameter of the nanoparticle is 10 nanometers, the
body of the nanoparticle contains more than 4000 atoms,
and the atoms on the surface account for 40%; when the
diameter of the particle drops to 1 nanometer, the particle
body contains 30 atoms, and the body surface atoms will
account for 99%, which means that almost all the atoms
are concentrated on the surface of the particle [8, 9]. The
number of atoms on the surface of the nanoparticles and
the total number of atoms increase dramatically with the
reduction of the diameter of the nanoparticles. This strange
characteristic has led to the nanomaterials having many spe-
cial properties that are not available in general materials,
manifested in various effects, as follows:

First: surface and interface effects. The so-called surface
and interface effects are manifested in the phenomenon that
the number and total number of surface atoms of nanomate-
rial particles will increase sharply and violently as the diam-
eter of nanoparticles becomes smaller. When the diameter of
the nanoparticle is 10 nanometers, the number of atoms on
the surface of the particle will occupy 40%, and as the
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diameter of the particle continues to decrease, the percent-
age of its surface atoms will increase significantly; when the
diameter of the nanoparticle continues to decrease to about
1 nanometer, the percentage of atoms on the surface will
increase to more than 90%, and then, all the atoms con-
tained in the particles will be concentrated on the surface.
Due to the violent increase in the number of surface atoms,
particles will have extremely high surface energy, easily com-
bine with other atoms, and will have high stability and
chemical activity [10].

Second: small size effect. The external morphology of
nanomaterials is a tiny crystalline particle. In terms of indi-
vidual particle morphology, nanomaterials are similar to
atoms and molecules in the microscopic world, but from
the surface of the entire nanomaterial, it has the ability to
be compared with macroscopic objects. It has a huge body
surface area. Therefore, nanomaterial is a kind of special
material body which is different from microscopic particles
and macroscopic individuals. For ultrafine particles such as
nanomaterials, the size becomes smaller and the body sur-
face area increases, which produces various peculiar proper-
ties and also significantly improves its strength, toughness,
and hardness, showing greater than other materials. The
advantages are reflected in its acoustic, optical, electrical,
thermal, and magnetic properties. For example, the combi-
nation of nanomaterials and metal materials makes the
nanometals much harder than normal normal metals; the
combination of calcium fluoride and nanomaterials can
bend flexibly at room temperature without breaking, etc.
[11, 12].

Third: quantum size effect. When a nanomaterial with a
large specific surface area is split into discrete energy levels
from the continuous energy band, the spacing between
energy levels will increase as the particle size decreases.
When the spacing between energy levels is greater than ther-
mal energy, electrical energy, or magnetic field energy, nano-
material particles will produce a series of anomalous
properties that are different from macroscopic and micro-
scopic particles, that is, the quantum size effect of nanoma-
terials [13].

Fourth: macro quantum tunnel effect. The ability of
microscopic particles to penetrate the barrier is called
tunneling. And for ultrafine particles such as nanomaterials,
due to their special magnetization, it also has this kind of
tunneling effect. The ability of nanomaterials to penetrate
the barriers of the macroscopic system but change their
own special properties is called the macroscopic quantum
tunneling effect of nanoparticles [14].

Fifth: volume effect. The volume of nanomaterial parti-
cles is very small, and the number of atoms contained in
the body is very small. Therefore, it is impossible to describe
many phenomena with the mass of infinite atoms. This is
the volume effect of nanomaterials [15].

2.1.2. Classification of Nanomaterials. With the deepening of
research, nanomaterials are now mainly divided into the fol-
lowing categories:

First: nanoceramics. Nanoceramics use nanotechnology
to incorporate nanopowder into ordinary engineering

ceramics to change the properties of ordinary ceramic mate-
rials, so that the finished ceramic products have higher flex-
ibility, hardness, and strength and overcome the problems of
traditional ceramics that are brittle and fragile [16, 17].

Second: nanopowder. Nanopowder refers to powder or
particles with a diameter of less than 100 nm and is a solid
particulate material between microscopic particles and mac-
roscopic objects.

Third: nanofibers. Nanofiber is a linear material with a
diameter between 1 and 100nm and a long length. It is
mainly used for the manufacture of components of quantum
computers and photonic computers in the future.

Fourth: nanofilm. Nanofilm is divided into granular film
and dense film. A particle film is a thin film that sticks to
nanoparticles with a small gap in the middle; a dense film
refers to a film with a tight film layer and a particle size of
nanometers.

Fifth: nanoblock. Nanoblocks are nanocrystalline mate-
rials that are shaped by nanopowder by high pressure or
crystallized by metal liquid. It is mainly used for ultrahigh
strength materials and smart metal materials [18, 19].

2.2. New Concrete Materials. It is the most widely used and
most used building material in the construction industry.
The traditional concrete is mainly made of cement, with
the addition of aggregates such as water, stones, and sand.
If necessary, chemical admixtures and mineral admixtures
(such as fly ash and mineral powder) are added, and they
are evenly distributed according to the appropriate ratio.
The condensed artificial stone made of agitation is a basic
building material. For a long time in the past, concrete has
been used for the construction of housing infrastructure pro-
jects due to its fire resistance, compression resistance, and
extremely convenient characteristics in production and use.
It has also been used to this day. However, with the develop-
ment of social technology and the continuous improvement
of people’s requirements for the quality of building mate-
rials, some problems of traditional concrete, such as poor
toughness and weak tensile capacity, have gradually been
exposed. Traditional concrete can no longer meet the needs
of the current society. Looking for new energy materials or
new technologies to improve the performance of traditional
concrete has become an important research direction in the
construction industry and civil engineering and other fields
[20, 21].

New concrete is based on traditional concrete materials
using modern technological means or adding new material
energy, so that the structural composition and performance
of traditional concrete can be changed, and its aspects such
as toughness, tensile strength, mechanical properties, and
durability are improved. Performance of an improved build-
ing material [22]: compared with traditional concrete, the
new type of concrete shows more powerful performance
advantages. At present, new concrete is mainly made of
nanotechnology and nanomaterials to improve traditional
concrete [23].

2.3. Application of Nanomaterials in New Concrete
Materials. Due to its small particle size and large body
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surface area, nanomaterials can show strong hardness,
strength, and toughness when combined with other atoms.
The combination of concrete and nanomaterials can well
solve its lack of toughness and tensile strength problem. As
mentioned earlier, there are different classifications of nano-
materials, and nanomaterials used in concrete materials are
also diverse. The main applications are mainly the following:

First: the application of nanometer ore powder in new
concrete materials. Nanomaterials have special properties
such as surface and interface effects, small size effects, quan-
tum size effects, macroscopic quantum tunneling effects, and
volume effects. Therefore, when combined with other mate-
rials, they can give the combined materials different proper-
ties from traditional materials. The nanometer ore powder
added to the new concrete mainly includes nanometer
SiO2, nanometer CaCO3, and nanometer silicon powder.
Using nanotechnology to add nanometer ore powder to
the concrete makes its atomic structure into nanometer
level, which can greatly improve the strength and hardness
of the concrete, toughness, and durability [24].

Second: the application of nanometal powder in new con-
crete. Nanometal powder has the characteristics of high
strength, high hardness, and good plasticity. At the same
time, because of its surface effect and good activity, it can
be added to concrete to produce functional electromagnetic
shielding concrete. However, since there are many types of
nanometal powders, to make the best electromagnetic
shielding concrete, the appropriate nanometal nonpowder
must be selected [25, 26].

Third: the application of nanometal oxides in new con-
crete materials. The use of nanometal oxides can make smart
cement concrete, such as self-alarm devices. The addition of
nanometal oxides can make the concrete have a strong con-
ductive function. If a sensor made of nanometal oxides is
inserted into the concrete, then the concrete will be able to
realize the alarm and monitoring functions of the outside
world [27, 28].

Fourth: the application of nanocomposites in new con-
crete materials. Nanocomposite is a new type of material
developed based on the combination of basic nanomaterials
and other materials. Adding nanocomposites to concrete can
not only improve the compressive strength, tensile strength,
and ductility of concrete but also improve durability of con-
crete [29, 30].

3. Preparation Experiment of Nanoconcrete

Nanomaterials are widely used in new concrete materials.
Based on the different types of nanomaterials, the nanoaddi-
tives mixed in concrete materials are also different, and dif-
ferent nanoadditives have shown to improve the
performance of concrete materials. In order to specifically
analyze the improved performance of nanomaterials on con-
crete properties, this paper selected nano-SiO2 as a nanoad-
ditive added to new concrete materials for experimental
research.

3.1. Experimental Object and Purpose. In this experiment,
the application of nano-SiO2 in new concrete materials was

taken as the research object and theme of the experiment,
and the purpose was to explore the effects of nano-SiO2 on
the shrinkage performance, mechanical properties, internal
structure, durability, and other aspects of the new concrete
materials.

3.2. Raw Materials Used in the Experiment

3.2.1. Cement. Cement is the basic material of concrete,
accounting for the largest proportion. The cement used in
this experiment is ordinary Portland cement, and its main
components and properties are shown in Tables 1 and 2.

3.2.2. Aggregate. The aggregate of concrete is composed of
coarse aggregate and fine aggregate. The coarse aggregate
used in this experiment is broken limestone, and the fine
aggregate is siliceous natural river sand.

3.2.3. Chemical Admixture. The chemical admixture is added
to improve the performance of the concrete and make it
more suitable for the external service environment. Com-
monly used chemical admixtures are water reducing agents,
which are divided into fatty acid salt series, naphthalene sul-
fonate series, melamine resin series, sulfamate series, and
polycarboxylate series. The naphthalene sulfonic acid is used
in this experiment. Water reducer, swelling agent, and UEA
swelling agent are also used in this experiment.

3.2.4. Mineral Admixture. Whether the concrete has good
tensile strength, durability and corrosion resistance has a
decisive relationship with its mineral admixture. The perfor-
mance of the mineral admixture can directly affect the per-
formance of the concrete, so the mineral admixture added
to the concrete is selected. Mixing is very important. The
mineral admixtures used in this experiment are ore powder
and fly ash, and their chemical composition is shown in
Table 3.

3.2.5. Nanomaterial. The nanomaterial used in this experi-
ment is nano-SiO2 in nanoore powder. Its example diameter
is between 6 and 50nm, the specific surface area is 250㎡/g,
and the purity is greater than 99%.

3.2.6. Water. It is general civilian tap water.

3.3. Experimental Steps and Methods

3.3.1. Measuring the Density and Specific Surface Area of
Cement, Mineral Powder, and Fly Ash. Step 1. Place the
cement, ore powder, and fly ash samples in an oven to dry,
and then, put them in a desiccator to cool to room
temperature.

Step 2. Pour appropriate amount of anhydrous kerosene
into the pycnometer, the volume is between 0 and 1ml, then
close the lid tightly and place it in a constant temperature
water bath, and take out the recorded reading V1 after 20
minutes.

Step 3. Wipe the upper part of the pycnometer not in
contact with kerosene, then pour 60 g of cement, mineral
powder, and fly ash samples, and use ultrasonic vibration
until there are no more air bubbles in the bottle.
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Step 4. Put the pycnometer in the constant temperature
water bath again, read V2 after 20 minutes, and then use for-
mula (1) to calculate the density of cement, mineral powder,
and fly ash.

ρ =
P

V2 −V1
, ð1Þ

where ρ stands for density, P stands for mass, V1 stands
for the first reading, and V2 stands for the second reading.

Step 5. Use the density of cement, mineral powder, and
fly ash calculated in the above steps and formula (2) to cal-
culate the quality of the sample, and then, place the sample
in the automatic specific surface area measuring instrument
to measure the specific surface area, a total of three measure-
ments. Then, go to the average.

W = ρV 1 − εð Þ, ð2Þ

where W represents the sample mass of cement, mineral
powder, and fly ash, ρ represents the sample density, V rep-
resents the volume of the particle film layer, and ε represents
the porosity of the film layer.

3.3.2. Measuring the Packing Density and Porosity of Sand
and Gravel. Step 1. Take a 3 L sample of sand and stone in
an oven and dry it; then, cool to room temperature.

Step 2. Remove the excessively large sand and gravel, and
then, divide the rest into two parts of the same quality.

Step 3. Take one of them and put it into the volume cyl-
inder twice before and after. Each time it is installed, a cylin-
drical steel pipe with a diameter of 10mm is put into the
cylinder to hit the ground. The steel pipe is perpendicular
to the ground during the impact, about 20-25 hits.

Step 4. After the impact is completed, load another sam-
ple into the cylinder until it exceeds the mouth of the cylin-
der, and smooth the cylinder mouth with a ruler.

Step 5. Weigh the total weight of the sample and the vol-
umetric cylinder to calculate the packing density and poros-
ity of the gravel.

3.3.3. Mixing Cement. Step 1. Nano-SiO2 is placed in water
and dispersed with ultrasound for 5 minutes.

Step 2. Put cement, mineral powder, fly ash, and chemi-
cal admixture weighed according to a certain proportion
into the pure paste mixing pot and stir slowly for 3 minutes.

Step 3. Put the ultrasonically treated nano-SiO2 into the
stirring pot, stir slowly for 1 minute and a half, then let it
stand for 10 s, and then stir quickly for 1 minute.

Step 4. Put the well-mixed clean mud into the mold, and
let it stand after setting.

Step 5. To prepare concrete, first, put nano-SiO2 into
water and disperse it with ultrasonic wave for 5 minutes.

Step 6. Put cement, mineral powder, fly ash, chemical
admixture, and coarse and fine aggregate weighed according
to a certain proportion into the concrete mixing pot and mix
slowly for 6 minutes.

Step 7. Pour in nano-SiO2 treated with ultrasonic wave
and stir for 5 minutes.

Step 8. Pour the mixed concrete into the mold and set it
under high pressure and then let it stand for curing.

4. Analysis of the Influence of Nanomaterials
on the Performance of New
Concrete Materials

In the third part of the article, we used nano-SiO2 as a spe-
cific example to conduct the preparation experiment of
nanoconcrete. The experimental results show that the addi-
tion of nano-SiO2 changed the chemical composition of
the original traditional concrete, greatly improved its chem-
ical and physical properties, and showed the excellent per-
formance that traditional concrete does not have. In this
chapter, we will make a specific analysis and discussion on

Table 1: Chemical composition of cement.

Chemical composition (%) SiO2 CaO3 Al2O3 MgO3 Fe2O3 SO3

Content 21.3 52.14 6.52 3.18 3.77 4.98

Table 2: Properties of cement.

Setting time Stability
Compressive strength

(MPa)
Flexural strength

(MPa)

Initial setting Final setting
Qualified

4D 27D 4D 27D

2.5 h 3.5 h 25.7 50.0 5.5 8.7

Table 3: Chemical composition of mineral powder and fly ash.

Chemical composition (%) SiO2 CaO3 Al2O3 MgO3 Fe2O3 SO3

Mineral powder 31.12 34.45 14.23 11.45 0.31 2.47

Fly ash 61.34 2.13 28.12 0.82 5.04 0.36
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Figure 1: Chemical shrinkage of cement paste after 4 days of setting.
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Figure 2: Chemical shrinkage of cement paste after 27 days of condensation.

Table 4: Concrete mix ratio.

NS content Water Cement Gravel Water reducer and swelling agent Mineral powder and fly ash

NS0% 165 623 650 12.65 114

NS0.4% 165 621.7 650 12.65 114

NS0.8% 165 617.8 650 12.65 114

NS1.2% 165 624 650 12.65 114

NS1.6% 165 619.55 650 12.65 114
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the improvement of nano-SiO2 on the performance of new
concrete materials.

4.1. Effect of Nano-SiO2 on Chemical Shrinkage of Cement
Paste. Nano-SiO2 has high pozzolanic activity. Adding it to
cement paste can shorten the setting time of cement paste
and reduce its fluidity, which is very helpful for improving
the strength of cement. In order to deeply analyze the effect
of nano-SiO2 on the chemical shrinkage of cement paste, we
mixed four different amounts of nano-SiO2 (0.4%, 0.8%,
1.2%, and 1.6%) into the preparation of cement paste and
record the chemical shrinkage value of each setting period
and compare it with the cement paste without nano-SiO2.
The results are shown in Figures 1 and 2.

From Figure 1, we can see that the cement paste added
with nano-SiO2 has a much faster chemical shrinkage value
than the cement paste without nano-SiO2, and the chemical
shrinkage effect is significant. The chemical shrinkage value
of cement paste of SiO2 increases rapidly, and the chemical
shrinkage value gradually increases with the increase of the
amount of nano-SiO2 added. When the cement paste was
set for 3 days, the amount of nano-SiO2 added was 0.4%,
0.8%, 1.2%, and 1.6%. The corresponding chemical shrink-
age values increased by 11.4%, 26.7%, 53.9%, and 94.2%,
respectively. From Figure 2, we can see that the chemical
shrinkage value of the cement paste doped with nano-SiO2
increased significantly in the early stage, but with the
increase of the setting time, the growth rate of the chemical
shrinkage value slowed down, but it was still increasing. At
27 days of coagulation, the chemical shrinkage values of
the cement pastes with nano-SiO2 dosages of 0.4%, 0.8%,
1.2%, and 1.6% increased by 3.5%, 17.6%, 31.2%, and
58.9%, respectively. The cement paste doped with nano-
SiO2 has a significantly increased chemical shrinkage value
than the undoped cement paste, and its chemical shrinkage
value continues to increase with the increase of the added
amount. This shows that nano-SiO2 can affect the chemical
shrinkage effect of cement paste and reduce its setting time,
and because of its high pozzolanic activity, it is also condu-
cive to improving the compactness and uniformity of
cement paste.

4.2. Effect of Nano-SiO2 on the Compressive Capacity of New
Concrete. In order to study the effect of nano-SiO2 on the
compressive capacity and strength of new concrete, after
keeping the water, aggregate, chemical admixture, and min-
eral admixture constantly, we make four kinds of nano-SiO2
(0.4%, 0.8%, 1.2%, and 1.6%) instead of cement to add to
concrete, the compressive strength of the setting time on
the 3rd, 7th, 28th, and 60th days was tested, and at the same
time, it is compared with the compressive strength of con-
crete without nano-SiO2. The combination of concrete with
different amounts is shown in Table 4, and the compressive
strength of concrete in each setting period is shown in
Table 5 and Figure 3.

It can be seen from Table 5 and Figure 3 that the addi-
tion of nano-SiO2 can significantly improve the compressive
strength of concrete in the early setting stage, and as the
amount of admixture increases, the compressive strength

increase value also continues to increase. When nano-SiO2
is added, the amount is 1.6%, the compressive strength of
the coagulation period is 3 days and 7 days, respectively,
increased by 39.02% and 20.19%, but with the extension of
the coagulation period, the increase in compressive strength
is not large, and when the coagulation period is on the 60th
day, its compressive strength increased by only 12.86%. This
shows that nano-SiO2 can improve the early resistance of
concrete, but with the extension of time, its compressive per-
formance becomes less obvious. The reason is that the nano-
SiO2 particles have a small volume and a large specific sur-
face area, have high pozzolanic activity, and can react with
calcium hydroxide produced by the hydration of cement in
concrete to promote the hydration process of cement,
thereby improving its coagulation. Because of its small vol-
ume, nano-SiO2 can fill the voids in the concrete, improve
the density of rice concrete, and thus improve the early com-
pressive capacity and strength of concrete. However, as the
amount of nano-SiO2 added increases, its chemical shrink-
age value will also increase, which slows the cement water
process of the concrete, resulting in a decrease in the growth
rate of the compressive strength of the concrete in the later
period.

4.3. Effect of Nano-SiO2 on the Microstructure of New
Concrete. Nano-SiO2 has a variety of specific properties,
and it can change the internal structure and composition
of concrete materials when combined with new concrete
materials. In order to explore the microstructure changes
of concrete doped with nano-SiO2, we have drawn the
XRD pattern of the concrete before and after nano-SiO2 is
added, as shown in Figure 4.

Figure 4 is the XRD pattern of the concrete before and
after the nano-SiO2 is added. From the figure, it can be seen
that the diffraction peak of the internal structural compo-
nents of the concrete changes greatly, which shows that after
the nano-SiO2 is added, the microstructure of the concrete
has changed a lot. It promotes the hydration process of con-
crete cement, narrows the pores between concrete systems,
makes the concrete components more closely connected,
and is conducive to improving its mechanical strength.

5. Conclusions

In recent years, econoour has developed rapidly. Various
real estate industries and infrastructure construction units
have developed rapidly. Concrete, as the largest and most
extensive building material, has become a very promising
project. However, in today’s modernized society, the

Table 5: Increased value of nano-SiO2 content in concrete
compressive strength.

NS content 3D 7D 28D 60D

NS0.4% 9.67 5.67 5.75 5.60

NS0.8% 18.25 11.25 12.13 12.11

NS1.2% 37.88 18.04 12.5 12.34

NS1.6% 39.02 20.19 13.01 12.86
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application requirements of concrete are getting higher and
higher. Due to its structural composition, traditional con-
crete often shows poor toughness, insufficient compression
and tensile capacity, and poor endurance in engineering
construction. Unable to adapt to more severe service envi-
ronment and other issues, it is particularly important to
strengthen the improvement of the traditional concrete per-
formance structure.

Nanomaterials are a new type of high-tech materials.
Because of their small particle size and large specific surface
area, they have special properties that many other materials
do not have. The combination of nanomaterial and new
concrete materials on the market can produce concrete
materials with better performance effects, which have a great
influence and help to improve the mechanical, chemical, and
physical properties of concrete.
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Figure 4: XRD pattern of concrete before and after incorporation of nano-SiO2.
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This study obtained through experimental analysis that
nano-SiO2 can significantly improve the chemical shrinkage
value and compressive strength of concrete. Due to its high
pozzolanic activity and small particle volume, it can fill the
pores of concrete, improve its interface structure, and
promote the compactness and compressive capacity of the
concrete system. In short, the addition of nano-SiO2 has
greatly improved the performance of concrete and obviously
improved its previous defects. Although the optimization of
traditional concrete materials has been deeply studied in this
paper by using nanomaterials, there are still many deficien-
cies. The depth and breadth of the research in this paper
are not enough. In the process of this research, the selection
and acquisition of experimental data are absolutely ideal.
The completeness and effectiveness are not enough. Some
interference factors involved in the experimental process
are not considered. My academic level research is also lim-
ited. The research on the application of nanomaterials is still
in the preliminary stage. In the future, in our work, we will
study appropriate methods and means from more perspec-
tives based on the existing technology and level and contin-
uously improve the research content.
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The authenticity of calligraphy and painting is an important knowledge in the collection and research of Chinese painting and
calligraphy. The identification of folk painting and calligraphy is usually conducted by experts and scholars engaged in cultural
relics, archaeology, painting and calligraphy, and ancient buildings. Relying only on the identification of experience and
literature and history, there are certain limitations, and it is difficult to form convincing. Spectroscopic technology mainly uses
the characteristic spectral lines of molecules or atoms to judge the chemical composition and relative content of substances, so
that different molecular structures of substances can be determined and distinguished; thus, it becomes an effective tool for
exploring the molecular structure of substances; therefore, it has been widely used in nanomaterials, biomedicine, cultural relic
identification, and other fields. Raman spectroscopy is the most common spectroscopic technique in scattering spectroscopy.
When light passes through a material surface, in addition to light transmission and light absorption, light scattering can also
be observed. In addition to the original incident light frequencies (Rayleigh scattering and Tyndall scattering), the scattered
light also includes some new frequencies, which are called Raman scattering, and its spectrum is Raman spectrum. In this
paper, Raman spectroscopy is used to study nanomaterials and calligraphy and painting, and the Raman spectra of real and
fake calligraphy and painting, as well as the light absorption rate and degradation rate of nanomaterials at different
temperatures, are analyzed experimentally. The results show that the Raman spectrum of the authentic calligraphy reaches the
maximum when the wave number is 1000; the peak of the Raman spectrum of the authentic fresco reaches the maximum
when the wave number is 1400. The average light absorption rate of nanomaterials in was 47.2%, and the average catalytic
degradation rate was 53.6%; the average light absorption rate of nanomaterials was 68.9%, and the average catalytic
degradation rate was 62.4%. There are obvious differences in peak shape, peak intensity, peak frequency, etc. between genuine
and fake calligraphy and painting. The spectrum of genuine works has good consistency, so the authenticity of calligraphy and
painting can be distinguished according to the difference between the spectrums.

1. Introduction

Indian scientists discovered the Raman scattering effect in
1928 [1]. In the following decades, due to the weak intensity
of Raman scattered light and the low energy of the excitation
light source mercury arc lamp, it has not been widely used in
practice. Until the emergence of laser Raman spectrometer
and Fourier transform technology, people can use laser as a
light source to study the vibrational state of molecules more
comprehensively and provide more information on molecular

structure, which greatly improves the detection sensitivity of
Raman spectroscopy. Subsequently, the application fields of
Raman spectroscopy have become increasingly extensive,
and special seminars on Raman spectroscopy in various disci-
plines (medicine, geology, biology, etc.) will be held at the
biennial International Raman Spectroscopy Conference. The
application range of Raman spectroscopy covers optics, quan-
tum mechanics, electromagnetism, group theory, molecular
spectroscopy, and other disciplines and has been widely used
in materials, chemical industry, petroleum, polymer, biology,
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environmental protection, geology, and other fields. This
paper mainly focuses on the application of Raman spectros-
copy in the identification of calligraphy and painting and
nanomaterials.

The art of Chinese painting and calligraphy is the crystalli-
zation of five thousand years of Chinese civilization and a his-
torical treasure in the process of Chinese social development.
It reflects the real life of ancient Chinese people from many
fields, embodies the unique philosophical concepts and aes-
thetic concepts of the Chinese nation, and is a material for
studying the history of human society. Through the analysis
of calligraphy and painting works, we can understand the back-
ground information of the era of calligraphy and painting crea-
tion, brush and ink skills and drawing methods, as well as the
subjective emotions that the author wants to convey, thereby
inferring the era of painting and calligraphy, the development
of painting technology, and the identification and restoration
of painting and calligraphy. When analyzing calligraphy and
painting works, the first task is to protect the integrity of the cal-
ligraphy and painting. The structure of someworks is very com-
plex, and the old ones have even been worn and faded, which
makes it difficult to identify calligraphy and painting works.
Raman spectroscopy reflects the molecular properties of sub-
stances, which will not cause any damage to the object, and
requires a small amount of samples. It has the characteristics
of fingerprint rapidity, sensitivity, and simplicity. Therefore,
Raman spectroscopy has been widely used in the identification
and research of calligraphy and painting. In this paper, Raman
spectroscopy was used to identify Chinese paintings and callig-
raphy and to study the light absorption properties and catalytic
activity of nanomaterials. Combining traditional Chinese
painting and calligraphy with modern advanced technology,
new concepts and ideas are used in the current calligraphy
and painting appraisal, so that calligraphy and painting can be
appraised and appreciated more accurately and objectively,
and the authenticity of calligraphy and painting can be identi-
fied, to make a reasonable value judgment on the artistry of
calligraphy and painting and improve the overall level of the
appraisal and appreciation of calligraphy and painting. It pro-
vides some feasible references for calligraphy and painting
researchers and has certain positive significance for the collec-
tion, protection, and research of calligraphy and painting.

2. Related Work

In terms of theoretical research, experts and scholars at home
and abroad have discussed the application and development
prospects of spectroscopy technology in various fields and
have done related research in the application of nanomaterials.
Gallas et al. investigated five silica samples by infrared spec-
troscopy and a homemade thermogravimetric infrared spec-
troscopy (TG-IR) apparatus to quantify and compare the
affinity of these five silicas for water. TG-IR measurements
allow precise determination of the molar absorption coeffi-
cient, which is independent of the source of the sample and
the concentration of silanol groups on the silicon. Experiments
showed that the accessibility decreased with the increase of
alcohol content, and the silica samples changed linearly with
the concentration of adsorbed water [2]. Gibson et al. analyzed

NICMOS transmission spectra using a residual permutation
algorithm and found that previously published transmission
spectra could be restored when the same model was used for
system effects, and that the transmission spectra changed con-
siderably when the instrument model was changed slightly.
They concluded that NICMOS transmission spectroscopy is
highly influenced by the system model and cannot be used
as a robust detection of molecules [3]. Bunker et al. studied
the long K-band spectrum to measure the star formation rate
in the system, searching for eight damped absorber emission
values for z > 2. Under two different simplifying assumptions,
(1) assuming a large disk, the spatial density of DLA at z = 2:3
is equal to the spatial density of present-day spiral galaxies. (2)
In the layering hypothesis, the DLA size atz = 2:3is the same as
the gas size of the current spiral galaxy. They search for com-
pact emission sources within a solid angle of 11 × 2:5 arcsec2
for each system. Compared to the previous most sensitive
spectral searches, the studied samples were twice as large, the
limit was twice as deep, and the measured solid angles were
three times larger [4]. Crowther et al. studied the ISO-SWS
spectrum of the Wolf-Rayet galaxy NGC 5253 to provide esti-
mates of its stellar population. They used photoionization
models and the latest theoretical O star flux distributions to
derive the effective stellar temperature and ionization param-
eters. They assessed the distribution of highly ionized nebula
lines in Wolf-Rayet galaxies in an evolutionary synthesis
model, distinguishing regions where different infrared fine
structure lines are formed [5]. Sasaki et al. used scanning elec-
tron microscopy and Fourier transform infrared spectroscopy
to analyze the morphological features and chemical composi-
tion (Er) of the bone surface after YAG and CO2 laser ablation.
The experimental group was irradiated with continuous YAG
and CO2 lasers, and the position of the conventional micro-
motor drilling was used as the control group. Fourier trans-
form infrared spectroscopy showed that the chemical
composition of the bone surface after YAG laser ablation
was basically the same as that after motor drilling. And after
laser irradiation, no toxic substances were detected [6].
Yamada et al. investigated the kinetics of room temperature
ionic liquid 1-butyl-3-methylimidazolium bis (trifluoro-
methylsulfonyl) imide (BmimNTf2) using two-dimensional
infrared vibrational echo spectroscopy and polarization-
selective pump probe. They observed the long-time-scale
structural spectral diffusion components at 600ps, as well as
short- and intermediate-time scales for selenocyanate anion
(SeCN–) measurements. Experiments have shown that 2-
SeCN-Bmim+ is sensitive to local motions in the ionic region,
which affect the spectral diffusion and redirection of small,
anionic, and neutral molecules [7]. Yan et al. studied solid-
phase redox transitions with X-ray spectroscopy and he used
high-resolution X-ray spectroscopy (HR-XPS) to observe mul-
tivalent arsenic reacting nZVI particles with aqueous As(III).
They believe that the morphology of arsenic in the nanoparti-
cles depends largely on the loading of nZVI.Most of the arsenic
is found in the reduced state in the nZVI environment, result-
ing in rapid depletion of Fe(0) cores and arsenic sequestration
in oxide formation. Encapsulation of arsenic in most of the
solid phase suggests that nZVI is a more powerful arsenic
scavenger [8].
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3. Spectroscopy and Nanomaterials

3.1. Raman Spectroscopy. Raman scattering effect is an
inelastic scattering phenomenon caused by crystal structure,
symmetry, charge, and other factors [9]. Raman spectra are
significantly different in different substances, so Raman
spectra are also called “fingerprints.” Based on the Raman
effect, qualitative, quantitative, and structural analysis can
be performed on the Raman peak position, peak value, line
type, line width, and number of spectral lines of the sample.
When light enters the surface of an object, most of the light
will be transmitted or absorbed, and only 0.1% of the pho-
tons will be scattered [10, 11]. During scattering, after the
molecule absorbs energy, it will transition from the ground
state to the virtual energy level and then drop from the vir-
tual energy level to a lower energy level and release the scat-
tered light. Raman spectroscopy includes optics, quantum
mechanics, electromagnetism, molecular structure, molecu-
lar spectroscopy, and other disciplines and its applications
in chemistry, physics, biology, medicine, environmental sci-
ence, and other fields. These applications vary in nature,
from purely qualitative to highly quantitative.

Light scattering is another natural phenomenon besides
light absorption, light reflection, light transmission, and light
emission, and it is an interaction between light and matter.
Light scattering is caused by the collision of incident photons
with objects in a certain direction, and the incident photons
are shifted from the original incident direction [12]. Scattered
light generally contains information about the structure of
matter and is accompanied by changes in energy. It can be
divided into elastic scattering and inelastic scattering accord-
ing to the size of its fall back to the lower energy layer. The
so-called elastic scattering, also known as Rayleigh scattering,
means that when the excited molecule is deexcited, its energy
level returns to the initial energy level, and the scattering
energy is equal to the excitation energy. On the other hand,
inelastic scattering is Raman scattering. When the excited
molecule is deexcited, its energy level returns to the noninitial
energy level, and the scattering energy is not the same as the
excitation energy. There are two types of Raman scattering:
Stokes scattering and anti-Stokes scattering. The energy of
Stokes scattering is less than the energy of excitation, and the
molecule is deexcited and falls back to an energy level higher
than the initial energy level. On the other hand, the energy
of anti-Stokes scattering is greater than the energy of excita-
tion, and the molecule falls back to an energy level lower than
the initial energy level. Generally, the Stokes scattering inten-
sity is larger than the anti-Stokes intensity [13], and this pro-
cess is shown in Figure 1.

It can be seen from the transition diagram of the energy
level that both Raman scattering and Rayleigh scattering are
caused by the transition of the ground state electrons to the
virtual state under the excitation of the incident light and then
to the ground state and emitting scattered light [14]. In
Rayleigh scattering, since the electron does not interact with
the phonon, its energy does not change, that is, its scattering
frequency does not change with the frequency of the incident
light. In Raman scattering, when electrons enter the virtual
state, they will interact with phonons, which will cause the loss

of phonon energy, resulting in the scattered light energy being
smaller or greater than the incident light energy. That is, the fre-
quency of scattered light decreases or increases byΔv compared
with the frequency of incident light, which corresponds to the
Stokes or anti-Stokes Raman scattering process, respectively.

Raman scattering spectrum is a form of reflecting Raman
shift, that is, the wavenumber difference between excitation
light and scattered light. Raman scattering, unlike Rayleigh
scattering, is a type of inelastic scattering, and in this case,
Stokes light as the wavelength increases, and when the wave-
length is reduced, it is anti-Stokes light. The principle of
Raman scattering is shown in Figure 2. By detecting the scat-
tered photons, Raman spectra can be obtained. Different
bands correspond to the vibrational frequencies of different
functional groups. Each molecule has a unique spectrum,
called a “fingerprint,” based on its chemical bonds and its
specific vibrational frequency.

Raman spectroscopy is a type of molecular vibrational
spectroscopy. It corresponds to the change of intramolecular
vibrational energy level, carries information, such as the
composition and structure of the substance itself, and has
high specificity. It is a good spectral detection method [15].
One of the advantages of Raman spectroscopy is that the
excitation light source can be selected at will. From the prin-
ciple of Raman scattering, it can be seen that the frequency
shift of the Raman spectrum has nothing to do with the fre-
quency of the light source, and different light sources can be
selected according to different samples. Secondly, Raman
scattering is generated by the laser, which has strong direc-
tivity and can measure tiny samples in a very small area,
thereby realizing long-distance noncontact detection. Since
the laser has good monochromatic properties, good orienta-
tion ability, and high energy density, using it as an excitation
light source can greatly improve the excitation efficiency.
Raman spectroscopy does not need to prepare samples and
can directly measure the measured objects, such as ancient
painting pigments and traces left at crime scenes, so that
they can be preserved intact [16]. Third, Raman spectros-
copy can identify the chemical composition of cells. This
method does not require labeling and staining and allows
semiquantitative analysis of proteins, lipids, and DNA
through vibrational spectroscopy, which can visually display
their intracellular distribution. Fourth, Raman spectroscopy
has a wide detection range. Since both polar molecules and
nonpolar molecules can form Raman spectra, the detection
objects of Raman spectra are very wide, including inorganic
substances, organic substances, polymers, minerals, animal
and plant tissues, and catalysts.

In spectroscopy, the grating resolution is usually defined
as

R = λ

Δλ
=m ×N: ð1Þ

Among them, Δλ refers to the minimum wavelength dif-
ference that the wavelength λ can resolve. m refers to the
spectral order, and N is the total number of grating scales.
Here, Δλ depends not only on the resolving power of the
dispersing element but also on the construction parameters
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such as the slit size, the focal length of the spectrometer, and
the optical quality of the optical components. Increasing the
total number of grating lines or increasing the spectral order
can improve the spectral resolution. The optical properties
of a grating can be described by the following formula:

mλ = d sin i + sin rð Þ: ð2Þ

Here, λ refers to the diffraction wavelength, d refers to
the grating constant, and i and r refer to the incident angle

and diffraction angle, respectively. Clearly, when the inci-
dent angle and the diffraction angle are equal, the increase
of the incident angle makes the spectral order increase.

At present, to evaluate the quality of Raman spectra, there
are mainly methods for estimating the standard deviation of
noise, which are discussed below. The random noise in the
Raman spectrum is formed by the superposition of many ran-
dom noise sources, which can be considered to satisfy the
Gaussian distribution and belong to the Gaussian noise.
Assuming that the Gaussian noise in the original signal is N ,
its standard deviation is σN , the signal filtered by a high-
pass filter G is N ′, the standard deviation is σN ′, and the unit
impulse response sequence of the high-pass filter is gðnÞ.
Then, the power spectral density of N and the spectrum of
the high-pass filter are the following formulas, respectively:

P wð Þ = σ2
N , ð3Þ

G wð Þ = 〠
+∞

n=−∞
g nð Þe−jnw, ð4Þ

where w represents the digital angular frequency, w ∈
½−π, π�.

N ′ is N obtained after being filtered by high-pass filter G,
which should satisfy

N ′ =N ∗ G, ð5Þ

where a represents a convolution, and its spectrum
satisfies

F ′ wð Þ = F wð Þ ⋅G wð Þ: ð6Þ

Among them, Fðω′Þ and FðωÞ represent the spectrum of
N ′ and N , respectively. For the power-limited signals N ′
and N , they are limited in the range of ½−T/2, T/2�, and their
spectrums are FT ′ðωÞ and FTðωÞ, respectively, which satisfy

FT′ wð Þ = FT wð Þ ⋅G wð Þ: ð7Þ

When T tends to infinity, the following formula is
obtained:

Virtual
energy state

Ground state

Vibration
level

Stokes Raman
Scattering

Rayleigh scattering Anti-Stokes Raman
Scattering

v0 v0–Δv v0 v0 v0 v0 v0 v0+Δv

E0

E1
ΔE

Figure 1: Energy level diagram for scattering process.

λIncident

Rayleigh scattering
λScattered=λIncident

Stokes Raman
scattering

λScattered >λIncident

Anti-Stokes Raman
scattering

λScattered< λIncident

Figure 2: Principles of Raman scattering.

Figure 3: Crystal structure of rutile.
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lim
T⟶∞

FT′ wð Þ =G wð Þ ⋅ lim
T⟶∞

FT wð Þ: ð8Þ

The power spectral density of N ′ is shown in

P′ wð Þ = G wð Þj j2 ⋅ lim
T⟶∞

1
T

FT wð Þj j2: ð9Þ

It can get

P′ wð Þ = G wð Þj j2 ⋅ P wð Þ: ð10Þ

Since the autocorrelation function and the power spec-
trum function are mutual Fourier transforms, the autocorre-
lation function Rðτ′Þ of the filtered signal N ′ is shown in

R′ τð Þ = 1
2π

ð+∞
−∞

P′ wð Þe−jwτdw: ð11Þ

Moreover, defined by the power-limited signal autocor-
relation function, the following formula is obtained:

R′ τð Þ = lim
T⟶∞

1
T

ðT/2
−T/2

N ′ tð ÞN ′ t + τð Þdt: ð12Þ

Let τ = 0, and formula (12) can be transformed into

R′ 0ð Þ = lim
T⟶∞

1
T

ðT/2
−T/2

N ′ tð Þ�� ��2dt: ð13Þ

Since the mean value of the high-pass filtered signal N ′
is zero, the following formula can be derived.

R′ 0ð Þ = σN′
2
: ð14Þ

Combining formulas (3), (4), (9), (10), (14), it can be
deduced that

R′ 0ð Þ = σ2N 〠
+∞

n=−∞
g2 nð Þ = σ2

N gk k2: ð15Þ

It can be concluded from the above derivation that the
noise variance filtered by a high-pass filter is equal to the
noise variance in the original signal multiplied by the square
of the modulus of the filter’s response vector.

The core idea of the noise standard deviation estimation
method is to use the high-pass filtered noise standard devia-
tion to estimate the noise standard deviation in the original
signal. Gaussian noise is mainly concentrated in the high-
frequency domain. After the original signal is high-pass fil-
tered, the low-frequency signal is filtered out. The high-
frequency signal that passes through is mainly noise, and the
interference of the signal is very small. At this time, it is more

Figure 4: Crystal structure of anatase.

Table 1: Crystal structure parameters of rutile and anatase.

Property Rutile Anatase

Crystal system Tetragonal system Tetragonal system

Lattice constant
a = 4:5936 a = 3:784
c = 2:9587 c = 9:515

Space group P42/mnm I41amd

Molecule number 2 2

Ti-O bond length
1.949 (4) 1.939 (4)

1.980 (2) 1.965 (2)

O-Ti-O bond angle
81.2° 77.7°

90.0° 92.6°

–1

0

1

2

3

4

CB

VB

UV Light

E (V)

Figure 5: Light reaction mechanism.

Ti (OR)4

H2O

Ti (OH)4

Ti (OR)4

TiO2 Nano TiO2

Figure 6: Process flow chart for preparing.
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accurate to calculate the standard deviation of the filtered
noise, and then, the standard deviation of the noise in the orig-
inal signal can be estimated by formula (15).

The specific operation is as follows: set the wavelet coef-
ficients on two adjacent small scales to be wc1ðnÞ、wc2ðnÞ,
respectively, and their correlation coefficient to be Cor1ðnÞ
, n = 1, 2,⋯L, where L represents the length of the discrete
signal. The correlation coefficient Cor1ðnÞ satisfies the

Cor1 nð Þ =wc1 nð Þ ⋅wc2 nð Þ: ð16Þ

Normalizing the energy of Cor1ðnÞ so that the energy of
the new correlation coefficient Cor2ðnÞ is equal to the energy
of wc1ðnÞ. Let the energies of Cor1ðnÞ and wc1ðnÞ be ECor1
and Ewc1

, respectively, and formulas (17) and (18) are as
follows:

Ecor1 = 〠
L

n=1
Cor1 nð Þj j2, ð17Þ

Ewc1 = 〠
L

n=1
wc1 nð Þj j2: ð18Þ

The new correlation coefficient Cor2ðnÞ can be expressed
as

Cor2 nð Þ = Cor1 nð Þ ⋅
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Ewc1/Ecor1

p
: ð19Þ

Comparing Cor2ðnÞ with wc1ðnÞ, if the position n0 sat-
isfies the formula (20), the wavelet coefficient wc1ðn0Þ at n0
is considered to be caused by the signal, and it is set to zero,
thus obtaining the small-scale wavelet coefficient wc′1ðnÞ
with the signal interference removed, using formula (15)
again, the noise standard deviation of the original signal
can be estimated.

Cor2 n0ð Þ ≥ wc1 n0ð Þj j: ð20Þ

3.2. Nanomaterials. Nanomaterials are an emerging material
that appeared in the 1980s, usually referring to the particle
structure with nanometer size. Because nanoparticles have
special properties that are significantly different from individ-
ual materials and single molecules, such as size effect, surface
effect, volume effect, quantum effect, and macroscopic quan-
tum tunneling effect; therefore, it has a wide range of applica-
tions in the fields of electronics, optics, chemical industry,
ceramics, biology, and medicine [17, 18]. The preparation,
structure, properties, and photocatalytic mechanism of TIOZ
materials has been an important topic in the field of photoca-
talysis since it was discovered in the early 1970s that TIOZ
electrodes have the function of splitting water under sunlight.
After entering the 1990s, with the rapid development of nano-
technology, nanophotocatalysis technology has been widely
used, and its particle size, surface area, and other technologies
have also been further developed, and to a certain extent, the
improvement of its quantum efficiency is achieved through
the design of materials.

Photocatalysis technology is through photocatalysis, and
the electrons in the valence band of the semiconductor are
excited to transition to the conduction band to form a pair
of electrons and holes and react with O2 and H2O/OH

- on
the surface of the catalyst to generate free radicals, so that
the organic compounds are gradually decomposed into small
molecular substances such as CO2 and H2O. Since the
research of semiconductor photocatalytic oxidation technol-
ogy, many semiconductor catalysts with catalytic effect have
been discovered, such as TiO2, ZnO, SnO2, Fe2O3, BiVO4,
Cu2O, CdS, and C3N4 [19]. Among them, TiO2 is in a leading
position among many semiconductor catalysts due to its non-
toxic and harmless, strong stability and strong redox ability.

It is a white powder in nature, TiO2 mainly rutile, anatase,
brookite, and TiO2(B) phase. Generally speaking, the crystal-
line titanium dioxide prepared at low temperature is anatase
and brookite phases, while the rutile phase is stable at high
temperature. Among them, the rutile and anatase forms
TiO2 are the most widely used in the field of photocatalysis,
and the two crystal forms TiO2 exhibit different properties
due to structural differences. Both rutile type and anatase type
TiO2 are composed of octahedrons with Ti as the center and O
as the corner, TiO6 as the basic unit, and both phases belong to
the tetragonal crystal system. The main difference lies in the
connection mode between the octahedrons and the degree of
lattice distortion [20]. The crystal structure is shown in
Figures 3 and 4. The connection between octahedrons is
mainly connected by common edges and common corners.
In the anatase type TiO2, each octahedron is connected with
the surrounding eight octahedrons (four common edges and
four common corners), whereas in the rutile type TiO2, each
octahedron is connected to ten surrounding octahedra (two
common edges and eight common corners). Because the crys-
tal connection method is different, the degree of crystal distor-
tion of the anatase type is also stronger, so the symmetry and
stability of the rutile type TiO2 lattice are higher than those of
the anatase type TiO2, and in the crystal coordination struc-
ture, the more the number of common edges, the worse the
stability of the crystal structure. Therefore, the most stable
crystal phase of titanium dioxide is the rutile phase, both

Table 2: The relationship between hydrolysis reaction temperature
and gel time.

Hydrolysis temperature Gel time

20°C 48~72 h
30°C 30~35 h
40°C 18~20 h
50°C <8 h

Table 3: Relationship between calcination temperature and average
particle size of TiO.

Calcination temperature Particle size

400°C 48~72 h
500°C 30~35 h
600°C 18~20 h
700°C <8 h
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anatase phase and brookite phase can be transformed into
rutile phase during high temperature treatment, and this pro-
cess is generally irreversible at a phase transition temperature
of 500-600°C.

Table 1 presents crystallographic data for rutile and ana-
tase types, The Ti-Ti bond distance (3.57Å) in the rutile
phase structure is larger than that in the anatase phase struc-
ture (3.79Å). The Ti-O bond distance (1.949Å) in the rutile
phase structure is shorter than that in the anatase phase
structure (1.939Å). The density of rutile phase TiO2 material

(4.25) is greater than that of anatase phase TiO2 material
(3.89).

Titanium dioxide is a wide-band semiconductor mate-
rial. The forbidden band width of the anatase phase grain
is 3.2 eV, the forbidden bandwidth of the rutile phase grain
is 3.02 eV, and the forbidden band width of the brookite
phase grain is 2.96 eV. The valence band of TiO2 includes
the 3d orbital of Ti and the 2p orbital of O, while the con-
duction band only includes the 3d orbital of Ti [21]. When
TiO2 is irradiated with a light beam with a wavelength below
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Figure 7: Raman spectra of authentic and fake calligraphy. (a) shows the Raman spectrum of the authentic calligraphy, and (b) shows the
Raman spectrum of the calligraphy fake.

200 400 600 800 1000 1200 1400 1600 1800
Raman shi�

Ra
m

an
 in

te
ns

ity

200 400 600 800 1000 1200 1400 1600 1800
Raman shi�

Ra
m

an
 in

te
ns

ity

Figure 8: Raman spectra of authentic and fake murals. (a) shows the Raman spectrum of the authentic mural, and (b) shows the Raman
spectrum of the fresco fake.
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Figure 9: Optical absorptivity of nanomaterials at different temperatures. (a) is the light absorption rate of nanomaterials, and (b) shows the
light absorption rate of nanomaterials.
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387nm, the electrons in its valence band are excited into the
conduction band, thereby forming an energy-efficient elec-
tron e- with a negative charge, and form a hole h+ with a
punctual point in the valence band. The reaction principle
is shown in Figure 5.

The sol-gel method uses titanium alkoxides or inorganic
salts as precursors to form sols through the hydrolysis reaction
of the precursors, and the hydrolyzed precursors are further
condensed to form gels, and finally, the desired materials are
prepared by drying and heat treatment. The process is shown
in Figure 6. Tetrabutyl titanate is hydrolyzed in water or alco-
hols to form oligomers, and the oligomers interact and poly-
merize to form a three-dimensional network structure with
Ti-O-Ti as the polymer unit. At the beginning of the chemical
reaction, a large number of small molecules are formed by
hydrolysis and polymerization. They form long molecular
chains through polymerization, and cross-linking and branch-
ing occur between the long molecular chains and small mole-
cules, forming two-dimensional, three-dimensional, and even
multidimensional networks and then forming gels. Among
them, the morphology, size, crystallinity, and surface proper-
ties of the gel particles are affected by the components of the
solution, pH, reaction temperature, and other factors. The size,
morphology, crystallinity, and surface properties of nano-
TiO2 particles can be regulated by controlling the experimen-
tal conditions. The relationship between the hydrolysis reac-
tion temperature and the gelation time is shown in Table 2.

Finally, the organic components of the gel are removed
through heat treatment processes such as drying and calcina-
tion to obtain nano-TiO2. The relationship between the calci-
nation temperature and the average particle size of TiO2 is
shown in Table 3. Generally speaking, when the polymer chain
has obvious branching and cross-linking, there are a lot of
holes in the colloid, and it has good structural stability. How-
ever, when the branching and cross-linking of the colloid

chain is not obvious, the pores in the colloid are not large,
the structure will be relatively fragile, and it is easy to break
during the calcination process.

4. Experiment of Spectroscopic Technique in
Chinese Painting Identification

Using Raman spectroscopy technology, two authentic callig-
raphy and mural paintings and their fakes during the Song
Dynasty were analyzed, and their respective Raman spectra
were obtained, as shown in Figures 7 and 8. Figure 7 shows
the Raman spectra of genuine calligraphy and fakes. Figure 8
shows the Raman spectra of the original and fake murals.

Through the analysis of Figure 7, it can be seen that the
Raman spectra of genuine and fake calligraphy are signifi-
cantly different. The calligraphic authentic Raman spectrum
has peaks at 200, 400, 600, 800, 1000, 1200, 1400, and 1600
in the 0-1800 cm-1 wavenumber range. And when the wave
number is 1000 cm-1, the peak is the largest, followed by
the peaks at 1400 and 1600 cm-1. The Raman spectrum of
the calligraphic fake also has peaks at 200, 400, 600, 800,
1000, 1200, 1400, and 1600 in the wavenumber range of 0-
1800 cm-1. Different from the real one, the fake Raman spec-
tral peaks are concentrated between 800 and 1200 cm-1.

By analyzing Figure 8, it can be seen that the Raman
spectra of the authentic and fake murals are significantly dif-
ferent. The authentic Raman spectrum of the fresco has
peaks at 200, 400, 600, 800, 1000, 1200, 1400, and 1600 in
the 0-1800 cm-1 wavenumber range. When the wave number
is 1400 cm-1

, the peak value is the largest, followed by the
peak value at 1200 and 1600. The Raman spectrum of the
fresco fake also has peaks at 200, 400, 600, 800, 1000, 1200,
1400, and 1600 cm-1 in the wavenumber range of 0-
1800 cm-1. Unlike the real one, the fake Raman spectrum
peaks around 1000 cm-1.

By selecting Rhodamine B as a typical photocatalytic
degradation research object, the test of the degradation abil-
ity of the nanomaterial TiO2 sample is characterized. The
test results are shown in Figures 9 and 10. Figure 9 shows
the light absorptivity of nanomaterials at different tempera-
tures. Figure 10 shows the photocatalytic degradation rates
of nanomaterials at different temperatures.
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Figure 10: Photocatalytic activity of nanomaterials at different temperatures. (a) shows the photocatalytic degradation rate of
nanomaterials, and (b) shows the photocatalytic degradation rate of nanomaterials.

Table 4: Photocatalytic reaction rates at different voltages.

TiO2 Voltage 2 h 4 h 6 h 8 h 10 h

Reaction speed

25V 1.12 1.46 1.71 2.27 2.70

35V 1.29 2.05 2.11 2.65 2.34

45V 1.69 2.23 2.50 2.23 2.06
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Through the analysis of Figure 9, it can be known that the
absorption rate of TiO2 with light is different at different tem-
peratures. When the temperature is 400°C, the light absorp-
tion rate of TiO2 with a wavelength of 800nm is the highest,
reaching 64.9%. The light absorption rate for the wavelength
of 400~600nm is basically the same, which is maintained at
about 42.1%; the light absorption rate for the wavelength of
600~800nm increases steadily. When the temperature is
600°C, TiO2 has the highest absorption rate of light with a
wavelength of 780nm, reaching 80.4%. The absorption rate
of light with a wavelength of 400nm is 48.7%, and the absorp-
tion rate of light with a wavelength of 450nm is 61.2%; the
absorption rate of light with a wavelength of 550~750nm
increases from the initial 53.2% to 79.5%.

From the analysis of Figure 10, it can be seen that the
catalytic degradation rate of TiO2 to light varies greatly at
different temperatures. When the temperature is 400°C the
catalytic degradation rate of light with a wavelength of
450nm is 41.7%, and the catalytic degradation rate of light
with a wavelength of 650nm is 58.3%. When the tempera-
ture is 600°C the catalytic degradation rate of light with a
wavelength of 450nm was 54.6%, and the catalytic degrada-
tion rate of light with a wavelength of 650 nm was 64.3%.

Exploring the photocatalytic activity of nanomaterials
involves two parameters: photocatalytic degradation rate
and reaction rate. In addition to the photocatalytic degrada-
tion rate, the reaction rate should also be studied. Table 4
shows the photocatalytic reaction rates of nanomaterials at
different voltages.

It can be seen from Table 4 that when the voltage is 25V,
the best photocatalytic activity appears in the TiO2 nanomate-
rials prepared under the condition of 10h, and its reaction rate
constant is 2:70 × 10−3 min−1. When the voltage is 35V, the
best photocatalytic activity appears in the TiO2 nanomaterials
prepared under the condition of 8h, and the reaction rate con-
stant is 2:65 × 10−3 min−1. When the voltage is 45V, the best
photocatalytic activity appears in the TiO2 nanomaterials pre-
pared under the condition of 6h, and its reaction rate constant
is 2:50 × 10−3 min−1. At the same voltage, the reaction rate
constant first increases and then decreases with time.

5. Conclusion

An important part of the identification of calligraphy and
painting is to identify the authenticity, and the identification
of the authenticity of calligraphy and painting has always been
a major subject of Chinese painting and calligraphy collection
and research. In the identification of calligraphy and painting,
Raman spectroscopy is used increasingly. Using Raman spec-
troscopy to assist in the identification of cultural relics can not
only speed up the identification but also reduce the artificiality
and subjectivity in the identification process, improve the
accuracy and objectivity of identification, reduce the probabil-
ity of errors in identification, and shorten the identification
time. After spectral analysis, the spectra of genuine and fake
calligraphy and painting have great differences in peak shape,
intensity, and frequency, and the spectrum of genuine works
shows good consistency, so that the authenticity can be distin-
guished from the difference in the spectra. The use of spectral

technology can not only ensure the accuracy of identification
but also prevent damage to calligraphy and painting. There-
fore, Raman spectroscopy is a nondestructive and accurate
in situ analysis method, which is suitable for the precise anal-
ysis of antiques, calligraphy, and painting. The application of
Raman spectroscopy technology in cultural relics, calligraphy,
and painting has enriched the identification methods of cul-
tural relics, calligraphy, and painting and improved its scienti-
ficity and credibility. With the advancement of science and
technology, spectroscopic technology will be an important
method of calligraphy and painting identification. However,
in-depth study of calligraphy and painting identification
requires research on this paper. By observing the scanning
electron microscope image of the rice paper, we can analyze
the general proportion of leather and grass in the paper from
the structure of the surface of the rice paper or the number
of long and short fibers in the paper and further use this
method to identify the year and type of the rice paper.
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Nowadays, the rapid development of sports science and technology has brought about the vigorous development of the sports
industry, which is worth studying for a long time in the future. This article aims to use metallurgical sintering technology to
prepare high-performance iron-based powder materials and apply them in the traditional sports industry to produce new
sports equipment. This article proposes a metallurgical sintering method, that is, the use of a process of powdered iron-
containing materials through a series of operations to finally obtain a new agglomerate and to obtain the required new physical
and mechanical properties of materials or products. A new type of material is made and used in the traditional sports industry
to meet the high-quality needs of sports equipment in the current era. According to survey statistics, my country’s sports
industry has been developing rapidly in the past five years. It has increased from 1,901.13 billion yuan in 2016 to 2,869.35
billion yuan in 2020. Sports investment and financing events have also dropped from 313 to 105, but the entire sports
industry’s investment is getting bigger and bigger. The number of employees in the national sports industry has also exceeded
the 2 million mark. In the future, the sports industry is also an industry with great potential for development.

1. Introduction

At present, traditional sports equipment mostly uses wood
or metal materials. The physical properties of these materials
limit the strength of sports equipment to a large extent. With
the development of science and technology, new materials
are widely used in various sports equipment and even
become a key factor in determining the outcome of compet-
itive sports. Based on the excellent characteristics of various
new materials, such as high strength, specific modulus, light
weight, wear resistance, good damping performance, and
strong design ability, the performance of sports equipment
has been significantly improved, and it has been widely used.
Traditional exercise equipment has a short life span, low
safety, and significant limitations. In this paper, sintering
technology is used to prepare high-performance iron-based
powder metallurgy materials, which are used in the tradi-
tional sports industry to manufacture fitness, rehabilitation,
sports, and other sports equipment. In our country, science
and technology have always been the primary productive
forces, but in the sports industry, the rapid development

and progress of sports science and technology are the pri-
mary productivity of the sports industry. Since 1992, my
country has vigorously developed sports science and tech-
nology, and with the continuous development of the times,
sports science and other related sciences have gradually
merged, which has led to the continuous production of
new interdisciplinary subjects and the development of new
science and technology and materials. In this context, the
technology of this paper may be widely used in daily life in
the future.

Through the preparation of high-performance iron-
based powder metallurgy sintered materials, the traditional
sintering technology is used to produce new high-
performance iron-based powder materials, which are used
in the sports industry to realize high-performance iron-
based materials and the theory of sports fields. At the same
time, the preliminary integration of the levels also prelimi-
narily promotes the application research of high-
performance iron-based materials and sintering technology
in the field of sports equipment. In the follow-up, corre-
sponding products can be produced and put into daily life

Hindawi
Journal of Nanomaterials
Volume 2022, Article ID 9405590, 13 pages
https://doi.org/10.1155/2022/9405590

https://orcid.org/0000-0002-1298-8066
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/9405590


applications. Sports goods produced by applying advanced
sports science and technology and materials are also very
important in our daily lives. Not only is that, in competitive
sports, sports equipment is also the top priority, which can
completely affect a person’s strength. Nowadays, with the
rapid development of sports science and technology, the cur-
rent sports industry is increasingly dependent on sports sci-
ence and technology. As an emerging field of science and
technology, high-performance iron-based powder metal-
lurgy materials will be used in sports and even other fields
in the future. Therefore, this article is based on this, with
the topic of the application of high-performance iron-
based powder metallurgy materials in the sports industry,
theoretically studying the feasibility of this technology, and
laying the groundwork for possible future development.

Shui et al. introduced a method of preparing iron-based
friction materials directly from vanadium-containing tita-
nium magnetite concentrates using in situ carbothermal
reaction and sintering. The influence of Ni content (1-4%,
mass fraction, the same below) on the microstructure and
the mechanical properties and wear properties of iron-
based friction materials were studied. The results show that
the sintered sample is composed of iron matrix, graphite
lubricating phase, and hard particles (mainly TiC). The for-
mer is mainly in the form of reflected electromagnetic wave
energy to attenuate electromagnetic radiation, so that the
transmitted electromagnetic wave energy is reduced; the lat-
ter is mainly in the form of absorption of electromagnetic
wave energy to attenuate electromagnetic radiation, so that
the electromagnetic wave return reflection energy is reduced.
The matrix is mainly composed of layered pearlite with
higher strength and higher hardness than ferrite. Compared
with the sintered samples without Ni, the structure and per-
formance of iron-based friction materials with different Ni
content are improved to different degrees. The low Ni con-
tent (1%-2%) promotes the sintering process, exhibiting
reduced pores and uniform distribution of lubricating
graphite phase and hard particles. In addition, the hardness
and wear performance are significantly improved. As the Ni
content increases, when the Ni content exceeds 2%, not only
the number of pores increases but also the graphite phase
and hard particles segregate in the microstructure, resulting
in a decrease in material hardness and wear resistance. In
summary, when the Ni content is 2%, the structure and per-
formance are the best. But he did not experiment with
detailed data on other metals, compared the structure and
properties of several different metals, and finally reached a
conclusion [1]. Due to low cost, high availability, and high
strength, iron-based composite materials have been widely
used in many industrial applications such as bearings, cam-
shafts, connecting rods, pulleys, various valves, and oil pump
gears in automobiles and other industries. Mahdi and Mah-
mood aim to prepare Fe-10 vol. % Cu-(0–5) wt. % nano-
Y2O3 composite materials through powder metallurgy tech-
nology and study its physical and mechanical properties.
The powder was mixed in a ball mill for 30 minutes and then
uniaxial compacted at a 700MPa room temperature for 3
minutes. The green sample was sintered at 1000°C for 1
hour. Not only is the absorption intensity greater

(-16.9 dB) but the absorption bandwidth is also wider
(4.2GHz). The results of Mahdi and Mahmood’s research
show that nanoyttrium oxide has a significant effect on the
physical and mechanical properties of Fe-10%Cu compos-
ites. As the content of nanooxides increased from 0% to
3%, the bulk density increased by 0.92%, and the true poros-
ity decreased by 6.4%. Mahdi and Mahmood increased
Y2O3 to 1%, the Vickers microhardness increased by 5.9%
and then gradually decreased when it further increased by
more than 1%. As the content of nanooxides increases from
0% to 3%, the wear rate is reduced by 21%. On the other
hand, increasing Y2O3 to 5% reduces the compressive
strength by 47%. However, his research results do not have
specific examples of combining with other industries to sup-
port his theoretical research results [2]. Over the years, tech-
nological development has had a huge impact on sports
performance and has promoted the development of specific
materials and manufacturing processes for sports-related
products. In this context, Ribeiro et al. used the internal cou-
pling effect of fiber-reinforced plastic (FRP) to design and
develop a new snowboard technology using anisotropic layer
design. This work involves the technical, economic, and
environmental assessment of skis made of three alternative
materials, namely, carbon, glass, and flax fiber-reinforced
plastics. It shows how life cycle analysis can support product
design and development by using innovative technologies to
apply life cycle engineering methods to the ski design pro-
cess. In this case, the material selection and fiber placement
angle will have a significant impact on the stiffness of the
resulting FRP, so in the three dimensions of the analysis,
namely, cost, environment, and technology. Natural fiber is
the most environmentally friendly choice, glass fiber is the
best economically, and carbon fiber is the best in terms of
technical performance. Therefore, Ribeiro et al. consider
and weigh the importance attributed to each analysis dimen-
sion to allow aggregate analysis of alternatives and make
informed decisions. His research is to use plastics for the
manufacture of sports equipment and does not use metal
to make a comparison to prove the diversity of experimental
results [3, 4].

In this paper, metallurgical sintering technology is used
to prepare high-performance iron-based powder materials
and apply them in the traditional sports industry to produce
new sports equipment. The sintering method refers to add-
ing various iron-containing powdery substances to a certain
amount of solvent, fuel and water, after stirring, fusion and
granulation, it is put into the sintering equipment, so that
the material undergoes a series of physical and chemical
changes, and finally presents a dense combination.. It can
be seen that the impedance matching and attenuation char-
acteristics of absorbing materials are mainly determined by
the values of dielectric constant and magnetic permeability
of the materials. In addition, the material matrix ratio, mate-
rial thickness, geometric effect, and other factors also affect
the absorbing effect of the absorbing material. In the tradi-
tional sports industry, most of the metal and wood materials
are used for the production of sports equipment. Such prod-
ucts are not only bulky but also have certain disadvantages
in other properties. And the sports equipment made of the
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new high-performance iron-based powder material we use
has the characteristics of light weight, good quality, and
good torsion resistance and can even be used in professional
competitions. Through the rapid development of the sports
industry in recent years, coupled with the continuous inno-
vation of sports science and technology, various disciplines,
industries, and sports are blended with each other, and
newer technologies are used in the sports industry.

2. Preparation Method of High-Performance
Iron-Based Powder Metallurgy
Sintered Material

2.1. Sintering Method. The sintering method is a traditional
handicraft process, that is, a traditional firing process that
converts the original powdery raw material into a dense
combination. In the early days, people have begun to use
the sintering process to produce many things, such as porce-
lain, powder metallurgy, refractory materials, and high-
temperature materials. These products are widely used in
our daily lives. Under the general production situation, after
the powdery object is formed, a polycrystalline material can
be obtained after a sintering method, which is a dense com-
bination. It can increase the loss of electromagnetic waves
inside the material and thus improve the wave absorption
performance of the material, which provides a guiding direc-
tion for designing the composition and structure of wave-
absorbing composites. Under microscope observation, it
can be seen that its structure includes pores and crystals.
[5]. The sintering process may affect the properties of the
original material, because it will affect the size of the pores
of the object, the size of the crystalline particles, and the dis-
tribution and shape of the grain boundaries. The specific
process of the sintering method is shown in Figure 1.

Since the particle size is related to the sintering temper-
ature and the holding time of the peak temperature, SEM
is used to observe the microstructure of sintered silver under
different process conditions, and the particle size is counted
according to the linear interpolation method [6]. With the
increase of sintering current or energization time, the size
of silver particles after sintering increases significantly. The
effect of different cladding layer thicknesses on the magnetic
properties was investigated by varying the experimental
cladding silicon oxide process with the help of a silane cou-
pling agent for the activation of iron-nickel alloys of micron
size. It was found that the saturation magnetization strength
of the material decreased with increasing the cladding layer
thickness, while the effect on the coercivity was not signifi-
cant. Since grain growth is caused by grain boundary migra-
tion, the grain boundary migration rate can be expressed by
the following formula:

Va =Ma × Fa: ð1Þ

Among them, Ma represents the mobility of the grain
boundary; Fa represents the driving force. And the relation-
ship between Ma and temperature can be expressed by the

following formula:

Ma =
Da ∗ ωð Þ

K ∗ T ∗Wað Þ : ð2Þ

Among them, Da is the diffusivity of the grain boundary;
Wa is the boundary width; ω is the atomic volume; K is the
Boltzmann constant; T is the absolute temperature [7]. The
driving force Fa can be expressed as follows:

Fa = A × σa
Dg

: ð3Þ

Among them, σa is the surface energy; Dg is the average
particle size. Grain boundary diffusion can lead to grain
growth, as described in the above formula. Therefore, the
grain boundary migration rate is proportional to the grain
growth rate, that is, dDg/dt.

dDg

dt
= A × σa ×Da × ω

K × T ×Wa ×Dg

� � : ð4Þ

After formula integration, you can get

Dg
2 −Dg0

2 = k × t: ð5Þ

Among them, Dg0 is the grain size when t is equal to
zero? Therefore, we can conclude that when the energization
time is extended or the sintering current is increased, the
migration rate of the grain boundary will increase, resulting
in an increase in the grain size. Especially when the electrifi-
cation time is 180 s, it can be found that the silver particles
have obvious coarsening [8].

Although the current sintering peak temperature is high,
the very short sintering time inhibits the growth of sintered
silver particles. Formulated by haulage:

σ = σ0 + kd−a: ð6Þ

Among them, σ is the shear strength; σ0 and k are con-
stants independent of size; d is usually between 0.5 and 1.

The Heywang-Jonker model proposes that the barrier
height (ϕ) and acceptor state density ðNsÞ of the sample
can be estimated from the resistance temperature R − t
curve. According to semiconductor theory, the relationship
between barrier height ðϕÞ and grain boundary resistance:

ρ = ρ0exp
eφ
kT

� �
: ð7Þ

Among them, ρ0 is a constant, e refers to the basic
charge, T is the Kelvin temperature, and k is the Boltz-
mann constant [9]. When the sample temperature is lower
than the Curie temperature TC , the potential barrier is off-
set by the spontaneously polarized electrons of the ferro-
electric phase. When the temperature rises above the
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Curie temperature TC ,

φ = eN2
S

8ε0εrNd
: ð8Þ

NS is the acceptor state density, Nd is the donor dop-
ing concentration, εr is the relative permittivity, and ε0 is
the vacuum permittivity. By (7) and (8), the resistance ρ
can be expressed as

ρ = ρ0 exp
eN2

S

8ε0εrNdkT

� �
: ð9Þ

2.2. Powder Metallurgy Methods. Powder metallurgy is a
traditional process that uses metal powder or a mixture
of metal powder and nonmetal powder as raw materials
for smelting and uses technical means such as sintering
and forming to finally produce metal materials, composite
materials, and various other types of products. Mean is as
shown in Figure 2. Powder metallurgy is a kind of powder
sintering technology; ceramic firing in daily life also
belongs to this technology, so most of the powder metal-
lurgy methods or techniques can also be applied to the
production of ceramic materials. The powder metallurgy
method has many advantages and benefits. However, in
high-frequency field applications, on the one hand, due
to the skinning effect of soft magnetic alloy materials,
the electric field is mainly concentrated on the surface of
the material, which can create uncontrollable hazards. It
can solve the problem of the urgent need to develop new
materials to replace the original materials. Soft magnetic
metal nanoparticles have gained wide interest in applica-
tions such as catalysts, biosensors, clinical medicine, super-

capacitors, water treatment, and microwave absorbing
materials due to their potential properties. It will play a
very important role in future life [10].

The Archimedes drainage method is used to detect the
density ρ of each sample, and the surface is treated with
wax to improve the accuracy of the test. Use BSM-200.4 elec-
tronic analytical balance to measure the quality [11]. Calcu-
late the sample density according to formula ((10), wherem1
is the mass of the sample in air (g), m2 is the mass (g) after
sealing wax, m3 is the suspended mass in water (g), and ρw is
the density of water ðg/cm3Þ. ρwaxIs the density of paraffin
wax ðg/cm3Þ.

ρ = m1
m2 −m3/ρw −m2 −m1/ρwax

: ð10Þ

The porosity of the sintered matrix is the key parameter
of the infiltration amount in the subsequent copper infiltra-
tion process. After the density of the sintered matrix is mea-
sured, the matrix porosity ε can be calculated according to
formula (11) [12]. ρ0 is the theoretical density of the sintered
matrix ðg/cm3Þ, and ρ is the measured density of the sin-
tered matrix ðg/cm3Þ.

ε = 1 − ρ

ρ0

� �
× 100%: ð11Þ

The material composition of the working layer and the
nonworking layer of the bimetal valve seat ring is different,
and the thermal expansion coefficient is different. Therefore,
the radial shrinkage rate k of the two layers of materials
needs to be tested before and after copper infiltration [13].
A screw micrometer (accuracy: 0.01mm) is used to measure

Base power, bin
ding and
lubricants

Machining

Mixing
Pressing

Sintering
Impregantion

Tumbling

Final part

Figure 1: Preparation process of sintering method.
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the size of the sample before and after the copper infiltration
and calculated according to formula (12), d1 is the diameter
before copper infiltration (mm), and d2 is the diameter after
copper infiltration (mm).

k = d2 − d1
d1

� �
× 100%: ð12Þ

The strength of ring-shaped powder metallurgy parts
is often tested by crushing test. The ring-shaped sample
is subjected to radial load until it is crushed to obtain
the maximum load F, and the crushing strength is calcu-
lated by formula (13). Among them, F is the maximum
load (N), D1 is the outer diameter of the ring (cm), h
is the height of the ring (cm), and e is the thickness of
the ring (cm).

K = F D1 − hð Þ
eh2

: ð13Þ

In order to detect the interface bonding strength of
the two layers of the bimetal seat ring, a tensile strength
test is required [14]. Calculate the tensile strength accord-
ing to formula (14). Fb is the maximum load (N) that
the sample bears when it is broken, and S0 is the original
cross-sectional area of the sample (mm).

σ = Fb

S0
: ð14Þ

Collision theory collision-contact reaction is a neces-
sary condition for the reaction between molecules. The
higher the concentration of the substance participating
in the chemical reaction is the greater the probability of
collision, and the faster the chemical reaction. Therefore,

there are

v = kCACB: ð15Þ

Pulverization and products are two items included in
powder metallurgy technology. Pulverizing is mainly a
metallurgical process, that is, its literal meaning; while
products are through metallurgical processes, and finally,
products are obtained [15]. The powder products in our
daily life are often beyond the scope of ordinary metal-
lurgy and materials. Usually, they are combined with
multiple disciplines of technology, which may include
machinery, mechanics, materials, and environment, and
are multiple disciplines. Especially in this era, 3D printing
technology is very developed, and current metallurgical
technology often includes CAD, mechanical engineering,
control engineering, materials science, and computer tech-
nology, which makes metallurgical technology a very
demanding and professional knowledge. Powder metal-
lurgy technology is now very common and widely used
in factories, as shown in Figure 3 for the powder metal-
lurgy process.

2.3. Sports Industry. The sports industry is a whole industry
that integrates the provision of sports products for the soci-
ety, the organization of sports activities, and the economic
sector that includes sports. The sports industry is a very
important sector in our country and an indispensable part
of the national economy. Like other industries, the sports
industry focuses on market performance and economic ben-
efits. But at the same time, it also has its own unique charac-
teristics different from other industries [16]. For example,
the important function of their products is to enhance the
physical quality of the people, promote the development of
social production, promote the national spirit, and ulti-
mately realize the overall development of individuals and
the overall progress of social culture. In a broad sense, the

Raw material
(power)

Production steps

Mixing Compression

SinteringPost-treatment, finishing,
vacuum oiling, steam
treatment, assembly,

processing, heat treatment, etc.

Figure 2: Detailed production steps of powder metallurgy method.
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sports industry includes all business activities related to
sports, including the production and management of sports
equipment products and sports service products; in a narrow
sense, sports products refer to the “sports service industry”
or “energy Some sports companies that enter the market
but are also profitable” [17]. The industrial chain of the
sports industry is the lifeblood of it. It is the general idea
of all sports and its derivative industries. All sports indus-
tries are developed around it. The sports industry chain is
shown in Figure 4.

3. Experiments of Metallurgical Materials in the
Sports Industry

3.1. Hardware Design. This experiment is to apply high-
performance iron-based powder through sintering technology
and finally successfully prepare the material for application in
the sports industry. In the experiment, the current sintering
technology was used to realize the connection process between
the IGBT chip and the silver-plated copper substrate and the
DBC substrate [18]. Therefore, 99.95% of the copper pur-
chased in this paper is cut into a substrate with a size of
22mm×15mm×1.5mm according to the size of thematching
chip. In order to avoid the oxidation problem of the bare cop-

per substrate during the sintering process, the cut copper is
electroplated, and 5μm silver is plated in each direction [19].
As shown in Figures 2 and 3, the processed silver-plated cop-
per and DBC substrate and the IGBT chip are used in the
experiment, the IGBT chip size is 6:5mm× 4:87mm× 0:12
mm. The IGBT chip and the DBC substrate are quickly sin-
tered and connected by an integrated device to realize the con-
nection between the IGBT chip and the substrate. Among
them, the power supply adopts AC-DC-AC-DC conversion
technology (IGBT inverter technology), microcomputer con-
trol technology, and modern power electronic technology;
the time control can reach millisecond precision; and the con-
trol response and control accuracy are greatly improved. Due
to the use of DC output, its manufacturability is significantly
improved [20]. Sintering is one of the most critical parts.
The process flow chart of the sintering system is shown in
Figure 5. It can process powderedmetal or nonmetal materials
through specific methods such as firing and finally successfully
obtain a dense combination and successfully applied to sports
equipment [21].

3.2. Software Design. This experiment also carried out corre-
sponding data collection, data analysis, data processing, and
summary work on the computer system, combined with
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computer technology, communication technology, network
technology, etc., and finally successfully prepared a high-
performance iron-based metallurgy that meets the require-
ments [22, 23]. The transient thermal resistance value of
the connection sample between the IGBT chip and the sub-
strate is used to characterize the thermal performance of the
sintered silver joint. Transient thermal resistance is charac-
terized by a transient thermal resistance test system indepen-
dently developed by our laboratory. This system includes a
test circuit board that drives and controls IGBT chips, an
oscilloscope (TektronixDPO4104B) for real-time monitor-
ing of IGBT output waveforms, and a test circuit for IGBT
chips. Collector-emitter programmable DC power supply
(RIGOLDP1116A) with heating current, high-efficiency
water-cooled heat sink, PVC still air box to avoid the influ-
ence of air disturbance on the test results, integrated test
control, data acquisition, and data processing software pack-

age and computer carrier [twenty three]. In order to verify
the feasibility of the nanosilver connection sample between
the IGBT chip and the substrate obtained by the current-
assisted sintering method, this paper uses a double-pulse test
device for electrical switching characteristics to characterize
the electrical switching performance of the IGBT postwelded
sample connected with the nanosilver solder paste, as shown
in Figure 6 below.

3.3. Overall Design. This article is in the traditional sports
industry, in the field of sports equipment and sports equip-
ment, the use of high-performance iron-based powder met-
allurgy materials through traditional sintering technology,
and finally a composite polymer material [24]. Up to now,
most of the sports, fitness, and entertainment equipment
we use in our daily life are designed and manufactured by
metal materials or wood, but the physical characteristics of
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Figure 4: Overall block diagram of the sports industry chain.
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these materials themselves have led to the strength of the
manufactured appliances. With the continuous advance-
ment of science and technology and the continuous suc-
cessful research and development of various new
materials, various new materials have also been widely
used in the production of various sports equipment, even
in some sports competitions [25]. According to the excel-
lent properties of various new materials, such as high
strength, special measurement, light weight, good wear
resistance, strong damping performance, and strong
design, various materials are widely used in the production
of sports equipment.

4. Data Analysis and Discussion Based
on Experiments

4.1. Data Analysis Based on Sintering Technology. With the
progress of the times and the continuous discovery and uti-
lization of various new materials, and the continuous devel-
opment of various manmade materials in daily life, the scope
of cemented carbide continues to develop and expand. And
the performance requirements of cemented carbide are con-
stantly improving. In the 1990s, the research and prepara-
tion of cemented carbide with extremely small
nanostructured carbides became a huge hot spot. After many
inspections, people found that without changing the binder
phase content, when the grain size of tungsten carbide is less
than 1μm, the hardness and strength of the cemented car-
bide can be significantly improved. And the growth rate
has also declined. This leads to a significant reduction in
grain size, especially the carboxyl groups of nanocrystalline
cement. Hardness and durability will evolve a lot. The Ger-
man Dust Metallurgical Company has established a grading

standard for cemented carbide according to the particle size,
as shown in Table 1.

The specific production stages of sintering technology:
(1) low-temperature presintering stage. At this stage, it is
necessary to produce metal or nonmetal recovery and absorb
gas and volatilize water and then carry out the exclusion and
decomposition of the embossing; (2) at this stage, there will
be a chemical phenomenon called recrystallization. The
deformed crystals in the particles will recover and produce
a new type of crystal. At the same time, oxides on the surface
will be reduced and sintering will be formed at the interface
is the completion stage of high-temperature insulation. At
this stage, a large number of closed pores will be formed,
and at the same time, the full flow and diffusion of the gas
will be completed, so that the size and number of small pores
will decrease, but the density of the entire sintered body will
be greatly increased. The specific situation is shown in
Figure 7.

The stacking fault energies of some metals and alloys are
shown in Table 2. Through detailed data, it is found that
iron is a typical face-centered cubic crystal structure with
low stacking fault energy. During the fusion process, the
nanoiron grains follow the grain boundary moves and
develop, so the nanoiron paste has the matching conditions
during the fusion process. Many twins were found in the
joint made of silver nanoiron alloy. The nanoiron glue was
continuously irradiated with an electron beam at about
200°C. According to TEM observation, a large number of
twins were formed at the edges of the iron particles. How-
ever, the number of twins will decrease over time until they
disappear completely.

The conversion rate between different metals is different.
In this experiment, we used several metals and alloys, such
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as gold, silver, copper, iron, and stainless steel. The conver-
sion rates between them are high and low. In the experi-
ment, we are studying high-performance iron-based
metallurgical materials, so we value the conversion rate of
iron or the conversion rate of iron-containing alloys. The
conversion rates of different metals at different temperatures
are shown in Figure 8.

Preliminary study on the preheating time of fusion
pressure the preheating temperature, sintering current,
and excitation time basically determine the range of
parameters to be discussed in the fusion process. On this
basis, the mechanical and thermal properties of the inter-
face between the IGBT chip and the substrate are mainly
investigated. The microstructure of the gold-plated copper

rods with different fusion current activation time preheat-
ing temperature and different preheating time is shown in
Table 3 to ensure the reliability of the experimental data.
At least 5 samples are repeated for each group of experi-
ments, and finally, the average value of each group of
experimental data is taken as the final result.

In the traditional sports industry, most of the materials
used are heavy, wear-resistant, and cheap, such as iron,
aluminum, wood, and other materials. The sports equip-
ment made in this way is very heavy, and resistant to tor-
sion, the performance such as hitting feedback is not very
good, but the price is cheap, so many people may discard
it after using it once, which also causes a certain degree of
pollution. However, in this research, we used the new
technology to produce high-performance iron-based met-
allurgical materials. This material is used in the production
of sports equipment, making the new sports equipment
light in weight, wear-resistant, and resistant to torsion.
And many other features, and when damaged, we can also
recycle the secondary production. After in-depth research
on the application scenarios of high-performance iron-
based materials, I calculated the expected improvement
(p) of this material in the field of sports equipment for
other projects, as shown in Table 4, that is, under

Table 1: Cemented carbide grain size classification standards of the society of powder metallurgy.

Alloy grain size Nanocrystalline
Ultrafine
crystal

Submicrocrystalline
Fine
grain

Medium
crystal

Coarse
crystal

Extra coarse
crystal

WC grain size
(μm)

<0.2 0.2~ 0.5 0.5~ 0.8 0.8 ~ 1.3 1.3~ 2.5 2.5~ 6.0 >6.0
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Figure 7: Reference curve of sintering process.

Table 2: Stacking fault energy values of some metals and alloys.

Material Ni Al Fe Cu Au Ag
Stainless
steel

Stacking fault energy
(mj)

400 200 18 70 60 20 15

Stacking fault energy
(mj)

400 200 18 70 60 20 15
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theoretical conditions, calculate the sports performance of
using high-performance iron-based materials in the direc-
tion of improving the performance of a certain aspect
based on previous data, and compare them with the sports
performance of sports equipment using existing composite
materials, expressed as a percentage. A theoretical expected
value is called the expected lift.

The sports industry is a very important sector in our
country and an indispensable part of the national economy.
Like other industries, the sports industry focuses on market
performance and economic benefits. But at the same time, it

also has its own unique characteristics different from other
industries. For example, the important function of their
products is to enhance the physical quality of the people,
promote the development of social production, promote
the national spirit, and ultimately realize the overall develop-
ment of individuals and the overall progress of social culture.
With the daily needs of people for sports, sports are not only
for physical health. With the rapid development and
improvement of sports and related industries, sports have
also become a consumer product for people’s daily leisure
and entertainment. Sports investment and financing have
become more and more frequent with the improvement of
the sports industry. Figure 9 shows the actual situation of
my country’s sports industry investment and financing in
the past five years.

The sports industry is a very promising industry, and
damage to sports and fitness equipment in our daily lives
is also a very important aspect. As shown in Table 5,
according to estimates, in 2019 alone, the total output
value of the national sports industry was 2,948.3 billion
yuan, a very significant increase compared to 2018. The
construction of daily sports facilities reached more than
20 billion yuan, and the current price increased by
41.7%, accounting for 1.9% of the added value. According
to data, from 2016 to 2020, the output value and added
value of my country’s sports industry are increasing year
by year, and many new brands and emerging sports are
produced in my country every year. The specific data is
shown in Figure 10.
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Figure 8: Comparison of conversion rates of different metals.

Table 3: Summary table of sintering process experiment.

Condition
no.

Current
(kA)

Current-on
time (s)

Predrying
temperature

(°C)

Predrying
time (min)

1 1.2 150 90 20

2 1.6 150 90 20

3 2.0 150 90 20

4 2.4 150 90 20

5 2.0 90 90 20

6 2.0 120 90 20

7 2.0 180 90 20

8 2.0 150 60 20

9 2.0 150 120 0

10 2.0 150 150 10
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4.2. Discussion. Sintering technology is a traditional handi-
craft process, that is, a traditional firing process that converts
the original powdery raw material into a dense combination.
This article uses sintering metallurgy to produce high-
performance iron-based powder materials and then applies
them to the sports industry. Its ferrite grains are very small
and can only be embedded in amorphous carbon, which
makes the ferrite not play the role of lower coercivity. These
are two unrelated industries, but through the rapid develop-
ment of the sports industry in recent years, coupled with the
continuous innovation of sports science and technology the
integration of various disciplines, industries, and sports

make this topic very meaningful for research. For different
applications, it is necessary to choose different substances
to be compounded with FeNi alloy to meet the application
requirements. In the early days, people have already begun
to use the sintering process to produce many things, such
as porcelain, powder metallurgy, refractory materials, and
high-temperature materials. These products are widely used
in our daily lives and widely used in our daily lives. In this
experiment, we applied this method to produce a new type
of material for sports equipment, which can enable the
industry to produce new sports equipment with good quality
and strong functionality for use in our daily lives, and

Table 4: Comparison of high-performance iron-based materials and traditional alloys.

Sports Sports equipment Expected lift

Single parallel bars High-performance iron-based materials 52.3%

Single parallel bars Traditional alloy 51.3

Dumbbells High-performance iron-based materials 17.7%

Dumbbells Traditional alloy 17.3%

Shot put High-performance iron-based materials 28.0%

Shot put Traditional alloy 27.4%
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Figure 9: China’s sports investment and financing events and financing amount from 2016 to 2020.

Table 5: 2019 national sports industry status.

Category name
Total (100 million yuan) Structure (%)

Total output Value added Total output Value added

Sports industry 29483.4 11248.1 100.0 100.0

Sports service industry 14929.5 7615.1 50.6 67.7

Sports goods and related products manufacturing 13614.1 3421.0 46.2 30.4

Sports facilities construction 939.8 211.9 3.2 1.9
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possibly used in sports equipment. In professional competi-
tions, according to recent trends, this situation is very
possible.

5. Conclusions

This article is based on the traditional sports industry, using
the sintering method to produce high-performance iron-
based powder metallurgy materials, which are used in the
development of related sports equipment in the current
sports industry. The sintering metallurgical method is a very
traditional method, which has been widely used in daily life
by our working people since ancient times. Since the begin-
ning of the 21st century, various emerging industries have
developed vigorously. As one of the pillars of our country,
the sports industry has also begun to develop rapidly. At this
stage, it continues to integrate with all walks of life to
develop new sports science and technology. Traditional
sports equipment basically uses materials such as metal or
wood, which are not only cumbersome but also of low qual-
ity. In this era of rapid development, they are on the verge of
being eliminated. Based on this, we want to design and
develop a new type of material for the production of sports
equipment, using traditional technology and the current
rapid development of the industry. Although our research
is still in the theoretical stage, as long as we develop it and
realize it, it is believed that it will be widely used in the sports
industry for a long time in the future.
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Wrist joint plays an indispensable role in our daily life. The injury of wrist joint has a great influence on the fine movement of the
hand and upper limb. For example, you cannot do joint movements, you cannot carry things, and life is very inconvenient. It is
necessary to distinguish the types of wrist disorders and take effective rehabilitation methods in time. Wrist joint has a great
impact on people’s life and work, and the rehabilitation of wrist joint has become a research hotspot in rehabilitation medicine
and medical engineering. Carpal tunnel syndrome is the most common peripheral nerve entrapment disease in clinical
practice, with a very high incidence. According to data, the incidence of carpal tunnel syndrome in the general population
abroad is 1%-5%, while that in special populations is as high as 14.5% above. In order to solve the problem of rehabilitation of
wrist joint, using electrospinning technology, the polymer solution is prepared into nanofiber materials with strong adsorption
and good filterability under the action of high-voltage electric field. And using some small-sized nanofibers that are similar to
organs in shape and structure, as well as their excellent degradability and biocompatibility, this material is used in the research
of wrist joint movement rehabilitation. In this paper, sports rehabilitation training is carried out on the wrist joint of basketball
players, and the nanofiber material is effectively combined with sports rehabilitation training. By comparing the rehabilitation
of athletes who did not use nanofiber materials, the role of nanofiber materials in sports rehabilitation was studied. This article
analyzes the three parts of the radial joint, the wrist joint, and the ulnar joint before and after the sports rehabilitation training
for basketball players with functional impairments and compares the sports rehabilitation of the basketball players without
nanofiber materials. This article analyzes the three parts of the radial joint, the wrist joint, and the ulnar joint before and after
the sports rehabilitation training for basketball players with functional impairments and compares the sports rehabilitation of
the basketball players without nanofiber materials.

1. Introduction

1.1. Background Meaning. Wrist joint is the most flexible
joint in human upper limb, which can complete various
complex and accurate movements. It is not only used fre-
quently in life but also bears the largest load in the process
of supporting, pushing, and pulling. The wrist joint is a com-
plex joint composed of multiple joints, including the radio-
carpal joint, the intercarpal joint, and the carpal
metacarpal joint. In a narrow sense, the wrist joint refers

to the joint between the lower end of the radius and the first
row of carpal bones (except the pisiform bone), that is, the
radiocarpal joint; but from a functional point of view, the
wrist joint should actually include the radiocarpal joint, the
intercarpal joint, and the radioulnar joint. The lateral joints,
which are unified in motion, the wrist joint is located deep in
the carpal tunnel. The wrist joint is the main part to com-
plete the function of the upper limb, and it is easy to cause
injury in daily life. It plays an indispensable role in our daily
life. Once the wrist joint is damaged, people’s life and work
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will be greatly affected. Especially for basketball players who
need to use it frequently, if their wrist joint is injured, and
the untreated and unreported injury will continue to reduce
their ability and lead to poor team performance [1]. In the
rehabilitation of wrist joint injury, early and correct func-
tional exercise is very important for the recovery of wrist
joint function. It can promote blood circulation, accelerate
metabolism, prevent muscle atrophy, and enhance muscle
strength through muscle movement. Rehabilitation medi-
cine of wrist joint involves many aspects, and there are many
methods of wrist rehabilitation training, such as electrocar-
diography signal control method, AR method, thermother-
apy, occupational therapy, mechanical movement, and
exercise therapy. However, due to the complexity of wrist
joint, the rehabilitation treatment of wrist joint has always
been one of the difficult problems in rehabilitation medicine
and medical engineering, and it is also a hot research topic in
medical field. In recent years, with the emergence of electro-
spinning technology and nanofiber materials, researchers
have seen a new research idea of wrist rehabilitation
training.

Electrospinning is a special form of electrostatic atomi-
zation of polymer fluids. At this time, the atomized and split
substances are not tiny droplets, but tiny polymer jets, which
can run for a long distance and eventually solidify into
fibers. Electrospinning is a special fiber manufacturing pro-
cess in which a polymer solution or melt is jet-spun in a
strong electric field. Under the action of the electric field,
the droplet at the needle changes from a spherical shape to
a conical shape (that is, a “Taylor cone”) and extends from
the tip of the cone to obtain fiber filaments. In this way,
polymer filaments with nanometer diameters can be
produced.

Some nanofiber materials are very useful in biomedicine.
They are similar to human organs in morphology and struc-
ture and have excellent degradation and biocompatibility.
The smaller the size of the nanofiber particles, the larger
the surface area. Because the surface particles lack the coor-
dination of adjacent atoms, the surface energy is extremely
unstable, and it is easy to combine with other atoms, show-
ing strong activity. Human organs are similar. These nanofi-
bers can replace biological organs for organ transplantation,
repair, and treatment. Because of its small grain size, the size
of internal pores or defects is greatly reduced, and it is not
easy to break through the crystal and has unique super plas-
ticity. It is mainly used in artificial bone and artificial joint.
Carbon nanofibers have good biocompatibility and strong
adsorption. They play an important role in the strength
and toughness of artificial organs and can be used in the
blood purification system. The application of nanopolymer
materials has been involved in immunology, drug-
controlled release carrier, and interventionism diagnosis
and treatment. Due to the various characteristics of these
nanomaterials, researchers will make great breakthroughs
in biomedical research.

1.2. Related Work. The rehabilitation training of wrist joint
and the application of electrospinning technology and nano-
fiber materials have always been the research hot spot in the

academic field. Erben prepared nanofibers and microfiber
mats through a new combination of alternating current
(AC) electrospinning and bubble electrospinning, Nanofiber
refers to a wire-like material with a diameter of nanometer
scale and a large length with a certain aspect ratio. In addi-
tion, the fibers that are modified by filling nanoparticles into
ordinary fibers are also called nanofibers. In a narrow sense,
the diameter of nanofibers is between 1nm and 100nm, but
in a broad sense, fibers with a fiber diameter below 1000nm
are called nanofibers. Microfiber mat refers to nonwoven
sheet scrap functional fibers with a fiber diameter of less
than 5μm [2]; however, the practicability of this method is
not as good as that of this paper. Warzoha et al. studied
the effect of randomly oriented grapheme nanofibers on
the overall thermal properties of organic paraffin PCM [3],
but the amount of data that this method needs to collect is
too large. Iida et al. studied the stability of the distal radioul-
nar joint (DRUJ) at different wrist joint positions and exam-
ined the relative contribution of each ligament component
of the triangular fibrocartilage complex (TFCC) to the stabil-
ity of DRUJ [4], but the research object of this method is too
one-sided. Wu et al. studied the effects of processing param-
eters such as rotation speed, working pressure, carbonation,
and SPS temperature on the diameter of nanofibers [5], but
the data needed to be calculated by this method is too com-
plicated. Yan et al. prepared a beaded nanocomposite
Li3V2(PO4)3(LVP) grown on carbon nanofibers (CNF)
through electrospinning and heat treatment. The prepara-
tion method is more precise and simple [6]; however, the
operation steps of this method are too many and the opera-
tion is too complicated [7], but the cost of this method is too
high. Pujari et al. studied the potential benefits of vibration
stimulation as a motor intervention and its application in
exercise rehabilitation [8], but this method is not suitable
for all patients. Han’s research is aimed at investigating the
current sports rehabilitation industry and finding out the
possibility of improving rehabilitation policies [9]; however,
the experimental results of this study are not accurate, and
there are some errors. Although the relevant research of
the above scholars has achieved some results to some extent,
most of them are theoretical exploration, with few practical
applications, and there is no conflict for the research content
of this paper, so the research of this paper is of great
significance.

1.3. Innovation of This Article. This article uses nanofiber
materials produced by electrospinning technology to
improve the sports rehabilitation training of athletes’ wrist
joints and combines nanofiber materials with sports rehabil-
itation to make the effect of sports rehabilitation better. The
innovations of this article are mainly reflected in the follow-
ing: (1) using the method of comparative analysis, according
to whether nanofiber materials are used in sports rehabilita-
tion training and observe the rehabilitation of the two ath-
letes within five weeks; (2) this article links nanofiber
materials with sports rehabilitation and obtains further
innovations in sports rehabilitation programs, while expand-
ing the application fields of nanofibers; and (3) this article
conducts a comparative analysis from various aspects of
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the athlete’s wrist joints to ensure the comprehensiveness of
the data and the accuracy of the experimental results, includ-
ing the ruler and wrist angle, the first moon angle, the ship
moon angle, and other aspects of the related indicators for
analysis.

2. Proposed Method

2.1. Electrospinning Technology. Electrospinning technology
is a technology that overcomes surface tension and viscosity
force in a non-Newtonian polymer solution under the action
of a high-voltage electric field to obtain nano- to submicron
fibers by stretching and bending. Fluids that satisfy a linear
relationship between shear stress and shear strain rate are
called Newtonian fluids, and those that do not satisfy the lin-
ear relationship are called non-Newtonian fluids. Electro-
spinning technology has changed people’s understanding
of materials and their properties by manufacturing opti-
mized one-dimensional nanostructures, that is, nanofibers
[10]. In recent years, electrospinning has become a promis-
ing method to obtain long and continuous fibers with nano-
meter diameter from a variety of polymers [11]. As a perfect
combination of high voltage and nanotechnology, it has
injected fresh blood into traditional high-voltage technology.
The current background of international research has iden-
tified the electrospinning process as one of the key technol-
ogies for obtaining nanofibers [12]. Electrospun fibers have
attracted attention in many fields, such as tissue engineering,
coaxial cables, and drug release due to their huge specific
surface area and high porosity. The experimental device of
electrospinning technology consists of a high-voltage DC
power supply, a sample tube with capillary tube, and a col-
lection plate. The positive pole of the power source output
by the DC power supply is connected to the metal electrode
inserted into the sample tube, and the negative pole is con-
nected to the receiving plate. With the in-depth research
on electrospinning technology in recent years, the laboratory
has designed a variety of electrospinning devices that can
control the behavior of fiber properties, geometry, and
arrangement.

Electrospinning is a modern and effective method that
uses an electric field to produce fine fibers whose diameter
can be reduced to nanometers [13]. The experimental pro-
cess of electrospinning technology is as follows: Firstly, the
polymer solution is loaded into the sample tube, and the tilt
angle of the spinneret is adjusted to make the droplets hang
on the spinneret. Turn on the power, and a gradient electric
field is formed between the nozzle and the receiving plate. At
this time, the electric field force experienced by the nozzle
droplets will counteract the surface tension of the liquid.
When the two are equal, a “Taylor cone” is formed at the
spinneret. Further increase the voltage and the electric field
can overcome the surface tension of the liquid. A Taylor
cone is formed by the illusion of a liquid under an electric
field (or a gravitational field or a pressure field). The Taylor
cone is sharp and unusual, and no weapon in the world can
match it. And from the tip of the cone is a jet of liquid as
thin as a hair. The cone is named after a generation of fluid
mechanics guru Taylor, because he used the theory to calcu-

late the angle of the cone. At this time, the tiny stream of
dotted liquid is ejected from the spinneret in the form of
fiber bundles and moves toward the negative electrode. In
this process, the fiber bundle undergoes a series of bending
instability processes and electric field stretching processes.
The fiber bundles gradually split, and the diameter continu-
ously decreases. At the same time, the solvent gradually
evaporates from the fiber surface, and the dried nanofiber
falls on the collecting plate. The positive charge of the fiber
is partially neutralized by the negative charge accumulated
on the negative electrode, forming multiple layers of posi-
tively charged nanofibers. The applied voltage, the flow rate,
and the distance from the injector to the collector have a
moderate effect on the fiber diameter, while the needle gauge
has a small effect on the fiber diameter [14].

Electrospinning technology can be regarded as a special
case of electrospray technology. Its principle and related for-
mulas are as follows. The droplet at the top of the spinning
tube is convex hemispherical under the action of surface ten-
sion. When a voltage of a certain potential is applied in the
liquid, the curvature of the droplet surface will gradually
change. When the potential reaches the critical value of Vc,
the droplet is gradually elongated by a Taylor cone with an
angle of 49.3 degrees. The small droplets split by the jet at
the tip of the Taylor cone have high monodispersity, and
the drug is integrated into the droplets. After the droplets
are dried, highly monodisperse nanodrug particles can be
obtained, and the obtained nanodrug particles can reach
ERP. The effect of targeted drug delivery effectively enhances
the efficacy of the drug. The data here comes from actual
tests by relevant scientists. The value Vc of the critical poten-
tial can be determined by the following formula:

Vc =
2H
L

� �2
ln 2L

R

� �
− 1:5

� �
0:117πγRð Þ: ð1Þ

In the formula, H represents the distance between the
capillary and the earth pole, L represents the length of the
capillary, radius R represents the radius of the capillary,
and γ represents the surface tension of the liquid.

For the hemispherical droplet suspended on the end of
the capillary, the solution electrospray/electrospun voltage
V is similar to the formula of Vc in formula (1), and its value
can be expressed as

V = 300 20πγrð Þ0:5: ð2Þ

The r in the formula represents the radius of the droplet
suspended at the end of the capillary. The premise of satisfy-
ing formula (2) is that the droplet is surrounded by air. and
the fluid in the droplet is a simple molecule. The strength
and conductivity of the liquid play a vital role in the dynam-
ics of electrospinning.

2.2. Nanofibers. Nanofibers are linear materials with a nano-
meter scale diameter and a large length with a certain aspect
ratio. Its diameter is between 1nm and 10nm. The smaller
the diameter of the nanofiber, the higher the tensile strength
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[15]. Nanofibers are classified into two categories according
to their types: fibers having a nanometer diameter and fibers
modified by filling conventional fibers with Na-no particles.
So far, there are many methods for preparing nanofibers,
such as stretching method, template synthesis method, self-
assembly method, electrostatic spinning method, and solu-
tion jet spinning method. Pass nanofibers have larger surface
area and smaller pore size than other materials and have
stronger adsorption, good filterability, and barrier ability
and excellent adhesion and heat preservation.

The advantages of nanofibers are as follows: First, due to
their small diameter, they have a very large size effect,
including excellent electrical, magnetic, optical, and thermal
aspects. Secondly, the regular arrangement of molecules
allows self-organization, thus exhibiting a unified function.
Third, in biomedicine, it can be combined with cells to make
nanofibers with specific structures. Due to these advantages
of nanomaterials, in recent years, nanofibers have found
markets in the fields of healthcare, energy, and defense
[16]. At the same time, the improvement of the practical
value of nanofibers has also promoted the rapid develop-
ment of its preparation technology.

Based on the unique characteristics of nanofibers,
researchers have conducted corresponding research in the fol-
lowing areas: First, in biomedicine, small-sized nanofibers are
similar to organs in morphology and structure. Some fibers
have excellent degradability and biocompatibility, so cell scaf-
folds can be cultured. It can be used for tissue and organ
repair, as a carrier for drug-controlled release systems and
wound coverings [17]. Secondly, about the environment, due
to the fiber membrane, the diameter of the fiber is small, the
porosity is high, and the uniformity is good. These character-
istics of electrospun nanofibers can be used to prepare adsorp-
tion materials and filter materials, which can be effectively
combined with submicron filtration, and can be applied in
atomic industry, aseptic room, precision industry, finishing
and other industries, and greatly improve its filtering effect.
When nanofibers are used as barrier materials, they can be
used as separators between positive and negative electrodes
of batteries, because they can prevent the movement of parti-
cles and specific ions. For example, the fiber network made of
vinyl chloride acrylonitrile copolymer resin by air injection
method has high density and high blocking efficiency. As a
special battery separator, it can also work in acid and alkaline
medium for a long time. In the field of sensor, nanofiber mem-
brane has high specific surface area and excellent structure
controllability, which makes it an ideal material for improving
sensor performance and preparing high-performance sensor.
Nanofiber mats usually exhibit high particle capture efficiency,
but due to their more compact structure, they may also lead to
higher air flow resistance than macrofiber materials [18]. Due
to its hydrophilicity, nontoxicity, and biocompatibility, elec-
trospun nanofiber mats can be used in tissue scaffolds and
wound dressings [19]. In addition, researchers have also used
nanofibers in protective clothing, aerospace, energy, and mag-
netic fields and have made significant progress.

2.3. Wrist Joints. The wrist joint is an important joint of the
human arm. It can make up for the lack of freedom of the

shoulder and elbow joint. It is a typical elliptical joint. The
wrist joint connects the hand and the forearm, is an important
part of the upper limb support and thrust, and can withstand
heavy loads. Wrist joints, including radiowrist joint, interwrist
joint, and ulnar joint, are the most complex joints in the
human body. This complex mechanism is conducive to the
functioning of the hand. The radiowrist joint is an elliptical
deformed ball-and-socket joint, which is a hinge-like motion
system with the wrist bone. The radiocarpal joint transfers
the load from the forearm to the hand and promotes the fine
work of the hands and fingers by providing a considerable
degree of stability [20]. Due to different hand movements,
the carpal bone is divided into three kinematic chains accord-
ing to the articular surface of the distal radial carpal. The cen-
tral chain contains the moon bone, skull, and radius. The side
chain is mainly boat-shaped, which can stabilize the wrist
bone. The internal measurement chain controls the rotation
of the hand, including the triangular fibrocartilage disc, the tri-
angular bone, and the hook bone. Damage to any of the ana-
tomical structures, or even fractures, will affect the function
of the entire wrist joint.

In a narrow sense, the wrist joint refers to the joint
formed between the lower end of the radius and the proxi-
mal row of the wrist bone (not including the pea bone).
However, from a functional point of view, wrist joints
include the following: (1) the proximal articular surface of
the scaphoid, lunate and triangle bones are used as the joint
head, and the wrist joint surface of the articular disk below
the radius and ulna is used as the joint; (2) distal radioulnar
joint; and (3) wrist joints: construct adjacent carpal bones in
stages. The bones are intertwined and in contact with each
other, connected to each other by complex ligaments and
tendons, and have varying degrees of mobility. Due to the
complex structure, many joints, and ligaments, the wrist
joint is highly flexible. The anatomical properties of the wrist
joint allow the wrist joint to move in two planes, frontal
uplift offset (abduction and adduction) and surface flexion/
extension (palm flexion and extension). The stability of the
wrist joint is mainly caused by the wrapping of the joint cap-
sule and the traction of the intercarpal ligaments.

Most of the wrist joint movement is done by the radiowrist
joint. In biomechanics, the ulna may be regarded as the pillar
of radius activity [21]. It has three degrees of freedom for flex-
ion, extension, contraction, and a certain limit of circular
motion. Among them, turning the palm toward the center of
the hand is called wrist flexion, also called palm bending; turn-
ing to the back of the hand is called wrist extension, also called
palm extension; movement in the direction of the thumb is
called radial bending. Movement in the direction of the little
finger is called ulnar flexion; movement to the outside of the
body is called outward rotation; movement to the inside of
the body is called internal rotation. There are many kinds of
wrist motion theory: the traditional two-row theory, Taleisnik
wrist column theory, Gilford’s hinge theory, etc.

2.4. Sports Rehabilitation. Sports rehabilitation is a noninva-
sive and effective treatment method for sports injuries [22].
In recent years, due to social leisure behaviors, sports rehabil-
itation after joint or other parts of the body has been injured
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and has become more and more important [23]. The purpose
of sports rehabilitation training is to improve the patient’s
physical function and athletic ability. Patients can be assisted
by rehabilitation therapists or train their own muscle strength.
Sports rehabilitation originated in the sports world and is used
for rehabilitation exercises for athletes injured. Sports rehabil-
itation is a new “trinity” cross-discipline where sports and
healthmedicine overlap, and it is an important part of modern
rehabilitation [24]. With the development of medicine, exer-
cise rehabilitation is also suitable for certain diseases, such as
stroke, Parkinson’s disease, high blood pressure, heart disease,
diabetes, and lung diseases.

For sports players, it is important to determine strategies to
prevent injuries, optimize rehabilitation, and improve perfor-
mance [25]. In a sense, the key to the success or failure of sports
rehabilitation also depends on the implementation of personal
prescriptions and exercise prescriptions. Its content mainly
includes form, intensity, time, frequency, andmatters. Themost
important forms of exercise are appropriate resistance exercises
and conditioning exercises, as well as aerobic exercises. They
can also perform some powerful physical tasks, such as house-
work and indoor fitness exercises. Exercise intensity is mainly
divided into low intensity, medium intensity, and high intensity.
It is necessary to comprehensively evaluate the patient’s general
condition and medical condition according to the patient’s risk
category and select and exercise the appropriate exercise inten-
sity. It should be noted that the exercise intensity, duration, and
exercise frequency of different patients are not exactly the same.
Exercise intensity setting methods mainly include age predic-
tion method, heart rate reserve method, resting heart rate+20
method, peak oxygen uptake method, and anaerobic threshold
method.When planning an exercise, themain requirement is to
ensure patient safety first. Based on this, the intensity and time
will gradually increase, and the time of each exercise depends on
the situation, ranging from 30 minutes to 1 hour.

Sports rehabilitation training mainly focuses on joint
mobility, muscle strength, and functional sports exercises.
Rehabilitation treatment requires the participation of the
therapist and his family. The therapist will teach the
patient’s family how to recover and what to pay attention
to during the training process. This allows the family to per-
form simple rehabilitation after returning home to maintain
the patient’s athletic performance. Family rehabilitation can
not only improve the rehabilitation effect but also reduce the
economic pressure of the family and form a joint rehabilita-
tion model of hospital and family. During the exercise, the
principles of science, applicability, long term, and regularity
must be followed, and the frequency should be at least three
times a week. Therefore, in order to consider the exercise
rehabilitation process to better perform rehabilitation exer-
cises, according to the consensus of the medical profession,
exercise rehabilitation is divided into three stages, the first
stage is the hospitalization period, and the second stage is
the initial discharge period and outpatient rehabilitation.
The third stage is the maintenance stage of outpatient reha-
bilitation. Standardized exercise rehabilitation can not only
alleviate the pain and discomfort of patients but also
improve exercise endurance, improve mental state, improve
overall quality of life, and reduce patients’ medical expenses.

3. Experiments

3.1. Test Subject. This article selects two basketball players’
sports rehabilitation data before and after wrist joint damage
in different periods for experiments. The athlete who uses
nanomaterials in wrist exercise rehabilitation is called Ath-
lete A, and the other is called Athlete B. Rehabilitation train-
ing was carried out for two athletes, and the specific
conditions of the radial joints, wrist joints and ulnar joints,
were observed before and after the training, so as to analyze
the role of nanomaterials in wrist joint sports rehabilitation.

3.2. Experimental Data. For the statistics on the degree of
wrist joint damage of two basketball players before rehabili-
tation, the collected wrist-related data include the flexion
and extension angles of the radius palm inclination angle,
radius ulnar deflection angle, ulna carpal angle, radial moon
angle, head moon angle, boat moon angle, carpal angle,
radial head angle, and radial boat angle. Table 1 shows the
degree of damage to the wrist of the two athletes.

The wrist joint damage data of the two athletes in
Table 1 were collected in different periods. In the existing
medical data, we can know that the normal angle of each
carpal joint is shown in the rightmost column of Table 1.
In addition, the medical data shows that the angle change
of the palmar inclination angle of the radius indicates the
fracture of the distal radius; the change of the ulnar deflec-
tion angle of the radius indicates the dislocation of the wrist
joint or the fracture of the distal radius; the change of the
ulnar angle indicates the fracture of the wrist or the disloca-
tion of the wrist joint; radial-lunar flexion > 15° indicates
unstable palm flexion, and dorsal extension > 10° indicates
unstable back extension; head-lunar angle > 20° indicates
wrist instability; boat moon angle > 70° indicates unstable
wrist dorsal extension, and <30° indicates instability of wrist
flexion; radial head angle > 26° indicates instability of the
wrist joint; radial boat angle > 75° indicates instability of
the wrist joint.

4. Discussion

4.1. Rehabilitation of the Radial Joint. We analyze the reha-
bilitation of the wrist joints of two basketball players and
compare the rehabilitation of the radial joints of the two ath-
letes with and without nanomaterials for sports rehabilita-
tion training. In order to analyze the effect of
nanomaterials on the exercise rehabilitation of the radial
joint. With 7 days as a check cycle, we check the extension
and flexion angles of the athlete’s radius and ulnar angle,
radial moon angle, radial head angle, and radial boat angle
within 35 days. The final result is shown in Figure 1.

The broken line in Figure 1 represents the recovery of
the radial ulnar angle and the radial moon angle of the radial
joint within five weeks of athlete A and athlete B. The bar
graph shows the recovery of the radial head angle and radial
boat angle of the radial joints for athlete A and athlete B in
five weeks. The data of radius ulnar angle and radial moon
angle are subject to the data of the left main axis, and the
data of radial head angle and radial boat angle are subject
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to the data of the right secondary axis. According to the data
in Figure 1, it can be seen that athlete A’s radial joint recov-
ered faster than athlete B’s in the same cycle. Therefore, the
rehabilitation effect of sports rehabilitation training using
nanofibers is better than that of sports rehabilitation training
without nanofibers, and the recovery ability is stronger.

4.2. Rehabilitation of Other Parts of the Wrist.With 7 days as
an inspection cycle, we check the recovery of the ulnar wrist
angle, head moon angle, and boat moon angle of the two
athletes within 35 days after sports rehabilitation training.
The final result is shown in Figure 2.

According to Figure 2, the wrist joint recovery of the two
athletes in five weeks can be seen, athlete A who uses nanofi-
bers for sports rehabilitation has a faster recovery speed, and
the time required for rehabilitation training is shorter. Athlete
B who does not use nanofibers requires a longer period of time
for sports rehabilitation and a slower recovery speed.

4.3. Comparison of Rehabilitation Effects between the Two.
After five weeks of sports rehabilitation training for two ath-
letes and observation, we can understand that nanofiber
materials have a certain influence on the rehabilitation effect
of wrist joint sports rehabilitation training. By comparing
the degree of wrist joint recovery of the two athletes in five
weeks, the final result is shown in Figure 3.

According to the data in Figure 3, it can be seen that the
rehabilitation effect of athlete A who uses nanofiber mate-
rials for sports rehabilitation training is better than that
without nanofiber materials. And before the end of the reha-
bilitation, the average degree of rehabilitation per week was
0.3 faster than that of athletes who did not use nanofiber
materials. Ordinary sports rehabilitation training is about 2
times faster than wrist joints without rehabilitation training,
and sports rehabilitation training using nanofiber materials
is about 3 times faster than wrist joints without rehabilita-
tion training.

Table 1: Wrist damage data table.

Athlete A Athlete B Normal

Radial pal-mar angle Normal Normal 10-15°

Radius and ulnar deflection angle 15° 15° 21-25°

Ulnar angle 18° 18° 21-51°

Radial moon angle
Buckling15° Buckling13°

0°
Back stretch10° Back stretch10°

Head moon angle 25° 25° 0-15°

Boat moon angle
Buckling20° Buckling20°

30-60°
Back stretch75° Back stretch75°

Carpal angle Normal Normal 130°

Radial head angle 30° 30° 6-26°

Radial boat angle 80° 80° 55-75°
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4.4. The Application of Nanofibers in Sports Rehabilitation.
By collecting data on sports rehabilitation in the past 5 years,
we can understand the use of nanofiber materials in sports
rehabilitation in recent years and analyze the proportion of
nanofiber materials used in sports rehabilitation. The final
result is shown in Figure 4.

It can be known from the data in Figure 4 that in the early
years, the application of nanofiber materials in sports rehabil-
itation was relatively small, and it was in a state of research and
development. Later, with the progress of science and technol-
ogy and the mass production of nanofiber materials, as well as
scholars’ research on nanofiber materials. Nanofiber materials
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have become more and more widely used in various fields. As
many experiments have proved that nanofiber materials have
good rehabilitation effects in sports rehabilitation, the applica-
tion of nanofiber materials in sports rehabilitation is also
increasing year by year.

This article has made corresponding research results on the
application of nanofiber materials based on electrospinning
technology in the rehabilitation of basketball athletes’ wrist
joints. However, due to the limited time, the experiment still
has many areas to be improved and perfected. This experiment
is based on the wrist joint as the research object. In the follow-
up experiments, other parts can be combined with nanofiber
materials for sports rehabilitation training, so as to understand
the role of nanofibers in sports rehabilitation more comprehen-
sively and concretely. Since this study only studied the inclina-
tion angle of each part of the wrist joint and did not consider
other causes of damage to the wrist joint, the different degrees
of damage to the wrist joint can be studied in future studies to
ensure the integrity of the experiment.

5. Conclusions

The wrist joint is one of the more important joints on the
human body. It connects the two parts of the arm and the
palm and plays a vital role in the movement of the human
hand. If the wrist joint is damaged; then, people’s daily life
will also be greatly affected, causing great inconvenience to
people. Since the internal structure of the wrist joint in the
human body is relatively complex, effective and rapid exer-
cise rehabilitation is the focus of medical researchers.

This article conducts sports rehabilitation training on the
wrist joints of basketball players and effectively combines
nanofiber materials with sports rehabilitation training. By
comparing the rehabilitation of athletes who did not use nano-
fiber materials, the role of nanofiber materials in sports reha-
bilitation was studied. Finally, the five-week experimental
data of two athletes proved that the combination of nanofiber
materials and sports rehabilitation can make the athlete’s wrist
joint rehabilitation faster and has a better rehabilitation effect
than ordinary sports rehabilitation training.
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With the improvement of the socio-economic level and the continuous popularization of health concepts, more and more people
have increased their attention to physical health and often go to physical examinations to protect their health. Nanotechnology,
also known as nanotechnology, is a technology for studying the properties and applications of materials with structural
dimensions in the range of 1 nm to 100 nm. The rapid development of nanotechnology has provided an important guarantee
for healthy physical examination and nursing methods. Therefore, it is necessary to conduct research on the development of
health examination and nursing technology based on nanotechnology. Nursing safety means that nursing staff should strictly
follow the nursing system and operation procedures in carrying out nursing work, execute medical orders accurately, and
implement nursing plans to ensure that patients are physically and mentally safe during treatment and rehabilitation. Based on
the development and research of health examination nursing technology under nanotechnology, 220 physical examinees in our
hospital were selected and divided into experimental group and control group according to whether nanotechnology-based
physical examination nursing method was applied, and then, the physical examination time, physical examination efficiency,
and the coincidence degree of physical examination results were compared. The results showed that the physical examination
time of the experimental group was 58:94 ± 31:40min, while that of the control group was 73:74 ± 38:95min; the difference
between the two groups was 14:8 ± 7:55min, with statistical significance (P < 0:05). Therefore, it can be seen that the
development and research of health examination nursing technology based on nanotechnology can effectively improve the level
of medical care service and the satisfaction of physical examinees.

1. Introduction

With the development and progress of human society, peo-
ple pay more and more attention to health. People no longer
feel satisfied with pure material life but pay more attention
to how to improve their quality of life. Early treatment of
disease and disease-free prevention has become the life phi-
losophy that people pursue. Regular health checkups can
help detect early signs of disease and prevent or delay the
onset of disease. Therefore, annual inspections have become
a health choice for more and more people.

Physical examination refers to the process of examining
subjects through medical means and methods to understand
the health status of subjects, early detection of diseases or
health damage, and a comprehensive assessment of the

health status [1]. The physical examination includes clinical
items such as internal medicine, surgery, ophthalmology,
otorhinolaryngology, anorectology, and gynecology routine.
The purpose of the health check is to assess the health of
people, screen for diseases and risk factors, and provide
one-way preventive consultation and intervention measures
to prevent the onset of diseases or aggravate existing diseases
to achieve the purpose of prevention [2]. In other words,
medical examinations are aimed at most subjects in society
who have no subjective symptoms [3]. Compared with
others, this emphasizes the initiative of the subjects and
replaces mandatory physical examination with active physi-
cal examination. Health is one’s own, health is dynamic,
health is social, and health is proactive. Regular comprehen-
sive health checkups are required to understand one’s health
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status, to adopt the best approach and intensity, to improve
immunity and resistance to disease, and to detect health risk
factors early.

Wider uses the cations released by the cation exchange
reaction of nanocrystals to induce fluorescent dyes and
detect trace amounts of biomolecules, with good results.
This shows the great potential of using portable point-of-
care testing equipment to detect biomarkers [4]. Harrison
uses polyethylene glycol glucose gold nanoparticles (PEG-
Glu-GNP) as the imaging probe for CT and PET scans. Mice
injected with gold nanoparticles can be examined by high-
resolution micro-CT, and the gray density and CT can be
determined [5]. PET-CT is a perfect integration of the func-
tions of the highest-grade PET scanner and advanced spiral
CT equipment, which is mainly used clinically for the early
detection and diagnosis of major diseases in the fields of
tumor, brain, and heart. Farrar used reverse microemulsion
technology to further prepare core-shell quantum dot fluo-
rescent nanoparticles with amino and phosphate groups,
thereby successfully identifying liver parenchymal cells [6].
van Houwelingen et al. pointed out that the specific distribu-
tion of superparamagnetic iron oxide magnetic nanoparti-
cles in biological tissues can help improve the MRI
contrast between tumors and normal tissues at that site.
MRI, also known as magnetic resonance imaging, uses the
magnetic resonance phenomenon to obtain electromagnetic
signals from the human body and reconstruct information
about the body. It can be applied to MRI to diagnose tumors
and other diseases [7]. Murphy uses magnetic iron oxide
particles as a carrier to immobilize protease A and uses its
ability to specifically bind hepatitis B virus surface antigen
antibodies to achieve the purpose of measuring hepatitis B
virus [8]. The microfluidic biochip based on nickel oxide
nanorods prepared by Ridley et al. can determine the total
cholesterol concentration in human blood through electro-
chemical detection method [9]. Cholesterol is actually an
important substance indispensable to human tissue cells.
High-density cholesterol has a protective effect on blood ves-
sels; if low-density cholesterol is high, the risk factor for cor-
onary heart disease will increase.

Compared with the previous research on health exami-
nation and nursing technology literature, the innovative
content of this article is roughly divided into the following
points: The first point is the application of nanotechnology
as the main aspect. The previous literature mostly introduces
human factors such as physical examination and nursing.
The second point is to clarify the huge effect of nanotechnol-
ogy on health examination and nursing technology, because
the literature has paid less attention to this in the past.

2. Theory of Health Checkup

Health checkups include medical examinations using medi-
cal methods and methods to understand people’s health sta-
tus and find clues to diseases and health risks early. Health
checkup is a health-centered physical examination, which
refers to the medical examination of the subject through
medical means and methods to understand the health status
of the subject and to detect disease clues and hidden health

problems at an early stage. This includes special medical
examinations required by the state, such as occupational
medical examinations, medical examinations for practi-
tioners, enrollment, enlistment, marriage registration, medi-
cal examinations provided by basic public health services,
and new types of local cooperation examinations [10]. But
it does not include people who use union medical funds or
participate in new rural joint medical care.

Health check is a diagnosis and treatment measure [11].
Secondly, the quality of diagnosis and treatment is the core
element of quality control in health examinations. Therefore,
the core of medical examination quality control is the quality
of supervision and treatment. The central determinant of the
quality of diagnosis and treatment is the skill level of medical
staff and the composition of related medical devices [12]. In
general, the survival and development of a hospital depends
on quality, which in turn depends on talents and manage-
ment. Therefore, there is no doubt that the quality of diag-
nosis and treatment is an eternal topic in the quality
control of health examinations.

There are still some misunderstandings about the health
check in some areas, such as Japan, so the local people take
the health check late [13]. In pursuit of economic benefits,
they sacrificed the quality of diagnosis and treatment and
ignored the quality of management. Health checks are
becoming more and more important, but they have not
attracted enough attention from managers. For example,
some excellent managers do not want to go to the health
check center for management work, and some do not want
to go to the health check center of the health check center
[14]. All these hinder the transition from medical experience
management to scientific management. Health checks
require internal, external, female, eyes, ears, nose, throat,
oral cavity, ultrasound, radiology, and laboratory depart-
ment checks. It can be said that the physical examination
center is the epitome of outpatient clinics [15]. Its quality
is closely related to people’s health and life. Without a sound
management system as a guarantee, the quality of the test is
also questionable. Health management is a process of holis-
tic management of health risk factors of an individual or a
population. Its purpose is to mobilize individual and collec-
tive initiatives to effectively use limited resources to achieve
maximum health outcomes. Good management quality can
not only mobilize the enthusiasm, initiative, and creativity
of medical staff but also promote healthy external competi-
tion among medical laboratories. At the same time, by con-
tinuously attracting outstanding medical staff to engage in
health examination work, the professional development of
health examination can be promoted.

Physical examination and medical services have some
things in common and have their own characteristics.
Health check is an action to pursue health and a process of
obtaining comprehensive health information [16]. Candi-
dates are usually healthy or unhealthy people who have
higher requirements for service quality. Therefore, the qual-
ity control of a health examination organization is not only
the professional level of medical personnel inspection and
the performance of the equipment used in the diagnosis
and treatment process but also the evaluation of the health

2 Journal of Nanomaterials



examination management system of the organization and
the implementation of the processing technology platform.
The level of service is reflected in the workflow. Due to the
lack of advanced science and technology and effective man-
agement methods in the past, medical staff had to spend a lot
of manpower and material resources to process various
inspections and inspection reports, and their work efficiency
was very low. Today, the rapid development of science and
technology provides technical support for the computeriza-
tion of medical examinations. The health check has realized
the computerization of the health check by establishing the
foundation of network technology and introducing informa-
tion management software [17]. Many application results
show that the introduction of information management soft-
ware for physical examination work can not only improve
work efficiency, reduce errors and accidents, and reduce
the waiting time of subjects but also make the stored infor-
mation an ideal for scientific research and optimization of
decision-making management select. As shown in Figure 1,
to do a good job of health examination and nursing should
start from the following points.

Make good training and work arrangements for nursing
staff. Reasonably arrange the working hours of nursing staff,
conduct batch retraining, improve the quality and ability of
nursing staff, and continuously improve their work ability.
They are trained on emergency handling capabilities every
month, and emergency plan training is conducted on emer-
gency situations to improve the actual combat capabilities of
nursing staff [9]. The head nurse organizes the work reason-
ably according to the nurse’s skills and position and
improves the reward system according to the level of com-
pletion of the nurses to encourage work. The chief nurse will
arrange the positions of the nurses reasonably and ensure
that there is a staff member for each position, depending
on the number of daily inspections. In daily work, in order
to ensure the smooth progress of the physical examination,
two nurses are required at the front desk, and the nurses will
carefully answer the questions of each enquirer with the
patient to improve their satisfaction.

Make preparations for each link of the physical examina-
tion. Nursing staff should strengthen contact with the health
department to avoid having multiple auditors in the long-
term testing department, thereby extending the testing time.
In one link, the nursing staff brings the medical examiner to
the place and procedure of the examination to avoid delays
caused by unfamiliar situations [18]. When telling the doc-
tor to complete each examination, the corresponding doctor
must sign on it to prevent leakage. In order to improve the
efficiency of nursing work, improve compliance, and shorten
the inspection time, the examination room of the medical
center needs clear signs to guide the examinee to conduct
various examinations. Not only that, but various physical
examination procedures need to be improved to avoid emer-
gencies such as blood fainting, needle fainting, and low
blood sugar.

Improve service methods to ensure a quiet and comfort-
able environment in the examination room, and separate the
examiners from patients with other diseases. Establish a rea-
sonable and convenient path for medical examiners, install

all medical examination items on the same floor, and pro-
vide one-stop service for the entire medical examination to
shorten the time for medical examiners to go up and down
the stairs [19]. Paste the relevant knowledge flow chart of
the interview on the stairs and walls to ensure that the
inspected personnel complete all the exams in the shortest
time. After the physical examination, assess the health of
the examiner. If there is any problem, we will promptly
notify the medical examiner and make appropriate arrange-
ments for the medical examiner’s follow-up visit or entry.

3. Application of Nanotechnology in Medicine

Nanotechnology is a high technology with a wide range of
disciplines and interdisciplinary development developed in
1980 [20]. When the material reaches the nanometer size,
its characteristics will change, thus showing special charac-
teristics, such as small size effect, surface effect, quantum size
effect, and macroscopic quantum tunneling. In recent years,
bio-related nanobiotechnology has developed rapidly and
has become a frontier and hot spot in the international bio-
technology field. When nanobiology develops to a certain
technology, nanobiological cells with recognition ability
can be made from nanomaterials, and biomedicine that
can absorb cancer cells can be injected into human body
and can be used for targeted killing of cancer cells. It has
broad application prospects and clear industrialization pros-
pects in the field of medicine and health. Technologies such
as nanomedical carriers, nanomedical materials, nanobio-
sensors and imaging technologies, and microsmart medical
devices will lead to new developments in diagnosis and treat-
ment methods.

Nanodiagnostic technology is the application of nano-
biotechnology in molecular diagnosis, which is very impor-
tant for the development of personalized therapy. At
present, research on nanobiotechnology in clinical diagnosis
mainly focuses on nanobiosensors and imaging technolo-
gies, manufacturing nanorobots at the cellular level for
repair, biomarker extraction and measurement, and applica-
tions in other fields [21]. Nanodiagnostic technology aims at
early diagnosis of diseases and improvement of treatment
effects. The application of nanotechnology in health exami-
nations is shown in Figure 2.

Nanotechnology is used in in vitro molecular detection
projects. Nanobiomolecule detection methods can be used
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Figure 1: Important criteria for health checkup.
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for clinical diagnosis. Due to the very low content of the
detected molecules, the detection sensitivity of this method
is very high [22]. The unique properties of nanomaterials
greatly improve the sensitivity and convenience of molecular
detection. Various signal amplification methods for detect-
ing ultrasmall biomolecules have been studied. A change in
the properties of a particle caused by a sharp increase in
the ratio of the number of surface atoms to the total number
of atoms as the particle diameter becomes smaller. For
example, at a particle diameter of 10 nm, the particle con-
tains 4000 atoms and 40% of the surface atoms; at a particle
diameter of 1 nm, the particle contains 30 atoms and 99% of
the surface atoms. For example, the detection performance
of cation exchange amplifiers based on ZnS nanoclusters is
better than enzyme-linked immunosorbent assay (ELISA),
with a detection limit of 1/1000.

Nanotechnology is also used in in vivo molecular detec-
tion projects. Gold nanoparticles are nontoxic and biocom-
patible nanomaterials. The synthesis method is simple, the
particle size is controllable, the surface is chemically active,
it is easy to modify or adsorb other substances, and it has
unique photoelectric properties [23]. There are many
researches on the application of gold nanoparticles in the
field of biology. After the injection of gold nanoparticles,
the mice were examined by high-resolution micro-CT to
determine the gray density, and the attenuation value of par-
ticle excretion over time was determined by CT [24]. After
injection of PEG-Glu-GNP, the outline of the tumor is easily
distinguished from the surrounding tissues. This complex
probe can diagnose diseases in the body early and help
detect cancer or cancer metastasis early. In addition, the
development of neurotransmitters in the body and participa-
tion in brain chemistry monitoring help us better under-
stand the pathological and physiological effects of
biomolecules. In this study, a new type of glass capillary
encapsulated in gold nanoparticles is reported, which can
sense dopamine in the brain. The results showed that Au/
GCNE modified by perfluorosulfonic acid can be success-
fully used to monitor striatal dopamine in anesthetized rats.
The high quantum dot is a core-shell nanobody with Cd Se
as the core and Cd S or Zn S as the shell and has excellent
spectral characteristics. Water-soluble quantum dots provide
a very broad application prospect in research fields such as
biochemistry. It has low cytotoxicity and can be used for
ultrasensitive detection of living cells and nonisotopically

labeled biomolecules in vivo. The unique labeling characteris-
tics of quantum dot technology will undoubtedly make it a
leading technology for DNA detection (DNA chip), protein
detection (protein chip), and the detection of biomolecules
in protein-protein interactions. This provides a new method
for the preparation of antigen and antibody and the principle
of body-receptor (enzyme-substrate) reaction. At the same
time, it will greatly promote the rapid development of bioim-
aging and biopharmaceutical technology, which will bring
huge progress in the diagnosis and treatment of diseases.

The emergence of nanomaterials has completely chan-
ged the medical detection technology, making it one of the
frontier areas of public concern. Nanodiagnosis is the use
of the extremely high sensitivity of nanotechnology for early
diagnosis of diseases [25]. The tools needed for nanodiag-
nostics include quantum dots, gold nanoparticles, and canti-
levers, where quantum dots have high photostability. This
requires the molecules being detected to interact with the
nanoparticles to generate a strong signal to detect the sam-
ple. (1) Nanomaterials exhibit many excellent physical prop-
erties in biomedical imaging applications. In the field of
nanoimaging, small superparamagnetic iron oxide nanopar-
ticles coated with biomolecules provide anatomical details
and help achieve real-time monitoring of treatment. Mag-
netic resonance imaging (MRI) to detect cancer is widely
used as a contrast agent. Compared with traditional diagnos-
tic methods, certain cancer cells can be detected earlier
(months or years). Nanoimaging technology can also be
used to detect residual or metastatic cancer cells after che-
motherapy. (2) Since magnetic nanoparticles have the
advantages of easy handling and large specific surface area,
the application of functionalized magnetic nanoparticles is
very attractive. Current magnetic separation research
involves many aspects of the biological field, such as the
removal of metal ions from the blood, the concentration of
proteins and nucleic acids, and the recovery and repetition
of immobilized enzymes. (3) When there is a small amount
of cancer cells in the tissue or blood, they can be accurately
detected by specific techniques, which can provide early
diagnosis and treatment of patients and indeed provide
patients with valuable treatment time and improve the cure
rate [26]. Therefore, cell screening is very important. The
immunomagnetic bead cell screening method can separate
high-purity cells from complex cell mixtures within minutes.
Nanotechnology can improve accuracy by enhancing or
even completely transforming the screening of biomarkers
in tissues and body fluids. (4) Nanobiosensors in the field
of cancer research and sensors based on nanotechnology
are expected to achieve early diagnosis of various cancers.
The sensitivity of the nanosensor is very high. During blood
testing, when a specific cancer cell antibody preset in the
sensor encounters the corresponding antigen, the sensor
current will change, and the change in the current can iden-
tify cancer cells in the blood, type, and concentration. At
present, more and more venture capital invested in this field,
but this technology still has technical problems that need to
be solved in practical applications. In the future, various
nanosensors will be integrated and placed in the human
body to allow early detection of various diseases.
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Figure 2: Application of nanotechnology in physical examination.
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4. Experiments on Health Examination
and Nursing

4.1. Experiment Preparation

4.1.1. Subject. There was a selection of 220 medical exam-
iners in our hospital from March 2018 to March 2019, of
which 116 were males and 104 were females. The age ranged
from 18 to 65 years old, with an average of 33:67 ± 5:73
years old. A total of 60 medical staff, 18 doctors, 4 chief
nurses (senior nurses), 11 intermediate, 10 junior, and 17
nurses participated in the medical examination center. For
inclusion criteria, all subjects underwent physical examina-
tions and signed all informed consent forms. For exclusion
criteria, there are serious communication problems. The
conditions of the experimental subjects are shown in
Table 1.

4.1.2. Experimental Group. Magnetic nanoparticles with a
particle size of less than 20nm usually exhibit superpara-
magnetic and can be widely used in clinical diagnosis. At
present, the more mature and rapidly developing application
in clinical diagnosis is mainly magnetic resonance imaging.
Therefore, magnetic resonance imaging of nanomaterials
was used as the standard to distinguish the experimental
group from the control group. The experimental group will
use MRI technology applied with magnetic nanoparticles,
and the control group will use traditional imaging technol-
ogy for physical examination. 110 people per group, the ratio
of male to female in each group is 58 : 52.

The porous Fe3O4@SiO2 nanoparticles have uniform
morphology, ordered pore size distribution, and good acid
response. At the same time, the nanocarrier has excellent
biocompatibility, strong antipain drug loading capacity,
and excellent nutrition-guided fan orientation. In addition,
the relaxation rate of Fe3O4@SiO2 nanoparticles in an acidic
environment is significantly improved, which provides a
more direct method for detecting cancer tissues by magnetic
resonance imaging. Therefore, Fe3O4@SiO2 nanoparticles
can target and deliver therapeutic agents loaded into tissues
in the body and monitor the therapeutic changes in the tis-
sues in real time through magnetic resonance imaging.

4.1.3. Preparation of Fe3O4@SiO2 Core-Shell Nanoparticles.
According to the classic hydrolysis method, the core-shell
structured silica-coated Fe3O4 nanospheres were synthe-
sized. A specific method is to uniformly disperse 0.1 g of syn-
thetic Fe3O4 nanospheres in a mixed solution of 140ml of
ethanol and 20ml of distilled water to form a colloidal solu-
tion and then add 2ml of concentrated ammonia to the
solution. Stir mechanically for 10 minutes. Then, a mixed
solution of 1.5ml TEOS and 10ml ethanol was gradually
added to the colloidal solution, stirred at room temperature
for 30 hours, collected with a magnet, washed several times
with ethanol and distilled water, and dried in vacuum.

Disperse 0.1 g of the synthesized core-shell Fe3O4@SiO2
nanoparticles uniformly in distilled water, add 10 g 8 g/L
NaBH4 ice water solution, and pour the mixed solution into
the PTFE hydrothermal reaction solution and heat it at 80°C.
The reaction was kept at °C for 12 hours. Finally, the product

was collected on a magnet; washed 3 times with propanol,
ethanol, and water; and dried in a vacuum drying oven at
30°C overnight. Add Fe3O4@SiO2 as a contrast agent to the
magnetic resonance device.

4.1.4. Experimental Instruments and Reagents. The experi-
mental instruments and reagents are as follows: automatic
blood analyzer, EDTA-K2 vacuum anticoagulation tube,
automatic urine analyzer, magnetic resonance meter, elec-
trocardiograph, and CT detector.

4.2. Experiment Content. Before the experiment, fully under-
stand the needs of examinees, solicit opinions from relevant
experts, and strive to meet the needs of medical examiners at
all levels, and refer to literature. It is necessary to combine
the characteristics of the physical examination center and
the characteristics of the examinee to establish a physical
examination path diagram to learn and understand the
meaning and standards of the clinical nursing path.

Use the nursing service satisfaction questionnaire and
various nursing quality work questionnaires compiled by
our hospital to collect statistics on the health examination
and nursing work quality scores. Develop complete rules
and regulations based on different scores. Health check con-
tents are as follows: internal medicine, surgery, otolaryngol-
ogy, oral cavity, 5 items of hepatitis B, blood test, urine test,
electrocardiogram, chest X-ray, thyroid B ultrasound, pros-
tate B ultrasound (male), uterus, and appendix B if neces-
sary. Endoscopy will be performed, such as ultrasound (for
women), B-ultrasound of the liver and pancreas, and CT.
Coordinate the reasonable examination sequence and scien-
tific physical examination process of each group of medical
examiners, and ensure that every link in the physical exam-
ination path can operate normally. Each physical checkpoint
has one or two full-time staff to provide nursing services.

4.2.1. Routine Blood Test. Both groups of patients were col-
lected at 9 o’clock in the morning. The experiment used
venous blood collection. The patient’s cubital vein was
selected as the venous blood collection site. After cleaning
and disinfecting the skin, the disposable blood collection
needle was connected to a vacuum anticoagulant. Collect
the blood in a test tube with a blood volume of 5-8ml. After
the blood is collected, add a diluent to the anticoagulation
tube to dilute the sample, and shake it gently to mix well.
The control group adopted the peripheral blood sampling
method. The left hand of the patient was selected, the skin
of the index finger was cleaned and disinfected, and then,
the blood was collected with a disposable lancet and placed
in an anticoagulation tube. After the blood samples of the
two groups were shaken well, the blood analyzer was used
for routine blood tests. All samples are tested within 2 hours
after blood collection. Strictly follow the operating

Table 1: Basic situation of experimental subjects.

Number Age Sex ratio Number of medical staff

220 33:67 ± 5:73 116 : 104 60
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procedures of the automatic blood analyzer, and perform
regular maintenance and quality control on the instrument
before use. Strictly follow the instructions of the kit to keep
the equipment stable and check and maintain blood cells
to ensure stable operation of the equipment. Under the con-
dition of continuous operation for 24 hours, the instrument
is automatically cleaned and calibrated according to the pro-
gram, and the values of various parameters are controlled
within the normal measurement range.

4.2.2. Urine Routine. All women need to clean their vulva
and collect specimens. After the specimens are sent to the
laboratory, they are inoculated with fully mixed urine in a
35°C incubator using a 1μL loop and cultured for 18-24 days
to colonize colonies. Liquid forming element analysis can
quantitatively calculate white blood cells and bacteria. After
mixing the urine sample, use an automatic urine forming
element analyzer to detect the number of bacteria and white
blood cells in the urine, and report it in “units/μL.”

4.2.3. Evaluation Criteria. After the physical examination is
completed, a statistical score will be made on the length of
the physical examination, the efficiency of the physical
examination, the reliability of the physical examination, the
satisfaction of the medical examiner, and the degree of inter-
est in statistical treatment. Use t-test and χ2 test, and use the
SPSS 10.0 software package to process and analyze all data.
The inspection level isα = 0:05.

5. Results of Health Checkup Care

5.1. The Development and Research Effect Comparison of
Health Examination and Nursing Technology Based on
Nanotechnology. The core of high-quality services is to pro-
vide customers with safe, high-quality, efficient, and satisfac-
tory nursing services and to integrate the “patient-centered”
nursing service concept into physical examination. High-
quality service is an inevitable product of the development
of the times and social progress. Innovating the physical
examination path model and creating a standardized physi-
cal examination path are specific signs of improving quality
services. With the implementation of the physical examina-
tion certificate, the nursing staff of the physical examination
center must be enthusiastic about their work, have a good
service attitude to the candidates, and have good nursing
skills. “From passive service to active service, from active ser-
vice” service concept “to touching service” provides all nurs-
ing staff with beautiful, more common problems, more
information, and more detailed services. As shown in
Table 2, there is basically no difference in the level of health
examination and nursing service of different groups.

As shown in Table 2, the health knowledge preaching
score of the nursing staff in the control group was 8:46 ±
0:87 points, and the nursing etiquette and communication
skills were 9:56 ± 0:69 and 8:02 ± 0:35 points, respectively.
The scores of health knowledge presentation, nursing eti-
quette, and communication ability of the experimental
group were 8:51 ± 0:76, 9:64 ± 0:74, and 7:97 ± 0:28 points,
respectively. In general, the two sets of data are not statisti-
cally significant.

Nanobiotechnology has great development potential. It
can be used as a more sensitive and rapid response clinical
diagnostic reagent, providing a valuable basis for the
advancement of disease prevention and treatment. Taking
into account the heterogeneity between patients, personal-
ized medicine combining nanoclinical medicine and molec-
ular biomarkers can ensure excellent efficacy and safety.
Therefore, health checkup and nursing technology based
on nanotechnology can effectively reduce checkup time
and improve checkup efficiency.

As shown in Figure 3, after applying the health checkup
and nursing technology under nanotechnology, the time of
the physical examination of the experimental group was sig-
nificantly reduced. The time of the physical examination of
the experimental group was 58:94 ± 31:40min, and that of
the control group was 73:74 ± 38:95min; the difference
between the two is 14:8 ± 7:55min, and the two groups of
data are statistically significant (P < 0:05). The physical
examination efficiency score of the experimental group
physical examination subjects was 8:72 ± 0:68 points, and
the physical examination time of the control group physical
examination subjects was 7:29 ± 1:23 points. It is obvious
that the health examination and nursing technology based
on nanotechnology are more mature, saving a lot of time
in the physical examination.

The detection accuracy of physical examination items is
also an important criterion for measuring health examination
and nursing technology. Therefore, the credibility scores on
the physical examination items are compared to determine
which group has the higher accuracy of the physical examina-
tion. Comparing the experimental group using nanotechnol-
ogy health examination and nursing technology with the
control group, the data is statistically significant, P < 0:05.

As shown in Figure 4, the reliability scores on the phys-
ical examination items of the experimental group using
nanotechnology health examination and nursing technology
are distributed in the range of 6.57-8.69. In contrast to the
control group, the reliability scores on the physical examina-
tion items are distributed at 5.28—within the 6.85 interval.
This also shows that due to the application of nanotechnol-
ogy, the experimental group has significantly improved the
health examination and nursing technology and can have a
very clear judgment on the health of the examinee. At this
point, the health examination and nursing technology of
nanotechnology have been applied. The experimental group
has a very big advantage.

5.2. Analysis on the Satisfaction of Medical Examiners Based
on the Health Examination and Nursing Technology Based
on Nanotechnology. During the physical examination, the

Table 2: Health physical examination and nursing service level.

Group
Knowledge
propaganda

Care
etiquette

Communication
skills

Control group 8:46 ± 0:87 9:56 ± 0:69 8:02 ± 0:35
Trial group 8:51 ± 0:76 9:64 ± 0:74 7:97 ± 0:28
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nursing staff will actively communicate with the patient and
their family members according to the patient’s psychologi-
cal endurance and understanding ability and explain the
current medical technology used to treat and treat the dis-
ease. Nursing staff should conduct some tests on patients
who may have depression and then provide counseling and
psychological counseling to them to reduce the psychologi-
cal pressure of patients and seek to win their trust in order
to establish a good nurse-patient relationship. While carry-
ing out necessary communication, compare the medical
examination satisfaction of the two groups of examinees to
observe whether the application of nanotechnology can be
favored by the examinees.

As shown in Figure 5, the satisfaction value of the exper-
imental group continues to rise with the increase in the
number of people undergoing physical examinations, from
the initial 87.67% to the final 88.97%. In the control group,
the satisfaction value fluctuates greatly. This shows that the
experimental group based on nanotechnology-based health
examination and nursing technology has achieved more sat-
isfaction with the examinees by virtue of less examination
time and accurate examination results. In contrast, the con-
trol group experienced fluctuations in satisfaction, and the
high probability was related to its poor physical examination
experience.

Nanotechnology-based physical examination and nurs-
ing technology not only provide advanced clinical diagnostic
methods, such as magnetic resonance imaging during phys-
ical examination, bioisolation, and cell screening, but also
provide the convenience provided by nanorelease drugs
and nanobiosensors. Therefore, the position of nanotechnol-
ogy in health examination and nursing is very important. In
order to see the specific application of nanotechnology in
health examination and nursing more intuitively, it is
expressed as a percentage.

As shown in Figure 6, the main application of nanotech-
nology in health checkup care is magnetic resonance imag-
ing (MRI), which accounts for 22%. The special properties
of nanoparticles make them an excellent contrast agent,
which can make the imaging clearer and more intuitive, so
as to understand the internal structure of the examinee more
clearly, and achieve the purpose of protecting health.

6. Conclusions

(1) The research background of this article is that with
the improvement of socio-economic level and the
continuous popularization of health concepts, more
and more people have increased their attention to
physical health and often participate in physical
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examinations to protect their health. The rapid devel-
opment of nanotechnology has provided an important
guarantee for healthy physical examination and nurs-
ing. Nanotechnology plays an important role in
health examination and nursing. Therefore, it is nec-
essary to conduct research on the development of
health examination and nursing technology based
on nanotechnology

(2) The purpose of this article is to start with the devel-
opment and research of health examination and
nursing technology under nanotechnology. 220
physical examination patients in our hospital are
selected and divided into experimental group and
control group according to whether the physical
examination and nursing method under nanotech-
nology is applied. The experimental group prepares
Fe3O4@SiO2 core-shell nanoparticles as the MRI
contrast agent for detection. The control group does
not use it by default. Data statistics are made on the
physical examination time, physical examination
efficiency, and physical examination results, and
then, the physical examination time, physical exam-
ination efficiency, and physical examination results
coincide with each other

(3) The experimental data shows that after applying the
health checkup nursing technology under nanotech-
nology, the checkup time of the experimental
group’s checkups is significantly reduced, the
checkup time of the checkups in the experimental
group is 58:94 ± 31:40min, and the checkup time
of the checkups in the control group is 73:74 ±
38:95min; the difference between the two is 14:8 ±
7:55min, and the two groups of data are statistically
significant (P < 0:05). The physical examination effi-
ciency score of the experimental group was 8:72 ±
0:68 points, and the physical examination time of
the control group was 7:29 ± 1:23 points. This clearly
shows that the health examination and nursing tech-
nology based on nanotechnology are more mature,
saving a lot of time in the physical examination
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With the popularization of oral health knowledge, people have gradually realized the importance of orthodontic treatment in oral
health, so the number of patients undergoing orthodontic treatment has increased significantly. To improve the effect of
orthodontic treatment, this article mainly studied the application of adhesives loaded with amorphous nanocalcium phosphate
in the prevention of enamel demineralization in orthodontic patients. In the experiment, we used spray-drying technology to
synthesize NACP. The collected dry particles were dispersed with absolute ethanol, sonicated for 10 minutes, dropped on a 200
ordinary carbon support film, and then dried and observed with a transmission electron microscope (TEM). Prevention of
enamel demineralization in orthodontic patients was by adhesive-loaded amorphous nanocalcium phosphate. In this
experiment, the membrane dialysis method was used to release the drug-loaded nanoparticles. The MH-5 microhardness tester
was used to randomly select 3 positions on the buccal area of the enamel surface to measure the microhardness. After
measuring the microhardness of each point, take the average of the readings of the 3 positions. Before and after the
experiment, the difference of the enamel surface microhardness before and after the experiment was statistically analyzed.
Before the scanning electron microscope observation, to avoid contamination of the window area of the enamel surface, which
will cause interference with the scanning electron microscope observation, we use acetone to remove the acid-resistant nail
polish coated on the enamel surface. Clean the attachments on the surface of the teeth first, then fix, dehydrate, and dry. When
the release time reaches 52 h, the cumulative release rates of Cur in pH 5.4 and pH 7.4 buffers are 85.84 and 64.68%,
respectively. The results show that by adjusting the concentration of PAA, it is possible to configure a mineralized liquid that
can not only use the fluidity of NACP to penetrate into the collagen fibers but also transform into HAP within a suitable time,
to achieve the purpose of repairing demineralized dentin.

1. Introduction

In recent years, inorganic nanoparticles have attracted much
attention due to their unique materials and size dependence.
In addition to its good stability, easy control of morphology,
and size, it also has optical, magnetic, and other physical prop-
erties and has a wide range of applications in drug delivery and
tumor imaging. The chemotherapeutic drugs are loaded on the
surface and pore structure of inorganic nanoparticles through
physical, chemical action, or surface functional groups, and
the drugs are transported into the organism through the cell
membrane to achieve the therapeutic effect. Calcium phos-

phate is a typical inorganic nanoparticle, which has good bio-
compatibility and will not cause rejection in the organism, so
it has obvious advantages in drug delivery, bioceramics, and
bone repair. In organisms, ACP has better osteoconductivity
and biodegradability than HAP and TCP, and some of its
properties can be adjusted by changing its components.
Amorphous calcium phosphate (ACP) is a general term for
short-range ordered and long-range disordered calcium phos-
phates. ACP can be classified as having a variable chemical
composition (the Ca/P ratio can vary from 1.0 to 2.0), a class
of calcium phosphate salts with similar chemical properties
to glass. ACP is an amorphous intermediate phase of calcium
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phosphate found during the synthesis of hydroxyapatite
(HAP) under neutral or acidic conditions, so X-ray diffraction
analysis shows amorphous features.

Among calcium phosphate materials, ACP exhibits better
osteoconductivity and biodegradability and has beenwidely used
in the demineralization and remineralization of tooth enamel,
bone defect treatment, and drug carriers. However, ACP is a
metastable phase, it is very easy to transform into a crystal form,
and it has poor dispersion in solution and is easy to agglomerate,
which seriously affects the application of ACP in organisms.
CPP-ACR (casein phosphopolypeptide-amorphous calcium
phosphate) can effectively prevent enamel demineralization
and promote the remineralization of enamel demineralization
that has occurred.

Jiang et al. prepared stable nanoamorphous calcium phos-
phate (NACP) with polyethylene glycol as a stabilizer to obtain
nanosized amorphous adsorbents [1]. Feng et al. explored the
effect of a novel bioabsorbable stent composed of PLLA and
ACP nanoparticles on inflammation and calcification of
surrounding tissue after stent implantation in porcine coronary
arteries [2]. Zhang et al. performed 20 cycles of hypophosphite
adsorption-desorption on the polymer-supported ferric iron
nanocomposite HFO@201 [3].

When fluoride is used alone, remineralization mainly
occurs on the surface of tooth enamel caries. Once fluoride
ions contact calcium and phosphorus ions, fluorapatite will
quickly form on the surface of the tooth, preventing mineral
ions from continuing to enter the caries. The deep layer hin-
ders the remineralization of the deep layer. When CPP and
fluoride ions exist at the same time, the entire layer of
enamel caries can be remineralized. CPP can prevent the
rapid transformation of calcium phosphate stage, and the
mineral components can diffuse in the form of ions. Below
the surface of the carious lesion, an active gradient is formed,
which promotes remineralization throughout the entire
layer of enamel carious lesions. This in vitro remineraliza-
tion model after enamel acid etching strongly illustrates that
lysozyme can stabilize a higher concentration of calcium and
phosphorus ions into an amorphous state. Under the degra-
dation of sodium hypochlorite and the induction of glycine,
it can promote the remineralization of early enamel caries.

2. Method and Experiment

2.1. Experimental Equipment and Materials. The main instru-
ments are incubator, microhardness tester, laboratory PH
meter, bt25s electronic scale, anaerobic culture tank,
61MXW-80A vortex oscillator, GSP-9050MBE constant tem-
perature water-proof incubator, complete automatic bio-
chemical analyzer, scanning electron microscope, energy
spectrum analyzer, etc. [4].

The main materials used in the experiment are dipotas-
sium hydrogen phosphate, calcium chloride dihydrate, 4-
hydroxyethylpiperazine, ethanesulfonic acid, 1% sodium
hypochlorite rinse, 37% phosphoric acid gel, etc. [5].

2.2. Subjects. 100 patients were randomly selected from the fixed
orthodontic patients, 50 males and 50 males, aged between 12
and 16 years old, with permanent teeth. All patients were

treated with the standard square wire arch technique, and the
average treatment period was 20 months, which was set as the
observation group. The control group consisted of a random
selection of 200 normal people aged 12-16 years without fixed
correction, 100 men and women each.

Inclusion criteria. The experimental group had normal
tooth morphology, well-developed enamel, and no hard tissue
diseases such as enamel demineralization, fluorosis, and tetra-
cycline. The control group was those with normal tooth mor-
phology, no enamel development defects, and no enamel
demineralization.

Exclusion criteria. The experimental group was unable to
follow up on time and adhere to treatment, and the control
group were tetracycline teeth, fluorosis teeth, and other
enamel development defects [6].

2.3. Synthesis of Nanometer Amorphous Calcium Phosphate
(NACP). Spray-drying technology was used to synthesize
NACP. 1.5125g anhydrous acetic acid was added to 500mL
distilled water to prepare a spray solution. Then, 0.8 g calcium
carbonate (CaCO3) and 5.094 g anhydrous calcium hydrogen
phosphate (CaHPO4) were dissolved in acetic acid solution.
Add distilled water to the solution until the total volume of
the solution reaches 1L. The concentration of acetic acid is
25mmol/L. The solution is sprayed by a nozzle located in a
spray chamber with hot air flow at 10mL/min feed rate. The
collected dry particles were dispersed with absolute ethanol,
vibrated with ultrasonic for 10 minutes, dropped on a 200
ordinary carbon support films, and observed by transmission
electron microscope (TEM) after drying. The powder specific
bet (Brunauer-Emmet-Teller) specific surface area was ana-
lyzed using a physical/chemical adsorption analyzer [7]. The
preparation of NACP nanoparticles is shown in Figure 1.

Amorphous calcium phosphate (ACP) is generally con-
sidered a transition phase in the formation of calcium phos-
phate in aqueous environments. Generally speaking, ACP
may be the first phase in the precipitation and crystallization
process of calcium phosphate solution, which can be
obtained by the rapid mixing of calcium and phosphorus
solutions. The chemical composition of ACP is not fixed
and is often related to the calcium and phosphorus concen-
trations and pH values in the reaction solution. As for the
structure of the ACP, there is no clear conclusion so far.
The IR spectrum of ACP shows a broad absorption peak
for phosphate radicals. XRD results show that the com-
pound is amorphous Through electron microscopy, it can
be observed that ACPs are generally round spheres with
diameters between 20 and 200 nm. ACP appears to have
the short-range structure of apatite, but due to the very small
size of the crystals, it shows an amorphous phase on the
XRD pattern. This conclusion has been confirmed by X-
ray absorption spectroscopy.

Sodium cyclopentadienyl is a colorless solid, but the sam-
ple will appear pink due to oxidation. Solutions of sodium
cyclopentadienyl in THF are commercially available. It can
be prepared by treating cyclopentadiene with sodium. The
reaction is usually carried out by heating sodium to a molten
state in dicyclopentadiene. Previously common practice was
to use “sodium wire” or “sodium sand,” which was obtained
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in the form of fine dispersion by melting and refluxing sodium
in xylene with rapid stirring.

Define a binary comparison criterion [8]:

τ p ; x, yð Þ =
1, p xð Þ < p yð Þ,
0, p xð Þ ≥ p yð Þ:

(
ð1Þ

The formula is as follows [9]:

Z =∬
w
g Xð ÞgT Xð ÞdX,

G i, jð Þ =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
G2
x i, jð Þ +G2

y i, jð Þ
q

,

θ i, jð Þ = arc Gx i, jð Þ
Gy i, jð Þ

 !
:

ð2Þ

When the image is blurred and the noise is small, the
working state of the gradient operator is a satisfactory
continuous image f ðx, yÞ, and the position gradient ðx, yÞ
can be expressed as a carrier [10]. If Gx and Gy are used
to represent the gradient change of f ðx, yÞ along the X
and Y directions, the gradient vector can be expressed as
follows [11]:

f x, yð Þ =
∂f x, yð Þ

∂x
∂f x, yð Þ

∂y

2
664

3
775: ð3Þ

A transformation method based on the tangent func-
tion is as follows [12]:

Do =
DM

2 1 + tan απ x/DM − 1/2ð Þð Þ
tan απ/2ð Þ

�
: ð4Þ

The specific steps of the BP neural network algorithm
are as follows: each connection has a weight. If the j-node
is in the exit layer or the hidden layer [12], the net input
to the j-node Ej is as follows:

Ej =〠
i

wijSi + θj: ð5Þ

Given the net input Ej of node j, the output of Sj of
node j is as follows [13]:

Sj =
1

1 + e−I j
� � : ð6Þ

As the burden and bias representing the prediction
error of the network are continuously updated, the error
propagates backwards [14]. For the node of the output
layer j, the error Errj calculation formula is as follows:

Errj = Sj 1 − Sj
� �

Gj − Sj
� �

: ð7Þ

Computing the error of j nodes on the hidden layer
requires a weighted sum of j-related node errors on the
next layer [15]. The error of the hidden layer of the j node
is as follows:

Errj = Sj 1 − Sj
� �

〠
k

Errkwkj: ð8Þ
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Figure 1: Preparation of NACP nanoparticles.
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wjk is the connection weight from node k to node j in
the next higher layer [16], and Errk then is the error of
node k.

The propagated errors are reflected by updating the
weights and biases [17, 18]. The formula for weight update
is as follows, where Δwij is wij the weight change amount.

Δwij = 1ð ÞErrjSi,
wij =wij + Δwij:

ð9Þ

The offset is updated by the following equation, where
Δθj is θj the offset change.

Δθj = 1ð ÞErrj,
θ j = θj + Δθj:

ð10Þ

2.4. In Vitro Drug Release. In this experiment, membrane dial-
ysis was used to release the drug-loaded nanoparticles. First,
put 5mL Cur-ACP nanoparticles (2mg/mL) in a pretreated
dialysis bag with a molecular weight cut-off of 34kDa,
immerse the dialysis bag in a 100mL beaker (protect from
light), and place the beaker in a shaker (37°C, 70 rpm) [19,
20]. The in vitro drug release process is shown in Figure 2.

2.5. Antioxidant In Vitro. In this determination, 1mL of
samples with various concentrations (2, 4, 6, 8, and 10μg/
mL) was mixed with 2mL of 0.1mM DPPH solution [21].
After that, the mixed solution was kept at room temperature
and protected from light for 30 minutes [22].

Inhibition %ð Þ = A0 − A1
A0

× 100%: ð11Þ

Among them, A0 is the absorbance of the control group,
and A1 is the absorbance of the sample.

2.6. Preparation of New Antibacterial Remineralization
Functional Orthodontic Adhesive. As shown in Table 1, the
first new type of orthodontic adhesive was prepared by add-
ing 5% by mass of MAE-DB to PEHB resin. MAE-DB and
NACP with mass ratios of 5% and 40% were added to PEHB
to prepare the second new type of orthodontic adhesive,
referred to as PND. Adding more than 40% of NACP to
the resin will affect the adhesive properties and mechanical
properties of the resin, so the addition concentration of
40% is selected. The whole preparation process is carried
out in a dark room, and the resin mixture is mixed evenly
with a mixing knife, and the air bubbles are removed by vac-
uum. The adhesive is prepared within 0.5 h before each use,
and the unused ones are discarded after the test and no lon-
ger used [23, 24].

Take 0.5 g of mussel shell powder in a 100mL beaker,
add 40mL of propionic acid with a concentration of 5% to
make it fully react, take the supernatant after centrifugation,
dilute the obtained solution to 50mL, and then dilute the
concentration to 0.06M 50mL of phosphoric acid solution
was added dropwise to the beaker. After the dropping was

completed, 0.6mmol of sodium tripolyphosphate was added
to the beaker. After 30min of reaction, 6 g of urea was added.
After stirring to fully dissolve the urea, the beaker was placed
at 90°C. In a water bath, it was stirred for 3min and then
allowed to stand until precipitation appeared. The precipitate
was centrifuged, washed twice with deionized water and twice
with ethanol, and dried at 70°C for 24h to obtain ACP white
powder.

2.7. Testing of Mechanical Properties of New Orthodontic
Adhesives. Transbond XT paste (TB), a commonly used
orthodontic adhesive in clinical practice, was selected as a
commercial control, and three adhesives (TB, PD, and
PND) were used to make test pieces with a size of 25mm
× 2mm × 2mm. The surface was cured with LED light cur-
ing lamp (output light intensity is 1200mW/cm2) for 60 s.
After fully curing, the specimen was placed in a constant
temperature water bath at 37°C for 24 h. Each group has 5
test pieces. A three-point bending test was carried out on a
computer-controlled universal testing machine with a span
of 20mm and a pressing speed of 1mm/min, to test the flex-
ural strength and elastic modulus of the material. The flex-
ural strength is calculated by the following formula [25]:

S = 3Pmax
L

2bh2
� � : ð12Þ

Among them, Pmax is the breaking load, L is the span, b
is the width of the specimen, and h is the height of the
specimen.

The modulus of elasticity is calculated by the following
formula:

E = P
d

� �
L3

4bh3
� �
" #

: ð13Þ

The load P divided by the displacement d is the slope of
the load-displacement curve in the linear elastic region [26].

2.8. Microhardness Measurement. In this experiment, the MH-
5 microhardness instrument was used to randomly select 3
positions on the buccal test area of the enamel surface to mea-
sure the microhardness. After measuring the microhardness of
each point, the average of the readings of the 3 positions was
taken. Use this method to calculate the final surface microhard-
ness value of the tooth enamel. Nanohardness and elastic mod-
ulus are measured by a nanoindenter. The test uses a
continuous hardness measurement method. The depth of pres-
sure is 600nm. The calculation formula of hardness and elastic
modulus is as follows:

S = β
ffiffiffi
λ

p
Erh,

1
Er

= 1 − v2i
� �

Ei
+ 1 − v2s
� �

Es
:

ð14Þ

In the formula, S represents the contact hardness, h repre-
sents the depth of pressure measurement, Er is the reduced
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Young’s modulus, and Ei and Es are determined by the Young’s
modulus of the probe and the sample.

2.9. Scanning Electron Microscope Surface Observation. In
this experiment, two samples were drawn from each group
according to the random number table for scanning electron
microscopy (JEOLJSM-6390LV) observation in the window
area of the tongue and palate. Before the scanning electron
microscope observation, to avoid contamination of the win-
dow area of the enamel surface, which will cause interference
with the scanning electron microscope observation, we use
acetone to remove the acid-resistant nail polish coated on
the enamel surface. Clean the attachments on the surface
of the teeth first, then fix, dehydrate, and dry. Because the
surface of the tooth is not charged, its electrical conductivity
is also relatively poor, so the charging effect and discharge
effect will be caused when observing with a scanning elec-
tron microscope, which will affect the observation of the
image of the enamel surface. Therefore, it is necessary to check

the sample before observing the sample. The surface of the
sample is sprayed with gold to increase the conductivity of
the test surface of the sample. Finally, the samples are placed
to the sample stage according to the original grouping order.
When observing the image for collection, each experimental
group can be distinguished according to the quadrant.

2.10. Statistical Analysis. All data were entered into the com-
puter through EXCEL, and single-factor analysis was used to
compare whether the enamel surface roughness values and
microhardness values of each group were statistically differ-
ent. The test standard was P = 0:05. The statistical results are
completed by the SPSS13.0 statistical software.

3. Results

The comparative analysis of the labial surface pH of the
upper and lower anterior teeth is shown in Figure 3. The
results showed that no matter which group of patients, the
pH was lower than that of the mandibular teeth, and the dif-
ference was statistically significant (P < 0:05).

Table 2 shows the comparison of the teeth between the
anterior teeth of the same name. Table 3 shows the compar-
ison of the labial pH of the teeth between the anterior teeth
of the same name. It can be seen from the results that no
matter the upper and lower jaws, there is no statistically sig-
nificant difference in pH (P > 0:05).

0.1 MPa 0.1 GPa 2 GPa

Dynamic

0.4-8 nm <100 nm <1 nm 0.5-10 nm 0.5-50 nm

Figure 2: In vitro drug release process.

Table 1: Composition and mass fraction of two experimental
adhesives.

Glue PEHB MAE-DB NACP

PD 95 5 0

PND 55 5 40
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Calcium phosphate remineralization method contributes
to the prevention of enamel leukoplakia lesions and pro-
motes remineralization of demineralized enamel. Dental
resin materials containing calcium phosphate can release
calcium and phosphorus ions, which become calcium and
phosphorus ion reservoirs for plaque neutralization and
tooth surface, preventing enamel demineralization and pro-
moting remineralization.

The N2 adsorption-desorption isotherm and BJH pore
size distribution of NACP nanoparticles are shown in
Figure 4. The sample shows an IV-type isotherm of H1 hys-
teresis loop, which is a typical mesoporous structure. From
the measured data, it can be seen that the BET surface area
of NACP nanoparticles is 41.414m2/g, and the total pore
volume and average pore diameter are about 0.165 6cm3/g
and 10.5 nm, respectively.

Figure 5 shows the slow release process of NACP nano-
particles in vitro at 37°C and different pH. There was no sig-

nificant difference in the cumulative release of drugs in
different pH buffers 5 h before release. However, as time
increases, the drug release rate of Cur-ACP nanoparticles
in pH5.4 is faster than the release rate in pH7.4. This is
because NACP will gradually decompose in an acidic envi-
ronment, thereby causing the loaded drug will be released
slowly. When the release time reaches 52 h, the cumulative
release rates of Cur in pH5.4 and pH7.4 buffers are 85.84
and 64.68%, respectively.

The quartiles of the proportion of Actinomycetes at differ-
ent stages of treatment are shown in Figure 6. After wearing
the fixed appliance, the proportion of some bacteria in the
total flora also changed. Three kinds of bacteria (Streptococcus
mutans, Lactobacillus, and Actinomycetes) accounted for the
proportion of total bacteria. Kruskal-Wallis H rank-sum test
analysis of multiple independent sample comparisons found
that the proportions of Streptococcus mutans and Lactobacil-
lus exist between group differences (P < 0:05). For the propor-
tion of Actinomycetes in the total flora, there was no
significant change among the groups (P > 0:05). Further use
of pairwise comparison found that, compared with individuals
who did not receive orthodontic treatment, the fixed appliance
worn for less than 1 year, 1-2 years, and more than 2 years
showed Streptococcus mutans and mutant in the local plaque
of the tooth surface. The proportion of Lactobacillus in the
total flora was significantly increased (P < 0:05), but the
Kruskal-Wallis H rank-sum test analysis of multiple indepen-
dent sample comparisons found that the proportion of Strep-
tococcus mutans and Lactobacillus in the flora increases but
does not occur continuously with the extension of the treat-
ment time (the proportion of Streptococcus mutans and Lac-
tobacillus in the partial plaque with the tooth surface after
the fixed appliance is worn for less than 1 year, 1-2 years,
and more than 2 years. The difference in proportion is not sig-
nificant, P > 0:05).

The surface roughness of the seven different samples is
shown in Figure 7. In the first month of the experiment, the
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Figure 3: Comparative analysis of the labial pH of the upper and lower anterior teeth.

Table 2: Comparison of the labial pH between the left and right
sides of the upper jaw with the same name anterior teeth.

Tooth Left Right t P

I1 6:64 ± 0:22 6:71 ± 0:15 1.92 >0.05
I2 6:40 ± 0:12 6:46 ± 0:20 1.37 >0.05
C 6:89 ± 0:18 6:91 ± 0:17 0.94 >0.05

Table 3: Comparison of pH between the anterior teeth of the same
name on the left and right sides of the mandible.

Tooth Left Right t P

I1 7:29 ± 0:28 7:34 ± 0:21 1.29 >0.05
I2 7:33 ± 0:23 7:30 ± 0:14 0.87 >0.05
C 7:07 ± 0:16 7:10 ± 0:26 0.73 >0.05
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enamel surface roughness of the D group was significantly
lower; two and three months of the experiment, the enamel
surface roughness of each treatment group was significantly
reduced. Compared with group G, the difference was signifi-
cant (P < 0:05), the enamel surface roughness of group B
was significantly lower than that of other groups (P < 0:05),
and group C was significant compared with group D, group
E, and group F difference. It can be seen that different
influencing factors will have various effects on the surface
roughness of different samples.

The scanning electron microscope situation is shown in
Figure 8. In a dry environment, after the treatment of 37%
phosphoric acid and GC treatment agent, the enamel cracks
or enamel peeling of the GC adhesive group after two
unloadings all showed different degrees of enamel cracking
or enamel peeling, especially the second unloading was more
prominent. In the area covered by the enamel adhesive, there
are residual resin protrusions embedded in the micropores
of the enamel after removing the brackets, and the bonding
is tight, and the bonding surface has no obvious cracks.
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Figure 4: N2 adsorption-desorption isotherm and BJH pore size distribution of NACP nanoparticles.
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According to the analysis of the bonding process, these protru-
sions are mainly caused by no fillers. The liquid component of
the enamel adhesive with good penetration and physical
bonding properties is formed. This protrusion is considered
beneficial to tooth health and still has an anticaries effect and
does not need to be removed. Moreover, its anticaries effect
compensates for the side effects caused by the improved bond-
ing method to expand the acid etched area.

The comparison of the demineralization rates is shown
in Table 4. Comparison of enamel demineralization rates

between groups A, B, and C is as follows: group B and group
A are different in demineralization rate, group A is higher
than group B (χ2 = 19:227, P ≤ 0:01); group C is deminera-
lized compared with group A. The rate is different in group
A than in group C (χ2 = 21:892, P ≤ 0:01); there is no differ-
ence in demineralization rate between group B and group C
(χ2 = 0:053, P = 0:818). The new composite material based
on the binder-loaded amorphous nanocalcium phosphate
can effectively seal the open dentinal tubules, and its effect
has a certain resistance to abrasion and acid, which provides
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a new experimental basis for the clinical treatment of dentin
hypersensitivity.

The averages of the three groups of EDI indexes A, B,
and C are shown in Figure 9. It can be seen from the figure
that the average of the EDI index of the group A is the high-
est. Comparison between group B and group A is as follows:
t = 2:929, P = 0:008, group A is higher than group B, which
is statistically significant; comparison between group C and
group A is as follows: t = 2:911, P = 0:008, group A is higher
than group C, and there is statistical significance; compari-
son between group B and group C is as follows: t = 0:340,
P = 0:737, and there is no statistical significance.

The comparison of the numbers and proportions of the
two groups of Streptococcus mutans and Actinomycetes is
shown in Table 5. The number of Streptococcus mutans in
the demineralization group was significantly increased com-
pared with the nondemineralization group.

4. Discussion

The crystalline phase transition of ACP is an autocatalytic
process, and its crystallization curve is s-shaped. Phase tran-

sition is the process in which a substance changes from one
phase to another, so the crystallization process is a phase
transition process. There are many factors that affect the
phase transition of ACP, mainly including the pH value of
the solution, the temperature of the system, and the addition
of foreign ions or molecules. Under alkaline conditions, ACP
finally phases into hydroxyapatite in aqueous solution, and
the phase transition rate is very slow (pH = 9:00). The
increase in acidity increases the speed of amorphous inter-
secting. At pH = 3:4, the amorphous phase only exists for a
few minutes, but the phase becomes calcium-deficient
hydroxyapatite (DCPD) instead of apatite, and ACP evolves
to calcium-deficient under physiological pH conditions. And
phosphate hydrolyzed apatite. Temperature has a great
influence on the phase change of ACP. It takes about three
days for the phase change at 10°C, two hours at 25°C, and
complete phase change within 30 minutes when it rises to
37°C. The influence of foreign ions and molecules on the
phase transition of ACP is also essential. In fact, organisms
use the interaction of biological macromolecules with cal-
cium ions and phosphate ions to control the amorphous as
the precursor of biomineralization.

The change in the gloss of the tooth surface is one of the
manifestations of demineralization. It will become caries if it
develops further without treatment. Generally, tooth enamel
demineralization can be divided into two forms, namely,
surface demineralization and subsurface demineralization.
After the remineralization of early enamel caries, mineral
salts can stay in part of the enamel that has been deminera-
lized in a certain form, resulting in an increase in the micro-
hardness of the caries area and a decrease in porosity. The
histomorphology shows that the surface layer and dark zone
are widened, the area of caries is reduced, and the negative
birefringence of the glazed surface is enhanced under the
polarized light microscope. In the caries lesion area, the pos-
itive birefringence tends to the negative birefringence, and
the microscopic X-ray shows an increase in density. In addi-
tion, remineralization not only refers to the deposition of

100 nm 100 nm

200 𝜇m

Figure 8: Scanning electron microscope situation.

Table 4: Comparison of the demineralization rate of the three
groups A, B, and C.

Demineralization rate χ2 value P value

Group A and group B

Group A 26.41
19.227 ≤0.01

Group B 14.35

Group A and group C

Group A 26.41
21.892 ≤0.01

Group C 13.82

Group B and group C

Group B 14.35
0.053 0.818

Group C 13.82
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minerals in the oral cavity on the surface of the tooth and the
diseased part under normal conditions but also can occur
during the formation of dental caries.

The anterior teeth of the same name are similar in shape,
and the contact surfaces and methods of the left and right
anterior teeth of the same name and the toothbrush are sim-
ilar when individuals perform daily oral cleaning such as
brushing their teeth. This may also be one of the reasons.
In the same dental arch, there is a statistical difference in
the pH of the labial surface of the teeth without the same
name. In the maxillary arch, the pH of the labial surface of
the canine teeth is higher than that of the central incisor
(P < 0:05), and both are significantly higher than that of
the lateral incisor (P < 0:05); this may be related to the posi-
tion of the teeth in the oral cavity and the distance of the sal-
ivary gland opening. For example, the pH of the labial
surface of the maxillary lateral incisor is lower than that of
the canine. Plaque is easy to accumulate, especially after
bonding and fixing the appliance, it affects its cleaning and
makes the pH of the lip surface lower than the central inci-
sor. There is no significant difference in pH between man-
dibular lateral incisors and central incisors. Therefore, the
central incisors and lateral incisors of the mandibular inci-
sors receive the washing and buffering effect of saliva resem-
blance. This is similar to the difference in enamel
demineralization in fixed orthodontics.

Due to the low compliance of patients, topical fluoride
regimens are usually difficult to work. Calcium and phos-
phate ions released from calcium phosphate biomaterials
form ion reservoirs in dental plaques. The supersaturated
calcium and phosphorus ion pool helps prevent deminerali-
zation and promote enamel remineralization. In traditional
calcium phosphate materials, the diameter of calcium phos-
phate fillers is mostly about 55 microns, which leads to
restrictions on the filler addition ratio and the release of cal-
cium and phosphorus ions. The new type of amorphous cal-
cium phosphate nanoparticles (NACP) has a diameter of
about 110 nm. Because of its small particle size and large
specific surface area, it has a high level of Ca and P ion
release ability and the ability to promote tooth enamel
remineralization. In addition, resin composites containing
this type of NACP filler can “smartly” release high concen-
trations of calcium and phosphorus ions in an environment
with a pH value close to 4 (cariogenic environment and
enamel demineralization environment), and increase the
local pH to above 5.5. Reduce the enamel demineralization
rate, and after the pH rises above 5, the release of ions will
be significantly reduced, preserving the effectiveness of the
internal filler of the material.

The copolymer has a large difference in solubility between
the hydrophilic and hydrophobic segments and can self-
assemble into nanomicelles with a fairly narrow size
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Figure 9: The average of the three groups of EDI indexes A, B, and C.

Table 5: Comparison of the numbers and proportions of the two groups of Streptococcus mutans and Actinomycetes.

Bacteria
Number The proportion

Demineralization group Undemineralized group Demineralization group Undemineralized group

Streptococcus mutans 11:13 ± 0:72 10:63 ± 0:91 1:20 ± 1:07 0:44 ± 0:48
Actinomycetes 12:08 ± 0:24 12:11 ± 0:57 6:50 ± 4:57 8:59 ± 10:51

10 Journal of Nanomaterials



distribution and typical core-shell structure in water. Polyethyl-
ene glycol (PEG) is often used as the hydrophilic segment of
polymer micelles, and the hydrophobic segment is polylactic
acid (PLA), chitosan (CS), polycaprolactone (PLC), etc. The
inner core can be loaded with poorly water-soluble drugs to
increase the solubility of the drugs in aqueous solutions, while
the hydrophilic outer shell can maintain the steric stability of
the micelles. Polymer micelles can escape the nonspecific
uptake of the reticuloendothelial system (RES) due to their
small size distribution; the preparation methods of micelles
are simple and diverse, and the conditions are mild; targeting
molecules can be coupled on the surface of the micelles to
enable the drug to achieve the target to deliver, thereby improv-
ing the efficacy of drugs. These advantages make polymer
micelles have broad application prospects in the delivery of
poorly soluble drugs.

5. Conclusions

Enamel demineralization of orthodontic teeth is a very serious
problem, especially for patients with poor oral hygiene, and it
is necessary to take active preventive measures as soon as pos-
sible. The self-etching bonding technology breaks through the
traditional phosphoric acid etching and combines a variety of
research results to reduce enamel damage and demineraliza-
tion. It has special advantages in preventing enamel deminer-
alization and is worthy of further research. The surface of the
enamel after acid etching demineralization is rougher, and the
porosity is greater, which is conducive to the penetration and
fitting of the adhesive. The nanoactive filler contained in the
adhesive is easier to combine with the demineralized enamel,
thereby enhancing the hardness. Over time, the loss or
increase of minerals ultimately determines whether WSL or
even dental caries will advance, stabilize, or degenerate. There-
fore, improving the ability of tooth enamel to resist deminer-
alization and promoting its remineralization is an effective
method to inhibit WSL and dental caries. In the experiment,
the synthetic peptide at the C-terminus of enamel protein
improved the directional connection of the nanoparticles
and promoted the orderly transformation of the nanoparticles
into enamel-like HAP crystals. Ordered particle arrangement
may be a preparatory step before crystal formation and
growth, which is in line with the concept of particle-attached
crystallization (CPA) in the nonclassical mineralization the-
ory. In this study, CMC and PA are used to simulate proteins
related to biomineralization, and ACP is stabilized and
arranged by forming CMC/ACP nanocomposites, and then,
small particles are arranged in a queue and specifically bound
to the enamel surface.
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In order to reasonably reduce the energy consumption of automotive LCD instrument and improve the display quality, a new local
dimming algorithm is proposed in this paper. Firstly, the gray image of the input image is obtained by using the maximum
principle, and then, the LED backlight brightness value is obtained by using Otsu method and maximum entropy method. The
BMA backlight smoothing algorithm is improved by combining bilinear interpolation algorithm, and the dimming image is
obtained by using pixel compensation algorithm based on logarithm. Then, for low brightness images, high brightness images,
low contrast images, and high contrast images, typical algorithms are used to simulate and compare, and the image processing
effects of various local dimming algorithms are analyzed. Finally, the entropy weight method is used to objectively evaluate the
local dimming algorithm. The results show that the new local dimming algorithm reduces the energy consumption and
improves the display quality, which verifies the effectiveness of the proposed algorithm.

1. Introduction

LCD in automobile liquid crystal instrument is different
from OLED. It is a nonautonomous light-emitting display
device, which needs to rely on backlight module to provide
backlight [1]. Because LED has the characteristics of energy
saving, environmental protection, and long service life, the
straight down LED backlight module is widely used as its
backlight in automotive LCD instruments. However, the
output brightness of the traditional backlight is constant,
resulting in high energy consumption, poor contrast, and
light leakage of the display. In order to solve this series of
problems, researchers proposed a local dimming algorithm.
The local dimming algorithm divides the image into several
partitions, and the backlight source changes accordingly
according to the pixel content of the corresponding parti-
tion. More basic local dimming algorithms include max
method, average method, sqrt method, and standard devia-
tion method [2]. Max method takes the maximum gray
value of the corresponding partition as the backlight bright-
ness value, which will not cause obvious loss of details, but
the energy-saving effect is poor. The average method takes

the average gray value of the corresponding partition as
the backlight brightness value. Compared with the max
method, the average method has better energy-saving effect,
but it is prone to gray truncation. Sqrt method and standard
deviation method obtain the backlight brightness value of
the corresponding partition on the basis of average method.
Compared with average method, sqrt method retains more
image details and reduces energy consumption to a certain
extent compared with max method, but it is also prone to
gray truncation. At the same time, there are typical local
dimming algorithms such as error correction method, CDF
threshold method, and IMF method [3, 4]. In the error cor-
rection method, the weighting coefficient before the correc-
tion value is fixed, resulting in some images cannot get the
ideal LED backlight brightness value, and the scope of appli-
cation is limited. Both CDF threshold method and IMF
method are suitable for high brightness images and can
enhance the contrast of images, but for images with a large
proportion of dark scenes, the LED backlight brightness
obtained by the two algorithms is low, which is easy to cause
excessive pixel compensation and is easy to lose details. In
recent years, some scholars have proposed better local
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dimming algorithms. Wu [5] proposed a new local dimming
algorithm that uses the improved hybrid leapfrog algorithm
to extract the backlight brightness, which improves the
image contrast. Song et al. [6] proposed a local dimming
algorithm based on deep learning that directly generates a
compensation image from the input image without any
backlight dimming level information. Zhang et al. [7] pro-
posed a new adaptive local dimming method to change the
backlight brightness value in combination with human
visual characteristics. Zhao [8] proposed a local dimming
algorithm based on image local brightness. Although some
scholars at home and abroad have proposed some local dim-
ming algorithms, there is still much room for improvement
in energy saving and improving display quality. This paper
presents a local dimming algorithm for automotive LCD
instrument, which improves the display quality and reduces
the energy consumption.

2. A New Local Dimming Algorithm

Otsu method has good processing effect for bimodal image
and image edge region in gray histogram. It has the charac-
teristics of simple calculation, high real-time performance,
and relatively good processing effect. It is often used to
obtain the initial threshold in the field of threshold segmen-
tation. However, because Otsu method only considers the
maximization of target and background segmentation when
doing threshold segmentation, it is often difficult for Otsu
method to obtain a better segmentation threshold for some
images whose gray value of target and background is close.
Otsu method has a good processing effect for the image with
obvious distinction between the background layer and the
target layer, that is, the image with double peaks in the gray
histogram, and also in the edge area of the gray value of the
image. The maximum entropy method and Otsu method
have a good complementary effect. They have a good recog-
nition and segmentation effect in the region with low dis-
crimination between the background and the target
boundary, while the processing effect in the edge region of
gray image is poor [9]. By comprehensively analyzing the
advantages and disadvantages of existing local dimming
algorithms, this paper proposes a local dimming algorithm
based on OTSU and maximum entropy, including local
dynamic backlight extraction algorithm, backlight smooth-
ing algorithm, and pixel compensation algorithm.

2.1. Backlight Extraction. The specific steps of the new back-
light region extraction algorithm are as follows:

(1) Convert the input image into a gray image by using
the maximum principle

Firstly, this paper uses the maximum principle to gray
the input image to obtain the gray image; that is, the maxi-
mum value of the red, green, and blue primary colors of each
pixel is taken as the gray value of the pixel. By using the
maximum principle to obtain the gray value, it can ensure
that the brightness value of LED backlight calculated in the
subsequent backlight extraction algorithm will not be too

low, so as to avoid the impact on the image display effect
due to excessive pixel compensation to a great extent. At this
time, the three primary colors of red, green, and blue are
represented by eight channels, which is 256 levels; the quan-
tization range of the gray value is 0-255, as shown in

gray x, yð Þ =max R x, yð Þ,G x, yð Þ, B x, yð Þð Þ: ð1Þ

In the formula, Rðx, yÞ, Gðx, yÞ, and Bðx, yÞ are the three
primary color components of red, green, and blue at the
pixel.

(2) Obtain the first level target value by using Otsu
method

After obtaining the gray image of the input image, the
Otsu method (maximum inter class variance method) is
used to adaptively select the first level target value according
to the gray image of each image partition. The specific steps
are as follows:

For an image with a resolution of A × B, it contains M
gray levels f0, 1, 2,⋯,M − 1g, and Ni is the number of pixels
with gray level i, as shown in

POi =
Ni

AB
: ð2Þ

In the formula, POi is the gray probability corresponding
to the gray level i, where ∑M−1

0 POi = 1 and POi ≥ 0.
If the segmentation threshold is f , the gray image pixels

are divided into ½0, f � and ½ f + 1,M − 1�, that is, correspond-
ing to background Back1 and target Back2. P1ð f Þ and P2ð f Þ
are the total pixel probabilities of background Back1 and
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Figure 1: Schematic diagram of gain region.

Figure 2: Block effect simulation diagram.
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(a) Original image (b) Backlight image

(c) Traditional BMA (d) Improved BMA

Figure 3: Effect comparison of backlight smoothing algorithm.

(a) Original image (b) Backlight image

(c) Traditional pixel compensation (d) Improved pixel compensation

Figure 4: Effect comparison of pixel compensation algorithm.

(a) Low brightness (b) High brightness

(c) Low contrast (d) High contrast

Figure 5: Sample image.
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target Back2, respectively, and μ1ð f Þ and μ2ð f Þ are the aver-
age gray values of background Back1 and target Back2,
respectively, as shown in

μ1 fð Þ = 〠
f

i=0
i
POi

P1 fð Þ ,

μ2 fð Þ = 〠
M−1

i=f+1
i
POi

P2 fð Þ ,
ð3Þ

where μ0 is the average gray value of the input image and C
is the inter class variance, as shown in

C fð Þ = P1 fð Þ μ1 fð Þ − μ0ð Þ2 + P2 fð Þ μ2 fð Þ‐μ0ð Þ2
= P1 fð ÞP2 fð Þ μ1 fð Þ − μ2 fð Þð Þ2,

C G1ð Þ = max
1≤f≤M−1

C fð Þ:
ð4Þ

In the formula, CðG1Þ is the maximum interclass vari-
ance and G1 is the target threshold.

(3) Obtain the secondary target value by using the max-
imum entropy method On the basis of Otsu method

(a) Max (b) Average

(c) Sqrt (d) SD

(e) ECM (f) CDF

(g) IMF (h) New

Figure 6: Low brightness image simulation diagram.

Within the range of [90%, 110%] of the primary target
value obtained by Otsu method, the secondary target value
is obtained by maximum entropy method. The specific steps
are as follows:

Taking the segmentation threshold f2 as the boundary, it
is divided into two parts: Back3 and Back4, which corre-
spond to gray areas ½0, f2� and ½ f2 + 1,M − 1�, respectively.
Pe1ð f2Þ and Pe2ð f2Þ are the probability sum of gray levels
in two gray areas, respectively.

The sum of information entropy thtotal of Back3 and
Back4 is

thtotal f2ð Þ = th Back3ð Þ + th Back4ð Þ

= −〠
f2

i=0

POi

Pe1
ln POi

Pe1
− 〠

M−1

i=f2+1

POi

Pe2
ln POi

Pe2
:

ð5Þ

For the flat part of the curve in the gray histogram of the
input image, the information entropy is large; the steep
region with less gray level information is the region with
low complexity and low information entropy. By traversing
f2 in the gray range of ½0:9G1, 1:1G1�, the gray level G2 cor-
responding to the maximum value of thtotalð f2Þ is the sec-
ondary target value.
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(4) Calculate the target segmentation threshold

The target segmentation threshold G f inal is obtained
by comprehensively considering the primary target value
and secondary target value in steps (2) and (3).

G final = G1 +G2
2 : ð6Þ

(5) Calculate the backlight brightness value

The area where the gray value is greater than G final is
regarded as the gain area gain, as shown in Figure 1.

After obtaining the gain region, the relevant idea of error
correction method is used, as shown in

BLgain = mean gainð Þ,

K =
BLgain − G final

BLmax
,

BLnew = BLavg + K ×
BLmax − BLavg
À Á2

255 :

ð7Þ

In the formula, BLgain is the average gray value of the
gray image gain area; K is the gain coefficient. Cor is the cor-
rection amount obtained by introducing the error correction
method, and BLnew is the backlight brightness value of LED
lamp obtained by applying the new local dynamic backlight
extraction algorithm.

2.2. Backlight Smoothing. Due to the light diffusion of LED
lights in adjacent zones, it will affect adjacent zones. If the
pixel is compensated directly, there will be obvious “block
effect” in the image. Therefore, before pixel compensation,
backlight smoothing is needed to eliminate the “block
effect.” The simulation effect of block effect is shown in
Figure 2. At present, LSF algorithm and BMA algorithm
are widely used for backlight smoothing. Compared with
LSF algorithm, BMA algorithm has the advantages of simple
operation, less hardware resources, and better backlight
smoothing effect. However, because the traditional BMA
algorithm uses a simple surrounding image processing when
expanding the matrix for smoothing filtering, it will cause
some loss to the final backlight smoothing effect. The algo-
rithm adopts bilinear interpolation expansion method when
expanding the matrix. This method effectively considers the
image information of the original matrix, and the perfor-
mance of the algorithm is improved.

(a) Max (b) Average

(c) Sqrt (d) SD

(e) ECM (f) CDF

(g) IMF (h) New

Figure 7: High brightness image simulation diagram.
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The core idea of the improved BMA algorithm is as
follows:

(1) The surrounding mirror image is only a simple copy
of the boundary, resulting in a large error. The bilin-
ear interpolation algorithm is used to expand the

matrix, which fully considers the nearest four verti-
ces around the pixel to be calculated. In the initial
matrix expansion, the bilinear interpolation algo-
rithm is used to replace the traditional method of
surrounding mirror image to expand the matrix to
obtain the expansion matrix BLexp, as shown

(a) Max (b) Average

(c) Sqrt (d) SD

(e) ECM (f) CDF

(g) IMF (h) New

Figure 8: Low contrast image simulation diagram.

BLexp =

BLbil1,1 BLbil1,2 BLbil1,3 L BLbil1,c BLbil1,c+1 BLbil1,c+2
BLbil2,1 BLbil2,2 BLbil2,3 L BLbil2,c BLbil2,c+1 BLbil2,c+2
BLbil3,1 BLbil3,2 BLbil3,3 L BLbil3,c BLbil3,c+1 BLbil3,c+2
M M M M M M M

BLbilr,1 BLbilr,2 BLbilr,3 L BLbilr,c BLbilr,c+1 BLbilr,c+2
BLbilr+1,1 BLbilr+1,2 BLbilr+1,3 L BLbilr+1,c BLbilr+1,c+1 BLbilr+1,c+2
BLbilr+2,1 BLbilr+2,2 BLbilr+2,3 L BLbilr+2,c BLbilr+2,c+1 BLbilr+2,c+2

2
666666666666664

3
777777777777775

: ð8Þ
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(2) The backlight smoothing initial expansion matrix
BLexp is smoothed by equation (9) to obtain the ini-
tial smoothing filter matrix BLf ilt

BLfilti, j = 0:32 × BLbili, j + 0:1 × BLbili, j‐1 + BLbili, j+1
� �

+ 0:1 × BLbili‐1, j + BLbili+1, j
� �

+ 0:07

× BLbili‐1, j‐1 + BLbili‐1, j+1 + BLbili+1, j‐1 + BLbili+1, j+1
� �

:

ð9Þ

(3) After smoothing the matrix, the nearest neighbor
interpolation algorithm is replaced by bilinear inter-
polation algorithm to double the size of the matrix

(4) Repeat steps (1)~(3) twice. Finally, the bilinear inter-
polation algorithm is used to expand the smoothing
filter matrix to the size of the original image. The
comparison of algorithms is shown in Figure 3

2.3. Pixel Compensation. If the brightness value of LED
backlight obtained by the local dynamic backlight extraction
algorithm is too small, the traditional pixel compensation
algorithm will lead to overcompensation of image pixels,

which will lead to gray truncation and poor reliability of
the algorithm. This paper proposes a pixel compensation
algorithm based on logarithm, which can stretch the low
brightness region and enhance the high brightness region,
which reduces the distortion of the image to a great extent,
as shown in

V x, yð Þ = ln graymax
g x, yð Þ

� �0:2
× e

 !
,

R′ x, yð Þ =V x, yð Þ ∗ R x, yð Þ,
G′ x, yð Þ = V x, yð Þ ∗G x, yð Þ,
B′ x, yð Þ =V x, yð Þ ∗ B x, yð Þ:

8>><
>>:

ð10Þ

In the formula, graymax is the maximum gray value of
each image partition gray image; gðx, yÞ is the backlight
smoothing value at pixel ðx, yÞ obtained by backlight
smoothing of LED backlight brightness matrix; Vðx, yÞ is
the pixel adjustment coefficient.

The comparison between traditional pixel compensation
algorithm and logarithm-based pixel compensation algo-
rithm is shown in Figure 4.

(a) Max (b) Average

(c) Sqrt (d) SD

(e) ECM (f) CDF

(g) IMF (h) New

Figure 9: High contrast image simulation diagram.
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3. Effect Verification of Local
Dimming Algorithm

On the MATLAB platform, different local dimming algo-
rithms are used to simulate low brightness image, high bright-
ness image, low contrast image, and high contrast image. The
resolution of the test image is 1920 × 1080, and image parti-
tion is 16 × 9. The sample image is shown in Figure 5, and
the simulation results are shown in Figures 6–9.

According to the simulation results, six testers are
invited to subjectively evaluate the simulation images
according to the five grades of excellent, good, general, sub-
standard, and inferior in the closed dark light environment.
The results are shown in Table 1.

4. Algorithm Evaluation

4.1. Evaluation Index. Based on the comprehensive analysis
of the classical objective evaluation methods, this paper pro-
poses to take the energy-saving rate (SER), overflow rate
(OFR), and contrast (CR) as the objective evaluation indexes
for the regional dimming algorithm, as shown in Table 2.

In the formula, BL AVG is the average brightness of all
LED backlights corresponding to an input image, and the
value range is ½0 − 255�; OFsum is the total number of pixel
overflow after pixel compensation; MAXðBLÞ and MINðBL
Þ are the maximum and minimum brightness of LED back-

light obtained by using the regional dynamic backlight
extraction algorithm.

4.2. Result Analysis. Three objective evaluation indexes of
energy saving rate, overflow rate, and contrast are extracted
from the backlight brightness value and backlight compen-
sation pixel value. In this paper, the entropy weight method
based on objective indexes is used to evaluate and score the
algorithm, eliminate the interference of subjective factors,
give weights to each objective evaluation index, and then
convert it into the quantification of the quality evaluation
of regional dimming algorithm.

The evaluation results obtained by entropy weight
method are shown in Table 3.

Table 1 evaluates the image from the subjective visual
perception of the tester, and Table 3 analyzes the processing
effect of the algorithm from the objective indicators. The
consistency between Tables 1 and 3 is good, which verifies
the excellent processing effect of the algorithm proposed in
this paper on reducing energy consumption and improving
display quality.

5. Discussion

(1) A new local dimming algorithm for automotive LCD
instrument is proposed, which can reduce energy
consumption and improve display quality. It mainly

Table 3: Objective evaluation results.

Algorithm
Low brightness High brightness Low contrast High contrast

SER OFR CR SUM SER OFR CR SUM SER OFR CR SUM SER OFR CR SUM

Max 65 80 60 70.71 70 80 68 68.73 70 80 80 77.20 75 80 80 78.33

Average 85 50 70 63.38 80 80 85 83.16 80 62 80 69.17 80 80 85 81.92

Sqrt 65 65 50 60.34 70 80 72 71.26 70 74 70 72.40 75 85 80 79.74

SD 80 60 60 64.09 70 80 80 76.33 70 70 80 71.19 75 85 85 81.66

ECM 70 70 60 66.89 70 80 75 73.16 70 74 80 73.60 75 85 80 79.74

CDF 80 70 60 68.94 70 80 80 76.33 70 71 80 71.80 75 85 80 79.74

IMF 85 55 80 68.91 70 80 85 79.50 80 62 80 69.17 75 85 85 81.66

New 85 85 70 80.34 80 80 85 83.16 80 82 80 81.20 80 85 85 83.33

Table 2: Objective evaluation index of local dimming algorithm.

Index Calculation formula Evaluation significance

SER SER = 1‐ BL AVG/255ð Þð Þ × 100% Energy-saving effect

OFR OFR = OFsum/A × B Image retention effect

CR CR =MAX BLð Þ/MIN BLð Þ Image display enhancement effect

Table 1: Subjective evaluation effect.

Max Average Sqrt SD ECM CDF IMF New

Low brightness Substandard Substandard Substandard Substandard Substandard Substandard Substandard Good

High brightness Substandard Good General General General General General Good

Low contrast Good Substandard General General General General Substandard Good

High contrast Good Good Good Good Good Good Good Good
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includes the comprehensive use of Otsu method and
maximum entropy method to determine the bright-
ness value of LED backlight, the improvement of
BMA backlight smoothing algorithm by bilinear
interpolation, and the pixel compensation algorithm
based on logarithm

(2) The new local dimming algorithm and other local
dimming algorithms proposed in this paper are sim-
ulated and analyzed on four typical images. It is
found that the local dimming algorithm proposed
in this paper can effectively improve the display
quality, which shows that this algorithm has wide
applicability

(3) The entropy weight method is used to objectively
evaluate the quality of the algorithm, which proves
that the local dimming algorithm proposed in this
paper can effectively reduce energy consumption
and improve the display quality
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Composite material is a new material prepared by several raw materials with different forms or properties through new processing
methods. The composite not only maintains the advantages of the properties of each component but also can obtain the
comprehensive properties that cannot be achieved by a single component through the complementarity and correlation of the
properties of each component. The purpose of this paper is to study the effect of wet and hot conditions on the interlaminar
fracture toughness and durability of composites. In this paper, the interlaminar fracture toughness and durability are studied,
and the prediction and analysis method under wet and hot conditions is carried out. The effects of hot and humid conditions
on interlaminar fracture toughness and durability were analyzed. The experimental results show that the longitudinal
compressive strength of the unidirectional composite at 120°C and 1.00% moisture absorption is 29.53% lower than that at
20°C and 0.50% moisture absorption. Due to the high moisture absorption of aramid fiber, the longitudinal compressive
strength of unidirectional aramid composite fiber will be significantly reduced in the humid and warm environment.

1. Introduction

Due to the special properties of nanomaterials, they are
regarded as new materials in the 21st century. Advanced
composites have been more and more used in aerospace
and cycle fields because of their excellent properties, such
as high special strength. The vulnerability and nonunifor-
mity of the composite material itself make the failure of
the hinge part of the composite material more complex,
and the failure characteristics of the damage are also more
complex. Its fracture performance is very different from that
of metal materials. In addition, the connecting parts of com-
posites are also very different. However, due to the complex-
ity of composites and the continuous emergence of various
new fibers and matrix materials, the influence of the humid
and hot environment on the mechanical and fatigue proper-
ties of composites is not obvious. At present, there is no
complete and accurate evaluation system.

Advanced composites are increasingly used in the main
structures of aircraft and automobiles. Due to the low inter-

laminar strength, delamination is one of the most serious
failure modes in composites and their structures. It is widely
used in the cohesion model and virtual crack closure
technology to predict the delamination of composites and
their structures under tensile, compressive, or impact loads
[1, 2]. Therefore, the interlaminar fracture toughness of
composites is very important for the design and analysis of
composites and their structures. Interlaminar fracture
toughness is generally considered an inherent property of
composites, which needs to be obtained by a delamination
test. Therefore, it is very important to develop a simple
and accurate test method to determine the interlaminar frac-
ture toughness.

The innovations of this paper are as follows. (1) This
paper combines damp-heat conditions with composites
and introduces the relevant methods of interlaminar fracture
toughness considering damp-heat conditions in detail. (2) In
the face of hot and humid conditions, the fracture toughness
and durability of composites are studied in this paper. By
evaluating the experimental results and comparing the data
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changes, it is concluded that the longitudinal compressive
strength of unidirectional aramid composite fiber will be sig-
nificantly reduced in the humid and hot environment.

2. Related Work

The influence of the environment is complex. For example,
high temperature and moisture absorption will increase the
plasticity of the matrix and increase the delamination tough-
ness. On the other hand, it will cause microcracks in the
matrix, will affect the bonding strength between the fiber
matrix, may reduce the toughness, and will have different
effects on different types of resins. Zhang et al. studied the
effects of lime content, slag content, and moisture content
on the thermal and wet properties of lime slag/soil compos-
ites by the response surface method and lime preparation
process. The results showed that the lime content, slag con-
tent, and moisture content will affect the overall thermal and
wet properties. Under the action of alkaline excitation and
micro aggregate, the optimized lime slag/soil composite has
the advantages of compact structure, reasonable mechanical
properties, and comprehensive properties of heat and mois-
ture. However, their data is less [3]. Zong et al. adopted the
uniform experimental design and multiple nonlinear regres-
sion formula. They studied the Ce-La dose results (Ce-La
molecular ratio and tetrabutyl titanate). The effects of the
volume ratio of tetrabutyl titanium to tetraethyl orthosilicate
on the hygroscopicity and photocatalytic properties of Ce-
La/TiO2 hollow microspheres were studied. The results show
that these four factors have an effect on hygroscopicity.
However, their research is not comprehensive enough [4].
Kasaragadda et al. applied superhydrophobic coatings to
the surfaces of carbon, Kevlar, and glass fiber composites
to eliminate the absorption of water by the composite struc-
ture. The test results show that when the composite surface
is coated with a superhydrophobic coating, the moisture
absorption is much smaller than that of the uncoated com-
posite sample. However, their influencing factors are not
single [5]. Yu et al. used the strong van der Waals force
between superaligned carbon nanotubes (SACNT) to design
a self-supporting 3D CNT/CaCl2 radiator, which has better
heat dissipation performance than aluminum fins. This
high-efficiency refrigerator provides another heat manage-
ment method for electronic products. However, their con-
tent is not novel enough [6]. Tanaka et al.’s study
measured the specific volume and softening point of the
resin by a single fiber drawing test at room temperature,
40°C, and 80°C. It was used to evaluate the fiber/matrix
interface characteristics of the CF/PA9T composite model,
and the results were compared with those of the CF/PA6
and CF/PA12 composite models. The resin expansion and
interfacial shear strength of CF/PA9T model composites
decreased with the increase in temperature, and the
decreased range of interfacial shear strength of CF/PA9T
model composites was less than that of CF/PA6 and
CF/PA12 model composites. The reduction of high-
temperature residual stress below 80°C does not cause
chemical modification and softening of the resin but
reduces the interfacial shear strength of the fiber matrix.

However, their process is more complicated [7]. Liu et al.
expanded its application in the electronics and membrane
industry. It is aimed at developing radiation with heat resis-
tance, conductivity, and moisture resistance by using PCT
as the reactive reinforcement and applying the solid-state
interface reaction (SSIR) between PCT and PA6. According
to the results, SSIR occurred between PA6 and PCT. How-
ever, their research is not specific enough [8]. Chen et al.
mixed natural corn starch with galactomannan (NS-GM) to
produce the starch-galactomannan complex after wet heat
treatment (HMT). They studied the in vitro digestibility
and physicochemical properties of starch and starch-
galactomannan complex. Their study found that the resistant
starch content of HMT NS-GM composite granules was
related to the galactose/mannose residue ratio of galacto-
mannan. However, their conclusion is not comprehensive
[9]. Han et al. synthesized a unique amino-functionalized
metal-organic skeleton (sN-MIL) with a small pore size and
low specific surface and developed a new heat-resistant and
moisture-resistant bismaleimide (BD) resin with ultralow
dielectric loss and high toughness. They discussed in depth
the reasons behind these attractive properties of sN-MIL/
BD composites. However, their content is not detailed
enough [10].

3. Interlaminar Fracture Toughness Method
considering Wet and Hot Conditions

3.1. Composites in Hot and Humid Conditions

3.1.1. Composite Material. Composite material is a new
material prepared by several raw materials with different
forms or properties through new processing methods. The
new material processed and prepared by composite means
has a clear interface between the organizational components
in the material, which not only maintains some excellent
characteristics of the original material components but also
has superior characteristics that the original material com-
ponents do not have. Composite materials include the
matrix and reinforcement. Among them, the reinforcement
plays an important role in bearing the external load in
the composite, and the static properties of the composite
are mainly determined by the characteristics of the rein-
forcement [11, 12].

The matrix of another main part of the composite
mainly plays the role of coordination with the added solid.
The solid added plays the role of supporting and fastening
the solid added, and the load transfer between the solid
added and the solid added protection. Matrix materials can
also improve some properties of composites. In this paper,
resin is selected as the base material because of its low den-
sity and ceramic as the die material because of its high-
temperature resistance, and metal as the die material must
obtain higher hardness and shear properties. As we all know,
polymer matrix composites have another name in engineer-
ing applications, also known as resin matrix composites. In
practical engineering applications, we use more thermoplas-
tic resins and thermosetting resins. Among thermosetting
resins, epoxy resin has the advantages of strong adhesion
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and good corrosion resistance. It has been widely used in
engineering applications, with good fiber surface perme-
ability and convenient processing, preparation, hardening,
and casting. Thermoplastic resin has good processability
[13, 14]. Therefore, when the heating temperature reaches
the transition temperature, they will soften again. Based on
this excellent performance, it is easier to manufacture cast
composites, and this resin has very good fracture resis-
tance and high hardness. The drawback is that the coeffi-
cient of this resin is not high and the heat resistance is not
very good.

3.1.2. Influence of the Damp and Hot Environment on
Composites. During the use of composite materials, they will
encounter the changing atmospheric environment. They will
be used in nature with changing temperature T and relative
humidity RH for a long time. When the natural environ-
ment’s temperature and humidity are relatively high, water
molecules may enter the polymer components and further
diffuse. In view of the tiny cracks and gaps in the composite
structure and the defects contained in the internal interface
of the composite, the penetration rate and saturated mois-
ture absorption rate of water in the material will be
improved. The mechanical properties and electromagnetic
properties of composites are bound to be greatly affected
by them. In the end, the utilization efficiency of composites
will be reduced and even the products will be damaged
[15]. Water molecules penetrate into the tissue between the
fiber and the matrix, causing the glue of these parts to lose
viscosity and be transmitted to the fiber through the inter-
face, resulting in fiber damage.

It is generally believed that glass fiber and carbon fiber
do not absorb moisture, while aramid fiber has greater
moisture absorption. It can be seen from Table 1 that
the hygroscopicity of the glass fiber- and carbon fiber-
reinforced composites is significantly lower than that of
the resin matrix. The hygroscopicity of the aramid fiber-
reinforced composites is four times that of the resin
matrix. The phenomenon of water corrosion of glass fiber
is found.

The influence of the liquid and warm environment on
fiber-reinforced resin matrix composites is the synergistic
effect of humidity and temperature, which is mainly due to
the different degrees of damage to the resin matrix and the
connection interface between reinforced fiber and resin/
fiber. Heating can accelerate the moisture absorption rate,
increase the moisture absorption balance of the material,
and reduce the equilibrium time.

3.2. Fracture Mechanics Solution of Composite DCB. Due to
the low interlaminar strength of laminates, delamination is
the most common and main failure form.

From the point of view of mechanical fracture, separa-
tion belongs to the propagation behavior of the interlayer
crack. According to the classification of cracks in fracture
mechanics, their separation is mainly divided into three
ways: I, II, and II, which depend on the stress at the edge
of the crack. Type I separation, with the edge stress perpen-
dicular to the crack surface, belongs to the open type. Type II

separation, with the edge stress parallel to the crack surface,
belongs to the shear type. Type III peeling, with the peak
voltage on the crack surface perpendicular to the crack, tears
in the propagation direction. In engineering practice, the
stress state at the crack tip is often a complex stress state,
which is the composite of the three basic types [16, 17].

3.2.1. Griffith’s Energy Release Rate. According to Griffith’s
law, the energy release rate refers to the energy consumed
per unit of the newly generated surface area during fracture,
as shown in Figure 1.

The mathematical form of the energy release rate can be
expressed as follows:

G = δ
Q

δM
= δ W −Uð Þ

δM
= 1
N

⋅
δ W −Uð Þ

δm
, ð1Þ

where u represents the total strain energy, w represents
the external force work, M represents the surface area
of the newly generated crack surface, n represents the
specimen width, and DM is the crack growth incre-
ment. Using the following relationship: C = ε/P,W = Pε,
andU = 1/2Pε, formula (1) can be transformed into the fol-
lowing form:

G = 1
2N P2 δC

δm
, ð2Þ

where P and ε are the applied load and opening displace-
ment, respectively. C represents the flexibility of the DCB
specimen.

3.2.2. Fracture Mechanics Solution Based on the Beam
Theory. The energy release rate of the DCB sample shown
in Figure 2 can be analyzed by the basic beam theory.

According to Euler’s beam theory, the opening displace-
ment of DCB sample δ and the force P applied at both ends
have the following relationship:

ε = 2Pm3

3ExxA
, ð3Þ

where Exx represents the elastic modulus of the sample along
the fiber direction, M represents the crack length, h is the
thickness of the single cantilever beam, a represents the sec-
tion moment of inertia of the single cantilever beam, and
A = 1/12Nh3.

Table 1: Water absorption of the material after immersion in water
for 7 days (10-2 g/cm3).

Material temperature 22°C 60°C 100°C

Epoxy resin 0.24 0.39 1.12

Glass fiber-reinforced composites 0.13 0.24 0.68

Carbon fiber-reinforced composites 0.24 0.33 0.82

Aramid fiber-reinforced composites 0.48 0.68 4.78
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By introducing formula (3) into formula (2), the expres-
sion of the energy release rate based on Euler’s beam theory
can be obtained:

G = 1
N

⋅
P2m3

3ExxA
: ð4Þ

Using formula (3) and its transformation form, the
energy release rate G in formula (4) can be rewritten as
follows:

G = 9ExxA ⋅ ε2

4Nm4 , ð5Þ
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Figure 2: DCB sample.
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Figure 1: Schematic diagram of Griffith’s energy release rate.
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G = 3Pε
2Nm

, ð6Þ

G = 1
N

⋅

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
9P4 ⋅ ε2

4ExxA

s
: ð7Þ

Theoretically, the energy release rate calculated by for-
mulas (4)–(7) should be the same. However, if the load
and displacement obtained from the finite element are used
and the energy release rate is calculated by the four formulas,
the accuracy of their results is different. The reason is that
the load-displacement relationship of the DCB sample given
in formula (3) is an approximate solution.

3.2.3. Two-Dimensional Elastic Solution. Formula (3) intro-
duces some simplified assumptions when calculating the
load-displacement relationship of the DCB sample: the
energy in the DCB sample is only stored in arms ABCD
and AIHG. As shown in Figure 2, strain energy is also stored
in the noncracked region DEFG, but this is not considered in
formula (3). In addition, the uncracked region is deformed
and not completely rigid as required by the simple cantilever
theory. Therefore, formula (3) used to calculate the load-
displacement relationship of the DCB sample is inaccurate
[18]. In order to overcome the shortcomings of the simple
beam model, the researchers used the orthogonal scaling
method and finite element analysis (FEA) to give the
solution of the energy release rate of the two-dimensional
orthotropic DCB:

G = P2m2

N ⋅ ExxA
1 + 2α h

m
+ α2

h2

m2

 !
, ð8Þ

where

α = 0:677 + 0:146 β‐1ð Þ − 0:0178 β‐1ð Þ2�
+ 0:00242 β‐1ð Þ3� ⋅ Eyy

Exx

� �−1/4
,

ð9Þ

Eyy

Exx

� �−1/4
β =

ffiffiffiffiffiffiffiffiffiffiffiffiffi
ExxEyy

p
2Gxy

−
ffiffiffiffiffiffiffiffiffiffiffiffi
vxyEyx

q
: ð10Þ

Exx, Eyy and Gxy are Young’s modulus and the shear
modulus, respectively; vxy and vyx are Poisson’s ratios. For
isotropic materials, β = 1 and α == 0:677, which is consistent
with the two-dimensional elastic solution of isotropic DCB.
For the case of M/H ≫ 1, the energy release rate given by
formula (8) is very close to that obtained by formula (4)
based on the simple beam theory.

3.2.4. Finite Element and Verification. A two-dimensional
finite element model is established to verify the accuracy of
formulas (4)–(8) in calculating the energy release rate of
orthotropic DCB. The boundary conditions of the finite
element model are shown in Figure 3, in which the lower left
hinge point is fixed ðux = uy = 0Þ, and the concentrated force
P is applied at the upper left point. The mechanical proper-

ties of the composites used in the finite element model are as
follows: Exx = 110GPa, Exx = Eyy = 8:07GPa, Gxy =Gxz =
3:79GPa, Gyz = 3:28GPa, vxy = vxz = 0:32, and vyz = 0:45.
Through the linear elastic finite element analysis, the open-
ing displacement required to calculate the energy release rate
in formulas (5)–(7) is obtained. It is difficult to obtain the
solution of x = −2 at the point of y = −H, because it is diffi-
cult to obtain the singularity of the displacement at the point
of y = −M.

3.3. Double Flexibility Method for Determining Interlaminar
Fracture Toughness

3.3.1. Method Overview. It can be seen from Figure 3 that
most solutions of Euler’s beam theory (except formula (7))
are not accurate enough when actually calculating the energy
release rate of the DCB sample. Therefore, these formulas
need to be modified before they can be used. The researchers
studied the complex deformation of the crack edge and pro-
posed the concept of equivalent crack length meff =m + Δ,
i.e., modified beam theory (MBT), whose compliance type
can be expressed as follows:

C = 8 m + Δð Þ3
ExxNh3

: ð11Þ

Exx is Young’s modulus, and H is the thickness of the
single cantilever beam.

According to the ASTM standard, the Δ can be assured.
The linear regression method is used to linearly adjust the
compliance cube root C1/3 related to the crack length M.
The intersection of the straight line and the M axis is m, as
shown in Figure 4.

By replacing formula (11) with formula (2) and through
appropriate transformation, the formula of the critical
energy release rate is as follows:

CAC =
3Pε

2N m + Δj jð Þ : ð12Þ

Similarly, the flexibility calibration method (CC) and the
modified flexibility calibration method (MCC) can also cor-
rect the flexibility. The flexibility expressions are formulas
(13) and (14), respectively:

C =Mmr , ð13Þ
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Figure 3: Finite element model network planning and boundary
conditions.
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C = 1
M3

1

m
h

−M2
� �3

: ð14Þ

Among them, R and M1 are also obtained by the linear
regression adjustment method similar to Δ. By introducing
formulas (13) and (14) into formula (2), respectively, the
corresponding expression of the critical energy release rate
can be obtained:

GAC =
rPε
2Nm

, ð15Þ

CAC =
3P2C2/3

2M1Nh
: ð16Þ

According to formulas (12), (15), and (16), the three
methods proposed by ASTM must record the crack propa-
gation length and the corresponding force and displacement
and determine the correction coefficients a, R, and M1 in
real time. This process is troublesome, and if tested in the
high- and low-temperature environment, the method of
the ASTM standard will be very difficult to achieve. Based
on the contents, we propose a double flexibility method for
the fracture resistance of composite DCB specimens without
real-time recording of the crack length.

3.3.2. Theory of the Double Flexibility Method. In fact, if
there is a highly accurate relationship between the applied
load P, the crack length m, and the opening displacement ε
, it is not necessary to measure the crack length, the applied
load, and its corresponding displacement at the same time.
In this paper, a high-precision relationship between force-
displacement-crack length is established by using the solu-
tion of the high-precision energy release rate given by prede-
cessors [19]. In this paper, the energy release rate solution
formula (8) obtained from the two-dimensional elastic anal-
ysis is adopted, and formula (8) is brought into formula (2)
for indefinite integration. The relationship between the

applied load P and the displacement ε of orthotropic DCB
can be obtained as follows:

C = ε

P
= 24
NExx

m3

3h3
+ α

m2

h2
+ α2

m
h

� �
: ð17Þ

In this paper, the finite element model is used to verify
the accuracy of formulas (3) and (17) in calculating DCB
flexibility. When m/h is not used, the relative difference
between formulas (3) and (17) and the finite element results
are shown in Figure 5. It can be seen that formula (3)
obtained from Euler’s beam theory is too simple to calculate
the flexibility of DCB, but the flexibility formula (17)
obtained by integration is quite accurate.

For isotropic DCB, α is a constant value, equal to 0.677.
Therefore, Young’s modulus Exx required in formula (7) can
be obtained by the following method: the DCB test is con-
ducted to obtain the force-displacement curve of the linear
elastic loading section so as to obtain the DCB flexibility
under the initial crack, which is brought into formula (17)
to finally determine Young’s modulus Exx . After Exx is
determined, the fracture toughness of isotropic DCB can
be calculated directly from formula (7) without measuring
the crack length.

For anisotropic DCB, Exx and α are unknowns. In order
to determine these two parameters, a double flexibility
method is proposed in this paper; that is, the flexibility C0
loaded in the DCB test curve and the flexibility C1 unloaded
are used. The crack lengths corresponding to flexibility C0
and C1 are m0 and m1, respectively, which can be easily
obtained by ultrasonic M-scan. It brings the two groups of
crack lengths and corresponding flexibility into formula
(17) to obtain the following:

C0N = 24
Exx

m0
3

3h3
+ α

m0
2

h2
+ α2

m0
h

� �
, ð18Þ

C1N = 24
Exx

m1
3

3h3
+ α

m1
2

h2
+ α2

m1
h

� �
: ð19Þ

It takes into account α as a positive number, where α and
Exx are as follows:

α = −Y −
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Y2 − 4XZ

p

2X , ð20Þ

Exx =
24
NC1

m1
3

3h3
+ α

m1
2

h2
+ α2

m1
h

� �
, ð21Þ

where

X = m1
h

C0 −
m1
h

C1,

Y = m1
2

h2
C0 −

m0
2

h2
C1,

Z = m1
3

3h3
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m0
3

3h3
C1:

ð22Þ
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Figure 4: Modified beam theory.
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After determining α and Exx, determine the relationship
between flexibility C and crack length M. Using formula
(17), the crack length m can be expressed as follows:

m =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
α3 + εNExx

8P
3

r
⋅ h − αh: ð23Þ

That is, when the P force and ε displacement are known,
the crack length can be calculated without additional
measurement.

By introducing formula (23) into formula (8), the
expression of the energy release rate without the crack length
can be obtained:

G = P2h2 α3 + εNExx/8Pð Þ	 
2/3
NExxA

: ð24Þ

The significance of the formula is that the crack prop-
agation length and fracture strength can only determine
the duration of the test procedure from the force and dis-
placement information during the test. It avoids measuring
the crack propagation length during the test and makes it

suitable for the hardness test environmental conditions of
the type I interlayer under test conditions, such as low
temperature [20, 21].

4. Experiment and Analysis of Interlaminar
Fracture Toughness and Durability in the
Humid and Hot Environment

4.1. Interlaminar Fracture Toughness Test

4.1.1. Materials. In this study, the hardness and heat resis-
tance of the composite used are relatively good, and some
of its main properties are shown in Table 2.

All the 24 ply unidirectional plates used in the test are
about 4mm thick. The cut specimen is 165mm long and
30mm wide. In one section of the test piece, a layer of Teflon
film with a length of about 35mm is prepaved in the middle
layer as a prefabricated layer. The shape and geometric
dimensions of the test piece are shown in Figure 6. After cut-
ting, the test piece shall be dried and hygroscopic.

4.1.2. Load-Displacement Curve. Under normal temperature
and dry conditions, the typical load-displacement curve of
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Figure 5: Formulas (3) and (17) calculate the relative difference between the botulinum toxin and finite element results.

Table 2: Composite material performance.

Material Compound material

Stretch

Strength (MPa) 84.76

Impact strength (kgcm/cm2) 14.0
Glass transition temperature Tg (

°C) 218
Modulus (GPa) 3.29

Elongation at break (%) 3.34 Heat distortion temperature (°C) 198

Compression Strength (MPa) 167.18

Fracture toughness GIC (J/m2) 95
Density ρ (g/cm2) 1.256

Bending
Strength (MPa) 134.47

Modulus (GPa) 3.66
Saturated moisture absorption in

boiling water (%)
3.3
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the hybrid test is shown in Figure 7(a). Before crack propa-
gation, the load-displacement curve is linear. When the
crack propagates, it enters the nonlinear section. This is
because the crack propagates, the crack length m increases,
the stiffness of the beam decreases, the load-displacement
curve of the crack propagation thickness is different from
that before the crack propagation, and the slope of the
straight-line section of the unloading curve decreases. In this
environment, the unloading line is always straight and
points to the origin. It can be seen that the linear relation-
ship is established and there is no permanent deformation.
It can be inferred that there is no plastic deformation prob-
lem [22]. In fact, from the shape of the unloaded specimen,
there is no residual deformation.

In the high-temperature and high-humidity environ-
ment, the load-displacement curve of the MMF specimen
has entered the nonlinear response section before crack
propagation. This is most prominent in the test at 120°C
and 1.15%, as shown in Figure 7(b). It is inferred that there
is a certain plastic deformation at the tip of the crack before
the crack propagation, and the crack propagates only after
the plastic deformation. In terms of mechanism, the glass
transition temperature of the interlayer resin decreases at
high temperature after moisture absorption. The ambient
temperature is very close to the glass transition temperature
of the material after moisture absorption [23]. With the
increase of material fluidity and high stress at the crack tip,
plastic flow and plastic deformation easily occur. From the

test piece after the test, there is indeed permanent
deformation.

In addition, the unstable propagation of cracks can be
observed during the test.

It can be seen from the load-displacement curve that in
the initial stage of crack propagation, when the crack is
small, the load increases with the increase of crack length,
and the crack propagation is steady; in the later stage of
crack propagation, the crack is long. Under the displacement
loading mode, the load decreases and the propagation
belongs to an unsteady state.

4.1.3. Fracture Failure Criterion. According to the test
results, the type I and type II component values of pure type
I and type II interlaminar fracture toughness and mixed type
interlaminar fracture toughness are calculated by using the
previous calculation formula. The criterion of crack (delam-
ination) propagation under the complex load can be traced,
and the scatter diagram of GI‐GII can be made. The pure
type I action state is regarded as the special state of GIIa,
and the pure type II action state is regarded as the state of
GIIa = 0 and GIIa = GIIc. The layered GI‐GII scatter diagram
of specimens with different moisture contents under differ-
ent temperature conditions is shown in Figure 8.

By comparing these figures, it can be found that in the
dry state, whether at room temperature of 30°C or high tem-
perature of 120°C, the dispersion of measured data is very
small, and the envelope characteristics of delamination

4 mm

165 mm

35 mm

30 mm

Figure 6: Shape and size of the test piece.

Load P

Displacement

(a) Load-displacement curve of the MMF test under

the normal temperature and dry state

P

𝜀

(b) Test load-displacement curve with moisture

absorption of 1.15% at 120°C

Figure 7: Comparison diagram of the load-displacement curve of the MMF specimen test.
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(c) GI‐GII diagram of the high-moisture absorption specimen at 30°C

Figure 8: Continued.
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failure are obvious. Except GIc, other points are basically in a
straight line. Therefore, it can be determined that the delam-
ination criteria of composite unidirectional plates in the dry
state are straight lines. However, GIc is not on this straight
line, which shows that there are inconsistencies between
the calculation formula of pure type I and that of type I strat-
ification in mixed stratification. In particular, the value of
GIm is larger than that of GIc. This is difficult to explain from
the perspective of energy.

4.2. Durability Test. The relative strength of the composites
after aging at 95°C and heat was 88%. However, the humid
and hot environment will have a great impact on the resin
matrix and interface. The change of the resin matrix or
interface properties will change its failure mechanism and
failure mode and affect the longitudinal tensile strength.
For brittle resin or carbon fiber composites with a strong
interface, the mild liquid and thermal environment can
increase their longitudinal tensile strength. For the flexible
resin or weak interface, the liquid and thermal environment
will reduce the strength. It can be seen from Table 3 that liq-
uid heat has little effect on the longitudinal strength and
measurement of unidirectional composite carbon fiber. For
unidirectional glass fiber composites, the tensile strength
decreases significantly because the glass fiber is corroded
by the liquid and thermal environment. The surface treat-
ment of glass fiber and its combination with resin directly
affect the effect of protecting glass fiber from water corro-
sion, which has a great impact on the tensile strength of glass
fiber composites.

Because the warm and humid environment will lead to
the softening of the resin matrix, when the resin matrix
softens, its coefficient will be significantly reduced. This will
significantly reduce the longitudinal compressive strength of
unidirectional composites, and the performance will degen-
erate into nonlinearity. Under high temperature and humid-

ity, the compressive strength decreases, but the compressive
strength under room temperature and humidity is basically
unchanged. With the increase in temperature, the hygro-
scopicity increases, and the strength and coefficient decrease
significantly. It can be seen from Table 3 that the longitudi-
nal compressive strength of unidirectional composites at
120°C and 1.00% moisture absorption is 29.53% lower than
that at 20°C and 0.50% moisture absorption. Due to the high
moisture absorption of aramid fiber, the longitudinal com-
pressive strength of unidirectional aramid composite fiber
will be significantly reduced in the humid and warm envi-
ronment [24, 25].

4.3. Accumulation of Mechanical Property Degradation. The
hygroscopic environment of composites is constantly chang-
ing. When the hygroscopic environment conditions change,
the hygroscopic characteristics of composites also change.
The mechanical properties will further change on the basis
of the influence of the previous wet and hot environment,
and the changes in properties will accumulate. In this pro-
cess, the mechanical properties of the material may be
reduced or partially recovered under wet and hot conditions.
As shown in Figure 9(a), the performance of the composite
decreases after time Δt1 in humid and hot environment 1.
In the process of time Δt2, the mechanical properties of
the composites recovered due to the decrease in moisture
absorption or the change in temperature.

As the hygroscopic characteristics of the materials will
change after the change in the humid and hot environment,
the change law of the mechanical properties of the compos-
ites will also change. Therefore, this paper adopts the equiv-
alent of the performance degradation amount. As shown in
Figure 9(b), it is assumed that the performance degradation
amount of composite material after time Δt1 is equal to the
performance degradation amount after time t21 under
humid and hot environment 1.
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(d) GI‐GII diagram of the high-moisture absorption specimen at 120°C

Figure 8: GI‐GII scatter diagram under different conditions.
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5. Discussion

Firstly, through the study of relevant knowledge points of lit-
erature works, this paper has preliminarily mastered the rel-
evant basic knowledge. This paper analyzes how to study the
interlaminar fracture toughness and durability of composites
in the humid and hot environment. This paper expounds on
the concept and related methods of interlaminar fracture
toughness, explores the composites in the humid and hot
environment, and analyzes the interlaminar fracture tough-
ness and durability through experiments.

After absorbing water, the mechanical properties of
polymer matrix composites will change. The mechanical
properties of liquid will also change due to the change in
moisture absorption. Generally speaking, the axial properties
of unidirectional composites are not greatly affected by
moisture absorption, while the transverse and shear proper-
ties of materials are reduced due to the influence of the liq-
uid and thermal environment on the matrix and interface
[26]. When the moisture absorption reaches saturation, the
hydrodynamic properties of the composites also tend to
have a constant value.

The experimental analysis shows that moisture absorp-
tion has no obvious effect on the breaking resistance of the
material at room temperature. At high temperatures, mois-
ture absorption will increase the dimensional hardness of
the composites. The temperature has the least effect on the
mixed dimension fracture hardness of the dry sample, and

the moisture absorption of the sample is relatively high.
When the temperature is lower than 60°C, the hardness
changes slightly. When the temperature is higher than
60°C, the hardness increases with the increase in tempera-
ture. Through the microfracture analysis, it is found that
the single action of moisture absorption or high temperature
makes the matrix toughness enhanced, and the fracture pre-
sents a ductile fracture morphology. The two work together
to enhance the viscosity of the resin matrix.

6. Conclusion

Because polymers will age under the influence of external
environmental factors, moisture and heat are the most
important factors leading to the aging of composites. There-
fore, the design and use departments in this paper pay spe-
cial attention to the possible damage and mechanical
properties of such composites in the humid and warm envi-
ronment, which is an important guarantee and premise to
promote their reasonable and effective implementation.
The research on wet aging of composites is a research topic
with theoretical and practical significance. Although some
progress has been made, its important role in guiding
practical engineering applications still needs to be further
studied. The work of this paper is only a preliminary explo-
ration, and there are still many topics that need further
research.

Table 3: Effect of damp-heat conditions on the resistance of composites.

Moisture absorption (%) Temperature (%°C) Ex (GPa) Ey (GPa) X ′ (MPa) X (MPa) Y (MPa) Y ′ (MPa) S (MPa)

0.50 -30 183 10.60 1510 1507 42 261 71

0.50 20 180 10.10 1490 1490 38 244 66

1.00 120 168 7.60 1402 1050 26 167 45

t

St

Δ t1 Δ t2 Δ t3

(a) Accumulation of degradation of damp-heat aging performance

t

Hot and humid environment 2

Hot and humid environment 1

Δt1
t21

X(t)

Xt

(b) Equivalent relationship of performance degradation

Figure 9: Mechanical property degradation data.
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With the development of aerobics, more and more college students participate in this sport, but more and more sports injuries of
students. Sports injuries directly or indirectly affect the normal study and life of college students. Therefore, it is very important to
study the sports injuries of college students and their causes for improving the sports level of college students and promoting their
healthy growth. And it provides proper precautions. This paper presents the investigation of nanomaterials, deep learning, and
MRI images of meniscal injuries and concludes that the injury rate of high-level competitive aerobics athletes is 100%, and the
top 4 injured parts are the wrist, ankle, waist, and knee. It can be seen that the meniscus injury occurs more frequently.

1. Introduction

Physical exercise is the best way to enhance physical fitness
and improve the quality of life. In particular, sports such as
aerobics, which are full of passion and vitality, are more
and more sought after by more and more people. Aerobics
is a sport that integrates gymnastics, dance, and music; is
based on aerobic exercise; and is characterized by health,
strength, and beauty. It is not only a popular fitness method
for body building and cultivating sentiment but also an item
of competitive sports. However, the problem of sports injury
caused by high-level aerobic exercise has become an impor-
tant problem affecting the normal training of athletes.
Therefore, it is very urgent to study the injury causes and
preventive measures of high-level athletes.

With the improvement of the competitive level of com-
petitive aerobics athletes, the functions and coordination of
various organs and body systems have not only reached a
high level but also approached the physiological limit.
Although competitive aerobics is a non-Olympic event, the
state’s support is relatively weak and there is no dedicated
team of doctors. Therefore, improving the injury prevention
and control ability of high-level aerobics teams has impor-
tant guiding significance.

The innovation of this paper lies in the application of
nanomaterials to study the repairing effect of aerobics-
induced meniscus injury, which has a certain clinical trial
and innovation.

2. Related Work

The 21st century is an era of rapid progress in biological
and medical research. Nanotechnology has a particularly
obvious interdisciplinary nature. Many scholars have con-
ducted research on nanotechnology. Yin et al. thoroughly
characterized the Pt10 clusters through a combination of
experimental techniques and theoretical analysis, showing
the highest CO oxidation activity per platinum atom of
CO oxidation catalysts, and this catalytic system presents
a coherent interdisciplinary picture [1]. Shivakumar et al.
verified by nearly unchanged PureB diode I–V characteris-
tics and microscopic examination of the deposited layers.
In order to obtain this result, it is required that the silicon
surface must be cleaned before B deposition [2]. Here, Hu
et al. introduced a new method based on two-dimensional
electron resonance and thermal displacement measure-
ments to measure the two-dimensional energy loss tem-
perature of a sample by combining these measurements
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with first-principle modeling [3]. Zhao et al. used a new
model to analyze the hydrogenation kinetics of Mg-Ce-
Ni nanocomposites during the synthesis process and estab-
lished a hydrogenation reaction rate control mechanism in
the range of 300-680 k [4]. Ross and Yamaguchi described
the effect of mechanical properties and polishing tool
structure on tool-target surface contact during polishing.
In addition to abrasive type and size, this also affects pol-
ishing characteristics, especially material removal at grain
boundaries, grain enhancement, grain displacement, and
nanoscale geometry of the polished surface [5]. Nanoim-
print lithography (NIL) is an emerging high-resolution
parallel patterning method that targets areas where e-
beam and high-end lithography are expensive and cannot
provide sufficient resolution at reasonable throughput.
Currently, structures with feature sizes smaller than 5nm
have been achieved, and the resolution is limited by the
ability to make reliefs. For historical reasons, the term
nanoimprint lithography refers to a thermal imprint pro-
cess. In ultraviolet (UV) NIL, photopolymerizable resins
are used with UV clear stamps. In both of these processes,
film squeeze flow and capillary action play a central role
in understanding the NIL process. Kam and Torres pro-
vided an overview of NIL, focusing on general principles
and concepts rather than specific process issues and
state-of-the-art tools and processes. They also discussed
the material aspects of printing and resists. Kam and
Torres gave some specific applications where the imprint
method had significant advantages over other construction
methods. Finally, areas where further development in this
field is needed are discussed [6]. Recently, large plastic
deformations have been observed in compressive tests of
biotemplated, anisotropic, and hierarchically structured sil-
ica monoliths. Based on the nanoscale structure of the
material, Opdenbosch and Zollfrank fabricated a dynamic
model in which parallel silica struts are compressed and
sheared longitudinally. The resulting interfacial shear
forces lead to continuous plastic deformation during cyclic
loading with a gradual increase in force, matching the
observations from mechanical tests. Opdenbosch and Zoll-
frank report physical parameter values obtained by fitting
model curves to measured curves, their relationship to
previous structural observations, and their utility in tailor-
ing the complex mechanical behavior of this novel mate-
rial [7]. However, the shortcomings of these studies are
that the model construction is not scientific enough and
the conditions are limited to adapt to more complex
situations.

3. Nanomaterials and Related Methods

3.1. Nanomaterials

3.1.1. Definition of Nanomaterials. Generally speaking,
nanomaterials refer to materials whose size is between 1
and 100nm. Because nanomaterials have nanoscale dimen-
sions, their properties, such as physical, electrical, optical,
and magnetic properties, are significantly different from

conventional materials. Many nanomaterials are catalytic,
adsorptive, and highly reactive [8].

3.1.2. Application of Nanomaterials. In the past few decades,
nanomaterials have been extensively researched and devel-
oped, and have been successfully applied in the fields of
catalysis, medicine, sensors, and biology. In particular, it
has also received extensive attention in water treatment
and wastewater treatment. Due to their small size, nanoma-
terials have a relatively large specific surface area, so they
have strong adsorption capacity and reactivity, and the flow
properties of nanomaterials in solutions are very high. It has
been reported that heavy metals, organic pollutants, inor-
ganic anions, and bacteria can be successfully removed by
many kinds of nanomaterials [9]. Due to the unique size-
dependent properties of nanomaterials, they have a pro-
found impact on various application fields such as the con-
struction industry, products of daily life, and medical and
healthcare. Figure 1 is an overview of nanomedicine.

Nano antibacterial materials have attracted much atten-
tion due to their stable performance, good antibacterial
effect, and low price. For example, nanotitanium oxide
material has photocatalytic effect, which can decompose
toxic gases such as formaldehyde and benzene, and kill bac-
teria on its surface. Nanoscale self-cleaning materials have
great development space [10]. Nanomaterials also have
many applications in catalysis. Catalysts play an important
role in chemistry because they can increase reaction rates
and shorten reaction times. Most of the traditional catalysts
have low catalytic efficiency and difficult preparation, result-
ing in waste of raw materials, reducing economic benefits,
and polluting the environment. Nanomaterials have many
active sites, which can greatly improve the reaction rate, con-
trol the progress of the reaction, and even make the chemical
reaction that could not be carried out smoothly [11].

Nanoparticles used as catalysts are as follows: (1) metal
nanoparticles; (2) nanoparticles are supported on porous
supports, which can further increase the selectivity of cata-
lysts; and (3) compound nanoparticles. Due to its small size,
high voltage, and low self-discharge rate, lithium batteries
are widely used in portable electronic devices such as mobile
phones, notebook computers, power tools, and electric
vehicles

Nanomaterials are used in lithium electric energy to
improve cycle life and can take place in some reactions that
cannot occur in other materials and increase the rate of
charge and discharge. At present, nanomaterials can be well
used as contrast agents in medical imaging. The mechanism
of nanobiomaterials to promote the repair of damaged tissue
is shown in Figure 2 [12]. Nanoparticles are widely used in
biomedicine and can be used as biochips, bioprobes, etc.
New medicines require new means of drug delivery so that
side effects can be reduced and better efficacy can be
achieved. Nanotechnology drug delivery can deliver drugs
directly to cells and to targeted tissues [13].

3.1.3. Synthesis of Nanomaterials. The preparation methods
of nanomaterials can be roughly divided into physical
methods, chemical methods, and other methods. Among
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them, physical methods include the pulverization method,
deposition method, and sputtering method. Chemical
methods include the sol-gel method, precipitation method,
evaporative solvent pyrolysis method, redox method, and
solvothermal method. Figure 3 shows the nanoparticle prep-
aration method [14].

3.1.4. Characterization of Nanomaterials. In order to explore
the mysteries of the nanoworld, the structure and properties
of nanoparticles must be characterized. The characterization
of nanomaterials is the modern analysis and detection tech-
nology and related theoretical knowledge about particle
composition, structure, morphology, etc. Usually, we obtain
the composition, particle size, morphology, structure, and
interface of nanoparticles by inductively coupled plasma
emission spectroscopy, scanning electron microscopy, trans-
mission electron microscopy, atomic force microscopy, X-
ray diffraction, and X-ray photoelectron spectroscopy. The
average particle size, particle size distribution, composition,
and interface of nanomaterials all affect their physicochemi-
cal properties. Figure 4 shows the commonly used character-
ization methods for nanomaterials [15].

3.2. Overview of the Development of Finite Element Analysis
Based on MRI

3.2.1. Medical Imaging Technology. With computer assis-
tance, in order to complete the construction of accurate
physical and geometric models of anatomical organs, how
to accurately extract the information contained in images
(CT, MRI) is the key to current computer-assisted surgical
guidance and treatment [16].

3.2.2. MRI Nuclear Magnetic Resonance Imaging Technology.
With the development of imaging and the continuous
improvement of surgical methods, the choice of surgical
treatment of breast cancer has also changed. The range of
surgical indications has also expanded, but it is limited to
accurate diagnosis and surgery. It has a better therapeutic
effect and therefore has a more prominent clinical signifi-
cance in MRI examinations [17]. Figure 5 is a meniscus seg-
mentation device based on a magnetic resonance image, and
Figure 6 is a process of obtaining a meniscus segmentation
result from an MRI image.

3.3. Introduction of Deep Learning Based on the Repairing
Effect of Meniscus Damage. Deep learning is a very popular
method in machine learning, covering a wide range of theo-
retical perspectives. In order to achieve more intelligent
human-computer interaction, researchers imitate the human
brain and thinking and establish various neural network
models; deep learning is one of them. Deep learning is a
multilevel representation learning method, learning data fea-
tures by creating models, and finding a better data represen-
tation is the primary purpose of representation learning, as
shown in Figure 7 [18].

The processing method of deep learning is nonlinear,
and the processed data can be speech, images, text, etc.,
which can be learned from low-level to high-level abstract
features [19].

3.4. Supervised Deep Learning Algorithms. In regression
analysis, it is subdivided into various types according to
the number of independent variables, dependent variables,
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and the relationship between them. Regression methods in
classification include logistic regression (LR), Softmax as
an LR model is generalized on multiclassification problems,
and Softmax regression is often used as the final classifier

layer in supervised deep learning. The following is a detailed
introduction from Softmax to convolutional neural net-
works [20].

3.4.1. Softmax Classifier. Before introducing Softmax regres-
sion, it is necessary to introduce logistic regression. Logistic
regression is a simple binary classification algorithm that
implements classification by fitting the classification bound-
aries of the data and uses optimization methods such as gra-
dient descent to determine the best regression coefficients.
One of the more important formulas in logistic regression

is the step function: QðXÞ = 1/ð1 + E−θZXÞ; its waveform is
as follows, the value range is ½0, 1� [21].

Its corresponding negative log-likelihood loss function is
defined as

Q θð Þ = −
1
u

〠
u

m=1
Ym log f θ Xmð Þ + 1 − Ymð Þ log 1 − f θ Xmð Þð Þ

" #
:

ð1Þ

LR is a special case of Softmax when dealing with binary
problems. Two probabilities need to be solved in LR: TðY
= 1jX ; θÞ and TðY = 0jX ; θÞ. In Softmax regression, there
are J probabilities, and its general function representation

T ið Þ =
exp θZmX

� �
∑J=1

J exp θZmX
� � : ð2Þ
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The negative log-likelihood loss function at this time is

Q θð Þ = −
1
u

〠
u

m=1
〠
J

n=1
M Ym = nf g log EθZnX

m

∑J
l=1E

θZl X
m

" #
, ð3Þ

where Mf•g indicates that when its value is true and the
result of the function is 1; otherwise, it is 0; then, the objec-
tive function is optimized by gradient descent [22].

3.4.2. Convolutional Neural Network. The convolutional
neural network (CNN) is a kind of deep learning network
structure, which is characterized by a large number of con-
volution operations in the network structure. In addition,
activation functions and pooling layers are also its basic
structures. These three basic structures make it have better
local perception characteristics and feature abstraction abil-
ity than multilayer perceptron (MLP). At present, CNN
has been widely used in many subdivisions of image process-
ing and computer vision, such as image classification, image
semantic segmentation, and visual object detection [23].

(1) Calculate the Output. For the l layer of the fully con-
nected layer, the output is

Ax = g Cxð Þ,
Cx = TxAx−1 + P:

(
ð4Þ

Among them, Tx and P are the weights and biases, and
gð•Þ is the sigmoid activation function, and the output range
of this function is in ½0, 1�. Assuming that d is the current
sample number, the dth sample error is Ed :

Ed = 1
2〠

l

k=1
Sdk − Bd

k

� �2
= 1
2 Sd − Bd
��� ���2

2
: ð5Þ

In the formula, Sd is the expected output value of the dth
sample, and Bd is the actual output value of the dth sample
after the network operation.

(2) Backpropagation. The data is calculated layer by layer
through the network, and the error between the actual out-
put and the expected output is obtained, which can be
regarded as the sensitivity of the neuron base. The formula is

∂E
∂P

= ∂E
∂C

∂C
∂P

: ð6Þ

The formula for the sensitivity of layer x in the backpro-
pagation stage is

δs = Tx+1� �S
δx+1•g′ Csð Þ: ð7Þ

The sensitivity of the output layer node is

δ = g′ Cxð Þ• Bd − Sd
� �

: ð8Þ

(3) Weight Update. The derivation of the error for the x layer
weight of the fully connected layer is the cross product of the
x layer input and its sensitivity. The weight update formula
is

∂E
∂T

= Ax−1 δxð ÞS, ð9Þ

ΔTx = −η
∂E
∂Tx : ð10Þ

The specific training process of the convolutional layer is
as follows:

We input the data to the convolution layer for convolu-
tion calculation and get

Ax
n = g 〠

m∈Wn

Ax−1
m •Tx

mn + Px
n

 !
, ð11Þ

where T is the weight, P is the bias, and 1 is the set of
input feature maps [24].

As shown in formula (17), it is shown that the computa-
tion is the gradient of the convolutional layer:

δxn = βx+1
n g′ Cx

nð Þ•up δx+1n

� �� �
, ð12Þ

where upð•Þ is the upsampling calculation.
Through the above calculation, the gradient of the given

feature map was gotten. The following equation shows the
gradient of the bias basis obtained by summing the sensitiv-
ity of the feature map nodes in the x layer:

∂E
∂Pn

=〠
i,j

δsnð Þij: ð13Þ

The gradient of the convolution kernel weights is calcu-
lated as follows:

∂E
∂Kx

mn
= rot180 conv2 Ax−1

m , rot180 δxnð Þ,′valid′
� �� �

: ð14Þ

The same is true when updating the weights and biases
with the above formula.

The pooling sampling layer training process is as follows:

Ax
n = g βx

ndown Ax−1
n

� �
+ Px

n

� �
: ð15Þ

Among them, downð•Þ is the pooling function and β and
P represent the weight and bias, respectively.

The difficulty of the pooled sampling layer is also the cal-
culation of the gradient. If the pooled sampling layer is
followed by a fully connected layer, its sensitivity can be cal-
culated by the BP algorithm; if the pooled sampling layer is
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followed by a convolutional layer, the sensitivity meter cal-
culation formula is

δxn = g′ Cx
nð Þ•conv2 δx+1n , rot180 Kx+1

n

� �
,′full′

� �
: ð16Þ

The calculation process of the bias in the pooled sam-
pling layer is the same as that in the convolutional layer,
but the calculation formula of the weight β is as follows:

∂E
∂Pn

=〠
i,j

δxn•f xnð Þij: ð17Þ

In the formula,

f xn = down Ax−1
n

� �
: ð18Þ

Finally, the weights are updated by formulas (17) and
(18).

3.5. Knee MRI and Meniscus Characteristics. In recent years,
deep learning has made breakthroughs, and its application
in the field of data analysis has grown rapidly. At present,
deep learning has become the main application tool of
machine learning in the field of image recognition and com-
puter vision. In the biomedical field, deep learning is rapidly
becoming the state-of-the-art in computer-aided diagnosis,
resulting in increasing diagnostic accuracy. In the field of
medical images, deep learning methods are applied every-
where from lesion detection, image segmentation, image
registration to classification.

The meniscus is an important part of the knee joint and
is a soft tissue structure, as shown in Figure 8. It consists of
two crescent-shaped structures, which are located between
the femur and the tibia and play a role in joint cushioning.
The one near the inside of the knee joint in the leg is called
the medial meniscus and has a larger opening that resembles
a crescent; closer to the outside is the lateral meniscus, which
has a smaller opening and is a crescent close to the full
moon, which is wrapped in the middle by the medial menis-
cus. The sharp corners on the front side are called front cor-
ners, and the rear corners are called rear corners. At the knee
joint, the femur, tibia, and meniscus are surrounded by
peripheral ligament connections, one part is connected at
the angle of the meniscus, and one end is on the leg bone.
Its structure is relatively complex. If it is not presented in
the form of a section, the meniscus is wrapped in it, making
it difficult to observe.

4. Repair Experiment and Analysis of
Nanomaterials on Meniscus Injury
Caused by Calisthenics Exercise

4.1. Information on Meniscal Injury

4.1.1. Cause

(1) Traumatic injury: when the knee is in flexion, the
medial and lateral menisci can move forward and
backward with the femur due to rotation. When this
paradoxical movement is outside the normal range, a
tear of the meniscus can occur [25]

(2) Degenerative injury: due to age and exercise factors,
such as excessive walking, it may cause frequent
stimulation of the meniscus and frictional loads
beyond the normal physiological range. As a result,
the pathological changes such as tissue degeneration
and minor damage of the meniscus are gradually
aggravated to the degree of tearing

4.1.2. Clinical Manifestations

(1) Pain

Severe pain occurs immediately after trauma. The pain is
worse with activity, but not as severe as before.

(2) Swelling

At the time of the injury or a few hours after the injury,
the knee joint may swell and sometimes bruise under the
skin.

(3) Sound

There is a sound in the knee joint during activities,
which is mostly caused by the abnormal friction and bounce
of the ruptured meniscus with the tibia and femur when the
knee joint is active.

(4) Interlock phenomenon

During the extension and flexion activities of the knee
joint, there is often a phenomenon of sudden “stuck” result-
ing in the inability to extend and flex the knee joint, which is
called interlocking phenomenon.

4.1.3. Check

(1) MRI

MRI, the imaging method of choice for detection of
meniscal injuries, also observes the condition of the collat-
eral and cruciate ligaments. The nature of the pain can be
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tugging, tearing, or colic-like persistent pain, and the pain
range occurs on the side of the injury. Over time, the pain
will gradually reduce and focus on the local area.

(2) McFarland’s sign test

It has a high reference value for diagnosis. Subcutaneous
congestion is the result of bleeding due to ligament damage.

(3) Extrusion test

When the knee is nearly straight, passively abduct or
adduct the calf to squeeze the torn meniscus and cause pain.

(4) Arthroscopy

This is the basis for the final diagnosis. When the knee
joint is actively or passively moved, this phenomenon can
be relieved by itself, and the activity returns to normal. There
are also cases where the interlock does not recover and the
joint is permanently unable to straighten and flex.

4.2. Characteristics and Analysis of Injury Rate of High-Level
Competitive Aerobics Athletes. In this survey, “a specific
time” is the moment of filling out the survey form as the
end of time and 12 months from this. In this paper, accord-
ing to the research needs, the statistical number of sports
injuries is limited to the frequency of injuries in the last year
after the athlete achieved the corresponding level. Consider-
ing that the time continuity and cumulative effect of chronic
injury will have a great impact on the statistical effect, there-
fore, the chronic injury is only counted once for the injury
nature column in the questionnaire, and the sum of the
actual numbers for acute injury is calculated. Statistics show
that the injury rate of high-level competitive aerobics ath-
letes is 100%. This shows that the investigators have suffered
from sports injuries in the past year. Table 1 was prepared
based on the frequency distribution data of the incidence
frequency obtained by the questionnaire.

It can be seen from Table 1 that with the improvement of
the level and the length of training years, the number of inju-

ries will gradually increase. In the early stage of high level,
there may be about 3 injuries, but in the later stage of high
level, the number of injuries is mainly 6 or more. It can be
seen that injuries are a common occurrence for high-level
athletes and must be experienced all the time. Injuries seem
to be an unavoidable problem associated with high-intensity
training and daily high-intensity training as skill levels
improve and develop.

It can be seen from Figure 9 that the most frequently
treated parts of the national team are the waist, knee, and
wrist, followed by the shoulder, hip, ankle, elbow, and back.
Among them, most of the waist is lumbar muscle strain, and
microwave or thermal magnetic therapy is often used for
physiotherapy. Most of the back is fatigued after training.
All athletes who perform back treatment use low-frequency
electrical stimulation and relaxation instruments, which are
equivalent to electrotherapy massage. Both the knee and
the wrist belong to joints, and their injury prevention mea-
sures are very similar, so the knee joint is used as the repre-
sentative to discuss. Actions of competitive aerobics jumps,
body jumps, flexion and split jumps, twists, high kicks,
Ilyushin, Kossack jumps, side split jumps, exchange jumps,
scissor kicks, scissor jumps, etc. have a strong impact on
the knees. This can easily cause knee pain, swelling, flexion
and extension disorders, etc., and then atrophy of the quad-
riceps femoris and imbalance of the thigh and calf muscles.
To prevent the disease from worsening in the case of unin-
terrupted training, it can be strengthened to prevent from
the following aspects:

(1) The use of sports protective support belt can effec-
tively prevent the aggravation of injury

(2) They should perform functional exercises, including
strength, flexibility, motor sensory, and propriocep-
tive training. Flexibility has high requirements in
competitive aerobics. Special functional exercises
can not only prevent injuries but also improve sports
performance, killing two birds with one stone. The
common way is PNF exercises, specifically partici-
pating in primary prevention. The exercise of
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Figure 8: Schematic diagram of the structure of the knee joint and meniscus.
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balance ability can greatly improve the neuromuscu-
lar control ability of the body and promote the coor-
dination and stability of the body. The recovery of
the athlete’s balance ability and proprioceptive con-
trol ability is the key to reducing the risk of reinjury.
Balance pads, active boards, and other balance exer-
cise equipment can be used to enhance limb stability.
The trampoline exercise used by the national aero-
bics training team is actually a functional exercise
to enhance the sense of movement and propriocep-
tive training

(3) Physiotherapy. Any injury has the ability to repair
itself, but research shows that the biochemical com-
position of tissue repaired by itself is different from
that of uninjured tissue. Therefore, active stimula-
tion by external means is helpful for the recovery
of structure and function and also helps to improve
the ability to respond to exercise and prevent the
occurrence of injury. The commonly used physio-
therapy methods for chronic knee injuries include
microwave therapy, thermomagnetic therapy, ultra-
short wave therapy, and ultrasonic therapy. Among
them, ultrasound is mainly used for the removal of

scar tissue and adhesions. The efficacy of microwave,
thermomagnetic, and ultrashort mainly lies in the
deep penetration of thermal effect, which can focus
on promoting blood circulation in the affected area
and promoting damage repair. During the treatment
of the national team members, a total of 9 people
have used the above methods, of which 7 people
showed significant improvement, and continued to
maintain a large amount of exercise training without
any suspension of training. To sum up, the overall
tertiary prevention of injuries for high-level athletes
can enable athletes to fully and actively deal with
sports injuries that accompany the improvement of
competition, which is conducive to improving the
body’s ability to withstand high-intensity training,
resulting in a good training adaptation

4.3. Comparison of Gender, Age, and Weight of Patients.
Table 2 shows that the age comparison between the healthy
group and the patient group was not statistically significant
(T = −1592, P = 0:110 > 0:05); there was no statistical signif-
icance in height (T = 1:240, P = 0:226 > 0:05) and no statisti-
cal significance in weight (T = 0:4226, P = 0:680 > 0:05).

Table 3 shows the comprehensive score comparison
made by the back-end algorithm layer of the Internet cloud
of the foot space posture evaluation and analysis system
based on all the gait data of the testee’s feet within one
minute. It is mainly assessed from four aspects: gait stability,
bipedal symmetry, initiation ability, and deceleration ability.

The results show that

(1) In patients with unilateral meniscus injury, the sta-
bility, symmetry, and starting ability of gait before
surgery were significantly lower than those of the
healthy group and the gait data obtained after sur-
gery, which indicates that meniscus injury has a sig-
nificant impact on gait stability, symmetry, and start-
up ability. Factors such as uneven force on both
lower extremities and the patient’s own fear caused
by factors such as knee instability, knee flexor muscle
weakness, and pain in the affected limb after menis-
cus injury were considered

(2) There was no statistical difference in the stability,
symmetry, and starting ability of the gait after sur-
gery and the healthy group, indicating that the com-
prehensive evaluation of the gait after meniscus

Table 1: Incidence frequency of high-level competitive aerobics
athletes in China in the past year.

Sport level frequency 1-2 times 3-5 times ≥6 times

National level 40% 37% 23%

National master 20% 38% 42%

International master 10% 12% 78%
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Figure 9: Distribution map of treatment sites for aerobics national
training team during 2020\11-2021\11. Note: the statistics take one
month as a small unit. If someone has performed multiple
treatments on the same part within a month, it will be counted
only once. However, the same parts of the same object in
different months of the 12-month period are accumulated on the
basis of the above. Such statistics not only reduce the interference
of the injury healing process on the overall injury characteristics
but also reduce the interference of the individual injury
characteristics of the same subject with multiple treatments on
the overall injury characteristics.

Table 2: Comparison of age, height, and weight between healthy
group and patients.

Group Health group
Patient
group

Inspection
value

P
value

Number of
cases

20 20

Age 30:52 ± 5:33 32:52 ± 5:02 -1.592 0.110

Weight 74:38 ± 14:08 73:18 ± 11:69 0.422 0.680

Height 176:02 ± 5:84 174:89 ± 3:88 1.240 0.226
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surgery was close to the normal gait, the kinematic
data was generally normal, and the surgical effect
was more reliable

(3) There was no statistical difference in the deceleration
ability between the patients before and after surgery
and the healthy group, which may be related to the
lower requirements of knee joint stability and muscle
strength for gait deceleration exercise. It cannot be
ruled out that the result error is caused by the small
number of times of reentry and the large error of
deceleration movement data collection in this
experiment

5. Discussion

The research on sports injuries in advanced aerobics is a step
that cannot be ignored in the scientific development of aer-
obics. At present, with the rapid development of science
and technology, people are no longer satisfied with using
“sports performance” as an index to evaluate the effect of
training but pay more attention to evaluating the effect of
training, that is, the relationship between the input and out-
put of training.

Nanomedicine is also a promising drug, as it is not easily
absorbed by the human body when prepared in nanopowder
or suspension. Nanomedicine is pasted on the affected area
and can be absorbed directly through the skin without injec-
tion. But in aerobics, strength quality is a very critical link, so
it is necessary to have excellent strength quality.

During training, athletes continue to work hard to
achieve better results and keep crossing borders. To break
themselves, they cause multiple sports injuries. How to
improve the effective prevention of aerobic injury has
become a major problem faced by coaches and athletes. At
present, the clinically preferred treatment for meniscal
injury is arthroscopic surgery, which can well complete the
trimming and shaping of the damaged meniscus. It can
eliminate the pain, noose, joint instability, and other symp-
toms caused by meniscus injury and significantly improve
the function of the knee joint.

6. Conclusions

This study found that the loss of postoperative muscle
strength of the affected limb had a significant impact on
postoperative gait. Postoperative muscle strength of the
affected limb, especially the decrease of knee flexor muscle
strength and postoperative pain are the two main causes of

postoperative gait abnormalities in patients with meniscus
injury. Another study has shown that muscle tension can
be improved by exercising the muscle strength around the
knee joint. The release of fascial adhesions has great benefits
and is helpful for improving joint stability and internal cir-
culation. Combined with the above data, patients with
meniscus injury should be given appropriate lower extremity
functional exercises after surgery to improve the muscle
strength around the joints. It should be an equally important
measure to eliminate postoperative pain, edema and other
conventional treatments.
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Piezoelectric and ferroelectric materials are widely used in various types of microelectronics due to their excellent mechanical and
electrical coupling characteristics. In recent years, piezoelectric force microscopy has developed into a powerful tool for analyzing
nanoscale ferroelectric materials. However, quantitative analysis based on PFM is difficult to properly study it. This article studies
the related issues of PFM quantitative analysis. First, the relationship between the effective piezoelectric coefficient and
piezoelectric coefficient of different materials is analyzed from the PFM nanometer scale to analyze the force-electric coupling
effect. The study found that the effective piezoelectric coefficient is closely related to the intrinsic electroelastic constant of the
material. Secondly, the analysis of the nanoscale piezoelectric deformation of ferroelectric materials shows that under the
conductive SPM probe, as the clustering with the probe increases, the in-plane displacement first increases and then decreases,
and the out-of-plane displacement gradually decreases. Finally, the half-width region of the nanoscale ferroelectric response
domain was analyzed by PFM. Taking the in-plane and out-of-plane domains of 180° and 90° domains as examples, the
relationship between the response boundary domain and the tip radius was analyzed, and the results showed that whether the
PFM can effectively solve the problem of detection and analysis depends on the half-width of the response boundary domain,
and the resolution of the vertical PFM is higher than that of the lateral PFM.

1. Introduction

Because PFM has the ability to be highly sensitive to the
local detection of piezoelectric sensors, PFM has been widely
used to study the microstructure and properties of new fer-
roelectric materials. By using PFM nanoscale detectors to
perform image scanning on ferroelectric materials, not only
can the domain structure signal be grasped more efficiently,
but also special iron structure domains can be established,
and the changes related to the performance of the brake
can be studied. In some materials containing more iron ele-
ments, because ferroelectric domains and ferromagnetic
domains are closely connected, it is important to process
iron and manipulate the iron domains through PFM. How-
ever, due to the unbalanced characteristics of the electric
field, the high-load electric field caused by the PFM conduc-
tive probe, and the complex and long-term electromechani-
cal interaction between the test materials, the quantitative

analysis of the PFM test is still very difficult. Nanoscale elec-
tromagnetic coupling hinders the research of ferroelectric
materials and delays the development of electronic compo-
nents produced by nanoscale electromagnetic coupling.

Many scholars at home and abroad have studied the anal-
ysis of the electromechanical coupling of nanoscale ferroelec-
tric domains based on piezoelectric force microscopy (PFM)
and have achieved certain research results. For example,
Chen et al. proposed functional materials, which refer to
the continuous or gradual change of single or multiple super-
imposed properties of materials in a certain direction, which
are used to adapt to different environments and develop dis-
tinctive functional materials. As the material parameters of
functional materials gradually change, the thermal and stress
mismatch in the material structure is greatly alleviated. The
size and spatial distribution of all constituent materials are
optimized, so that the advantages of all constituent materials
can be effectively used, and the most advanced materials’
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needs for multifunctional technology can be met [1]. But the
complex structure of ferroelectric materials can affect the
PFM technique to analyze the electromechanical coupling
effect. After comparing and analyzing several separate
models, Kuerban et al. finally decided to adopt a combined
forecasting model. Combined forecasting is the weighted
average of forecasts obtained by different forecasting
methods to reach the final forecast result. The forecast result
is generally better than that the prediction results of each
single model are an effective way to improve the prediction
accuracy of the model, and the results are more reliable
[2]. Xing and other scholars combined the comprehensive
load statistics of the formatting module and the overall mod-
ule load of the module to carry out applied research on the
power load and carried out the composite model character-
istics, influencing factors and evaluation indicators of the
power load indicators of the subindustry of my country’s
power system. According to the time-sharing principle, a
load composition model for different industries is proposed.
According to the characteristics of short-term load forecast-
ing and combined with domestic and foreign engineering
experience, various solutions to the load forecasting problem
are comprehensively analyzed [3]. In the 1940s, a scientific
researcher discovered a piezoelectric ceramic material with
excellent performance and easy to make and store. This
material can change the chemical composition and polariza-
tion phenomenon in a targeted manner. According to its
advantages in piezoelectric coefficient, electrical coupling
coefficient, and stable performance, the application of piezo-
electric ceramics has been rapidly expanded [4]. Capeli et al.
conducted a tip crack fracture experiment on single crystal
niobium. This experiment observes and examines the mor-
phological characteristics of interface cracks and further
measures the fracture hardness and atomic separation
requirements. This experiment finally showed that although
niobium is a flexible material and has many variants, the
cracks at the interface of the two materials remain as sharp
atomic cracks, and no extreme cracks will appear [5].
Although researchers have carried out a lot of related work
in this area, quantitative analysis based on PFM will encoun-
ter many difficulties, that is, the complex structure of ferro-
electric materials will affect the PFM technology to analyze
the effect of force-electric coupling.

This article introduces the characteristics of piezoelectric
and ferroelectric materials and analyzes the relationship
between the effective piezoelectric coefficient and the piezo-
electric coefficient of different piezoelectric materials under
the decoupling and full coupling methods based on the
working principle of PFM; comparing the effective piezo-
electric coefficients of different materials under decoupling
and full coupling, comparing the time-induced in-plane
and out-of-plane displacement responses of single-domain
ferroelectrics with PFM detection. Then, take PZT-4 as an
example according to the genetic algorithm optimization;
the piezoelectric coefficient is inversely optimized to obtain
the optimal piezoelectric coefficient; then, the single-
domain and complex ferroelectric domain nanoscale piezo-
electric deformation are analyzed, and finally, the BaTiO3
ceramic piezoelectric ceramic material is used as an example

to analyze the half-width of the domain boundary response
of the in-plane and out-of-plane domains of 180 degrees
and 90 degrees varies with the radius of the tip. Through
these experiments, it can be known that PFM technology is
an important nanoscale ferroelectric material analysis tool
in the study of ferroelectric domains.

2. Introduction of Piezoelectric Force
Microscopy and Performance Analysis of
Ferroelectric Domain Materials

2.1. PFM Working Principle. When a ferroelectric crystal
exerts a mechanical force in a certain direction, confinement
charges are formed on the corresponding crystal surface. The
amount of charge is related to the amount of mechanical stress
applied. This phenomenon is called the positive piezoelectric
effect. On the other hand, if an external electric field is applied
to the ferroelectric crystal, the ferroelectric crystal will also
deform, which is called the piezoelectric inverse effect. PFM
is a novel scanning probe microscope (SPM) based on the
inverse piezoelectric effect of ferroelectric samples. Its working
principle diagram is shown in Figure 1.

As shown in Figure 1, during PFM operation, an alter-
nating voltage was applied to the SPM conductive probe to
generate an electric field between the conductive probe and
the bottom electrode. According to the inverse piezoelectric
effect, the detection sample changes its shape under the
action of an electric field, causing the material surface to
displace, thereby pushing the cantilever beam to twist. The
twist signal is reflected from the laser to the spectral detector
and then sent to the amplifier lock. Computer-generated
PFM signals include signal amplitude and phase signals.
The amplitude depends on the local mechanical and electri-
cal coupling of the sample, and the phase is related to the
internal polarization direction. In the multisample power
tracking detection experiment, regions with different polari-
zation directions have different degrees of electric field,
which triggers the conduction effect of the probe, so that
the piezoelectric images show different response resolutions.
On the other hand, the feedback signal determines the dis-
tance between the probe and the specimen, so the interac-
tion force between the probe and the model remains
constant. At this time, special specimens can be developed
according to the size of the specimens [6, 7].

2.2. Characteristics and Applications of Piezoelectric and
Ferroelectric Materials. Piezoelectric material is a special type
of intermediate electrical material. Due to its piezoelectric
properties, it can identify the conversion between electricity
and electricity. This conversion will produce changes under
external loads such as mechanical force, electric field, tem-
perature field, and light, thereby having piezoelectric, ferro-
electric, pyroelectric, and nonlinear optical characteristics.
When the electric domain changes the electric structure
under the action of the medium thermal field, the electric
heat generated by the ferroelectric material can provide the
ferroelectric material for the infrared detector; when the
applied stress field changes, the electric domain structure
will also change, and the ferroelectric material will produce
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the piezoelectric effect which makes the application of ferro-
electric materials in sensors and energy maps have a variety
of research types. The polarization and conversion of the
ferroelectric crystal produce a typical hysteresis model with
the change of the applied electric field, which has the charac-
teristics of the reverse polarization electric field and can be
applied to the ferroelectric memory. The discovery of these
properties has led to the production of ferroelectric materials
in various microelectronic components, such as thermal ele-
ments and electrical transducers [8].

The positive piezoelectricity of piezoelectric materials is
simply the ability to convert force into electricity. Specifi-
cally, it refers to the internal polarization when the external
force is increased in a certain direction by the special struc-
ture of the dielectric material, which causes the material
structure to deform. At this time, positive and negative
charges are generated on the two opposite surfaces. The
other is the inverted piezoelectric effect, in layman’s terms,
it converts electricity into a force that causes deformation.
When the electric field is removed, the deformation of the
dielectric will return to its original shape [9]. Therefore,
the polarization direction of piezoelectric materials is also a
very important research part.

Since the polarization phenomenon can occur in the fer-
roelectric material itself, and the ferroelectric material usu-
ally exists in multiple regions, each region has the same
polarization direction. The regions with uniform polariza-
tion directions are called electrical domains, and the bound-
aries between domains are called wall domains. Generally
speaking, each domain has an “end-to-end” polarity, so that
there is no constrained charge at the boundary between
domains, and the electrostatic energy in the boundary area
is not reduced. The introduction of domains reduces the
energy and electrostatic energy of the system, but introduces
the energy of the wall domains, making the ferroelectric
structure correspond to the minimum static energy in the

system [10, 11]. Since the center of the positive and negative
charges does not enter the ferroelectric material, the relative
arrangement of the positive and negative charges changes
under the change of the external thermal field, causing spon-
taneous changes in polarization. The charge filtered by the
surface of the ferroelectric material cannot maintain com-
plete free movement on the road surface and the accumu-
lated material, thereby generating a potential difference
between the surface of the ferroelectric material and the sur-
face of the material. This phenomenon is called the thermo-
electric effect. Since all four sides of the material are heated
at the same time, the positive and negative center displace-
ments of the corresponding symmetry are the same, which
is different from the piezoelectric effect. It shows that pyro-
electric materials must have a greater range and spontaneous
polarity, so pyroelectric materials have piezoelectricity.
Driven by an electric field with a strong optical frequency
or a DC electric field, ferroelectric materials will produce
photoelectric effects and nonlinear optical effects. The
refractive index of the ferroelectric material changes with
the change of the additional charge, and the secondary fiber
effect is generated with the regular change of the electric
field. The secondary electro-optic effect refers to the birefrin-
gence of the isotropic material under the action of an exter-
nal electric field, resulting in a change in the refractive index,
and the change in the refractive index is proportional to the
square of the electric field intensity. The material with cen-
tral symmetry has no primary electrostatic effect, and the
secondary fiber effect is very common in any dielectric mate-
rial. The refractive index change is not only related to the
external electric field but also the refractive index of the fer-
roelectric material can be changed by increasing the
mechanical force. High-energy light is the source point light
that radiates ferroelectric materials, generating bipolar elec-
tric pulses that can be driven by electromagnetic waves of
a certain frequency.
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Figure 1: Working principle diagram of piezoelectric force microscope.
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2.3. Point Charge and Its Electric Field. In the PFM test, the
SPM conductive probe is similar to a moving electrode [12].
By adding a certain voltage to the SPM conductive probe, a
nonuniform electric field is induced in the virtual electric
field space. Compared with the test sample, the SPM probe
is very small, and the tip size can reach the nanometer level.
By comparing the different shapes and thicknesses of the
SPM probe and the test sample, people can regard the elec-
tric field caused by the SPM probe as an electric field caused
by a point charge or a series of mirror charges, where the
equivalent charge can also be used the equivalent capaci-
tance between the SPM probe, and the sample is judged
[13, 14]. The SPM conductive probes used in the experiment
have different shapes, but mainly include conical, spherical,
and disc shapes.

During the working process of PFM, a quantitative volt-
age is applied to the SPM probe, and an electric field probe is
introduced. Compared with the SPM probe, the test material
can be considered as a semi-infinite body. Therefore, the
spatial electric field shaped by the conductive probe can be
equal to the electric field induced by a point charge. Accord-
ing to the charge imaging method, it can be assumed that
there is a mirror charge Q above the test sample from the
sample surface. It can be seen from the singularity theorem
of the mirror image method that the introduced image
charge is outside the required field, and its introduction does
not change the boundary conditions of the required field.
Therefore, we can use the electric field generated by the
charge Q to balance the space electric field shaped by the
SPM probe, thereby simulating the distribution of the space
electric field [15].

During PFM operation, a quantitative voltage is applied
to the SPM probe, and an electric field probe is introduced.
Compared to the SPM probe, the test material can be
regarded as a semi-infinite body. Therefore, the space elec-
tric field created by the conductive probe can be equal to
the electric field induced by the point charge. According
to the charge imaging method, the charge imaging tech-
nique refers to the method of monitoring the calcium ion
concentration in the tissue using a calcium ion indicator.
In nervous system research, calcium ion imaging technol-

ogy is commonly used to monitor the changes of calcium
ions in neurons, indicating neuronal activity. With calcium
imaging technology, the originally silent electrophysiologi-
cal activity has become a vivid, colorful, and flickering spec-
tacular image. It can be assumed that, viewed from the
sample surface, there is an image charge Q above the test
sample. It can be seen from the singularity theorem of the
mirror image method that the introduced image charge is
outside the required field, and its introduction does not
change the boundary conditions of the required field.
Therefore, we can use the electric field generated by the
charge Q to balance the space electric field formed by the
SPM probe, thereby simulating the distribution of the space
electric field [15].

2.4. The Electroelastic Field Method between the Conductive
Tip and the Sample

(1) Decoupling method

The essential idea of the force electrolytic coupling
method is to separate the electrostatic field and the elastic
electric field and evaluate them separately. The specific ideas
are as follows: first, the finite electrostatic field model is used
to calculate the internal piezoelectric electric field distribu-
tion of piezoelectric materials without considering the influ-
ence of the force-electric coupling; second, the internal
pressure is considered to be the pressure generated by the
electric field, so elasticity and stress can be solved by the
rebound relationship; finally, the Green’s function of the
decoupling of the ferroelectric surface is used to obtain the
piezoelectric displacement on the surface of the ferroelectric
material. For the balanced distribution of ferroelectric mate-
rials detected by the SPM conductive probe, assuming that
its polarization direction is perpendicular to the horizontal
direction, the SPM conductive probe can be treated as a
loading point for loading Q, where h is the height from the
sample surface [8]. Using the loading image method, the
potential φðρ, zÞ distribution of the entire space can be
obtained.

Among them, ρ =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x21 + x22

p
and λ0 are the vacuum per-

mittivity, k =
ffiffiffiffiffiffiffiffiffiffiffiffiffi
λ11λ33

p
is the effective pressure permittivity,

γ =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ33/λ11

p
is the dielectric anisotropy factor, which

reflects the difference between in-plane and out-of-plane

dielectric properties, and x1 represents the horizontal direc-
tion in the three-dimensional coordinate axis. In the right
direction, x3 represents the vertical downward direction,
and x2 is perpendicular to x1 and x3, respectively. The elec-
tric field is the gradient of the electric potential, namely,

φ ρ, x3ð Þ =

Q

2πλ0 k + 1ð Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ρ2 + x3 + hð Þ2

q , x3 ≥ 0,

Q
4πλ0

1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ρ2 + x3 + hð Þ2

q −
k − 1
k + 1

1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ρ2 + x3 − hð Þ2

q
2
64

3
75, x3 < 0:

8>>>>>>><
>>>>>>>:

ð1Þ
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Ei =
−∂φ
∂xi

: ð2Þ

Assuming that the voltage applied to the needle tip is φo
and the radius of curvature of the needle tip is Ro, the effec-
tive point charge model shows:

Q =
2πλoRoφo k + 1ð Þ

k
, ð3Þ

d =
Ro

k
: ð4Þ

The charged probe causes an electric field to form inside
the piezoelectric material, and the piezoelectric material pro-
duces strain under the action of the electric field due to the
inverse piezoelectric effect. This piezoelectric accessory can
be seen as an internal filter, namely,

sTmn = dmnkEk: ð5Þ

Among them, dmnk is the piezoelectric tensor component
on the three-dimensional image, and the repetition index k
(k = 1, 2, 3) satisfies the weighted summation. Because piezo-
electric tension destroys the dynamic equilibrium state of the
system, internal stress emn and stress σ jl are generated:

emn = smn − sTmn, ð6Þ

σ jl = Cjlmn smn − sTmn

� �
: ð7Þ

Among them, Cjlmn is the stiffness sensor component of
the elastic component. By comparing the displacements of
piezoelectric and elastic structures and introducing half-
space elastic Green’s function Gijðx, x′Þ, the surface dis-
placement of the material can be obtained as:

ui xð Þ =
ð∞
0
dx3′

ð∞
−∞

dx2′
ð∞
−∞

dx1′CjlmndmnkEk x′
� � ∂Gij x, x′

� �

∂xl′
:

ð8Þ

For a uniform ferroelectric material and the polarization
orientation are perpendicular to the surface of the material,
the Fourier transform can be used to solve the surface dis-
placement to obtain the analytical form of the surface in-
plane and out-of-plane displacement:

u1 ρ, 0ð Þ = Q
2πλo k + 1ð Þ x1

d1g1 γð Þ + d2g2 γð Þ + d3g3 γð Þ½ �ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ρ2 + h2

p ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ρ2 + h2

p
+ h

� � ,

ð9Þ

u2 ρ, 0ð Þ = Q
2πλo k + 1ð Þ x2

d1g1 γð Þ + d2g2 γð Þ + d3g3 γð Þ½ �ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ρ2 + h2

p ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ρ2 + h2

p
+ h

� � ,

ð10Þ

u3 ρ, 0ð Þ = Q
2πλo k + 1ð Þ

d1g1 γð Þ + d2g2 γð Þ + d3g3 γð Þ½ �ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ρ2 + h2

p :

ð11Þ
Among them, d1, d2, and d3 are voltage coefficients, g1

ðγÞ = 2 + γ + 2ð1 + γÞν/ð1 + γÞ2, g2ðγÞ = ‐γ/ð1 + γÞ2, g3ðγÞ
= γ/ð1 + γÞ2, and ν is Poisson’s ratio.

(2) Fully coupled method

Since the force-electric coupling between the needle tip
and the sample is axisymmetric, it can be solved by the
Hankel integral transformation method [16, 17]. The Han-
kel integral transformation pair defined for any function
Fðr, zÞ is:

F
~
ξ, zð Þ =

ð∞
0
F r, zð ÞrJp ξrð Þdr, ð12Þ

F r, zð Þ =
ð∞
0
F
~
ξ, zð ÞξJp ξrð Þdξ: ð13Þ

Among them, in the three-dimensional coordinate axis,
r represents the horizontal axis to the right, z represents
the vertical axis downward, JpðξrÞ is the first-type Bessel
function of order p, and ξ is the polar axis in the Fourier
space.

3. Analysis and Research on the
Electromechanical Coupling of Nanoscale
Ferroelectric Domains Based on Piezoelectric
Force Microscopy (PFM)

3.1. Research Content. There are three main research con-
tents in this article. First, when using the PFM technology
to quantitatively analyze the nanoscale piezoelectric coeffi-
cients, it is discussed whether the effective voltage coefficient
under the decoupling method and the fully coupled method
is compared with the actual voltage coefficient, and whether
the two methods will overestimate or underestimate the con-
ductive SPM probe [18] surface displacement caused by the
needle. The second is to analyze PFM to detect nanoscale
piezoelectric deformation of single-domain ferroelectric
materials and complex ferroelectric domains. The third is
to analyze the half-width of the domain boundary response
half-width of the in-plane domain and the out-of-plane
domain of the vertical angle and the lateral angle and discuss
the effect of the PFM vertical resolution and the lateral reso-
lution [19].

3.2. Research Methods. This article mainly uses the litera-
ture data method and the comparison method to obtain
the relevant properties and research directions of ferroelec-
tric materials by searching literature, compare the effective
piezoelectric coefficients of different materials under
decoupling and full coupling, and compare PFM to detect
single-domain ferroelectric samples the in-plane and out-
of-plane displacement response caused by the time, and
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the half-width of the domain boundary response of the in-
plane and out-of-plane domains of the BaTiO3 ceramic
piezoelectric ceramic material with 180 degrees and 90
degrees domains change with the radius of the tip [20].

4. Based on Piezoelectric Force Microscopy
(Pfm) Nanoscale Ferroelectric Domain
Force-Electric Coupling Analysis

4.1. Quantitative Analysis of Nanoscale Piezoelectric
Coefficients Based on PFM

(1) Effective piezoelectric coefficient based on decou-
pling method

In order to quantitatively analyze the relationship
between the effective piezoelectric coefficient and the inher-
ent parameters of the material, select BaTiO3, PbTiO3, PZT
(Zr/Ti = 48/52), PZT-8, and PMN-42%PT as examples, and
the corresponding inherent material parameters are shown
in Table 1. In order to clearly see the difference between
the effective piezoelectric coefficient and the inherent piezo-
electric coefficient, the correction factor f of the material is
defined. The results show that the correction factor of
PZT-8 is the smallest with a value of 0.72, while the correc-
tion factor of PMN-42%PT is the largest at 2.65. There is no
obvious trend in the correction factor between different
materials. In addition, for different materials, the correction

factor may be greater than 1 or less than 1, which indicates
that the piezoelectric coefficient of the PFM test may be
overestimated or underestimated, which makes the quantita-
tive analysis of the piezoelectric coefficient of the PFM tech-
nology more difficult.

Figure 2 shows the relationship between the effective pie-
zoelectric coefficient of different materials and the piezoelec-
tric coefficient and dielectric anisotropy factor. Fixing all
other material parameters and changing only the piezoelec-
tric coefficient d3, then the linear relationship between the
effective piezoelectric coefficient d ∗ 3 and the piezoelectric
coefficient d3 can be obtained. Although there is a linear
relationship between d ∗ 3 and d3, the slopes of d ∗ 3 and
d3 are different for different materials, which means that
the piezoelectric coefficients of other materials cannot be
accurately obtained by calibrating with reference to the
material. The effective piezoelectric coefficient of different
materials and the dielectric anisotropy factor r are obviously
nonlinear, especially for PMN-42%PT, the corresponding
effective piezoelectric coefficient increases sharply as r
increases. The obvious nonlinear characteristics of d ∗ 3
and r in PMN-42%PT are mainly due to its large d2. It is
worth noting that although the piezoelectric coefficient is
fixed, the effective piezoelectric coefficient still changes with
the elastic constant and the dielectric constant. This shows
that the quantitative analysis of the piezoelectric coefficient
for the PFM technology requires all other material parame-
ters to be known.

Table 1: Piezoelectric, dielectric, and elastic constants used in the calculation.

Material d1 (pm/V) d2 (pm/V) d3 (pm/V) ν F

BaTiO3 -77 265 187 0.35 0.78

PbTiO3 -6.5 62 48 0.26 0.81

PZT (Zr/Ti = 48/52) 42 158 107 0.31 1.24

PZT-8 -100 320 304 0.30 0.72

PMN-42%PT -27.9 1418.6 101.2 0.25 2.65
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Figure 2: The relationship between effective piezoelectric coefficient and piezoelectric coefficient and dielectric anisotropy factor of different
materials.
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(2) Effective piezoelectric coefficient based on the full
coupling method

This paper selects five different piezoelectric materials,
namely, PZT-4, PZT-5A, BaTiO3, (BaaCab)TiO3, and PZT
(Zr/Ti = 48/52), and the comparative analysis is based on
the full coupling method and the decoupling method. The
difference of effective piezoelectric coefficient, further ana-
lyze the relationship between effective piezoelectric coeffi-
cient and material inherent parameters. The actual material
parameters corresponding to the selected materials are
shown in Table 2. The elastic constant of PZT-4 material is
138.67GPa, the piezoelectric coefficient is 12.8C/m2, and
the dielectric constant is 6:521 × 10−9 F/m; PZT-5A material
the elastic constant is 124.00GPa, the piezoelectric coeffi-
cient is 12.6C/m2, and the dielectric constant is 8:127 ×
10−9 F/m; the elastic constant of BaTiO3 material is
150.14GPa, the piezoelectric coefficient is 11.5C/m2, and
the dielectric constant is 9:842 × 10−9 F/m; the elastic con-
stant of (BaaCab)TiO3 material is 158.33GPa, the piezoelec-
tric coefficient is 10.8C/m2, and the dielectric constant is
8:786 × 10−9 F/m; PZT (Zr/Ti = 48/52); the elastic constant
of the material is 124.74GPa, the piezoelectric coefficient is
5.92C/m2, and the dielectric constant is 4:812 × 10−9 F/m.

Table 2: Properties of piezoelectric ceramics.

Material Elastic constant (GPa) Piezoelectric coefficient (C/m2) Dielectric constant (10-9 F/m)

PZT-4 138.67 12.8 6.521

PZT-5A 124.00 12.6 8.127

BaTiO3 150.14 11.5 9.842

(BaaCab)TiO3 158.33 10.8 8.786

PZT (Zr/Ti = 48/52) 124.74 5.92 4.812
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Analyzing the difference of the effective piezoelectric coeffi-
cients of the two theories, the effective piezoelectric coeffi-
cients obtained by the two theories for different materials
are summarized as shown in Figure 3. The effective piezo-
electric coefficient of PZT-4 material in decoupling mode is
267.24 (pm/V), and the effective piezoelectric coefficient in
full coupling mode is 252.13 (pm/V); PZT-5A material is
effective in decoupling mode the piezoelectric coefficient is
325.46 (pm/V), the effective piezoelectric coefficient in the
fully coupled mode is 305.37 (pm/V); the effective piezo-
electric coefficient of the BaTiO3 material in the decoupling
mode is 167.95 (pm/V), fully coupled the effective piezo-
electric coefficient in the mode is 167.81 (pm/V); the effective
piezoelectric coefficient of (BaaCab)TiO3 material in the
decoupling mode is 133.14 (pm/V), and the effective piezo-
electric coefficient in the fully coupled mode is 132.78 (pm/
V); the effective piezoelectric coefficient of PZT (Zr/Ti = 48/
52) material in decoupling mode is 148.23 (pm/V), and the
effective piezoelectric coefficient in full coupling mode is
147.36 (pm/V). It can be seen from these data that compared
with the actual piezoelectric coefficient, whether it is a decou-
pling method or a fully coupled method, the corresponding
effective piezoelectric coefficient may be overestimated or
underestimated. Moreover, compared with the fully coupled
method, decoupling analysis tends to underestimate the sur-
face displacement caused by the conductive SPM probe.

(3) Inversion of piezoelectric coefficient

There is an obvious nonlinear relationship between the
effective piezoelectric coefficient and the intrinsic material
constant. Therefore, we propose a method to inversely opti-
mize the electroelastic constant of the material under different
test conditions. It is based on this idea, focusing on the inver-
sion of piezoelectric coefficients based on genetic algorithm
(GA). The idea of genetic algorithm originates from the most
suitable survival process in biological evolution, and its basic
process is shown in Figure 4. They first randomly generate

populations and evaluate the suitability of the main popula-
tion; then, select parent individuals based on suitability, such
as roulette selection method, traversal sampling, and compet-
itive bidding; secondly, transfer or reorganize the selected par-
ent individuals; transfer or after reorganization, in order to
prevent the optimization result from appearing a local mini-
mum, the population will change with a small probability;
finally, if the newly generated population reaches the optimi-
zation of the termination condition, the optimization result
is output; otherwise, the second step is returned.

The inversion optimization of piezoelectric coefficients
uses PZT-4 material as an example, and the three piezoelec-
tric coefficients are optimized through multistep optimiza-
tion. The optimization process is shown in Figure 5. The
first step is to consider the three piezoelectric coefficients
e1, e2, and e3, and perform simultaneous optimization. The
three piezoelectric coefficients obtained by the first optimiza-
tion are recorded as e11, e

1
2, e

1
3, and e1 = e11 in the second

optimization. Only optimize the other two piezoelectric
coefficients e2, e3, and then, you can get e22, e

2
3. In the third

step of optimization, e3 = e23, and e1 = e11, and only e3 is
optimized separately.

The piezoelectric coefficient results obtained by the
three-step optimization are shown in Table 3. The intrinsic
piezoelectric coefficients e01, e

0
2, and e03 of the three steps

are 11.5, -5.4, and 14.7. After the first step of optimization,
the optimized voltage coefficients e1, e2, and e3 are 11.486,
-5.346, and 14.822, respectively; after the second step of opti-
mization, the optimized voltage coefficients e1, e2, and e3 are
11.487, -5.428, and 14.604, respectively; after three-step opti-
mization, the optimized voltage coefficients e1, e2, and e3 are
11.532, -5.398, and 14.676, respectively.

4.2. Analysis of Nanoscale Piezoelectric Deformation of
Ferroelectric Materials

(1) Nanoscale piezoelectric deformation of single-
domain ferroelectric materials

Upper and lower
bounds uij uij0

Intrinsic piezoelectric
coefficient

Establish optimization
objective function

Genetic algorithm
optimization

Optimal solution

First step
optimization

Second step
optimization

The third step of
optimization

Figure 5: Piezoelectric coefficient optimization process.
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The surface displacement of a single-domain ferroelectric
sample is calculated by the nanoscale piezoelectric response
displacement equation. Figure 6 shows the spatial distribution
of the surface displacement caused by PFM detecting a single-
domain ferroelectric sample. (a) shows the in-plane displace-
ment response. (b) The figure shows the out-of-plane dis-
placement response. From the results shown in the figure, it
can be seen that the deformation displacement is highly con-
centrated and uneven. The out-of-plane displacement under
the conductive SPM probe has a maximum value of
0.165nm. As the distance from the conductive SPM probe is

farther, the out-of-plane displacement under the conductive
SPM probe gradually decreases; while the in-plane displace-
ment is farther away from the conductive SPM. In the process
of the probe, it increases first and then decreases, with a max-
imum value of 0.032nm at 16nm away from the probe. The
nanoscale piezoelectric deformation of single-domain ferro-
electric samples will lay the foundation for the analysis of com-
plex ferroelectric domain structures.

(2) Nanoscale piezoelectric deformation of complex fer-
roelectric domains
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Figure 6: Spatial distribution of surface displacement caused by PFM detecting single-domain ferroelectric samples: (a) and (b) are the in-
plane and out-of-plane displacement responses, respectively.
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Figure 7: Comparison of the half-width of the domain boundary response of the 90-degree and 180-degree in-plane and out-of-plane
domains of BaTiO3 ceramics as a function of the tip radius.

Table 3: Optimal piezoelectric coefficient and intrinsic piezoelectric coefficient of PZT-4.

Intrinsic piezoelectric coefficient (C/m2) Optimized piezoelectric coefficient (C/m2)
e01 e02 e03 e1 e2 e3

1 11.5 -5.4 14.7 11.486 -5.346 14.822

2 11.5 -5.4 14.7 11.487 -5.428 14.604

3 11.5 -5.4 14.7 11.532 -5.398 14.676
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Ferroelectric materials usually contain complex micro-
domain structures, such as 180-degree electrical domains
and 90-degree electrical structures. Due to this unbalanced
microdomain structure, it is difficult to quantitatively ana-
lyze the piezoelectric response of nonferrous metal materials,
which brings great difficulty to the PFM test and analysis
work. Compared with a single nonferrous metal material,
the polarization vector of a ferroelectric material is not uni-
formly distributed in the multiple fusion structure, but three
nonuniform distribution dimensions are known, which
determines the inherent piezoelectric coefficient of its tensor
coefficient and also leads to the local intrinsic piezoelectric
coefficient tensor which also presents a complex distribu-
tion. However, there is a uniformly distributed intrinsic pie-
zoelectric coefficient tensor in a single electric domain
region, and independent and uniform piezoelectric coeffi-
cient sensors are internally distributed in individual regions.
This can be obtained by the spatial coordinates of the piezo-
electric coefficient tensor in a single coordinate domain.

4.3. Domain Boundary Response Half-Width Analysis. In this
experiment, the BaTiO3 ceramic material was used as an
example to compare the change of the half-width of the
domain boundary response of 90-degree and 180-degree
in-plane domains and out-of-plane domains with the tip
radius. An angle of 90 degrees represents PFM vertical
detection, and an angle of 180 degrees represents PFM lat-
eral detection. It can be seen from Figure 7 that whether it
is a 180-degree domain or a 90-degree domain, whether it
is an in-plane or out-of-plane domain, the domain boundary
broadening increases with the increase of the tip radius. It
shows that the linear curves corresponding to the 180-
degree domain and the 90-degree domain are very close,
and the anisotropy of the in-plane polarization has little
effect on the results of the PFM measurement of the domain
boundary thickness. Under the same tip radius, the domain
boundary response half-width of a 180-degree in-plane
domain is larger. For example, when the tip radius is
25 nm, the corresponding domain boundary response half-
width of a 180-degree out-of-plane domain is 11.9 nm, but
180 degrees the domain boundary response half-width cor-
responding to the in-plane domain is 20 nm, which means
that the lateral PFM has a worse resolution than the vertical
PFM.

5. Conclusion

The continuous improvement of the requirements of mul-
tifunctional materials has promoted the continuous devel-
opment of functional composite materials and multifield
coupling materials, making more and more materials have
multifield coupling characteristics. The continuous devel-
opment of nanotechnology has led to the emergence of
various new SPM technologies, which have prompted
everyone to study the multifield coupling behavior caused
by various SPM probes. The quantitative analysis of exper-
imental data is very important for the study of nanoscale
ferroelectric materials. To this end, this paper established a
nanoscale piezoelectric deformation method for analyzing

complex ferroelectric domain structure, explained a series
of PFM test results of nanoscale deformation of complex fer-
roelectric domain structure, and analyzed the nanoscale pres-
sure of ferroelectric materials for PFM quantitative test. The
electrical response provides a good guide plan and provides a
reference for the experimental preparation of ferroelectric
materials with strong electrical coupling performance,
thereby promoting the application of nanoscale ferroelectric
materials.
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A nanoscaffold is a porous scaffold. It injects antibiotics, cells, and polymer particles into damaged cavities in the form of
injectables and forms hydrogels after the molecules self-assemble at the injection site. Sports rehabilitation is a new frontier
field integrating sports, health, and medicine, also known as physical therapy. It is the use of various sports methods for the
injured or disabled, so that they can fully recover their physical functions and spirits, and can make them reintegrate into
society. It mainly studies the relationship between sports and health. Among the tissue engineering scaffolds used as seed cell
carriers, nanomaterials are playing an increasingly important role in the study of joint injury and repair due to their unique
effects such as cell adhesion and proliferation. The purpose of this paper is to study a reliable nanoscaffold material for the
treatment of patients with hip injuries in athletes and to observe its actual effect in combination with sports rehabilitation
therapy. In this paper, an electrospinning method was proposed to prepare nanoscaffold materials, and the nanoscaffold
materials were applied to the exercise rehabilitation process of two groups of hip patients, and the data of the patients’
rehabilitation were calculated. The results showed that the OD value of the cells in the exercise rehabilitation therapy using
nanofiber scaffolds increased significantly, and the average daily growth rate of the OD value was 0.112. And the rehabilitation
after 5 months was 19.8 points higher in hip range of motion score, 11.3 points higher in overall function score, and 6.2%
lower in complication rate compared with ordinary exercise rehabilitation therapy. Therefore, it can be concluded that the
therapy of the nanofiber scaffold material combined with exercise rehabilitation can more efficiently help patients with hip
joint injury to recover, and the probability of complications is lower compared with the traditional exercise rehabilitation therapy.

1. Introduction

With the development of science and technology, nanomate-
rials have become important materials used in many fields,
including the production of materials for medical equip-
ment. Because athletes are too intense in the process of exer-
cise, they often cause joint damage, especially for the hip
joint. The hip joint is the most critical part of the movement
of the lower limbs of the human body, and the treatment of
the hip joint is particularly important. Although traditional

exercise rehabilitation therapy can help patients recover to
a certain extent, its efficiency is not high, and it is more
dependent on the exercise method of physician medical
treatment, so it is necessary to propose a more efficient exer-
cise rehabilitation therapy. In this way, hip patients can
relieve hip pain and restore normal movement of the hip
joint as soon as possible. With the advancement of the path-
ological research of hip joint injury, some progress has been
made in the mechanism of treatment of hip joint injury.
Many factors combined with exercise rehabilitation therapy
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can promote the effect of treatment. However, these are only
some single substances that promote treatment. How to
integrate these accelerators to better improve the expression
of nutritional factors, and whether there will be countermea-
sures, need to be explored and studied. In addition to
expressing neurotrophic factors to repair hip joint injury,
the treatment of hip joint injury can also regulate the expres-
sion of genes, which can play a role in repairing damaged
tissue.

The innovation of this paper is that (1) an electrospin-
ning method was proposed to prepare nanoscaffold mate-
rials, and the nanoscaffold materials were applied to the
exercise rehabilitation process of two groups of hip patients,
and the data of the patients’ rehabilitation were calculated.
(2) Using the control method, the OD value of the cells
and the postoperative rehabilitation effect of the two groups
of patients were compared. (3) Conduct in-depth theoretical
research on the subject content, and analyze the research sta-
tus of the subject-related content of this paper.

2. Related Work

Regarding the research on exercise rehabilitation therapy,
many scholars in China have carried out related research.
Among them, Buckthorpe et al. described how the properties
of water support the functional recovery process after ACLR
(anterior cruciate ligament reconstruction). Buckthorpe et al.
recommended that if the main properties of hydrotherapy
(density, hydrostatic pressure, buoyancy, and viscosity) are
properly applied to rehabilitation practice, then it can be used
to achieve the six main goals after ACLR, namely, (1) help
reduce pain and swelling, (2) support gait recovery, (3) sup-
port the maintenance and/or development of cardiovascular
health, (4) help accelerate and optimize movement pattern
retraining, (5) allow earlier introduction of plyometric and
strength training, and (6) support the relationship between
session recovery and optimal load management [1]. Li et al.’s
study employed an effective motion measurement method
based on inertial sensor networks to measure children’s motor
abilities to verify the effectiveness of systemic CP rehabilita-
tion. Li et al. proposed a new skeletal vector-based dynamic
model to reconstruct the posture of children during exercise
training to evaluate the effect of exercise rehabilitation. An
Extended Kalman Filter (EKF) is used to fuse sensor signals
to measure the motion of body parts, the accuracy of which
is verified by the OptiTrack optical system. Li et al. used statis-
tical analysis methods to analyze the motor function rehabili-
tation of SD children. The results are reassuring, and the lower
extremity motor function of some children has been improved
after rehabilitation training [2]. Flaherty provided research-
based evidence to support the use of these modalities in pain
management and to reduce the use of pain medications,
including opioids. Mechanisms of action, applications, contra-
indications, and adverse effects of cryotherapy, pulsed electro-
magnetic field therapy, transcutaneous electrical nerve
stimulation, and laser therapy are reviewed. It has been shown
that adding one or more of these therapies to an anaesthetic
pain management regimen can improve outcomes and reduce
potential drug side effects [3]. Temkin-Greener et al. con-

ducted data surveys based on methods such as minimal data
set assessments, vital statistics, nursing home comparison
websites, LTCFocus, and district health resource files. Findings
suggest that facilities with for-profit missions and more thera-
pists may be more motivated to maximize treatment utiliza-
tion, even among the sickest residents [4]. They evaluated
the therapeutic techniques and rehabilitation used by physical
therapists in the treatment of patients with plantar fasciitis.
Based on a retrospective review, Fraser et al. concluded that
although plantar fasciitis is a common musculoskeletal disor-
der, a small proportion of patients with plantar fasciitis are
treated by a physical therapist. Most patients evaluated by a
physical therapist received manual therapy and supervised
rehabilitation sessions as part of their care plan [5]. Murray
et al.’s study systematically assessed the evidence supporting
the efficacy, prescribing, and progression patterns of vestibular
rehabilitation therapy (VRT) in concussion patients. Nine of
the studies reported improved outcomes. However, level I evi-
dence from only 1 study showed that when VRT (in combina-
tion with cervical treatment) was compared with usual care,
heterogeneity in study type and outcome precluded meta-
analysis. Eight studies used habituation and adaptation exer-
cises, 9 studies used balance exercises, and there was a lack
of standardization in prescribing and progression patterns. It
was then concluded that there is currently limited evidence
on the optimal prescribing and efficacy of VRT in patients
with mTBI/concussion. The available evidence, though weak,
shows promise in this population. This requires further
high-level studies to evaluate the effect of VRT in patients with
mTBI/concussion with vestibular and/or balance dysfunction
[6]. The research of the above scholars has promoted the
application of sports rehabilitation therapy to a certain extent
and, at the same time, has done some practical tests, but most
of them are based on theoretical research. And the joint nano-
scaffold material for sports rehabilitation treatment of patients
with hip joint injury is also less involved, so the research in this
paper is of pioneering significance.

3. Exercise Therapy Based on Hip Joint
Nanoscaffold Materials

3.1. Nanoscaffold Materials. Nanomaterials are materials
that have at least one dimension in three-dimensional space
on the nanometer scale (1-100 nm) or are the basic units
built around them. This corresponds to a dense scale of
about 10 to 1000 atoms. Nanomaterials are an important
part of nanotechnology. Nanotechnology refers to the gen-
eral term for manufacturing technologies whose processing
precision reaches the limit value of one order of processing
size, and its crystal lattice spacing is about 1 to 100 nanome-
ters [7, 8].

Since the advent of nanoparticle materials in the 1970s,
the development process can be divided into three stages
in terms of research connotation and characteristics. The
first stage (before 1990) mainly explored the preparation of
nanoparticle powders or synthetic blocks of various mate-
rials by various methods in the laboratory, studied the
methods for evaluating and characterization, and explored
the special properties of nanomaterials that are different
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from ordinary materials. The research objects are generally
limited to single materials and single-phase materials, which
are usually referred to as nanocrystalline or nanophase
materials internationally. The second stage (1990~1994).
The focus of attention is how to use the physical and chem-
ical properties of nanomaterials to design nanocomposite
materials. The synthesis and physical property exploration
of composite materials once became the dominant direction
of nanomaterial research. The third stage (1994-present).
Nanoassembly systems and artificially assembled nanostruc-
tured material systems are becoming a new hotspot in nano-
material research. Internationally, such materials are called
nanoassembled material systems or nanoscale patterned
materials. Its basic connotation is that nanoparticles and
their nanowires and tubes are the basic units assembled in
one-dimensional, two-dimensional, and three-dimensional
spaces to form a system with nanostructures.

Nanomaterials can be divided into nanofilms, nanopow-
ders, nanofibers, nanoblocks, and nanoceramics according
to their material properties, as shown in Figure 1.

Nanostructure is a new system constructed or con-
structed according to certain rules on the basis of nanoscale
material units. It includes a nanoarray system, mesoporous
assembly system, and thin-film mosaic system. Research on
nanoarray systems has focused on binary systems formed
by the alignment of metal nanoparticles or semiconductor
nanoparticles on an insulating substrate. The nanoparticle
and mesoporous solid assembly system has some new effects
due to the characteristics of the particle itself and the cou-
pling with the matrix at the interface.

Nanomaterials can be divided into nanocomputers,
nanosensors, nanobiomaterials, nanosemiconductor mate-
rials, and other fields according to their application scope,
as shown in Figure 2.

Nanobiomaterials can also be divided into two catego-
ries, one is the nanomaterials that are suitable for the inte-
rior of the organism, such as various nanosensors, which
are suitable for disease monitoring, early diagnosis, and later
treatment. These nanoscale mechanical systems can quickly
identify the location of the disease and can accurately guide
the drug into the diseased location without damaging other
normal body parts or clearing the deposits in fat and remov-
ing the thrombus in the cardiovascular and cerebrovascular.
At the same time, they can also be used to kill viruses and
eliminate cancer cells [9, 10].

The preparation methods of nanomaterials include (1)
the evaporation condensation method under inert gas. It is
usually formed by high pressure forming of particles with a
particle size of 1-100nm with a clean surface, and nanocera-
mics also need to be sintered. A variety of nanosolid mate-
rials has been successfully developed abroad by the above-
mentioned inert gas evaporation and vacuum in situ pres-
surization methods, including metals and alloys, ceramics,
ionic crystals, amorphous, and semiconductor nanosolid
materials. This method has also been successfully used in
China to make nanomaterials such as metals, semiconduc-
tors, and ceramics. (2) Chemical method: (i) hydrothermal
methods, including hydrothermal precipitation, synthesis,
decomposition, and crystallization, are suitable for the prep-

aration of nanooxides; (ii) hydrolysis methods include sol-
gel method, solvent volatilization decomposition method,
latex method, and evaporation separation method. (3) Com-
prehensive method. A preparation method is formed by
combining the physical vapor method and chemical deposi-
tion method. Other methods generally include ball milling
and jet processing.

A nanoscaffold is a porous scaffold. It injects antibiotics,
cells, and polymer particles into damaged cavities in the
form of injectables and forms hydrogels after the molecules
self-assemble at the injection site. Figure 3 shows the use
process of the nanoscaffold material. It is now believed that
this type of fine particle can be assembled by combining tra-
ditional controlled release systems with surface engineering
and self-organization via growth factors and other signaling
molecules. Superior biomimetic scaffolds, especially biopoly-
mer self-assembled hydrogels, are formed for this purpose.
Nanoscaffolds have great prospects for drug control and
regenerative medicine [11, 12].

Nanotechnology basic theoretical research and new
material development and other applied research have
developed rapidly and have been widely used in traditional
materials, medical equipment, electronic equipment, coat-
ings, and other industries. With the increasing investment
in nanotechnology application research in various countries,
the process of industrialization of new nanomaterials will be
greatly accelerated, and the market size will increase in vol-
ume. Several products such as nanocalcium carbonate,
nanozinc oxide, and nanosilicon oxide in nanopowder mate-
rials have formed a certain market scale. Nanopowder
widely used nanoceramic materials, nanotextile materials,
nanomodified coatings, and other materials have also been
successfully developed, and industrial production has been
initially realized. The application of nanopowder particles
in medical diagnostic preparations and microelectronics is
shifting from experimental research results to industrialized
production of products.

3.2. Exercise Rehabilitation Therapy. Sports rehabilitation is
a new frontier field integrating sports, health, and medicine,
and it mainly studies the relationship between sports and
health. Particularly for some adult hip bones, the damage
is mostly caused by high-energy violence. This kind of
high-energy violence also often causes damage to the distal
articular surface of the hip bone and the surrounding tissues,
ligaments, skin and soft tissues, nerves, blood vessels, and
other injuries. Fractures are prone to redisplacement after
manual reduction, and it is difficult to restore the integrity
of the articular surface. External fixation of the elbow joint
is required in the early stage after manual reduction, which
may easily lead to the loss of elbow joint function. Strong
internal fixation provides a prerequisite for the early postop-
erative functional rehabilitation training of patients [13, 14].
Immobilization of the affected limb for too long can easily
lead to obstruction of lymphatic and venous return, fibrin
deposition, and serous fibrous exudation in the tissues
around the joint. This can cause fibrous adhesions, edema
of the joint capsule and surrounding muscles, fibrosis, and
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contractures, resulting in impaired elbow mobility, resulting
in elbow stiffness.

The soft tissues around the hip joint, such as fascia, mus-
cle bonds, and muscles, determine the high lateral stability of

the hip joint. However, the sagittal flexion and extension
range of motion is also larger, and while improving its flex-
ion and extension range of motion, it is also necessary to pay
attention to strengthening its lateral stability.

Nanofibers

Nano ceramics

Figure 1: Nanomaterials.

Nanocomputer

Nanosemiconductor

Figure 2: Applications of nanomaterials.
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Sports rehabilitation therapy: 3-5 days after surgery, per-
form leg movement, lift, and leg contraction training. After
2-4 weeks, begin to perform hip flexion and extension exer-
cises. After 6-8 weeks, traditional functional rehabilitation
training with muscle strength training for the affected limb
is the main method.

Commonly used traditional sports rehabilitation equip-
ment includes training beds, stationary bicycles, and suspen-
sion frames, as shown in Figure 4.

Table 1 shows the safety assessment scale of sports
rehabilitation for fracture patients. Evaluate the patient’s
rehabilitation exercise score, and formulate a personalized
rehabilitation prescription based on the score. The table
has a total score of 100. Rehabilitation exercise is safer
for more than 60 points; 40-60 minutes of rehabilitation
exercise should be cautious and closely observed; 0-40
points are mainly muscle isometric contractions, and early
isotonic contractions are not suitable.

3.3. Patients with Hip Injury. With the aging of the popula-
tion, the incidence of hip diseases in the elderly will also
increase significantly, such as femoral head necrosis, frac-
tures, and femoral arthritis. The pain and joint dysfunction
caused by it have become an important factor affecting the
quality of life in the elderly. At the same time, due to trauma
and improper lifestyle, the incidence of hip disease among
young people has increased. Particularly for athletes who
have been doing leg exercises for a long time, the use of
the hip joint is more frequent, and various injuries of the
hip joint are more likely to occur [15, 16]. The emergence

of these hip diseases makes more and more patients have
to accept hip treatment. The specific parts of the hip joint
are shown in Figure 5.

The main causes of hip injury are trauma; vascular
plunger, deformity, and tumor of the hip; hip compression;
hip inflammation; and others such as deformity, demyelinat-
ing degenerative diseases. The pathological process mainly
includes primary injury and secondary injury. The final
result will have a large negative impact on the physiological
function of the hip joint due to neuronal and glial cell death,
axonal degeneration and formation of myelin sheaths, cystic
cavities, etc. The specific situation is shown in Figure 6.

Common treatments for hip injuries include decompres-
sion therapy with surgery or prevent the use of large doses of
drugs. This method has a neuroprotective effect on acute hip
injury. Expression of factors that inhibit axon regeneration
can be blocked. There is rehabilitation through exercise, or
injection of neurotrophic factors to repair damaged myelin.
At present, the use of nanoscaffold materials combined with
exercise rehabilitation therapy to treat hip joint injury is a
new hot research direction [17, 18]. Table 2 shows the eval-
uation method of functional rehabilitation after hip injury.

At present, the mechanism of bone marrow mesenchy-
mal exercise rehabilitation therapy in the treatment of hip
injury is not very clear. It is known that the characteristics
of bone marrow mesenchymal cells are as follows: self-
replication ability, asymmetric division ability to differenti-
ate into other cells, surface markers with primitive cells,
and homing. With these characteristics, the treatment of
hip joint injury can have better results by selecting the
appropriate exercise rehabilitation therapy approach and

Cell source

Nanoscaffold
material

Cell-material
complex

Implanted in
the body

Figure 3: Application process of nanoscaffold materials.
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the appropriate time. The pathological mechanism of hip
joint injury is mainly the damage of the hip joint barrier
caused by the hip joint injury, which leads to the entry of
some bacteria into the hip joint injury site. And because of
cytotoxicity, ischemia and hypoxia-induced apoptosis are
initiated.

The biggest problem with sports rehabilitation therapy
for hip injury lock is that the details of its operation are
not fully understood. According to the current research, it
may be derived from the following aspects: exercise rehabil-
itation therapy can migrate to the injured site autonomously
and differentiate into nerve cells; the mediating role of exer-
cise rehabilitation therapy; exercise rehabilitation therapy
can inhibit the activation of certain apoptosis factors. How-
ever, the specific causal mechanism remains to be studied.

The research trend of exercise rehabilitation therapy in the
treatment of hip injuries will develop towards the synergistic
effect of multiple factors. That is to say, the effect of simple
exercise rehabilitation therapy is not ideal, and various pro-
moting factors need to be integrated, and the target gene that
can promote axonal repair should be transfected into the hip
joint. Although there are still many problems to be solved,
with the deepening of research, the details of sports rehabil-
itation therapy for hip injuries will eventually be fully under-
stood. At that time, more treatment methods will also be
applied in the clinic, and by combining various methods
and taking advantage of their advantages, a convenient, sta-
ble, and less traumatic treatment method will surely be
found, so as to overcome the problem of repairing hip joint
injury [19, 20].

(a) Training bed (b) Stationary bike

(c) Suspension frame

Figure 4: Commonly used sports rehabilitation equipment.

Table 1: Exercise rehabilitation safety evaluation form.

Score Fixed reliability Integrity of soft tissue

60 to 80 Strong immobilization for immediate weight bearing ____________

40 to 60 Postoperatively with the help of Reasonable surgical approach (less trauma)

20 to 40 Brace function active movement The ligament solution is fixed and repaired firmly

1 to 20 Can resist body gravity but not resistance
The ligament of the joint is sutured, and the tension is

partially resisted during the operation

0 marks To maintain alignment, external fixation, traction, etc.
The ligaments of the joint are sutured, and

the tension cannot be resisted during the operation
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4. Test of the Assisted Rehabilitation
Effect of Nanoscaffolds

4.1. Exercise Rehabilitation Efficacy Algorithm. In order to
facilitate the calculation of the movement process, this paper
establishes the coordinate system of the lower limbs of the

human body as shown in Figure 7. The hip joint is the key
driving part of the movement of the entire lower limb, which
is the origin of the coordinate system, and the hip joint and
the knee joint are regarded as articulations.

For the motion process of the thigh system, set the angle
in the horizontal direction and its corresponding angular

Hip joint

(a)

Acetabulum

Femoral head

Joint capsule

(b)

Figure 5: Hip joint.

Vascular plungers, 
malformations, and tumors

Vascular plungers, 
malformations, and tumors

Malformations, demyelinating
degenerative diseases

Hip compression, traumaHip compression, trauma

Hip inflammation

Causes of hip injuries

Figure 6: Causes of hip injuries.
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velocity and angular acceleration to x1i, x2i, and x3i; then, the
motion equation is

x1i kð Þ = θ1,

x2i kð Þ = _θ1 =w1,

x3i kð Þ = €θ1 = _w1 = β1:

ð1Þ

Among it, k represents the kth motion situation.

θ1 k + 1ð Þ = θ1 kð Þ +w1 kð Þts,
w1 k + 1ð Þ =w1 kð Þ + β1 kð Þts,
β1 k + 1ð Þ = β1 kð Þ:

8
>><

>>:

ð2Þ

The equation of state can be obtained:

x1i k + 1ð Þ = x1i kð Þ + x2i kð Þts,
x2i k + 1ð Þ = x2i kð Þ + x3i kð Þts,
x3i k + 1ð Þ = x3i kð Þ:

8
>><

>>:

ð3Þ

Output equation:

y1i kð Þ = g cos x1i kð Þ + x3i kð Þd1,
y2i kð Þ = −g sin x1i kð Þ − x2i

2 kð Þd1:

(

ð4Þ

In the equation, g is the acceleration of gravity.

Similarly, for the movement process of the calf system,
let its variable be x12, x22, and x32.

x12 kð Þ = θ2,

x22 kð Þ = _θ2 =w2,

x32 kð Þ = €θ2 = _w2 = β2:

ð5Þ

The equation of state is

x12 k + 1ð Þ = x12 kð Þ + x22 kð Þts,
x22 k + 1ð Þ = x22 kð Þ + x32 kð Þts,
x32 k + 1ð Þ = x32 kð Þ:

8
>><

>>:

ð6Þ

Output equation:

y3 kð Þ = g cos x1i kð Þ + x3i kð Þ l + d2ð Þ,
y4 kð Þ = −g sin x1i kð Þ − x2i

2 kð Þ l + d2ð Þ:

(

ð7Þ

According to the Kalman filter principle, the Kalman fil-
ter is a linear minimum variance filtering algorithm. By
making certain assumptions about the statistical characteris-
tics of the input signal and noise, the state space method is
used to describe the system. According to the current mea-
sured value and the estimated value of the previous moment,
the signal can be processed in real time through recursive
calculation. It can not only process stationary random sig-
nals but also process multidimensional and nonstationary
random signals. It is an important method for solving state
estimation and filtering problems in various dynamic sys-
tems. The nonlinear state-space model is obtained:

Xk = f Xk−1, k − 1ð Þ +Wk−1,
Zk = h Xk, kð Þ + Vk:

ð8Þ

Among them, Xk is the multidimensional state set, Zk is
the multidimensional observation set, and Wk and Vk are
the noise state set and observation set. h represents a nonlin-
ear function.

Expand h by Taylor series, leaving only the first-order
term, then:

Zk = h X̂k,k−1, k
À Á

+ ∂h
∂Xk

�
�
�
�
X̂k,k−1

Xk − X̂k,k−1
À Á

+Vk: ð9Þ

Table 2: Hip joint function evaluation table.

Flexion Pain and dysfunction Score

Loss of extension < 15°, flexion > 130° No pain and functional impairment Excellent

Loss of extension < 30°, flexion > 120° Mild functional impairment Good

Loss of extension < 40°, flexion > 90° Pain with activity, moderate functional impairment Generally

Loss of extension < 40°, flexion > 90° Frequent pain, severe functional impairment Not good

X

Y

𝜃1

X
Knee joint

Hip joint

𝜃2

Figure 7: Human lower limb coordinate system.
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Assume:

∂h
∂Xk

�
�
�
�
X̂k,k−1

=Hk,

yk = h X̂k,k−1, k
À Á

−
∂h
∂Xk

�
�
�
�
X̂k,k−1

X̂k,k−1:

ð10Þ

Then, the equation can be observed as

Zk =HkXk + yk + Vk: ð11Þ

The status update method is

X̂k,k−1 = f X̂k,k−1, k − 1
À Á

: ð12Þ

Observe the update method:

Kk = Pk,k−1H
T
k HkPk,k−1½ �−1,

Pk,k = I − KkHk½ �Pk,k−1:
ð13Þ

In the equation, P represents the variance and X̂k,k−1 rep-
resents the filtered mean.

A signal is the carrier of information, a function of time
or space that transmits information. In the process of signal
detection and transmission, it is inevitable to be disturbed by
external environment and internal noise. In order to obtain
the desired signal, it is necessary to filter the signal and sup-
press other signals to obtain the desired signal. Filtering
refers to a method or technique of extracting a specific
desired signal from an interfering signal. Different filtering
methods and means are selected according to the nature of
the signal, the criterion of estimation, and the way of observ-
ing the information.

4.2. Preparation of Nanoscaffold Materials. The research and
development of nanoscaffold materials have been practical
for a period of time, and its preparation methods have also
begun to diversify. Among them, the typical preparation
method of nanoscaffold materials is electrospinning. Electro-
spinning is a special form of electrostatic atomization of
polymer fluids. At this time, the atomized and split sub-
stances are not tiny droplets, but tiny jets of polymer, which
can travel a considerable distance and eventually solidify
into fibers. Electrospinning is a special fiber manufacturing
process in which a polymer solution or melt is jet-spun in
a strong electric field. Under the action of the electric field,
the droplet at the needle will change from spherical to con-
ical (namely “Taylor cone”), and fiber filaments are obtained
by extending from the tip of the cone. In this way, polymer
filaments with nanometer diameters can be produced. The
method is specifically shown in Figure 8.

Electrospinning nanofibrous materials can effectively
control the fine structure of fibers. Combining substances
with low surface energy, materials with superhydrophobic
properties can be obtained. It has high specific surface area
and porosity, which can increase the action area between
the sensing material and the detected object and can greatly
improve the performance of the sensor.

The main process of electrospinning is dispersed and con-
tinuous phases that can be prepared separately. In order to

Taylor cone

Solution to be spun

High voltage power supplyReceiving device

Syringe

Figure 8: Electrospinning method.

Table 3: Main experimental instruments.

Laboratory apparatus Type

SEM Zeiss AURIGA FIB, DE

TEM Zeiss, DE

FTIR Perkin-Elmer, USA

Universal tensile testing machine Instron USA
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form the desired solution state, the solution can be configured.
The resulting solution is subjected to an electrospinning pro-
cess under specific conditions, obtaining functional nanofi-
brous scaffolds.

Cell growth is affected by the surrounding environment
and responds differently to different substrate environments.
The ultrasmall size of the nanoscaffolds promoted cell adhe-
sion but limited cell infiltration. In this experiment, microfi-
bers were introduced into nanofibers to prepare micro-
nanofiber scaffolds, combining the advantages of microfibers
and nanofibers [21].

4.3. Testing through Experiments. In this experiment, 50
patients with hip joint injury from two groups A and B were
selected for exercise rehabilitation therapy after surgery.
Among them, group A was ordinary exercise rehabilitation
therapy, and group B was nanofiber scaffold combined with
exercise rehabilitation therapy. Other parameters are as fol-
lows: the voltage is 17 kV, the drum speed is 300 r/min,
and the selected experimental instruments are shown in
Table 3.

4.4. Experimental Analysis and Results. According to the
observation of the SEM microscope, the proliferation of
hip joint cells in the two groups of patients was obtained,
as shown in Figure 9.

As can be seen from Figure 9, the OD value of group A
was 0.48 on the first day, the OD value of group B was
0.56, the OD value of group A on the second day was
0.6, and the OD value of group B was 0.8. On the third
day, the OD value of group A was 0.62, and the OD value

of group B was 1.12. The average growth rate of OD value
in group B was 0.112 per day, while that in group A was
only 0.028. Therefore, it can be seen that the cell prolifera-
tion ability of group B was significantly higher than that of
group A.

According to the observation, the hip function recovery
of the two groups of patients after 5 months is shown in
Table 4.

As can be seen from Table 4, compared with the exer-
cise rehabilitation of the two groups of hip patients after 5
months, the hip mobility score of group A was 73.8. Group
B was 93.6, and group B was 19.8 points higher than group
A. Group A’s overall hip function score was 85, group B
was 96.3 points, and group B was 11.3 points higher than
group A. The complication probability in group A was
16.1%, while group B was only 9.9%, and group B was
6.2% lower than group A. Therefore, it can be concluded
that the therapy of the nanofiber scaffold material com-
bined with exercise rehabilitation can more efficiently help
patients with hip joint injury to recover, and the probability
of complications is lower compared with the traditional
exercise rehabilitation therapy.

0.48

0.6 0.62
0.56

0.8

1.12

0

0.2

0.4

0.6

0.8

1

1.2

1 3 5

O
D

 v
alu

e

Day

A group
B group

Figure 9: Hip joint cell proliferation.

Table 4: Hip joint function recovery.

Item A group B group

Knee range of motion 73.8 93.6

General hip function 85 96.3

Knee complication ratio 16.1% 9.9%
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5. Discussion

In the experimental process of this study, although many
valuable data have been obtained, there are still some prob-
lems that need to be further explored. Therefore, we can also
explore from the following aspects:

(1) In the process of preparing nanoscaffold materials by
electrospinning, we can try to optimize the process
parameters to prepare bimodal fiber scaffolds with
shell-core structure

(2) In the process of electrospinning, try to mix electro-
spinning PCL with good mechanical properties and
biological macromolecular proteins (such as silk
fibroin) and growth factors (such as MGF) with bio-
logical functions. One-step methods can then be uti-
lized in order to prepare excellent biomaterials with
special functions

(3) In the comparison of the two groups of experiments,
the amount of data detection is relatively small, and
the frequency of data collection should be increased
to make the data more reliable

6. Conclusions

In the abstract, this paper firstly summarizes the overall con-
tent of the full text, then introduces the background of exer-
cise rehabilitation therapy in the introduction, introduces
the role of nanomaterials, and summarizes the innovations
of this paper. In the related work section, some related stud-
ies are listed to understand the current situation of the
related content studied in this paper. Then, in the theoretical
research part, the definition, characteristics, classification,
and application fields of nanomaterials are firstly intro-
duced, and then, the related content of sports rehabilitation
therapy is introduced, including its concept, specific therapy,
training equipment, and evaluation method. Then, the
related content of hip joint injury is introduced. Finally, an
electrospinning method was proposed to prepare nanoscaf-
fold materials, and the nanoscaffold materials were applied
to the exercise rehabilitation process of two groups of hip
joint patients, and the data of the patients’ rehabilitation
were calculated. It is concluded that the therapy of the nano-
fiber scaffold material combined with exercise rehabilitation
can more efficiently help patients with hip joint injury to
recover, and the probability of complications is lower com-
pared with the traditional exercise rehabilitation therapy.
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Materials have always been a research hotspot in the chemical industry. With the continuous development of technology, the
iteration of materials research has become faster and faster. Steel has strong toughness and tensile strength, and it is widely
used in construction and other fields. However, one problem that cannot be avoided is the fracture of steel. The purpose of
this paper is to analyze the damage and fracture of TWIP steel. In this paper, a microstructure characterization calculation
method based on TWIP is proposed, which can effectively analyze the fracture surface, and for the performance of TWIP steel,
this paper uses two different TWIP steels for comparative analysis. The results of this paper show that the HDI hardening rate
of 22Mn0.6C TWIP steel is higher than that of 22Mn0.6C3Al TWIP steel.

1. Introduction

Twin-induced plasticity steel, also known as TWIP, is a new
second-generation high-strength transportation steel devel-
oped in China. TWIP steel has attracted extensive attention
in the automotive and other industries due to its compre-
hensive mechanical properties such as high strength, high
plasticity, and high strain hardening ability. TWIP steel is
usually a relatively stable single-phase austenite structure
under the condition of no external load at room tempera-
ture. When plastic deformation occurs under the applied
load, due to the formation of deformation twins, it will
extend without necking, resulting in relatively excellent
mechanical properties.

As one of the high-strength steels for automobiles, TWIP
steel enjoys high strength, high plasticity, and high strain
hardenability, as well as high energy absorption and excel-
lent formability. The good comprehensive mechanical prop-
erties of TWIP steel show considerable development
potential in the exploration of a new generation of automo-
tive lightweight technology, which has attracted extensive
attention in the steel and automotive industries. However,
TWIP steel is prone to hydrogen-induced cracking, which
is intergranular brittle fracture behavior under low stress.

The occurrence of this dangerous brittle fracture makes the
service safety of TWIP steel face an unprecedented chal-
lenge, which not only restricts its development but also
becomes a bottleneck for its wide application. Therefore, it
is necessary to conduct microscopic research on TWIP steel.

The innovations of this paper are as follows: this paper
takes 22Mn0.6C and 22Mn0.6C3Al TWIP steels as the
research objects; based on the stress distribution relationship,
through the loading-unloading-reloading tensile test, the evo-
lution of the stress induced by heterogeneous deformation in
the material is quantitatively investigated. The study found
that the heterogeneous deformation-induced stress of the
two steels increased with the increase of strain, and the contri-
bution of deformation twins to the heterogeneous
deformation-induced stress in TWIP steel was limited. Fur-
ther microstructural analysis also confirmed that deformation
twins hinder the geometrically necessary dislocation density
more weakly than grain boundaries, so the heterogeneous
deformation around the deformation twins is smaller.

2. Related Work

At present, universities and enterprises at home and abroad
have developed various TWIP steels with different
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compositions and have conducted in-depth research on their
processing technology, microstructure, and mechanical
properties. The plastic deformation of TWIP steel involves
a variety of deformation mechanisms (dislocation slip,
deformation twinning, and martensitic transformation),
and there are complex coupling effects between different
mechanisms, so the source of its excellent mechanical prop-
erties has been controversial. Peng et al. believe that stacking
fault dynamics is rarely covered by scholars. So they investi-
gated new physical insights into the dynamics of stacking
faults in TWIP steels [1]. In order to overcome the relative
sheet formability problem of TWIP steel, Kim et al. used
TWIP core three-layer construction steel plate to produce
a mild steel sheath cladding. In order to optimize the design
of layer structure materials, they theoretically and experi-
mentally studied the strain hardening exponent n and strain
rate sensitivity m of the laminate [2]. Mohammadzadeh
studied the nanocrystals of TWIP steel. He conducted exper-
iments on the structure of microscopic molecules. He
believes that the current technology is sufficient to analyze
the atomic level, so it is necessary to conduct microscopic
steel fracture surface analysis. This is confirmed by the
experimental results of TWIP microcrystals with a stress
dependence [3]. Hu et al.’s research is more microscopic.
They aim to use SEM to analyze the microstructure changes
of TWIP steel. Their experimental results prove this, but
their experiments lack the necessary data support; there are
not many types of steel studied without self-preparation
[4]. According to Peng and Zhang’s study, by controlling
the volume fraction of the TWIP core area, the TWIP core
steel sheet covers a wide range of yield and tensile strength
and ductility levels required for automotive steel sheets, thus
providing a new application for multifunctional automotive
steel sheets [5]. Wang et al.’s experiments found that nanot-
wins were also observed in single-pass and double-pass sam-
ples as a result of secondary twinning [6]. Unfortunately,
there is still no clear conclusion on the evaluation and
method research of hydrogen-induced cracking of TWIP
steel and on how to effectively improve the resistance to
hydrogen-induced cracking and the fracture mechanism at
home and abroad.

3. TWIP Steel and Fracture
Nonuniform Deformation

3.1. Deformation Mechanism of TWIP Steel

3.1.1. The Stacking Fault Energy of TWIP Steel. The calcula-
tion of stacking fault energy (SFE) is very important for the
research of TWIP steel, and it can provide many references
for the composition design, alloying element control, and
service conditions (such as temperature) of TWIP steel [7,
8]. The calculation of stacking fault energy is mainly based
on dislocation theory, and the slip plane and twin plane of
austenitic steel with face-centered cubic structure are
{1,1,1}. The total dislocation can be decomposed into two
incomplete dislocations, the region between the two incom-
plete dislocations is called stacking fault, and the energy
change caused by dislocation is called stacking fault energy.

Stacking faults are formed by the expansion of incomplete
dislocations under the action of shear stress, and the stack-
ing fault energy is the work done to overcome the elastic
interaction of dislocations. The stacking fault energy is an
important factor affecting the deformation mechanism of
austenitic steel, but there is no perfect and unified method
for the calculation of stacking fault energy. The stacking
fault energy results obtained by different methods may vary
greatly. There are three commonly used calculation methods
for stacking fault energy in TWIP steel alloy systems: based
on the method of measuring incomplete dislocation dis-
tances by transmission electron microscopy (TEM), the
method of measuring stacking fault probability based on
X-ray diffraction (XRD), and the calculation of stacking fault
energy based on thermodynamic models [9, 10].

Mn is the most important alloying element in TWIP
steel. Mn has two functions: (1) Mn expands the austenite
phase region and increases the austenite stability. (2) Mn
affects the stacking fault energy of alloy elements, but the
relationship between Mn content and stacking fault energy
is nonlinear, as shown in Table 1. Thermodynamic models
also confirmed this nonlinear relationship.

3.2. Interface of Metal Materials. The interface of metal
structural materials has a great influence on its performance,
and the interface characteristics of materials usually play a
dual role. For the improvement of material mechanical
properties (such as fine grain strengthening), the interface
generally plays a more positive role; however, from the per-
spective of material failure, the interface often becomes the
initiation site of failure damage, but this cannot be general-
ized. For austenite-based metal materials, there are usually
grain boundaries inside the material, and the types of grain
boundaries are different. If a phase transformation occurs,
there are also phase boundaries. In addition, from the per-
spective of material failure, the fracture surface (fracture)
of the material is also an extremely important interface,
which can be used as the direct evidence of failure [11–13].

3.2.1. Fracture Surface (Fracture). The fracture surface,
which is often referred to as the fracture, is the matching
surface formed after the material breaks during the test or
service process and is one of the most important evidences
for the failure analysis of engineering materials. The fracture
records the irreversible deformation of the material before
fracture under the coupling action of the applied load and
the service environment and the whole process of crack ini-
tiation and propagation until the final fracture. At the same
time, the fracture morphology is affected by factors such as
stress state, environmental medium, and material properties
[14–16]. Usually, the typical hydrogen embrittlement frac-
ture is characterized by the intergranular fracture morphol-
ogy, and the degree of convexity and concave of the
fracture varies greatly with different hydrogen embrittlement
susceptibilities. Therefore, to deeply understand the failure
and fracture behavior of materials, it is necessary to quanti-
tatively characterize the fracture. Through quantitative char-
acterization, the correlation between the mechanical
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properties of materials and the failure mechanism can be
directly established.

3.2.2. Phase Interface. Usually, the interface existing between
two solid phases with different crystal structures is called a
phase boundary, such as the phase interface in duplex stain-
less steel. After the phase transformation, the interface
between the new phase and the parent phase can also be
formed; for example, the ε/γ phase interface is formed after
the ε martensitic transformation occurs in TWIP steel. The
so-called different structures include materials with different
qualities, either in the symmetry of the crystal structure or in
the lattice parameters (such as the phase interface between α
martensite and ferrite) or in the type of bonding, which will
make the phase boundary have very complex structural
characteristics [17]. If the two-phase interface is completely
ordered and perfectly matched, the interface is called a
coherent phase interface. If there are local dislocations at
the interface through the relaxation process, the interface
with relatively small elastic distortion in the local area is
called a semicoherent phase interface. If the interface is
completely disordered, it is an incoherent phase boundary.

In general, phase interfaces with very strict coherent
relationships are particularly rare. A typical coherent phase
boundary is the interface between the face-centered cubic
(FCC) phase and the dense hexagonal (HCP) phase after
the cobalt phase transition. Since the two phases have the
same close-packed properties, but have different stacking
orders on both sides of the interface, it is a phase interface
with lower energy. In the process of martensitic transforma-
tion or in the early stage of precipitation, some phase bound-
aries can also be regarded as coherent phase interfaces. At
this time, the phase boundaries are phase interfaces with a
certain orientation relationship, that is, a habitual relation-
ship. Figure 1 shows the geometry of a coherent interface.

A semicoherent phase boundary is a particularly com-
mon type of phase boundary. Taking the interface formed
by misfit dislocations in epitaxial growth as an example,
for example, the two crystal structures have the same lattice,
and the slight difference is only manifested in lattice param-
eters or the angle between lattices (<10%). If a coherent
phase interface is to be formed, a large amount of distortion
must be generated in the crystal, then by introducing misfit
dislocations along the interface, the changes in lattice
parameters or included angles can be coordinated, as shown

in Figure 2. This concentrates the distortion in the vicinity of
the dislocation line, thereby relaxing the coherent elastic dis-
tortion of the crystal, which is consistent with the principle
of minimum energy.

3.2.3. Grain Boundary. Metal structural materials are usually
polycrystalline, and the boundaries between different grains
are grain boundaries. Compared with the coherent and inco-
herent phase interfaces, the lattice distortion of the grain
interface is larger, so it has a greater impact on the mechan-
ical behavior (fracture behavior, creep behavior, and corro-
sion behavior) of the material. Therefore, grain boundaries
occupy a high enough position in the study of crystal defects
[18, 19]. Generally, grain boundaries can be divided into
small-angle grain boundaries and high-angle grain bound-
aries. The grain boundaries in materials such as TWIP steel
are mainly composed of high-angle grain boundaries.

The widely accepted model of high-angle grain boundary
structure is the coincident position lattice model. If the two
grains separated by the grain boundary are regarded as inter-
penetrating, some of their lattice points will be coincident,
and these coincident lattice points will constitute a new lat-
tice, that is, the coincidence position lattice (CSL). The coin-
cident lattice has nothing to do with the crystal interface, but
the orientation relationship of the crystal interface relative to
the coincident lattice has a great influence on the interface
structure. When the interface is the most densely packed
surface of the coincident lattice, the interface has a relatively
complete lattice matching degree, the mismatch is small, and
the interface energy is also the lowest. Of course, it does not
mean that any interface with an orientation relationship has
a high density of coincident lattice points. Then if the recip-
rocal ∑ of the coincidence lattice point density is used to
represent the coincidence degree, for the face-centered cubic
crystal, among the grain boundaries with the [110] direction
as the rotation axis, the ones with higher coincidence degree
have ∑3, ∑9, and ∑11 grain boundaries. These correspond
to rotations of 70.5°, 39°, and 129.5° around the [110] axis,
respectively. Figure 3 shows the geometry of the ∑3 grain
boundary.

3.3. Microstructure Characterization Calculation Method.
The phase content in the annealed samples was measured
by XRD (Ultima IV), the target was a copper rake, the wave-
length was 1.5406A, the scanning speed was 20°/min, and
the scanning range was 40°~100°. The normal tensile test is
carried out at room temperature, and the gauge length of
the sample is 20 × 5 × 1:3mm3. The size of the dynamic
hydrogen charging slow strain rate tensile test specimen is
the same as that of the normal tensile test specimen, and
the tensile rates are 1 × 10−5 S−1, 5 × 10−6 S−1, and 1 × 10−6
S−1, respectively. Using in situ electrochemical hydrogen
charging, the hydrogen charging solution is 3%NaCl + 3 g/
LNH4SCN, the hydrogen charging current density is 5A/
m2, and platinum wire is used as the counter electrode for
electrochemical hydrogen charging. The test device is shown
in Figure 4. All tensile tests were carried out on a
microcomputer-controlled stress corrosion slow tensile test-
ing machine model QB/LC-JL-159-2010. After dynamic

Table 1: Effects of different Mn contents on stacking fault energy
of austenitic steels.

Component part Layer fault energy (mJ/m2)

Fe-16Mn 26 ± 3:1
Fe-18Mn 22 ± 2:6
Fe-20Mn 18 ± 2:2
Fe-22Mn 15 ± 1
Fe-22Mn-3Al-3Si 15 ± 3
Fe-25Mn-3Al-3Si 21 ± 3
Fe-28Mn-3Al-3Si 38:8 ± 5
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hydrogen charging and stretching at a slow strain rate, the
fracture morphology of the fractured specimens was
observed with a field emission scanning electron microscope
(electron microscope model) with a working voltage of
20 kV and a working distance of 12-13mm. In this work,
the loss of elongation is used to characterize the hydrogen
embrittlement susceptibility; usually, the hydrogen embrit-
tlement susceptibility (Elose) is calculated by the following
formula:

Elose =
Eh airð Þ − Eh Hð Þ

Eh airð Þ
× 100%: ð1Þ

Among them, EhðairÞ is the uniform elongation of stretch-
ing in air, and EhðHÞ is the uniform elongation of stretching
under in-situ hydrogen charging.

The fracture morphology under scanning electron
microscope (SEM) usually enjoys a certain degree of undu-
lating fracture surface, with obvious height difference (eleva-
tion) at μm scale. Obtaining accurate elevation data is
extremely challenging using traditional surveying methods.
SEM images are two-dimensional grayscale images, but the
differences in different grayscales throughout the image pro-
vide an effective indirect method. White indicates the raised
area, which represents the highest position (its value is 255).
Gray indicates the position between them. Therefore, the
gray value can be expressed by the following formula:

A x, y,Gð Þ ~ A x, y,Hð Þ: ð2Þ

Calculate the box counting dimension method and pro-
jection covering method, and preprocess and cut each origi-
nal SEM image. The original SEM image is rectangular
(768 × 1624 pixels), and six areas (upper left, upper middle,

upper right, lower left, lower middle, and lower right) are
cropped in such an image. For example, Figure 5 shows
the upper right and lower left positions.

Based on the projection coverage algorithm, as shown in
Figure 6, it is proposed to calculate the fractal dimension Ds
of a single surface area. The rough surface area Ak enclosed
by the projected grids a, b, c, and d can be approximately
expressed as

Ak = S1 + S2 =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p1 p1 − abð Þ p1 − adð Þ p1 − bdð Þ

p
+

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p2 p2 − bcð Þ p2 − cdð Þ p2 − bdð Þ

p
,

p1 =
ab + ad + bdð Þ

2 ,

p2 =
bc + cd + bdð Þ

2 ,

ad =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x1 − x2ð Þ2 + y1 − y2ð Þ2 + H1 −H2ð Þ2

q
,

AT δð Þ = 〠
N δð Þ

Ak δð Þ: ð3Þ

After the above formula, it can be shown that the grid
overlay projection algorithm is effective and can determine
the fixed pixel value in the image, where NðδÞ is the total
number of boxes. In this paper, the images are distributed
in boxes of different sizes, which can be defined as a power
law, and the formula is expressed as

AT δð Þ = 〠
N δð Þ

Ak δð Þ ~ δ2−D: ð4Þ

Distortion-free coherent phase boundary Distorted coherent phase boundary

Figure 1: Geometry of the coherent interface.

Semi-coherent phase boundary Incoherent phase boundary

Figure 2: Geometry of a semicoherent interface.
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AT is the total rough area, and when δ⟶ 0, AT is close
to the actual surface area.

Generalized entropyHqðδÞand generalized dimensionDq

are defined as

Hq δð Þ = ln ∑N
i=1h

q
i

1 − q
,

Dq = − lim
δ⟶0

Hq δð Þ
ln δ

= τ qð Þ
q − 1  q = 1,D1 =

hi ln hi
ln δ

� �
:

ð5Þ

After calculation, we can find that there are many defini-
tions that are not perfect, but as shown in Figure 6, the mul-
tifractal spectrum can be expressed by the following
formulas:

f αð Þ = − lim
δ⟶0

ln N αð Þð Þ
ln δð Þ ,

α qð Þ = lim
δ⟶0

ln hið Þ
ln δð Þ ,

ð6Þ

where αðqÞ is the singularity exponent and f ðαÞ is the multi-
fractal spectral function. NðαÞ represents the α integral value
in ½α, α + dα�. Through the legend transformation, f ðαÞ and
αðqÞ can be given as follows:

α qð Þ = ∂τ qð Þ
∂q

, ð7Þ

Te
ns

ile
 d

ire
ct

io
n

Lower grip

Tensile direction

Connected positive elecrode

Upper grip

Figure 4: Schematic diagram of the in situ electrochemical
hydrogen charging slow strain rate stretching device.

(–11, –2)

(–11, 1)

Figure 3: Geometric structure of the grain boundary of lattice ∑3 at the coincident position.
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f αð Þ = α qð Þq − τ qð Þ: ð8Þ
According to the definition of function τðqÞ, formulas

(7) and (8) can be rewritten as

α qð Þ = lim
δ⟶0

1
ln δ

〠
i

μi ln hið Þ,

f αð Þ = lim
δ⟶0

1
ln δ

〠
i

μi μið Þ:
ð9Þ

Among them,

μi =
hqi
∑ih

q
i

: ð10Þ

4. Deformation and Microscopic Analysis of
TWIP Steel under Damage Fracture

4.1. Thermomechanical Treatment Process. The 22Mn0.6C
and 22Mn0.6C3Al TWIP steels used in the experiment were
cast into ingots by vacuum smelting, and the weight of the
ingots was 75 kg. Subsequently, the ingots were cut with

risers, and samples were taken on the ingots, and the chem-
ical composition of the steel was measured by emission spec-
troscopy as shown in Table 2.

The chemical compositions of the TWIP steels used in
this chapter are shown in Table 2. For convenience, Fe-
22Mn-0.6C and Fe-22Mn-0.6C-3Al are abbreviated as
22Mn0.6C and 22Mn0.6C3Al, respectively, in the remainder
of this chapter. Figure 7 shows the schematic diagram of the
thermodynamic processing of the two TWIP steels: first, the
ingots of the two steels were homogenized and heat-treated
in an argon atmosphere at 1423K for 2 h. Subsequently, it
is hot rolled to 3mm thick plate in the temperature range
of 1373K to 1223K. Then, using a twin-roll mill, the hot-
rolled sheet was cold-rolled in multiple passes into a
1.5mm sheet. Finally, the 22Mn0.6C and 22Mn0.6C3Al
steels were recrystallized and annealed at 1123 k and 1173 k
for 0.5 h, respectively, and then quickly quenched in water
after being taken out to obtain initial materials with uniform
equiaxed grains. Tensile specimens were taken from the ini-
tial sheet by wire cutting, with the long axis of the specimen
parallel to the rolling direction of the sheet.

In this paper, the loading-unloading-reloading method is
used to measure HDI stress, and its principle is shown in
Figure 8. In the measurement method, first, the hysteresis

10 μm

(a) (b)

(c)

Figure 5: Fracture diagram of digital image recognition technology processing.
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loop is obtained through the loading-unloading-reloading
process. Then, the unloading yield stress (σu) and the
reloading yield stress (σr) are measured on the unloading
and reloading curves, respectively, and finally the HDI stress
(σHDI) is obtained:

σHDI =
σu + σr

2 : ð11Þ

In addition, the effective stress (σeff ) can also be obtained
by subtracting the HDI stress from the total flow stress.

4.2. Initial Microstructure. Figure 9 shows the frequency dis-
tribution of grain sizes of two TWIP steels and their log-
normal distribution fitting curves. The average grain sizes
obtained by statistics are 4.9μm and 4.3μm, respectively.
The approximately equal grain size helps to elucidate the role
of deformation twinning in heterogeneous deformation-
induced strengthening.

4.3. Variation of HDI Stress. Figure 10 shows the variation of
HDI stress with true strain in both steels. Repeated load-
unload-reload tensile tests were performed on two steels at
strain levels of 0.01, 0.02, 0.03, 0.04, 0.06, 0.09, 0.11, 0.14,
0.17, 0.19, 0.21, 0.26, 0.31, and 0.34, as shown in Figure 10
(a). Figure 10(b) shows the load-unload-reload curve at
0.14 true strain, and it can be seen that both steels have sig-
nificant hysteresis loops. Figure 10(c) shows that the HDI
stress increases with increasing strain, and the HDI stress
of the two steels is approximately equal until 0.11 true strain.
Thereafter, as the strain increases, the gap between HDI
stresses becomes larger, and at 0.34 true strain, the HDI
stress of 22Mn0.6C steel is 104MPa larger than that of
22Mn0.6C3Al steel. Error bars for HDI stress values were
obtained from three replicate experiments. The HDI stress
values of the two steels were fitted using the power exponen-
tial relationship σb = σb0 + Kεn, as shown in Figure 10(c). In
the fitted curve, σb0, K , ε, and n represent the intrinsic
strength, material strengthening coefficient, true strain, and
strain hardening exponent, respectively. It can be seen that
the empirical formula can fit the change of HDI stress value
well, but its hidden physical meaning still needs to be further
explored in the future. In 22Mn0.6C TWIP steel, σb0, K , and
n are 149.8MPa, 1250.2MPa, and 0.875, respectively; in
22Mn0.6C3A1 TWIP steel, σb0, K , and n are 165.7MPa,
877.0MPa, and 0.733, respectively.

It can be seen from the stress-strain curve that the plastic
loss of the three samples at a strain rate of 1 ∗ 10−6 S−1 is
greater than that at a strain rate greater than 1 ∗ 10−5 S−1.
This indicates that the plastic loss increases with decreasing
strain rate. At the strain rate of 1 ∗ 10−5 S−1, the plastic loss
of the three specimens (T0⟶ T10⟶ T30) gradually
increased. However, at the strain rate of 1 ∗ 10−6 S−1, the
hydrogen embrittlement susceptibility of T0 specimen is
greater than that of T10 and T30. The calculated results of

Table 2: Element content (wt.%).

Steel 22Mn0.6C 22Mn0.6C3Al

Mn 21.26 21.45

C 0.55 0.58

Al 0.003 2.86

Si 0.11 0.13

S 0.006 0.005

P 0.008 0.010

Fe Margin Margin

Time

Te
m

pe
ra

tu
re

Figure 7: Schematic diagram of thermodynamic processing of
TWIP steel.

Fractured surface

a
A

B

Box size δ
b c

d

Figure 6: The schematic diagram of the projection coverage algorithm to calculate the fractal dimension of the fracture.
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the brittle sensitivity are shown in Table 3. The fitting results
show that the HDI hardening rate of 22Mn0.6C TWIP steel
is higher than that of 22Mn0.6C3Al TWIP steel.

5. Conclusions

Gradient substructure 22Mn0.6C TWIP steel was prepared
by a simple pretorsion method, which combines high yield
strength, tensile strength, and plasticity. Gradient substruc-
ture samples were found to have greater heterogeneous plas-
tic deformation at the grain scale and at the specimen scale,
which resulted in higher heterogeneous deformation-
induced strengthening and hardening, compared to the
homogeneous coarse-grained structure. More dislocations
and deformation twins are formed inside the gradient sub-
structure samples, which hinder the short-range motion of
mobile dislocations, resulting in higher effective stress
strengthening and hardening. Therefore, the excellent
mechanical properties of the graded substructure TWIP steel
originate from the synergistic contribution of its higher het-
erogeneous deformation-induced stress and short-range
effective stress. The gradient substructure design strategy is
a reasonable method to prepare high strength and high plas-
ticity TWIP steel.
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Micro nanotechnology refers to the emerging technology of material production using a single atomic or molecular structure. The
structure and size of materials range from one to 100 microns or nanometers. In this paper, micro nanotechnology is used to study
the aesthetic practice of sculpture technology and architectural sculpture art. This paper aims to combine traditional art ideas with
science and technology to promote common development. This paper first introduces the micro nanoengraving technology and
architectural sculpture art, it includes the definition of works, classification of works, and research on artistic commonalities and
differences, and then summarizes the characteristics of micro nanoengraving materials. Finally, this paper will carry out aesthetic
practice of sculpture works based on micro nanocreation. Finally, this paper compares with the works created by traditional
technology. The results show that the recognition and creativity evaluation of sculpture works based on micro nanocreation
have reached more than 8 points. It verifies the effectiveness of the technology.

1. Introduction

As an important part of art career, sculpture technology and
architectural sculpture art have a development history of
thousands of years. For buildings in the traditional sense, it
generally refers to the safe and reliable living space built with
hard materials, with various styles. Famous traditional build-
ings include ancient Roman architecture, Gothic architec-
ture, and classical garden architecture. It is not only a work
of art but also an important medium for transmitting and
preserving culture. However, the architectural sculpture dis-
cussed in this paper refers to a kind of microangle. In fact,
microcarving art also has a very long history of develop-
ment. This kind of microcarving cannot be clearly recog-
nized by the naked eye and can be viewed with the help of
a microscope. Since the advent of microscope in the mid-
20th century, the microcarving technology has made
unprecedented progress. It has a strict innovation in size.
In the past, most microcarving works were in millimeters.

Now it has entered the micro nanoera, so it is also called
micro nanocarving technology and micro nanoarchitectural
sculpture art.

With the progress of the times and the innovation of sci-
ence and technology, micro nanoscience and technology has
become one of the focuses of market development. The main
forms of its development include micro nanoprocessing,
micro nanomanufacturing, micro nanomaterial application,
and micro nanoengraving. At present, researchers have devel-
oped more newmicro nanocarving methods that can perfectly
combine the traditional carving art in the process of techno-
logical renewal, such as laser method, chemical vapor deposi-
tion method, and computer-aided design method. As one of
the construction parts of micro nanoscience and technology,
micro nanocarving technology and micro nanoarchitectural
sculpture art have developed at a higher level in the micro-
world. Its journey of exploring micro nanocarving technology
and the artistic charm of micro nanoarchitectural sculpture is
also ongoing.
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At present, there is little research on the aesthetic prac-
tice of sculpture technology and architectural sculpture art.
This paper puts forward a novel art research direction based
on micro nanotechnology. It can provide a perfect and
improved development suggestion for the engraving indus-
try under micro nanotechnology, and it can also provide
new ideas for the research of artistic aesthetics practice.

2. Related Work

In recent years, many scholars have studied micro nanotech-
nology. Shi J described the nanopore detection mechanism
based on translocation. He gave specific examples of nucleic
acid analysis and sequencing based on nanopores. This
method identifies strategies that can improve the resolution
of nanopores. Finally, he discussed the future research direc-
tion of promoting nanopore technology to practical applica-
tion [1]. Tian X has successfully prepared SnO2 micro and
nanostructured biscuits by ovalbumin assisted sol-gel
method. His experimental results showed that with the
increase of calcination temperature, the photoluminescence
efficiency of micro and nano will increase [2]. Shah P
explored many emerging nanotechnologies. He studied a sil-
ver nanocluster nanotechnology based on DNA encapsula-
tion with attractive optical properties [3]. Rohini R
believed that the protective characteristics of surge arresters
help to reduce the cost of insulation design of electrical sys-
tems. He applied this method to micro and nanosamples to
verify its effectiveness [4]. Ho C proposed an auxiliary
method to overcome the difficulty of drilling sapphire. He
studied the effect of adding micro and nanobubbles to the
original electrolyte and confirmed that micro and nanobub-
bles can assist ECDM [5]. Taheri A A considered a two-
dimensional transient model with tumor biological tissue.
He embedded micro nanosuperparamagnetic materials in
the tumor area. The results show that the use of micro nano-
materials will significantly reduce the temperature of healthy
tissues around cancer cells, so as to achieve a more favorable
therapeutic effect [6]. To sum up, after the exploration in
recent years, the application of micro nanotechnology has
been deeply studied by many scholars, but there is not much
research on the aesthetic practice of architectural sculpture
art. Therefore, in order to further promote the development
of sculpture art industry, it is urgent to study the aesthetic
practice of micro nanosculpture technology and architec-
tural sculpture art.

3. Architectural Sculpture Art and
Micro Nanotechnology

3.1. Overview of Micro Nanocarving Technology and
Architectural Sculpture Art. Before studying micro nanocar-
ving technology and architectural sculpture art, we need to
understand the concept of micro nanoart. In previous stud-
ies, many scholars believe that micro nanoart is an art work
with micro nanosize characteristics created based on micro
nanotechnology [7].

3.1.1. Definition of Micro Nanoengraving Technology and
Architectural Sculpture Art. Based on the concept of micro
nanoart, we can understand that a work should be called
micro nanocarving technology and architectural sculpture
art works. It needs to meet two conditions: one is that the
work is small in size, and the other is that the work has cer-
tain ornamental and artistic value [8].

3.1.2. Classification of Micro Nanocarving Technology and
Architectural Sculpture Works of Art. Micro nanocarving
technology and architectural sculpture art works can be clas-
sified from four levels, as shown in Table 1:

(1) Angle

Based on the different perspectives of micro nanoengrav-
ing technology and architectural sculpture art works, we can
divide them into two-dimensional works and three-
dimensional works. The two-dimensional works are mainly
patterns, which are carved on the surface of special mate-
rials. This kind of work carves symbolic patterns according
to the thoughts and ideas that the creator wants to convey.
It can only be viewed through microscopic observation
instruments (such as atomic force microscope). The three-
dimensional carving works are very three-dimensional, and
the length, width, and height of the works are generally in
microns or nanometers. It uses electron microscope imag-
ing, and its works using three-dimensional engraving tech-
nology are often more lifelike than two-dimensional works.
And the carving is more difficult than two-dimensional.

(2) Creative craft

Based on the difference of micro nanoengraving technol-
ogy and the creation process of architectural sculpture art
works, we can be divided into traditional works and proc-
essed works [9]. Traditional works generally follow the
ancient microcarving technology, as shown in Figure 1.
These two works are carved on jade and needles. It is diffi-
cult to observe the specific content only with the naked
eye. It needs the help of a general microscope, and the proc-
essed works have higher eyeballs than traditional works. It is
not only unrecognizable by the naked eye but also cannot be
clearly viewed by even a general microscope. It needs an
electron microscope with high resolution. It also has high
requirements for carving tools [10].

(3) Size

Based on the different creation processes of micro nano-
carving technology and architectural sculpture works, we can
divide the works into different levels, as shown in Table 2:

The traditional carving works that follow the ancient
carving technology we mentioned are usually 100 microme-
ters or 100 nanometers. Although the size of some tradi-
tional works exceeds the hundred micro and nanolevel,
and even reaches the millimeter level, if the engraving of
the nuances of the whole work conforms to the hundred
micro and nanolevel, we also call it the hundred micro and
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nanolevel engraving works. The processing works based on
micro and nanotechnology include [11].

(4) Inevitability of creation

Based on the different inevitability of micro nanocarving
technology and architectural sculpture art works, we can
divide them into intentional works and unintentional works.
As the name suggests, intentional works refer to works pro-
duced under the guidance of purpose [12]. The creation of
many microcarving masters is just the microcarving creation
under the premise of purpose, while the unintentional crea-
tion refers to the accidental discovery or exploration in
research and work. This kind of creation often appears in
laboratories that need micro observation. And its creation
is in the form of works, as shown in Figure 2. These two pic-
tures are wonderful patterns found on the tested object.

3.1.3. Commonalities between Carving Technology and
Architectural Sculpture Art. The emergence and develop-
ment of carving technology and architectural sculpture art
stem from human production activities. And it was directly
influenced by religion, philosophy, and other social ideolo-
gies in various periods. These two-dimensional and three-
dimensional art works are not only the crystallization of
the times, thoughts, feelings, and aesthetic concepts but also
an important record of the materialization of social develop-
ment. To understand the relationship between the two, we

must first explore the basis of their symbiotic relationship.
We can elaborate from the following four aspects:

(1) Premise of functional requirements

When it comes to architecture or sculpture, we naturally
classify them into the category of art and rarely notice that
they are directly related to human survival. This starts with
the essence of architecture and sculpture. In a narrow sense,
the subject considered by architecture is centered on houses
or buildings. Greek philosophers called architecture a shelter
against wind and rain. French scholars summarized the
essence and origin of architecture as the primitive man’s
search for shelter, and called it the basic house.

In fact, for human beings, architecture and sculpture are
more important as necessities than luxury goods [13]. In
other words, their emergence is inevitable. The first thing
that human beings solve at birth is the problem of survival.
When this problem is properly solved, they will care about
spiritual things. Therefore, architecture and sculpture should
not only meet human physiological needs but also meet
human psychological needs [14]. First, we can produce and
live as a tool, and then we can care about the beauty of the
tool. The requirement from quantitative change to qualita-
tive change is the development process of carving. Similarly,
buildings first appeared in order to protect people from the
wind and rain and against the dangerous nature. The first
thing to solve is whether there are problems. When these
basic requirements are met, people will care about the com-
fort and beauty of buildings, and then start to pursue things
at the spiritual level [15]. People began to build spiritual
dwellings and public buildings for God. It is a strange phe-
nomenon that residential buildings have not changed much
for thousands of years. The greatest contributor to the devel-
opment of buildings is public buildings. It can be seen that
after the basic survival requirements of mankind are met,
more attention will be paid to ideology. Therefore, the basic
value requirements of architecture and sculpture should be
the same.

(2) Aesthetic proposal

The understanding of geometric beauty of architectural
form was described as early as the century BC. Later, influ-
enced by the aesthetic thoughts of scholars, architects began
to be particularly keen to reveal the mystery of Architectural
Formal Beauty from the relationship between geometry and
numbers. They use the superposition and change of geomet-
ric prototypes such as square, regular triangle, golden section
ratio, and circle to shape a beautiful architectural form. The
harmonious proportion of the human body is also the focus
of the Greeks. Therefore, a large number of sculptures in
ancient Greece are based on the beautiful human body to
carve (Figure 1) of gods. At the same time, they believe that
the human body can be used as the measure of all things.
Therefore, in their concept, in order to obtain the beauty
of buildings, they must make the buildings have the propor-
tional relationship and harmonious order in line with the
beauty of human body.

Table 1: Classification of works of art.

Scope Sequence Level

Work classification

1 Angle

2 Production process

3 Size

4 Creative inevitability

Figure 1: Ancient miniature sculptures.

Table 2: Different levels of classification of the size of engravings.

Classification level Ordinal value Rank

Size of work

1 Micron level

2 Nanometer level

3 100 micrometer level

4 100 nanometer level
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(3) Asylum in spiritual places

Through the ages, people’s interest in nonpractical aspects
and the labor paid for them have greatly exceeded the practical
aspects. With the progress of human civilization and the
improvement of material acquisition ability, sculpture and
architecture show less and less demand for material functions.
The expression of ideology, culture, and spiritual conscious-
ness has become an important content. While sculpture and
architecture have become the carrier of cultural expression,
they have also become the sustenance of spiritual appeal. On
the one hand, they show the materialization of human spiri-
tual sustenance; on the other hand, they show the spiritual
demand for beauty. As an important medium that leads the
material world of architecture to the spiritual world of art,
sculpture art with a long history has been changing people’s
environment. It edifies people’s sentiment and stands there
for a long time with buildings, witnessing the evolution of
human material world and spiritual world.

(4) Subordinate relationship between sculpture and
architecture

First, sculptures are attached to buildings. In this case,
sculpture can be regarded as a part of architecture, which
cannot exist independently. Most of the time, it plays the
role of decorative structure. Secondly, sculpture works can
enter the architectural space environment. Sculptures in this
situation can exist as independent works of art and show
their own modeling beauty in the general environment of
architecture.

Most of the time, sculpture is the relationship between
cooperation and obedience to architecture. From the per-
spective of practical needs, a large number of sculptures do
belong to this category. However, if we only define these
two majors as such a subordinate relationship, we underesti-
mate the role of sculpture itself. It ignores the function of
carving and weakens the subject consciousness of carving.
In fact, the space effect that sculpture can convey is as
important as architecture. Sculpture is not only the decora-
tion and appendage of architecture but also the prototype
of building space framework together with architecture.
The two should have indivisible integrity. Putting aside the
limitation of sculpture to talk about an architectural work
is not in line with the consciousness of integration in the
builder’s psychology. Architecture without carving aura is
like a body without soul, which is also a kind of blasphemy
to the architecture itself.

In the classical period, sculpture was attached to archi-
tecture. However, in the modern landscape, it is difficult to
say that some structures belong to sculpture or architecture.
In the modern environment, the relationship between sculp-
ture and architecture is complementary, interactive, and
complementary. They have undoubtedly greatly enriched
the form of place space. The combination of sculpture and
architecture makes their design no longer isolated, and the
integration of design techniques is closer. At the same time,
it is of positive significance to the shaping of the whole
environment.

3.1.4. Differences between Carving Technology and
Architectural Sculpture Art. As two similar disciplines, archi-
tecture and sculpture have many similarities in characteristic
forms and many differences in essential characteristics. It is
these differences that lead to the independence of the two
disciplines. In short, architecture is often restricted by func-
tion, science, technology, and other factors. Sculpture works
can express space more freely. Their differences can be sum-
marized as follows:

(1) Functional differences

Architecture is a high unity of material and spirit, which
is in the critical state of pragmatic beauty and artistic beauty.
The consideration of function, beauty, and meaning of
architecture covers a wide range. In architectural design,
the layout of space streamline is very important. The layout
of architectural functions has a great impact on the shape of
buildings and even the internal space form. Therefore, the
design of buildings must first comply with the functions they
should have. This consideration is reflected in all stages of
the design process. Whether it is the coordination with the
base environment, the relationship between space or the
organization of streamline, it directly affects the final form
of expression of the building. Sculpture seems to be the
opposite. The sculptor’s pursuit of higher cultural purity
and beauty is a kind of sculptural work. It has a strong
expressive force, highlighting the artist’s self-awareness and
emotional expression. It is an effective supplement to the
spatial framework on the premise of ensuring that its own
has the most basic aesthetic effect. Its attention to beauty
greatly exceeds its practicability.

(2) Spatial performance difference

Sculpted space refers to the sculpted shape, while archi-
tectural space mainly refers to the internal use space of the

Figure 2: Unintentional micro-engraving works.
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building. It is closely related to the use function of the build-
ing. Although the form language of architecture seems more
abstract and geometric, it aims to separate or contain the
practicability of space. The spatial form of architecture must
first meet the functional needs, in addition to meeting peo-
ple’s aesthetic requirements. Engineering structure, technol-
ogy, and materials will also more or less affect the form of
architectural space.

(3) Differences in internal structure

Due to the different sizes of sculptures and buildings,
their internal structures are very different. The small scale
and no internal space of the sculpture determine its flexibil-
ity. Most of the artist’s energy is spent on how to mount and
carve the outside, and it can build the internal construction
of carving at will. As long as it can support the work, it is
enough. But buildings are much more complex. Although
small-scale building models can also be simulated in the
scheme deliberation and creation stage, due to mechanical
and engineering factors, we cannot treat real buildings in
the way of building models. For example, when building a
model, the overhang of a cantilever beam may only depend
on the strength of the model material itself, but its equal
overhang in a real project needs much more complex calcu-
lation and node support.

3.2. Characteristics of Engraving Materials Based on Micro
Nanotechnology. Micro nanotechnology has a wide range
of applications. At present, it has given full play to its appli-
cation value in many valuable fields, especially its optical
properties have always been paid attention to by the research
community. This paper mainly studies the optical properties
of engraving materials for nanotechnology according to the
principle of optical properties.

Previous studies have shown that there are [16] in a wide
range of light intensity:

−dI = αIdx: ð1Þ

The definitions of parameters in Formula (1) are shown
in Table 3:

By integrating with this formula, the light intensity after
passing through the medium with thickness is obtained [17]:

I = I0e
−ad: ð2Þ

I0 is the initial light intensity, which is called Lambert’s
law.

As an electromagnetic wave, the energy flux density of
light is expressed by Poynting vector. Light intensity is the
time average of energy flow density. For the convenience of
calculation, the electric field and magnetic field are expressed
as [18]:
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It can also be expressed as [21]:
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If the wave vector direction is along the x axis, then [22]:
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This is the law of solid light absorption, visible absorp-
tion coefficient [23]:

α = 2ωK
c

= 4πK
λ

: ð9Þ

Formula (9) shows that the free light coefficient also rep-
resents the absorption of light by a solid.

After the semiconductor absorbs photons, it causes the
planter excitation and increases the conductivity. The
increased conductivity is called photoconductivity. This
additional photoconductivity comes from the inter band
transition of carriers or the excitation of impurities. The
work done by light to photocurrent in unit time and unit
volume is called optical power density, which is equal to:

W = J
*

× E
*D E

: ð10Þ

< > means averaging the time. Using the complex forms
of and above, we can get [24]:

Table 3: Interpretation of each parameter in the formula.

Sequence
Formula

parameters
Paraphrase

1 dI Increment of light intensity

2 dx Thickness of light passing vertically

3 α The absorption coefficient of a
substance

4 d Thickness of light passing through
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It can be seen here that the imaginary part of the dielec-
tric constant or the imaginary part of the polarizability is
related to the free current.

The absorptivity is defined as the ratio of absorbed
energy to incident energy. When the light is vertically inci-
dent on a solid surface, the incident light intensity (i.e., aver-

age energy flow density) is, and the absorbed energy flow
density is equal to the optical power density multiplied by
the thickness, then [25]:
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In air, when the film thickness is very small, ignoring the
attenuation of amplitude after light flux, we get:
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ωεi
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The optical power and optical absorptivity can also be
expressed as:
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When light shines on a solid, according to the conserva-
tion of energy, the relationship between absorptivity, reflec-
tivity, and transmittance is:

A + R + T = 1: ð15Þ

From Michaelis formula:
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s*0 is the unit vector of the wave vector. It defines the
optical admittance of the medium as:

Figure 3: Carbon dioxide crystal structure.

Figure 4: Zinc oxide crystal structure.
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For medium, its optical admittance is:

Y = H
*
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The unit of optical admittance in formula (18) adopts
free space admittance.

The more common carving materials are zinc oxide and
titanium dioxide, which are often used by carving artists
because of their unique comprehensive properties, such as
good chemical stability, low cost, nontoxic, high quantum
efficiency, and redox ability. Titanium dioxide exists in
many forms in nature. Its crystal structure is shown in
Figure 3:

Zinc oxide also has a variety of morphologies, such as
nanocomb, nanorod, nanohelix, nanobelt, nanowire, and
nanocrystal. Its crystal structure is shown in Figure 4:

The visible light absorption after doping two materials is
shown in Figures 5 and 6:

4. Artistic Aesthetic Practice

This paper uses micro nanotechnology to create a sculpture
sample and test its aesthetic practice. The general evaluation
of works of art comes from two aspects: the general evalua-
tion of works of art. That is the external evaluation and
internal evaluation of the work. External evaluation includes
whether the structural proportion of the work is uniform
and whether the appearance is aesthetic. This is the most
intuitive and basic evaluation index in aesthetic practice. In
addition, it also includes the richness and unity of works.
The external evaluation of works includes whether the works
realize the unity of identification and creativity, practicabil-
ity, and artistry. As the evaluation of aesthetic practice is
affected by many factors, the evaluation method of this
paper adopts the subjective evaluation method. Five sculp-
ture artists were invited to evaluate the works of this article.
The personal information of the five artists is shown in
Table 4. Then, this paper compares the evaluation results
with the evaluation results of traditional sculpture works.
The evaluation system is bit score system. The full score of
each evaluation index is 10. The higher the score, the better

the evaluation of the work. The evaluation results are shown
in Figures 7–10.

(1) Proportion and aesthetic evaluation of works

As can be seen from Figure 7, the average overall score of
the proportion of sculpture works created based on micro
nanotechnology in the evaluation of six artists is about
8.46 points, and the average overall score of aesthetic feeling
of works is 8.25 points. The average score of the proportion
of works created in traditional crafts in the evaluation of six
artists is about 8.20 points, and the average score of the over-
all aesthetic feeling of works is 8.11 points.

(2) Evaluation of richness and unity of works

It can be seen from Figure 8 that the average overall
score of the richness of the sculpture works created based
on micro nanotechnology in the evaluation of six artists is
about 7.79 points, and the average overall score of the unity
of the works is 8.05 points. The average overall score of the
richness of works created in traditional crafts in the evalua-
tion of six artists is about 7.87 points, and the average overall
score of the unity of works is 8.04 points.

(3) Work identification and creative evaluation

As can be seen from Figure 9, the average overall score of
work identification of sculpture works created based on
micro nanotechnology in the evaluation of six artists is about
8.44 points, and the average overall score of work creativity
is 8.48 points. The average overall score of works created
in traditional crafts in the evaluation of six artists is about
8.45 points, and the average overall score of works’ creativity
is 8.30 points.

(4) Practical and artistic evaluation of works

As can be seen from Figure 10, the sculpture works cre-
ated based on micro nanotechnology in this paper have an
average overall score of about 7.57 points for practicability
and 8.25 points for artistry in the evaluation of six artists.
The average value of the overall practical score of the works
created in the traditional craft in the evaluation of the six
artists is about 7.56 points, and the average value of the over-
all artistic score of the works is 8.17 points.

5. Discussion

By comparing the scores of micro nanosculpture works with
traditional craft sculpture works, the following conclusions
can be drawn:

(1) In terms of the proportion and aesthetic feeling of
works, the overall average score of the proportion
of sculpture works created based on micro nanotech-
nology is 0.26 points higher than that of sculpture
works created under traditional technology. The
overall average aesthetic score of the works in this
paper is 0.14 points higher than that of the sculpture

Table 4: Artist personal information.

Sequence Age Working time

artist 1 21 5 years

artist 2 33 12 years

artist 3 45 21 years

artist 4 38 18 years

artist 5 27 10 years
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works created under the traditional technology. It
shows that the sculpture works created in this paper
are symmetrical in structure, uniform in proportion,
and in line with public aesthetics

(2) At the level of richness and unity of works, the over-
all mean value of the richness score of sculpture
works created based on micro nanotechnology is
0.08 points lower than that of sculpture works cre-
ated under traditional technology. The overall aver-
age score of the unity of works in this paper is 0.01
higher than that of sculpture works created under
traditional technology. It shows that the richness of
the works created in this paper is weaker than the
traditional craft works, but it has advantages in the
overall unity of the works

(3) At the level of work identification and creativity, the
difference between the overall average of the identifi-
cation score of sculpture works created based on
micro nanotechnology and the overall average of
the identification score of sculpture works created
under traditional technology is 0.01. The overall
average score of the creativity of the works in this
paper is 0.18 points higher than that of the sculpture
works created under the traditional technology,
which shows that the works created in this paper
are generally recognizable. But it has high creativity

(4) At the level of practicability and artistry, the overall
average score of the practicability of sculpture works
created based on micro nanotechnology in this paper
is 0.01 points higher than that of sculpture works
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created under traditional technology. The average
score of traditional sculpture works is 0.08. It shows
that the works created in this paper have high prac-
ticability and artistry

The whole comparative aesthetic practice data show that
under the same conditions of other experiments, through
the evaluation and test of different projects, the sculpture
works created based on micro nanotechnology are superior
in terms of proportion, beauty, unity, creativity, practicabil-
ity, and artistry. And in terms of the richness and identifica-
tion of the works, there is little gap between them and the
works created based on traditional technology. It shows that
the carving technology and architectural sculpture art based
on micro nanotechnology have good application value and
artistic value, which can promote the diversified develop-
ment of the art market.

6. Conclusion

Since ancient times, sculpture technology and architectural
sculpture art have been an indispensable part of art and cul-
ture in the process of human history. In order to make it sus-
tainable, it needs to meet the characteristics of the times and
innovate. Micro nanocarving technology and architectural
sculpture art are the products of traditional art in the devel-
opment of the times. Micro nanoengraving technology and
architectural sculpture art are a composite creation process.
It not only involves the subjective art field and art concept
but also includes objective scientific theoretical knowledge,
although the current stage of micro nanoart is not yet
mature, and there are many inherent defects. With the diver-
sified development of the art field and the continuous
renewal of science and technology, especially under the
background of the improvement and progress of
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nanoscience and technology, micro nanocarving technology
and architectural sculpture art are bound to usher in a con-
siderable future.

Although this paper uses micro nanotechnology to
deeply study the carving technology and the aesthetic prac-
tice of architectural sculpture, there are still many deficien-
cies. In the process of this study, the acquisition of
aesthetic practice evaluation data is carried out under abso-
lutely ideal conditions, and the integrity and effectiveness
are not enough. It does not take into account some interfer-
ence factors involved in the evaluation process. The depth
and breadth of this research are not enough, the author’s
academic level research is also limited, and the research on
micro and nanotechnology is still in the preliminary stage.
In the future work, it will study appropriate research transla-
tion methods and means from more angles according to the
existing technology and level for the purpose of improving
the research quality.
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As an important part of the human body, skeletal muscle is easily damaged in the process of exercise. The purpose of this study is
to investigate the controllable construction and biocompatibility of biomimetic calcium carbonate nanocomposites in exercise
skeletal muscle repair. In this study, adult healthy mice were selected as the research objects. First, the mice were anesthetized
with 2.5% pentobarbital sodium. Then, the mice were fixed and hit with steel balls on the middle part of the gastrocnemius
muscle abdomen to establish a skeletal muscle contusion model. The mice were killed by cervical dislocation under anesthesia.
The injured gastrocnemius muscles were quickly removed to prepare the cell suspension. 0.8600 g chitosan was weighed and
dissolved in 200ml deionized water. Then, 0.0660 g of calcium chloride dihydrate was added and stirred to dissolve to prepare
chitosan calcium carbonate composite. The calcium carbonate composite material with a length of 8.0 cm is cut into a square
sheet of stainless steel. The stainless steel plate was sterilized and then placed in a 12 culture plate to dilute the full cells in the
culture bottle. The cells were seeded in 12 well culture plates, and 100 μL cells and 600μL medium were added to each well.
The samples were cultured in the incubator (there were three control holes in each group for SEM test, three control holes for
fluorescence measurement, and six control holes for MTT measurement). The plates were taken out and placed in a new 24
plate. 1000μL medium was added. Then. 100μL MTT solution was added into each well. The biocompatibility test was
conducted for 4 h. The GSH PX level in the chitosan calcium carbonate composite group was lower than that in the natural
recovery group (P < 0:01). The results showed that chitosan calcium carbonate composite could promote the growth of skeletal
muscle cells.

1. Introduction

The research on biomimetic materials has long been a hot-
spot in materials research. In recent years, biomimetic cal-
cium carbonate nanocomposites have attracted more and
more attention because of their special structure and good
properties. On the basis of optimizing the material structure,
the main purpose is to obtain a kind of composite bionic
material with strong combination of organic and inorganic
energy. On the other hand, through the biomimetic process,
the ultimate goal is to make the mechanical properties of the
composite materials obtained through formula adjustment
controllable. The preparation methods include self-assem-
bly, spin coating, chemical deposition, and compression
molding. Bionic film and molding materials were obtained.
In recent years, some people have obtained linear long mate-

rials with simulated structures using graphene as raw mate-
rials. Although the injured skeletal muscle has a strong
regenerative capacity, severe trauma, such as loss of muscle
tissue, exceeds the natural and complete recovery capacity
of skeletal muscle, the clinical treatment has limited effect,
and there is no satisfactory bone grafting program at pres-
ent. Autologous bone is regarded as the “gold standard” of
bone defect replacement material because of its excellent
osteogenic properties, osteogenic induction, bone electrical
conductivity, complete biocompatibility, nontoxicity, and
no immune problems. Generally, with a history of trauma
or overwork and fatigue, symptoms show localized muscle
pain and tenderness.

Many reasons such as trauma and skull tumors can
cause skull defects. Skull defects endanger the health of
patients, so the repair of the defects is essential. At present,
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repair materials include autologous bone, allogeneic bone,
and artificial materials. Autogenous bone repair is the best,
but its supply is insufficient and its application is limited.
Allogeneic bone has severe rejection, which hinders its appli-
cation. There are many kinds of artificial materials, such as
hydroxyapatite and bioceramics, but they have serious side
effects and are gradually eliminated. Currently, titanium
alloy materials are the most widely used, with good biocom-
patibility, stable physical and chemical properties, and easy
shaping. Carbon fiber has good mechanical properties and
biocompatibility, which can improve the mechanical
strength of other materials. Bioinert ceramics mainly refer
to ceramic materials with stable chemical properties and
good biocompatibility, such as alumina, zirconia, and medi-
cal carbon materials. The structure of these ceramic mate-
rials is relatively stable, the bonding force in the molecule
is strong, and they all have high strength, wear resistance,
and chemical stability.

Calcium carbonate (CaCO3) nanoparticles have barrier
properties and biodegradability effects on polylactic acid
(PLA). Aframehr et al. prepare nanocomposite membranes
with various CaCO3 nanoparticle contents (0, 3, 5, 10, and
15wt%) by solution casting method. He uses constant vol-
ume and variable pressure equipment to evaluate the perme-
ability of nitrogen (N2), oxygen (O2), and carbon dioxide
(CO2) at different pressures and temperatures. In addition,
he also observed that the gas permeability of the sample
decreased by increasing the feed pressure and increased by
increasing the temperature. There are too few experimental
data in his research [1]. Acar et al. compared the effect of
coffee dyeing on the color of 3 different CAD/CAM restora-
tion materials and nanocomposite resins. He evaluated the
color change (n = 5) of samples mixed with dental ceramics
(VITA Enamic) and nanocomposite resins (Filtek Supreme
Ultra Universal) due to thermal cycling. He thermally cycled
samples with thicknesses of 0.5 to 0.7mm and 1 to 1.2mm
for 5000 cycles. The color coordinates obtained from the
spectroradiometer are used to calculate the CIEDE2000
color difference (ΔE00) due to thermal cycling in the coffee.
Use ANCOVA to analyze the color difference between the
thicknesses as covariates between materials. He used the
Tukey-Kramer test to analyze the significant difference in
average thickness. His research lacks comparative experi-
ments [2]. Nguyen et al. completed the preparation and
characterization of modified and unmodified polypropylene-
(PP-) wood powder (WP) composites under fixed process-
ing conditions. He used different techniques to study the
influence of the size and content of wettable powders and
the content of compatibilizers on the properties of compos-
ite materials. Scanning electron microscope micrographs
show that the distribution of WP in the PP matrix is rela-
tively uniform. His research sample is too small [3]. De
France et al. believe that although injectable hydrogels have
multiple advantages in biomedical applications, their gener-
ally weak mechanical properties often limit their applica-
tions. He described that in situ gelling nanocomposite
hydrogels based on poly(oligoethylene glycol methyl meth-
acrylate) (POEGMA) and rigid rod-shaped cellulose nano-
crystals (CNC) can overcome this challenge. By physically

incorporating CNCs into the cross-linked POEGMA hydro-
gel, he can easily customize the macroscopic properties,
including gelation rate, swelling kinetics, mechanical proper-
ties, and hydrogel stability. The strong adsorption of the
aldehyde and hydrazide modified POEGMA precursor
polymer on the surface of CNCs can promote the uniform
dispersion of CNCs in the hydrogel and give physical cross-
linking in the entire network. His research is not novel
enough [4].

In this study, adult healthy mice were selected. First, the
mice were anesthetized with 2.5% sodium pentobarbital, and
the mice were fixed and then hit the midsections of the bilat-
eral gastrocnemius muscles with steel balls to create skeletal
muscle blunt contusion models. The mice were killed by cer-
vical dislocation under anesthesia, and the injured gastroc-
nemius muscles of both sides were quickly taken to
prepare the cell suspension. Weigh 0.8600 g of chitosan
and dissolve it in 200mL of deionized water. Then add
0.0660 g calcium chloride dihydrate, stir to dissolve, and pre-
pare chitosan calcium carbonate composite material. The
chitosan-calcium carbonate composite material prepared
by using a stainless steel sheet as a base is cut into a square
with a side length of 0.8 cm. Sterilize the stainless steel sheet
and place it in a 12-well culture plate to dilute the overgrown
cells in the culture flask. The cells were seeded in a 12-well
culture plate, and 100μL of cells and 600μL of culture
medium were added to each well. Incubate in an incubator
(including three control holes for each group of samples
when doing SEM test, three control holes for each group of
samples when measuring fluorescence, and six control holes
for each group of samples when measuring MTT). Ceramic
artificial bone is the use of bioceramics as a repair material
for bone tissue defects or deletions and uses it to form a
mesh scaffold structure to promote and guide bone tissue.

2. Skeletal Muscle Injury Repair Experiment

2.1. Bionic Materials. Inspired by biological materials, we use
the principles of bionics to study the formation mechanism
of biological materials and apply them to the synthesis of
new materials in the future, to be able to design and
synthesize organic materials, inorganic materials, organic-
inorganic composite materials, functional, and even smart
materials; it is a research hotspot that has developed rapidly
in recent years and has developed into a popular research in
multiple disciplines and fields such as chemistry, materials,
and life sciences [5, 6]. Calcium carbonate material is loaded
with rare earth metals or other functional components,
which can realize the functions of comprehensive diagnosis,
treatment or diagnosis and treatment, and is used for imag-
ing diagnosis and treatment [7, 8]. The minimum energy
parameter is expressed as follows:

Esnake =
ð1
0
EV sð Þds =

ð1
0
EintV sð Þ + EimageV sð Þ + EcinsV sð Þ� �

ds:

ð1Þ

Among them, it can represent the internal energy of a
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substance [9, 10]. The constituent materials of natural bio-
composites range from organic natural sugars to various
proteins and inorganic minerals [11, 12]. The research,
design, and synthesis of new materials have brought new
methods and routes [13, 14]. Based on the advantages of
calcium carbonate material and its wide range of existing
applications, its application in the medical field will be more
complete, the technology will be more mature, and it will
definitely contribute to solving the problems in the human
medical field. Reducing the cost of products is the biggest
advantage of calcium carbonate, because the price of calcium
carbonate is the lowest price among all fillers, and the
plastic products compounded with it are of course the
lowest price [15, 16].

2.2. Nanomaterials.With the continuous progress and devel-
opment of science and technology, nanotechnology is also
constantly improving. Nowadays, nanotechnology can be
seen everywhere in people’s daily life and is applied to all
aspects of life. Many nanotherapeutic drugs in clinical and
preclinical stages are polymer nanoparticles, which have
been widely studied as therapeutic carriers. The design of
polymer nanoparticles is based on their biocompatibility
and biodegradability [17]. Most of these nanoparticles are
formed by the self-assembly process of block copolymers,
which are composed of two or more polymer chains with
different hydrophilic properties [18, 19]. The resulting struc-
ture is very suitable for drug delivery. The hydrophobic core
can carry a large number of therapeutic drugs, and the
hydrophilic shell provides three-dimensional protection for
the nanoparticles [20]. Used to express the compressive
resistance of polymer nanomaterials, including

η X, μð Þ = 1
2πn/2 mj j e

−1/2 X−μð Þ〠 X+μð Þ + μK: ð2Þ

Among them, the larger the molecule, the stronger its
cohesion [21, 22]. Other widely studied nanodrug delivery
systems include metal nanoparticles. Metal-containing
nanoshells are usually composed of inert metals (such as
gold or titanium) and are used to control the release of
chemotherapeutic drugs. These systems have unique charac-
teristics [23]. Although these metal ions are inert and bio-
compatible, they will remain in the body in large quantities
after administration, and the accumulation of metal particles
formed by repeated administration may cause toxicity [24,
25]. For nanomedicine, its therapeutic effect is better, and
the toxicity is lower [26]. In fact, the progress of nanomedi-
cine is rapidly applied to clinical practice [27, 28].

2.3. Nanomaterial Preparation Experiment. PBT is milky
white translucent to opaque, semicrystalline thermoplastic
polyester, with high heat resistance, toughness, fatigue resis-
tance, self-lubricating, low friction coefficient, not resistant
to strong acid and alkali, resistant to organic solvents, flam-
mable, and decomposed at high temperature [29]. Dilute the
prepared nano-CaCO3 suspension with deionized water,
and observe the particle dispersion in the solution with a
transmission electron microscope. Take a part of the nano-

CaCO3 suspension after multiple washing and drying, and
then grind to obtain CaCO3 particles, which are combined
with the initial nano-CaCO3 particles, and cellulose ether
dispersant was analyzed by infrared spectroscopy together.
The extruded strip was brittle under liquid nitrogen condi-
tions, and the section was vacuum-plated. The morphology
of the section was observed with a scanning electron micro-
scope (SEM), and the accelerating voltage was 20 kV. For
PCΠnano2CaCO3 samples with the same thermal history.
The pure PC sample is analyzed by gel permeation chroma-
tography, the column PLgel is 5μm, tetrahydrofuran is
selected as the solvent, the test temperature is T = 35°C,
and PS is used as the standard sample. The sample is
injected, the tensile performance is in accordance with the
GBΠT104021992 standard, and the bending performance
is in accordance with the GBΠT934121988 standard. The
impact performance is tested according to the GB/
T183421996 standard.

After the resin matrix is filled with nano-CaCO3, the
tensile strength and flexural strength have been improved
to different degrees. The impact strength of PP composites
has increased, and the impact strength of PBT and PC com-
posites has decreased slightly. Combined with the GPC
results, it can be considered soft, method does not cause
mechanical and thermal degradation of the system matrix
when preparing polymer Π nanoparticle composites, and
is a new method for preparing nanocomposites of polar
and nonpolar polymers. Especially for PP systems, the pro-
cessing method can only rely on the addition of nanoparti-
cles, which can simultaneously play a role in strengthening
and toughening. Scanning electron microscopy photos of
nanoporous silicon: a side view and by top view, as shown
in Figure 1.

2.4. Main Equipment. Corotating twin-screw extruder,
SHJ220, Nanjing JienteMechanical & Electrical Co., Ltd.; Ultra-
sonic Disperser, VCF21500, Sonic &Materials Inc., USA; Scan-
ning Electron Microscope, JSM25900LV, Japan JEOL Co., Ltd.;
Transmission Electron Microscope, HITACHTH2600, Japan
Hitachi Co., Ltd.; infrared spectroscopy; Nicolet20SXB Fourier
transform infrared spectrometer, American Thermoelectric
Nicolas; gel permeation chromatography: Agilent1100Series
gel permeation chromatograph, American Agilent company;
injection machine, PS40E5ASE type, Nissei Resin Industry
Co., Ltd.; Shimadzu universal material testing machine, type
AG210TA, Shimadzu Corporation; cantilever beam impact
testing machine, type UJ240, material testing machine factory
in Chengde City, Hebei Province.

2.5. Selection of Experimental Subjects. The animals used in
this experiment are adult healthy mice, a total of 96 mice,
weighing 2.6-3.0 kg, and are half male and female. The food
and activities of the experimental animals were good, the
skin and mucous membranes were intact, and the epiphyses
were closed. The experimental equipment is shown in
Table 1.

2.6. Skeletal Muscle Blunt Injury Model. Skeletal muscle inju-
ries are an important component of trauma in sports
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medicine, with injury rates ranging from 10% to 55%. Because
treatment failure can delay an athlete’s return to play, which
can be weeks or months, and lead to recurrence, the manage-
ment of musculoskeletal injuries requires extrememeasures. A
simple and reproducible blunt skeletal muscle modelling
method is adopted. After the mice were anesthetized by intra-
peritoneal injection of 2.5% sodium pentobarbital, they were
fixed at the knee joint extension at 0° and the ankle joint exten-
sion at 90°. A solid stainless steel ball with a mass of 16.8 g and
a diameter of 15.9mm was placed on the top of a transparent
tube. (Height 100 cm, inner diameter 16.0mm) after free fall, it
hits the striking device vertically. The bottom of the striking
device hits the middle of the abdominal muscles of the mouse
bilateral gastrocnemius muscles. The striking position is fixed
(the striking area is 20mm2), the skin is intact after injury,
there is no tibiofibular fracture, and the anatomy confirmed
that the damage rate was 100%.

2.7. Animal Selection and Weighing. The genes of mice are
very similar to those of humans. The mice are mammals,
and their genomes are very similar to those of humans.
The effect of using them in genetic experiments is very good,
and the cause can be found through experiments on mice, to
study the regularity of disease and treatment methods.
Strictly according to the time point of the experimental
grouping, the mice were killed by cervical dislocation under
anesthesia. The injured gastrocnemius on both sides was
quickly taken. The gastrocnemius muscle of the same part
was taken in the control group, and the material was fixed.
The excess connective tissue was carefully removed and

rinsed with 4°C physiological saline. The filter paper was
soaked and weighed, and the muscle weight/body weight
was used to reflect the relative change of muscle wet weight.
Among them, the right gastrocnemius of each group was
made into paraffin specimens for histomorphological exam-
ination, part of the left gastrocnemius was tested immedi-
ately by flow cytometry, and the other was placed in liquid
nitrogen for western blotting.

2.8. Flow Cytometric Detection of Skeletal Muscle Tissue. The
fresh gastrocnemius tissue (n = 6/group) of 1 d and 3d after
blunt skeletal muscle injury was rinsed with PBS and cut
into small pieces of about 1-2mm3, and 30 times the amount
of tissue protease solution (0.1% trypsin mixed with 0:02%
EDTA + 0:1μg/mL collagenase), transfer the pipette to the
erlenmeyer flask, place it in a 37°C incubator for 2 h, shake
once every 5-10min, and pass the digestion solution through
300 mesh filter through a strainer, centrifuge at 300 g for 5
minutes, and discard the supernatant. Wash with PBS solu-
tion containing 0.1% BSA by centrifugation for 1-2 times;
adjust the cell concentration to 1 × 10/mL with PBS solution
containing 0.1% BSA. Add 3μL CD11b antibody (PE
labeled), 10μL F4/80 antibody (FITC labeled), incubated
for 30 minutes at room temperature in the dark, rinse with
sterile PBS solution for 1-2 times, add 200μL 0.5% sterile
paraformaldehyde (PFA) solution for fixation, and flow
cytometry detects the number of macrophages.

2.9. Preparation of Chitosan Calcium Carbonate Composite.
Ethanol is an important organic solvent and is widely used

Figure 1: Scanning electron micrograph of nanoporous silicon.

Table 1: Experimental equipment.

Equipment name Model Manufacturer

Vacuum multitarget magnetron sputtering instrument KCCK-III Shenyang Kecheng

Field emission scanning electron microscope S-4800 Hitachi

X-ray diffractometer D8 discover Bruker

Transmission electron microscope JEM-2100 JEOL

Inverted fluorescence microscope IX71-Olympus Olympus

4 Journal of Nanomaterials



in medicine, paint, sanitary products, cosmetics, oils, and
fats, accounting for about 50% of the total consumption of
ethanol. Ethanol is an important basic chemical raw mate-
rial. The cut stainless steel sheet was sonicated in absolute
ethanol and ultrapure water for 5 minutes to remove oil
stains and impurities on the surface and then dried naturally
in a nitrogen atmosphere for later use. Weigh 0.8600 g of
chitosan and dissolve it in 200mL of deionized water, adjust
the pH to 5.0 with a molar concentration of 2M HCl solu-
tion, and then adjust the pH to 5.0 after stirring for 12 hours.
Then take 50mL of the above solution in a beaker, then add
0.0660 g calcium chloride dihydrate (that is, the final con-
centration is 9mM), and stir to make it dissolved. Then
add 0.0711 g of ammonium bicarbonate (that is, the final
concentration is 18mM), stir to dissolve. Then use the above
solution as the mother solution for electrochemical deposi-
tion in a three-electrode system (reference electrode: Ag-
AgCl electrode; counter electrode: Pt wire electrode; working
electrode: stainless steel sheet). The stainless steel sheet
obtained after the electrodeposition process is gently washed
in distilled water and air-dried naturally in a clean and dry
environment.

2.10. Cell Culture

(1) Cell culture refers to a method that simulates the
in vivo environment (sterility, suitable temperature,
pH, certain nutrient conditions, etc.) in vitro to
make it survive, grow, reproduce, and maintain its
main structure and function. Cut the bare stainless
steel sheet and the chitosan-calcium carbonate com-
posite material prepared with the stainless steel sheet
as a base into a square with a side length of 0.8 cm

(2) Sterilize the front and back sides of the cut film with
alcohol and UV, then place it in a 12-well culture
plate, digest the overgrown cells in the culture flask,
and then dilute. The cells were seeded in a 12-well
culture plate, and 100μL of cells and 600μL of cul-
ture medium were added to each well. Incubate in
an incubator with a content of 5% CO2 at 37°C
(wherein, each group of samples is set with three
control holes when doing SEM test, and each group
of samples is set with three control holes when mea-
suring fluorescence, and when measuring MTT, each
group of samples is set 6 control wells)

2.11. Cytotoxicity Test. The CCK-8 method was used to
study the toxicity of chitosan calcium carbonate composite
materials on cells. The skeletal muscle cells in the logarith-
mic growth phase were seeded in a 96-well plate at a density
of 8 × 103/well, grown adherently for 4 h, then added a
medium mixture containing different concentrations of chi-
tosan calcium carbonate composite material (final concen-
tration 5, 25, 50, 150, and 300μg/mL), set a medium
without nanoparticles as a control group, and continue to
culture for 48h. After removing the nanoparticle medium
and mixing the treatment solution, add 10μL CCK-8 solu-
tion to each well. A microplate reader (Thermo, USA) was
used to detect the absorbance at a wavelength of 450nm,

and the reference wavelength was 630nm. Finally, the cell
viability (%) was calculated according to the experimental
data. Repeat the experiment three times.

2.12. Cell Fluorescence Microscopy Characterization. First,
take out the composite material for cell culture from the cul-
ture plate on the first 1, 3, 5, 7, and 9 days, and wash it with
0.1mol/L PBS buffer three times, each washing for 2 s. Then
fixed with 1% paraformaldehyde, and then add 1000μl PBS
and 50μL, 0.1mg/mL DAPI dye to each well for staining.
Then continue to incubate in an incubator for 2 hours and
rinse with PBS 3 times for a few seconds each time, and
finally observe with a fluorescence microscope.

2.13. Biocompatibility Test of Composite Materials. First, take
out the composite material for cell culture from the culture
plate on days 1, 3, 5, 7, and 9. Then take out the slides, place
them in a new 24-well culture plate, add 1000μL of culture
medium, then add 100μL of MTT solution to each well,
continue to incubate for 4 h, wait until the culture solution
is aspirated, and then add DMSO solution (1000μL/well).
Finally, 150μL of solution is extracted from each well in
the 96-well plate, the wavelength of 490nm is selected, and
the a value of each well is detected on the microplate reader.

2.14. Data Statistics. Statistical analysis method: in all exper-
imental data, the measured data is represented by X ± S, and
the comparison between and within groups is analyzed by
single factor variance. Paired comparisons between groups
were carried out by LSD test, and there were statistical differ-
ences when P ≤ 0:05.

3. Skeletal Muscle Injury Repair

3.1. Cell Detection and Analysis. Chemiluminescence
method for cell viability test: ATP adenosine triphosphate
combines adenine, ribose, and 3 phosphate groups. It
releases more energy when hydrolyzed and is the most direct
source of energy in the body. The ATP luminescence
method analyzes cell activity and proliferation by detecting
the content of ATP in the cell. The common ATP lumines-
cence method uses exogenous firefly luciferin/luciferase to
oxidize with intracellular ATP to generate photons and
monitor the luminosity to detect ATP content to analyze cell
activity and proliferation.

The vitality value of the normal control group (A) was
55.5429, and it increased significantly on the 3rd day after
injury (B); after the intervention of chitosan, calcium car-
bonate composite material, on the 5th day after injury, the
chitosan calcium carbonate composite material group (C).
The level of GSH-Px was significantly lower than that of
the natural recovery group (D) (P < 0:01); on the 10th day
after injury, the GSHPx expression level of the chitosan cal-
cium carbonate composite group (E) was also significantly
lower than that of the natural recovery group (E). Group
(F) (P < 0:05), suggesting that the chitosan calcium carbon-
ate composite material promotes the repair of injury. The
cell detection results are shown in Table 2. It can be observed
from Table 2 that the GSH-Px of normal rats is at a low level,
and it rises rapidly after injury, significantly increases on the
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3rd day after injury, and then begins to decline, and after the
intervention of chitosan, calcium carbonate composite
material, after injury on the 5th day, the GSH-Px level of
the chitosan calcium carbonate composite group was lower
than that of the natural recovery group (P < 0:01); during
the decline process, the chitosan calcium carbonate compos-
ite group decreased faster than the natural recovery group.
The difference was statistically significant (P < 0:01). The
vitality value of the normal control group (A) was
195.1150, and it increased significantly on the 3rd day after
injury (B); after the intervention of chitosan, calcium car-
bonate composite material, on the 5th day after injury, the
chitosan calcium carbonate composite material group (C),
the expression level of MPO was significantly lower than
that of the natural recovery group (D) (P < 0:01); on the
10th day after injury, the MPO level of the chitosan calcium
carbonate composite group (E) was significantly lower than
that of the natural recovery group (F) (P < 0:01). The MPO
of normal mice was at a low level, and it increased rapidly
after injury. It increased significantly on the 3rd day after
injury and then began to decrease. After the intervention
of chitosan, calcium carbonate composite material, on the
5th day after injury, the chitosan calcium carbonate MPO
level of the composite material group was lower than that
of the natural recovery group (P < 0:01); during the decline
process, the chitosan calcium carbonate composite material
group decreased faster than the natural recovery group,
and the difference was statistically significant (P < 0:01).
Compared with the normal control group, the chitosan cal-
cium carbonate composite material group and the natural
recovery group had significant expression of skeletal muscle
cell mRNA (P < 0:05); after the intervention of the chitosan
calcium carbonate composite material, the skeletal muscle
cell mRNA expression level of the natural recovery group
(D) was 1.45 times that of the chitosan calcium carbonate
composite material group (C), and the difference was signif-
icant (P < 0:01); on the 10th day after injury, the mRNA
expression level of skeletal muscle cells was natural. The
recovery group (E) was 1.32 times that of the chitosan cal-
cium carbonate composite material group (F), and the differ-
ence was significant (P < 0:05).

3.2. MTT Test Analysis of Skeletal Muscle Cells. The density
of cells on the surface of the Chi-CaCO3NWs/SS composite
material during different culture times is significantly
smaller than that of the cells on the surface of the
Chi-CaCO3NFs/SS composite material, indicating that

ChiCaCO3NFs/SS can provide a good environment for cell
growth and spreading, and is also conducive to further prolif-
eration and differentiation of cells. The MTT test analysis
result is shown in Figure 1. To further illustrate the good
biocompatibility of the ChiCaCO3NFs/SS composite material,
we conducted a comparative test of cell culture on a blank
stainless steel plate. The density of the cells on the surface of
the stainless steel plate is significantly higher than that of the
Chi_CaCO3NWs/SS and Chi-CaCO3NFs/SS composite
materials. It is much smaller, that is, the growth of cells on
the surface of the chitosan-calcium carbonate composite
material is clearly more vigorous than that on the blank stain-
less steel sheet, and this advantage becomesmore obvious with
the extension of the culture time. It shows that the composite
material has a good promotion effect on cell growth. In addi-
tion, to further clarify the effect of the composite material on
cell growth and understand the growth of MC3T3 cells on
the surface of the composite material, we also performed the
MTT test to quantitatively observe the difference between
the two. The MTT test can indirectly but quantitatively reflect
the number of cells.

It can be seen from Figure 2 that the activities of the
three groups of cells are increasing with the extension of
the culture time, but the Chi-CaCO3NWs/SS composite
material and Chi-CaCO3NFs/SS cell activity increase of the
chitosan-calcium carbonate nanocomposite is very obvious,
indicating that the chitosan-calcium carbonate nanocom-
posite can promote the growth and proliferation of cells.
Among them, the cell growth on the Chi-CaCO3NFs/SS
(blue) composite material is the fastest, and it is on the ninth
day. The cell activity is close to twice the cell activity on the
blank stainless steel plate. It shows that the Chi-CaCO3NFs/
SS composite material has a good promotion effect on
cell growth.

3.3. Performance Analysis of Composite Materials. To
determine the composition of the ChiCaCO3 composite
material, we did an XRD test on it. As can be seen, there is
a strong peak at 20 = 43:8, which is a characteristic peak
inherent in the stainless steel sheet substrate. The strong
peaks at 2θ = 23:2, 29.6, 36.0, 39.6, 47.6, and 48.80 coincide
with the standard peaks of calcium carbonate on the stan-
dard card, corresponding to the 12, 104, 110, 113, 018, and
116 crystal faces of calcite, respectively. The peaks obtained
at 2θ = 24:0, 36.4 coincided with the peak positions of the
standard peaks of chitosan and were identified as the charac-
teristic peaks of chitosan. It shows that the Chi-CaCO3

Table 2: Cell test results.

Substance time GSH-Px MPO

Normal group (A) 55:5429 ± 14:6182 195:1150 ± 34:4581

Day 3 after injury (B) 136:1833 ± 18:9154 360:2419 ± 26:0723

Day 5 after injury (C) 93:9429 ± 22:4785 265:4867 ± 15 4892

Day 5 after injury (D) 11 7:9429 ± 18:7348 33 18584 ± 20:1084

Day 10 after injury (E) 68:5714 ± 20:2318 21 9:4896 ± 25:9215

Day 10 after injury (F) 94:4857 ± 15:7812 294:9852 ± 17:0487
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composite material is composed of chitosan and calcite-type
calcium carbonate. At the same time, it can be found that the
peak of chitosan is relatively weak, mainly because chitosan
is organic, and it is difficult to form stable crystals under this
condition. To prove that the CaCO3-ChiNFs/SS composite
material has certain mechanical properties, we compared
the tensile strength of the smooth stainless steel sheet and
the stainless steel sheet as the substrate for electrochemical
power deposition to obtain the CaCO3-ChiNFs/SS compos-
ite material. From the experimental results, it shows that the
tensile strength of the smooth stainless steel sheet cut to a
certain shape is 727:1 ± 14:66MP, the tensile strength of
the CaCO3-ChiNFs/SS composite material under the corre-
sponding conditions has been significantly improved, and its
strength reached 1317:2 ± 3:651MP. First of all, it shows that
the uniform and compact structure of CaCO3-ChiNFs itself
has strong integrity, which is the result of the interweaving
and close integration of the fiber network that combines
the advantages of organic and inorganic materials. This is
also similar to the structure of “cement mortar” composed
of alternate organic-inorganic shells. At the same time, it
also shows that the use of stainless steel sheet as a base not
only facilitates the on-demand tailoring of materials but also
increases the mechanical properties of the body as a bone
tissue material. For biological materials, the properties of
the surface of the material can determine part of its biologi-
cal activity. When the material has proper wettability, it can
promote the spread and growth of cells, because the water-
soluble surface can provide a humid environment for
healthy cell growth. The wettability of the smooth stainless
steel sheet, CaCO3-chiNWs/SS, and CaCO3-chiNFs/SS sur-
faces was tested. The contact angle of the smooth stainless
steel sheet is 93 ± 7:0°, the contact angle of CaCO3-
chiNWs/contact angle of SS is 64:3 ± 7:0°, and the minimum
contact angle of CaCO3-chiNFs/SS is 32:4 ± 4:6°.

This result shows that CaCO3-chiNFs/SS has good water
wettability, and its surface state can be cell adhesion and
spreading. Provide a good environment, which is more
hopeful as a skeletal muscle repair and replacement material

to provide cells with a more suitable platform for their
growth, proliferation, and differentiation, as shown in
Figure 3.

3.4. Biocompatibility Analysis of Composite Materials. The
skeletal muscle cells were cultured on the surface of ChiCa-
CO3NFs/SS that had been sterilized beforehand. After the
cells had grown for 3 days, they were pretreated, and then
the morphology of the cells was characterized by a scanning
electron microscope. Skeletal muscle cells are laid flat on the
surface of the three-dimensional network fibers. They
are larger in size, and the cell bodies and network fibers are
firmly combined. And it can be seen that the cells protrude
many pseudopods, which have penetrated into the network
fibers. It shows that Chi-CaCO3NFs/SS can provide a good
environment for cell growth and spread, and it is also condu-
cive to the further proliferation and differentiation of cells. As
we all know, the surface properties and nanostructures of
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biological materials can significantly affect cell growth and
viability. Therefore, we did a comparative experiment,
cultured skeletal muscle cells on the surface of Chi-
CaCO3NWs/SS composite material and under the same
experimental conditions, and then performed SEM charac-
terization. The cells appear round and become thicker, that
is, the cells are not spread well, but exist in the form of
clumps. The results show that the surface of the Chi-
CaCO3NWs/SS composite material cannot provide for the
spread, growth, and differentiation of the cells. Surface envi-
ronment very well. The above results show that the three-
dimensional network fiber of Chi-CaCO3NFs/SS has good
biocompatibility, making it a potential material for repairing
damaged bone in tissue engineering.

Hemolysis test was used to evaluate whether Chi-
CaCO3NFs/SS has a damaging effect on red blood cells.
The red blood cells were exposed to 5 different gradient con-
centrations of Chi-CaCO3NWs/SS solution, and normal
saline and double distilled water were set as negative and
positive controls, respectively. After incubating for 1 h, 2 h,
and 3h, they were observed under a microscope. It can be
seen that compared with the negative control group, even
with the highest concentration (300ug/mL) of nanoparticles
incubated for 3 h, the number and morphology of red blood
cells did not change significantly. On the contrary, due to the
lysis of red blood cells, the double-distilled water treatment
group has almost no intact red blood cells remaining under
the 1 h microscope. After the red blood cells are lysed, hemo-
globin will be released, and the supernatant after centrifuga-
tion will show red. Clearly, this phenomenon is more
obvious in the double-distilled water treatment group. At
the same time, the hemoglobin content in the supernatant
is directly proportional to its OD value. The t-test analysis
of the OD value of the supernatant in each EP tube found
that, compared with the negative control group, the red
blood cells incubated with the gradient concentration of
Chi-CaCO3NWs/SS solution; there was no statistical differ-
ence in the OD value of the serum (P > 0:05); on the con-

trary, there was a significant statistical difference compared
with the positive control group (P < 0:01). The biocompati-
bility analysis result of the composite material is shown in
Figure 4.

3.5. Cytotoxicity Analysis. To confirm the biocompatibility of
the Chi-CaCO3NWs/SS composite material, the CCK-8
method was used to detect its effect on cell viability. After
the mouse skeletal muscle cells were treated with Chi-
CaCO3NWs/SS composite for 48 hours, the cell activity showed
a downward trend with the increase of nanoparticle concentra-
tion.When the concentration is lower than 50ug/mL, compared
with the control group, the activity of the two cells is only slightly
reduced, but there is no statistical difference (P > 0:05). When
the concentration was increased to 50μg/mL, the difference
in toxic effects was statistically significant (P < 0:05). The
activities of the two cell types were 83.6% and 87.5%, which
were still above 80%. The results of the cytotoxicity analysis
are shown in Figure 5. Based on the concentration required
for cytotoxicity detection and cell imaging of Chi-
CaCO3NWs/SS, in other experimental projects, we set the
maximum concentration to 50μg/mL. The blood test results
showed that the skeletal muscle toxicity sensitive indicators
ALP and ALT had no abnormal changes compared with nor-
mal rats, and the HE staining results did not find obvious
pathological changes; the nephrotoxicity sensitive indicators
urea nitrogen and creatinine levels were also within the nor-
mal range. The sections show that the glomerulus and renal
tubules are structurally intact; cardiotoxicity is often used as
an important indicator of drug toxic side effects. The
STAINED picture shows that myocardial cells are tightly
arranged and orderly, and the structure of each part is com-
plete; there are no other organ tissue sections. Appears notice-
able pathological changes. It can be seen from the cell
proliferation experiment that skeletal muscle cells can grow,
divide, and proliferate well after inoculation. The cell activity
of the experimental group and the negative control group
increased significantly with time, and there was no significant

17

15

13

11

9

7

5

3

1
0 10 20 30 40

Test results (%)

Chi-CaCO3 NFs
Chi-CaCO3 NFs/SS
Chi-CaCO3 NWs/SS

Ti
m

e (
h)

50 60 70

Figure 4: Biocompatibility analysis results of composite materials.

8 Journal of Nanomaterials



difference between the two groups in the statistical analysis.
And the RGR of the experimental group and the negative con-
trol group was ≥100%, and the cytotoxicity was 0; while the
positive control group had RGR < 30%, the cytotoxicity was
4, and the cell growth status was poor. After 24 hours of
culture, the growth rate of cell viability of L929 in the
experimental group was significantly higher than that in the
normal culture group. It can be seen that C2C12 has higher
cell activity and proliferation rate than Lg29.

4. Conclusion

The power of exercise comes from skeletal muscle contraction,
which is a high energy consumption process. As a result, the
body’s normal energy balance relationship develops in the
direction of imbalance. To prevent the influence of energy
imbalance on the body, the mechanisms that reverse this
change trend are activated. At present, the research on skeletal
muscle injury and repair is no longer limited tomuscle satellite
cells themselves. The role of immune cells in the repair of skel-
etal muscle damage is gradually being recognized, and its role
and mechanisms are in the preliminary stage of exploration
and become a new research focus. Skeletal muscle during
strenuous exercise or acute injury can produce a large number
of free radicals and neutrophil infiltration in the damaged
muscles, followed by a series of inflammatory reactions caused
by macrophage invasion. Biomimetic nanomaterials can solve
this problem well.

In this study, adult healthy mice were selected. First, the
mice were anesthetized with sodium pentobarbital, and the
mice were fixed with steel balls to strike the midsections of
the bilateral gastrocnemius muscles to create skeletal muscle
blunt injury models. The mice were killed by cervical dislo-
cation under anesthesia, and the injured gastrocnemius
muscles of both sides were quickly taken to prepare the cell
suspension. Weigh and dissolve chitosan in deionized water.
Then add calcium chloride dihydrate, stir to dissolve, and
prepare chitosan calcium carbonate composite material.

The chitosan-calcium carbonate composite material pre-
pared by using a stainless steel sheet as a base is cut into a
square with a side length. Sterilize the stainless steel sheet
and place it in a culture plate to dilute the overgrown cells
in the culture flask and cultivate them in an incubator.

The skeletal muscle cells were cultured on the surface of
ChiCaCO3NFs/SS which had been sterilized beforehand, and
then, the cell morphology was characterized by scanning elec-
tronmicroscope. Skeletal muscle cells are laid flat on the surface
of the three-dimensional network fibers. They are larger in size,
and the cell bodies and network fibers are firmly combined.
And it can be seen that the cells protrude many pseudopods,
which have penetrated into the network fibers. It shows that
Chi-CaCO3NFs/SS can provide a good environment for cell
growth and spread, and it is also conducive to the further pro-
liferation and differentiation of cells. In summary, there are
many types of calcium carbonate medical materials, which
combine the inherent good biocompatibility, osteoconductivity,
and good hardness of calcium carbonatematerials, as well as the
advantages of polymers, collagen, biomolecules, metals, and
othermaterials tomake up for the shortcomings of calcium car-
bonate material are high brittleness. The successful application
of calcium carbonate medical composite materials expands
the application and development space of calcium carbonate
materials in the field of biomedicine. The above results indicate
that the material has no inhibitory effect on cell growth and is a
qualified noncytotoxic material. It can be seen that the mice can
tolerate the experimental concentration of Chi-CaCO3NWs/SS.
This new type of nanomedicine carrier will not negatively affect
its growth and development, nor will it cause histopathological
changes in major organs. Normal skeletal muscle injury often
occurs in high-intensity exercise training, more than habitual
activities or physical labor. The repair of skeletal muscle injury
has always been a basic issue of long-term attention and
research in the sports medicine community. Many researchers
have carried out research from different angles. Many aspects
of research have been carried out, but many mechanistic prob-
lems have not been completely solved.
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As more and more people love football and participate in more and more football matches, the physical injuries in the
confrontation are getting more and more serious. In recent years, bionic photothermal nanomaterials have shown great
application potential in disease treatment. Biomimetic photothermal nanomaterials are functional and intelligent materials with
special excellent performance that are designed and synthesized by using natural biomimetic principles. Photothermal therapy
(PTT) technology is a new treatment technology in recent years. On the one hand, photothermal therapy technology can
convert light energy into heat energy through photothermal conversion factor (PTCA). Molecular water-soluble drugs
penetrate into the skin to replace the existing injection administration methods with higher risk and low patient compliance
and oral administration methods that generally cause first-pass effects, improve the utilization and efficiency of drugs, and can
give provide patients with better treatment. The purpose of this article is to explore the application of the photothermal effect
of bionic nanomaterials in the treatment of football sports injuries. The method adopted in this paper is to synthesize different
bionic photothermal nanomaterials and synthesize bionic photothermal nanomaterials that are fused with cell membranes,
thereby promoting the application of photothermal therapy technology in the treatment of sports injuries; further, by
synthesizing bionics wrapped by fusion membranes, photothermal nanomaterials introduce collaborative photothermal therapy
technology. The experimental results show that the photothermal effect of nanobiomimetic materials is used to treat common
injuries caused by football sports. Compared with traditional treatment methods, HA-CuS gel and near-infrared treatment are
applied to the skin with the injured tissue of the experimental group. It dropped to 85.7% in 2 h then gradually dropped to
84.2%, and the recovery speed was significantly accelerated.

1. Introduction

Football injuries refer to various physical injuries caused by ath-
letes in football matches. Because football is more intense, and
the physical quality and sports skills of athletes are high require-
ments, and football injuries often occur. In addition to common
bruises and contusions, the most common injuries are ankle
sprains, muscle tightness, and contusions on the front and back
of the thigh, and knee injuries are the secondmost common [1].
Among them, meniscus inhabitation, knee ligament tears, bone
fractures, and osteochondrosis are relatively rare, but once they
occur, treatment is more difficult. It needs to rely on some
advanced medical technology to treat football sports injuries.

The key to photothermal treatment technology is photothermal
conversion factor. At present, there are many types of photo-
thermal conversion nanomaterials that have been studied most.
The list is mainly divided into the following categories: high-
cost photothermal conversion nanomaterials composed of pre-
cious metals and rare metals, new synthetic carbon based on
light-to-heat conversion nanomaterials, old-fashioned organic
compounds, light-to-heat conversion nanomaterials, and semi-
conductors composed of light and heat conversion nanomateri-
als [2, 3]. It has been shown that the abovementioned heat has
poor biocompatibility to thermal nanomaterials and cannot
escape from the human immune system, and no precise dam-
age has been observed [4, 5].
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Years of research and analysis on football sports injuries
have shown that the incidence of sports injuries in regular
college football teams is 211.9%, among which athletes’ inju-
ries are mainly concentrated in the ankle joints of the feet,
knee joints, thighs, calf muscles, and feet of the legs. Toes,
hip joints, etc. and ankle sports injuries have the highest
incidence; the results of sports injuries mainly include con-
tusions, sprains, bruises, residual limbs, residual limbs, etc.
The main reason for sports injuries is insufficient mastery
of their skills. Even the lack of training level is mostly caused
by human factors, including lack of scientific training and
other objective factors. At the same time, it puts forward tar-
geted suggestions to promote the improvement of skills and
tactics in football team training in mainstream colleges and
universities, prevents sports injuries, and provides useful
help [6–8]. Studies have shown that football players’ injuries
are mainly concentrated in the lower limbs, especially in the
ankle. The main causes of injuries are improper technical
exercises, protection errors, insufficient preparations, and
other factors, as well as increased frequency of sports inju-
ries, which should attract people’s attention. We propose
appropriate preventive measures to further prevent and
reduce sports injuries in future training and competitions
[9]. In the past ten years, photothermal hyperthermia has
become a new treatment technique. It uses the largest exter-
nal energy to heat cells or tissues, degenerate and necrosis of
cells or tissues, and then plays a role in repairing cells [10].
This method is usually a more moderate method, which is
less harmful to the human body. The main sources of exter-
nal energy for heating cells or tissues are radio frequency,
microwave oven, focused ultrasound, and laser [11]. The
normal cells or tissues of the human body emit heat when
the temperature of the human body rises, accelerate blood
flow, and expand blood vessels. Therefore, even if the tem-
perature of the normal tissues or cells of the human body
rises to 43°C, it will not cause great damage and can self-
dissipate [12–14]. In necrosis, the new intercellular blood
vessels are malformed and develop abnormally, their shape
is abnormal, and the endothelial cells of the internal vascular
endothelial cells are very fragile and easy to destroy. There-
fore, the cells or tissues cannot dissipate heat normally and
rise and cannot be adjusted and repaired. The cells are killed
at high temperatures.

This article starts with the meaning of bionic nanomate-
rials and sports injuries and explores the relationship
between the treatment effects of bionic materials based on
the degree of injury. By establishing injury models, using
biomimetic nanomaterials to observe different changes in
cell, tissue and bone activity and conduct comparative stud-
ies, we can more accurately grasp the disease process and
explore the impact of biomimetic nanomaterials on treat-
ment. This is conducive to the promotion of medical
research problems, innovative methods to solve problems,
and a good theoretical basis for the treatment of football
injuries and other diseases caused by them. By comparing
the changes and analyzing the specific experimental results,
we can find the basic point of balance between the body’s
response and drug efficacy, and organically combine the
two, provide valuable technical experience for future experi-

ments, draw out the similarities and differences in research
directions through comparative advantage analysis, and
learn advanced experience at the same time, and make sug-
gestions for improvements in future medical technology
advancements, in-depth understanding of the body’s patho-
logical conditions, and strengthening of medical expertise.
Specialization and accuracy provide theoretical basis for
the medical field.

2. Theoretical Basis and Method

2.1. Core Concepts

2.1.1. The Concept of Football Damage. According to foreign
records, football is one of the sports with the highest injury
rate [15]. Minor injuries are wear and tear, fractures, and
dislocations, and ruptures of internal organs can be severe.
According to the Guangdong Provincial Sports Commission
Medical Bureau (classified by training effect), minor injuries
accounted for 47.8%, moderate injuries accounted for 19%,
and severe injuries accounted for only 3.2%. Approximately,
86% of injuries are limbs [16, 17]. In addition to common
bruises and contusions, the most common injury is an ankle
sprain. The muscles of the front and back of the thigh are
tight and bruised. Knee injuries ranked second. Among
them, meniscus inhabitation, knee ligament tears, bone frac-
tures, and osteochondrosis are relatively rare, but if they
occur, it is a bad news for athletes. The treatment methods
are currently immature, and the effects of drug treatment
are mediocre and difficult to cure, seriously affecting the
sports career of football players and cause them great diffi-
culties. For many professional football players, the meniscus
or bone has been removed in some medically developed
countries. Since goalkeepers often drop the ball and fall, they
are vulnerable to wrist (scaphoid fracture) and elbow inju-
ries (bursitis and hematoma). Therefore, the average goal-
keeper must wear a sweater, elbow pads, and gloves [18, 19].

2.1.2. Photothermal Treatment. Photothermal therapy is a
medical technique for minimally invasive treatment using
photoheat developed in recent years. This technology uses
photothermal modified materials to directly increase the
local temperature by directly irradiating the site with light,
thereby killing cells and significantly reducing the body’s
systemic toxicity. Therefore, photothermal therapy is one
of the therapeutic techniques that have the potential to
replace surgical therapy. The light-to-heat conversion mate-
rial can convert the energy of the laser into heat, thereby
generating high temperature in the cell area of the human
body. The high temperature will heat the cell structure and
cause the cell to die quickly. Near-infrared lasers, whose
main wavelength range is from 700 to 1100nm, have a very
strong ability to penetrate biological tissues for human or
animal tissues and have very little residue in the body after
passing through the human body. It can be widely used in
the treatment of sports injuries and has become one of the
important light sources widely used in the medical field
[20, 21]. In order to promote the application of photother-
mal therapy technology, the development of photothermal
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conversion nanomaterials with good biocompatibility and
high conversion efficiency is the current focus of photother-
mal therapy. Nanomaterials with a particle size in the range
of 10-200 nm can avoid the body kidney and cam clearly and
selectively penetrate into the tissue. The use of nano-
photothermal rice materials for photothermal therapy is an
effective method [22].

2.2. Light-to-Heat Conversion Nanomaterials

2.2.1. Introduction to Nanomaterials. Currently, the most
studied photothermal conversion nanomaterials include
noble metal photothermal conversion nanomaterials,
carbon-based photothermal conversion nanomaterials,
organic compounds photothermal conversion nanomateri-
als, and semiconductor photothermal conversion nanomate-
rials. The carbide nanomaterials that convert from heat to
heat mainly include gold nanostructures and palladium
nanostructures [23]. The photothermal conversion charac-
teristics of precious metals are produced by the plasmon res-
onance effect of nanoparticles on the surface, which is
directly related to the morphology of precious metal nano-
structures: gold nanorods, gold nanometer dials, gold nano-
particles, etc. However, as the temperature increases, the
photothermal conversion nanomaterials of precious metals
will undergo morphological changes, resulting in unstable
light and thermal conversion properties, which limits the
widespread use of precious metals as photothermal conver-
sion materials in disease treatment [24].

2.2.2. Specific Realization Form. Carbon-based nanomateri-
als for light and heat conversion mainly include graphene
structures and carbon nanotubes. In principle, it does not
affect the photothermal conversion characteristics of
carbon-based photothermal conversion nanomaterials
after long-term laser irradiation, but the preparation and
functionalization of carbon-based photothermal conver-
sion nanomaterials are complex, and their light absorp-
tion coefficient is relatively low. The photothermal
conversion nanomaterials mainly include organic infrared
dyes, porphyrin liposomes, and high molecular polymers
[25]. Compared with other types of light and heat con-
version nanomaterials, this type of tube property conver-
sion nanomaterials can be biodegraded, but they are
easily directly degraded by light under long-term laser
irradiation. As a research hotspot of nanomedicine, cop-
per sulfide (CuS) nanoparticles in semiconductor photo-
thermal conversion nanomaterials have the advantages
of simple preparation process, stable photothermal con-
version performance, excellent biocompatibility, and low
production cost [26].

2.2.3. Application of Photothermal Nanomaterials. The key
points in treatment are issues such as immune system escape
and precise targeting to reach the site. Under normal cir-
cumstances, our tissues have permeation and retention
effects (EPR), and humans use these two effects to design
photothermal nanomaterials and guide them to the passive
targeting of markers. One of the most important issues is
how to extend the residence time of nano-biomimetic mate-

rials in organisms. In order to extend the residence time of
photothermal materials in organisms, polyethylene glycol is
often used to modify the materials, and this method can be
used to a certain extent, increase the hydrophilicity of the
surface of nanomaterials, reduce the elimination of imitation
biomass by the immune system when inside the body, and
reduce the interaction between nanomaterials and compo-
nents in the blood, thereby avoiding attack and elimination
by the body’s immune system [27, 28]. In order to improve
the targeting ability of nanomaterials, active molecules, such
as aptamers and penetrating peptides, can be modified on
the surface of nanomaterials. Recent studies have shown that
there is an antipolyethylene glycol immune response in ani-
mals and humans. Polyethylene glycol can cause blood clot-
ting and cell coagulation. To a certain extent, it cannot
completely prevent nanomaterials from being processed by
the machine. In efficacy, while a single targeted modified
nanomaterial is difficult to adapt to the microenvironment
in the body, it is difficult to achieve its theoretical targeting
effect after entering the body. In recent years, effective
methods have used cell membranes to camouflage the upper
layer of nanomaterials and modify the nanomaterials to
obtain bionic nanomaterials that have the ability to escape
the immune system. Biomimetic nanomaterials have good
development prospects in drug transportation, imaging,
detoxification, vaccine design, and photothermal therapy.
The cell membrane wrapped nanomaterial mainly includes
two parts: a synthetic nanomaterial core and an outer cell
membrane. The core synthesized in the biomimetic nano-
material can be organic or inorganic nanomaterials with dif-
ferent biological and therapeutic functions. The outer cell
membrane used to camouflage the nanomaterial nucleus
can be red blood cell membrane, white blood cell membrane,
cancer cell membrane, platelet membrane, macrophage
membrane, and fusion membrane.

3. Experimental Verification

3.1. Experimental Materials. Through the application, 60
people with sports injuries in the affiliated hospital of the
medical university where the author is located were selected,
including 30 men and 30 women. In order to create research
variables, all patients were randomly divided into 6 groups
with 10 people in each group to ensure that the weight of
the patients was normal. In the early stage of the experiment,
in a well-ventilated environment, ensure that the room tem-
perature is about 22 degrees, the relative humidity is main-
tained at about 55%, and the light time is maintained at
more than 10 hours. Keep adequate food and drinking
water. Conventional catering is provided by the medical cen-
ter, and the MCT required for the establishment of the entire
model is selected from sigma. When each group is treated to
the appropriate age, the injured tissue should be selected for
observation of related indicators. The main reagents include
ECL chemiluminescence fluid (Genview company in the
United States), and the main instruments include color
Doppler ultrasound diagnostic apparatus, optical micro-
scope (Germany LEICA, DM3000).
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3.2. Experimental Process. First, complete the preparation of
HA-CuS nanoparticles. 150mg of HA was added to 20mL of
4mL CuCb solution, after stirring for 30min at room tem-
perature, and 1.6mL of 50mM Na2S solution and 36mg of
trisodium citrate were added to the system. After stirring
quickly, let it stand and heat in a water bath at 80°C for 30
minutes. Centrifuge at 12000 rpm for 30 minutes, discard
the supernatant, add deionized water to the sedimentation
towel, and resuspend at 12000 rpm for 30 minutes, repeat
twice to obtain HA-CuS nanoparticles. The synthesis pro-
cess of the blank CuS nanoparticles is the same as the above
steps, but HA is not added. HA is an acidic mucopolysaccha-
ride. During the synthesis of HA-CuS nanoparticles, it needs
to be heated in a water bath at 80°C for 30 minutes. In order
to explore whether the treatment will affect the structure of
HA, gel permeation chromatography (GPC) is used in this
chapter. The molecular weight distribution of HA is tested.
Use two detectors: laser light scattering detector and differ-
ential detector to detect the HA solution and the unheated
HA solution after heating in a water bath at 80°C for
30min. The HA retention time detected by the two detectors
did not change before and after the HA solution was heated.
That is, before and after heating, the molecular weight distri-
bution of HA is basically the same. Experimental results
show that during the synthesis of HA-CuS nanoparticles,

the molecular weight of HA will not be affected by the heat-
ing during the synthesis process and remains stable, which
provides conditions for the successful synthesis of HA-
CuS. The laser light scattering detector detects the molecular
weight distribution of HA before and after heating as shown
in Table 1. The GPC curve of molecular position distribution
before and after HA heating detected by the differential
detector is shown in Table 2.

Stain the RBC membrane with DIL staining solution,
and stain the B16F10 cell membrane with DIO staining solu-
tion. According to the ratio of B16F10 cell membrane to
RBC membrane mass ratio of 1 : 1, mix the B16F10 cell
membrane with the RBC membrane uniformly and ultra-
sound at 39°C for 10 minutes to complete the cell membrane
fusion. 0.5mL of 0.3mg/mL B16F10 membrane solution was
added to 0.5mL of 0.2mg/mL CuS nanoparticle solution,
and the membrane was wrapped by ultrasound for 10min
at room temperature. The reaction system was centrifuged
at 10,000 rpm for 5 minutes at 4°C to remove excess mem-
brane. The precipitate is CuS@B16F10 nanoparticles and

Table 1: Laser light scattering detector detects the molecular
weight distribution of HA before and after heating.

Time Before heating(mV) After heating(mV)

5min 12 12

10min 12 12

15min 12 12

20min 15 16

25min 35 36

30min 20 21

35min 11 11

40min 10 10

45min 8 9

50min 7 6

Table 2: GPC curve of molecular position distribution before and
after HA heating detected by differential detector.

Time Before heating(mV) After heating(mV)

5min 0.69 0.68

10min 0.69 0.68

15min 0.69 0.68

20min 0.69 0.67

25min 0.73 0.73

30min 0.70 0.70

35min 0.6 0.59

40min 0.69 0.7

45min 0.69 0.68

50min 0.69 0.68
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resuspended in FJ deionized water. Similarly, complete the
RBC film alone package and B16F10 film alone package.
Thus, CuS@RBC nanoparticles and CuS@R16 nanoparticles
were obtained.

3.3. Experimental Results. HA is a very promising mucopoly-
saccharide that mediates transdermal administration and has
excellent biocompatibility. The modification of CuS nanopar-
ticles with HA has an important effect on improving its bio-
logical toxicity. Before using HA-CuS nanoparticles for
biological applications or disease treatment, it is necessary to
detect their cytotoxicity. In this chapter, the MTT method is
used to detect the cytotoxicity of HA-CuS nanoparticles using
NHDF cells. Transfect NHDF cells with a series of sample
solutions of different concentrations (200pg/mL, 100pg/mL,
50pg/mL, 25 ig/mL, and 10Hg/mL), and use MTT to detect
cell viability even at a high concentration of 200ng/mL under
the condition of sample treatment, the survival rate of cells is
also above 90%, indicating that HA-CuS nanoparticles have
no direct cytotoxicity.

4. Data Analysis

HA-CuS gel-mediated transdermal drug delivery is realized
under the irradiation of near-infrared light. Before the bio-

logical application of HA-CuS gel-mediated transdermal
drug delivery in animal experiments, near-infrared light
must be performed in stimulated HA-CuS cellularity test.
A high-power 980 nm near-infrared laser (0.58W/cm2) was
used to irradiate the HA-CuS-intaken NHDF cells and nor-
mal NHDF cells for 30 s and 10min. The results are shown
in Figure 1. Normal NHDF cells had a cell survival rate of
91.1% after 10 minutes of near-infrared laser irradiation,
while NHDF cells that had taken HA-CuS had a cell# viabil-
ity rate of 89.1% after 30 s of near-infrared light irradiation,
and the time was extended to 10 minutes. The cell survival
rate is only 57.6%. The experimental results show that HA-
CuS has lower cytotoxicity when the near-infrared light is
stimulated for a short time, and when the near-infrared light
stimulation time is increased to 10min, HA-CuS has a
higher photothermal conversion property. Therefore, when
HA-CuS gel-mediated transdermal administration is per-
formed, the irradiation time of near-infrared light must be
controlled.

The concentration of HA-CuS nanoparticle solution is
an important factor affecting its photothermal conversion.
We have prepared a series of HA-CuS nanoparticle solutions
with different concentrations (1000 pg/mL, 500 pg/mL,
100 jg/mL, 50fig/mL, and 25ng/mL) to examine its light-
to-heat conversion capability. We use a 980nm near-
infrared light source, adjust the intensity to 0.7W/cm2, irra-
diate the solution for 600 s, and record the temperature every
2 s, so as to obtain the temperature change curve of HA-CuS
nanoparticle solutions with different concentrations as
shown in Figure 2.

First, we conducted a temperature increase test on
deionized water for damaged tissue cells. Within 600 s, the
temperature of deionized water only increased by 13°C,
while the h-rise temperature of the HA-CuS nanoparticle
solution without concentration was 18.4°C, (25 pg/mL),
26.3°C (500ng/mL), 32.7°C (100 pg/mL), 39.7°C (500 pg/
mL), and 43.4°C400pg/mL). This result shows that HA-
CuS nanoparticle solution has strong light-to-heat conver-
sion capability. In addition, with the increase of time, the
heating efficiency of the HA-CuS nanoparticle solution con-
tinues to weaken. This is because as the temperature
increases, the heat loss of the solution increases, and the
material can quickly convert the near-infrared light energy
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into heat energy, and five is released into the aqueous solu-
tion and the surrounding environment, which also shows
from the side that HA-CuS nanoparticles have good light-
to-heat conversion ability. As the concentration of the HA-
CuS nanoparticle solution increased, the material did not
undergo coagulation. This is because the HA-CuS nanopar-
ticle played a protective role and made the CuS nanoparticle
uniform and stable at a higher concentration. At the same
time, we further tested the stability of the photothermal con-
version of HA-CuS nanoparticles. We took the highest con-
centration of HA-CuS nanoparticles solution (1000 pg/mL)
in the above series of solutions for 5 times of excitation for
600 s. Cooling hot and cold cycle. The results are shown in
Figure 3. The highest peaks of the solution temperature are
69.4°C, 69.3°C, 69.1°C, 69.3°C, and 69.2°C. The slight tem-
perature peak changes indicate that HA-CuS nanoparticles
have stable and repeatable light thermal conversion
capability.

We use exercise-impaired patients as disease models to
study the feasibility of the biological application of HA-
CuS gel-mediated transdermal drug delivery. After applying
HA-CuS gel on the back of the patients in the experimental
group, they were blown dry with a hair dryer, then the gel-
treated skin was irradiated with near-infrared light, the gel
was wiped off, and the insulin-containing patch was applied
to the treated skin with continuous absorption of the drug.
The patients in the control group directly attached patches
with insulin, directly injected insulin subcutaneously and
did not undergo any treatment. Use a blood glucose meter
to monitor blood glucose changes every 2 hours until 10
hours. The experimental results of each group are compared
as shown in Figure 4. The blood sugar of the control group
patients without any treatment and the control group
patients who directly applied the patch without skin treat-
ment has been at a high level; the skin is treated with HA-
CuS gel and near infrared and then the insulin patch is
applied. The blood glucose of the experimental group of
patients dropped to 85.7% at the 2nd hour, then gradually
dropped to 84.2%, and finally rose to 99.6% at the 10th hour;
the blood glucose level of the control group who received
direct subcutaneous insulin injection dropped rapidly to
52.7% at the 2nd hour. After that, it rose rapidly, and the
blood glucose levels at 6 h, 8 h, and 10h were 93.1%,
97.1%, and 105.7%. The above experimental results show
that the transdermal insulin infusion mediated by HA-CuS
gel can stabilize the blood glucose level at a lower level for
a longer period of time than the conventional subcutaneous
insulin injection, providing a stable and effective treatment
for the treatment of sports injuries.

5. Conclusion

The photothermal effect of HA-CuS nanoparticles is used to
thermally ablate the skin, mediating a new way of transder-
mal drug delivery. HA-CuS nanoparticles have good bio-
compatibility and light-to-heat conversion properties.
Under low-intensity near-infrared light irradiation, HA-
CuS gel is sufficient to cause damage to the stratum corneum
without damaging the deeper skin and can effectively make

BSA penetrate into the skin. Taking type 1 injury as the dis-
ease model and insulin as the water-soluble macromolecular
drug model, the transdermal drug delivery method mediated
by HA-CuS gel can keep the patient’s blood sugar at a stable
low level for a long time. The transdermal drug delivery
method based on the photothermal effect of HA-CuS nano-
particles has great prospects in future clinical applications
because of its superior biocompatibility and controllable
and stable therapeutic effect.

Use HPDA@[OMV-CC] nanoparticles to perform
photothermal therapy and immunotherapy on the injured
site. HPDA@[OMV-CC] nanoparticles have good biocom-
patibility; HPDA@[OMV-CC] nanoparticles have good
light-to-heat conversion properties at 1064 nm;
HPDA@[OMV-CC] nanoparticles have the same targeting
properties. The ability to source damaged tissues can effec-
tively restore damaged cells under near-infrared light;
HPDA@[OMV-CC] nanoparticles can increase the amount
of dendritic cells entering the lymph nodes and promote
the maturation of dendritic cells. In future research, the abil-
ity of HPDA@[OMV-CC] nanoparticles’ photothermal
therapy and immunotherapy for sports injuries can be stud-
ied in vivo and further biosafety studies. On the basis of
existing research, the ability to increase immunotherapy by
fusing bacterial outer membrane vesicles provides a new
direction for the application of biomimetic photothermal
nanomaterials in the treatment of sports injuries.
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With the development of science and the advancement of medicine, there are more and more treatment methods for repairing
knee ligament sports injuries. At present, the common method of ligament repair is to implant artificial synthetic materials or
natural biological materials into the body to form artificial ligaments to repair and reconstruct damaged ligaments. Existing
ligament repair techniques are often accompanied by sequelae, and the implants are not well adapted. The purpose of this
article is to compare the degree of repair of damaged ligaments after implantation of artificial ligaments made of different
nanomaterials and to study the mechanical properties, biomechanical properties, and immunological properties of artificial
ligaments implanted in the body, in order to explore the role of different artificial ligaments on knee ligament repair.
According to the different synthetic materials of artificial ligaments, the experimental subjects were divided into three groups:
silk fibroin polycaprolactone nanofiber membrane group (SF/PCL), polycaprolactone nanofiber membrane group (PCL), and
control group. By comparing the biocompatibility, cell adhesion, cell proliferation rate, and repair ability of collagen fiber
formation of the experimental scaffold after implantation in the body, as well as its immunological performance, the results of
the study showed that compared with PCL, SF/PCL increased its biocompatibility by 25%, increased its cell proliferation by
57%, increased its somatic cell adhesion by 35%, and increased its collagen fiber formation by 12%, the porosity is about 60%,
and the load is as high as 907 ± 132N. The data shows that the silk fibroin polycaprolactone nanofiber membrane scaffold has
good biocompatibility, degradability, and mechanical properties.

1. Introduction

Ligament injury is one of the common sports system injuries
in clinical practice, which usually leads to a decline in work
and sports ability. After ligament injury, there are usually
small blood vessels rupture and hemorrhage, local pain, swell-
ing, intraorganism hemorrhage, hematoma, joint swelling,
movement disorder, and tenderness. On physical examina-
tion, the traction ligaments were found to be significantly
painful, and if completely ruptured, the stability of the joint
was reduced. With the increase in sports activities and the
aging of the population, this number is still rising. Traditional
treatment methods include conservative treatment, sutures,
autologous and allogeneic transplants, and artificial prosthe-
ses. As a result, the tissue structure cannot be restored to its
mechanical strength and movement angle before injury.
Therefore, exploring methods that can effectively promote lig-

ament regeneration and repair has extremely important clini-
cal significance and application value.

With the development of science and technology, mate-
rials science and biomedicine are more and more closely
integrated, and nanomaterials have made great achieve-
ments in biological applications. The knee ligament is the
main static and stable structure for knee flexion and rotation
activities, and it plays an extremely important role in main-
taining the stability of the knee joint [1]. Knee ligament
injury is a high-energy injury, often accompanied by serious
injury to other parts [2]. For damaged ligament tissues, we
need scaffold materials to promote the regeneration of dam-
aged tissues in the body, the application of surface modifica-
tion and separation, and culture of cytokines, and seed cells
are specific methods for constructing and selecting scaffold
materials; a large number of scholars have done a lot of
research in this direction [3]. By modifying the surface of
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artificial ligaments with biologically active materials, the sur-
face biological properties of the graft are improved, and the
formation of the new bone at the interface is promoted.
Therefore, in order to achieve compactness, therefore, nano-
materials with surface modification through nanotechnology
are widely used. It is very necessary to apply nanomaterials
in the repair of artificial ligaments to bring good news to
human health.

This article discusses the immunological performance of
nanomaterials for repairing knee ligament sports injuries
and sets high standards for the selection of tissue engineer-
ing scaffolds. The mechanism of the stent in the process of
repairing damaged ligaments and the problems discovered
and resolved during the research process are also studied.
Read et al. first proposed the application of engineered his-
tology in the medical field and proposed a feasible treatment
plan for repairing ligaments using nanomaterial scaffolds [4,
5]. Zult et al. first proposed the use of electrospinning tech-
nology to fuse silk fibroin and polycaprolactone nanofibers
to improve the compatibility of materials and further
improve the repair ability of damaged ligaments [6]. Kim
et al. used to change the voltage value to explore the relation-
ship between material and fiber diameter and find the best
value between voltage and fiber diameter [7]. Evangelopou-
los et al. first discovered the effect of SF concentration on
fiber diameter during the experiment. When the optimal
concentration is reached, the fiber diameter is uniform and
neatly arranged, and the compatibility is best at this time
[8]. Although their research has introduced various applica-
tions of nanomaterials, there is not much research on the
repair of artificial ligaments. Therefore, this study is
necessary.

This article summarizes and analyzes the research expe-
rience and results of many predecessors. In addition, this
article has made some innovations in research content and
research methods. The specific innovations are as follows:
first, this paper constructs the SF/PCL composite nanomate-
rial for the first time and studies its formation mechanism.
The effect of SF content on the repair properties of artificial
ligaments in SF/PCL blends is proposed. Secondly, this arti-
cle uses electrospinning technology to construct a SF and
PCL hybrid scaffold for the first time and studied the inter-
action mechanism of PCL and SF/PCL. Third, this article is
the first to use scanning electron microscope observation,
infrared spectroscopy, and thermal analysis to study the
compatibility of silk fibroin and gelatin in hybrid nanofibers.
The combination method is used to analyze statistical data,
and the normal analysis of variance and multivariate analy-
sis is used for formal combination verification. The use of
electron microscope observation not only effectively
increases the observation multiple and improves the clarity
of the electron microscope but also can analyze the degree
of healing of the artificial ligament.

2. Pathological Study on the Indexes of Off-
Pump Transplantation

2.1. The Role of Knee Ligaments and the Impact on the Body
after Injury. Ligament injury should be treated early and

fully repaired. If it is not treated in time, the joint will be
repeatedly sprained, which will inevitably cause damage to
articular cartilage, meniscus, and other important structures,
resulting in premature aging of the joint and severe second-
ary traumatic arthritis. The key to its treatment lies in the
repair of damaged ligaments. Partial tears can be directly
sutured and repaired, while complete ruptures require sur-
gery to transfer and reconstruct adjacent tendons, fascia,
and other tissues. Ligaments are dense connective tissue,
mainly composed of collagen fibers. The main ligaments of
the knee joint are the anterior cruciate ligament, the poste-
rior cruciate ligament, the medial collateral ligament, and
the lateral main ligament. They cross each other and are cov-
ered by the synovial membrane, located outside the synovial
cavity, and are considered to be the central movement hub
of the knee joint [9]. The role of the anterior cruciate liga-
ment is as follows: during the extension and bending of the
knee joint, the two bundles cross and twist, thereby increas-
ing the stability of the knee joint. It has the functions of pre-
venting forward displacement of the tibia, over extension of
the knee, over bending of the knee, and prevention of knee
virus and valgus [10]. The role of the posterior cruciate liga-
ment is as follows: in order to limit the posterior movement
of the tibia, ensure the stability of the posterior knee joint
and limit the hyperextension of the tibia, and to a certain
extent, limit the internal rotation, adduction, and abduction
of the tibia tendon [11]. Each bremsstrahlung cooperates
with other major belts and organizations to perform certain
functions. Each major ligament of the knee joint contributes
to the spontaneous tension interlocking inside and outside
the joint, which not only becomes a powerful stabilizing
device but also completes the function of the knee joint
together [12]. Ligament injury has the ability to repair itself,
but after the injury, the overall stability of the knee joint will
change, and the load stress shared by different structures will
also change from the normal situation [13]. After the injury
of the posterior cruciate ligament, the function of the poste-
rior cruciate ligament is good in the short and medium-term
injuries, but in the later stage, it will lead to poor knee func-
tion, joint disease, and advanced osteoarthritis [14]. Anterior
cruciate ligament injury can lead to knee osteoarthritis. The
degeneration of articular cartilage in the later stage of the
posterior cruciate ligament injury is related to the long-
term abnormal mechanical environment after the posterior
cruciate ligament injury, which makes the anterior cruciate
ligament degeneration. Further exacerbated the instability
of the knee joint [15, 16]. However, the rupture of the poste-
rior cruciate ligament will also affect the function and struc-
ture of the anterior cruciate belt. The mechanical
environment is responsible for the development of ligament
tissue, and changes in the stress on the tissue will cause
changes in the structure and function of tissues and organs.
This process is called organizational remodeling [17]. The
mechanical properties of the front crossbelt are changed
under reduced tensile stress, and the tensile strength is
reduced. When the ligament structure is exposed to a
reduced stress environment, the longer the time, the greater
the damage to the mechanical properties of the ligament and
tissue structure. Even for short-term stress relief, it takes a
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long time to restore the mechanical properties of the liga-
ment [18]. When the stress on the ligament decreases, we
also find that the strength and stiffness of the ligament
decrease. Ligament rupture can damage the stability of the
knee joint and cause abnormal knee joint mechanics, which
may be caused by damage to other tissues inside and outside
the joint. Without timely treatment and intervention, knee
pain and dysfunction will eventually occur [19]. After the
back-crossbelt is injured, cartilage degeneration will occur,
leading to osteoarthritis. In general, ligament injuries are
accompanied by some complications. The complications of
different ligament injuries are not necessarily the same, but
all of them will cause inconvenience to the movement of
the human body, and even lead to disability in severe cases.

2.2. Mechanism of Repairing Damaged Ligaments by
Implanting Artificial Ligaments of Nanomaterials into the
Body. The material of the artificial ligament is a nondegrad-
able fiber with good chemical stability, but its hydrophobic-
ity is strong, and the cell compatibility is poor. In order to
improve the hydrophilicity and biocompatibility of materials
used for surface treatment and modification, the develop-
ment of nanotechnology and nanomaterials provides new
methods to improve the biocompatibility of materials [20].
The surface area of nanomaterials increases, and the hydro-
philicity increases, which can absorb more cells and extracel-
lular matrix proteins. The nanostructures and patterns on
the material surface can significantly improve the biocom-
patibility of orthopedic implants [21]. Researchers believe
that the formation of nanopatterns and structures on the
surface of the implant can promote the erection and prolif-
eration of osteoblasts in vitro and promote bone formation
and bone remodeling on the surface of endophytic bacteria
in the body. In the torsion test, the internal fracture of the
mineralized bone tissue and the interface between the bone
tissue and the implant were intact [22]. Nanocomposites
are commonly used as surface modification materials for
prosthetic implants, which can greatly improve the affinity
between the implant and the surrounding bone tissue.
Nanocomposites overcome the shortcomings of common
materials in performance. The surface of the artificial liga-
ment implant is coated. Nano and nanocomposite materials
have better advantages and excellent functions. Nano
enhances the proliferation of osteoblasts and the synthesis
of cell proteins and improves alkaline phosphatase (activity
and mass deposition), thereby enhancing the tight integra-
tion of bones and internal plants and thereby increasing
the use rate of prostheses [23]. Like cells adhere and grow
better on the nanocomposite coating group, and the cell
density will increase over time [24]. The thermal method
after spraying is used to apply a nanocrystalline coating on
the surface of the implant, which can maintain the structural
integrity of the coating, increase the crystallinity, and
improve the long-term stability of the implant coating in
the body [25]. The nanocoating layer has good cell compat-
ibility, and the nanocoating has excellent biocompatibility
and biological activity, increasing the biological activity of
the graft and increasing the adhesion of osteoblasts [26].
The composite material is composed of synthetic materials.

In the normal coating group, the experimental group
showed higher cell growth and proliferation rates and better
effects, thereby improving the hydrophilicity of the implant.
In vitro cell tests showed that the coating group greatly pro-
moted the adhesion of osteoblasts and enhanced cell prolif-
eration. Relevant studies have shown that, compared with
the uncoated group, the cell expression level was higher,
and as the expression amount increased, the expression
became more active [27, 28]. Nanocomposite coatings have
been successfully used in ligament tissue engineering
implant materials. Nanostructure is a new system con-
structed or constructed according to certain rules on the
basis of nanoscale material units. Applying the nanostruc-
tured artificial ligament to ligament injury will greatly
improve its structural strength.

As the content of nanofibers increases, the microstruc-
ture of the formed scaffold changes from a layered structure
to a porous structure, indicating that its formability has been
significantly improved [3]. More importantly, the content of
nanofibers in the silk fibroin solution also affects the
mechanical properties and stability of the scaffold in water.
Without any posttreatment, a porous scaffold that can main-
tain the original overall structure and porous microstructure
in water can be obtained, and its retention rate in water
exceeds 85% [29]. Compared with traditional silk fibroin
scaffold materials, the scaffold material has lower crystallin-
ity and faster degradation performance; so, it shows good
hydrophilicity and better biocompatibility. The application
in the tissue field provides a richer matrix material [1]. The
relationship between cell proliferation rate and nanofiber
content is shown in formulas (1) and (2).
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v
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where V is the cell proliferation rate, and T ðSÞ is the

content of nanofibers.

3. Experimental Detection of the Experimental
Group and Normal Group

3.1. Experimental Sample Preparation and Experimental
Methods. First weigh the silk fibroin powder of the corre-
sponding mass, add it to the mixed solvent, seal it with plas-
tic wrap, then sonicate it for 1 h until the silk fibroin powder
is evenly dispersed in the mixed solvent, and then add 4.0 g
PCL. The membrane is sealed and heated in an oil bath at
40°C for 24h until the PCL is completely dissolved, and
the spinning solution is uniform and stable. SF/PCL spin-
ning parameters are different, used for electrospinning:
receiving distance 10 cm, bolus speed 2mL/h, receiving
speed 140 r/min, and voltage 15 kV. SF/PCL spinning
parameters under the same composition were as follows:
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receiving distance 10 cm, bolus injection speed 2mL/h,
receiving speed 140 r/min, and voltage 12-25 kV. The
blended fiber membrane obtained by electrospinning is vac-
uum dried and stored. A certain amount of collagen is dis-
solved in an acetic acid solution to prepare a collagen
solution with a concentration of 10%. After mixing, centri-
fuge to remove air bubbles, then remove the wire mesh
holder, cut it to the width of the hole, and start making.
Spread a layer of collagen and freeze at 20 degrees for about
half an hour. Spread the thread and stretch it under certain
tension. Then, spread a denser layer of collagen and freeze
it at 15 degrees. Wrap them in tin foil, freeze them at 10°C
for 4 hours, drain them in a vacuum dryer, and cut them
into various lengths for in vivo repair. Divide 20 white rab-
bits into three groups and implant SF/on the PCL of the
injury group. The PCL implantation injury group and con-
trol group were as follows. Chloral hydrate was injected
intraperitoneally, the ear vein was anesthetized with a cath-
eter, fixed in the supine position, the upper and lower legs
in front of the left and right knee joints were shaved, and
the left or right knee was randomly selected as the experi-
mental group or the control group and disinfected with
compound iodine. Put a sterile small hole towel on the skin
and make an incision on the inside of the knee joint. The
upper end starts from the upper part of the femur, and the
lower end reaches the inside of the tibia, approximately the
length. Cut the skin and fascia in turn to expose the medial
collateral ligament of the knee joint, separate it, and then
remove the ligament from it. The knee joint moved several
times, and the tension of the reconstructed ligament was sat-
isfactory. The wound was closed layer by layer, and the ear
vein was placed with sterile gauze. After the operation, the
medial collateral ligament specimen was fixed with formalin
for several hours, and the ligament was cut. Embed the frac-
tured tissue and scar in paraffin, slice, stain, and observe the
arrangement and density of scar collagen under light. Use a
microscope to understand its healing.

3.2. Experimental Results. In the first week after implanta-
tion, the number of human-derived cells in the injured area
gradually decreased over time. Two weeks after implanta-
tion, these genes were detected in the damaged part of the
ligament. The secretory ligament matrix promotes ligament
repair. SF/PCL scaffold can only help ligament repair and
secrete ligament extracellular matrix and can also secrete
growth factors to affect ligament regeneration. Most growth
factors accelerate cell proliferation, and FS/PCL may also
synthesize various factors that can induce musculoskeletal
tissue. The expression of chemokines and growth factors is
involved in tissue repair and regeneration before and after
stent implantation. The cells express chemokines one week
after implantation and still express two weeks after implan-
tation, indicating that SF/PCL can secrete chemokines to
attract host cells to participate in the formation of new liga-
ments. The overall observation results four weeks after
implantation showed that all the damaged areas of the
abdominal cavity window were repaired by connective tis-
sue, and the muscle and spinal cord tissue was significantly
proliferated. There was no significant difference between

the two groups. There was no significant difference in the
muscle health collagen content of each group every week.
Thirty days after implantation, a dense tissue was formed,
which was mainly composed of spindle-shaped lyocells and
collagen fiber bundles. After being implanted in the body,
the engineered ligament will undergo a maturation process.
Although collagen fibers are still relatively scarce and small
and uniform in diameter, collaborative mechanical stimula-
tion can still promote the maturation of collagen fibers.
The diameter of collagen fibers increased by about 25%,
and the expression of ligament-specific transcription genes
and extracellular matrix genes increased during ligament
repair. At 12 weeks, the maximum tensile force of the
experimental group was significantly higher than that of
the control group.

3.3. Material Selection and Physiological Characteristics of
Tissue Engineering Scaffold for Knee Ligament Repair. The
repair of damaged ligaments is completed by the tissue engi-
neering scaffold implanted in the body; so, the selection of
the scaffold is more demanding. The extracellular matrix
(ECM) is not only the supporting structure of cells but also
functional. It creates a dynamic three-dimensional microen-
vironment for cells, realizes the signal transmission between
the cell nucleus and the extracellular matrix, and promotes
cell adhesion, proliferation, migration, and differentiation.
Therefore, it is particularly important to imitate the compo-
sition and structure of ECM in tissue engineering. It has
been found that cell-collagen interaction affects cell growth
and differentiation. The biggest advantage of electrospun
nanofibers as a tissue engineering scaffold is that it can sim-
ulate the composition and structure of the extracellular
matrix (ECM). The ideal tissue engineering material should
have the following characteristics: nontoxic; that is, the
material itself and its degradation products will not produce
inflammation and toxic reactions; it has good biocompatibil-
ity, biodegradability, and degradation adaptability and will
not cause inflammatory and toxic reactions. In short, as a
matrix material for different seed cells, the inoculated cells
can be positioned, attached, and positioned to grow and pro-
liferate. At the same time, the material can arrange cells
orderly in the scaffold space, differentiate with specific func-
tions, and synthesize appropriate extracellular matrix
(ECM). In addition, when transplanting functional tissue
engineering into the body, the scaffold material should also
have mechanical support functions, blood pressure resis-
tance, blood compatibility, thermal stability, and dimen-
sional stability. This material was selected as the primary
problem medical treatment for electrospun nanofiber bio-
materials. Anterior cruciate ligament (ACL) cells and
NIH3T3 cells can adhere, proliferate, and secrete the extra-
cellular matrix on the scaffold material. The scaffold material
has excellent biocompatibility and certain mechanical prop-
erties, and the maximum tensile force of the experimental
group is significantly higher than that of the control group.
The grafts coated with SF can greatly induce new bone for-
mation, and the average width of the graft bone interface is
significantly lower than the control group. In addition, the
surface of the ligament graft also stimulates the high
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expression of bone morphogenetic protein and vascular
endothelial growth factor at the local interface. SF/PCL infil-
trated many megakaryocytes, the inflammatory response
was mild, and there were many fibroblasts and new blood
vessels around. The absorbable material placed in the ante-
rior cruciate ligament (ACL) reconstruction graft gradually
degrades and absorbs with the growth of new tissue after
surgery and is finally completely replaced by collagen fibrous
tissue. Histological examination confirmed that there was no
obvious lymphocyte infiltration, the cells were spindle-
shaped, the fibrous tissue was arranged neatly and evenly,
and capillary hyperplasia was visible. And the discovery of
nonself-tissue alleles indicates that the implanted cells
remain viable. The mixed form of nanofibers can promote
the proliferation of ACL fibroblasts. Cell morphology analy-
sis shows that the mixed nanofiber material scaffold has bet-
ter biocompatibility than PCL nanofiber. SF/PCL nanofibers
are biomaterials with application potential, suitable for liga-
ment tissue engineering repair. Fibroblasts have been suc-
cessfully planted on the scaffold material and adhere to
and grow well on the material. The results show that the
constructed scaffold material has good three-dimensional
configuration and biocompatibility, and it is expected to
provide a new type of scaffold material for repairing anterior
cruciate ligament injury. The data analysis showing the
influence of fiber diameter on tensile strength and elonga-
tion is shown in Table 1.

It can be seen from the above chart 1 that when the con-
centration of SF/PCL is 45%, the fiber diameter is the largest,
the arrangement is uniform, and the stability is good. Its ten-
sile strength increases by 30%, and the elongation rate
increases to 62.5%. Affected by the SF concentration, it
increases with the increase of the concentration at the initial
stage, and when it is 45% higher, it decreases with the
increase of the concentration. The material concentration
directly affects the performance of the material.

3.4. Factors Affecting the Repair Performance of
Nanomaterial Scaffolds and Immunological Performance.
When silk fibroin material is added to PCL, the diameter
of the fiber is relatively small, about 290 nanometers,
and a bead-shaped fiber is formed. This is because the
spinning solution is relatively thin, the surface tension is
small, and the electric field force is large to obtain traction.
The lower surface tension is not conducive to the com-
plete volatilization of water. Beads appear very easily; after
adding silk powder, fine particles will adhere to the PCL
fiber. With the addition of silk powder, the composition
continues to increase, from 4.8% to 45%. The diameter
of the composite fiber also increased from 320nm to
440nm. After adding silk fibroin powder, the bead fiber
gradually disappeared, and the diameter of the composite
fiber increased without being fully extended. When the
SF/PCL concentration is 45%, the composite fiber has
the largest diameter, and the fiber distribution is more
uniform. At this time, the compatibility between silk
fibroin powder and polycaprolactone is the best. If the
content of silk fibroin powder continues to increase, if
the viscosity of the solution is too high, the silk fibroin

powder seems to agglomerate obviously, and the diameter
of the composite fiber is reduced to 350nm. The compat-
ibility of silk fibroin powder with polycaprolactone deteri-
orates, the spinnability of the spinning solution decreases,
and the fiber thickness is uneven. The gaps between the
fibers are large, and the fibers are bent and deformed.
Because the concentration is too large, the electric field
force is not enough to overcome the surface tension of
the liquid and reduce the relative amount of solvent. The
volatilization of the solvent causes the fiber to coagulate
and deform the fiber. When the SF/PCL concentration is
45%, the silk fibroin powder in the composite fiber does
not appear lumpy, indicating that the concentration at this
time is moderate. During the experiment, when the voltage
was increased from 15 kV to 25 kV, the fiber diameter
increased from 440nm to 465nm, and the fiber diameter
did not change significantly, but at 20 kV, the fiber diam-
eter was uniform, and the gap between the fibers was
large. At 25 kV, the fiber diameter changes again. The size
is different, because the applied voltage is too large, the
large amount of charge in the solution will make the spin-
neret spin faster and faster, and the traction will pull out a
large amount of solution, resulting in uneven fiber thick-
ness. When the concentration is 45%, the voltage differ-
ence affects the uniformity of the fiber diameter. When
the voltage is 18 kV and 21 kV, the fiber diameter is
480 nm and 524nm, the fiber diameter is the same thick-
ness, and the fiber arrangement is uniform and compact.
The electric field force overcomes the surface tension of
the solution during the stretching process, so that after
the fibers are completely solidified, the arrangement is
more uniform. The graft has varying degrees of inflamma-
tion in the early postoperative period, and there is inflam-
matory cell infiltration around the artificial ligament.
Considering that inflammation affects the regeneration of
tissue collagen, leading to the formation of fibrous blisters,
controlling inflammation can help improve the trans-
planted ligament. Hyaluronic acid can be greatly reduced,
and hyaluronic acid has been shown to have the ability
to inhibit the activity of inflammatory cytokines.

4. Analysis and Discussion of Influencing
Factors in Repairing Injured
Ligaments with Stents

4.1. Analysis of the Results of Repairing Damaged Ligaments
with Nanomaterial Scaffolds. The test results show that the
crystallinity of polycaprolactone is not the main factor
affecting the difference in mechanical properties, but the

Table 1: The effect of fiber diameter on tensile strength and
elongation.

Group Fiber diameter Tensile strength (MP) Elongation (%)

The first 292 3.55 38.9

Second 438 4.5 62.8

Third 250 4.2 50.4
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increase in the crystallinity of the stent through heat treat-
ment should further enhance the mechanical properties of
the stent. PCL provides space to repair cell adhesion and
growth, while SF/PCL provides sufficient mechanical
strength. The research results show that, compared with
PCL scaffold, SF/PC scaffold has more collagen deposition
and rougher collagen production, and its mechanical prop-
erties are closer to normal tissues. After adding silk
fibroin, the morphology of nanofibers is improved, the
diameter of nanofibers is reduced, and the hydrophilicity
of the material is increased. The mixed form of nanofibers
can promote the proliferation of ACL fibroblasts. Cell
morphology analysis shows that the mixed nanofiber
material scaffold has better biocompatibility than PCL
nanofiber. This proves that SF/PCL nanofibers are bioma-
terials with application potential and are suitable for liga-
ment tissue engineering repair. At the same time, protein
drugs embedded in silk fibroin can maintain its activity
for a long time.

The maximum load of SF/PCL artificial ligament is
2.73 times that of human ACL, and it is resistant to rep-
etition. The strength of twisting and bending can prevent
damage caused by excessive traction; SF/PCL ligament
fibers line up the normal physiological structure of peo-
ple, and the gap between the fibers is moderate, which
is conducive to the normal growth of human tissues,
increases the viscoelasticity of ligaments, and avoids wear
and tear. Peeling is as follows: LARS ligament has stable
performance and is not affected by the human body’s
biological reaction process; 6 months after surgery, it
was found that there are collagen fibers and vascular
endothelial cells in the artificial ligament. The patient
does not have acute synovitis and feels good; the patient
who reconstructed ACL with SF/PCL ligament has no
synovial inflammation and serious complications. The
biomechanical test data of different experimental groups
are shown in Table 2.

The results of the study showed that the biomechanics of
the body was changed. Compared with the PCL group, the
maximum load of SF/PCL increased by 28%, the stiffness
decreased by 10%, and the energy increased by 75%, indicat-
ing that the addition of SF material affects the biomechanics
and improves the ligament.

The SF/PCL artificial ligament is made of high-
strength polyester fiber: its design combines the principles
of bionics, the internal structure is similar to normal
human ligaments, and the longitudinal fibers in the joints
are elastic but not elongated and the external mesh of the
joint. The fibrous fibers provide strength without being
stretched, and there is no transverse fiber structure inside.
The fiber structure promotes the growth of tissue cells and
achieves the purpose of repair and reconstruction. It can
prevent the friction between the fibers from generating
debris particles, thereby avoiding the occurrence of synovi-
tis. In addition, the material has good plasticity and can
mimic the movement of normal human ligaments accord-
ing to the rotation of the ligaments, and the fatigue
strength depends on the number of fibers, as shown in
Figure 1.

The data analysis results shown in Figure 1 clearly show
that the extensibility of bone marrow stromal stem cells
increased by 38% after SF treatment, and the ability to
adhere to cells was greatly enhanced, which was twice that
of the PCL group, and the morphology was significantly bet-
ter than that of the untreated group. The proliferation rate of
artificial ligament cells after SF treatment increased signifi-
cantly. The quantitative phosphatase activity was 12% higher
than that of the untreated group.

The SF/PCL scaffold has similar compressive modulus
and mechanical strength to human trabecular bone. By cul-
turing human osteoblasts, it was found that the cells can
maintain the phenotype and show higher levels of alkaline
phosphatase and mineral deposits. SF and PCL are raw
materials, and SF/PCL stents are made by free surface elec-
trospinning. The scaffold can improve the osteogenic differ-
entiation of bone marrow mesenchymal stem cells derived
from human cord blood, promote alkaline phosphatase
activity and the expression of bone cell-specific transcription
factors, osteocalcin, and type I collagen, and is an ideal bone
tissue engineering supporting materials, as shown in
Figure 2.

From the data in Figure 2, it can be seen that the artificial
ligament scaffold increased the cell proliferation rate, the
number of cells increased with time, the extracellular genes
of the control group decreased, and a large number of cells
adhered to the SF/PCL patch, which was higher than the
control 67% of the group and was 30% higher than that of
the PCL group, inflammation-related genes were 40% lower
than the blank group, and adhesion-related genes were 25%
higher than the blank group.

Table 2: Experimental group biomechanics test data.

Group
Maximum

load
Stiffness Energy Displacement

The
first

36:1 ± 22:7 21:8 ± 8:5 40:6 ± 35:4 2:3 ± 0:5

Second 47:0 ± 7:4 24:3 ± 3:1 78:1 ± 32:9 3:3 ± 1:0
Three 88:2 ± 18:3 46:21 ± 1:8 171:2 ± 90:5 3:3 ± 1:1
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Figure 1: The effect of stent implantation time on fiber diameter
and tensile strength.
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4.2. Analysis of Biological Characteristics of Silk Fibroin
Polycaprolactone Nanofibers. In the spinning process, the
fiber diameter distribution is uneven, the dispersion is large,
the mass fraction is 15%, and the effect on the spinning solu-
tion is more obvious. When the mass fraction of the spin-
ning solution is 13%, the obtained nanofibers have a
regular morphology, a small diameter, and a relatively uni-
form diameter distribution. When the mass fraction is
11%, the diameter of the fiber is the smallest, the average
diameter is close to 100nm, the diameter distribution is rel-
atively concentrated, and the dispersion is small. Therefore,
the mass fraction of the spinning solution can be 11% and
13%, as shown in Figure 3.

It can be seen from the data in Figure 3 that the voltage
also has a certain effect on the engineering tissue scaffold.
When the voltage reaches 20 kV, the fiber diameter is uni-
form, and the gap between the fibers is larger. At this time,
the diameter increases by 8%. When the voltage continues
to increase, the concentration slowly increases, the fiber
diameter varies, and the gap becomes smaller, which affects
the infiltration of cells. Such a scaffold will hinder the repair
of the damaged ligament.

Polycaprolactone (PCL) and SF are used to manufacture
three-dimensional porous scaffolds through electrospinning
technology. The addition of sericin enhances the adhesion
and proliferation of human skin fibroblasts on the material.
The hybrid nanofiber scaffold prepared by this technology is
more conducive to the proliferation of ligament keratino-
cytes and fibroblasts. The scaffold material with SF as the
matrix can well promote the growth of fibroblasts and can
help wound healing and reconstruct the function of dam-
aged ligaments, as shown in Figure 4.

It can be seen from Figure 4 that the stent implanta-
tion time affects the repair of various ligament functions.
After one week of implantation, the human source in the
injured area is reduced by 30%, and the stromal cells
increase by 13% at the second week. After 30 days of
implantation, the collagen fiber diameter increases by
25%, 12 weeks, and the maximum pulling force is higher
than the control group.

5. Conclusions

(1) In the process of tissue engineering scaffold repairing
damaged ligaments, the concentration of SF
increases, the fiber diameter increases, the traction
force increases, the tensile strength increases by
30%, the stretching rate increases to 62.5%, and the
maximum load ratio of SF/PCL is as follows. The
PCL group increased by 28%, stiffness decreased by
10%, and energy increased by 75%. When increased
to a certain extent, the fiber diameter is uniform,
the pores are large, and the arrangement is neat,
which is conducive to cell infiltration, generating
new cells, and rebuilding damaged ligaments

(2) The research in this paper shows that the SF/PCL
scaffold can make more use of damaged ligaments
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Figure 2: The relationship between SF concentration and fiber
diameter and elongation.
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to recover, increase biocompatibility by 25%,
increase cell proliferation rate by 57%, increase
somatic cell adhesion rate by 35%, and increase col-
lagen fiber formation by 12%, the porosity is about
60%, and the load is as high as 907 ± 132N. How-
ever, a large number of cells adhere to the SF/PCL
membrane, which is higher than 67% in the control
group and 30% higher than in the PCL group.
Inflammation-related genes are lower than 40% in
the blank group, and adhesion-related genes are
25% higher than those in the blank group. The data
shows that the performance of the artificial ligament
has been greatly changed by adding SF

(3) The study found that when the mass ratio of nanofi-
bers to ordinary silk fibroin is 1 : 7, the mechanical
properties of the scaffold are the best. The crystallin-
ity of the scaffold material is reduced by 23%, the
degradation performance is increased by 31%, and
the hydrophilicity is increased by 60%. The compat-
ibility is improved by 58%. These factors meet the
conditions of the ideal scaffold required by tissue
engineering and become the first choice for repairing
knee ligament injuries. This result has given scien-
tists a new understanding of the selection of scaffolds
and laid a new foundation for the development of
medicine
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The data that support the findings of this study are available
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With the improvement of people’s living standards, the living conditions and environment of residents have changed, and there
are also more and more electrical appliances such as air conditioners, air purifiers, and humidifiers. People’s living environment
and office environment are increasingly closed, which makes it easy for mites to breed and multiply. The changes in the living
environment have made many people more and more aware of health and safety issues. Under these conditions, it is mainly
used in the field of biomedicine. In the high-tech field, nanomaterials with antimite and antibacterial properties have entered
the field of clothing and home textiles. With the advancement and development of science and technology, nanomaterial
technology tends to mature and becomes a major player in the field of clothing. However, nanosilver alone has some defects,
such as large nanoparticles, poor antimite and antibacterial effect, high cost, easy oxidation, and strong toxicity. Therefore, the
preparation of new nanocomposite materials is of great significance for the application of nanotechnology to the field of
clothing. In this paper, the antimite and antibacterial properties of different nanomaterials on clothing were explored
through deep learning technology combined with experimental methods. According to the experiments in this paper, the
Ag/TiO2(ATA) nanocomposites have obvious antibacterial and acarid effects, and the antibacterial and acarid rates are
close to 100% under the conditions of visible light and dark light.

1. Introduction

Bacterial mites are ubiquitous organisms in human life. It
has strong vitality, rapid reproduction, and strong ability to
adapt to the environment. Some pathogenic microorganisms
invade the human body through direct contact or the sur-
rounding environment, which seriously threatens human
health and interferes with human normal life. As a necessi-
ties of human life, textiles are very easy to breed bacteria
and be contaminated with microorganisms such as mites
that endanger human health due to their own structural
problems. Coupled with the surface temperature, humidity,
oil, and sweat of the human body, natural conditions are cre-
ated for the reproduction of microorganisms. With the
development of society and the advancement of science
and technology, people’s demand for the comfort and func-
tionality of textiles is increasing, so some textiles with special
functions are favored by consumers. With the introduction

and rapid development of the concept of deep learning, people
use some of its algorithms and features to apply deep learning
technology to antibacterial and antimite nanoclothing.
Through these algorithms, the antibacterial and antimite
properties of nanocomposites are more deeply recognized.

Because nanocomposite materials have the characteris-
tics of antibacterial, antimite, nontoxic, tasteless, and strong
stability, clothing fabrics have also begun to use this special
material. This has made a significant contribution to the
promotion of the textile industry. The use of deep learning,
a multilayer neural network learning algorithm, to explore
the antibacterial and antimite effect of clothing nanometers
better demonstrates the benefits of nanocomposite materials
used in clothing fabrics.

The following related researches on deep learning and
antibacterial and antimite composite nanomaterials were
found through sorting out. Dong Y has summarized recent
advances in deep learning-based acoustic models under his
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research and investigated the motivations and insights
behind the techniques. Models such as recurrent neural net-
works U+0028 RNNs U+0029 and convolutional neural net-
works U+0028 CNNs U+0029, which can effectively utilize
variable-length contextual information, were discussed, as
well as their various combinations with other models. Then,
the end-to-end optimized model was described, focusing on
feature representations learned jointly with the rest of the
system, connectionist temporal classification U+0028 CTC
U+0029 standard, and attention-based sequence-to-sequence
translation models. Robustness issues in speech recognition
systems were further elaborated, and acoustic model adapta-
tion, speech enhancement, and separation, and robustness
training strategies were discussed [1]. Oshea T proposed and
discussed several new applications of deep learning at the
physical layer. A fundamentally new approach was developed
by interpreting the communication system as an autoencoder.
It shows how to extend this idea to networks of multiple trans-
mitters and receivers and presents the concept of radio trans-
former networks as a means of incorporating expert domain
knowledge into machine learning models. Finally, the applica-
tion of convolutional neural networks on raw IQ samples for
modulation classification is shown. Its accuracy is competitive
compared to traditional schemes relying on expert features
[2]. Kermany D S has built a deep learning framework-based
diagnostic tool for screening patients with common treatable
blinding retinal diseases. It used transfer learning to train neu-
ral networks with a fraction of the data of traditional methods.
This approach can be applied to a data set of optical coherence
tomography images, demonstrating comparable performance
to human experts in classifying age-related macular degenera-
tion and diabetic macular edema. By highlighting the regions
identified by the neural network, a more transparent and
interpretable diagnosis can be provided. This further demon-
strated the general applicability of the artificial intelligence sys-
tem in diagnosing pediatric pneumonia using chest X-ray
images. This tool may ultimately help to expedite the diagnosis
and referral of these treatable diseases, thereby facilitating
early treatment and thus improving clinical outcomes [3]. Ravi
D provided a comprehensive up-to-date review of research
employing deep learning in health informatics. A critical anal-
ysis of the technology’s relative merits, potential pitfalls, and
future prospects is presented. They mainly focused on key
applications of deep learning in translational bioinformatics,
medical imaging, pervasive sensing, medical informatics, and
public health [4]. Wang D L summarized the recent research
progress of deep learning-based supervised speech separation.
First, the background of speech separation and the concept of
supervised separation are introduced. Then, it discusses the
three main components of supervised separation: learning
machine, training target, and acoustic features. Most of the
overview is about separation algorithms and reviewing
monophonic approaches, including speech enhancement
(speech-nonspeech separation), speaker separation (multi-
speaker separation), and speech deredundancy, as well as
multimicrophone techniques. Generalization problems spe-
cific to supervised learning are discussed. They provided a his-
torical perspective on how progress was made [5]. Cheng C
showed that functional graphene nanomaterials (FGNs) are

an emerging material. It has extremely unique physical and
chemical properties and physiological capabilities to interfere
with and/or interact with biological organisms. Therefore,
FGN offers multiple possibilities for various biological applica-
tions. In addition to their use in drug/gene delivery, photo-
therapy, and bioimaging, recent studies have shown that
FGNs can significantly facilitate interfacial biological interac-
tions, especially with proteins, mammalian cells/stem cells,
and microbes. FGNs can adsorb and concentrate nutritional
factors including proteins in physiological media. In addition,
FGNs can also interact with cocultured cells through physical
or chemical stimulation, thereby significantly modulating
their cell signaling and biological properties [6]. Shivakumar
D T demonstrated thatmetallization layers of aluminum, gold,
or copper can be prevented from interacting with silicon sub-
strates by thin boron layers grown by chemical vapor deposi-
tion (CVD) at 450°C. A 3-nm-thick boron layer was
investigated in detail. It forms the p-anode region of the PureB
diode with zero metallurgical junction depth on the n-type
silicon. Metals were deposited by electron beam-assisted phys-
ical vapor deposition (EBPVD) at room temperature. It is
annealed at temperatures up to 500°C. In all cases, the B layer
is an effective material barrier between metal and silicon. The
almost unchanged I–V characteristics of the PureB diodes and
the microscopy of the deposited layers were examined and
verified. In order to obtain this result, it is required that the sil-
icon surface must be cleaned before B deposition. Otherwise,
any silicon surface contamination will prevent complete B
coverage, resulting in increased current flow, sometimes
Schottky-like. For Au, the room temperature interaction with
Si is excessive through such pinholes in the B layer after
annealing at 500°C [7]. These documents are very detailed
for the introduction of deep learning and nanomaterials and
have great reference value for the writing of this article.

In this paper, the antibacterial and antimite properties of
nanocomposites under different conditions were explored
through deep learning methods. And during the experiment,
it was found that the ATA nanocomposite is the most suit-
able for clothing fabrics. Under the same conditions, com-
pared with elemental Ag nanomaterials, ATA has stronger
stability and antimite and antibacterial properties, and the
cost of using materials is lower.

2. Method of Nanometer Antimite and
Antibacterial for Clothing Based on
Deep Learning

Research on deep learning has a long history. Deep learning
originated from artificial neural networks and is also classi-
fied as machine learning. Deep learning conveys image cate-
gories and features through a multilayer information
network [8–10]. It is mainly used in the field of artificial
intelligence and studies multiple interdisciplinary subjects,
such as neural networks, image feature modeling, image rec-
ognition, and target detection. In 1943, the deep neural net-
work based on deep learning was first proposed, and it was
found that the neural network had a strong ability to learn
self-features; in 1957, the perceptron model came out to deal
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with the two-class problem; in 1986, the BP neural network
based on neural network was proposed; in 2006, the concept
of deep learning was first proposed; since 2014, the extensive
application of deep learning in deep learning in image recog-
nition has improved the accuracy of image recognition.
With the continuous development and maturity of deep
learning technology, the application of deep learning is
becoming more and more extensive, and this technology is
used in more and more fields.

2.1. Autoencoder. Autoencoder is an unsupervised learning
algorithm that connects encoder and decoder across layers
[11]. The input layer, hidden layer, and output layer constitute
the autoencoder. By compressing the input data into another
low-dimensional data to output the data set, it is divided into
two parts: the encoder and the decoder [12]. In general, deter-
mining the expression of input data is mainly to see whether
the output data is consistent with the input data. If they are
inconsistent, the parameters should be adjusted so that the
resulting data has the smallest error and is close to the output
data and the input data [13]. The results are shown in Figure 1.
The entire encoder contains two convolutional layers and one
pooling layer. The convolutional layers work together to
extract feature maps. The pooling layer performs downsam-
pling and finally outputs the feature map. The decoder is the
final network output. The connection layer between the
encoder and the decoder mainly connects the corresponding
feature maps and then becomes the data input of the next con-
volutional layer.

When the decoder activation function is followed by
identity, the squared error function is obtained. The identity
condition needs to satisfy the normal distribution:

Q t, xð Þ = t − x2: ð1Þ

When the decoder activation function is a sigmoid func-
tion, the cross entropy function is obtained:

Q t, xð Þ = −〠
n

o=1
to log xoð Þ + 1 − toð Þ log 1 − xoð Þ½ �: ð2Þ

Finally, the overall loss function is obtained:

K AFð Þ εð Þ =〠
c∈s
Q t, g f tð Þð Þð Þ: ð3Þ

2.2. Restricted Boltzmann Machine. Restricted Boltzmann
machine neurons are relatively simple. It consists of two
groups of neurons in the input layer and the hidden layer
and is a stochastic network model [14]. Here, it is assumed
that the input layer is b and the hidden layer is a. As can
be seen from Figure 2, each neuron in the input layer and
the hidden layer is related to each other. But if the neurons
in each network model are independent, the neurons in each
layer are not connected to each other [15]. Restricted Boltz-
mann machine has been applied in dimension reduction,
classification, collaborative filtering, feature learning, and
topic modeling.

The basic structure of RBM is not limited by orientation.
Assuming that the values of neurons in these two layers are
between 0 and 1, ki ∈ f0, 1g, mx ∈ f0, 1g, w and e represent
the number of neurons in the input layer and hidden layer,
respectively. If the specific values of the input neurons have
been given, pi is not equal to 0. The formula that will result
in the combined model is

E k,m, αð Þ = −〠
w

i=1
〠
e

x=1
gixkimx − 〠

w

i=1
piki − 〠

e

x=1
qxmx, ð4Þ

where gix represents the weight coefficients of the input layer
and the hidden layer; pi represents the bias term of each neu-
ron in the input layer; qx represents the bias term of each
neuron in the hidden layer; and α represents the grid param-
eter of the RBM.
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Figure 1: Unsupervised learning and supervised learning modes.
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Using the Boltzmann algorithm to determine the pro-
portional distribution function ZðεÞ, the formula can be
obtained. Boltzmann machine is used to combine the advan-
tages of multilayer feedforward neural network and discrete
Hopfield network in network structure, learning algorithm,
and dynamic operation mechanism. It is based on discrete
Hopfield network and has learning ability. It can find the
optimal solution through a simulated annealing process.

f y, xð Þ = 1
z εð Þ exp −E y, x ; εð Þð Þ = 1

z εð Þ
Y
ij

ewryix j
Y
i

eaiyi
Y
j

ebjx j ,

ð5Þ

Z εð Þ =〠
y

〠
x

exp −E y, x ; εð Þð Þ: ð6Þ

A proportional distribution function ZðεÞ of t is input to
the data. According to the marginal distribution of the com-
bined probability distribution f ðy, xÞ, the problems encoun-
tered in real life can be solved, and the following formula can
be obtained:

f tð Þ = 1
Z εð Þ〠x

exp −E t, x ; εð Þð Þ: ð7Þ

The grid parameter ε is calculated using the RBM feature
extraction method. The subsequent input data is obtained
through the calculated grid parameters. It refers to the
boundary of grid parameter domain calculated according
to the characteristics of 3D grid (while the fixed boundary
method is artificially specified). Assuming that the number
of samples is W, then, the measurement method of the
grid parameters is the likelihood function, and the formula
is as follows:

ε = arg maxε 〠
W

w=1
log p t wð Þ

� �� �
: ð8Þ

The optimal parameter ε of the network with the
maximum value of the LðεÞ = arg maxε∑W

w=1 log ðpðtðwÞÞÞ
function is measured by the method of stochastic gradient
ascent (SGA). The partial derivative value of each network
parameter is a log ðpðtðwÞÞÞ function, which can be
obtained by the following formula:

χl
χε

= 〠
W

w

χ −E t qð Þ, x
� �� �
χε

* +

p εð Þ
−

χ −E t, xð Þð Þ
χε

� �
p t,xð Þ

0
@

1
A:

ð9Þ

When the partial derivatives of the specific parameters
gix, pi, and qi of the likelihood function have only one
simple parameter facing the training grid, the following
formula can be obtained:

χp tð Þ
χgij

= tixj
� 	

p xð Þ − tixj
� 	

p t,xð Þ, ð10Þ

χp tð Þ
χ pið Þ = tih ip xð Þ − tih ip t,xð Þ, ð11Þ

χp tð Þ
χ qið Þ = tih ip xð Þ − tih ip t,xð Þ: ð12Þ

Assuming that t0 represents the input layer data,
according to the obtained data visualization, the activation
value of each hidden layer w0 is calculated by the method
of the sigmoid network activation function, and the fol-
lowing formula is obtained:

p t0 = 1 wojð Þ = 1/ 1 + exp −〠
i

vigij + qi

 ! !
: ð13Þ

According to the characteristics of the symmetry of the
RBM grid structure, when the hidden layer is in the active
state, the activation value of the input layer can be
obtained according to the following formula:

p ti = 1 t0jð Þ = 1/ 1 + exp −〠
j

tiwij + aj

 ! !
: ð14Þ

2.3. Deep Belief Network. A deep belief network is a type
of machine learning that consists of multiple RBM net-
works. It is a probabilistic generative model built between
data and labels, which can be applied to both unsupervised
learning and supervised learning [16–18]. RBM network
consists of visible layer and hidden layer. By definition,
unsupervised learning is used to deal with the sample set
not marked by classification when designing the classifier.
Supervised learning refers to the process of using a group
of samples of known categories to adjust the parameters of
the classifier to achieve the required performance, which is
also called supervised training or teacher learning. The dif-
ference is that supervised learning means that a set of data
is given manually and the attribute value of each data is
also given. For each sample in the data set, we want the
algorithm to predict and give the correct answer: regres-
sion problem and classification problem. In unsupervised
learning, data is not labeled or has the same label. Its net-
work structure is shown in Figure 3.

As can be seen from Figure 3, the deep belief network is
composed of RBM structures [19]. Deep belief networks

(a)

(b)

Figure 2: Restricted Boltzmann machine model.
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solve the difficult problem of training multilayer neural net-
works. It achieves data features by training the weights
between each constituent neuron. The deep belief network
training process is carried out step by step. In the training
process of each layer of neurons, the feature image of the
hidden layer is inferred through the data, and the previously
obtained hidden layer is used as the data vector of the next
layer to progress layer by layer, and so on. Finally, the entire
deep belief network is fine-tuned through supervised learning
[20]. After the above actions, a basic supervised learning algo-
rithm is completed by concatenating the final results [21].

3. Deep Neural Network

Since the deep neural network is extended from the tradi-
tional neural network, the research of the deep neural net-
work has not been effectively developed for a long time,
and it has been in the research stage of one or two hidden
layers [22]. It does not perform well in forward propagation,
back propagation, and gradient descent, and is not even as
good as a single hidden layer neural network. In this regard,
many scholars have been exploring what causes the deep
neural network to have poor ability to deal with problems
[23]. At present, the methods of training neural networks
are based on the idea of back propagation; that is, according
to the error calculated by the loss function, the weight of
the depth network is updated and optimized by gradient
back propagation.

According to the answers given by most scholars, two
main reasons are summarized: First, the value of the initial
parameters affects the neural network, which is also the
drawback of the gradient descent method. Second, the
increase of grid parameters leads to an increase in the num-
ber of neural network layers. The neural network is origi-
nally a fitter, which aggravates the overfitting of the deep
neural network, and the final result is not good [24]. At first,
each object is regarded as a cluster, and then, these clusters
are merged step by step according to some criteria. The dis-

tance between the two clusters can be determined by the
similarity of the nearest data points in the two different clus-
ters. The clustering process is repeated until all clusters meet
the number of clusters.

It has been proven by practice that the weight matrix can
be shifted by training the initial weights of the deep neural
network step by step, which makes the in-depth study of
the deep neural network go a step further. Some experts pro-
posed to train a DBN in the forward direction based on the
RBM network and then expand the DBN in the reverse
direction. Finally, the whole network is regarded as a com-
plete AE using the traditional BP algorithm for repeated
training [25]. BP network can learn and store a large number
of input-output mode mapping relationships without reveal-
ing the mathematical equations describing this mapping
relationship in advance. In this way, AE actually becomes
the first successfully trained deep autoencoder on the intelli-
gent algorithm. The initial training process of the deep neu-
ral network is shown in Figure 4.

3.1. Convolutional Neural Network. Convolutional neural
network is divided from artificial neural network, which is
a multilayer neural network structure with the ability of deep
learning [26]. Convolutional neural networks rely on convo-
lutional and downsampling layers to extract data. The
weight of some neurons in the same layer is the same, and
it is not completely connected with neurons, but each layer
has multiple neurons connected to each other [27]. The con-
volutional neural network is extended into two parts: The
first part is the convolutional layer and the pooling layer
(downsampling layer). The second part is the fully con-
nected layer and the output layer. The input layer is where
the algorithm begins to affect the entire network output
value. The convolutional layer mainly plays the function of
extracting features and is an important part of the entire neu-
ral network. The pooling layer samples the output data and
obtains the feature map after the convolutional layer. Each
neuron of the fully connected layer is connected to the neu-
rons of the output layer to achieve the function of a classifier.

The concept of weight sharing means that the value of the
local receptive field in the convolutional neural network is the
same in the process of feature image generation. Neurons have
the same features but recognize staggered two-dimensional
planes. The weight sharing feature allows the neural elements
of the neural network in a two-dimensional plane to be trans-
lated but not deformed. It also shows the same feature data
during the weight sharing process.

The downsampling operation is a nonlinear dimension-
ality reduction operation. It can make difficult-to-recognize
special images easier to identify through dimensionality
reduction methods. It simplifies the entire neural network
and reduces the number of neural elements in the neural
network, but does not affect the final output. As shown in
Figure 5, it is the basic structure of convolutional neural
network.

Convolutional neural networks are more widely used in
object detection. A new breakthrough has been found for
improving the accuracy of target detection through the
convolutional neural network method.

RBM

RBM

RBM

Data output

Input data

Figure 3: DBN deep learning model.
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A feature map on a convolutional layer in a convolu-
tional neural network is connected to the corresponding
convolution kernel. By introducing an activation function
after calculation, and then calculating the feature with the
activation function, each input data can be accurately
obtained [28]. The data of each output is formed by combin-
ing multiple feature maps, and the formula is obtained:

vwi = f xwið Þ, ð15Þ

xwi = 〠
k∈Mi

vw−1i ⋅ awki + rwi , ð16Þ

where vwi is the i-th output data of each convolutional layer
w in the convolutional network; xwi is the activation value of
the i-th layer of the w-th convolutional layer of the convolu-
tional network; Mi is the feature data set for calculating the
activation value xwi ; f ð•Þ is the activation function in the
convolutional neural network; awki is the convolution kernel
vector set in the convolutional network; and rwi is the final
bias function of the convolutional network.

The activation function set by the pooling layer in each
convolutional network is denoted by downð•Þ. In each pool-
ing layer, the output feature map convolved by each convo-
lutional network can be obtained by the following formula:

xwi =
ðw
i
down vw−1i

� �
+ rwi : ð17Þ

In a convolutional network where each convolutional
layer is connected to each other, the input of all connected
convolutional layers is the combination of all 2D feature
images. All input influence degree coefficients are summed
by convolution. Finally, the feature output of each connected
convolutional layer can be obtained by using the preset acti-
vation function, which can be obtained

xwi =mw
i v

w−1 + rwi : ð18Þ

According to each weight, the final output is the convo-
lutional layer sensitivity. The object can be classified, identi-
fied, predicted, or decided according to its characteristics. In
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Figure 4: Pre-training process of deep neural network.
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Figure 5: The structure of the convolutional neural network.
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this process, the most important step is feature extraction,
that is, how to extract the features that can distinguish things
to the greatest extent:

ϕlx =
ð l+1
x

λ′ ulx
� �

∘ up ϕl+1x

� �� �
: ð19Þ

By implementing the convolutional layer using the
Kroneckers product, the function can be obtained:

up zð Þ = z ⊗ 1n×n: ð20Þ

According to the maximum pooling used above, put 4 in
the model ×4 region is regarded as the set of some character-
istics, that is, the set of activation values of a certain layer in
the neural network. A large number means that some spe-
cific features may be detected. The features in the upper left
quadrant may be a vertical edge, an eye, or cap features that
people are afraid to encounter. The upsampling operation
shown in Figure 6 can be obtained.

After the input image is extracted by the convolution
layer image, additional image features are obtained by
pooling. Figure 7 is a process diagram of image convolution
and pooling.

The fully connected layer inputs a multidimensional
vector. Each vector is converted into a bunch of vectors,
and the sensitivity can be used to calculate the weight of each
neuron. The formula for calculating the sensitivity of the
fully connected layer is

ϕlx = wl+1
� �R

ϕl+1 ∘ f ′ vl
� �

: ð21Þ

The actual training of the convolutional neural network
has nothing to do with the previous input variables; it only
reacts to the input variables. Because the bacteriostatic rate
of ATA composites within 24 hours is constantly changing,
in a day, if the time data of a certain hour of the day is ran-
domly selected to analyze the results, the fluctuation of the
data of the previous hour or the next hour will be ignored.
Therefore, the change data of one day must be sampled.

4. The Research Experiment and Analysis of
Nanometer Antimite and Antibacterial of
Clothing Based on Deep
Learning Technology

The application of nanomaterials in clothing is mainly to
integrate nanomaterials into fabric fibers. For the antimite
and antibacterial properties of clothing nanometers, the
main method is to add substances with antibacterial proper-
ties into nanofibers. With the deepening of research, sub-
stances with antibacterial properties are mainly divided
into the following two categories according to the properties
of the substances: (1) Metals and metal oxides. Metal oxide
antibacterial materials mainly include ZnO, TiO2, and
Fe3O4. (2). The surface chemical structure of house dust
mite before and after ATA nanomaterial treatment showed
that the structure of lipid, protein, and polysaccharide of
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mite body wall changed; TiO2 is a typical photocatalytic
antibacterial material, which has the characteristics of low
toxicity, low price, acid and alkali resistance, and strong
antibacterial ability under UV irradiation; and Ag ion is
the most efficient metal ion antibacterial agent known at
present. It has the advantages of good antibacterial effect,
low antibacterial concentration, killing many kinds of bacte-
ria, and strong drug resistance. Taking Ag, TiO2, and ATA
as research objects, their antibacterial properties were ana-
lyzed. Ag ion is a metal ion antibacterial agent that can kill
many kinds of bacteria and has strong drug resistance;
TiO2 is a good photocatalyst; ATA has strong stability. The
absorbance values of different materials are detected using
deep learning techniques. Bacterial growth kinetics were
analyzed according to the degree of change in absorbance
value. The absorption coefficient is related to the wavelength
of the incident light and the material passed by the light. As
long as the wavelength of the light is fixed, the absorption
coefficient of the same material will remain unchanged.
When a beam of light passes through a light absorbing sub-
stance (usually a solution), the solute absorbs light energy

and the intensity of light decreases. Absorbance is a physical
quantity used to measure the degree of light absorption.

4.1. Preparation of ATA Antibacterial Fabric. 9 pieces of
treated fabrics (20 cm × 20 cm) were immersed in ATA nano-
solution at different times. Each corresponds to a different par-
allel sample. They were taken out at different times, squeezed
out excess liquid, and passed through an oven drying process
at 125°C for 15 minutes. Then, the change of the fabric before
and after loading and the loading of the antibacterial agent of
the fabric in different time periods were measured. The longer
the load time, the worse the fabric load.

It can be seen from Tables 1 and 2 that in the presence of
light, the antibacterial activity of ATA against Escherichia
coli reaches 99.60% and 100% in two time periods; in the
absence of light, the antibacterial activity of ATA against
Escherichia coli reaches 99.60% and 100%. The bacteriostatic
rate of the two cases is basically close to 100%, and the anti-
bacterial effect is excellent.

According to Table 3, the antibacterial performance of
Staphylococcus aureus is very good in the presence of light

Table 2: Antibacterial effect of Escherichia coli fabrics under load time.

Under visible light
Under dark
conditions

Load
time

Parallel plate
number

Number of
colonies/piece

Viable bacteria
concentration/cfu/ml

Bacteriostatic
rate/%

Number of
colonies/piece

Iable bacteria
concentration/cfu/ml

Bacteriostatic
rate/%

3min 1 2 × 10 0:020 × 106
99.60

5 × 10 0:04 × 106
98.88

2 3 × 10 0:03 × 106 7 × 10 0:07 × 106
5min 1 0 0

100
0 0

100
2 0 0 0 0

Table 3: Bacteriostatic rate of Staphylococcus aureus at 3min loading.

Under visible light Under dark conditions

Plate
number

Average number of
colonies/piece

Bacteriostatic
rate/%

Average number of
colonies/piece

Viable bacteria
concentration/cfu/ml

Bacteriostatic
rate/%

1 48 × 10
99.96

48 × 10 4:80 × 106
99.95

2 170 × 10 205 × 10 0:021 × 106

Table 1: Effect of load time on fabric load.

Load time Load fabric number Weight of fabric before load/g Weight of fabric after load/g Load/g Load per 0.75 g fabric/g

1-1 17.42 18.34 0.91 0.04

3min 1-2 17.85 18.78 0.93 0.04

1-3 17.22 18.12 0.91 0.04

2-1 17.72 18.88 1.16 0.05

5min 2-2 17.24 18.41 1.17 0.05

2-3 17.26 18.18 1.20 0.05

3-1 17.51 18.71 1.20 0.05

7min 3-2 18.24 19.41 1.18 0.05

3-3 18.42 18.42 1.18 0.05
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or in the dark, and the bacteriostatic rate is basically close to
100%.

4.2. ATA against Gram-Negative Bacteria. The experimental
objects were Acinetobacter baumannii, Escherichia coli, and
Pseudomonas aeruginosa.

As shown in Figure 8, the minimum inhibitory concen-
tration values of ATA against Gram-negative bacteria are:
Acinetobacter baumannii was 10μg/ml. Escherichia coli was
16μg/ml. Pseudomonas aeruginosa is 16μg/ml. Ag concen-
trations in ATA were 2.11, 3.37, and 3.37μg/ml. The mini-

mum inhibitory concentrations corresponding to elemental
Ag were 4, 8, and 10μg/ml. And 200μg/ml still has only
weak antibacterial effect. The results of the minimum inhib-
itory concentration test showed that ATA has strong anti-
bacterial ability against all the tested strains. With the
increase of ATA and Ag concentrations, its antibacterial
activity was enhanced, and the reproduction and growth rate
of all bacteria slowed down rapidly.

4.3. ATA against Gram-Positive Bacteria. The experimental
subjects were Streptococcus pneumoniae, Staphylococcus
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Figure 8: The analysis of the activity of ATA against Gram-negative bacteria.
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epidermidis, Streptococcus hemolyticus, and Staphylococcus
aureus.

Figure 9 shows that the minimum inhibitory concentra-
tions of ATA against Gram-positive bacteria were 4μg/ml
for Streptococcus pneumoniae, 8μg/ml for Staphylococcus epi-
dermidis, 14μg/ml for Streptococcus hemolyticus, and 16μg/ml
for Staphylococcus aureus. ml. The Ag concentrations in ATA
were 0.84, 1.68, 2.95, and 3.37μg/ml, respectively; the mini-
mum inhibitory concentrations corresponding to elemental

Ag were 2, 4, 6, and 8μg/ml. 200μg/ml TiO2 has only weak
antibacterial effect on all the above bacteria. At the minimum
inhibitory concentration, the content of Ag in ATA was about
1/2 to 1/3 of that of elemental Ag. That is to say, ATA not only
has powerful broad-spectrum antibacterial properties, but also
greatly reduces the use of Ag and achieves the purpose of sav-
ing precious metal Ag. Even if the concentration of pure TiO2
reaches 200μg/ml, there is only a weak antibacterial effect.
These results imply the occurrence of synergistic antibacterial
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Figure 9: The analysis of ATA against Gram-positive bacteria.
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properties of ATA, possibly because Ag and TiO2 have differ-
ent antibacterial action mechanisms. In addition, the mini-
mum inhibitory concentration of ATA was lower than that
of other inorganic antibacterial materials. Table 4 is the com-
parative data of minimum inhibitory concentration of TiO2,
Ag, and Ag/TiO2.

Through experiments, it was found that adding different
amounts of TiO2 to the nanomaterials can effectively inhibit
the activity and survival rate of bacteria. Its main antibacte-
rial mechanism is that TiO2 kills bacteria by destroying their
cell walls. Compared with Ag nanomaterials, ATA nanome-
ters have small particle size and strong stability. Under the
same dosage, the Ag concentration in ATA is about 1/2-1/3
of that of elemental Ag, which saves the cost of Ag to a
great extent.

4.4. Antimite Activity Analysis of ag/TiO2. The antimite
activity of ATA against house dust mites was evaluated by
the method of deep learning technology. It can be seen from
Figure 10 that ATA has a strong ability to remove mites.
According to the treatment of house dust mites with differ-

ent doses of ATA, the survival rates of house dust mites after
24 hours were 76%, 46%, 33%, 27%, 5%, and 2%, respec-
tively. When the time was extended to seven days (168 h),
the survival rate of house dust mites did not change signifi-
cantly, but only slightly decreased. As can be seen from
Figure 10, ATA, Ag, and TiO2 have obvious antimite effects
within 24 hours, and the effect is not so obvious after 24
hours, and ATA has a synergistic antimite effect.

5. Discussion

This paper mainly discusses and studies the antimite and
antibacterial effect of clothing nanometers based on deep
learning technology. In this paper, the antibacterial and anti-
mite effects of Ag, TiO2 and Ag/TiO2 (ATA) nanocompos-
ites were experimentally studied by using deep learning
algorithm. It compares the antibacterial and antimite prop-
erties of different composite nanomaterials under different
conditions. According to the experiments, the nanomaterials
with the strongest antibacterial properties and the most suit-
able for integration into clothing fabrics are obtained. The

Table 4: Comparison of minimum inhibitory concentrations of TiO2, Ag and Ag/TiO2.

Bacterial species
and number

Gram species
(negative-; positive +)

TiO2 minimum inhibitory
concentration (μg/ml)

Ag minimum inhibitory
concentration (μg/ml)

ATA minimum inhibitory
concentration (μg/ml)

A. baumannii — More than 200 4 10 (Ag:2.11; TiO2:7.89)

E. coli — More than 200 8 16 (Ag:3.37; TiO2:12.63)

P. aeruginosa — More than 200 10 16 (Ag:3.37; TiO2:12.63)

S. pneumoniae + More than 200 2 4 (Ag:0.84; TiO2:3.16)

S. epidermidis + More than 200 4 8 (Ag:.68; TiO2:6.32)

S. hemolyticus + More than 200 6 14 (Ag:2.95; TiO2:11.05)

S. aureus + More than 200 8 16 (Ag:3.37, TiO2:12.63)
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Figure 10: The relationship between the antihouse dust mite activity and time of the samples at different concentrations.
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experimental results show that the deep learning technology
can be used in the research on the antibacterial and antimite
of clothing nanometers. And under this technology, the anti-
mite and antibacterial experiments of nanomaterials have
obtained satisfactory results.

6. Conclusions

Ag, TiO2, and Ag/TiO2 (ATA) nanocomposites have certain
antimite and antibacterial effects and are widely used. How-
ever, the Ag/TiO2 (ATA) nanocomposites prepared by Ag
and TiO2 have stronger stability and better antibacterial
properties. With the advancement of social technology, Ag/
TiO2 (ATA) nanocomposites are used more and more
widely as a bacteriostatic agent, and the development pros-
pect is getting better and better. The synergistic antimite
effect of ATA was obtained by evaluating the antimite activ-
ity of ATA against house dust mites by using deep learning
technology. Within 24 hours, TA, Ag, and TiO2 had obvious
antimite effects during this period.
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National sports are traditional sports of ethnic minorities and sports with strong national characteristics. Sports performances
generally include weightlifting, boxing or martial arts, gymnastics, skating, high jump, sprint, and hurdles. Such as knee joints
that are particularly vulnerable to injury. Therefore, ordinary ethnic sports athletes are particularly vulnerable to injury. Ethnic
sports rehabilitation therapy uses some exercises to enable patients to obtain full or partial exercise functions. Training
methods for sensory function recovery were used. Ethnic sports rehabilitation therapy is a common rehabilitation therapy for
ethnic sports athletes to resume sports training, such as table tennis, tennis, cycling, fishing, climbing, skating, weightlifting,
and wrestling. However, with economic development and social progress, the treatment of knee arthritis is closely integrated
with nanotubes combined with national sports rehabilitation therapy, and it has been increasingly used in competitive sports
and national fitness. From 2003 to 2020, the medical research literature on nanotechnology increased from 20 to more than
20,000. This article presents a way for treating knee arthritis sufferers by combining nanotubes with ethnic sports rehabilitation
therapy and discusses the clinical therapeutic effect of nanotubes combined with ethnic sports rehabilitation therapy in the
treatment of knee arthritis patients. It provides a certain basis for the treatment of patients with knee arthritis. This article
selected 100 knee patients, who, as research subjects, visited our facility for medical treatment between June 2016 and June
2020, and divided 100 patients into two groups, 50 patients in the experimental group and 50 patients in the control group.
For patients, the experimental group used nanotubes combined with ethnic sports rehabilitation therapy to treat patients, and
the control group used ethnic sports rehabilitation therapy to treat patients. The experimental results show that nanotubes
combined with ethnic sports rehabilitation therapy can speed up the treatment process of patients with knee arthritis. When
the experiment lasted only 5 days, patients in the control group scored an average of 3 points, and on the last day, they scored
an average of 6.9 points. In the experimental group, the average score of patients on the fifth day of the experiment was 5
points, and the average score of patients on the last day was 9.7 points. The knee joint patients in the experimental group have
higher walking ability, up-and-down ability, knee flexion, and knee swelling. In the control group, among them, the first to
recover from knee arthritis is the ability to walk, and the slowest recovery is the flexion of the knee joint.

1. Introduction

National sports refer to the traditional sports activities of all
nationalities in the world, such as Chinese martial arts,
qigong health preservation, etc. National sports refer to the
sports events and activities of ethnic minorities in a country
[1]. As an important part of human sports culture, national
sports reflect the horizontal inheritance relationship of
national culture from its own characteristics, which can be

said to be a means of national education. Along the direction
of inheritance and innovation, the national movement has
explored the combination of popularization and improve-
ment, the combination of mass and professionalism, the
combination of traditional sports and modern sports and
has made gratifying progress [2]. Therefore, it can be popu-
larized in the future national sports activities.

Generally speaking, sports rehabilitation refers not only
to the rehabilitation after injury but also to actively improve
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the ability to prevent sports injury. Preventive rehabilitation
is an important part of sports rehabilitation, reasonable exer-
cise training is the basic guarantee of preventing sports
injury, and the stability of spine, bone, ligament and muscle
plays an important role in prevention and rehabilitation [3].
In the traditional modern rehabilitation system, including
physical therapy, speech therapy, psychotherapy, and occu-
pational therapy. Among them, athlete therapy, physical
therapy, and stress therapy are the most common [4]. Com-
pression therapy is the application of positive or negative
pressure to treat dysfunction. For example, the positive pres-
sure of muscles is used to relieve muscle spasm, and the neg-
ative pressure of limbs is used to treat limb vasodilation and
improve tissue metabolism. The purpose of exercise rehabil-
itation is to treat sports injury and chronic diseases. Exercise
therapy and physical therapy are two ways of thinking of
exercise rehabilitation. Among them, exercise therapy is to
slow the patients back to normal through a certain amount
of exercise; physical therapy is a widely used treatment con-
cept; it promotes the rehabilitation of patients through
sound, light, electromagnetic heat and other means; home-
work therapy is a kind of treatment concept aimed at help-
ing patients recover normal life function [5]. For example,
when a patient exercises, one hand accidentally falls to the
ground, resulting in a broken wrist. In the process of rehabil-
itation, occupational therapists are responsible for the recov-
ery of normal writing and eating of injured limbs, which
involves the recovery of some good tactile and propriocep-
tion training, which is different from the first two treat-
ments. With the increasing popularity of mass sports,
sports injuries, nutrition matching in the process of sports,
self-protection, and so on have become the knowledge that
the public urgently needs to know. Exercise therapy is to
treat through a certain amount of exercise, physical therapy
is to promote the recovery of patients by means of sound,
light, electromagnetic heat, etc., and pressure therapy is to
apply positive or negative pressure therapy [6]. In the past,
the major of sports rehabilitation and health was mainly
for professional athletes, and there were few talents with sys-
tematic knowledge of the combination of medical treatment
and sports. Therefore, relevant talents have always been a
hot demand for training bases and fitness clubs [7].

Knee arthritis is a chronic arthritis disease, mostly in the
middle-aged and the elderly and sports people [8]. Joint dis-
eases are common on these aspects. If knee pain recurred
within a month, from mild to severe, accompanied by the
sound of joint friction movement, temporary stiffness in
the morning, X-ray shows narrowing of joint space, sub-
chondral bone sclerosis or cystic change, osteophyte forma-
tion, or joint edge bone hyperplasia, it can be considered
osteoarthritis [9]. Early knee pain should pay attention to
joint protection measures: appropriate rest, weight loss, pre-
vent excessive joint movement, and weight-bearing, to avoid
mechanical injury. Physical therapy is more suitable for
chronic knee osteoarthritis and has a good effect on relieving
subacute inflammation. A variety of physical therapy forms,
including hot compress, electric therapy, magnetic therapy,
infrared ray, spa, mineral spring bath, mud therapy, wax
therapy, ion and penetration method, to strengthen the

functional exercise of the affected limb can be chosen:
increase the range of joint activity and strengthen the exer-
cise of muscles. Nanotubes are 10000 times thinner than
human hair, 100 times harder than steel, and have good
thermal conductivity at 3593°C [10]. Nanotubes can be used
not only as metal conductors but also as semiconductors for
computer chips and superconduct at very low temperatures.
Nanotube technology is mainly reflected in nanotechnology.
Nanotechnology is the use of atoms and molecules to manu-
facture new materials. It is a technology to study the composi-
tion of materials with a size range of less than 100 nanometers.
At this level, the research and processing of materials and
material technology are called nanotechnology. This small
space is the size range of atoms and molecules and the space
in which they interact. In such a scale space, due to quantum
effects, localization, and large surface and interface effects,
many properties of matter have undergone qualitative
changes. Nanotechnology is the study of nanophenomenon
and material control, especially the extension of existing sci-
ence and technology in nanoresearch.

Traditional knee arthritis patients have to rely on ethnic
sports rehabilitation therapy to treat the knee joint, but for
some elderly people, the effect of sports rehabilitation ther-
apy is not obvious. Nanotechnology has increasingly infil-
trated all facets of our lives as biological information
technology continues to advance. Matthew explains how
the characteristics of water aid functional recovery following
ACLR. Matthew believes that if the major properties of
hydrotherapy (density, hydrostatic pressure, buoyancy, and
viscosity) are effectively applied to rehabilitation practice,
specific protocols and supplemental videos for the use of
hydrotherapy following ACLR can be developed to help
implementation [11]. The continuous improvement of
nanotherapy technology systems, especially the continuous
improvement of nanodrug delivery systems, has enabled
nanotherapeutics to achieve significant development in the
medical field. When nanomedicine enters the human body,
it will passively or actively target the nanocarrier, and then,
it can be selectively delivered to the injured site. Nanother-
apy reduces the harm of drug treatment to the human body
to a minimum. On the other hand, the nanocarrier packaged
with the therapeutic drug will protect the drug from biodeg-
radation, allow the sustained release of the drug, and pro-
long the duration of the drug. In general, the targeted
nanodrug delivery system has better therapeutic effects and
fewer side effects. It is the best choice for knee arthritis treat-
ment. Nanocarriers are widely used in the delivery of anti-
knee arthritis drugs, plastids and dendrimers, micelles,
nanocapsules, nanomaterials, and many other nanoparticles.
These nanodelivery drug systems have achieved remarkable
results in the treatment of knee arthritis. Combining nano-
tubes with traditional ethnic sports rehabilitation therapy
to treat patients is the main research focus of this article.

The innovation of this paper is to propose a method
combining nanotubes and national sports rehabilitation
therapy to treat patients with knee arthritis and to discuss
the clinical efficacy of combining nanotubes and national
sports rehabilitation therapy for patients with knee arthri-
tis [12].
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2. Theoretical Basis and Core Concepts

2.1. Onset Factors of Knee Arthritis. The onset causes of knee
arthritis mainly include four aspects: environmental factors,
weight factors, age factors, and diet factors. Among them,
environmental factors and diet are the main reasons. People
who live in humid and cold environment all year round are
most likely to suffer from knee arthritis, which is mainly due
to low temperature and blood supply disturbance. Secondly,
obesity and strong body incidence rate is high, overweight,
and knee joint pressure increased. The incidence rate of
arthritis is also higher with age. The accumulated strain of
joints for many years is an important reason for the knee
arthritis in the elderly. Finally, malnutrition is also one of
the pathogenic factors of knee arthritis. There is no blood
vessel in the articular cartilage, and the nutrition it needs
depends on absorbing from the synovial fluid. The repair
of cartilage is accomplished by the division and reproduction
of outer chondrocytes and the secretion of matrix by chon-
drocytes. Due to the lack of nutrition and oxygen supply,
the proliferation of chondrocytes will be affected, resulting
in the reduction of cartilage matrix, insufficient cartilage
regeneration, weakening of cartilage, and easy wear of
load-bearing area [13]. The repair of cartilage is accom-
plished by the division and reproduction of the outer chon-
drocytes and the secretion of matrix by the chondrocytes.

2.2. Clinical Manifestations of Knee Arthritis. Whether suf-
fering from knee arthritis can observe whether the knee joint
trauma visible. After the occurrence of knee arthritis, often
in the knee joint long bone spur, early bone hyperplasia does
not affect the surrounding tissue, with the continuous
growth of bone spur; it will gradually affect the surrounding
tissue, the formation of inflammatory reaction. The symp-
toms of knee arthritis mainly include swelling of knee joint,
pain of going up and down stairs, pain and discomfort of
knee joint when sitting, swelling, tinnitus, and effusion will
appear in patients. If not treated in time, it will cause joint
deformity and disability, knee synovitis, ligament damage,
meniscus injury, knee joint free body, popliteal cyst, chon-
dromalacia of patella, palmar bursitis, knee varus, etc. The
diagnosis method of early knee arthritis can be analyzed
according to the joint swelling. The joint swelling comes
from synovial hyperplasia and intra-articular effusion. In
the early stage, it often occurs due to sprain and cold, and
it will become persistent swelling later. There is a rubbing
sensation or a popping sound when the joint moves.

The main symptoms of knee arthritis are knee swelling
and pain, pain when walking up and down stairs, and knee
pain when sitting. Patients with swelling, ringing, and effu-
sion, if not treated in time, patients will cause joint deformity
and disability. Knee synovitis, ligament injury, meniscus
injury, free body of knee joint, popliteal cyst, chondromala-
cia of patella, goose foot bursitis, knee varus, and other knee
diseases often occur [14]. If you stand up when the knee pain
discomfort, activity after a period of time symptoms has
been reduced, knee arthritis symptoms are obvious, and it
should take timely treatment measures to reduce the symp-
toms of knee arthritis. Oral glucosamine drugs, including

glucosamine sulfate and other raw materials to synthesize
cartilage, can improve the cartilage state of the knee joint,
or lie down, straighten the lower limb, and platform the
affected limb to 45 degrees for 3-5 seconds. 20 times, this will
increase the strength of the quadriceps muscles to achieve
the purpose of protecting the knee joint [15].

2.3. Knee Joint Is Not Aligned with the Lower Limb. The
mechanical axis or alignment of the lower limbs is deter-
mined by a line from the center of the tibial joint to the cen-
ter of the femur, which runs from the center of the tibial
joint to the center of the femur. The uneven distribution of
knee joint load is consistent with the high incidence of
medial knee osteoarthritis. Varus deformity and right knee
joint deformity are the most common lower limb deformity.
Knees aligned with the varus are described as arched legs,
while knees aligned with the valgus are described as touching
knees. Valgus alignment affects the load distribution on the
articular surface and reduces the bearing area. The whole
lower limb is a complete exercise chain. Therefore, the
arrangement of bones can affect the load pattern at one level
and have a profound impact on other levels [16].

2.4. Biomechanical Load and Lower Extremity Osteoarthritis.
Some studies have shown that the mechanical mechanism
and biomechanical changes of the stressed joint play an
important role in promoting the occurrence and develop-
ment of knee arthritis. The experimental results showed that
the total effective rate of nanotubes combined with ethnic
exercise rehabilitation therapy in the experimental group
was 100%, while the control group believed that only ethnic
exercise rehabilitation therapy accounted for 60%. Nano-
tubes combined with national sports can speed up the treat-
ment of knee arthritis patients and improve the quality of
life of knee arthritis patients. A theory that repeated
mechanical loading accelerates “wear” of joints has been
supported by studies by obese people and professionals
who often bend their knees or load. The incidence rate of
knee arthritis was monitored for 11 years through a dis-
charge registry in a Swedish hospital. The body mass index
(BMI), waist circumference, waist-hip ratio, body weight,
and body fat percentage of 1126 men and 16934 women
were measured. This study provides strong evidence for the
association between obesity and the incidence rate of osteo-
arthritis in the knee and hip joints. All overweight indicators
are associated with the incidence of osteoarthritis of the
knee, and BMI is the most dangerous. The incidence rate
of hip osteoarthritis is normal, but significant. This study
confirms the close association between obesity, mechanical
loading and increased risk of knee joint and hip arthritis [17].

The theory of “wear and tear” has been supported by
some people engaged in sports related undertakings and
related researchers in the industry. The team conducted a
longitudinal assessment of the relationship between lacquer
joint use and knee arthritis in a multi occupational popula-
tion. The occupational status and knee osteoarthritis were
evaluated by weight-bearing arthrography over 40 years
old. The working characteristics of the subjects were their
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physiological needs and their relationship with knee flexion.
43.4% : 26.8% of men who engaged in flexion and had at least
moderate physiological needs a higher risk of knee osteoar-
thritis than those who did not participate in both activities.
These results suggest that for men, the combination of knee
flexion and physiological needs may be the main cause of
knee arthritis [18].

2.5. Exercise Rehabilitation for Knee Arthritis. Exercise ther-
apy to prevent and treat knee arthritis is mainly to increase
the muscle training around the knee joint. By exercising
the muscle strength of the affected limb joint, it can prevent
and control muscle weakness and muscle atrophy. Strength-
ening muscle strength can increase the stability of the joint,
protect the joint, and prevent the development of osteoar-
thritis. The commonly used muscle strength training
methods include isometric and isokinetic training [19].
The main exercise of this paper is hip flexion.

The main methods of exercise rehabilitation in the treat-
ment of knee arthritis are hip four position exercise, clam
type exercise, and sitting hip joint flexion exercise. Hip joint
four exercises are mainly to exercise the flexors, extensors,
adductors, and abductors of the hip joint. Clamshell exer-
cise, the project for the gluteal muscle, thigh lateral muscle,
tensor fascia lata, and knee joint muscle exercise. Although
hip flexion exercise in sitting position is named after hip
flexion and extension, strengthening hip flexor muscle is
very important for knee joint strength. When these muscles
are strong and work properly, the knees also become strong.

2.6. Nanotube Combined with Exercise Rehabilitation in the
Treatment of Knee Arthritis. Nanotube combined with exer-
cise rehabilitation therapy refers to the treatment of nano-
drug at the same time of exercise rehabilitation treatment
for knee joint patients. The nanotube drugs selected in this
paper are polypeptide nanoselenium and functionalized
nanoruthenium drugs.Nano drugs have unique properties,
such as active or passive targeting at the injured site, improv-
ing the high efficiency of drug loading, intelligent drug
release, and long-term kinetics. Secondly, peptide nanosele-
nium can improve the growth and reproductive perfor-
mance of animals, improve the metabolic capacity of the
body, and has a very good effect on the treatment of knee
arthritis. Generally speaking, the greater the surface lipophi-
licity of nanoparticles, the stronger the binding force with
regulatory proteins. Therefore, it is necessary to increase
the hydrophilicity of nanoparticles in vivo. This is an impor-
tant purpose to select the surface modification materials of
nanoparticles. At the same time, the physical properties of
nanoparticles can be modified to obtain new functions.
Exercise rehabilitation therapy has a good effect in the treat-
ment of knee arthritis. The combination of nanodrug ther-
apy and national sports rehabilitation treatment, taking
internal and external exercise, will have better treatment
effect in patients with knee joint.

2.7. Prevention and Treatment of Knee Arthritis. Prevention
and treatment of knee arthritis should pay attention to keep
warm, avoid wearing high-heeled shoes for a long time, pay

attention to body posture when walking, and often partici-
pate in outdoor activities. When the temperature drops in
winter, the knee joint is cold, the blood vessels contract,
and the blood circulation is not smooth, which often makes
the joint stiff and painful. Therefore, keep warm in cold
weather, and if necessary, wear knee protection to prevent
the knee from being cold. High heeled shoes change the
curve of lower limb strength. In order to reduce the impact
on the knee joint and avoid the impact and wear of knee
joint cartilage, the elderly should choose thick shoes with
soft and elastic soles in their daily activities. Pay attention
to your posture when you walk. Do not bend down when
you work. Do not bend your legs when you walk. Avoid
squatting for a long time. Do not keep an action for a long
time. Always change your posture. For example, after a
period of practice, you can develop a good habit, for exam-
ple, after standing every day, stretch your legs, tie horse
steps, and develop a good habit of protecting your legs.
Finally, we should often participate in outdoor activities.
Before doing Yanko dance and Taijiquan, we should make
full preparations. We should gently extend the knee to
increase the flexibility and flexibility of the lower limbs.
After the activity, exercise the knee. When practicing Taiji-
quan, the range of action should not be too large, and the
squatting posture should not be too low, so as to avoid dam-
age to the knee joint caused by weight-bearing.

3. Experimental Analysis and Methods

3.1. Experimental Objects and Standards. The study time
selected in this article is from June 2016 to June 2020. The
relevant data of 100 patients with knee arthritis admitted
to this hospital during this period were analyzed. All patients
were divided into two groups according to the difference in
treatment plan: the experimental group and the control
group. The patients in the experimental group were treated
with nanotubes combined with ethnic sports rehabilitation
therapy, and the patients in the control group only received
ethnic sports rehabilitation therapy. There is a total of 50
patients in the experimental group and 50 patients in the
control group. The experiment lasted for one month. After
the experiment, the rehabilitation of knee joint patients
was compared according to the results of the experiment.

3.2. Rehabilitation Treatment of National Sports. Before
treatment, X-ray was used to make detailed diagnosis on
the pain site of patients and to understand the tissue around
the knee joint. The control group was treated with national
sports rehabilitation during the period of knee arthritis.
The rehabilitation treatment of national sports included
three kinds of movements, and the patients in the control
group did it twice a day. The three groups of movements
include four hip exercises, clamshell exercises, and hip flex-
ion exercises in sitting position. After the three movements,
Taijiquan exercise is conducted for 30 minutes every day.

Hip four exercises include abduction, adduction, flexion,
and extension. When doing abduction exercise, the upper
body should be straight, the right leg should be lifted out-
ward, and then, the left leg should be changed to do 4
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groups, 8 in each group. In each group, do the right leg
extension in 8 directions. When doing the forward bending
training, the right leg should be extended forward, and then,
the left leg should be changed. There are 4 groups of 8 in
each group. When doing the back-extension training, the
right leg should be extended backward, and then, the left
leg should be changed to do 4 groups with 8 in each group.
When doing this exercise, it is required to find a chair as an
aid to avoid falling down accidentally; keep the upper body
upright during the whole process; do not follow the lower
limb to tilt the upper body; the whole process of ankle joint
extension as far as possible, that is, bend to the knee joint
direction (hook foot) as far as possible.

Clamshell exercise: lie on the ground on one side with
the head rest on one arm. The pelvis should always be verti-
cal to the ground. When the legs are opened, the pelvis
should not fall back at the same time. During the movement,
pay attention to the leg, keep the shoulder, hip, and ankle
joints in a straight line. Bend the hip 45 degrees and bend
the knee about 90 degrees. Put the left foot directly on the
right foot and exert force on the left leg to make the knee
slowly away from the body. Then, slowly return to the start-
ing action, once done on both sides; do two groups, you can
also use the cello belt to increase the intensity of exercise.

Hip flexion exercise in sitting position: patients are
required to sit on a chair and lift their knees vertically.
During the exercise, the upper body of the seat is required
to keep straight. Each group has 8 legs and 4 groups.

Taijiquan training: two times a day to practice all the
movements of Taijiquan, estimated to take 30 minutes.

In the process of exercise, it is appropriate to feel pain.
With the improvement of the condition, the angle of flexion
of knee joint should be gradually expanded. But do not
excessively pursue the angle, causing the secondary damage.

3.3. Nanotube Combined with Sports Rehabilitation Therapy.
The experimental group was treated with nanotubes com-
bined with sports rehabilitation therapy. The method was
as follows: Before treatment, X-rays were used to make
detailed diagnosis of the painful part of the patient and to
understand the tissues around the knee joint of the patient.
On the basis of ethnic sports rehabilitation therapy in the
control group, the research group took a 30mm × 40mm

square cloth to make a traditional Chinese medicine pack-
age. There are manual methods and automatic machine
methods for the production methods of traditional Chinese
medicine bags, including weighing and wrapping. The tradi-
tional Chinese medicine package contained peptide nanose-
lenium and functionalized nanoruthenium drugs, Heding,
Liangqiu, massage the acupoints of Zusanli, Dubi, Yangling-
quan, and Yinlingquan before applying plaster. Polypeptide
nanoselenium and functionalized nanoruthenium drugs
can deliver drugs to the inflammation of the knee joint. Chi-
nese herbal medicines such as Heding, Liangqiu, and Blood
Sea have very good effects on the treatment of knee arthritis.
Then, apply the Chinese medicine pack to the knee joint.
This step is implemented for three consecutive treatment
courses, each treatment course includes 10 days, and this
step is once every two days. At the same time, the patient’s
health exercise was strengthened during the treatment, and
the exercise content was the same as the control group.

3.4. Observation Indicators for Treatment of Knee Arthritis.
To observe the clinical efficacy of patients suffering from
knee arthritis in the experimental group and the control
group, the effect of knee arthritis recovery is mainly carried
out from the following three aspects. First, the degree of
pain: The visual analogue scoring system is used to assess
pain severity on a scale of 0-10 points, with 7-10 points indi-
cating no discomfort, 4-6 points indicating mild pain, 1-3
points indicating moderate pain, and 0 indicating severe
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Figure 1: Treatment recovery score of national athletes with knee arthritis in the two groups.
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Figure 2: The rate of effective treatment in both groups.
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pain. After that, the average score of the two groups was sta-
tistically evaluated, and the average score of the effect of
knee arthritis recovery of the two patient groups was calcu-
lated. Second, the efficacy evaluation criteria are as follows:
effective: After treatment, the patient’s clinical symptoms
have improved; ineffective: after treatment, the patient’s
clinical symptoms did not improve; and (3) the patient’s
knee joint function recovery. The knee joint function score
scale was used to evaluate the knee joint function of patients.
The evaluation items of the score sheet include walking abil-
ity, ability to go up and down, knee flexion, knee swelling,
etc. The total score for each evaluation is 10 points.

The clinical curative effect is based on the relevant
diagnosis and treatment standards for osteoarthritis: knee joint
stiffness and pain disappear, no friction sound during joint
movement, and the effect is obvious after the movement
function returns to normal; knee joint pain is reduced during
movement, effectively improving the friction performance.

3.5. Statistical Methods. SPSS22.0 statistical software was
used to examine the experimental data. Taking the sum of
the scores of the treatment effects of knee arthritis as the
standard, calculate the recovery scores of patients suffering
from knee arthritis in the experimental group and the con-
trol group and the percentage of knee arthritis patients con-
sidered to be effective or ineffective in this group, which
constitutes. The ratio is expressed as a percentage, and the
effect of patient treatment is compared according to the
number. The number of patients is counted as n, and the
average count is expressed as x.

4. Experimental Results and Analysis

The data for this study comes from 100 individuals with
knee arthritis who were examined at our institution between
June 2016 and June 2020. Among them, there are 50 patients
in each group. First of all, the effect of the recovery of knee
arthritis patients. The pain scores and observe the scores of
the two groups were compared.

It can be observed from the statistics in Figure 1 that the
50 patients with knee arthritis in the experimental group
received a score of 467 in the treatment of nanotube com-
bined with ethnic sports rehabilitation, and the 50 patients
in the control group with arthritis The patient’s score in

the rehabilitation of ethnic sports is 265 points. Among the
50 people in the experimental group, 50 of them all had a
painless range for the treatment of nanotube combined with
ethnic sports rehabilitation. Two of them scored 7 points, 9
people scored 8 points, and 9 individuals scored 9 points
and 30 people scored 10 points for a total of 467 points.
The 50 patients in the control group scored 265 points, of
which 8 people scored 2 points, 12 people scored 5 points,
25 people scored 6 points, 3 people scored 7 points, and 2
people scored 9 points. In the control group, 5 people felt
no pain, 37 people felt some pain, and 8 people felt severe
pain. The data in this section shows that the treatment of
nanotubes combined with Chinese medicine packs has a
very good effect on the treatment of knee arthritis. This is
because nanomedicine can deliver the medicine to the
inflamed part of the knee joint, which can more effectively
treat knee arthritis.

Figure 2 shows the data from the control group on the
left, and the primary sentence from the experimental group
on the right. The experimental group, which accounts for
100% of the total number of participants in this group, feels
that the combination of nanomedicine and ethnic sports
rehabilitation treatment is successful, as shown by the statis-
tics in Figure 2. Thirty respondents in the control group felt
ethnic sports therapy was successful, accounting for 60%,
and 20 people thought that ethnic sports therapy was inef-
fective, accounting for 40%.

The total scores of the knee joint patients in the experi-
mental group who received nanomedicine therapy in combi-
nation with national sports rehabilitation were better than
those in the control group, as shown in Figure 3. In the
experimental group, 50 people were judged on walking abil-
ity. The average score given is 10 points, the average score
given for the ability to go up and down is 8 points, the aver-
age score given by 50 people is 8 points for knee flexion, and
50 for knee swelling. The average score given by a person is
10 points. It shows that after a month of treatment, the
recovery ability of knee arthritis patients is the best in terms
of walking and knee swelling. This also shows that the pres-
sure on the knee joint during walking is relatively small. At
the same time, the ability to go up and down and the flexion
of the knee joint is not particularly good in most people. The
main reason is that the flexion of the up and down, and the
knee joint requires higher knee joints. On the contrary, in
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Figure 3: Recovery of knee joint function in two groups.
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the control group, among the 50 people who only received
ethnic sports rehabilitation, the average walking ability score
was 9 points, the knee flexion degree was 50, and the average
walking ability score was 7 points. People’s average score is 5
points. In terms of knee swelling, 50 people’s average score is
6 points. The data in the control group also showed that the
ability of knee arthritis patients to recover is the ability to
walk first, and the most difficult thing to recover is the flex-
ion of the knee joint.

It can be seen from the data in Figure 4 that with the
increase of the experimental time, the two schemes are effec-
tive, but the patients in the experimental group using nano-
tubes combined with ethnic sports rehabilitation therapy are
significantly better than those in the ethnic sports therapy
alone. The patients in the control group gave a higher aver-
age score, and the highest score for this stage was ten. When
the experiment only lasted for 5 days, the patients in the
control group scored an average of 3 points, and on the last
day, they scored an average of 6.9 points. In the experimen-
tal group, on the fifth day of the experiment, the patients
scored an average score of 5 points, and the patients scored
an average score of 9.7 points on the last day. This experi-
ment shows that nanotubes combined with national sports
can speed up the treatment of patients with knee arthritis
and improve the quality of life of patients with knee arthritis.

5. Conclusions

The incidence of knee arthritis in our country has been
increasing among middle-aged and elderly people, especially
our country is now entering the stage of aging population, so
the treatment of knee arthritis is a matter of great impor-
tance. Knee arthritis refers to an inflammatory disease that
occurs in the knee joint and surrounding tissues. This article
mainly uses ethnic sports rehabilitation therapy combined
with nanomedicine to have a better therapeutic effect on
knee osteoarthritis. The experimental results show that the
total effective rate of nanotubes combined with ethnic sports
rehabilitation therapy in the experimental group is 100%,
and the control group believes that only ethnic sports reha-
bilitation therapy accounts for 60%. The experimental group
is significantly higher than the control group. After treat-
ment, the walking ability, knee flexion score, and knee swell-

ing scores of the experimental group were higher than those
of the control group. During the experiment, the scores of
the experimental group were also higher than those of the
control group, indicating that nanotubes combined with
national sports rehabilitation Treatment can speed up the
treatment time of patients with knee arthritis and improve
the quality of life of patients with knee arthritis. In summary,
the combination of nanotubes and ethnic sports rehabilita-
tion therapy has a significant effect on knee osteoarthritis.
This method can be used for reference in clinical
applications.
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This study mainly explores the electrospinning of nanofiber-based materials and the application of the technology to lower
extremity joint exercise rehabilitation. In response to people’s concerns, this study mainly discusses electrospinning technology
from the aspects of the safety of nanomaterials prepared by electrospinning technology and the application of nanomaterials
prepared by electrospinning technology in lower limb joints. In the safety study of nanomaterials, six groups of experiments
were set up to measure the joints of nanomaterials prepared by electrospinning technology under pressures of 500N, 510N,
520N, 530N, 540N, and 550N. For compression resistance, when the pressure is 540N, the compressive performance of the
nanomaterial is preferably 96%. In terms of the application of nanomaterials, 100 patients with lower extremity sprains in the
Affiliated Hospital of Sun Yat-sen University were divided into 5 groups and then divided into 6 groups. Patient recovery rate
when the device is applied to the patient’s lower extremity joint. Patients had the best recovery rate of 92% when the
immobilization device was used for 6 days. The use of arthrodesis did not affect the patient’s other factors. The experimental
results show that when the pressure is 540N and the fixation device is used for 6 days, the nanofiber material prepared by
electrospinning technology has the best rehabilitation effect on lower limb joint movement.

1. Introduction

1.1. Background and Significance. Traditional nanofibrous
materials are seriously impractical due to their increasing
pressure and corrosion resistance. Whether in the field of
biology or construction, people are eager to find a technol-
ogy to improve nanomaterials, so that the safety perfor-
mance and corrosion resistance of nanomaterials can be
improved to a higher level. With the continuous research
of relevant experts, the preparation of nanofiber materials
based on electrospinning technology is proposed.

Electrospinning technology is widely used in many
fields, and the application of nanomaterials can improve var-
ious properties of nanomaterials. Nanomaterials are highly
concerned by the medical community as an auxiliary reha-
bilitation material. The application of electrospinning tech-

nology to the preparation of nanomaterials can not only
increase the yield of nanomaterials but also improve various
properties of nanomaterials. Improvements in equipment
have helped a lot [1].

1.2. Related Work. In Trejo et al.’s research, nylon 6nm
Monburon cloth and silk yarn and stylish fabrics of Eugansa
were combined to construct a complete flying object. This
work is the first demonstration that laser cutting and ultra-
sonic technology are used to process electrospun nanofab-
rics. The morphology and mechanical properties of the
composite cloth are analyzed [2]. Although this study did
an experimental comparison, it did not divide in terms of
detailed parameters. Cianci et al. believe that epoxy resin
(LX) A 4 is a metabolite of aladinic acid (arachidonic acid)
produced by epoxy kinase. Its therapeutic effect is fully
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standardized on various models of cells, preclinical and clin-
ical. Among them, LXA 4 promotes tissue repair of peri-
odontal disease and can also regulate the function of
human periodontal ligament stem cells (hPDLSC) [3]. The
clinical treatment effect of LXA 4 is obvious, but the study
did not discuss it in depth. Jiang et al. believe that nanofi-
bers, as the main component of one-dimensional nanomate-
rials, have many uses. Electrospinning is a convenient and
effective method for constructing nanofibers. However, in
the conventional preparation method, since only unoriented
nanofibers can be obtained, its applicability is greatly hin-
dered. In recent decades, a lot of effort has been devoted to
optimizing preparation methods. By improving the spinning
structure, extraction, and separation of nanofibers, success-
fully aligned nanofibers (ANF) have been successfully
obtained. Due to insufficient system evaluation of ANF, their
research will outline the application of ANF in electronic
spinning-based preparation, tissue engineering regeneration,
sensors, reinforcement materials, sensors, and energy
machines. ANF’s extensive application in tissue engineering
regeneration provides a detailed explanation on this point. In
the energy sector, ANF will focus on PEM fuel cells. Finally,
we summarize the issues and prospects of ANF development
[4]. The research only raised many conceptual questions,
and specific experiments need to be further explored. Su
et al. prepared multilayered TiO2 nanofibers (TiO2-NF) and
nanoparticles (TiO2-NP) by template support method and
single solvothermal method, respectively. The decomposition
of methylene blue (MB) was used as a reaction model to eval-
uate the photocatalytic properties of these prepared materials.
It is important that TiO2-NF prepared by template-assisted
solvent heating has a multilayer structure [5]. The study con-
firmed that TiO2-NF can improve the photocatalytic rate but
did not specifically determine the catalytic effect.

1.3. Innovation and Related Content. The main purpose of
this study is to discuss the safety of the nanofiber material
prepared by electrospinning technology and the application
of the nanomaterial prepared by electrospinning technology
in the joints of lower extremities. The joint fixation device
uses the recovery of the patient’s lower extremity joint to
evaluate the nanofiber material prepared by electrospinning
technology. The main contents are as follows:

(1) Discuss the development of electrospinning technol-
ogy from the perspective of domestic and foreign
research. In-depth analysis of the preparation of
nanomaterials by electrospinning technology was
used to find out the beneficial inspiration for this
research

(2) Conduct an in-depth discussion on electrospinning
technology to find out the best method for preparing
nanomaterials and related formulas that may be
used. The preliminary discussion on the preparation
method of nanomaterials is helpful for further
research of the experiment

(3) Control the variables related to the experiment when
conducting the experiment. The experiment of elec-

trospinning technology actually involves the experi-
ment of the solidity of the nanomaterials and
deeply grasps the experimental concept to discuss
the characteristics and applications of the nanomate-
rials in the experimental process

(4) The analysis of data after the experiment is based on
tables and figures. Through the relevant software, the
experiment is processed to draw the best solution
and the most practical nanotechnology

2. Electrospinning Technology

2.1. Optimization of Electrospinning Technology. The struc-
ture of the mixed nanofiber membrane prepared by electro-
spinning technology is not outstanding in quality. In water,
the reacted nanofiber membrane will partially dissolve and
shrink significantly. Moreover, the mechanical properties
of the fiber membrane are insufficient and need to be further
strengthened, so it is necessary to link the polyvinyl alcohol/
chitosan electrospun nanofiber membrane. The fiber mem-
brane is treated with alcohol solution or alcohol vapor. The
degree of expansion and shrinkage of the fiber membrane
treated with alcohol is reduced, the strength characteristics,
quality characteristics, covalent bond expansion, and shrink-
age of the nanofiber membrane are improved, and the
toughness of the sample is greatly improved, thereby achiev-
ing the purpose of cross-linking [6, 7]. At the same time, it is
necessary to pay attention to the different conditions of
patients in the application of nanomaterials in lower limb
joints, so it is necessary to conduct a careful examination
of patients before using nanomaterials for rehabilitation
treatment [8].

In the field of nanobatteries, due to its excellent conduc-
tive properties, it is a widely used carbon material in the
research of lithium-sulfur batteries, which can greatly
improve the conductivity of battery anode materials. The
carbon-silicon composite material can not only improve
the conductivity of the active sulfur of the positive electrode
but also effectively inhibit the diffusion of polyurethane to
the negative electrode through physical adsorption and ease
the volume expansion of the positive electrode. It is an elec-
trode material in the working process of the battery. And
sometimes, there is research in the field of machinery. This
can improve battery performance, but the capacity is small
and the decay is fast. Then, sulfur is coated with a carbon
material, and the carbon material is used as a conductive
skeleton to realize electron transmission. After the porous
carbon fiber is prepared by the electrospinning method, the
pores of the carbon fiber are filled with sulfur by the
liquid-phase deposition method, which is the best prepara-
tion method for the battery. When the current density is
6°C, the initial specific capacity of the battery increases by
800 milliamperes per gram [1, 9, 10]. Liquid-phase deposi-
tion belongs to liquid-phase epitaxy technology of the semi-
conductor growth process.

2.2. Application of Electrospinning Technology in Nanofiber
Materials. In the field of nanocatalyst materials, nanometals
are an excellent catalyst, combining nanomaterial carriers with
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nanocopper and composite catalysts, substitutes for precious
metal catalysts such as platinum and gold, many organic reac-
tions have better catalyst characteristics, and high capacitor
electrodes. The material and copper oxide have good electro-
chemical properties. To this end, researchers have been devel-
oping nanocomposites with various morphologies, sizes, and
characteristics to meet the various applications and needs of
today’s society. Nanometal is an excellent high-temperature
material. The traditional preparation method is mainly based
on wet spinning, and the fibers can be obtained in the micron
level. At present, there is little research on the preparation of
nanometal nanofibers by electrospinning technology. Nano-
metal can be prepared by electrospinning technology. Nanofi-
bers have good metal tensile properties, so the performance of
nanometallic materials can be optimized [11]. By changing the
environment of the textile fluid with electric current, the nano-
particles can adapt to the environment in the textile fluid.

The angle of the PAN nanofiber test sample and the drop-
let formation is one hundred degrees, the material surface has
almost no hydrophilic groups, and the hydrophilicity is poor.
The average static contact angle of AOPAN nanofibers was
reduced to 80 degrees after treatment of PAN nanofibers with
amino modification technology. Therefore, a certain number
of hydrophilic groups are added to the surface of AOPAN
nanofibers modified by amino acids to improve the hydrophi-
licity.With the further change of ATRP technology of AOPEN
nanofibers, the average static contact angle of polymerized
nanofibers is reduced to 50 degrees, which can further
improve the hydrophilicity of nanofibers. This is because a
large number of groups are introduced on the surface of the
transplanted nanofibers. In promoting the improvement of
hydrophilicity, the carboxyl group plays a very good role,
and the hydrophilicity is greatly improved [12]. Electrospin-
ning technology is used to prepare nanometal materials in
water, and the manufacturing process of nanometal materials
is clearly displayed.

2.3. Research Methods of Nanomaterials by Electrospinning
Technology

(1) Polymer research method. During the preparation of
the textile solution, the nanomaterials are introduced
into the fiber-forming polymer matrix, and then, spin-
ning is performed. This method has a certain influence
on the process of electronic spinning; nanoparticles
become very easy to aggregate. Therefore, the difficulty
of this technology is how to improve the adaptability
between nanoparticles and textile liquor. The surface
of the nanoparticles can be modified, and the ligand
can be rotated in the liquid phase. However, the appli-
cation of nanosurface modification technology is lim-
ited due to its complicated process, and may not be
suitable for most nanoparticles and textile solutions
[13, 14]. Controlled release of drugs can not only be
used in the field of biomedicine, wound repair, biolog-
ical tissue engineering, and other aspects of the fiber fil-
ter material in the gas filtration liquid filtration and
personal protection and other fields but also can be

applied to the shell of ships, the inner wall of oil pipe-
lines, high-rise glass, automobile glass, and so on [15]

(2) Medical research method. Nanomaterials in medical
research, first of all, the comparison of the lower
limb pretreatment of sEMG and the wavelet
transform-based filtering method in the traditional
filtering method, are more effective than the wavelet
transform method for noise removal processing of
signal filtering. Next, using the three types of time-
domain feature value changes, the action at the start
of sEMG is determined. Next, the eigenvectors of the
lower limb sEMG are studied, and finally, the eigen-
values of the time domain and the frequency domain
are extracted. The neural network is trained by using
the characteristic values of the time domain and fre-
quency domain features and their joint features as
the input of the neural network, where the BP neural
network classifier classifies the two operation modes
of lower limb bending and design will expand the
application range [16, 17]

(3) Carbonization treatment method. During the car-
bonization process, since the graphite ring struc-
ture is formed after dehydrogenation, the PAN
will not collapse during the carbonization process.
The fiber membrane shrinks during the preoxida-
tion process. Therefore, in order to ensure the spe-
cific structure of the fiber, during the preoxidation
process, a specific mass object can be used to
extend the film in the vertical direction to maintain
the fiber state. Clamping the nanofiber bundles at
both ends of the jar and placing them in a tubular
furnace can produce a fixing material with its own
high temperature resistance. In order to prepare
the aluminum foil for direct oxidation, the orienta-
tion structure of the fiber can be maintained dur-
ing the preliminary oxidation according to the
adsorption force between the fiber film and the
aluminum foil. In the preoxidation process, the
fiber bundle is covered with glass, and the binding
force of glass gravity on the fiber bundle maintains
the structure of the fiber bundle [18–20]

(4) Electrostatic treatment method. Generally speaking,
it includes the following steps. First, the precursor
containing the target material and the organic poly-
mer are mixed, and an organic solvent is added to
form a viscous yarn solution. Then, the solution is
injected into the high-voltage electrospinning yarn
with a specific voltage for spinning and collection.
The general electronic spinning system is mainly
composed of three parts: high-voltage electrostatic
electric field power supply, spinning port discharged
from nanofibers, and ground plate. The high-voltage
power supply is generally a DC power supply, and
the voltage range of the AC power supply is generally
sixty volts. The output end is connected to the spin-
ning port, and the other end is grounded. The spin-
ning port is usually a metal needle with a specific
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diameter, and the diameter of the spinning port
affects the diameter of the nanofiber. The solution
is usually discharged directly into the cylinder by
gravity, and there is also a peristaltic pump connec-
tion for controlling the uniform flow of droplets.
The power receiving plate for the metal plate usually
uses a ground wire to make the potential of the
power receiving plate zero. Therefore, the electro-
spinning of the output voltage of the high-voltage
power supply is the spindle voltage. Another type
of device, connecting the attraction device to the
receiving board, can not only expand the electric
field strength but also reduce the output voltage of
the high-voltage power supply [21]

(5) Sprinkler method based on nanomaterials. Three
hundred times higher than single nozzle electrospin-
ning efficiency. Multinozzle devices can improve
production efficiency but can also cause other prob-
lems. For example, during the electrospinning pro-
cess, since the sprinkler heads are charged, if
multiple sprinkler heads are used, an electrostatic
repulsive force will be generated between different
sprinkler heads, affecting the formation of the jet.
Therefore, multiple sprinkler devices of different lay-
outs are designed to reduce mutual repulsion
between sprinkler heads. The six needle ring config-
uration device can not only obtain a stable jet aircraft
but also avoid the interference of environmental fac-
tors such as air flow. Under the premise of ensuring
fiber quality, we improve the production efficiency of
fibers and contribute to promoting the mass produc-
tion and practical application of electric field spin-
ning fibers

2.4. Formulas Used in the Preparation of Nanofiber
Materials. In the preparation of nanomaterials by electro-
spinning technology, it is necessary to conduct a compre-
hensive study of nanomaterials through performance and
actual application. At this time, relevant formulas will be
used to explain them.

(1) In the signal recognition of human body, the infor-
mation transmission function of nanomaterials plays
a huge role. The relevant formula is as follows:

mk tð Þ = 〠
N

i=1
uk tð Þ × δ t − τ1ð Þ × pk tð Þ × gki tð Þ ×M

ð1Þ

In information transmission, usually the signal transmis-
sion requires a certain process, and the transmission time
will also be affected by related factors. When using nanoma-
terials for human body information collection, the time fac-
tor and the temperature factor of the nanomaterials need to
be considered. The longer the time, the more sensitive the
reaction of the nanomaterials, because the nanomaterials

need time to continuously activate during the information
transmission.

(2) When processing the collected information with spe-
cial equipment, the information needs to be proc-
essed first. The relevant formula is as follows:

up tð Þ = 〠
M

k=1
uk tð Þ × lk tð Þ½ � = 〠

M

k=1
〠
M

i=1
δ tk − tkið Þ

" #
tk + tið Þ ð2Þ

The processing of information is carried out in segments,
each segment needs to be refined, and then, the image
description of the information. The entire process is carried
out in a complete processor, which can be directly filtered
from the table when data extraction is performed.

(3) In the conduction information of nanomaterials, the
conduction distance and the average power of con-
duction are very important. The relevant formula is
as follows:

vS1 ωð Þ = Sy wð Þ 1 − cos ωΔð Þ = 4Sy wð Þ sin2 ωΔ
2

� �
ð3Þ

When the conducted power is constant, the larger the
cosine value of the conduction process, the lower the con-
duction rate of the nanomaterial. The greater the sinusoidal
value during conduction, the greater the rate of conduction.
In most medical devices, the rate of change in the rate of
nanomaterial conduction will be focused on. For the nano-
materials with larger conduction rate, they will be used first.

(4) The stress performance of nanomaterials reflects the
bearing capacity of nanomaterials to a certain extent,
and the related formula is expressed as follows:

σ2m = 1
2π

ð+∞
−∞

Sm ωð Þdω =
1
2π

ð+∞
−∞

H ωð Þj j2Sm ωð Þdω ð4Þ

σ2y tð Þ = 1
2π

ð+∞
−∞

Sy t, ωð Þdω = σ2
mc

2 tð Þ ð5Þ

The value of the stress change can directly reflect the
quality of the nanomaterial. In general, the stress value of
nanomaterials with large specific surface area will also
increase; of course, this is to exclude the specific surface area
under the environment not affected by temperature. Nano-
materials are highly durable materials, and their correspond-
ing stress coefficients will directly determine the lifetime of
nanomaterials.
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3. Electrospinning Technology Experiment

3.1. Experimental Equipment. The relevant experimental
data needs to be measured before the experiment. The rele-
vant equipment used before the experiment is shown in
Table 1. The function of the assembling machine is to syste-
matically assemble the joint fixing device of nanomaterial
synthesis during the experiment, which avoids certain errors
caused by the experiment in the process of manual assembly.
The function of the frequency analyzer is to control the
transmission rate and transmission time of the signal during
the experiment. The data analyzer is designed to compre-
hensively collect the data that appears during information
processing to prevent the omission of information during
the experiment. In addition to controlling the external envi-
ronment, we also need to control the internal environment
reasonably in order to get more accurate results [22]. The
data analyzer is controlled by the computer throughout the
use. The role of the pressure sensor is equivalent to further
data mining of the experiment through the data returned
by the pressure sensor when applying pressure to the fixture.
The function of the optical instrument is to observe the
rehabilitation state of the patient at any time without chang-
ing the fixed instrument during the experiment.

3.2. Control of Experiment-Related Factors.We pay attention
to controlling related factors during the experiment. When
conducting safety experiments, the measurement of the joint
fixture must be performed in a safe environment. Each time
a measurement is taken, relevant data records are required.
The value of pressure is within a reasonable range. During
the experiment of the application of the joint fixation device,
the joint fixation device needs to be polished to prevent the
patient from being scratched during the experiment. During
the experiment, the patients had the same degree of sprains,
and the patients had the same sprained parts.

3.3. Experimental Process. In the study of the safety of nano-
materials, six groups of experiments were set up to measure
the joints of nanomaterials prepared by electrospinning
technology under the pressure of 500N, 510N, 520N,
530N, 540N, and 550N and compression resistance.

In terms of application of nanomaterials, 100 patients
with sprains of lower extremities who were admitted to the

Affiliated Hospital of Sun Yat-sen University were divided
into 5 groups, and each group of experimenters was divided
into 20 people. A total of 6 groups of days at 1 d, 2 d, 3 d, 4 d,
5 d, and 6d were used to observe the recovery rate of the
patients when the nanomaterial fixation device prepared by
electrospinning technology was applied to the patients’
lower limb joints.

4. Analysis of Electrospinning Technology

4.1. Summary of Experimental Data. The compressive per-
formance of the nanomaterial joint fixation device when
studying different pressures is shown in Table 2.

The performance of nanomaterials is usually determined
by the molecular structure of nanomaterials. In general, the

Table 1: Related equipment used before the experiment.

Equipment name Specification Manufacturer

Constant temperature oil bath device Temperature-controlled magnetic stirring Germany

Infrared spectrometer NiN10 American Asia Pacific

High temperature power supply DMP303 Hefei Power Supply Company

Precision grouting machine LPS-5A Changhe Electric Appliance Company

Electron microscope PM-80 Sino-American

Pressure sensor MQ-50 Kunshan Instrument Company

Data analyzer AM3240C Electronic Technology Research Institute

Spectrum analyzer TNC-20 China to Federal Group

Assembly machine 1313 Japan

Table 2: Study the compressive performance of nanomaterial joint
fixtures at different pressures.

Pressure (N)

Number of groups
Compression rate (%)

500 510 520 530 540 550

Group 1 50 60 71 80 96 67

Group 2 40 50 61 73 90 62

Group 3 36 43 52 60 85 57

Group 4 28 38 45 55 70 52

Group 5 21 30 41 48 65 47

Group 6 17 25 38 44 49 36

Table 3: Rehabilitation status of patients with sprained lower
extremities at different days.

Heaven number (d)

Number of groups
Recovery rate (%)

1 2 3 4 5 6

Group 1 47 60 70 80 87 92

Group 2 40 51 62 72 78 83

Group 3 33 40 50 68 66 76

Group 4 21 31 40 53 57 62

Group 5 24 33 40 46 47 55

Group 6 18 25 28 40 38 48
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structural stability of carbon is higher than other similar ele-
ments. In the field of nanomaterials, carbon element is the
dominant factor. It can be seen from the data in the table that,
to a certain extent, the compression performance of the nano-
material joint fixation device gradually changes with the
change of the pressure value. When the pressure value reaches
a point, the compression rate of the nanomaterial reaches the
highest. Then, it showed a downward trend.

In terms of the application of nanomaterials, the rehabil-
itation situation of patients with sprained lower extremities
at different days is shown in Table 3.

In the process of sports rehabilitation, as the number of
days continues to change, the patient’s recovery gradually
improves, and one of the inevitable factors is the patient’s
own self-healing. However, because the recovery situation
of the patients in the table improved more quickly and was
significantly higher than normal, the lower limb joint fixa-
tion device played an important role in this. And as time
goes by, the recovery rate of patients gradually rises and
tends to a stable state.

4.2. Experimental Data Analysis. The safety performance of
the lower limb joint fixation device under different pressures
is shown in Figure 1. In the figure, when the pressure is
500N, the safety performance of the 6 sets of data is at the
lowest state. The measurement time during the experiment
was carried out on the same day to avoid different measure-
ment results caused by different time. Through comparison,
it is found that the safety performance also increases when
the pressure value gradually increases, but when the pressure
value reaches a certain range, it will reach a critical value. As
the pressure continues to increase, the entire fixing device is
in a state of being easily broken. If this limit is exceeded, the
safety performance will be affected. The nanomaterials after
applying pressure are no longer suitable for the fixation of
the patient’s lower limbs.

As the pressure changes, the safety rate of the lower limb
joint fixation device is shown in Figure 2. The concept of
pressure change is quoted in the figure. The value 1 repre-
sents 500 and the value 2 represents 510. When the pressure
is 540N, the compressive performance of the nanomaterials
is preferably 96%. When the pressure is 500N, the maxi-
mum value of the measured safety performance is 50%.

The safety performance of the nanomaterial itself has not
changed, and the value measured during the experiment
represents the actual safety rate under a certain pressure.
With the constant change of the pressure value, the highest
position is reached when the pressure is 540N, that is, the
safety of the lower limb joint fixing device at this time is
the best. Within a certain range, the force sustained by nano-
materials is directly related to safety performance.

With the gradual change of the number of days, the
patient’s recovery is shown in Figure 3. At a certain number
of days, the overall recovery of group 6 is relatively low.
Most of the reasons for this situation are due to the different
circumstances of the patients, but the overall recovery shows
an upward trend with time. Therefore, the specimens col-
lected during the experiment meet the experimental require-
ments. The recovery effect of the patients in group 4 was
lower than that in group 1 on the first day, but after the
use of the lower extremity joint fixation device, the patients
showed that the recovery situation surpassed that of group
1. It shows that the joint fixation device with nanomaterial
as the main power shows a good trend in the use of patients.

The corresponding change of the patient’s recovery rate
with time is shown in Figure 4. When the fixed device was
used for 6 days, the recovery rate of the patient was the best,
at 92%. Among them, the fixing device is equivalent to aux-
iliary treatment to prevent the patient from being injured
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Figure 1: Safety performance of lower limb joint fixation device under different pressures.
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Figure 2: With changes in pressure, the safety rate of the lower
extremity joint fixation device.
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again. The recovery rate of the patients in group 1 is gener-
ally low, but when the time changes, the recovery rate shows
a rising state. The recovery rate of the patients in group 6 is
higher at a certain number of days. In this case, it is more
suitable for the rehabilitation of patients. The data in the fig-
ure also tends to the sixth group. The recovery level of the
patients in group 2, group 2, and group 3 is lower than the
recovery rate of normal patients, indicating that the patients
in these three situations have poor recovery treatment
effects.

5. Conclusion

Starting from the background at home and abroad, this
research deeply explores the preparation of electrospun
nanofiber materials and its application in the rehabilitation
of lower extremity joints, and a series of experiments have
made breakthroughs, confirming the safety and reliability
of nanomaterials. Rehabilitation treatment effect is good.
Open up new ideas for further research on nanomaterials.

As a high-strength material with broad development
prospects, nanomaterials have made outstanding contribu-
tions in the fields of construction, medicine, aviation, and

so on. Especially in recent years, the country has paid atten-
tion to and supported high-tech and high-information mate-
rials, and nanomaterials have become more and more widely
used as a landmark application for many polymer materials.

This study explores the strength of nanomaterials from
the safety performance of nanomaterials and explores the
effect of nanomaterials on the recovery rate of nanomaterials
in medicine from the application of nanomaterials. We ana-
lyze the practical properties of nanomaterials from different
angles. In a certain pressure range and a certain time, the use
of nanomaterials is the best. This study has a very important
value for the discussion of nanomaterials.
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With the rapid development of information science today, the Internet of Things technology is gradually being applied to all walks
of life, and the multifunction and intelligentization of instruments have gradually become the focus of people’s attention. In recent
years, domestic track and field sports have developed to a certain extent, but at the same time, it must also be noted that there are
still some difficulties and problems in the development of domestic track and field sports. This article was aimed at studying the
application of the rehabilitation training and prevention of athletes’ hind thigh muscle group injury based on the intelligent data of
the Internet of Things and puts forward the idea of using the intelligent data of the Internet of Things to better use in sports
rehabilitation and prevention. This article describes in detail track and field training, athletes’ hindquarters muscle injury, and
so on. The application experiment of rehabilitation training and prevention of athlete’s hind thigh muscle group injury based
on the intelligent data of the Internet of Things has been made. The experimental results show that the rehabilitation training
and prevention program of athletes’ hind thigh muscle injury based on the intelligent data of the Internet of Things can
effectively reduce the athlete’s muscle injury during training, and it is more than 10% higher than the traditional prevention
program. It can effectively improve the bad and wrong movement patterns of athletes, improve their own stability, flexibility,
and balance, optimize the transmission of the body’s power chain, and improve the athletes’ ability to perform competitively.

1. Introduction

Track and field training in physical education institutions is
an important part of track and field training in China [1].
Sports school track and field training has provided a large
number of excellent talents for the national track and field
team, and some athletes have achieved excellent results in
the world competition [2]. But for a long time, sports injury
has been one of the important factors restricting the health
and sustainable development of competitive sports. It not
only affects the normal training of athletes but also ends
the sports career of athletes prematurely, which is not only
a personal regret for athletes but is also a major loss and
waste of resources in competitive sports, which is one of
the problems to be solved urgently in competitive sports.

The basic skills of athletes should be improved and cor-
rected in time. In addition, the learning and mastering of
new technology should be arranged in the period when ath-

letes are in good physical and mental state, so as to avoid
learning technology under physical and mental fatigue and
bad state [3]. Preparatory activities have made full physical
and mental preparation for formal training, which must be
paid attention to in training. In winter preparation, athletes
should also pay attention to clothing and preparation time.
Different special events have fixed action patterns and spe-
cific muscle groups [4].

The main reasons that affect the prevention and rehabil-
itation of sports injuries of college athletes are as follows: the
increasing number of sports competitions makes athletes do
not have enough time for systematic and complete rehabili-
tation training, and sports injuries are accumulated and
repeated. The existing rehabilitation training is difficult to
meet the training requirements of athletes, and it is difficult
to achieve effective recovery after high-intensity training.
[5]. The subject consciousness of athletes refers to their cog-
nition and consciousness of sports injury in training [6].
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Track and field athletes are in the process of physical and
mental development. In terms of time, sports injury can be
divided into early, middle, and late [7]. In the early stage
of sports injury, the manifestations of sports injury in this
period are local tissue ischemia, obvious pain in the injured
part of athletes, a large amount of tissue fluid exudation, and
swelling in the injured part [8].

In this paper, the method of experimental research is
used to understand the influence of the injury of the poste-
rior femoral muscle group of track and field athletes and to
find out the way of sports injury of track and field athletes
through theoretical analysis and experimental research;
through data recording, sorting, calculation, drawing, and
analysis, the data are processed. Through the simulation of
the statistical data set of the later rehabilitation training
and prevention of the injury of the posterior femoral muscle
group of track and field athletes, combined with the data, the
role of the posterior femoral muscle group in the track and
field sports is empirically analyzed and combined with the
effective data. The article further summarizes and sorts out
the specific methods of the athlete’s posterior thigh muscle
injury, the specific requirements of the exercise movements,
the advanced movements, and the training load characteris-
tics, enriches and improves the training methods and con-
tents of the sports injury in the physical function training
system of college athletes, provides theoretical and practical
guidance for coaches, athletes, and other researchers of col-
lege long jump training teams and other training teams,
and further improves the scientific, systematic, informatiza-
tion, and rationalization level of the training system of col-
lege training teams.

2. Injury of Posterior Femoral Muscles of Track
and Field Athletes

2.1. Track and Field Training. The development of track and
field athletes needs years of training. Athletes mainly rely on
the functions of the ATP-CP system. The absolute speed
level of the track and field athlete determines the perfor-
mance. The speed of the athlete mainly depends on the
elongation-contraction ability of the knee and ankle extensor
muscles and the ability of the hip joint to contract concentri-
cally. The coordination of speed and explosiveness is the key
to determining track and field performance. However, due to
the influence of the basic training conditions of track and
field and the professional level of coaches, some athletes
have different degrees of sports injury, which affects the
quality and systematization of the basic training stage. In
track and field training, some coaches still rely on experience
training, lack of deep understanding of scientific training,
and pay too much attention to competition results, which
is not conducive to the development of athletes. This situa-
tion leads to different degrees and types of sports injuries.
The training of high level athletes in track and field is a sys-
tematic project. In the system training, the training is carried
out in stages. Different training stages complement each
other to form a system [9, 10]. If there are more and more
serious sports injuries in training, it will not only affect the
quality of training but also break the training system. With

the increase of modern sports events, the intensity of train-
ing is increasing day by day, and even competition is used
instead of training. This increases the risk of injury to ath-
letes. With its unique charm, sports attract people to partic-
ipate in it and enjoy the tension, excitement, excitement, and
joy after winning the whole process. It has multiple func-
tions of promoting social development. More and more
modern sports training load trend content orientation, load
measurement specialization, many years of training process,
and training team composition diversification, which means
that the complexity of modern sports training organization
and implementation and the requirements of comprehensive
training are higher, and the requirements of human body in
psychology are more and more in-depth, so the actual needs
of social activities are higher and higher [11, 12]. Sports have
higher requirements and standards for athletes participating
in sports competitions. After a long period of practice, sports
have become a practical social activity to realize the individ-
ual social value of athletes. This is the essential characteristic
and internal requirement of sports training. The perfor-
mance of sports mainly depends on the existing level of ath-
letes [13]. The ultimate goal of competition and training is to
achieve excellent results. Psychological ability plays an
important role in the ability constitution of track and field
athletes. The process of athletes’ long-term training until
the highest achievement is closely related to individual psy-
chological development [14]. In the early stage of scientific
development, people’s understanding of sports is relatively
low, and they pay attention to the physiological response
of body function. Although they have a corresponding
understanding of psychology, the research still needs to be
strengthened. At the same time, some social factors that
are expected by the outside world, lack of psychological
coordination and cooperation, often lead to the situation is
not ideal, lack of psychological adjustment and maintenance,
resulting in their own regret, anger, and other psychological
differences. Psychological ability is the key to achieve the
level of athletes and achieve ideal sports results. For athletes
engaged in sports, the level of motivation to a certain extent
affects the performance of individuals or the quality and
effect of daily sports training. The realization of social value
and self-worth of athletes needs long-term motivation. The
quality of incentive determines the realization of incentive
demand and the degree of target acquisition. Therefore, ath-
letes have formed professional representatives for a long
time. In other words, professional competition and long-
term guidance and training are the long-term mechanism
of athletes’ long-term work. Will quality is the basic guaran-
tee for athletes to overcome the tough training competi-
tion [15].

2.2. Posterior Femoral Muscle Damage. “Injury” has a
broader and richer meaning and scope than “sports injury,”
and the meaning and scope of “sports injury” is more spe-
cific and detailed, especially referring to various acute and
chronic injuries that occur during sports. Therefore, the
word “injury” includes “sports injury,” and “sports injury”
is more professional, scientific, normative, and rational than
“injury” in sports application. Patients with severe injuries
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need to be hospitalized for a long time and lose their ability
to exercise completely, especially the pull injury of posterior
femoral muscle group. The main reason of lower extremity
injury is the theory of muscle involvement. If the lower
extremity hemorrhage cannot be absorbed, it will form
fibrous tissue and new bone. For example, too much tread-
ing and retreating will make flexor and squat muscles, flexor
digitorum, and posterior tibial muscles contract repeatedly,
causing a series of pathological changes of periosteum of
legs. No matter what the cause of periostitis, if the local load
can be in the early stage, timely adjustment of running,
jumping, and support can reduce exercise, appropriate treat-
ment can be taken to reduce inflammation and tissue repair
process, and adaptive changes will also occur, which will
improve the load capacity of bone tissue. Therefore, coaches
and athletes should fully consider the mechanism of sports
injury and reasonably adjust the training plan when making
the training plan. The main reason why the waist and back
are easy to be damaged is that the gravity exceeds the endur-
ance of the trunk for a period of time. The proximal end of
the rowing bone is relatively narrow and long, and the longi-
tudinal span between the two rows of carpal bones is the
most likely to be fractured in the carpal bone. However,
due to the track and field without using the wrist, only the
wrist closely related to the throwing event and the injured
wrist of track and field athletes are relatively low.

Injury of the thigh muscles is common in track and field,
football, etc. Although most injuries do not require surgical
treatment, athletes need to rest for 2-8 weeks before return-
ing to the level before injury. After athletes resume normal
training and competition, repeated posterior femoral muscle
strains can lead to longer recovery time, chronic pain, and
dysfunction and can even end of their sports careers. Due
to the serious consequences of tension, a lot of manpower,
material, and financial resources are invested to prevent
the tension of the posterior femoral muscles and improve
the rehabilitation effect of tension. Strains mainly occur
when the muscles are stretched. Strains are related to muscle
strains, not to muscle contraction force and speed. Muscle
strain is defined as the ratio of muscle relative resting length
increment to muscle resting length. In a given human move-
ment, when the muscle length increments are similar, the
optimal length of the muscle is shorter, the strain of the
muscle is larger, and the risk of injury increases. On the
other hand, when the optimal muscle length is similar, the
greater the muscle length increment, the greater the muscle
strain and the greater the risk of strain. Sprinting is the most
important form of movement that leads to the pulling of the
posterior femoral muscles. The huge load of the posterior
femoral muscles is the cause of the traction. Therefore, we
believe that the early stage of the support stage is a high-
risk stage of tug-of-war. The tug-of-war for muscles is
caused by excessive strain, and huge muscle contraction is
not a necessary condition. On the one hand, it affects the size
of the muscle strain by affecting the optimal length of the
muscle; on the other hand, it may also affect the biomechan-
ical characteristics of the lower limbs during sprinting,
thereby affecting the length increase of the posterior femoral
muscle group and ultimately affecting the size of the strain

and changing the risk of contingency. Insufficiency of the
hamstrings is considered to be the main cause of hamstring
injuries. Deficiencies in the hamstrings can result in insuffi-
cient hamstrings against the quadriceps during knee exten-
sion during the swing phase. Assuming that this is the
mechanism of hamstring injury, it is a further inference that
the imbalance of muscle strength at the thigh is the cause of
hamstring injury.

The hamstring is mainly composed of type II fibers of
fast twitch fibers. This muscle group is a typical biarticular
muscle, consisting of the biceps femoris located on the back
of the thigh, the long and short biceps, and the semitendino-
sus located on the back of the thigh muscle and semimem-
branosus muscle. In running movements (especially fast
movements), the biceps femoris and semimembranosus are
powerful extensors of the hip joint, while semimembranosus
is the agonist for knee flexion and calf flexion in addition to
coextending the hip. However, the current training methods
cannot train this muscle group well, so in high-speed exer-
cise, the injury and recurrence of the posterior femoral mus-
cle group are very common. Severe strain of the proximal
part of the posterior femoral muscle group may also affect
the lower limb function of the patient. Incomplete recovery
after injury will lead to repeated or aggravation of the dis-
ease, resulting in difficult recovery, and the second injury is
often more serious than the previous one. Repeated injury
of the posterior group of extensor muscles may lead to lum-
bar deformation and reduce the deformation and range of
motion of the knee joint, the adhesion of the common pero-
neal nerve, the reduction of the strength of the quadriceps
femoris, and so on. At the same time, it will increase the risk
of other parts of the lower limb, such as the anterior cruciate
ligament. Serious pull injury of posterior femoral muscle
group not only brings great pain to athletes but also brings
great economic loss to clubs or sports teams. More than half
of the injuries were related to the biceps femoris, and most of
them occurred in the long head of biceps femoris. Because
the long head and the short head of biceps femoris are con-
trolled by different nerves, this unique dual innervation
makes asynchronous nerve stimulation lead to asynchro-
nous contraction of muscles, thus weakening the ability of
muscles to produce effective tension control strong load,
and at the same time, the relatively short length of muscle
fibers also makes pulling. In a given human action, the
shorter the optimal muscle length, the greater the muscle
tension, and the higher the risk of injury. Serious traction
injury of posterior femoral muscle group may be caused by
exceeding the physiological limit in a certain exercise pro-
cess, or it may be the result of long-term microinjury accu-
mulation. It is also possible that the two mechanisms
together lead to the final result of the strain. Although jump-
ing, slow overstretching, and so on will cause the strain of
the posterior thigh muscles, sprint is still the most important
form of exercise.

2.3. Preventive Measures. The main problem of the injury
mechanism of the posterior femoral muscles during sprint-
ing is the injury time. In addition to the large knee flexion,
the hip extension supports the early stage. In order to resist
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the acceleration of the forward swing of the leg, the strong
contraction of the posterior femoral muscles produces
greater knee flexion in the final stage of the swing. The early
support period and the later swing period are both high-risk
periods of sprained posterior femoral muscles. In daily walk-
ing and squatting positions, the knee and hip joints have
completed the bending movement, and these two joints have
opposite effects on the extension of the thigh muscles. This
unique dual innervation causes asynchronous nerve stimula-
tion to cause muscles to contract asynchronously. All three
muscles of the posterior femoral muscle come from the
ischial tuberosity behind the pelvis. Therefore, when the for-
ward angle of the pelvis increases, the posterior thigh mus-
cles will be in a longer state, which may increase the risk of
injury. In certain human activities, the greater the muscle
tension, the greater the risk of injury. The optimal length
of the posterior femoral muscle group with a history of
strain may be shorter, and the risk of restrain may increase.
Therefore, the knee flexion angle at the moment of maxi-
mum knee flexion can be used to reflect the strain risk of
the posterior femoral muscles. Is the change in the optimal
length the cause of the previous strain or the result of the
previous strain? The ability of tired muscles to resist stretch-
ing decreases. In the case of absorbing the same energy,
fatigued muscles will stretch longer than nonfatigue muscles,
so it is easier to reach a stretched tension state, and the risk
of fatigued muscles is higher. Power imbalance is a potential
risk factor for posterior femoral muscle stretch injury. The
imbalance of strength mainly includes the weakness of the
posterior femoral muscle, the imbalance of the strength of
the posterior femoral muscles on both sides, and the low
strength ratio of the posterior femoral muscle to the quadri-
ceps muscle. The strength of the posterior femoral muscles
and quadriceps is relatively weak. In the late stage of the
sprint, the eccentric contraction of the posterior femoral
muscles is not enough to prevent the swing of the front legs,
which may lead to excessive stretching of the posterior fem-
oral muscles, resulting in tension. Because the deformation
of the posterior femoral muscle group mainly occurs in the
process of strong eccentric contraction, the centripetal mus-
cle force ratio is said to not reflect the actual function of the
posterior femoral muscle group. The ratio of centrifugal
force to centripetal quadriceps is widely used. During sprint-
ing, the maximum muscle tension of the thigh muscle group
is much greater than the maximum muscle tension at the
maximum muscle stretching speed, and the maximum mus-
cle stretching speed is much greater than the maximum
muscle tension at the maximum muscle tension. Although
the occurrence of muscle strain is not directly related to
the speed of muscle contraction, once the strain occurs, the
speed of muscle stretching may affect the degree of muscle
strain and tear. The most important thing in functional
recovery is not to force it. We should step up the practice
step by step. Pain means overload and delayed recovery.

Functional recovery takes pain as an important indica-
tor, and it is gradually performed in the order of flexibility,
muscle strength, speed, coordination ability, and overall
endurance, and functional recovery is achieved in the short-
est time. Acupuncture, massage, and other treatments called

physiotherapy must also be performed under the guidance
of a doctor. The purpose of functional recovery is to restore
the normal state before the injury. It can perform normal
activities as before, with the previous strength and explosive
power, restore the active area of the joints, and obtain the
maximum muscle strength. If you return to the state before
the injury, you can return to the court. The first step of the
functional recovery plan is emergency treatment, the second
step is to restore the range of motion of the joint, and the
third step is to restore strength. The next step is to restore
muscle strength. The most difficult part of functional recov-
ery training is the recovery of muscle strength. The recovery
of muscle strength is very important, especially for athletes
who need muscle strength and explosiveness. Equipment is
also essential in the training of muscle function recovery.
When an athlete is injured, the countermeasures should be
from the initial prevention to the subsequent treatment
and rehabilitation. The general prevention method is daily
physical exercise and storage, so as to improve their own
quality. Before the training, we should also be able to reason-
ably restore our relaxed nature and work hard in medical
work. When there is a treatment problem, it cannot be
delayed from on-site first aid to late delivery. After receiving
treatment, athletes should be able to maintain their confi-
dence in recovery and recover in time. The excessive damage
of the skeletal muscle system is mainly caused by the long-
term fatigue effect that exceeds the capacity of the lower
limbs to bear the structure. It is related to the overload and
repetitive stress of the musculoskeletal system. Although in
many structures of the skeletal muscle system, repeated
stress may lead to overuse injury, this does not mean that
in order to avoid injury, the stress of the skeletal muscle sys-
tem should be reduced to a very small extent.

Positive adaptation occurs when the applied repeated
stress is below the mechanical limit of the structure and
there is sufficient time interval between the stresses. On the
other hand, negative adaptation is that the applied stress
exceeds the mechanical limit at a certain moment. As for
the location of the injury, the results are different due to dif-
ferent athletics. Usually, when many athletes have a poor
grasp of the landing angle when taking off, or have problems
in technical movements, they will make the speed too fast
and then make the body fall unreasonably. Normally, strains
on large muscle groups are caused by excessive force during
take-off. When you land and move the center of gravity
downward, your legs are more prone to problems. All joints
and ankles are prone to pain and swelling. In ankle joints,
severe cases often have varus or valgus, blood stasis on the
instep or ankle joint, local tenderness is obvious, and the
tenderness is more serious when the ankle joint is active.
In the throwing event, the most likely injury is muscle strain.
Different sports levels or genders have different injuries due
to different bodies. In this way, if the technical action is cor-
rect, the problem can be alleviated. In many cases, insuffi-
cient preparation and lack of specific strength and
flexibility of the elbow joint will exacerbate the problem.
Usually, when an athlete is just injured, the body will
respond to stress, namely, pain and swelling. When these
problems arise, emergency response is the most important.
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The usual first aid methods are braking, cold compress,
compression, and supine. Braking means stopping motion.
When the movement stops, swelling can be further con-
trolled. When bleeding problems occur, they can also be
minimized. In case of bleeding, if you cannot get ice in time,
you can choose pressure bandaging. Pressure bandages allow
blood to enter the tissue and absorb it well. There are many
ways to bandage. In order to reduce inflammation, swelling,
and pain after injury, the methods used are braking, cold
compress, compression, elevation. and fixation. Then, sur-
gery is performed. In order to promote blood circulation,
warm treatment should be performed from the site with less
pain and more damage, and it is also the beginning of the
process of functional recovery.

2.4. IoT Smart Data. The Internet of Things technology is a
comprehensive technology that connects objects to the
Internet according to a certain communication protocol
through communication equipment, sensors, data acquisi-
tion and processing systems, positioning systems, and other
equipment. Through the Internet of Things, operations such
as intelligent monitoring, positioning, and management of
objects can be realized. In recent years, due to a large
amount of investment in human and material resources,
the application system based on the Internet of Things tech-

nology has also been continuously developed and improved.
However, in the process of continuous improvement of
information technology, some unstable factors have also
appeared. A large amount of spam has caused great troubles
to data collection. Based on this, the research on intelligent
data collection systems based on the Internet of Things tech-
nology is also particularly important.

Data acquisition is one of the cores of data management
system. Data acquisition is the process of using sensors and
other measuring devices to collect and input information
from outside the system to the inside of the system. Gener-
ally, the collected information is converted into electrical sig-
nals and transmitted to the system for identification. In the
rehabilitation training and prevention of track and field ath-
letes’ hindfemoral muscle injury, the role of IoT intelligent
data is more prominent. Intelligent data collection based
on the Internet of Things technology can accurately record
the rehabilitation training performed by track and field ath-
letes after muscle injury in the past, can be stored for a long
time, and can be accessed at any time. At the same time, the
intelligent technology of the Internet of Things can identify
and record some sports actions that may cause muscle dam-
age in track and field sports, which greatly reduces the risk of
athletes causing muscle damage in track and field sports.
Figure 1 is a deployment diagram of an intelligent data col-
lection server based on the Internet of Things technology.

3. Research Objects and Methods

3.1. Experimental Subjects. In this paper, 60 athletes in Hebei
Province were selected randomly, including 30 men and 30
women. Then, a series of training and recovery were carried
out. The 60 athletes were observed, and the status quo of the

Database server Web application server farm

Disk array Communication server

Figure 1: Data acquisition server deployment diagram.

Table 1: Athlete’s sport type situation table.

Walking
race

Running Thrown
Jumping
class

Omnipotent

Male 5 7 8 3 7

Female 6 5 9 2 8
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injury of the posterior thigh muscle group and its prevention
and recovery were analyzed. Table 1 is a table of the sports
types of 60 athletes.

3.2. Experimental Method

(1) Flexibility training: before the formal training, the
subjects complete 5-10 minutes of warm-up by jog-
ging and then complete a series of training after that.
The subjects lie on a horizontal pad. The trainer uses
one hand to raise the lower limbs of the subjects,
while the other hand is placed on the anterior supe-
rior iliac spine of the opposite side to prevent pelvis
rotation. The trainer shall ensure that the knee joint
of the subject is in the straight position during the
whole process. When the trainer feels that there is
a great resistance or finds that the pelvis of the sub-
ject begins to tilt, he shall stop raising the measured
leg. At this time, the hip joint bending angle is the
maximum hip joint bending angle for flexibility
training. Flexibility training intervention to further
verify whether the flexibility of the posterior femoral
muscle group will affect the risk of strain. As for the
16 week flexibility intervention training of runners,
the flexibility training did not significantly reduce
the strain rate of the posterior femoral muscle group

(2) Sprint training: the subjects wore tight clothes and
trousers, pasted reflective markers on their bodies,
and determined the placement of electrodes for

biceps femoris, semitendinosus and semimembrano-
sus muscles on both sides according to the anatomi-
cal markers on the body surface and the freehand
examination. Shave the hair on the skin surface of
the preset electrode and wipe it with 75% alcohol.
Two recording electrodes were attached to the high-
est part of the muscle ventral eminence during each
muscle contraction to be measured, which was con-
sistent with the direction of the muscle fiber. The
distance between the centers of the two electrodes
was 2 cm, and a reference electrode, a signal trans-
mitter, was placed close to the recording electrode.
The running distance is about 35 meters. The sub-
jects stand at a straight distance of about 20 meters
from the force measuring platform to prepare for
the starting position. After hearing the command,
they run through the training area as fast as possible.
It is considered as an effective training for the sub-
jects with normal gait, no step adjustment and train-
ing foot on the force measuring platform. The
subjects completed three effective exercises on each
side of the leg and rested for 60 seconds between
each exercise. The three-dimensional coordinates,
surface electromyography, and ground reaction force
signals of the subject’s body surface were collected
during each training

(3) Isokinetic strength training: after the sprint training,
the subjects keep the original body surface marker
points unchanged, first complete the static standing
calibration to collect the three-dimensional coordi-
nates of all marker points, because the seat will block
the waist points during isokinetic strength training,
so remove the waist points after the calibration.
The subjects sit on the isokinetic training instrument
and keep the hip flexion about 90°. The thigh and
calf of the training leg are fixed on the seat and the
mechanical arm, respectively, to prevent compensa-
tory action so as to ensure that only the flexion and
extension of the knee can be completed. The flexion
and extension axis of the knee is aligned with the
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Figure 2: Analysis of the nature of sports injury.

Table 2: Analysis of the nature of sports injury.

Track and field
events

Acute
injury

Chronic
injury

Acute
conversion

Walking race 16.60% 75.50% 17.30%

Running 81.30% 6.80% 46.60%

Thrown 86.90% 2.50% 50.60%

Jumping class 78.60% 16.80% 67.70%

Omnipotent 42.60% 39.50% 57.60%
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rotation axis of the mechanical arm. The range of
motion of the arm is 110° and the position of the
arm is 0° when the knee is fully extended. The sub-
jects did their best to complete three equal speed
knee bending movements with an angular velocity
of 10/s for 90 seconds between each time. The
three-dimensional coordinates and isokinetic
moment data of the body surface mark points were
collected during each training

(4) Strength training: during the formal training, the
athletes stand on the pedal with their feet fully in
contact with the pedal. The knees should not be bent
as much as possible. They should stand up straight
and back and hold the handrail with both hands,
and the legs should be retracted horizontally or ver-
tically. Stretch until the athlete feels the back of the
thigh muscles are sore and can retract by himself.
According to the focus of strength training, that is,
maximum strength, relative strength, strength

endurance, and speed strength, different load inten-
sity is used for training

Literature analysis method: through consulting related
books, such as sports therapeutics, sports psychology, sports
injury, track and field kinematics, sports science, and sports
statistics, to provide a preliminary basis for this study, and
then collect relevant literature at home and abroad from
CNKI, and analyze the relevant literature. Mathematical
analysis: SPSS22.0 statistical software was used to process
the relevant data of long jumpers, the results were expressed
as mean and variance (M± SD), two-sided t-test was used,
and the P value less than 0.05 indicated statistical signifi-
cance, providing data support and authoritative basis for
the analysis of training methods for sports injury prevention.
Logic analysis method: by using the method of judgment
and reasoning, this paper analyzes the injury of the posterior
femoral muscle group of track and field athletes, explains its
causes, provides the corresponding scientific basis for train-
ing and competition, summarizes, sorts out, analyzes all the
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Figure 3: Analysis of sports injury types.

Table 3: Analysis of sports injury types.

Damage type Walking race Running Thrown Jumping class Omnipotent

Strain 26.60% 76.80% 31.50% 46.20% 58.60%

Scratch 1.30% 17.90% 14.60% 35.90% 31.60%

Contusion 0 12.50% 9.20% 38.20% 26.90%

Sprain 29.20% 28.30% 35.90% 45.90% 38.30%

Fracture 6.10% 4.20% 2.40% 12.20% 6.80%

Periostitis 32.20% 22.90% 19.90% 18.90% 10.90%

Laceration 0 6.70% 3.10% 7.90% 5.60%

Dislocation 1% 4.90% 4.60% 5.10% 4.20%

Hemorrhage 0 2.10% 3.10% 9.20% 2.20%

Other 0 0 0 0 0
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documents, sorts out and processes all the data, synthesizes
the results of logical analysis, and draws relevant conclu-
sions. Field investigation method: This article uses the
opportunity of internship in the training team of the acad-
emy to observe the process of physical function training of
athletes and observes and records the training methods used
by athletes to prevent sports injury and the arrangement of
training load, which provides a solid foundation for the writ-
ing of this article practical basis.

Strength is the power source of human sports, strength
training is the key factor to improve the performance of

competitive sports, and it is the most concerned problem
of modern competitive sports training. A comprehensive
and systematic understanding of the theory and methods
of sprint strength training, the advantages and disadvantages
of various strength training methods, as well as the diagnosis
and evaluation methods of strength training effect are the
basis of competitive sports training, the guarantee of effec-
tiveness and pertinence of strength training, and the premise
of sports training innovation and breakthrough. In the train-
ing, the strength of the mobilized posterior thigh muscles is
different. In the strength training, the effect of the flexible
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Figure 4: Analysis of damaged parts.

Table 4: Analysis of damaged parts.

Track and field events Walking race Running Thrown Jumping class Omnipotent

Neck 0% 1.30% 11.30% 5.30% 6.70%

Shoulder 0% 1.80% 45.40% 4.20% 3.10%

Wrist 0% 3.10% 8.70% 1.30% 1.20%

Finger 0% 0% 0% 0% 0.60%

Waist 26.30% 18.80% 50.90% 21.20% 18.70%

Knee 34.50% 38.70% 20.30% 68.90% 15.90%

Ankle 6.90% 17.90% 6.20% 20.10% 17.70%

Follow 3.10% 1.10% 0.20% 9.20% 1.90%

Thigh 4.60% 68.80% 16.20% 27.20% 38.30%

A lower leg 28.90% 16.10% 1.30% 13.30% 7.80%

Hip 17.60% 2.30% 18.30% 8.20% 2.80%

Table 5: Prevention and attention in various aspects.

Special training Adjustment recovery Physical training Mental training Skill training Nutrition

Walking race 9 8 8 5 6 4

Running 8 7 6 5 6 2

Thrown 7 8 9 6 5 7

Jumping class 8 6 7 6 7 4

Omnipotent 9 8 8 6 5 7
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strength training device on the posterior thigh muscles is
better than the traditional method. The training effect of
the comprehensive training device of flexibility and strength
on the longitudinal flexibility is more obvious than that of
the traditional method. The flexibility training of the poste-
rior thigh muscle group needs persistence, and long-term
persistence can get better results. Flexible strength training
device has a positive effect on the strength and flexibility of
the posterior thigh muscles. It can effectively prevent the
injury of the posterior femoral muscle group of athletes in
special sports.

4. Discussion and Analysis of
Experimental Results

4.1. Analysis of Track and Field Injuries

4.1.1. Analysis of the Nature of Sports Injury. According to
statistical analysis of data, as shown in Figure 2 and
Table 2, the nature of sports injuries includes acute injuries,
chronic injuries, and acute to chronic injuries. Acute injury
is caused by one-time violence; chronic injury is caused by
long-term local overload, which exceeds the capacity of the
tissue. Chronic to acute injury is caused by early acute injury
without timely and reasonable treatment. In track and field

sports, walking injury is the main form of injury, accounting
for 75.5% of the total injury. The main nature of sports inju-
ries in running events is acute injuries and chronic injuries,
accounting for 81.3% and 46.6%, respectively. The sports
injuries of throwing events are mainly acute injuries and
chronic injuries, accounting for 86.9% and 50.6%, respec-
tively. Long jump sports injuries are mainly acute injuries
and chronic injuries, accounting for 78.6% and 67.7%,
respectively. Acute, chronic and acute to chronic events
accounted for 42.6%, 39.5%, and 57.6%, respectively.

4.1.2. Analysis of Sports Injury Types. According to the statis-
tical analysis of data, as shown in Figure 3 and Table 3, due
to the different characteristics, movements, speed, strength,
and other performance of different items, the types of sports
injuries are also different. Sprains and periostitis were the
main sports injuries, accounting for 26.6%, 29.2%, and
32.2% of the total injuries, respectively. Muscle strain is the
main injury in running events, accounting for 76.8% of the
total. Sprains, periostitis, and abrasions accounted for
28.3%, 22.9%, and 17.9%, respectively. The main sports inju-
ries in throwing events were 31.5% of strain injuries, 35.9%
of sprain injuries, and 19.9% of periosteal inflammation
injuries. The types of sports injuries in long jump are
sprains, contusions, sprains, abrasions, and periostitis,
accounting for 46.2%, 38.2%, 45.9%, and 35.9%, respectively.

4.2. Track and Field Prevention Analysis

4.2.1. Analysis of Damaged Parts. According to the statistical
analysis of the data, as shown in Figure 4 and Table 4, differ-
ent sports show obvious characteristics at the location of
sports injuries. The main injuries are the waist, knees, calves,
and buttocks. The main parts of running injuries are waist,
knee, ankle, and thigh. The main parts of sports injuries
are waist, knee, and hip, which account for the largest pro-
portion. As there are more all-around sports, there are also
more injured parts, especially the waist, ankles, and thighs.
Due to the characteristics of different sports forms, speed,
duration, and muscle names, the occurrence of sports inju-
ries also has its own characteristics. In the training, the coach
should fully consider the muscle strength and weight-
bearing parts of different items and arrange the general qual-
ity training and special training, training and recovery, and
the intersection of different training parts and content. Dur-
ing the training, the coaches of different projects should pay
attention to the uncomfortable reactions in the first half of
the different projects and actively communicate with the
athletes. If there is fatigue, discomfort, and minor injury, it
should be adjusted and handled in time to prevent serious
sports injuries.

4.2.2. Prevention Analysis. Table 5 shows the athletes’ atten-
tion to prevention in various aspects to prevent muscle dam-
age during exercise (1-10 points, the higher the score, the
higher the attention).

According to the statistical analysis of data, as shown in
Figure 5, the first three key points of running sports injury
prevention are special training, adjustment recovery, and
physical fitness training; the first three points of throwing

Physical training

Skill
training

Mental
training

Nutrition

Adjustment and
recovery

Walking race
Running
Thrown

Jumping class
Omnipotent

Special training

Figure 5: Preventive analysis.

Table 6: Muscle injury data sheet.

Walking
race

Running Thrown
Jumping
class

Omnipotent

Strain 8.2% 5.8% 9.5% 6.5% 8.1%

Sprain 6.8% 8.2% 6.3% 8.9% 9.2%

Periostitis 2.5% 9.2% 5.1% 3.8% 4.6%

Scratch 3.1% 5.0% 2.1% 3.2% 2.9%

Fracture 2.0% 5.4% 3.6% 4.0% 2.9%
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sports injury prevention are special training, physical train-
ing, and psychological training. The first three points of
the long jump are special training, physical training, and
technical training; the top three all-rounders are physical
training, adjustment and recovery, and special training. On
the whole, sports training is increasingly valued by coaches.
In addition, most track and field coaches attach great impor-
tance to recovery after training. To some extent, rehabilita-
tion is the continuation of training. If the recovery work is
not done well, it will affect the next training. It is worth not-
ing that modern sports training pays more and more atten-
tion to psychological factors and nutritional supplements. In
particular, nutritional supplements have special significance
for the prevention of sports injuries and should attract the
attention of coaches.

4.3. Prevention Analysis of Muscle Injury in Track and Field
Sports Based on Intelligent Data of the Internet of Things. In
this experiment, an experiment was conducted on the pre-
vention of athletes’ muscle injury based on the intelligent
data of the Internet of Things, and the athlete’s muscle
injury was recorded in the experiment. Table 6 is a table of
experimental results of preventing muscle damage based
on the intelligent data of the Internet of Things.

According to Table 6, a diagram of the prevention of
muscle damage based on the intelligent data of the Internet
of Things can be drawn, as shown in Figure 6.

According to Figure 6, it can be seen that the program of
preventing sports muscle injury based on the intelligent data
of the Internet of Things has achieved great results, greatly
reducing the probability of athletes causing muscle injury
in sports. In this experiment, the highest rate of muscle dam-

age was only 9.2%, which was 18.6% higher than the effective
rate of the traditional prevention program. Through the
comparison of peak muscle torque on the subject’s knee
flexor muscle strength and knee extensor muscle strength,
it is found that the subject’s flexor and extensor muscle
strength match is ideal, and the flexion of the left and right
knee joints is ideal. The extensor muscle strength is more
balanced. However, there is a significant difference in the
explosive force level of the knee flexor muscle group com-
pared with the knee extensor muscle group during high-
speed exercise through the explosive force parameters (using
the rapid strength index and the force rate), which may be
one of the factors that affect sports performance and lead
to the injury of the posterior femoral muscle group potential
factors.

5. Conclusions

(1) In the stance phase, the main torques that control
the movement of the lower limbs are the muscle tor-
que and the external torque generated by the ground
reaction force; the main torques that control the
movement of the lower limbs in the swing phase
are the muscle torque and the inertial moment gen-
erated by the link movement. The moment of inertia
has a significant effect on the motion at the end of
support and swing

(2) At the initial stage of support and the end of swing,
the stress state of the hamstrings is similar, that is,
the external torque pulls the hamstrings in the oppo-
site direction at the same time, making it under huge
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Figure 6: Diagram of the prevention of muscle injury based on the intelligent data of the Internet of Things.
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stress and strain, so both the initial stage of support
and the end of swing are similar high-risk period
for hamstring injury

(3) The main parts of running sports injuries are waist,
knee, ankle, and thigh. Injury sites also showed
diversity, with waist, ankle, and thigh injuries being
the most obvious. The main measures to eliminate
sports fatigue are jogging and relaxing, sleeping,
and massage

(4) Most track and field athletes have experienced tor-
ture of posterior femoral muscle damage during
training, and the degree of injury is higher. The
degree of injury is mostly mild to moderate, but it
still seriously affects the training and life of athletes

(5) The degree of occurrence of sports injuries of track
and field athletes is as follows: does not affect train-
ing, suspends training, and treats sports injuries.
The main parts of the walking project are the waist,
knees, calves, and hips

(6) The muscle injury prevention program based on the
intelligent data of the Internet of Things can greatly
reduce the probability of athletes causing muscle
injury during exercise, and its effective rate is
increased by 18%

It is suggested that the prevention of physical function
injury should be promoted and integrated into the daily
training of the long jump training team and other training
teams, so as to achieve the effect of injury prevention and
treatment on the basis of improving the athletes’ special per-
formance ability. The concept and method of physical func-
tion training has not been introduced for a long time, and its
theoretical and practical experience is relatively immature.
Therefore, it is necessary to fully study and understand its
theoretical knowledge and connotation when applying it
and to constantly explore and summarize in specific
practice.
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Nanomaterial science is a particularly important research field in modern science and technology, which has attracted wide
attention and research from all walks of life since its inception and has formed a relatively perfect category of science and
technology. The purpose of this paper is to explore the application of carbon nanocomposite sensing and functional magnetic
nanomaterial in the sports industry and their biosecurity research. This paper first discusses the research progress of
nanocomposite in biosecurity and concludes that chemical modification can reduce the negative biological effects of
nanomaterial, then puts forward the research methods on nanocomposite in the sports industry, and then selects nanosilver
composites to explore and study the effects of different particle sizes and concentrations on the antibacterial properties of
Aspergillus and test and characterize the properties of nanocomposite. The stability of nanocomposite modification electrodes
is also explored. The results show that nanosilver has excellent bactericidal effects on both AF293 and Gra04. In particular,
8:08 × 10−5 mol/L and 4:03 × 10−5 mol/L nanosilver has a bacteriological rate of 100%, indicating that the growth of all fungal
spores can be completely inhibited, and when the content of 10wt% is found, the thermal conductivity of PHBE-MWNT
pressure-sensitive composite materials is achieved 0.6975W/(m-K), 1.8 times the MWNT pressure-sensitive glue, higher than
the pure pressure-sensitive glue about 255%.

1. Introduction

Microorganisms are beneficial and harmful to human sur-
vival. The secondary metabolites of many bacterial species
are antibiotics that are very useful for human diseases, and
because of the short growth cycle and rapid reproduction
of microorganisms, they are used in genetic breeding, which
is of great significance. At the same time, microorganisms
can also lead to the prevalence of infectious diseases, and
50% of human diseases are caused by viruses. Some microor-
ganisms are spoilage, that is, cause undesirable changes in
food odor and tissue structure. The evolutionary history of
human society is the history of giving full play to the advan-

tages of favorable bacteria to improve one’s own life and to
improve the quality of life by solving harmful bacteria.
When the size of the material is reduced to a nanoscale,
there will be some unique and interesting phenomena that
cannot be observed in macromaterials, but these phenomena
have not been found in the macrorange. Material scientists
have discovered many materials with this phenomenon,
such as quantum stimulation limits (quantum dots) for inor-
ganic semiconductor nanomaterial, ultra-submagnetic
(SPIONS) for iron oxide nanoparticles and localized surface
plasma resonance (LSPR), for precious metal nanoparticles.
It is an exciting task to solve practical problems by using
the special properties of nanomaterial. The characteristics
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of nanomaterials mainly include surface and interface
effects, small size effects, quantum size effects, and macro-
scopic quantum tunneling effects.

To explore all aspects of nanocomposites, because of
their smallness, they are not conducive to experimental
exploration, but also because of their smallness, so nano-
composites are explored, so that it can provide reliable help
not only in microbial research but also for clinical medicine
and disease early warning of biomolecule detection methods
which provide an important reference.

According to the research progress at home and abroad,
different scholars have also made corresponding investiga-
tions in the research of carbon nanocomposite material
sensing and functionalized magnetic nanomaterial: Zhao
et al. conducted laboratory research on the performance of
nanocarbon/copolymer SBS/rubber powder composite mod-
ified asphalt and chose nanocarbon particles modified by
titanate coupling agent as the modifier. The morphology,
microstructure, and surface properties of the prepared nano-
composite adsorbent were measured and analyzed by
FESEM, TGA, XRD, FT-IR, and zeta potential. Batch exper-
iments on the adsorption of Cr (VI) were carried out to
determine the adsorption performance of the composites
[1]. Wang et al.’s chemically synthesized conductive nano-
composites consisting of poly (PPy) are compared to com-
ponents such as Cdots or PPy. It shows higher
conductivity. The conductive film of this composite material
is used for high sensitivity and selective detection of bitter
acids in water and soil. This is the first report on
conductivity-based sensing applications for Cdot nanocom-
posite, as opposed to traditional fluorescence-based sensing
methods [2]. Pal et al. studied the composite modified
asphalt prepared by Cdots and the high-speed shearing
method for nanocarbon/copolymer SBS/rubber powder,
used in extended tests, softening point tests, permeability
tests, dynamic shear rheometer (DSR) tests, and curved
beam rheometer (BBR) tests to evaluate physical perfor-
mance [3]. Jiang et al. have produced a diamond-like carbon
(G/a-C:H) nanocomposite film mixed with graphene by liq-
uid phase electrochemical method. The growth mechanism
of the nanocomposite membrane is proposed and discussed.
The deposited coating material was measured using scan-
ning electron microscopy (SEM), Raman spectroscopy,
spread electron microscopy (TEM), and Fourier transform
infrared (FTIR) spectra. The results show that graphene
sheets are evenly dispersed in the hydrogenated amorphous
carbon (a-C:H) matrix [4]. Xu and Zhang have developed an
easy preparation method for nanocomposite consisting of
graphene oxide and manganese dioxide nanowires (GO/
MnO2NWs). The basic form, structure, and composition
of the resulting substance are characterized by a transmis-
sion electron microscope, X-ray diffraction, and N2 adsorp-
tion and desorption [5]. Hien et al. have successfully
developed an effective electrochemical method for the pro-
duction of poly phenylamine/multiwall carbon nanotube
nanocomposite on the fork-finger platinum microelectrics
to improve biosensor performance. The shape and proper-
ties of nanocomposite were studied through field emission
scanning electron microscopes and ultraviolet visible spectra

[6]. Amir et al.’s study discusses the effects of effective func-
tionalization on signal sensitivity observed on 6-TG electro-
oxidation on CA-Fe3O4 NPs, with the use of bare and niacin
(NA) functional Fe3O4 NP modified glass carbon electrode
compared. The experimental results provide sufficient evi-
dence to support the importance of favorable functions for
achieving higher signal sensitivity of 6-TG electrooxidation
[7]. Cao et al. studied the prepared ZnONR sensors,
MWCNT sensors, and ZnONR/MWCNT ethanol gas sensi-
tivity of nanocomposite gas sensors. ZnONR/MWCNT
nanocomposite sensors exhibit higher response, faster
response recovery, and better ethanol selectivity than
ZnONR and MWCNT sensors [8]. However, these studies
have not combined the application of sports industry and
its biological safety to make some progress.

The innovative focus of this paper is mainly reflected in
the following: (1) the paper introduces the research on bio-
security of nanocomposite and concludes that chemical
modification can reduce the negative biological effects of
nanomaterials and puts forward research methods based
on nanocomposite in the sports industry. (2) The perfor-
mance of nanocomposite is analyzed from a biological point
of view, and the properties of nanocomposite are tested and
characterized, and the stability of nanocomposite modified
electrodes is explored.

2. Methods in Biosecurity and
Sports for Nanocomposite

2.1. Biosecurity in Nanocomposite. Due to the industrializa-
tion of nanotechnology, people’s daily life and occupation
with nanomaterial contact are increasingly frequent, so the
use of nanomaterial on the body and the environment may
also cause more attention. Some of the nanoparticles newly
created by engineering science may be cancer-causing.
Researchers found that fish developed brain cancer after
ingesting small amounts of carbon nanomaterials. Labora-
tory mice developed symptoms of lung disease after inhaling
carbon nanotubes, as if they had inhaled asbestos particles.
So far, the study of the biological effects of nanomaterial is
still in its infancy, and scientists have only made preliminary
studies on the biological effects of carbon-based nanomate-
rial and metals and their oxide nanomaterial [9]. When a
biological material exceeds the nanosize (1-100 nm), it has
a very good surface area due to its size close to the biological
atomic scale, allowing it to interact directly with individual
biological atoms [10]. Nanomaterials show the good elec-
tronic, optical, magnetic, mechanical, and other properties
inherent in nanoscale, making it more sensitive to the sur-
rounding environment and the target molecules in the sam-
ple, which is conducive to detection. Nanoelectrochemical
sensors made from these nanomaterials have achieved some
results in simplifying the detection process, improving sensi-
tivity, reducing detection limits, and reducing costs, as
shown in Figure 1.

The biological effects of nanomaterial are closely related
to their physical and chemical properties, biological cells are
at micron scale, and nanomaterials extremely easily enter
into biological cells and interact with them, thus affecting
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biological functions [11]. Figure 2 represents the factors that
affect biological damage. Because of their small size, these
tiny factors are difficult to detect, and they are quietly hidden
around us, which will slowly erode our bodies. Scientific
studies have confirmed that some micron-scale compounds
that appear in the form of stable clusters are nontoxic, but
when they are heated into smaller-scale nano- or ultra-
microlevel particles, they can also show some toxicity, such
as having rats contain 20 nm of PFC (PTEF). Nanoparticles
breathe 15min in the air, and most rats die within the next
4 hours, instead containing 130nm PTEF. Rats breathing
in the air did not see discomfort [12].

The biological effects of nanomaterial are not only influ-
enced by particle size but are also closely related to their
structure. With the quantitative change of particle size, the
qualitative change of particle properties will be caused under
certain conditions. The change in macroscopic physical
properties due to particle size reduction is called the small
size effect. For ultrafine particles, the size becomes smaller
and the specific surface area increases significantly, resulting
in a series of novel properties as follows. The study found

that tubular structure carbon nanomaterials (MWCNTs)
and onion-like carbon nanomaterial (MWCNO) in the same
dose and in the same size range showed different toxic effects
and mechanisms on human fibroblasts. MWCNTs cause a
strong immune and inflammatory response from fibroblasts
in the human skin, while MWCNO is a genetically induced
response of fibroblasts to external stimuli [13]. The cytotox-
icity of single-walled carbon nanotubes (SWNTS), multiwall
carbon nanotubes (MWNT10), and fullerene (C60) to alve-
olar macrophages was then compared; its cytotoxicity from
strong to weak isSWNTS >MWNT10 > C60; for SWNTS
concentration of 11.30μg/cm2 at a concentration of
22.6μg/cm2, there was significant cytotoxicity, while for C
at a concentration of 226μg/cm2, there is still no significant
cytotoxicity [14]. It has also been reported that surface-
derived treatment of C60 reduces nanotoxicity to human
epidermal cells (HDFs) by 100,000 times, showing that
chemical modification can reduce the negative biological
effects of nanomaterial.

At present, there is no unified international evaluation
criterion on the biological stability of nanomaterial [15].

Genosensors

Cytosensors

Nano-enhanced
electrochemical

sensors and biosensors
Enzyme-based

biosensors
Others

Immuno-
sensors

Figure 1: Schematic diagram of electrochemical sensors and biosensors based on nanomaterial and nanostructures.
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Figure 2: Factors affecting biological damage.
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Nanomaterial can interfere with endogenous metabolism or
signal transduction pathways in a very weak way, thus dis-
rupting the biochemical function of cells, and the results
are difficult to show in short-term toxicity analysis. There-
fore, when evaluating the biological efficacy of nanomaterial
using short-term or subchronic experiments, a representa-
tive in vivo or in vitro environment should be used, a nega-
tive and positive control group should be set up, and the
entire experimental process should be calibrated [16].

2.2. Methods on Nanocomposite Materials in the Sports
Industry

(1) Factor analysis and spatial effects

Factor analysis is an analytical method that uses the idea
of “low dimension” to extract a few representative factors
from many original variables [17]. The KMO test statistic
is an indicator used to compare simple and partial correla-
tion coefficients between variables. It is mainly used in factor
analysis of multivariate statistics, which can also be used to
study the similarity between variables in multifactor analy-
sis. The mathematical concept of KMO test statistics is as
follows:

KMO = ∑∑m≠nt
2
mn

∑∑m≠nt2mn+∑∑m≠nu2mn
, ð1Þ

wheretmnis a simple correlation coefficient between a
variableamandanother variables,umn, and a partial correla-
tion coefficient between a variable and a variable thatam
controls theanremaining variables. As can be seen from the
formula (1), KMO statistics range from 0 to 1. The closer
the KMO value is to 1, the stronger the correlation between
the variables, and the more suitable the original variable is
for factor analysis [18]. The closer the KMO value is to 0,
the weaker the correlation between the original variables,
and the less suitable the original variable is for factor analy-
sis [19].

Once the KMO test has passed, factor analysis is possi-
ble. The mathematical model of factor analysis is as follows.

With the original g variables, L1, L2, L3,⋯, Lg, and all of
which have been standardized, each variable can be iði < gÞ
represented by a linear combination of D1,D2,D3,⋯,Di fac-
tors, as follows:

L1 = k11D1 + k12D2+⋯+k1iDi + ω1,

L2 = k21D1 + k22D2+⋯+k2iDi + ω2,

⋯

Lg = kg1D1 + kg2D2+⋯+kgiDi + ωg:

8>>>>><>>>>>:
ð2Þ

Formula (2) can also be expressed as a matrix, L = KD
+ ω, where D is a common factor; K is a load matrix of fac-
tors and is a factor load, kmnðm = 1, 2,⋯,g ; n = 1, 2,⋯,i rep-
resenting the first m load of the original variable on the nth
common factor; ω is a special factor, which is the part of the

original variable that cannot be interpreted by the public fac-
tor, with an average value of 0.

Then, construct the weight function, mainly by using the
variance contribution rate of each common, and then, get
the comprehensive evaluation function; the formula is as fol-
lows:

D = 〠
e

m=1
σmDm, ð3Þ

where σm = φm/∑
e
m=1φs indicates the weight of the ith mea-

surement factor.
Spatial relevance is when a region’s behavior or phenom-

enon affects an adjacent region; i.e., features with similar
behavior or phenomena are spatially brought together [20].
Therefore, there is a functional relationship d between the
observation variable of the ith wtm space observation unit
and the observation variable of its adjacent region. Its gen-
eral expression is

wm = d w1,⋯,wm−1,wm+1,⋯,wtð Þ + ωm, m = 1,⋯, t, ð4Þ

in the formula, representing ωm random interference items.
Spatial structure heterogeneity, also known as spatial

structure inconsistency and spatial structure differences, is
determined by the spatial structure measurement mode of
the second main source of spatial structure efficiency [21].
Spatial heterogeneity shows the characteristics of events or
phenomena in different regions of the space environment
[22]. Spatial heterogeneity can be expressed as

qa = ga pa, φa, σað Þ: ð5Þ

a represents the space observation unit, a = 1,⋯, i. ga is
the function relationship between qa-dependent variables
and pa arguments, parameter variables, φa and random
interference items σa.

Typically, a linear relationship is described as follows:

qa = Paφa + σa ð6Þ

in formula represents the Pa vector used to interpret the var-
iable, represents the parameter vector that the φaexplanatory
variable has an effectqa, is theqaexplanatory variable that
represents the observation of a region, and is a random σa
interference term.

Global spatial self-correlation can measure the self-
correlation between regions in the overall research space.
Common domain-wide spatial self-correlation metrics are
Global Moran’s I statistics, assuming a vector, described as
follows:

I =
∑m

a=1∑
m
b=1uab ta −�tð Þ tb −�tð Þ

∑m
a=1∑

m
b=1uab∑

m
a=1 ta −�tð Þ2

=
∑m

a=1∑
m
b=1uab ta −�tð Þ tb −�tð Þ
D2∑m

a=1∑
m
b=1uab

:

ð7Þ

mis the total number of regions in the study area, theuab
spatial weight;taandtbare the properties of regionsaandb,
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respectively; �t = ð1/mÞ∑m
a=1Ta is the average of the property;

D2 = ð1/mÞ∑m
a=1ðta −�tÞ2 is the variance of the property.

When the Global Moran I index is measured, it is also
tested, usually using the X test the formula as follows:

X =
M − F Mð Þffiffiffiffiffiffiffiffiffiffiffiffi

U Mð Þp : ð8Þ

Among them,FðMÞis the theoretical mean andUðMÞis
the theoretical standard deviation.

Essentially, the Local Moran I index is a decomposition
of Global Moran’s I, a global spatial autocorrelation statistic.
For the ith region, it takes the form of

Ia =
m2

∑a∑buab
×

ta −�tð Þ∑buab tb −�tð Þ
∑b tb −�tð Þ2

: ð9Þ

The Local Moran I index is tested similar to the global
index.

(2) Linear regression model in sport

In practice, there are often many factors that influence a
phenomenon, so multiple regression analysis methods are
often used to study the interaction between a variable and
many variables [23]. In practical problems, the establish-
ment of a multiple regression model can analyze complex
problems in a diversified manner, making them easier to
understand, so as to solve the problem. A multilinear regres-
sion model can be formed when there is a linear association
between the resolved variable and the resolved variable. The
usual form of a multilinear regression model is

y = φ0 + φ1x1 + φ2x2+⋯+φnxn + δ, ð10Þ

where it is called a dependent variable and is called
anx1, x2,⋯, xnargument; φ1, φ2,⋯, φnisnplus 1 argument
to be evaluated, is a constant, is φ0 a regression parameter,
and is a random φ1, φ2,⋯, φnδerror.

The GWR model can be represented as

f a = ∂0 sa, tbð Þ + 〠
h

b=1
∂b sa, tbð Þxab + φa, a = 1, 2,⋯,m:

ð11Þ

ðsa, tbÞ is the spatial coordinate of the first sample point,
∂bðsa, tbÞ, and the bth regression factor of the a sample point
is a random error φa term. For ease of expression, you can
shorthand the above as

f a = ∂0 + 〠
j

b=1
∂abxab + φa, a = 1, 2,⋯,m: ð12Þ

If ∂1b = ∂2b =⋯ = ∂mb, the GWR model then becomes a
normal linear regression model.

Further, based on “data that is farther away from the
observation data closer to position i has a greater impact
on the estimate,” the GWR model parameters can be esti-
mated using weighted least squares:

b∂ sa, tbð Þ = CEU sa, tbð ÞC� �−1
CEU sa, tbð ÞF, ð13Þ

where b∂ is the estimate of ∂, m is the number of spatial sam-
ple points,bis the number of arguments,Uam, and the posi-
tion; a depiction model is given to the data point, the
weight of m, which is the corresponding spatialUðsa, tbÞ
weight matrix.

How to select the appropriate threshold L is the key to
the distance threshold method. The distance between data
pointb and regression point a is recorded as lab comparing
the lab value to L; if lab is greater than L, the weight is 0, oth-
erwise 1; the formula is as follows:

Uab =
1 lab ≤ L,

0  lab > L,

(
ð14Þ

where spatial relationships are measured by distance:

Uab =
1
lαab

: ð15Þ

In the upper class, α is the appropriate constant, gener-
ally with a value of 1 or 2, which corresponds to the square
of the distance countdown and the distance countdown,
respectively.

The continuous monotony decreasing function is used to
reveal the correlation between distance and weight, in which
Gauss function method is a more common function; the spe-
cific formula is as follows:

Uab = exp −
lαab
k

� �2
 !

: ð16Þ

k is a nonnegative attenuation parameter that illustrates
the correlation between weights and distance coefficients
and is also called bandwidth. It can be found by the formula
sub (16); the larger the broadband k, the lower the rate of
weight decay with the increase of distance. If the broadband
k is smaller, the rate of weight decay increases as the distance
increases, as does Figure 3 for the Gauss spatial right
function.

In practice, data points that have little effect on regres-
sion parameters are usually cut off and do not participate
in the calculation [24]. In this case, the Gauss function is
replaced by a finite Gaussian function, which is the most
commonly used method.

Uab =
1 −

lab
k

� �2
" #2

lab ≤ k,

0 lab > k:

8>><>>: ð17Þ
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Akaike also made improvements to the parameter esti-
mation method of the greatly similar principle, and on this
basis, a more general mode l selection criterion, namely,
Akaike information criteria, is given. The AIC guidelines
are defined as

AIC = −2lnH bδH , x
� �

+ 2r: ð18Þ

Among them,bδH is for a very similar estimate andris the
number of unknown parameters.

AIC guidelines are widely used in practice. In the early
days, the AIC criterion was applied to nonparametric regres-
sion analysis to select smooth parameters, the formula being

AICc = 2mln bθ� �
+mln 2πð Þ +m

m + tr Tð Þ
m − tr Tð Þ : ð19Þ

Here, AICc represents the “modified” AIC estimate
andmis the size of the sample point, represents the standard
distance between the random error term and the estimate,
represents the trace of the GWRTmatrix, and is a function
of bandwidth. The value of the AIC can also be used to judge
whether GWR modeling is better than OLS modeling.

To find out how to choose the best bandwidth method,
cross-validation is recommended, which is based on local
regression analysis, the formula of which is represented as
follows:

CV = 〠
m

a=1
f a − f̂ ≠a mð Þ
h i2

, ð20Þ

where f̂ ≠aðbÞis the sum value off a; i.e., the observation of
pointaitself is deleted when fitting. This way, when band-
width m becomes very small, the model only fits near regres-
sion point a, included in bandwidth m. Sample points in the
range do not include a itself [25]. The smaller the CV value,
the better the model fits. In the actual calculation, in order to
select the optimal bandwidth m and its CV value, you can
select multiple bandwidths b at the calculation and measure
their CVs separately value to find the best result. The appli-
cation of carbon nanocomposite sensing and functional

magnetic nanomaterial in the sports industry is studied in
Figure 4 [26–28].

3. Experimental Results of Carbon
Nanocomposite Sensing and Functional
Magnetic Nanomaterial in
Biosecurity Research

3.1. Exploration of Nanosilver Composites of Different
Particle Sizes and Concentrations in the Biological Field. In
order to analyze the performance of nanocomposites from
a biological point of view, this paper selects nanosilver com-
posites to explore and study the effects of their different par-
ticle sizes and concentrations on the antibacterial properties
of aspergillosis [29].

(1) Effects of different particle sizes on the antibacterial
properties of Aspergillus AF289

Table 1 shows the results of the experiment showing the
same concentration (12:12 × 10−5mol/L) of nanosilver solu-
tion; at 10 nm to 40nm, the antibacterial effect in the particle
size range is very significant, especially 10 to 25nm. Nanosil-
ver antibacterial rate reached 80%, so the antibacterial effect
on fungal spores under this particle size is most obvious.

(2) Effects of different particle sizes on the resistance of
the drug-resistant bacteria Gra04 to aspergillation

In Table 2, experimental results show the same concen-
tration (12:12 × 10−5mol/L) of nanosilver solution; at
10 nm to 40nm, the antibacterial effect in the particle size
range is very significant, especially the nanosilver antibacte-
rial rate of 10 to 25nm that reached 80%, so the antibacterial
effect on fungal spores is most obvious under this particle
size.

(3) Effects of different concentrations on the antibacte-
rial properties of aspergillosis AF293

As can be seen from Table 3, different concentrations of
nanosilver have different antibacterial activities against
AF293 of pentomycin. In experiments with the same particle
size, nanosilver series dilution concentration, in the range of
2:02 × 10−5mol/L to 16:16 × 10−5mol/L nano-silver has a
significant antibacterial effect, especially 8:08 × 10−5mol/L
and 4:03 × 10−5mol/L. The bacteriostatic rate reached
100%, indicating that the growth of all fungal spores could
be completely inhibited [30].

(4) Effects of different concentrations on the resistance
of Gra04, a drug-resistant bacteria of aspergillation

In Table 4, the experimental results show that different
concentrations of nanosilver have different antibacterial
activities against the drug-resistant bacteria Gra04 of penicil-
lin. In experiments with the same particle size nanosilver
series dilution concentration, in the range of 2:02 × 10−5
mol/L to 16:16 × 10−5mol/L, nanosilver has a significant

0
X

Wij

dij

1

Bandwidth is b1

Figure 3: Gauss space weight function.
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Application exploration of micro and
nano functional materials

Application research
based onphysical function

Application research based
on chemical function

Application research based
on biological function

Application research in
the field of anti-wetting

Application research in the field of
electrocatalytic hydrogen evolution

Development of a simple method for the
preparation of superhydrophobic coatings

Develop a simple method for the preparation of ultra-
electrochemical hydrogen evolution catalytic electrodes

Research on anti-wetting and catalytic performance

Basic application research of chemical function

Figure 4: Main technical route.

Table 1: Determination of the antibacterial rate of Aspergillus fumigatus AF289 with different particle diameters of nanosilver.

AgNPs (10-5mol/L)
Examples of
experiments Total colonies (cfu/mL) Antibacterial rate (%)

1 2

10~15 nm 11 8 19 79

20~25 nm 9 9 18 78

30~40 nm 13 5 18 68

Control 39 51 90

Table 2: Determination of the antibacterial rate of nanosilver with different particle diameters on the resistant bacteria Gra04 of Aspergillus
fumigatus.

AgNPs (10-5mol/L)
Examples of experiments

Total colonies (cfu/mL) Antibacterial rate (%)
1 2 3 4

10~15 nm 61 62 21 20 151 80

20~25 nm 59 69 11 9 149 81

30~40 nm 19 6 81 67 166 76

Control 159 168 158 169 669
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antibacterial effect, especially 8:08 × 10−5mol/L and 4:03 ×
10−5mol/L. The bacteriostatic rate reached 100%, indicating
that the growth of all fungal spores could be completely
inhibited.

3.2. Performance Testing and Characterization of
Nanocomposites. The tensile strength and thermal conduc-
tivity of PSA, MWNT/PSA, and DABP-MWNT/PSA com-
posites are tested with electronic pullers and thermal
coefficients, as shown in Figure 5.

As can be seen from Figure 5, the stretch strength of the
decompression carbon nanotubes of DABP liquid crystal is
more significant than that of the undefined carbon nano-
tubes. The maximum tensile strength of pure pressure-
sensitive adhesive is 0.5048MPa, and the pressure-sensitive
adhesive nanocomposite is produced with MWNT and
DAP-MWNT technology, respectively, and the maximum
tensile strength of pressure-sensitive adhesive composites
will be significantly increased due to the increase of nano-
particle concentration, and for DABP-MWNTs/under dif-
ferent nanoparticle contents, the tensile strength of the
pressure-sensitive composite is greater than that of the
MWNT/pressure-sensitive composite. When the MWNT
content is 2wt%, the DABP-MWNT/pressure-sensitive
composites have a tensile strength of 14.19MPa, which is
greater than MWNTs. The 1.914MPa of pressure-sensitive
composites is approximately 641% higher than pure
pressure-sensitive composites, approximately 27 times
higher than pure pressure-sensitive adhesives. In the
description of carbon nanotubes due to defects such as easy
reunion and poor compatibility with pressure-sensitive
adhesives, its excellent mechanics have been unachievable,

and the effect of improving the properties of pressure-
sensitive adhesives is not obvious, and the carbon nanotubes
have been functionalized by DABP liquid crystals because
DABP and MWNTs combine to π-π interactions, the
reunion of carbon nanotubes inhibited the dispersion, and
compatibility of carbon nanotubes in pressure-sensitive
adhesives is improved, which makes the dynamics of
pressure-sensitive adhesive composites significantly
improved [26]. In addition, if the concentration of nanopar-
ticles is further increased, the pressure-sensitive adhesive
complex required in the mold will not be formed, so the
maximum concentration of nanoparticles in the pressure-
sensitive adhesive complex that detects the dynamic proper-
ties is 2.0wt%.

It can be found from the figure that the thermal conduc-
tivity of pure pressure-sensitive adhesives is only 0.1965W/
(m-K), which has been modified by MWNTs and DABP-
MWNTs, and due to the increase in the concentration of
nanoparticles, the thermal conductivity of pressure-
sensitive adhesive complexes is further improved. Compared
with carbon nanotubes that have not been functionalized by
liquid crystals, DABP-MWNTs have a particularly strong
effect on the thermal conductivity of pressure-sensitive
adhesives. At various nanoparticle concentrations, the ther-
mal conductivity of DABP-MWNT/pressure-sensitive adhe-
sive composites is larger than that of MWNT/pressure-
sensitive adhesive composites. This is due to defects such
as the ease of reuniting of the carbon nanotubes themselves
and poor compatibility with pressure-sensitive adhesives,
which make their excellent thermal conductivity impossible,
thus improving the thermal conductivity of pressure-
sensitive adhesives without significant effect, but through

Table 3: Determination of the antibacterial rate of Aspergillus fumigatus AF293 with different concentrations of nanosilver.

AgNPs (10-5mol/L)
Examples of
experiments Total colonies (cfu/mL) Antibacterial rate (%)

1 2

15.15 31 26 57 39

11.11 9 8 17 80

7.07 0 0 0 100

3.03 0 0 0 100

1.01 9 6 15 79

Control 39 45 84

Table 4: Determination of the antibacterial rate of different concentrations of nanosilver to the resistant strain Gra04 of Aspergillus
fumigatus.

AgNPs (10-5mol/L)
Examples of experiments

Total colonies (cfu/mL) Antibacterial rate (%)
1 2 3 4

15.15 160 168 109 131 566 18

11.11 49 61 21 20 151 80

7.07 0 0 0 0 0 100

3.03 0 0 0 0 0 100

1.01 26 19 0 0 45 92

Control 159 169 158 168 654
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DABP, the carbon nanotubes after the functionalization of
liquid crystal have better dispersion and compatibility in
the pressure-sensitive glue, which makes the thermal con-
ductivity of the pressure-sensitive adhesive composite mate-
rial improve greatly. When the content is 10wt%, the
thermal conductivity of the DABP-MWNT/pressure-sensi-
tive composites reaches 0.4208W/(m-K), which is
MWNTs/1.1 times the pressure-sensitive glue, which is
about 114% higher than the pure pressure-sensitive glue.

Rheological parameters such as storage modulus (G′) are
very useful in detecting the dispersion state of fillers, espe-
cially when forming the percolation network structure of
anisotropic fillers. For PDLA/PHA/MWCNT and PDLA/
PHA/MWCNT-g-PLLA nanocomposites at 180 degrees C
in energy storage moduleG′and filler content, the graph of
scan frequencies is shown in Figure 6. As can be seen from
the figure, in the low-frequency region, MWCNTs tend to
form a network structure in the PDLA substrate as the con-

tent of MWCNTs increases; as a result, the energy storage
capacity of PDLA/PHA/MWCNT nanocomposites increases
as well. When a platform appears in the low-frequency area
of the energy storage module G′ curve, it usually indicates
the formation of a overseepage network. The energy storage
modulus G′ of PDLA/PHA mixture increases monotonically
as the frequency of scanning increases, showing the end flow
behavior of the viscous polymer melt. When the MWCNT
content in PDLA/PHA/MWCNT nanocomposites is
0.6wt%, the material appears in the low-frequency zone with
energy storage modulus platform which indicates that the
critical content of MWCNTs forming a network structure
is 0.6wt%. PDLA/PHA/MWCNT-g-PLLA nanocomposites
show similar patterns of change. However, its rheological
percolation content is lower, 0.4wt%. The above results indi-
cate that the rheological percolation network structure is the
conductive percolation network structure.

Composite PHA in the material improves the brittleness
of the PDLA while significantly reducing the tensile strength
of the PDLA. It can be seen from Figure 7 that the tensile
strength of PDLA/PHA blends increases with the increase
of MWCNT content. When the content of MWCNTs
increased from 0wt% to 1.2wt%, the tensile strength of
PDLA/PHA/MWCNT and PDLA/PHA/MWCNT-g-PLLA
nanocomposites increased from 32.1MPa to 45.1MPa and
50.2MPa, respectively. However, there was no significant
change in the fracture elongation of the two composites. It
is worth noting that PDLA/PHA/MWCNT-g-PLLA nano-
composites are always more tensile than PDLA/PHA/
MWCNT nanocomposites at the same filler content. This
is because MWCNTs-g-PLLA is selectively dispersed in the
substrate PDLA and has a large adhesion to the substrate’s
interface (building composites). The enhancement effect on
the substrate is more significant. Based on the above discus-
sion, the formation of MWCNT and MWCNT-g-PLLA net-
works can significantly enhance PDLA/PHA mixes,
resulting in weak to strong transitions. In addition, this tran-
sition can be achieved by adding a small amount of
MWCNTs-g-PLLA compared to MWCNTs. Once the nano-
filler network is formed, the strength of the two nanocom-
posites will stabilize with the increase of nanofillers.

3.3. Stability of the Nanocomposite Modified Electrode. The
stability of nanocomposites as electrodes is one of the
important parameters to measure the quality of sensors.
Timing current method is a kind of electrochemical method
related to the function between the measurement of voltage
response and current duration. When time tends to be infi-
nite, the voltage will also be closer to zero as the content of
surface active substances in the high-voltage electrode
decreases gradually with electrolytic time. In this paper, the
stability of modified electrodes is studied by the timing cur-
rent method, as shown in Figure 8.

In this paper, the stability of modified electrodes is stud-
ied by timing current in different concentrations of TNP
solutions. As the concentration of the TNP solution
increases, the response current page for the modified elec-
trode increases, and the current gradually stabilizes after
approximately 50 seconds of timing, indicating that the
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prepared nanocomposite modified electrode pair TNP has
good stability and electrocatalytic activity.

In addition, we use DPV as shown in Figure 9.
We immersed NQS/GO GCE in a 1.0mM potassium

iron cyanide solution and then added creatine to the solu-
tion continuously and examined the electrochemical behav-
ior of different concentrations of creatinine on the
electrodes. It can be seen from the figure that with the
increase of creatinine concentration in the solution, the peak
current decreases gradually. This is mainly due to the ability
of creatinine to react with NQS on the electrode surface,
causing the electrode surface to change, resulting in a grad-
ual decrease in peak current.

The electrodeposition parameters, especially the sedi-
mentary current density, have a significant effect on the
hydrogenic catalytic properties of Co/CoP-NF catalysts.
The catalysts produced were named Co/CoP-NF-2, Co/
CoP-NF-5, and Co/CoP-NF-8. Figure 10 describes the
hydrogenic catalytic properties of Co/CoP-NF-2, Co/CoP-
NF-5, and Co/CoP-NF-8 catalysts. Obviously, the Co/CoP-
NF-5 catalyst showed the highest hydrogenic catalytic activ-
ity, the hydrogen-based catalysis of Co/CoP-NF-8 was mod-
erate, and the hydrogen-analysis catalysis of Co/CoP-NF-2
was the worst. The values of switching current density and
hydrogen analysis performance are shown in Table 5, from
which the Co/CoP-NF-5 catalyst has the highest exchange
current density, further demonstrating that it has the highest
hydrolytic catalytic activity.

4. Discussion

It is well known that nanosilver has a good killing property,
against bacteria, fungi, mold, and other pathogens. There-
fore, we have studied the nanosilver experiment to kill
smoke and mold. Experimental results show that at concen-
trations of 4:04 × 10−5mol/L, nanosilver-to-smoke mold
with a particle size of 10 to 15 nm (drug-resistant and wild
strains) is better killed. Therefore, nanosilver has a great
prospect in the killing treatment of drug-resistant strains.
In addition, nanosilver sterilization is likely caused by nano-

silver damage to the integrity of the cell wall and cell mem-
brane, resulting in the outflow of material from the cell.
However, the most critical issue for nanosilver particles is
biosecurity. It is now known that nanosilver is indeed toxic,
so it is urgent to find the right dose and concentration of
sterilization that are harmless to humans. At the same time,
based on the mechanism of a pronuclear replacement reac-
tion between organic matter NQS and creatine, a new
method of creatine coloric testing based on NQS/GO nano-
composites is established. The sensing mechanism is proved
by UV-vis and electrochemical techniques. Experimental
results show that NQS can be combined with GO through
π-π and can effectively improve the effectiveness of color
detection. The absorbance of solvents and the added creati-
nine content has a good linear relationship within the spec-
ified content range. Direct visual sensing methods are
simple, fast, sensitive, economical, and selective, so we do
not need some sophisticated analytical instruments to
achieve rapid detection. It provides an important reference
for the detection of biomolecules in clinical medicine and
disease early warning and a new method for exploring the
principle of visual sensors.

5. Conclusions

Using the thermal conductivity factor instrument, the ther-
mal conductivity of PSA, MWNT/PSA, and PHBE-
MWNT/PSA composites was detected, and the results
showed that after the transformation of MWNTs and
PHBE-MWNTs, the thermal conductivity was increased,
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Table 5: Co/CoP-NF catalyst HER performance parameters under
different deposition current densities.

Deposition current n10 (mV) n100 (mV) b (mV) j0 (mV)

0.3 81 209 101 1.69

0.6 38 129 69 2.99

0.9 39 171 102 2.79
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and the thermal conductivity of pressure-sensitive adhesive
composites was significantly improved due to the increase
of nanoparticle concentration. Compared with nanotubes
that have not been functionalized by liquid crystals, PHBE-
MWNTs have improved their thermal conductivity in
pressure-sensitive adhesives. This is due to the fact that
PHBE and MWNTs can be combined with π-π interactions,
inhibiting the unification of carbon nanotubes and improv-
ing their dispersion and compatibility in pressure-sensitive
glues, which makes the thermal conductivity of pressure-
sensitive composite materials significantly improved. When
the content is 10wt%, the thermal conductivity of the
PHBE-MWNT pressure-sensitive composite material is
0.6975W/(m-K), which is MWNTs 1.8 times the pressure-
sensitive glue, which is about 255% higher than the pure
pressure-sensitive glue. At the same time, the effects and
antibacterial mechanisms of nanosilver on the antibacterial
effects of the drug-resistant bacteria Gra04 of aspergillosis
AF293 and aspergillosis were studied. The nanosilver pro-
duced in this paper has excellent sterilization effects on both
AF293 and Gra04. In particular, 8:08 × 10−5mol/L and
4:03 × 10−5mol/L nanosilver has a 100% bacteriological rate
of both, indicating that the growth of all fungal spores can be
completely inhibited. Through DIC microscope observation,
nanosilver causes protein denaturation by destroying the
proteins in spores, further causing the rupture of cell walls
and cell membranes.
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The catalytic effect of nano-HZSM-5 zeolite on co-pyrolysis of cotton shell (CS) and municipal plastic wastes (MPW) was studied.
The influence of reaction temperature during individual pyrolysis, blending ratio, and catalytic effects was studied by applying
constant heating rate. The experiments were conducted in a fixed bed batch type reactor. The hindering effect during catalytic
decomposition of MPW was carried out and its positive synergistic effect on liquid oil yield was analysed. The reaction
temperature for all the experiments are fixed based on the decomposition rate obtained from thermogravimetric study. The
experimental outcomes revealed that during co-pyrolysis, the formation of char was reduced to 7.2 wt% with increased liquid
oil yield of 66.5 wt%. Furthermore, adding catalyst for co-pyrolysis process improved the reaction by decreasing char
formation. During catalytic process, the maximum liquid oil output was 69.3 wt% at 500°C temperature, CS/MPW ratio of 1 : 2.
When compared to co-pyrolysis process, the catalytic co-pyrolysis showed 4.21wt% higher liquid oil yield. The physical
analysis of the oil shows maximum hating value of 34.6MJ/kg. The FTIR study on catalytic co-pyrolysis oil shows the presence
of aliphatic and aromatic hydrocarbons.

1. Introduction

The increased energy demand and rapid industrialisation
due to the population and modern lifestyle force researchers
to find alternative sources for conventional fuels. According
to the survey conducted in the middle of 2020, the need for
global energy is expected to increase by 30% over the next
two decades in order to sustain rapid urbanisation [1]. Every

living being requires a healthy atmosphere in order to thrive
and develop. One of the biggest issues is the degradation of
ecosystems caused by the discharge of inorganic and organic
pollutants from various industries and automotive engines
[2, 3]. There has been considerable demand around the
world to investigate the production and use of biofuels for
heat and power applications [4]. Fossil fuels have played a
major part in satisfying current energy demands, but their
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widespread usage has aggravated serious environmental
challenges, including global warming. Utilising biofuels for
power production has increased nowadays due to flexible
conversion methods and increased fuel properties. It is an
alternative energy source that can replace fossil fuels by up
to 30% to 40% in the near future [5]. The augmented solid
waste output by the growing population provides carbon-
rich energy resources and gives a widespread option for
the production of energy. This could also help with the waste
disposal problems.

Biomass is generally classified as virgin biomass, waste
biomass, or agricultural residues. It can be converted into
energy-rich fuels through various conversion processes. Lig-
nocellulosic biomass obtained from agricultural wastes is a
carbon-free renewable energy source and is an excellent
resource for biofuels and chemicals [6]. The basic elements
of biomass are categorised as cellulose, hemicelluloses, and
lignin (20–30%). Cellulose comprises the major part of the
total components (about 40 to 45%). Apart from this, some
amounts of extractives, hydrocarbons, and inorganic com-
ponents are also present. Matured agricultural wastes, com-
monly called as agro-wastes, are the end product of any
agricultural process. The safe disposal of these residues is a
challengeable one without affecting environmental sustain-
ability. Due to agricultural activities, the quality of land
waster and water bodies is being affected much. Pesticides
used to meet global agricultural demand are the primary
source of water and soil pollution [7]. These pesticides con-
taminate water through rain and irrigation systems [8]. In
order to remove these contaminants from the body of water,
Wabaidur et al. [9] and Alothman et al. [10] utilised absorp-
tion techniques through multiwalled nanocomposite and
biosorbents. These wastes are typically burned in the open
field after harvesting, and this practice is becoming more
common, resulting in increased air pollution [11, 12]. The
burning of agro-residues on farms is currently a substantial
contributor to global warming [13]. As a result, policymak-
ers are now tasked with identifying the best solution to
address the aforementioned issues by effectively utilising
agricultural wastes to generate clean energy. Converting
solid waste into value-added products is a step towards a
sustainable world [14]. Pyrolysis has become a popular tech-
nology due to its faster reaction time, low energy consump-
tion, and generation of solid carbon-rich fuel as well as
value-added liquid products. Khan et al. [15] developed a
hydrochar by utilising sesame oil cake through hydrother-
mal carbonisation conducted at a temperature of 150–
250°C. The produced hydrochar was utilised for the adsorp-
tion of metal ions from water. Alqadami et al. [16] developed
citric anhydride anchored mesoporous metal organic frame-
work to absorb nonessential lead (Pb) trace elements from
water. Cotton shell (Gossypium arboretum) often known as
tree cotton. It is one of the most important crops that plays
a significant role in India’s economic development. It is
cultivated on a wide range of soils, such as black clayey,
red soil, and black and mixed black soil. Cotton seeds are
extracted and used to make high-viscous oil. The pressed
oil is used for burning and biofuel production. Nabi et al.
[17] produced cotton seed oil methyl ester and utilised for

IC engine operation. This study showed lower exhaust gas
emissions, except for NOx.

Plastics are the materials produced from fossil fuels
that have become an integral element of modern life. They
are more durable, weigh less, and have a lower cost. Many
plastics are made from polyethylene (PE), polypropylene
(PP), polystyrene (PS), polyvinyl chloride (PVC), and
polyethylene-terephthalate (PET) [18]. They are nonbiode-
gradable and can endure for more than a hundred years.
The global rate of waste plastics has been increasing rapidly
for the past two decades. In India, over 3.4 million tonnes
of plastic waste were generated in the financial year 2020,
an increase of more than 1.0 million tonnes compared to
2018. In Tamil Nadu, plastic waste generation is around
0.43 million tonnes per annum, of which 0.4 million tonnes
are collected and segregated by the local urban bodies. Used
plastics are generally recycled to produce new and useful
products. When recycling is done properly, it can reduce
the dependence on landfills and conserve resources. But at
present, only 15–20% of total plastic waste can be recycled
using traditional sorting and grinding [19]. The process of
energy recovery from used plastics is an alternative way and
is gaining more attention nowadays. There are many innova-
tive and promising methods available today that can convert
waste plastics into fuels and other valuable resources.

Incineration and pyrolysis are the two main processes
that are being utilised for energy recovery from plastics in
many studies [20, 21]. Incineration is a simple energy
recovery process that converts hydrocarbons to combustion
products. Incinerating plastic waste creates environmental
pollution. Burning in an open field or in a controlled envi-
ronment emits poisonous gases which is very dangerous to
all living organisms [22]. Pyrolysis is an effective technique
that converts plastic waste into energy-rich liquid oil. It is a
thermal decomposition method that is performed without
supplying air. Pyrolysis is a temperature-dependent process
that is generally performed at a low, medium, or high tem-
perature to break the structure [23]. Co-pyrolysis is another
technique that produces synthetic liquid fuel with improved
properties. It is also a very effective method of utilising two
or more dissimilar feedstocks. Many reports have reported
the maximum liquid oil yield through the co-pyrolysis
process. Co-pyrolysis of plastics with agricultural waste is
directed towards synergistic effects that possibly improve
the favourable properties of the products [24]. Burra and
Gupta [25] conducted a co-pyrolysis experiment utilising
pinewood and mixed plastic wastes under different mass
fractions. The study showed positive synergistic effects com-
pared with individual components. The study carried out by
Johansson et al. [26] showed the maximum production of
hydrocarbons during co-pyrolysis. In this study, the addition
of plastic waste to woody biomass significantly affected the
product composition. Jin et al. [27] examined the synergetic
effect during co-pyrolysis of wheat straw and plastic waste.
The study also showed a positive synergistic effect on char
yield. Oyedun et al. [28] demonstrated the quantity and
properties of char and oil with respect to the amount of plas-
tic during the co-pyrolysis process. Dewangan et al. [29]
conducted co-pyrolysis studies on combined LDPE and
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sugarcane bagasse. The study produced maximum liquid oil
with 40MJ/kg heating value.

In order to improve the quality of liquid oil, a large vari-
ety of nanobased catalysts are utilised. Many studies have
reported catalytic pyrolysis processes with various catalysts,
for instance ZSM-5 [30], HZSM-5 [31], zeolite [32], Cu-
Al2O3 [33], and Fe2O3 [34]. These catalysts lower the energy
inputs and increase the condensable liquid oil. Zhang et al.
[35] conducted pyrolysis experiments on Douglas fir saw-
dust and HDPE in the presence of ZSM-5 catalysts. From
the experimental results, it was understood that adding the
HZSM-5 catalyst could decrease the activation energy. Co-
pyrolysis of macroalgae and HDPE was done by Xu et al.
[36] to analyse the synergistic effect towards enhanced
biofuel production. This process showed that the catalytic
process lowered the oxygen, nitrogen, and acid levels in the
derived bio-oil. Furthermore, adding HZSM-5 with the feed-
stocks increased the reaction pathways and biofuel produc-
tion as well as lowered the activation energy.

The goal of this work is to investigate the synergistic
effects of agricultural residues and plastic during the co-
pyrolysis process in the presence of HZSM-5 nanocatalysts.
The synergistic effect on liquid oil yield was analysed using
a batch type fixed bed reactor. The liquid oil yield and its
compositions during thermal, co-pyrolysis, and catalytic
co-pyrolysis were analysed based on synergistic effects.

2. Materials and Methods

2.1. Materials. CS and MPW were used for this study to ana-
lyse probable synergistic effects during their co-pyrolysis.
The cotton shell used for this study is a typical lignocellu-
losic biomass and was collected from the local fields in and
around Coimbatore. The city is generally called the cotton
city of the state. The city has more than 100 spinning mills
and produces a variety of cotton fabrics. The feedstocks for
these industries are supplied by nearby agricultural farms.
The climate in and around the city is more suitable for the
cultivation of cotton. After eliminating cotton from the
shells, they were thrown away and fired into the field itself.
The open burning of these shells causes a severe effect on
the environment. In order to avoid this and to find a suitable
recycling method, this study focused on the utilisation of CS
for the pyrolysis process. The municipal plastic wastes
contains majority of PE, HDPE, and PET materials. Both
the materials were completely screened and dried in the
open sunlight for more than 15 days. They are converted
into small particles with an average diameter of 0.5mm to
1.0mm. The elemental analysis of both the materials was
analysed to find its suitability for the pyrolysis process. The
proximate analysis was done to measure the volatile matters
within it. All the analysis was performed by following ASTM
protocols. Table 1 shows the proximate and ultimate analy-
sis of the feedstock materials.

2.2. Thermogravimetric Analysis. Thermogravimetric analy-
sis of the selected feedstock was performed to find thermal
degradation properties using the TGA701 (LECO Corpora-
tion, St. Joe, Michigan, US) thermogravimetric analyser.

The test was carried out in a nitrogen environment and its
volume flow rate was maintained at 3.5 l/min. The dehydra-
tion and devolatilisation were done at the heating rate of
20°C/min. Before heating, the feedstocks were dried at
100°C. The analysis was done by heating the sample from
atmospheric conditions to 600°C. For the analysis, 10mg
sample is loaded into the crucibles.

2.3. Material Characterisation. The collected feedstock mate-
rial was subjected to proximate and elemental analysis. The
2400 CHNS Organic Elemental Analyzer (N2410650, Perkin
Elmer Ltd, US) is employed to find the elements present in
the samples. The same instrumentation is also used for liq-
uid oil analysis. The FTIR analysis of the obtained liquid
oil through catalytic co-pyrolysis was done with the aid of
a FTIR (BRUKER Optik GmbH, TENSOR 27 Bruker Corpo-
ration) spectrophotometer with the support of OPUS ver-
sion 6.5 in transmission mode. The analysis was done by
collecting the spectrum between 400 and 4000 cm-1 with
4 cm-1 resolution. After the sample was disseminated over
zinc selenide crystal, the spectrum was obtained in reflec-
tance mode. The physical analyses of the liquid samples were
investigated to determine their applicability for various uses.
The physical properties of the oil were done in accordance
with ASTM standards. Many physical characteristics such
as density, kinematic viscosity, flash point, heating value,
and pH value were considered for this analysis. The individ-
ual and catalytic pyrolysis oils used for physical analysis
were collected under experimental conditions that yielded
higher liquid oils.

2.4. Reactor Facility. Individual and co-pyrolysis experi-
ments were performed using a batch type laboratory scale
fixed bed reactor. The internal diameter and height of the
reactor are 50mm and 150mm, respectively. The set-up
consists mainly a reactor with an electrical heater, a con-
denser, and a liquid collection unit. The reactor is perfectly
insulated with Mineral-Chromel and Alumel to avoid energy
loss during pyrolysis. The temperature of the reactor is
controlled by the PID controller and auto transformer. The
temperature inside the reactor was measured by using K type

Table 1: Feedstock characteristics.

Parameters CS MPW

Proximate analysis (wt%)

Volatile matter 61.60 89.40

Fixed carbon 26.06 0.42

Moisture content 9.52 0.35

Ash 2.81 9.83

Ultimate analysis (wt%) (ash free basis)

Carbon 46.02 82.20

Hydrogen 4.91 15.65

Nitrogen 0.60 2.40

Oxygen# 48.46 0.30

Sulfur 0.01 1.45
#By difference.
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thermocouples fixed at two locations inside the reactor.
Once the reactor reached the desired temperature, it was
maintained stable by auto cut-off unit. The outlet of the
reactor pipe is connected to the series of two condensers.
The ice water supplied to the condenser is kept at 5°C. The
condensed liquid obtained from the condenser was collected
in conical flasks and stored separately for further analysis. At
the end of each experiment, the char was collected from the
bottom of the reactor and weighed using an electronic
weighing machine. The liquid oil obtained from the reaction
was also collected and weighed. The weight percentage of
uncondensable gas fractions was found by the remaining
material balance.

2.5. Experimental Procedure. The effect of thermal, co-pyrol-
ysis, and catalytic co-pyrolysis on liquid oil yields was inves-
tigated by four different phases. In the first phase, the
thermal pyrolysis of CS was examined by changing process
temperature from 350°C to 550°C. In the second phase, the
thermal pyrolysis of MPW was also conducted by changing
the temperature from 350°C to 550°C. The aim of the second
phase is to find the optimum temperature for maximum liq-
uid oil yield and the impact of process temperature on bio-
fuel yield. The next phase of experiments was conducted
on co-pyrolysis by changing the biomass and plastic blend
ratios to 1 : 0, 2 : 1, 1 : 1, 1 : 2, and 0 : 1 at 500°C. The fourth
phase of the experiments was carried out on catalytic co-
pyrolysis at 1 : 2 blending ratio (biomass to plastic) by utilis-
ing HSZM-5 nanocatalysts supplied by Sri Aathi Vinayaga
Industries, Tamil Nadu, India, to find the synergistic effect
on liquid oil production.

3. Results and Discussions

3.1. Thermogravimetric Analysis. Figures 1 and 2 show the
TGA and differential thermogram (DTG) of a CS and
MPW. In the case of CS, there were no volatiles released

until it reached 200°C. According to d’Almeida et al. [37],
the biomass is stable till it reaches 200°C, with negligible
weight losses. This stage represents the drying and removal
of extractives. The rapid pyrolysis occurred between 290°C
and 450°C. The weight loss below 290°C represents the
desertion of water molecules from CS. The first and second
peaks developed in the experiment due to hemicellulose
and cellulose breakdown [38]. Generally, decomposition of
hemicelluloses into acetic acid, furfural, and furan occurs
at temperatures between 200 and 260°C. The slow degrada-
tion rate after 420°C represents the breakdown of lignin. It
is the main reason for the formation of phenolic compounds
in the pyrolysis products [39]. The differences in thermal
behaviour between CS and MPW in TGA analysis occur
due to molecular arrangement and degradation rate. The
degradation MPW occurs in single step between 340°C and
540°C. Comparing with biomass, the degradation of plastics
takes place at elevated temperatures. MPW begins to
degrade structurally at around 260°C. The single peak
noticed in both the curves represents the weight loss owing
to the temperature increase. At 350 to 500°C, the maximum
degradation occurred (81.5%). Girija et al. [40] also repre-
sented the single stage degradation of PET material. It is also
very difficult to explain the thermal disintegration mecha-
nism of plastics due to their aromatic nature.

3.2. Thermal Pyrolysis of Cotton Shell. Figure 3 depicts the
product distributions of the thermal pyrolysis of CS samples
under different operating temperatures. The results reveal
that when the pyrolysis temperature is increased, the char
yield is reduced. This is owing to increased primary break-
down at higher temperatures [41]. The abrupt increase in
gas fractions and the reduction in liquid oil products have
been noticed as the temperature increased above 450°C. This
could be due to secondary reactions of the pyrolysis liquid
into noncondensable gases at elevated temperatures [42].
The results are also in good agreement with the previous
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Figure 1: TGA analysis of CS and MPW.
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literature conducted on different biomass materials such as
rapeseed and soybean cake [43, 44]. The yield of liquid oil
is lowered at lower temperatures and increased with
increasing temperatures. The increased decreased pattern
of the liquid oil yield with increased temperature is due
to the higher decomposition of condensable volatiles at
450°C. The liquid oil production reached maximum at
450°C (36.6wt%). With increasing temperatures, the yield
of gas fractions also increases. At 350°C, the gas yield is
33.2wt% and at 550°C, it reaches the maximum value up
to 44.9wt%. In most cases, the lower pyrolysis temperature
favours a higher char yield and the higher temperature
promotes gas yields. The same trend is also observed in
the flash pyrolysis of CS [45].

3.3. Thermal Pyrolysis of Municipal Plastic Wastes. Figure 4
demonstrates product distributions during the thermal
pyrolysis of MPW at various temperatures. In this study,
the yield of char products decreased with increased temper-
ature. At 550°C, the char production is only 3.3wt%. The
reduction in char yield is attributed to secondary repolymer-
isation reactions [46]. When the temperature is changed
from 350°C to 550°C, the yield of liquid oil changes from
62.4wt% to 69.4wt% and the maximum yield is recorded
as 70.6wt% at 500°C. The higher temperature of the reactor
increases the gas yield and reduces the char production.
When compared to biomass, the pyrolysis of plastics yields
more liquid oil due to its structure. In plastic pyrolysis
process, the stability of the benzylic radical favoured unzip
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reaction and restricted further cracking process. As a result,
the main product of plastic pyrolysis was liquid oil.

3.4. Co-pyrolysis at Different Blend Ratio. Figure 5 demon-
strates product distributions during co-pyrolysis of CS and
MPW under different blend ratios. The figure shows
increased liquid oil production with respect to the increased
amount of plastics in the feedstock. The aim of the experi-
ments in this phase is to produce high-quality and large-
quantity liquid oil. The liquid oil yield is increased to
66.5wt% at 1 : 2 ratio. The increased yield at higher percent-
age of plastics in the feedstock is attributed to the presence of
higher levels of hydrogen in the feedstock [47, 48]. During
the co-pyrolysis process, polyolefin polymers in the plastics

can act as perfect hydrogen donors, resulting in higher oil
production [49]. While biomass is reacting with plastics, a
number of reaction radicals can be created. These radicals
interact and favour the production of liquid oil without phase
separation. A considerable increase in pyrolysis liquid output
has been reported by many researchers, indicating synergistic
impact [50, 51]. Furthermore, the reduction of char was
found as the plastic ratio increased, indicating a higher
degree of conversion.

3.5. Catalytic Co-Pyrolysis Process. For the catalytic process,
30 grams of blended feedstock (1 : 2-CS:MPW) was mixed
thoroughly with the catalyst (10% wt%/wt% of feedstock)
and kept in the reactor. The temperature throughout this
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phase of experiments is kept at 500°C. Figure 6 evaluates the
yield of liquid oil, char, and gas obtained from co-pyrolysis
and catalytic co-pyrolysis processes. From the figure, it can
be understood that the catalytic co-pyrolysis process yields
more liquid products than the co-pyrolysis process. At co-
pyrolysis, the maximum liquid oil production was 66.5 w%.
But through catalytic co-pyrolysis, the production of liquid
was enhanced to 69.3wt%. The catalytic process increased
the yield by up to 4.21%. The increase in liquid oil production
and the reduction in char residue showed a beneficial synergy
between CS andMPW. The reaction between the catalyst and
feed materials is quite complicated due to the complex struc-
ture of the materials [52]. But the main reason for the positive
synergy effect on liquid yields is the relationship between bio-
mass and plastic-derived olefins [53]. In the presence of the
catalysts, it was found that the oxygenated components could
react with olefins. Furthermore, it has also been shown that
plastic-derived hydrocarbons can perform as hydrogen
donors for biomass-derived oxygenates, reducing the forma-
tion of char in catalytic conversions [54].

3.6. Characterisation Study

3.6.1. Physical Analysis of Liquid Oils. Table 2 represents the
physical characterisation of liquid oils obtained from this
study. The table shows some of the basic fuel properties.

When compared with CS pyrolysis oil, the co-pyrolysis oil
offers a higher heating value. The density of MPW pyrolysis
oil was found to be lower than other pyrolysis oils. The heat-
ing value of the individual MPW oil is higher than other oils
due to the absence of oxygenated elements. The comparison
of MPW pyrolysis oil, co-pyrolysis oil, and bio-oil obtained
from other samples is provided in Table 3. From the table,
it can be understood that the MPW pyrolysis oil has a higher
HHV than co-pyrolysis oil. The presence of lower oxygen
molecules in the bio-oil is the main reason for the increased
heating value. The addition of wood-based lignocellulosic
material with plastic waste reduced the heating value to
34.6MJ/kg. Furthermore, individual biomass pyrolysis oils
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Figure 6: Comparison between catalytic and noncatalytic co-pyrolysis process.

Table 2: Physical characterisation of liquid oils.

Type of oil Density in kg/m3 Viscosity in cSt Flash point in °C pH HHV in MJ/kg

CS pyrolysis oil 1005 7.7 160 3.4 17.65

MPW pyrolysis oil 935 2.6 95 6.2 41.6

Co-pyrolysis oil 980 5.7 110 4.8 34.1

Catalytic co-pyrolysis oil 980 5.6 105 4.6 34.6

Table 3: Comparison of heating value of the liquid oils.

Source Value in MJ/kg Reference

MPW 41.6 This study

CS and MPW 34.6 This study

Napier grass 19.79 [55]

Pine seed 20.00 [56]

Ficus religiosa 18.30 [57]

Spirulina platensis 25.70 [59]

Hard wood 18.63 [60]

Palmyra fruit bunch 13.92 [61]
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showed lower heating values than co-pyrolysis oils due to a
higher fraction of oxygenated elements in the feedstock
materiel. The pH value of the co-pyrolysis and catalytic
pyrolysis oils is moderate in the range of 4.6-4.8. It is a repre-
sentation of the corrosiveness of the oil. The value of pH indi-
cates that the bio-oil has less corrosive properties than other
bio-oils produced from other biomass materials [55–57].
Acids in the pyrolysis oils are mostly caused by the break-
down of hemicellulose present in the biomass material. The
pyrolysis oil typically has a pH value of between 3 and 6
[58]. The lower pH value is naturally corrosive to steel,
aluminum, and nickel-based materials.

3.6.2. FTIR Spectra. The FTIR spectrum of liquid oil
obtained from the catalytic process derived at maximum
yield conditions is shown in Figure 7. From the obtained
spectra, it can be confirmed that the liquid oil is a combina-
tion of water, phenolic compounds, aromatic compounds,
acids, alkenes, and nitrogenated elements. The existence of
water and phenolic compounds in the oil is identified by
O-H stretching vibration at 3200-3600 cm-1. The same com-
pounds were discovered and reported in the literature [62,
63]. The existence of aliphatic hydrocarbons is specified by
C-H stretching and bending vibrations at 2900-3000 cm-1

and 1300-1450 cm-1. The existence of alkenes is identified
by the peak obtained at 675-900 cm-1.

4. Conclusion

In this work, the synergistic effect of catalytic co-pyrolysis of
cotton shell and municipal plastic wastes on liquid oil yield
was analysed. The four-phase experimental study showed
higher liquid oil yield during the catalytic co-pyrolysis pro-
cess. During catalytic pyrolysis, a positive synergistic effect
on liquid oil production was identified with reduced char

production. During the co-pyrolysis process, polyolefin
polymers in the MPW act as perfect hydrogen donors,
resulting in higher liquid oil products than biomass pyroly-
sis oil. On the other hand, the catalytic co-pyrolysis process
increased the yield by up to 4.21%more than the co-pyrolysis
process because of its positive synergistic effect. The relation-
ships between biomass-derived oxygenated compounds and
plastic-derived olefins were the main reason for the positive
synergy effect. By the catalytic co-pyrolysis process, the max-
imum liquid oil yield of 69.3wt% was acquired at 500°C with
a CS/MPW ratio of 1 : 2. The physical analysis of the oil
obtained at the maximum yield condition shows 34.6MJ/
kg. The obtained liquid oil can be tested as an alternative fuel
for boilers and IC engines. Further research is also possible
on kinetic studies of noncatalytic and catalytic pyrolysis
reactions.
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With the development of science and technology and the improvement of living standards, people are payingmore andmore attention
to sports and health. However, the foot joints are very important joints in the human body and are one of the most vulnerable parts in
sports. Foot joint sprain is a common clinical disease in orthopedics, accounting for the first place of joint ligament sprain. If the
treatment is not timely or appropriate, it often leaves pain and joint instability, followed by osteoarthritis. The rate of repeated
injuries after the first injury is very high. Due to the rapid development of visual sensing technology, computer technology, and
image processing technology, Internet big data has been widely used in food, medical treatment, construction, chemical industry,
electronics, packaging, automobile, and other fields. This article mainly studies the characteristics and rehabilitation methods of
athletes’ ankle injuries based on Internet big data. Based on Internet big data, this paper studies the function and structural stability
of the foot joints and analyzes the causes of gymnast foot joint injuries. On this basis, this paper puts forward the treatment
method of ankle joint injury. In this paper, 20 male competitive bodybuilders with ankle joint injury on one side were randomly
divided into experimental group and control group. The experimental group received proprioception recovery training, and the
control group received normal functional recovery training. Experimental results show that the proprioception training of foot
joint can improve the dynamic balance ability of gymnasts and effectively prevent the occurrence of foot joint injury. In this paper,
the stability of the anterior and posterior foot joints was measured by comparing the control group with the experimental group.
After 6 weeks of proprioception training, there was no significant difference between the static balance ability of one foot and the
healthy part of the injured side foot joints (P > 0:05).

1. Introduction

With the advent of the cloud era, big data has also attracted
more and more attention. Big data, also known as massive data,
refers to the collection of massive data, which can be retrieved,
managed, processed, and sorted out in a reasonable time to help
enterprises make business decisions. The analyst team believes
that big data is usually used to describe a large amount of
unstructured data and semistructured data created by a com-
pany. These data will spend too much time and money when
downloaded to a relational database for analysis [1–3].

Foot joint injury is one of the most common sports inju-
ries, accounting for 10 to 30 percent of the total sports inju-
ries. The ankle joint is the flexion and garrison joint with the

largest load on the human body. When standing, the
whole body weight falls on the ankle joint, and the load
value when walking is 5 times of the body weight. There-
fore, ankle sprain is the most prone trauma in daily life.
The most important technique in aerobics is jumping.
The movement of a series of calisthenics basically depends
on the ankle, and the knee, of wide bone flex stretch cush-
ion, reduces the impact that moves to joint and reduces
the harm to human body. Therefore, this study clarified
the effects of aerobic training on the muscle strength, mus-
cle strength perception, and joint motion perception of the
participants’ foot joints, providing a reference basis for
improving the stability of foot joints and preventing and
reducing foot joint injuries.
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In terms of theoretical research, experts and scholars at
home and abroad have done relevant research on the
causes and treatment and rehabilitation methods of sports
injury. Hunt et al.’s team believes that injury to the distal
ligaments of the tibia and fibula heralds long-term ankle
dysfunction. Mild and moderate maxillary joint injuries
are difficult to stratify, and the impact of joint mandibular
injuries on the size and distribution of ankle strength dur-
ing physical activity is unclear. Significant changes in ankle
kinematics and contact mechanics may explain why mod-
erate comorbidities injuries take longer to heal and are
more likely to develop long-term dysfunction and may
lead to ankle arthritis [4]. Janssen et al.’s team describes
the relationship between the potential predictor variables
related to participants and the cumulative compliance of
interventions to prevent sprained ankles. They randomized
controlled trials (RCT) of the secondary analysis of com-
pliance data and compared measures to prevent ankle lig-
ament injury. They found that participation in high-risk
sports was significantly associated with lower compliance
of each group receiving NM training [5]. De Castro
et al.’s team believes that current-limit strength training
or KAATSU training has been proven to be as effective
as traditional strength training, which can promote muscle
strength and hypertrophy. Metabolic stress plays an
important physiological role and may affect the training
adaptability in question. In addition, the hypoxia gener-
ated by this technique may change the pattern of nerve
recruitment. The implementation of this method will lead
to an increase in the concentration of growth hormone
(GH), which may lead to an increase in the plasma, or
even muscle insulin-like growth factor 1 (IGF-1) [6].

Based on the theoretical basis of the treatment of ankle
injury, this article randomly selected 20 male competitive
aerobic athletes with lateral ankle injury as the research
object and randomly divided them into training group and
control group. The two groups were trained in rehabilitation
for six weeks. The experimental group received ankle propri-
oceptive rehabilitation training, while the control group
received general functional rehabilitation training. Experi-
mental results show that ankle proprioceptive training can
improve the dynamic and static balance of gymnasts and
can effectively prevent the occurrence of ankle joint injuries.

2. Proposed Method

2.1. Ankle

2.1.1. Physiological and Anatomical Characteristics of Ankle.
The ankle is a saddle joint with a wide front and narrow back
of the talus. When the foot is in the flexion position of the
sole, there is a large number of varus gap, which is easy to
cause varus and damage the lateral collateral ligament dur-
ing exercise. In aerobics, the ankle is mostly used, and exces-
sive fatigue is the external factor leading to the injury [7, 8].
In the ankle joint, the foot is at right angles to the normal
position of the lower leg. The increase in the angle between
the lower leg and the back of the foot during exercise is
called toe flexion, and vice versa. In the normal position,

the ankle joint is not easy to move laterally through the rein-
forcement of the surrounding ligaments, but easy to bend
and extend. Ankle joint is often sprained in training, most
of which are foot flexion, which suddenly turns inward,
resulting in strong traction and injury of lateral ankle liga-
ment [9, 10]. Valgus causes damage to the medial collateral
ligament, also known as the deltoid ligament. The medial
ligament of the ankle is very strong. When the medial collat-
eral ligament is damaged, it is easy to be combined with
avulsion fracture. But when the occurrence of medial injury,
it is easy to combine the fracture, the formation of com-
pound injury. Figure 1 shows the CT image of the ankle
joint.

2.1.2. Structural Stability of the Ankle. In order to under-
stand the proprioception and muscular strength character-
istics of the foot joints, it is necessary to first understand
the components of the foot joints. Ankle joint is one of
the most important joints in human body, and it is the
basis to guarantee the normal life of human body [11].
Anatomically, the ankle joint is the joint from the bone
to the thigh, also known as the gauntlet joint. The fossa
consists of the inferior tibial articular surface, the medial
side of the fibula leg joint, the lateral side of the fibula foot
joint, and the distal articular head. The foot joint package
can be relaxed back and forth, retractable, with ligaments
on both sides. These ligaments are the medial deltoid lig-
aments, which fan down from the medial malleolus and
rest on the shoulder bone, the distance bone, and the heel
bone. There are three lateral ligaments: anterior ligament
of the calf, medial ligament of the ankle, and posterior lig-
ament of the calf. All three ligaments begin laterally and
stop at the anterior, inferior, and posterior ends of the dis-
tance bone and the heel bone. In the ankle ligament
injury, the most common is the lateral injury, especially
fibula ligament injury. The major muscles of the foot joint
are the triceps, tibialis posterior, long neck, and long neck
muscles. Fibula has long tendons and short tendons on the
outside of the lower leg: the tibial tendon of the foreleg,
extensor tendon of the sole of the foot, extensor tendon,
and the third peroneal muscle [12, 13]. In fixing these
muscles, the foot joints act as fulcrum for movement. In
the distal fixation, the thigh is moved with the foot joint
as the fulcrum. The ligaments around the foot joint partic-
ipate in the movement of the foot joint. Before the foot
touches the ground, the relaxation of the ligaments around
the foot joint is conducive to the integration of the bones
of the foot joint. After the foot touches the ground, it can
induce the stabilization of the foot joint and the move-
ment of the distance from the bone.

Therefore, the physiological anatomic structure of the
ankle is the basis of ankle function and stability. The
strength of ankle joint is directly related to the stability of
supporting the whole body when completing the action. In
aerobics, there are many jumps, and athletes need to control
the height, distance, speed, and ankle force of the jump,
which requires the athlete's vision, body, and balance to
work together. On the other hand, the instability of ankle
function sex can make athletic result drops.

2 Journal of Nanomaterials
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2.1.3. Functional Stability of the Ankle. The mechanical func-
tion of the ankle joint is mainly the stabilization function of
the ligaments around the foot joint and the joint package.
The motor function mainly includes foot sole bending and
dorsiflexion movement and varus valgus movement, and
the neutral position of the internal and external rotation
of the ankle refers to the angle perpendicular to the finger.
The coordinated movement of the ankle, that is, the cor-
rectness of the so-called ankle posture, is mainly reflected
in maintaining the stability of the foot below the center of
gravity through the force in the opposite direction and
eversion. Around the front axis of the foot joint, the foot
is flexed and stretched (foot flexion or sole flexion;
upward extension or dorsiflexion). The foot joint is basi-
cally a one-way joint, and the distance from the bone is
mainly along the horizontal axis to represent the sagittal
plane movement, which deviates from the coronal plane
and promotes dorsolateral and sole flexion. The foot joint
and the distance bone joint complement each other, form-
ing a functional complex like the universal joint. The
function of the foot joint is mainly in the sagittal plane,
and the function of the subosseous joint is mainly in the
coronal plane. In dorsiflexion of foot joint with external
roll and plantar flexion with internal rotation, the subtalar
joint may be combined with dorsiflexion, valgus, and
varus. Plantar flexion incorporates internal and external
rotation. When walking, the foot joint movement is
almost always accompanied by the movement of the sub-
osseous joint. On the contrary, the subosseous joint and
the subosseous joint complement each other and move
continuously.

2.2. Causes and Preventive Measures of Ankle Injury. The
basic steps of calisthenics are alternating system, step system,
ground system, foot lifting system, and leg system. Most of
these technical movements are mainly based on the spring
technique and carried out through the flexion and extension
of the foot joints [14, 15]. Body sensation and strength play
an important role in everything from body balance to ankle
control.When the body and strength feel poor, the ankle is rel-
atively unstable, and the possibility of sports injury increases,
which directly affects the training and sports performance.
The ankle joint technique of competitive calisthenics runs
through the whole movement, and the difficulty of gymnastic
movement and jumping rotation increases gradually.

2.2.1. More Difficult Movements. The calisthenic movement
is a very difficult item and needs the superb technique for
the performance, many difficult moves consist of support,
jumps, and turns. These difficult movements will inevitably
add to the load on the ankle, especially if the ankle is sud-
denly thrown into an explosive jump, and the ankle will bear
two to four times the weight of the body. When athletes do
not have good basic physical quality but are force to learn
more difficult and complex technical movements, artificially,
they will lack the necessary foundation and cannot complete
the difficult technical movements. Therefore, these difficult
movements will inevitably increase the possibility of ankle
injury.

2.2.2. Too Long Training Time. Calisthenics training time is
also the cause of ankle injuries. Because of the long training,
the ankle is always under strain. Long-term training and the
pressure on the ankle joint is too great, so that the ankle joint
is constantly subjected to friction and compression, resulting
in excessive fatigue of the ankle joint and resulting in ankle
joint injury.

2.2.3. Weak Local Forces. Weak ankle and leg strength is
another cause of ankle injuries. In aerobics, there are many
jumping movements. Athletes need to fall from heights for
a long time, such as kneeling and jumping and splitting in
the air. At that time, the strength of the ankle joint was rel-
atively weak, and the buffering effect could not be well con-
trolled when landing, resulting in a short extension, flexion,
and valgus of the ankle joint during landing and resulting in
ankle joint injury. On the other hand, due to the weak force,
some technical movements will be due to their own quality
errors, resulting in irregular movements and deformation
and resulting in ankle joint injury. It requires that the ankle
joint must be strengthened in training or practice to meet
the requirements of high-intensity sports.

2.2.4. Insufficient Preparatory Activities. In normal teaching
and training, teachers generally pay more attention to the
learning of teaching content and technical action. They do
not pay enough attention to the lesson preparation activities,
resulting in too short lesson preparation time, leading to stu-
dents in the lesson preparation activities perfunctory. Ankle
injuries are caused by intense training, especially aerobic
exercise, because of their own characteristics, is more prone

Figure 1: CT image of ankle joint.
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to injury. Winter is the season for ankle injuries. As a result
of this period of time, the temperature is lower, the human
body capillary contracts, the muscle elasticity decreases,
and the viscosity increases; therefore, the leg can cause ankle
joint pain and sprain because of insufficient preparation for
the movement. Preparatory activities mainly play the follow-
ing three roles: first, improve muscle temperature and
increase the elasticity and extension of muscles and liga-
ments, second is to improve the skill level of physical partic-
ipation in sports internal organs, and third is to regulate the
psychological function.

2.3. Treatment of Ankle Injury

2.3.1. Routine Treatment. Following, an ankle injury is the
“price” principle of the usual treatment in the acute phase,
which is the initial braking rest to avoid load, to eliminate
swelling, and to allow the tissue to repair itself. Within 48
hours, ice compress was performed on the ankle joint to
reduce bleeding and pain then wrapped with a small
amount of tape, and finally, the injured ankle was raised
higher than the heart to achieve analgesia, cooling, and
hemostasis. In severe cases, the stent should be fixed.
After receiving basic protection, go to the hospital to take
X-ray photos as soon as possible to rule out the possibility
of fracture. The basic pain symptoms in the acute phase
are relieved, and traditional Chinese medicine is usually
used. Athletes' injured ankles are treated with massage,
acupuncture, electrotherapy, and rehabilitative practi-
tioners. In the course of treatment, it is necessary to
ensure the range of motion of the ankle joint to prevent
joint adhesion and the decrease of the range of motion
of the ankle joint of the new fibrous tissue. Usually the
treatment of ankle injury site is mainly to prevent the
injury of the patient to prevent adverse effects to play a
certain amount of protection. But the main use of human
physiology knowledge of this method of hemostasis and
cooling, the lack of clinical effect of rehabilitation, the
need to relieve pain and other normal function of the
ankle muscle strength training, make their ankle joint
get sufficient exercise.

2.3.2. Muscle Strength Training. An injury is accompanied by
pain, swelling, effusion, and other symptoms. Braking and
physical therapy are carried out in the pretreatment, and
muscle strength training is carried out before the joint
movement area is recovered and the pain is reduced or
disappeared. The purpose of muscle strength training after
foot joint injury is to recover the muscle dysfunction
caused by motion brake reduction, such as incapacitated
tendon atrophy, and to recover the articular tendon weak-
ness caused by foot joint injury. Muscle training to
increase muscle strength of the associated muscles around
the foot joint is considered an important means to
improve joint stability and prevent reinjury. However,
the report showed that the negative effects of ligament
damage were more significant than the functional changes
in muscle strength in motor disorders such as closed soft
tissue injuries and joint sprains. Although the muscle tis-

sue around the foot joint was not damaged and muscle
strength did not decline, the function of the foot joint
was limited. Although the muscle strength of the ankle’s
associated tendons is strengthened, the ankle can also
facilitate recovery and prevent repeated injuries. Some of
the findings suggest that the increased muscle strength
around the ankle, ankle safety, and ankle stability no lon-
ger reduce the risk of injury.

How important muscle strength training is to the reha-
bilitation treatment of ankle injury, the physiological system
of the effect of muscle strength training on ankle rehabilita-
tion still needs further research, and maybe because of the
muscle machine, the muscle strength training that leads to
the increase of muscle function has the effect of promoting
the rehabilitation of ankle. Therefore, in the current research
results, muscle strength training is considered to be the first
treatment method to consider in the early rehabilitation
training of foot joint injury.

2.3.3. Neuromuscular Control. Proprioception training is not
a specific training method, but through different training
methods, the body’s main body fully elicits the sensory
acceptor and proprioception to judge the body’s shape,
and after the perception of the movement process, the unit
seeks the comprehensive adjustment of nerve and muscle
activity activation. In rehabilitation training after a
sprained ankle, as a balance of choice, many therapists
restore the function of the ankle to train the nerves; mus-
cle control function is one of the important methods.
According to research, there is a certain signal after an
ankle sprain, but the relevant empirical research is not
very clear. In training, in order to maintain the stability
of the ankle joint, its rehabilitation balance function plays
a great role. It is usually necessary to train the patient to
balance on the uneven plane, such as rotating plate, foam
material, special ankle movement balance training
machine, standing on the adjustable imbalance plane, by
the ankle receptor around the agent to participate in the
exercise of the adjustment, which helps improve the stabil-
ity of the ankle. This balance training has been studied in
different sports to improve joint proprioception and
reduce the risk of reinjury. The training does to some
extent increase the stability of the foot joint and reduce
the risk of recurrent sprain, but it is necessary to investi-
gate whether there is a potential association with the phys-
iological mechanism and the enhanced neural control
function of the surrogate receptors around the foot joint.

2.4. Big Data. Big data, or huge amount of data, refers to the
amount of data involved is so large that it is impossible to cap-
ture, manage, process, and organize within a reasonable time
through the current mainstream software tools to help enter-
prises make business decisions more positively. Big data has
the characteristics of large scale, fast flow speed, and rich forms.
Big data has been widely used and developed in aviation, e-
commerce, and other fields, making up for the previous data
acquisition methods and expanding the breadth and depth of
data utilization. Figure 2 shows the application areas of big data.

4 Journal of Nanomaterials
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3. Experiments

3.1. Data Collection. In this paper, 20 male competitive cal-
isthenics players with ankle joint injury of only one foot
were randomly selected as the research object: experienced
unilateral ankle joint sprain within half a year, no ankle joint
sprain in the last month, no history of lower limb fracture or
operation, and the other side of the foot joint was not
injured. The pretensile test and range bone tilt test were neg-
ative. According to the basic conditions of the research sub-
jects’ age, height, weight, etc., this article randomly divided
10 subjects into the experimental group and the control
group in order to compare the damage of knee and ankle
muscle strength and function of injured athletes and the
degree of recovery after training. The age distribution is
shown in Table 1. There was no significant difference
between the two groups (P > 0:05), which could be com-
pared. All subjects fully understood the purpose and process
of the experiment and spontaneously participated in the
experiment. The specific conditions of the two groups are
shown in Table 2.

3.2. Experimental Method. In this paper, all the experimental
intervention and data mining processes were completely
completed in a professional sports rehabilitation training
hall, and the whole process of the experimental process
was monitored, so as to achieve timely adjustment and
authenticity of the experimental data. The experimental
group received proprioception recovery training, and the
control group received normal functional recovery training.
The experimental group and the normal training group were
given 6 weeks, 3 times a week, of about 40 minutes of exer-
cises on foot joint function. The experimental intervention
was performed once a day for 1 test subject, and the same
training could not be performed more than twice a day.
Intervention sessions are held Monday through Friday from

9 a.m. to 12 a.m. and from 2p.m. to 5 p.m. Experimental
interventional rehabilitation training was carried out on 6
persons in the experimental group and the normal training
group each day. During the experiment, this study tried to
create an atmosphere consistent with the usual training, so
as to ensure that each subject’s lifestyle did not need to
change, and they would not receive any other rehabilitation
training and physical sensory training. At the same time,
there was no uncomfortable stimulation.

3.3. Test Index

3.3.1. Ankle Stability Test. Overall static parameters reflect
the ability of the ankle joint to balance and stabilize. Front
and rear axial static parameters reflect the ability of the ankle
joint to balance and stabilize in the front and back direc-
tions. Left and right axial static parameters reflect the ability
of the ankle joint to balance and stabilize in the left and right
directions.

3.3.2. Ankle Proprioception Test. The overall stability index
(SI) reflects the overall average swing angle or swing of the
subject when standing. The anterior-posterior stability index

Big data
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enforcement

Big data
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Figure 2: Application areas of big data.

Table 1: Age distribution table of the two groups.

Age 20 21 22 23 24

Test 2 1 4 1 2

Control 1 1 5 2 1

Table 2: Details of the two groups.

Group Height Weight
Diseased side

Age
Right Left

Test 173 68 4 6 22

Control 174 68 5 5 22

5Journal of Nanomaterials
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(A/PSI) reflects the average swing angle or swing of the sub-
ject on the sagittal plane when standing. The left-right stabil-
ity index (M/LSI) reflects the average swing angle or swing of
the subject on the frontal plane when standing. The lower
the above value, the smaller the degree of body shaking, indi-
cating that the balance ability is stronger.

3.4. Statistics. This article uses Excel2010 to process the data
before and after the experiment. All parameters are
expressed in the form of mean ± standard deviation.
SPSS18.0 software is used for mathematical statistical analy-
sis. The test method is multivariate analysis of variance and
paired sample T test. The significance level is 0.05.

4. Discussion

4.1. Test Results and Analysis of Injured Ankle
Balance Function

4.1.1. The Static Balance Ability of the Affected Ankle Joint.
Before and after the experiment, the experimental group
and the control group were tested on the balance of the
ankle. In this article, we tested each study object using the
one-legged static balance test feature of the pro-kin system.
Each subject was tested according to standard procedures,
using the same test instrument. After the completion of the
test, the test results of 20 subjects were collected and
counted. Then, the three important indexes of stability of
ankle joint in one-foot static balance function test system
were analyzed. Then, the three indexes are calculated as
the mean and standard deviation. The results of one-foot
static balance test of the affected ankle joint are shown in
Table 3 and Figure 3.

As we can see from Table 2 and Figure 1, intervention
before the experiment, according to the control group and
experimental group of ankle joint parts of a single static
balance test results, can be seen, and after an ankle injury,
ankle joint parts of the overall static parameters than
health intactness of the overall static significantly increased
(P < 0:05), especially front axle static parameters are signif-
icantly different (P < 0:05), and the difference of front axle
static parameter is not obvious (P > 0:05). That is to say,
the stability of the foot joint changes after the injury, espe-
cially the static parameters of the left and right axis direc-
tion are significantly different, and the potential risk of
unstable reinjury of the foot joint is significantly increased.
After 6 weeks of ankle function recovery training, the two
groups of affected ankle joints were tested on the static
balance function of one foot. There was a significant dif-
ference between the experimental group and the experi-
mental group (P < 0:05). There were significant
differences in the foot joints of the training group com-
pared with those before the experiment (P < 0:05). This
suggests that six weeks of training in the ankle function
recovery system can effectively improve the stability of
the damaged ankle joint.

4.1.2. Healthy Ankle Joint Static Balance Ability of One Foot.
The main foot joint is the foundation and key to complete
the new gymnastic balance movement. The balance pose
requires not only the strength of the flexor muscles but also
the strength of the muscles to be extended by combining
with the ankle to achieve the balance. The quality of the bal-
ance movement is mainly determined by the development
balance of the conventional ankle joint force and the joint

Table 3: Test results of the static balance ability of the affected ankle on one foot.

Test group Control group
Before After Before After

Overall static parameters 3.7 2.7 3.7 2.8

Front and rear axial static parameters 2.5 2.1 2.5 2.3

Left and right axial static parameters 3.4 2.6 3.4 2.4
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Left and right axial static parameters
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Time
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Figure 3: Test result of the static balance ability of the affected ankle.
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improvement of flexion and extension. Low-level athletes
spontaneously teach the foot joint force imbalance, and the
stability of the balance movement is poor. Therefore, in the
balance movement of the new gymnastics to the strength
of the ankle joint, the main demand is the strength of the
flexion and extension group of the coordination of balanced
development and common improvement. The results of
static balance ability test of healthy ankle joint are shown
in Table 4 and Figure 4.

As shown in Table 3 and Figure 2, according to the
results of measuring the static balance ability of one foot in
the experimental group and the normal training group
before the experimental intervention, the overall static
parameters of the healthy foot joints in the experimental
group were not significantly different from those in the con-
trol group (P > 0:05). After 6 weeks of training on the recov-
ery of foot joint function, the static balance function of one
foot in two groups of healthy joints was tested again. After
the experiment, there was no significant difference in the
static balance ability of one foot in the affected side foot joint
compared with that before the experiment (P > 0:05), and
there was no significant difference between the affected side
foot joint in the comparison group and before the experi-

ment (P > 0:05). The comparative analysis of relevant data
between the experimental group and the comparison group
showed no significant difference, indicating that the

Table 5: Test results of dynamic balance ability with both eyes open and standing on both feet.

Before (test) After (test) Before (control) After (control)

Overall static parameters 0.237 0.136 0.321 0.246

Front and rear axial static parameters 0.189 0.067 0.241 0.193

Left and right axial static parameters 0.104 0.069 0.133 0.127
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Figure 5: Test results of dynamic balance ability with eyes open
and standing on both feet.
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Figure 4: One-leg static balance ability of the healthy ankle.

Table 4: One-leg static balance ability of the healthy ankle.

Test group Control group
Before After Before After

Overall static parameters 2.9 2.8 2.7 2.7

Front and rear axial static parameters 2 2.1 2.1 2.1

Left and right axial static parameters 2.4 2.5 2.2 2.3

7Journal of Nanomaterials



RE
TR
AC
TE
Dmagnitude of foot joint load did not affect the functional

training of injured foot joint balance.

4.2. Test Results and Analysis of Ankle Joint Function with
Standing Feet

4.2.1. Dynamic Balance Ability when Standing with Eyes and
Feet Open. In general, the lower the balance index, the less
the body shakes and the higher the balance. In this paper,
the results of proprioception test of ankle joint when stand-
ing with eyes and feet open were analyzed by multifactor dis-
persion analysis: gender: male and female; combination:
experimental group and control group; test cycle: six weeks.
It had a significant impact on the overall stability index (SI)
and the left and right stability index (M/LSI) of open eyes
before and after the test and had a significant difference in
the SI and M/LSI values after 6 weeks of training (P < 0:05).
The stability index (A/PSI) was lower after training than
before, but there was no significant difference (P > 0:05).
The results of the dynamic balance test when standing with
both eyes and feet are shown in Table 5 and Figure 5.

We can see from Figure 3 that the different value of the
overall stability index before and after the experiment is
more significant than that of the control group. In this
paper, professional sample T test was used for data analysis,
and the analysis index was the anteropositive stable index
(a/psi) and the left and right stable index (m/lsi). In this
paper, it was found that when standing with the eyes
open, the change of the stability index was greater than
that of the left and right stability index, and the difference
was significant (P < 0:05).

4.2.2. Dynamic Balance Ability when Standing with Eyes
Closed and Feet Closed. In this paper, the dynamic balance
ability of the experimental group and the control group
was measured before and after the experiment. There was
no significant difference in the dynamic balance ability of
the two groups before the experiment, and the left and right
stability index (M/LSI) of the experimental group was obvi-
ous after the experiment, that is, the left and right stability
index of the experimental group was significantly smaller
than that of the control group after the experimental train-
ing. There was a significant difference in the left and right
eye closure stability index (M/LSI) before and after training,
and the index test value decreased significantly after the
training. In terms of overall stability index and before and
after stability index, compared with before training, the
value after training tends to decrease, but there is no signif-
icant difference. Table 6 and Figure 6 show the test results of
standing dynamic balance ability with closed eyes and feet.

As can be seen from Figure 4, for the left-right stability
index when standing with eyes closed and feet closed, the
posttest index value of the experimental group and the com-
parison group was smaller than the pretest value. The left
and right eye closing stability index and right and right foot
stability index of the experimental group with propriocep-
tion training were significantly reduced compared with the
control group with normal rehabilitation training, which
also indicated that the balance stability of proprioception
training was better. After the anteroposterior stability index
and the left and right stability index were analyzed by the
corresponding sample T test, the anteroposterior stability
index was significantly larger than the left and right stability
index under the two-vertical condition of eye closure
(P < 0:05).

5. Conclusions

(1) The experiment in this study shows that after the
foot joints are damaged, the proprioception of the
foot joints of competitive aerobic players will be
affected and their ability will be reduced. Normal
functional recovery training for damaged foot joints
can help restore proprioception. Under the reduced
condition, the proprioceptive function of the foot
joint did not change, although the load was reduced.
Therefore, weight loss training can be applied in the
early stage of foot joint injury to help competitive
bodybuilders recover the function of damaged foot
joint

Table 6: Test results of standing dynamic balance ability with closed eyes and feet.

Before (test) After (test) Before (control) After (control)

Overall static parameters 0.224 0.331 0.097 0.241

Front and rear axial static parameters 0.186 0.217 0.034 0.231

Left and right axial static parameters 0.113 0.142 0.020 0.167

Before (Test)

Before (Control)
After (Control)

After (Test)

Overall static parameters
Front and rear axial static parameters
Left and right axial static parameters

0

0.2

0.4

Figure 6: Test results of dynamic balance ability with eyes closed
and standing on both feet.
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As an important energy material, mineral resources have an important role in the rapid growth of the national economy. In recent
years, with the enhancement of mining strength and the improvement of mechanized production level, the depth of mining has
also increased year by year. Therefore, the number of heat hazards in deep mine mining has increased year by year, and the
problem of heat loss in deep mines has become increasingly prominent, which has seriously affected the safe and efficient
production of mines. In this paper, the application of nanoporous super insulation materials in the prevention of thermal
damage in deep mining of metal mines is studied, and the related theories of nanoporous super insulation materials and the
prevention of thermal damage in deep mining of metal mines are understood on the basis of literature data. Nanoporous
thermal insulation materials refer to thermal insulation materials with pore diameters in the nanometer range. This material
can effectively prevent the collision of gas molecules and prevent the heat conduction of the gas. Then, the application
experiment of nanoporous super thermal insulation materials in the prevention and control of heat damage in deep mining of
metal mines is carried out. Through experiments, it is concluded that the room temperature thermal conductivity of the
experimental material decreases with the increase of the addition of SiO2 aerogel, and the downward trend is linear, and when
the heat source temperature is 200°C, the coating surface temperature of the thermal insulation material (excluding aerogel) is
100°C, and the thermal insulation temperature difference is 100°C, while when the coating surface temperature of the aerogel
thermal insulation coating is only 60°C, the thermal insulation temperature difference is 140°C. From these data, it can be seen
that the thermal insulation performance of nanoporous super thermal insulation materials is better, which verifies the
feasibility of its application in the prevention of heat damage in metal mine mining.

1. Inductions

Mineral resources, as one of the main energy consumed by the
current social development, have played a vital role in the
progress of social development. The mines in the central and
eastern mining areas have introduced deep mining before,
and the current mining depth of deep mines is still expanding
[1, 2]. However, due to the expansion of mining depth, the
temperature of deep mine shafts continues to rise, which seri-
ously affects normal safe production [3, 4]. Thermal damage

in deep mine development is an objective reality, and creating
a cool working environment is also an issue that needs to be
improved in China’s domestic mine development [5, 6]. Since
China is the world’s largest mineral resources producer, 95%
of its mineral resources come from wells. In-depth study of
mine utilization methods in order to obtain more mineral
resources to support national construction and many mines
in China have been developed at depths of more than 900-
1300 meters, so high temperature heat loss in mines is an
urgent need to solve the problem [7, 8].
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In order to meet the high demand for mineral resources
in the rapid development of society, it is necessary to
increase the exploitation of mineral resources in the deep
part of the earth. Solving the problems of ventilation difficul-
ties and high temperature heat damage encountered in the
process of deep well mining will greatly reduce the difficulty
of mining mineral resources deep in the earth, improve the
availability of underground energy, and promote the rapid
development of society [9].

Regarding the investigation of thermal damage in mines,
some scientific researchers pointed out that ventilation and
refrigeration is the most common nonfreezing cooling
method at present, which can be used to cool, dehumidify,
and increase air concentration on the surface of hot mines.
Mine ventilation can bring enough air to underground
workers, and it can also reduce the content of harmful gases,
thereby reducing the high temperature in the basement, but
by increasing the ventilation, the pressure increases linearly,
and the output of the fan is increased by three times, so mine
ventilation alone cannot effectively alleviate the thermal haz-
ards of high temperature mines. Therefore, the conventional
coal mine ventilation principle cannot completely alleviate
the thermal damage of high temperature coal mines [10].
Relevant researchers believe that the temperature of the orig-
inal rock rises with the expansion of the mining depth, and
the heat release of the original rock is also one of the main
heat sources in the deep mine. In the tunnel under the hot
mine, because the temperature of the cold air rises, the cold
air inevitably conducts countercurrent heat exchange with
the hot tunnel wall. If heat insulation materials are used to
isolate the heated road wall from the cooling flowing air,
the high temperature of the hot mine can be significantly
reduced, similar to the thermal insulation of the building
facade, which can prevent the facade from interacting with
each other in summer and winter. The air between the inner
walls performs countercurrent heat exchange, which has a
cooling effect in summer, and a heat preservation effect in
winter [11]. In the research of nanoporous insulating mate-
rials, some scholars have pointed out that SiO2 and its com-
posite aerogel have the characteristics of extremely low
density, large specific surface area, and high porosity. They
are suitable for many fields, and many unknown fields have
great applications. Especially in the field of private thermal
insulation, with the progress of economic growth, the world
pays more and more attention to energy issues, and daily
energy saving is particularly important. Due to the special
pore structure characteristics of aerogel, it has an excellent
thermal insulation effect. Compared with other insulation
materials such as cotton insulation and polyurethane insula-
tion, it has the advantage of better insulation performance
and makes up for the disadvantage of poor thermal stability,
so it has good potential application value [12]. To sum up,
the research on the prevention and control of heat damage
in mines has attracted much attention, but most of the stud-
ies have focused on artificial cooling measures, and few
scholars have studied the use of heat insulation materials
to control the generation of heat sources.

The innovations of this paper are as follows: (1) The
application of nanoporous super insulation materials in the

prevention and control of heat damage in deep mining of
metal mines is studied. (2) The thermal damage in deep
mining of metal mines and the thermal insulation principle
of nanoporous super insulation materials are analyzed. (3)
The feasibility of applying nanoporous super insulating
materials in the prevention and control of heat damage in
deep mining of metal mines is analyzed. (4) The application
test of nanoporous super insulating material in the preven-
tion and control of heat damage in deep mining of metal
mines was carried out, and the feasibility of the method
was verified by experiments.

2. The Prevention and Control of Thermal
Damage in Deep Mines in Metal Mines and
Nanoporous Super Thermal
Insulation Materials

2.1. Analysis of Thermal Hazards in Deep Mine Mining in
Metal Mines. The mining depth is more than 800m, which
is a deep well mining. Rocks with type II deformation char-
acteristics at this depth will experience frequent rockbursts,
which will affect the safety of the operation. The factors that
cause thermal damage to deep wells include geothermal heat
(mainly hot water produced by surrounding rocks and wells)
and air compression heat entering the well (mainly air intake
wells, inclined wells, etc.), ore oxidation, and thermal diffu-
sion of underground electromechanical equipment, heat dis-
sipation, explosive heat, and underground heat [13]. The
mining methods of deep well mines are basically the same
as those of shallow well mining, including three categories:
open field method, filling method, and caving method. How-
ever, its structural parameters, mining sequence, and mining
process should be adjusted according to the characteristics of
deep mines, and due to the particularity of deep mines, the
backfill mining method will become the mainstream mining
method. Among them, the problems faced in deep well min-
ing include deep well heat damage, ventilation and cooling
problems, high ground pressure, and deep well water inflow.
As the mining depth and lifting height increase, the weight
of the lifting wire rope increases, and the ineffective energy
consumption caused by the dead weight of the wire rope in
the lifting operation becomes more and more prominent.

The heat of blasting is released instantaneously and plays
a major role in the instantaneous rise of the temperature in
the well, but the heat in the mine does not rise because of
the short duration. Especially the underground DC ventila-
tion can effectively prevent the accumulation of shock waves
and quickly dissipate heat. Generally speaking, iron ore
requires staff to clean up the site before organizing ore min-
ing and blasting. After blasting, ventilation is required for a
period of time before personnel can enter. Therefore, it is
not necessary to consider the super position of blast heat
as a cooling system to improve the working environment
of underground workers [14]. Among them, deep well
mining has the following main characteristics: high ground
pressure, high ground temperature, and large mine gas.

2.1.1. Geothermal (Wall Stone). For deep iron ore, the initial
rock temperature is very high, which is usually the main
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reason for the high temperature of the mine. The heat trans-
fer between hot wall rock and airflow is a complex and
unstable heat transfer process. The airflow is very active in
the mine. The walls and roads of the mine are convex. The
thermal energy on its surface releases heat to the wind flow,
thereby transferring the heat from the original rock to the
cold mine wall and driveway. At the same time, the deep
rocks are also cooled to form a cooling zone, and the
temperature rises after heating. With the extension of the
aeration time (generally one year later), the expansion of
the cooling zone begins to weaken after the surrounding
rock and the airflow have fully heat exchanged [15].

2.1.2. Thermal Oxidation. Sulfur and iron in iron ore may
undergo an exothermic oxidation reaction when they
encounter oxygen in the air, leading to an increase in soil
temperature. The heat released by oxidation is generated by
the ore exposed to wind currents. After the connecting strips
of the iron ore vein road, all the walls of the road surface are
fixed with concrete mortar, so the oxidation heat release is
mainly carried out in the vein tunnel and mining [16].

2.1.3. Heat Dissipation of Electromechanical Equipment.
With the increase in the degree of mechanization of produc-
tion links such as underground mining, tunnel boring, and
iron ore transportation, the installed capacity of electrome-
chanical equipment has grown rapidly. The installed power
of tunnel surface is above 1000 kW. The electrical energy
consumed by underground electromechanical equipment is
either used to increase the kinetic energy of materials or liq-
uids (the kinetic energy changes very little, usually negligi-
ble), or it is converted into heat energy, and almost all of
the heat energy generated is diffused into the air [17].

2.1.4. The Surface Atmosphere Brings Heat. Air flows from
the surface to the wellhead, and the temperature and humid-
ity of the surface atmosphere inevitably affect the tempera-
ture and humidity of the air in the well. The moisture
content of the surface atmosphere changes very little every
day, showing a pattern of high at noon and low at night.
Although the daily temperature fluctuates greatly, when it
flows into the well, due to the heat exchange with the rocks
in the surrounding tunnel, the fluctuation of the air temper-
ature in the well gradually becomes smaller, and this change
is basically not felt in operation. The main influence of
downhole air temperature by climate is the seasonal varia-
tion of surface temperature, especially water content. This
is because the latent heat of water vaporization is much
greater than the specific heat of air. In summer, the surface
temperature and humidity are relatively high, which is one
of the factors that affect the increase in temperature and
humidity of downhole air flow [18].

2.2. Thermal Insulation Principle of Nanopore Super Thermal
Insulation Material

2.2.1. Principle of Heat Conduction. The essence of heat
conduction is the process of transferring energy from the
high temperature part of the object to the low temperature
part, or from the high temperature object to the low tem-

perature object, by the collision of a large number of
molecular thermal motions in the material. A porous
material is a material with a network structure composed
of interconnected or closed pores [19]. For porous
materials, the gas thermal conductivity measured experi-
mentally is often greater than the sum of the gas thermal
conductivity and the gas thermal conductivity. The gas-
solid combined thermal conductivity is the increase in
thermal conductivity caused by the gas-solid interaction. In
the process of transferring heat to the porous material, some
gas molecules are placed in the small holes, which can be
used as a shortcut for heat transfer to create new heat transfer
channels. Compared with continuous medium materials,
porous materials generally have the advantages of low rel-
ative density, high specific strength, high specific surface
area, light weight, sound insulation, heat insulation, and
good permeability. If the material contains many chan-
nels, it can conduct gaseous heat, which will make the
gaseous heat have a more obvious effect (as shown in
Figure 1). This heat transfer process is carried out with
gas molecules as the carrier, so it is related to the number
of gas molecules (gas pressure). The greater the difference
between the thermal conductivity of solid and the thermal
conductivity of gas, the more obvious the bonding effect,
and the greater the thermal conductivity of gas-solid
bonding. If the pore size is very small, the gas molecules
transfer heat in a manner similar to the lattice vibration,
which can produce a very obvious gas-solid bonding ther-
mal conductivity [20]. In the industry, there are many
heat transfer processes dominated by heat conduction,
such as heating and vulcanization of rubber products
and heat treatment of steel forgings. The law of heat
conduction plays an important role in the design and
calculation of kilns, heat transfer equipment, and thermal
insulation and in the analysis of temperature distribution
of catalyst particles [21].

2.2.2. Characteristics of Nanoporous Thermal Insulation
Materials. Nanoporous thermal insulation materials refer
to thermal insulation with pore diameters in the nanometer
range. This material can effectively prevent the collision of
gas molecules and prevent the heat conduction of the gas.
The thermal conductivity of the nanoporous thermal insula-
tion material under normal temperature and pressure can be
lower than that of static air. Therefore, nanoporous thermal
insulation materials and vacuum thermal insulation mate-
rials are also called super thermal insulation materials. At
present, nanoporous insulating materials are mainly com-
posed of aerosol and nanopowder insulating composite
materials. Table 1 shows the density and thermal conductiv-
ity of many nanoporous insulating materials. It can be seen
that the thermal conductivity of nanoporous insulating
materials is relatively low. Nano-microporous thermal insu-
lation materials mainly include thermal insulation materials
such as nanoinsulation boards and nanoaerogel felts, and
Jinshi nano-microporous thermal insulation materials.
According to the particularity of thermal motion, it uses
the unique thermal conductivity of nanoporous materials
and the heat reflection function given by functional
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materials and is suitable for binders and various inorganic
elements. A low thermal conductivity thermal insulation
material is produced by a synthetic process, which is actually
smaller than the thermal conductivity of still air.

2.2.3. Reasons for Heat Insulation

(1) The pore size of the nanoaerogel is below 100nm,
which effectively increases the reflective interface. If
the particle size of the material is in the same order
of magnitude as the incident wavelength, the inci-
dent electromagnetic wave will be affected by the
scattering effect, and the transmittance of the inci-
dent electromagnetic wave will decrease. The ability
of the material to absorb heat radiation significantly
achieves the purpose of heat insulation

(2) Since the air is mainly composed of nitrogen and
oxygen, its mean free path of thermal motion is
about seventy nanometers. The pore size of nanoin-
sulating materials is basically no more than fifty
nanometers, which is much lower than the mean free
path of thermal motion between molecules in the air,
so it is in a condition similar to that of a vacuum.
Gas molecules cannot enter the nanopores at will.
When the gas adheres to the pore wall, the pores
no longer conduct heat energy, thereby effectively
reducing the thermal conductivity of the material.
There are many performance indicators of insulating
materials, and the characteristics of various insulat-
ing materials are also different. The main perfor-
mance indicators of commonly used insulating
materials include breakdown strength, heat resis-
tance, insulation resistance, and mechanical strength

(3) Due to the low bulk density of nanogels and a large
amount of air inside, the thermal conductivity of
air at room temperature is the lowest, which effec-
tively improves the thermal insulation performance
of the material

Nanoaerogel thermal insulation coating is a kind of
composite thermal insulation coating, which combines the
characteristics of thermal insulation coating and radiation
thermal insulation coating. The thermal insulation principle
of the two works together [22].

2.3. The Application of Nanoporous Super Thermal Insulation
Materials in the Prevention and Control of Thermal Hazards in
Deep Mining of Metal Mines

2.3.1. Preventive and Management Measures against High
Temperature Hazards. Nonartificial cooling measures
mainly include optimizing the development system and road
layout during mine development and development, optimiz-
ing extraction and filling methods, strengthening ventilation,
adopting controllable circulation, and taking personal
protective measures by workers [23].

(1) The development system and road layout are opti-
mized. The mining development system should
consider separate development methods as much
as possible, and try to use a hybrid or lateral
ventilation system with a short air inlet path to
reduce heat absorption

(2) Optimize the fixing method and filling method, and
adopt the post-fixing sequence. Under the same con-
ditions, the air volume and wind speed of the work
surface is higher than that of the front support,
which helps to reduce the temperature, which can
improve the air circulation and heat dissipation con-
ditions of the mine. Compared with the cavitation
method, the filling method increases the effective
air volume of the mine and solves the basic problems
of hot water leakage, residual combustible ore and
surrounding rock in the hole, roof heat, and floor
heat diffusion. Lower filling materials will also
absorb a lot of heat

2.3.2. Application of Nanoporous Thermal Insulation
Materials. According to the above analysis, the nanoporous
super insulating material has excellent thermal insulation
performance, so this feature can be used to control the heat
dissipation of the deep well heat source. The following are
the nanoporous thermal insulation measures.

(1) Laminated Insulation. The method of laminated insula-
tion is relatively simple. Insulating laminate materials are
usually filled with materials with low thermal conductivity
and rolled onto the surface where insulation is required.
There are three types of laminated insulation: foam type,
powder type, and fiber type [24]. In addition to the average
temperature of the insulation layer, the thermal conductivity
of the foam insulation material also depends on the material
and density of the foam gas. Therefore, the insulation lami-
nate should be made of as dense material as possible,
because the low density will reduce the heat in the solid.
The main disadvantage of dust and fiber insulation is the
penetration of water vapor and air through the insulating
layer to the cold surface. This problem can be solved by
installing a moisture-proof layer. In order to prevent the
condensation and solidification of the gas in the insulation
material space and ensure good insulation performance, it
is necessary to fill and accumulate gas with low thermal con-
ductivity, and the condensation temperature of this gas
should be lower than that of the cold surface. Generally, cold

Gas
molecule

Vacuum Low pressure High pressure

Figure 1: Schematic diagram of gas-solid combined thermal
conductivity.
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surface temperatures above 77K are filled with nitrogen, and
cold surface temperatures below 77K are filled with argon.

(2) Vacuum (or Fiber) Heat Insulation. Vacuum heat preser-
vation is to fill the insulating intermediate layer with porous
insulating material and at the same time evacuate the space
of the insulating intermediate layer to a specific vacuum.
The heat conduction of gas is the main way of heat transfer
between porous media. Filling the vacuum interlayer with
dust can reduce the distance between the radiation surfaces
and reduce the thermal conductivity of the gas. Dust parti-
cles can reflect and scatter radiation and reduce the heat
transfer of radiation. At the same time, the contact area
between the dust particles is small, the thermal resistance
is high, and the thermal conductivity of the solid is low.

2.4. Preparation of Nanoporous Super Insulation Material.
The silicon aerogel manufacturing process includes three
basic steps: sol-gel process, aging process, and drying pro-
cess. The possible uses of silica aerogels depend to a large
extent on the microstructural properties of the 3D frame-
work and the nanostructured surfactant group. These special
surface structures can generally be obtained by adjusting the
sol-gel process parameters and modified silica aerogels, and
the process parameters can be used to obtain bubbles with
different characteristics. Therefore, it is very important to
select a suitable composition and processing method to
prepare silica aerogel to meet the performance required by
bubbles in various applications. Figure 2 summarizes the
existing aerogel manufacturing process and some synthesis
parameters. These parameters affect the formation of the
gel network, which in turn affects the performance and
application of aerogels. Almost all aerogels can be prepared
by liquid chemistry (sol-gel method). During the prepara-
tion process, changes in several parameters such as the type
and quantity and type and concentration of precursors will
affect the evolution of the microstructure of the aerogel
network. The chemical reaction process of the aerogel
composition used to prepare the aerogel material, such as
the type of solvent, reaction temperature, and pH value,
should be designed according to the desired yield.

In the process of silicon aerogel forming colloidal gel
with lattice structure, the alkoxide-forming aerogel can
ionize the precursor through hydrolysis or acid-catalyzed
reaction and then alkali-catalyzed dehydration and conden-
sation. In the reaction, the two -OH remove a H2O molecule
to form a siloxane bond. During the aerogel preparation
process, the condensation polymerization reaction and
hydrolysis reaction of the silane precursor and the alkoxide

solvent proceed simultaneously, continue to exist in the
entire colloidal gel process, and eventually lead to gel after
the reaction.

The sol-gel reaction process has many parameters that
affect its structure. The three-dimensional structure of the
gel can be adjusted by adjusting the basic parameters of
the reaction, and ultimately determine the nanostructure of
the network and the properties of the final material, which
is controlled. These parameters usually include precursor
concentration, relative precursor and solvent concentration,
solvent type, relative water and precursor concentration,
temperature, and pH. In addition, organic molecular groups
or nanoscale organic groups can be added during the sol-gel
reaction process to give the gel network a specific function.
Generally speaking, suitable alkoxide derivatives containing
organic functional groups can be added by chemical reac-
tions, or additives can be used in the porous network by nat-
ural methods. For example, it can be used in liquid gels to
obtain hydrophobic aerogels, and the surface of the network
structure is introduced by chemical reaction to introduce
methyl functional groups to obtain a hydrophobic structure.
It can also increase the mechanical strength of polymer
mixtures and gels. In addition, catalysts, nanoparticles,
magnetic, or titanium oxide nanoparticles can be added to
the gel network structure to obtain new aerogel properties
such as catalytic properties, optical properties, mechanical
strength, and magnetic properties.

3. Application Experiment of Nanoporous
Super Thermal Insulation Materials in the
Prevention and Control of Heat Damage in
Deep Mining of Metal Mines

3.1. Preparation of Experimental Materials

3.1.1. Experimental Materials. The materials used in the
experiment are 45% concentration silica solution, solidified
magnesium oxide, Portland P. C 32.5R initial strength sili-
cate composite cement, White Soot 2000 mesh, foaming
agent, pore former, and other additives.

3.1.2. Additives. The additives used were pore-forming agent
and foaming agent obtained from Chengdu Kelong Chemi-
cal Reagent Factory.

3.1.3. Reinforced Materials. Glass fiber was obtained from
Chengdu Kelong Chemical Reagent Factory. The chemical
composition is shown in Table 2.

Table 1: Density and thermal conductivity of nanoporous insulating materials.

Materials Composition Density (g/cm3) Thermal conductivity (W/(m:k)) Maximum service temperature (°C)

Aerogel

Cellulose 0.056-0.098 0.031-0.034 -270

Polyimide 0.11 0.031 350

Phenolic aldehyde 0.19 0.011 -250

SiO2 0.16 0.01 3 800

Carbon 0.052-0.183 0.020-0.037 ≥2000
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3.1.4. Formation Mechanism of Stomata Structure. Weigh
cement-based materials, fillers, pore formers, etc. According
to a certain mixing ratio, pour into a container and mix into
a liquid slurry. After the blowing agent is injected, gas is gen-
erated and formed during the continuous expansion of the
gas-wet interface. When gas passes through the liquid, the
surface of the liquid shrinks automatically due to the action
of surface tension, and the gas is wrapped by a layer of liquid
film to form bubbles. At the same time, the added surfactant
contains a large number of anionic groups, these anion
groups are compressed into a gas absorption layer, and some

of the remaining groups diffuse around the colloid or sili-
cone beam particles, thereby producing surface micelles.
The gas acts as a “coating” that sticks the bubbles to the sys-
tem. The solid particles adhere to the vicinity of the bubble
under the action of the initiator, thereby effectively prevent-
ing the precipitation of solid particles, and a uniform and
stable three-phase power source “solid-liquid-gas” coexis-
tence system is established near the bubble. When the solid
phase is condensed, the liquid phase separates, and the solid
phase closely surrounds the bubbles, thereby producing a
porous silica-based porous insulator with closed pores.

3.1.5. Process Flow. Figure 3 shows the manufacturing pro-
cess flow of a porous insulating material based on silicon
dioxide. Cement-based materials, fillers, air trapping agents,
surfactants, and fibers are weighed in a certain proportion,
mixed with the cement-based materials, and then the fillers,
fibers, and surfactants are added to the container and stirred
for about 40 seconds to form a uniform slurry. Then, add the
air-entraining agent and stir evenly, and then quickly pour
the slurry into the mold. The porous material is formed by
on-site self-assembly technology and dried under natural
conditions, and then, the experimental sample is cast.

3.2. Experimental Method

3.2.1. Thermal Conductivity Test. There are different thermal
conductivity methods for measuring thermal conductivity
according to measuring different types of materials, working
temperature, and thermal conductivity materials. The
method of measuring thermal conductivity can be classified
according to the mechanism of thermal conductivity, the
shape of the sample, and the direction of heat flow. Accord-
ing to the macroscopic mechanism of thermal conductivity,
it is divided into steady method and unsteady method.
According to the shape of the sample, it is divided into plane
method, rod method, cylindrical method, and ball method.
According to the direction of heat flow, it can be divided into
longitudinal heat flux method and radial heat flux method.
Usually laser method, hot cable method, heat flow method,
protective hot plate method, etc. are used.

In this paper, the thermal conductivity of the insulating
protective layer is measured by the protective plate method.
The protective plate method is measured according to the
basic principle of the steady-state differential equation of
thermal conductivity. By installing the same two samples
between the two cooling plates and the concentrated heating
plate of the thermal conductivity meter, a laminated struc-
ture of cooling plate, sample, hot plate, sample, and inter-
cooling plate can be produced. In order to ensure the same
direction of heat flow through the two specimens, the struc-
ture is equipped with a heat preservation structure around
the specimen and the heating plate to avoid radial heat
transfer and conform to the characteristics of axial one-
dimensional heat conduction. After waiting for the tempera-
ture distribution of the test sample to balance, a constant
temperature δT ðΔT = T2 − T1Þ is formed on the top and
bottom of the sample. By measuring the direction of the
temperature flow of the sample and the temperature step

Mixing of the
precursors

Hydrolysis and
condensation

Sol

Condensation of
the sol particles

Gel

Aging

Wet gel

Drying

Aerogel

Figure 2: Aerogel manufacturing process.

Table 2: Chemical composition of glass fiber.

SiO2 Al2O3 MgO Li2O Fe2O3 B2O3 CeO2

% 51-59 24.5-26.5 11-20 0-0.9 0.6-1.5 1-4 0.6-0.8
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along it, the direction of the temperature flow and the
thermal conductivity of the sample can be obtained using
the following heat equation. The test principle of the pro-
tection board method is simple and the measurement
accuracy is high.

ΔT τð Þ = p0
π3/2kr

h i
f τð Þ: ð1Þ

In the formula, p is the output power of the catheter,
the unit is W, r is the radius of the catheter, the unit is
m, and f ðτÞ is a dimensionless transient function. Here,

τ =
ffiffiffiffiffi
αt
r2

r
: ð2Þ

In the formula, τ is the test time, the unit is s; a is
thermal diffusivity.

In this experiment, the Swedish thermal constant
analyzer HotDisk TPS250 was used to determine the ther-
mal conductivity of the coating. The sensor placed between
the two materials acts as the heat source and temperature
sensor of the device and generates specific output energy
by introducing current pulses. Since the temperature rise of
the catheter is proportional to the voltage, the thermal
conductivity of the material can be calculated from the
temperature data that changes over time, and the average
value of each sample group is measured 3 times.

3.2.2. High Temperature Insulation Performance Test. Dry
the 15 cm × 15m × 3 cm sample to be tested, and then place
it on a constant temperature hot stage with ceramic digital
display to ensure that a stable and uniform air flow can be
formed on the heated surface of the sample. Due to the
temperature change on the back and the heat-resistant
ceramic fiber insulation blanket around the thermocouple,
the temperature error caused by the air flow moving on
the back of the sample is reduced. Through the three detec-
tion points on the front and back of the sample, the temper-
ature evaluation test is carried out within 30 minutes of data.
For samples with good high temperature insulation, the
lower the front and back temperature, the better the effect
of the high temperature insulation system of the sample.

3.3. Establishment of Thermal Conductivity Model. Accord-
ing to Fourier’s law, the thermal conductivity of randomly
distributed nanowires is

kef f = −
Qz

AzVT
: ð3Þ

In the equation, Qz is the heat flow through the cross
section, and VT is the temperature difference in the direc-
tion of the heat flow. This is because the pores of the fibrous
porous material are very small, and the filling stage is air.
Therefore, in the model, the contribution of air to the ther-
mal conductivity of the fibrous porous material is negligible.
Therefore, Qz is the sum of the heat flux of each nanowire
passing through the cross section, which can be written as

Qz = 〠
nsAz

α=1
Qα: ð4Þ

In the formula, Qα is the average heat flow through a
single nanofiber, the negative sign indicates that the direc-
tion of the heat flow is opposite to the z-axis direction, and
Qα is the areal density of the nanowire. Assuming that the
contact points of all nanofibers have the same contact ther-
mal resistance, and when the heat passes through the contact
points, half of the heat flow flows into or out of a single
nanofiber, so we get the heat flow of a single fiber as

Qα = k0A0
Nc

2 Bi
ΔTαβ

L
: ð5Þ

In the formula, k0 represents the thermal conductivity of
a single nanofiber, ΔTαβ represents the temperature differ-
ence between contacting nanofibers, and Bi represents the
biological number. The formula is

Bi = HL
k0A0

: ð6Þ

In the equation, H is the thermal conductivity of the

Gel material Filler Admixture

Forming In-situ assembly

Silica sol-based porous thermal insulation
material

Slurry

Figure 3: Manufacturing process flow of porous insulating material of silicon dioxide.
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nanowire contact, which is the reciprocal of the contact
thermal resistance.

Therefore, for randomly distributed nanowires, accord-
ing to geometric parameters such as the volume fraction,
size, and orientation distribution of the nanofibers, the effec-
tive thermal conductivity of the porous fiber material can be
expressed as follows.

kef f = ϕ
Bi

ο 4:55 + BiTð Þ k0: ð7Þ

In the formula, φ is the filling rate of fibers in the fibrous
porous material, andkef f andkef f respectively, represent the
effective thermal conductivity of the fibrous porous material
and the thermal conductivity of the fibrous material.

4. Experimental Results

4.1. Thermal Conductivity Test Results. The thermal insula-
tion coatings with different addition amounts of SiO2 aerogel
(as shown in Table 3) were prepared into 15 cm × 15m × 3
cm samples, and the thermal conductivity of the coatings
at room temperature was tested after drying. The results
are shown in Figure 4.

It can be seen from Figure 4 that the room temperature
thermal conductivity of the experimental material decreases
with the increase of the SiO2 aerogel addition, and the down-
ward trend is linear.

4.2. High Temperature Insulation Performance Test. In order
to investigate the influence of aerogel on the thermal
insulation temperature difference, the test results of the
thermal insulation temperature difference between the
aerogel-free experimental material and the aerogel thermal
insulation material were compared, and the results are
shown in Figure 5.

It can be seen from Figure 5 that the surface temperature
of the aerogel insulation material is generally lower than the
surface temperature of the non-silica-based insulation mate-
rial. This shows that SiO2 aerogel can effectively enhance the
thermal insulation effect of thermal insulation coatings.
When the heat source temperature is 200°C, the surface
temperature of the material of the thermal insulation layer
(without aerogel) is 100°C, and the thermal insulation
temperature difference is 100°C, but when the surface
temperature of the aerosol thermal insulation material is
60°C, the insulation temperature difference is 140°C. Com-
pared with the nonaerogel thermal insulation material,
the temperature of the silica-based thermal insulation
material is reduced by 42.3%, and the thermal insulation
temperature difference is increased by 42.9%. In contrast,
silica-based thermal insulation materials have excellent
thermal insulation effects.

Figure 6 is a graph showing the temperature change with
time of a silica-based insulation material and a silica-based
insulation material-free material.

It can be seen from Figure 6 that as time goes by, the
temperature of the backside of the silica-based insulating
material gradually increases. The heating rate is very fast
in the first 20 minutes, and the temperature on the back
of the sample rises linearly, rising by 7-8°C every minute.
After 20 minutes, the growth rate began to slow down.
This is mainly due to the fact that as the silica aerogel
starts to function and decomposes at high temperatures,
the reaction begins to absorb part of the heat. The addi-
tion of aerogel powder increases the porosity of the mate-
rial, resulting in most pores with a diameter of less than
50nm, which actually eliminates the transfer of heat in
the material.

4.3. Fire Performance Analysis. In this part of the experi-
ment, closed pores and air-entraining agents introduced by
aerogel powder were used to form a complex insulation sys-
tem. The aerosol content puts different volume fractions of
closed pore gas into the slurry while maintaining its raw
material ratio unchanged. Finally, it is possible to produce
high-fire performance composite materials with closed
porous aerogel material powders with different bulk densi-
ties. At the same time, considering the bursting of the foam
during the adding or mixing process, the amount of foam
added can be adjusted by adjusting the volume density of
the mixture. The closed pores refer to the air bubbles sucked
by chemicals from the air, except for cement concrete, excess
water and other pores produced by cement hydration. In the
test, a reference sample with the same composition and no
insulation component is usually used as the reference

Table 3: Addition of SiO2 aerogel.

Sample
no.

The volume fraction of
aerogel in the mixture (%)

Thevolume fractionof closed
pores in the mixture (%)

QY-1 49 4

QY-2 44 4

QY-3 41 4

QY-4 39 4

QY-5 34 4

0.066

0.056
0.049

0.044
0.039

0.065
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Figure 4: Thermal conductivity of paint at room temperature.
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material, and the relative density between the insulation
component sample and the control sample is used to express
the porosity. Table 4 shows the composition ratio of the
closed-cell aerogel material and the powder composite coat-
ing. In the course of the experiment, the corresponding error
is allowed according to the adjustment of the bulk density of
the mixture.

The samples QY-1 to QY-5 that reached the 28th curing
period were tested for thermal conductivity, fire resistance,
and adhesive strength. The test result is shown in Figure 7.

It can be seen from Figure 7 that both the thermal
conductivity of the composite coating and the thermal con-
ductivity of the aerogel coating gradually decrease with the
decrease of the volume density of the closed-cell gas.

5. Conclusions

This article focuses on the application of nanoporous super
insulation materials in the prevention of heat damage in
deep mining of metal mines. After understanding the rele-
vant theories, the application experiments of nanoporous
super insulation materials in the prevention of heat damage
in deep mining of metal mines are carried out. According to
the experimental results, in the heat insulation test experi-
ment, the temperature of the back surface of the experimen-
tal material gradually increases with the increase of time.
The temperature rises quickly in the first 20 minutes, and
the temperature on the back of the sample rises linearly,
rising by 7-8°C every minute. After 20 minutes, the growth
rate begins to slow down. This is mainly due to the addition
of aerogel powder and the increase in the porosity of the
coating, which reduces the pore size inside the coating, most
of which is less than 50 nanometers, which effectively elim-
inates the increase in heat transfer inside the coating. How-
ever, due to the limitation of time and technology, we have
not carried out in-depth research on it, so we will further
explore other aspects of nanoporous insulating materials in
the follow-up.
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Figure 5: Insulation temperature difference test result.
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Table 4: Composition ratio of closed-cell aerogel powder
composite coating.

Sample
no.

The volume fraction of
aerogel in the mixture (%)

Thevolume fractionof closed
pores in the mixture (%)

QY-1 53 0

QY-2 53 4

QY-3 53 7

QY-4 53 10

QY-5 53 13

0.16
0.14 0.13 0.12 0.11
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Figure 7: Sample thermal conductivity, fire resistance, and
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With the continuous development of information science and technology, micro- and nano-fiber optic sensing technology has
been widely used in the fields of medicine, communication engineering, and environmental monitoring, and fiber optic devices
are widely available in the market because of their advantages such as anti-magnetic interference, corrosion resistance, light
weight, high sensitivity, and transmission bandwidth. The purpose of this paper is to investigate the intrinsic correlation
between micro- and nano-optical fiber devices and electronic information, introduce the fabrication process of micro- and
nano-optical fiber, numerical simulations, and corresponding magnetic field experiments, explore the effects of polarization
dispersion and polarization-related dissipation on the system, and enhance the sensing characteristics of micro- and
nano-optical fiber through experimental design to maximize its functionality. The experimental results show that the
refractive index and magnetic field exhibit a linear relationship with correlation coefficients of 0.995 and 0.994, respectively,
when the external magnetic field is between 70Oe and 300Oe.

1. Introduction

1.1. Background. Fiber optic technology began in the 1950s,
the essence of the medium optical waveguide, while optical
fiber is the study of the transmission and exchange of light,
the emergence of low-loss optical fiber in the 1970s to
promote the development of fiber optic technology [1, 2].
With the continuous progress of science and technology,
the convenience of the use of tools has become the main-
stream trend, but also continue to become the direction of
the scientific community continue to research, the use of
tools more and more integrated to meet the needs of the
times, micro-fiber optic technology has become the subjects
of research, in this context, micro- and nano-fiber optic
technology into the field of vision, due to the continuous
in-depth research found that micro- and nano-fiber optic
technology can form different functions of micro- and
nano-photonics devices. It has different degrees of impact
on many modern industries, and from this perspective,
there is a real need for the development of micro- and
nano-fiber optic technology.

1.2. Significance. With the continuous development of
micro- and nano-fiber technology, researchers have found
that micro- and nano-fibers have many interesting proper-
ties [3, 4]. When the diameter of the fiber reaches the
micro-nano-scale, the outer diameter of the optical fiber is
generally 125-140μm, and the core diameter is generally
3-100μm and when the diameter is kept within a certain
range, the binding of the optical field is stronger than that
of an ordinary fiber, which can enhance the interaction
between light and the medium and produce nonlinear
effects at lower input power; it can transfer the energy
force of the optical field to propagate outside the fiber,
and this energy can be used as a sensitive sensor material
for light coupling in certain cases.

1.3. Related Work.Micro- and nano-fiber optic technology is
relevant in real life, but because of its late appearance, many
functions are still being explored and have led to numerous
studies. XIA presents different micro- and nano-structured
fiber optic probes for biosensing, imaging, and stimulation
applications and argues that modifications to the fiber can
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extend the design freedom from waveguide optimization to
functional material integration, and that fiber optic probes
with optimized waveguide structure or integrated functional
materials of fiber optic probes can achieve enhanced optical
mode interaction with biological samples, leading to ultra-
sensitive biosensors with significantly low detection limits
[5]. Jiang J proposed an optical detection method based on
micro- and nano-fiber (MNF) technology through a simple
single-mode fiber. Theoretically, the evaporation field gener-
ated by MNF is calculated and its relationship with refractive
index and water in oil is established, after which a MNF
probe with a diameter of 800 − 125μm is fabricated and
prepared by means of a home-made melt-tapered platform.
The experimental results showed that the MNF-based
optical sensor could achieve real-time measurement of mois-
ture in transformer oil with a sensitivity of 1.8 ppm when the
MNF diameter was 800nm [6]. May-Arrioja D. A. presented
experimental results of an optical fiber pressure sensor
based on multimode interference effects (MMIs). The key
component is a small multimode fiber (MMF) part without
cladding, which is placed in direct contact with a polydimeth-
ylsiloxane polymer layer previously attached to a pressure-
sensitive membrane. As the applied pressure increases, both
the polymer contact area and the induced stress on the
MMF increase in proportion to the applied pressure. The
response of the sensor is highly linear over the pressure range
of 0-960 kPa with a sensitivity of -0.145× 10-3mW/kPa. The
main features of the MMI pressure sensor are its low cost and
high repeatability [7]. Liu presented recent research advances
in key devices and technologies for fiber optic sensor net-
works (FOSN). As the most important devices for FOSN, a
variety of light sources have been developed, including
broadband multi-wavelength fiber lasers operating in C-
band, switchable tunable 2-μmmulti-wavelength fiber lasers,
ultrafast mode-locked fiber lasers, and optical broadband
chaotic sources with very promising applications in FOSN
[8]. Krehlik P. provided an overview of an electronically sta-
bilized (ELSTAB) fiber time and frequency (T& F) distribu-
tion system, which is based on the idea of using variable
electronic delay lines as compensation elements, describes
various extensions of the basic system that allow the creation
of a long-range multi-user network, discusses the fundamen-
tal limitations of the approach caused by fiber dispersion and
system dynamics, and outlines the main hardware challenge
of the system, which is the design of a pair of low-noise, pre-
cisely matched delay lines. Finally, experimental results of
T&F distribution over a 615 km long fiber are presented,
demonstrating an average frequency stability of 105 s and a
time calibration well below 50 ps accuracy in the range
of 1-7× 10-17 [9]. Pimentel R presents a cost-effective
bridge crane (B-WIM) system for identifying train loads
using fiber optic technology. The system is capable of esti-
mating the speed, geometry, and static axle loads of trains
using an algorithm proposed by Moses. The algorithm
involves solving a reverse identification problem where
the measured structural response is known and the load
scenario is unknown. The method relies on the concept
of the influence line (IL), which is estimated from the
passage of a calibrated vehicle with known characteristics

[10]. An innovative reversible data hiding (RDH) scheme
is proposed which uses Lagrangian interpolation polyno-
mials, secret sharing, and bit permutation to achieve
electronic medical security. The covered medical images
are subsampled into four shares, and cloud computing
with Internet proves to be an important tool for providing
better healthcare services. However, the maintenance, pri-
vacy, confidentiality, and security of electronic health
information (EHI) pose a huge challenge for telemedicine.
The scheme is used to expand subsamples to hide EHI,
and secret information is processed using Lagrangian
interpolation polynomials before being embedded in vari-
ous cover images [11]. Wang presented the principle of
holographic lithography and described its application in
fabricating various micro- and nano-photonic structures
such as 3D face-centered cubes, wooden piles, diamond-
like photonic crystals, and quasi-crystalline structures,
chiral metamaterials, and periodic defect mode structures,
and holographic lithography is a low-cost, time-saving,
and efficient microfabrication method with promising
applications in making metamaterials and photonic crystal
templates [12]. Micro- and nano-photonic structures are
booming with a series of results in structural characteriza-
tion, theory, and fabrication, but most of the high-quality
photonic structures are artificial, and there are still some
challenges in fabricating artificial large-area high-quality
photonic materials.

1.4. Innovation Points. In this paper, we analyze the refrac-
tive index sensing characteristics of different types of
single-mode fiber modes, think about the relationship
between them in different cases, and verify the sensitivity
of the refractive index through the experiment of interfero-
metric instrumentation of different fibers; we propose a
diameter-based fiber regulator to destroy the fiber by exter-
nal force to change its original mode field distribution, and
analyze its sensitivity in different cases through experiment.
From this, the reasons for the change in transmission are
explored.

2. Theoretical Modeling of Composite
Micro- and Nano-Fiber Devices and
Research Methods for Electronic
Information Applications

2.1. Overview of Micro- and Nano-Optical Fibers. In the late
1870s, micro- and nano-fiber optic technology began to
develop and was widely used in several fields, especially in
the field of information applications [13]. Micro-nano-
photonics mainly studies the law of interaction between light
and matter at the micro-nano-scale and its applications in
light generation, transmission, regulation, detection, and
sensing. Micro-nano-photonics subwavelength devices can
effectively improve the photonic integration, and it is
expected to integrate photonic devices into a small single
optical chip like electronic chips. Fiber optic technology is
essentially a sensing technology, and the first controlled
recordings appeared in the early 1990s, when some
researchers proposed the use of glass fibers for medical
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examinations, which led to the further development of
micro- and nano-fiber optic technology in medicine. The
difficulty of using light propagation is how to reduce trans-
mission down loss and achieve optical communication. It
was not until the continued maturation of fiber optic mate-
rials and wire drawing technology in 1972 that the low
consumption of optical fibers was substantially advanced
and successfully used to create a successful fiber optic com-
munication system line, which laid the foundation for the
practicalization of fiber optic communication [14].

Because fiber optic technology has many advantages
such as high temperature and corrosion resistance and is
widely used in real life, the survey data show that the global
consumption of micro- and nano-fiber optic sensor market
will grow at a rate of 20%, and the output value of about
5 billion U.S. dollars, in the Asia-Pacific region, China is
the largest consumer and production market [15]. Photonic
devices with many structures have been successfully made
using micro- and nano-fiber technology, which have shown
important research value in different fields such as communi-
cation and sensing, and more micro- and nano-fibers are
designed and widely used. Microstructured fibers have been
widely used in cutting-edge research in many fields such as
optical communication, fiber sensing, and optical metrology,
such as the generation of supercontinuum, high-power pulse
transmission, ultra-low-power nonlinear effects, and tomog-
raphy and remarkable results have been achieved in this
research direction. Figure 1 shows the micro- and nano-
regions under optical microscope.

2.2. Micro- and Nano-Fiber Mode Field Distribution. Micro-
and nano-fibers are those whose diameters are infinitely
converging to the micron or nanometer scale and whose
refractive indices are relatively large. To explore the mode
field distribution of micro- and nano-fibers, we first need
to understand Maxwell’s set of equations [16]. Figure 2
shows a schematic diagram of a micro- and nano-fiber.

First, we need to construct an ideal model of a micro-
and nano-fiber, assuming that it can satisfy the following
conditions.

(1) A diameter greater than 10nm, which can respond
to the optical field

(2) The micro-nano-fiber is relatively long, enough to
establish a suitable mode field distribution

(3) The micro-nano-fiber indicates that it cannot be too
coarse, but acceptable only to the extent that scatter-
ing of light is negligible

(4) The diameter of the micro-nano-fiber is uniformly
distributed

Based on the above ideal state of the micro-nano-fiber,
we can set the micro-nano-fiber as a cylinder, at which time
the refractive index of the micro-nano-fiber can be seg-
mented to represent.

t að Þ = t1, 0 < a < q, ð1Þ

t að Þ = t2, q < a <∞: ð2Þ

In the above equation, q, t1, and t2 are the radius, core
refractive index, and external ambient refractive index of
the micro-nano-fiber, respectively. Fiber index of refraction
generally refers to graded-index fiber. Graded-index fiber is
also called self-focusing fiber. The center of refractive index
of the fiber is the highest and decreases along the radial
direction. The light beam propagates in the fiber and can
be automatically focused without dispersion.

In general, neglecting their depletion, we express Max-
well’s equations in the micro- and nano-fibers as follows:
Maxwell’s equations are a set of partial differential equations
established by British physicist James Clark Maxwell in the
19th century to describe the relationship between electric
and magnetic fields, charge density, and current density.

∇2a2t2 − ρ2
� �

b
!
= 0, ð3Þ

∇2a2t2 − ρ2
� �

k
!
= 0: ð4Þ

In the above expression, a is the refractive index of the
point, t = 2π τ, where τ is the wavelength and ρ is the
wavelength propagation constant.

50 𝜇m
100 𝜇m

Figure 1: Micro-nano-area under optical microscope.
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The eigenequation of the vector mode sum is
expressed as:

J ′Q Uð Þ+k′Q Wð Þ

UJ ′Q Uð ÞWKQ Kð Þ

2
4

3
5 J ′Q Uð Þ+m2

2k′Q Wð Þ

UJ ′Q Uð Þm2
1WKQ Kð Þ

2
4

3
5

=
vα

km1

 !2 V

UK

 !4

:

ð5Þ

For PE0M mode, there exists:

m1
2 J1 Uð Þ+m2

2T1 Wð Þ
UJ0 Uð ÞWK0 Wð Þ

= 0: ð6Þ

For PN0M mode, there exists:

J1 Uð Þ+T1 Wð Þ
UJ0 Uð ÞWK0 Wð Þ

= 0: ð7Þ

In the above equation, it denotes the Cybel function,
V = P0tðm2

1 −m2
2Þ/2,U = tðk20m2

1 − α2Þ/2,W = tðα2 − k20m
2
2Þ/

2 where t = 2b.
Theoretically, optical fibers have many propagation

modes, but only the transmission conditions and republican
transmission modes can be propagated using optical fibers at
the same time, and from this perspective, the propagation
modes are not infinite. According to the number of trans-
mission modes in the fiber, the fiber can be divided into
multimode fiber and single-mode fiber. At a certain operat-
ing wavelength, multimode fiber is a dielectric waveguide
that can transmit many modes, while single-mode fiber only
transmits the fundamental mode. In micro- and nano-
optics, the accommodation mode depends on the radius
and refractive index of the micro- and nano-optics [17].
The expression for the refractive index of micro- and
nano-optics medium is as follows:

Δm =m1 −m2: ð8Þ

The expression of the fundamental mode energy condi-
tion of the micro- and nano-fiber is:

W = π
f AZ
μ0

m2
1 −m2

2
� �

≈ 2:40, ð9Þ

where f AZ = 2b denotes the critical diameter of the micro-
and nano-fiber.

The expressions for each component of the electric field
transmitted in a micro- and nano-fiber can be expressed as:

et = −
c1 J0 URð Þ + c2 J2 URð Þ

J1 Uð Þ f1 uð Þ, ð10Þ

eu = −
c1 J0 URð Þ − c2 J2 URð Þ

J1 Uð Þ g1 uð Þ, ð11Þ

ep = −i
U J1 URð Þ
μσJ1 Uð Þ f1 uð Þ, ð12Þ

where 0 ≤ c < q;

et = −
Uc1K0 WRð Þ − c2k2 WRð Þ

WK1 Wð Þ f1 uð Þ, ð13Þ

eu= −
Uc1k0 WRð Þ + c2k2 WRð Þ

Wk1 Wð Þ g1 uð Þ, ð14Þ

ep = −i
Uk1 WRð Þ
τσk1 Wð Þ f1 uð Þ: ð15Þ

For a micro-nano-fiber with uniform diameter and no
significant folding, the expression can be expressed as:

Tc1 =
1
2

γ0

π0

 !0:5
lm2

1
αJ21 Rð Þ ∗ c1c3 J

2
0 RFð Þ + c2c4 J

2
2 RFð Þ

�

+ 1 − A1A2
2 J0 RFð ÞJ2 RFð Þ cos 2θð Þ

�
:

ð16Þ

Figure 2: Schematic diagram of micro- and nano-fiber.
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At this point, 0 ≤ c < q.

Tc2 =
1
2

γ0

π0

 !0:5
lm2

1U
2

αL21 Wð ÞW2 ∗ c1c5l
2
0 WFð Þ + c2c6l

2
2 WFð Þ

�

+ 1 − 2Δ − A1A
2
2

2 L0 WFð ÞL2 WFð Þ cos 2θ
�
:

ð17Þ

At this point, q ≤ c <∞.

2.3. Electronic Information. “Electronic information” is an
informatics vocabulary, and its appearance is closely related
to the rapid development of computer technology, commu-
nication technology, and high-density storage technology
and its wide application in various fields. Electronic infor-
mation engineering is a discipline that applies computer
and other modern technologies for electronic information
control and information processing. It mainly studies the
acquisition and processing of information, and the design,
development, application, and integration of electronic
equipment and information systems.

2.4. Preparation Methods of Micro- and Nano-Optical Fibers.
Micro- and nano-optical fibers are circular optical wave-
guides with diameters in the micron range. Since the intro-
duction of micro- and nano-fiber technology, researchers
have explored a variety of methods for fabricating micro-
and nano-fibers. In terms of specific practice, there are only
two methods to fabricate micro-nano-constructions: top-to-
bottom and bottom-to-bottom. The process of making opti-
cal fiber by chemical growth method is a bottom-to-top
process, and the micro-nano-fiber drawn from bulk glass is
a top-to-bottom process. It is customary for us to refer to
the process of fabricating micro- and nano-fibers using
chemical techniques as bottom-up. Other technologies man-
ufacture processes called top-to-bottom processes whose

main raw materials include, but are not limited to, block
glass and single-mode fibers [18, 19].

2.4.1. Single-Mode Fiber Fabrication. The fabrication of
micro- and nano-optical fibers using flame heating hair
was first proposed in 2003. This method mainly uses an
alcohol lamp for heating; first, a small section of fiber is
heated until it melts, and then tension is applied to both
ends of the fiber until the desired diameter of the micro-
nano-fiber is obtained. If we want to make it very light, the
heating and melting operation in the natural environment
is very easy to be affected by the external environment;
secondly, when applying tension to the micro-nano-fiber,
we need to keep the tension constant, then there is a great
limitation of this method when we need to make a finer
diameter, and the micro-nano-fiber is easy to break if we
are not careful, so this method is only applicable to the ideal
state, and it is very difficult to do in practice [20, 21]. When
heating the single-mode fiber, a certain stretching force is
applied to both ends of the single-mode fiber, and the pull-
ing force can be kept constant by controlling the stretching
speed. Figure 3 shows the processing tools and materials:

2.4.2. Block Glass Fabrication. In addition to single-mode
fiber fabrication, researchers have proposed that bulk glass
can be used as a material for micro-nano-fiber preparation,
and this method has a wide selection of materials, including
sulfide glass, fluoride glass, and tellurite glass, among others,
and the desired substances, such as ions, can be added to
these materials, so that the fabricated micro-nano-fiber can
be more complete during the fabrication process [22]. The
steps are as follows.

(1) First, the micro-nano-fiber is heated, noting that the
melting point at this point must be greater than that
of the chosen glass material

(2) Contacting the bulk glass with the heated fiber while
continuing to maintain the high temperature of the
micro-nano-fiber

Single crystal
sapphire rod

Silica tube

SDF

Figure 3: Machining tools and materials.
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(3) Take away the lump glass when the mutual contact
appears to be melted, but it must be confirmed that
there is a small portion of melted glass material on
the micro-nano-fiber at this time

(4) Pacing the new micro-nano-fiber in contact with the
heated micro-nano-fiber

(5) Lowering the heating temperature to cool down the
glass between the two micro-nano-fibers

(6) The application of a certain rate of pulling from
unheated micro-nano-fibers results in new micro-
nano-fibers. Using this method of fabrication,
micro-nano-fibers with different characteristics can
be produced depending on the materials chosen

2.4.3. Polymer Fabrication. In addition to the above-
mentioned raw materials, researchers have found that poly-
mers can also be used to fabricate micro- and nano-fibers. In
the early days, micro- and nano-optical fibers have been suc-
cessfully fabricated using polypropylene terephthalate poly-
mers. The low melting point, good flexibility, and fast
crystallization rate of poly (propylene terephthalate) make
it possess the requirements for fiber formation, and the
refractive index of poly (propylene terephthalate) is only
1.638 when it is in the amorphous state, which possesses
good optical confinement [23, 24]. The manufacturing steps
are as follows.

(1) Firstly, poly (propylene terephthalate) is heated to a
softened state in which the temperature is kept stable

(2) Contacting the melted poly (propylene terephthal-
ate) with a single-mode optical fiber, at which point
the single-mode fiber will have some residue of the
poly material

(3) Lifting the single-mode fiber at this time at a certain
speed

After lifting the single-mode fiber, an intuitively very fine
micro-nano-fiber will appear, and it will rapidly cool down
into an amorphous poly (propylene terephthalate) micro-
nano-fiber. Figure 4 shows a schematic diagram of the
operation:

2.4.4. Laser Preparation. Since the use of gas for heating is
susceptible to interference from the external environment
and can easily cause errors during preparation, researchers
have worked to find fabrication methods that are free from
interference from the external environment, and in 2006
successfully fabricated micro-nano-fibers using a carbon
dioxide laser as a heating instrument, which uses a carbon
dioxide laser to scan and heat a single-mode fiber [25].
The main principle is to adjust the output of the carbon
dioxide laser with a total controller, and use a tool to focus
the laser on a single-mode fiber, and the spot diameter
matches the micro-nano fiber used. By controlling the angle
of the tool, the entire light spot in the single-mode fiber can
move axially, and the heating of the single-mode fiber needs
to change the structure; the longer the micro-nano-fiber
needed, then the higher the power output of the CO2 laser
needs to be, but this method is not infinitely long, and the
diameter of the pulled micro-nano-fiber is still said to be
relatively large compared to other methods [27].

2.4.5. Electrode Heating Preparation. To understand the
problem of interference from the external environment, in
addition to using a CO2 laser, researchers have proposed
to protest the use of electrodes for heating; the main steps
of which are as follows.

(1) First fixing the single-mode fiber with one end
placed in a heater

(2) Using a heater bar to press the single-mode fiber into
the container, the heater bar needs to be connected
to the electrode with a standard voltage of 250V.
The temperature of the heated container needs to
reach 1600°C

(3) The other end of the micro-nano-fiber is fixed on the
rotating platform, and the rotating platform is driven
to rotate after reaching a certain temperature, and
the heated single-mode fiber can be drawn out of
the micro-nano-fiber during the rotation process

The micro-nano-fiber prepared using this heating
method can reach 900 nm in diameter and several hundred
mm in length, and the heating of the single-mode fiber using
electrodes can provide a large heating area and make the

Single-mode
fiber

Upward
Micro and
Nano fiberDownward

Heating
plate

Heating
plate

Heating
plate

Heating
plate

Melted
propyleneglycol

terephthalate

Figure 4: . Operation schematic.
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single-mode fiber uniformly heated; in this process, the user
can change the voltage as well as the rotating platform to
change the length and diameter of the micro-nano-fiber
[28]. Table 1 shows the comparison of various micro- and
nano-fiber drawing methods:

3. Experiments on Theoretical Modeling of
Composite Micro- and Nano-Fiber Devices
and Electronic Information Applications

3.1. Experimental Environment. The micro-nano-fiber sen-
sor is put into different humidity devices, and the data acqui-
sition connector is connected to the broadband light source
and the spectrum analyzer through a 3 dB coupler, and the
humidity environment in the experiment uses a supersatu-
rated solution, and we select different supersaturated
solutions such as sodium chloride, potassium carbonate,
magnesium chloride, and lithium chloride for the experi-
ment, keeping the experimental temperature between 26°C
and 29°C [29]. If the temperature of the chemical solution
is too low or too high, a chemical reaction will occur, result-
ing in the deterioration of the solution, and deviations will
occur in the experiment. The experimental setup is shown
in Figure 5.

3.2. Experimental Data Acquisition. Table 2 shows supersat-
urated solutions with different humidity levels, and in our
experiments, we passed sensors with different specifications
through these supersaturated solutions in sequence, labeled
separately, at different temperatures, and the wavelength of
the micro-nano-fiber changed as the humidity of the solu-
tion varied [30]. The wavelength of magnesium chloride
solution will shorten as the temperature increases, and other
solutions will remain unchanged or elongated.

According to the data in Table 3, it can be seen that the
wavelengths of the micro-nano-fibers were significantly
shifted by adding them to different supersaturated solutions
while keeping the experimental temperature constant, but
they basically drifted toward the long wave direction. In
addition, with the increase of ambient humidity, the center
wavelength of the reflection spectrum of the humidity sensor
shifts to the long wavelength direction.

According to the data in Table 4, it can be seen that
different micro-nano-optical fibers change in different
supersaturated solutions while keeping the experimental
temperature constant, and overall, when the temperature is
constant, the greater the relative humidity of the solution,
then the greater the amount of drift to come, and according
to the experiment, it can be seen that the larger drift occurs

Table 1: Comparison of various micro- and nano-fiber drawing methods.

Preparation method
Two-part

pulling method
Self-adjusting
pulling method

Block glass drawing
Polymer
drawing

Laser pulling
Electrode heating
and drawing

Micro- and nano-fiber
diameter (nm)

49 19 49 65 3000-39985 893

Transmission loss 0.008 dB/nm ∗ 0.01 dB/nm 0.01 dB/nm 0.06 dB/nm 0.01 dB/nm

Features
Easy and
convenient

Minimal
diameter

Multi-doped micro-
and nano-fibers

Low melting
point

Overcoming
environmental
interference

Longest length

Broadband
light source

Analyzers

Coupler Constant
temperature
environment

Figure 5: Schematic diagram of the test system.

Table 2: Relative humidity values of salt solutions.

Solution Magnesium chloride Lithium chloride Potassium carbonate Sodium chloride

Relative humidity (%)

26°C 32.3 11.1 43.5 75.1

29°C 32.1 11.2 43.5 75.2

30°C 32 11.2 43.5 75.2
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in magnesium chloride, followed by sodium chloride
solution, and the smallest drift occurs in lithium chloride
solution [31].

According to the data in Table 5, it can be seen that the
sensitivity of the sensors used in the experiments is above
99%, and most of the humidity sensors are higher than the
sensitivity of ordinary optical fiber humidity sensors, so it
can be concluded that the sensor sensitivity of micro-nano-
fiber humidity sensitivity has been improved to a great
extent compared with ordinary micro-nano-fiber. Com-
bined with the above mentioned that within a certain
humidity, the wavelength drift amount and humidity have
a good linear relationship, so we believe that the humidity
sensor has good detection effect in a certain acidic solution
environment [32].

4. Theoretical Modeling and Electronic
Information Application Research
Analysis of Composite Micro- and
Nano-Fiber Devices

4.1. Micro- and Nano-Optical Fiber Stability Characteristics.
In the above experiments, we introduced that wavelength
and refractive index are length dependent. If the length is
simply changed, then the wavelength also changes, and in
order to explore the relationship, we utilized an interferom-
eter axial strain characteristic measurement instrument for
detection (Figure 6 shows the interferometer axial strain sys-
tem) each time the position is shifted and its length is chan-
ged, and the following data are obtained.

According to Figure 7, we can see that we have carried
out the projection profiles during the changes of 80μm,

160μm, 240μm, and 320μm, respectively, and from the
data, we can see that the difference in the values of the
spectral interference valley drift is relatively small in differ-
ent length displacement changes, and overall it is still
relatively stable and basically does not change much
according to the valley comparison, so that it can be used
as a strainer [33].

According to the data variation in Figure 8, we can find
that analyzing the ratio of the length of the axial change to
the length of the fiber can be derived from the microstrain
of the fiber axially, and according to the recorded changes
corresponding to the wavelengths shown in the figure, we
can see that the reasonable sensitivity of the interferometer
is around 0.55, while the sensitivity of the interferometer
we obtained is around 0.6 and 0.61, so we can confirm that
the sensitivity is reasonable at this time.

Table 4: Wavelength drift.

Solution Magnesium chloride Lithium chloride Potassium carbonate Sodium chloride

Temperature (°C) 25 25 25 25

Wet relative humidity (%) 10 30 50 70

Wavelength drift amount (nm) 0 0.2 0.7 1.3

Table 5: Sensor corresponding parameters.

Sensors Micro- and nano-fiber diameter (μm) Sensitivity (pm/%) Linearity (%)

Magnesium chloride 115 23.12 99.61

Lithium chloride 23 31.75 99.59

Potassium carbonate 17 32.18 99.29

Sodium chloride 14 35.46 99.73

ASE

OSA

PC

Stepper
motor

Stepper
motor

Circulator

Fiber clamp

Figure 6: Interferometer axial strain system.

Table 3: Wavelengths of saturated solutions with different humidity.

Solution Magnesium chloride Lithium chloride Potassium carbonate Sodium chloride

Temperature (°C) 25 25 25 25

Wave length (nm) 1530 1537 1538 1536

Loss (db) 50 35 45 40
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4.2. The Magnetic Field of Micro- and Nano-Fibers. As men-
tioned in the previous section, the magnetic field of micro-
nano-fiber is closely related to the fiber diameter and core
refractive index. According to the analysis in the study,
chemical means can be used to change the diameter of the
micro-nano-fiber as a way to change the whole magnetic
field distribution, and in order to verify this conjecture, we
conducted an experimental analysis and found that the
diameter size of the micro-nano-fiber does have a large
influence on the whole magnetic field [34].

According to Figure 9, when the corrosive solution is
contacted with the micro-nano-fiber, it is found that it has
a large impact on the diameter of the micro-nano-fiber,
resulting in a higher loss of the micro-nano-fiber, so it can
be seen that the difference between the wave and valley in
the figure is large, and once the external interference is per-
formed, it will lead to a large change in its magnetic field;
when the corroded micro-nano-fiber is added to the mag-
netic fluid solution when there is no external magnetic influ-

ence, its refractive index size remains at 1.4. When we add
the magnetic fluid, it is obvious that the wavelength of the
micro-nano-fiber has changed and the frequency has shifted.

4.3. Relationship between Magnetic Field Strength and
Transmittance of Micro- and Nano-Fibers. In the above, we
mentioned that the size of external magnetic field will cause
the micro-nano-fiber to change to different degrees, and by
adding different properties of magnetic fluid can make the
refractive index of the micro-nano-fiber change, and when
the refractive index changes, its transmittance will also
change, and the main changes are as follows:

From Figure 10, it can be seen that the influence of the
magnetic field size on the transmittance, but according to
the obtained data, we find that the transmittance presents
a nonlinear relationship; when the external magnetic field
is less than a certain data, the transmittance will remain
unchanged, and when the external magnetic field reaches
the degree of saturation, its transmittance does not change
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significantly, but when the external magnetic field is between
70Oe and 300Oe. However, when the external magnetic
field is between 70Oe and 300Oe, they show a certain linear
relationship with correlation coefficients of 0.995 and 0.994,
respectively. This data indicates that the relationship of the
optical magnetic field can be adjusted by using different
degrees of external magnetic field and can be applied in
the communication magnetic field.

5. Conclusions

With the continuous development of micro- and nano-fiber
technology, fiber optic devices are gradually adding to the
convenience of miniaturization, and in the process of con-
tinuous miniaturization, micro- and nano-fiber technology
is also developing, and micro- and nano-fibers of different
structures, diameters, and lengths are being manufactured
continuously, and at present, the academic exploration of
the characteristics of micro- and nano-fibers with differences
in fabrication and the application of devices in different
fields has become the current fiber optic science and
technology and scientific. In this paper, we will focus on
the fabrication of micro- and nano-fibers. In this thesis, we
have (1) investigated the fabrication methods of micro-

and nano-fibers in different transmission modes, and
analyzed their physical significance, advantages, and disad-
vantages in the practical process, and their practical value;
(2) explored the transmission characteristics of fine core
micro- and nano-fibers with different diameters and their
distribution characteristics, and simulated the transmission
modes of different sizes of micro- and nano-fibers; (3) inves-
tigated the connection between the magnetic field of micro-
and nano-fibers and fiber diameter, core refractive index,
and found the connection between the magnetic field of
micro- and nano-fibers. The larger the diameter of the
micro-nano-fiber, the larger the wavelength shift, and the
corresponding change in refractive index, thus changing
the magnetic field; (4) to explore the correlation between
the magnetic field and transmittance, it is found that when
the external magnetic field is less than a certain data, the
transmittance will remain unchanged, and when the external
magnetic field reaches saturation, the transmittance does not
change significantly, but when the external magnetic field is
between 70Oe and 300Oe, the transmittance does not
change significantly. However, when the external magnetic
field is between 70Oe and 300Oe, they show a certain linear
relationship. Although this paper has explored certain con-
tents, there are still many shortcomings: (1) the operation
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steps of the micro-nano-fiber research in this paper are all in
the ideal experimental environment, the encapsulation
technology of micro-nano-fiber needs a constant tempera-
ture environment, and due to this necessary condition, it
cannot be utilized in a commercial environment on a large
scale; (2) when using chemical technology for corrosion, it
is easy to make mistakes, and the corrosion solution. We still
need to find other relatively safe methods to fabricate micro-
nano-fibers; (3) the techniques adopted in this paper are
considered to be operational, which makes it difficult to
ensure that the fabricated micro-nano-fibers are identical,
which makes it more difficult to mass produce micro-
nano-fibers.
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This research paper deals with a system-on-chip (SoC) architecture design where multiple processors are inbuilt with other blocks
of memory and control logic developed by nanomaterials. The multiprocessing-based SoC architecture is commonly used in the
latest electronic devices such as smartphones, tablets, and smart wristwatches with large memory sizes. The data handing in these
highly memory-dense devices is a critical task, and it needs special attention for the smooth operation of the device. This research
proposed a smart controller to exchange data between various processors and input-output devices to tackle this challenge. A
proposed controller block controls the data flow between memory and different SoC components and processors. A memory
access controller (MAC) is presented in this research study to manage and accelerate data transmission speed and reduce the
processors’ activity for SoC-based devices. The proposed MAC will integrate into the SoC with multiprocessing units, including
gaming processors, at minimum hardware overhead and low power consumption. It improves the memory accessing efficiency
and reduces the processors’ activity of a system. As a result, the system’s performance and power consumption improve at an
acceptable level compared with the other conventional methods. This research is aimed at enhancing the performance of any
SoC-based device where multiprocessing engines are inbuilt and flexible enough to serve various SoCs.

1. Introduction

In response to the rising demands of IoT devices, the 4G
mobile phone devices cannot provide complete imminent
services, which is required for the next-generation IoT-based
system and other SoC-based systems [1, 2]. There is ample
research conducted in this context of next-generation 5G
mobile services [3, 4].

The traffic growth exponentially increases mobile phone
networks from the generation of the cellular system 1G to
5G [5]. As per the survey of the CISCO Corporation, the
data traffic on the mobile web becomes doubled from 2010
to 2011. They also stated that mobile traffic would increase
by 1000x and above by 2021 compared to 2010 [6]. Due to
this increased level of mobile traffic, the energy consumption
of the mobile handset user increases with immense power.
Therefore, it directly affects the expenditure. It is necessary
to rethink the design to control these attributes and manage
the network to reduce spending in a next-generation mobile

phone system called the 5G generation. There is a future
prediction of a fully connected society where everybody
and everything is interconnected, on a common platform
of the Internet of Things (IoT)—where many devices serve
a single person. Therefore, the forthcoming 5G cellular
infrastructure for massive data support will enable smart
cities. There will be a need for an intelligent SoC design to
support these 5G features in next-generation mobile phone
devices and other SoC-based devices. The SoC of these
devices should compromise with a high-end processing unit
with an intelligent memory controller inbuilt feature.

In this context, a low-power, high-performance SoC
development approach is accessible [7] that deals with the
power management in the SoC for IoT-based devices. This
SoC approach was developed on 65nm technology and
occupied an area of 1.0× 1.7mm2. Similarly, a method dealt
with an adaptive power management (APM) design module
that extensively supports learning techniques [8] and
reduces power consumption in the IoT-SoC.
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We are aware that the SoC is a single-chip integrated
system and each block of it remains the intellectual property
(IPs). The IPs are part of SoC, are available as processor
core (one or more) peripheral devices, and are sometimes
called macros. They are incorporated as per the requisition
or demand of the SoC design. The SoC of these intelligent
devices consists of some hardware and some software IPs.
The hardware IPs are the processor, random access mem-
ory (RAM), and universal serial bus (USB) devices. The
software IPs are the device drivers, the processor running
algorithms, etc. IPs communicate together via specific
channels called the on-chip bus, and it links all the IPs
that belong to it [9]. This SoC bus works on a precise
communication protocol containing various bus strategies.
For instance, the IP begins communication to any other IP
only when the bus is idle (not accessible by any further
IPs). In this case, the IP with control over the bus is called
the master, and other IPs responding to it are called
slaves [10].

In case the master is accessing the SoC bus to convey
their messages to other IPs at a particular instance, known
as the active master. This SoC bus will remain idle during
the absence of the active master. In recent times, multipro-
cessor systems have been drastically used to improve power
performance compared to single processor systems in desk-
top segments. It caused the extensive application of multiple
processor SoC cores, known as multiprocessor SoCs
(MPSoCs) [11, 12]. These MPSoC cores are commonly
available in the latest smartphone and other gaming devices.
Therefore, some processors need to be offloaded to handle
essential tasks and deal with such a high configurable
multiprocessor-based SoC.

This paper is motivated by the future requirements of
the SoC architecture of multiprocessor-based smart devices
to fulfill consumers’ demands. We cannot ignore the snap-
dragon SoC as it explicitly concerns multiprocessor-based
devices [13]. The majority of the market for android-based
devices uses Snapdragon SoC in their devices. The single
snapdragon SoC contains many processing units based on
the ARM instruction set. In this research study, we proposed
a MAC unit to perform tasks in parallel with the processor
to enhance the speed and performance of the processing
engines. Memories generally occupy the majority area of
SoC, and it motivates this research to choose the MAC unit
as a research topic to improve the processor performance.
SoC architectures of the majority of digital systems mainly
consist of nanomaterial-based memories. For example, the
SoC of mobile phone devices, smart wristwatches, and
mobile tablets comprises large memory sizes. The Interna-
tional Technological Roadmap for Semiconductor (ITRS)
report is available for reference [14, 33] to convey that the
memories occupy most of the SoC area. The MAC unit is
small in hardware and occupies a tiny space overhead when
integrating with SoC design when manufacturing the nano-
technological chip. Compared with the processor area (here,
we consider a Snapdragon SoC), it holds a very thin area
overhead of 0.0003% with low power consumption and a fast
data transfer rate. Thus, the area overhead is negligible com-
pared to a SoC area.
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The authors’ contributions to the article is noted as
follows:

(i) Proposing a novel MAC unit architecture to per-
form memory accessing tasks while integrated with
SoC at a fast transfer rate

(ii) Evaluate area overhead and power consumption
and analyze the processor’s performance with and
without integrating the MAC unit into the SoC of
the smart device

(iii) Reduces the processor’s activity, and hence, it saves
system power and temperature by integrating MAC
unit into SoC

The paper is organized as follows: Section 2 outlines the
SoC architecture of the mobile phone for previously avail-
able devices in terms of the services provided. Section 3 pro-
poses the MAC architecture for mobile SoC. Simulation and
ASIC Synthesis results are presented in Section 4. In this sec-
tion, we have compared the area overhead of SoC by taking
the example of Qualcomm’s processor Snapdragon SoC.
Finally, we conclude the paper in Section 5.

2. SoC Architecture with Multiprocessing Units

A generic SoC architecture with multiprocessing units with
various IP blocks is depicted in Figure 1. This SoC architec-
ture uses the ARM Cortex-A15 multicore processor with
advanced microcontroller bus architecture (AMBA) [15].
There are two different processing cores included in this
SoC, namely, ARM Cortex A15, also known as a general
purpose multiprocessor (GPMCP), and digital signal process-
ing (DSP) processor [12]. These GPMCP and DSP processors
are coupled with the memory controller core, enabling them
to collaborate with other external flash memory, and system
memory with the help of a high-performance AMBA
advanced high-performance bus (AHB). In addition to these
IPs, there is additional peripheral IP in the system, which sup-
ports UTMS (universal mobile telecommunications system)
and GSM (global system for mobile communication). The
external IPs are connected with the system through the high-
performance bus known as AMBA advanced peripheral bus
(APB). Since every mobile phone SoC consists of these two

high-performance buses, AMBA-AHB and AMBA-APB
[16], the system will work [17]. These two buses are responsi-
ble for data exchange between peripherals and processors. A
bridge is used as an interface between the AMBA-AHB bus
and the AMBA-APB bus to share information. A system
architecture that uses AXI bus architecture is also available
in recent research [18] for the FPGA-based dynamic partial
reconfigurable security system for low area and power.

In SoC technology, trivial functions are conceived
through the reusability of IPs. The reusability of IPs results
in the rapidity of constructing a computer system based on
a single-chip application. It is the root cause of the ever-
growing fame of SoCs [19]. The constructional block dia-
gram of a SoC is built up by reusing different modules. These
reusable prevailing modules comprise an ARM processor
core, peripherals modules like GSM and UMTS, memory
controllers, etc. The precompiled libraries for the system-
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level programmer are also available in the form of software
drivers. The multiprocessor SoC system is flexible to extend
by adding new IPs.

The IP configuration in SoCs always describes the formal
models. The multiprocessor SoC incorporates many IPs like
different peripherals, processors, and memory cores. These
IPs perform various functions at various speeds and work at
different data exchange behaviors. Due to their unusual behav-
ior, their interconnections have to be comprehensive enough
to handle the individual IP smoothly. Also, they must provide
a standard approach to connect with all such IPs.

Usually, in the typical SoC architecture, all the IPs are
connected with a common bus called a SoC bus. This SoC
bus is linked with all the IPs of that particular SoC. There-
fore, it has to set up a single platform for every IP connected
to it, and the design is consequently called the platform-
based design. This platform builds by integrating generic
hardware (buses, processors, memory, etc.) and software
(microcontroller code), and it can be remodeled to obtain
differentiated products. Presently the typical SoC buses
include Altera Avalon [20], IBM Core Connect, IDT IP
Bus [21], Open Core Protocol [22], and Wishbone. This
research work analyzes the AMBA [15] in detail, as it is
the industry standard for creating SoCs. For example,
AMBA is being used by many corporations like NVidia,
Qualcomm, and Actel [23, 24] in their products.

The standard AMBA is rendered by ARM, which eluci-
dates as a generalized set of useful buses and is used in
system-based integrated circuits (ICs). These system-based
ICs are known as SoCs, traditional microcontrollers, and
application-specific integrated circuits (ASICs). In 1996,
the first time the ARM-based processors used this standard
(AMBA) in their SoCs. Internally, AMBA consists of two
types of buses: high-performance system buses to connect
core IPs and a flexible peripheral bus to join many input out-
puts devices and the components. The AMBA-AHB con-
nects various IPs, for example, a processor, a DSP, and
advanced memory controllers as shown in the SoC
architecture.

Similarly, the AMBA-APB (advanced peripheral bus)
connects various peripheral IPs dedicated to that system.

Additionally, AMBA provides the flexibility of upgrading
the SoC. The SoC upgradation is possible by replacing some
IPs with advanced versions (like the Bluetooth IP module)
and adding IPs to enhance the functionality of the existing
design (for example, adding an FM receiver, etc.). There is
a bridge between the AHB and APB buses which is also
shown in the multiprocessor SoC. This bridge is a standard
bus-to-bus interface that provides communication between
the IPs connected to different buses in a standardized way.

In this research, we are focused on specialized processing
and integration. We know that the building of multiproces-
sor SoC requires many particular processing engines, which
are custom designed to provide the user with the lowest
power and higher performance [25]. A notable example is
the Qualcomm Snapdragon (Snapdragon) [26, 27]. The
SoC of Snapdragon processing is shown in Figure 2. The
SoC consists of typical processing engines that integrate into
a single piece of silicon [28]. There is a trend towards inte-
grating more and more onto the SoC. The integration capa-
bilities depend on the silicon traders’ IP technology and
design abilities.

The benefits of integration result includes being cost-
effective, low area, lower power, and low temperature. The
SoC architect will make the appropriate design decisions
and trade-offs among the many dependencies throughout
the system. This insight gives the right system view and
the ability to propagate features, accurately simulate use
cases, and quickly respond to market demands. This
research takes a step to enhance the system performance
and speed of the devices using multiprocessing units to
accept the consumers’ challenges and needs. The proposed
MAC unit is an independent entity. It can easily integrate
with the SoC with a reasonable transfer rate to get these fea-
tures at low power consumption and a lite area overhead.

3. Implementation of Proposed MAC for SoC

The processor does intelligent operations like arithmetic and
managerial processes. The real-time mobile systems incor-
porated today are built up with multiprocessors. These pro-
cessors performed various functions by interacting with any

Table 1: Signal description of memory controller for mobile SoC.

Pin Description

rd This signal enables the read operation when MAC wants to read data from FIFO.

rd_data The data bus, which holds data, is read from FIFO to write into the memory through the state machine.

full This input indicates to the MAC state machine about FIFO-full status.

empty This input indicates that FIFO is empty to the MAC state machine, with no further data available to read.

ptr There are two FIFO pointers to indicate reading and writing location and decide between empty and full status.

wr wr is a write-enabled signal to memory, indicating writing operation.

addr Addr signal indicates the exact location of memory to write/read data from or into it.

Data It is a data bus that carries data to write into and read from memory.

rd Read enable to indicate read operations from memory.

fifo_wr Enable signal from MAC state machine to write into the FIFO.

fifo-rd Request from the peripheral to read data from FIFO.

Data-rd Data bus carrying the data read from FIFO for any external device.
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other processor in the same SoC. By doing this on one side,
adding many processors to share the load on the other side.
The processors waste their time by transferring data between
themselves. Therefore, this research introduces the MAC to
avoid this labor work of data transmission performed by
any specialized processing engine in SoC-based devices.
The MAC is a separate entity, and it integrates into SoC to
perform such tasks. The research presents a real-time
embedded system with fast data accessing support. It is
known for its processor multitask support to achieve better

yield and less power consumption while supporting future
expansions. The system is called intelligent when it inte-
grates the memory access controller for accessing the data
between IP devices and memory, including cache. Hence, it
can increase processing speed and reduce processing activity
to save power. The active processor, among other processors
in a specific SoC, excessively uses the memory while in use.
Therefore, the MAC unit plays a significant role while the
processor offloads memory accessing tasks in any specific
SoC-based device.
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Today, high-end smart processors are used in sophisti-
cated real-time systems such as automotive, avionics, and
some medical equipped devices where this MAC unit can
be used for integration. The use of MAC in the systems pro-
vides CPU usage and high system throughput. Before the
MAC application was narrow to computers, servers, etc.,
but now it has become an integrated system entity in a
new generation system. The MAC unit can transfer data
between the entities as follows:

(i) Between two memories

(ii) Between memory and IPs

(iii) Between two IPs

(iv) Between two processing systems

The MAC handles all data transfer tasks, freeing the pro-
cessor to manage other essential functions for any selected
embedded systems [28].

How data exchange between peripherals (together with
memory blocks) and processors by using these buses in
SoC as indicated in Figure 3. There are two masters over
the bus, the CPU and MAC. Once the data is accessed from
memory by either of these two masters, the appropriate
memory address information is updated. It works in two
modes. The first mode CPU is the master, and the second
mode MAC will be the master over the bus. The CPU sends
the request to the bus for access in the first mode. A bus will
grant access to the CPU in response to this request. The
CPU will operate on data accessing by updating data into
an appropriate memory location after getting a permit on a
bus. On another side, when MAC is master over a bus, it
can access any peripheral and memory connected to the
bus in the second mode.

3.1. Case when MAC in SoC. There is an example of a case
when MAC is in the SoC.

Example 1. For example, when MAC transfers the data
between UART and memory. It reads the UART registers

and appropriate memory locations through the bus and
released the bus grant once the operation finished. If the
processor alone performs this operation, it requires more
instruction cycles. This way, it needed more time to transfer
the data between a memory and an external peripheral con-
nected. Instead, the MAC engine handles this transfer oper-
ation by offloading the processor for sharing of data. An
arbitration mechanism is used to grant access between the
processor and MAC. The data transfer procedure is repre-
sented in Figure 4 by the MAC unit between peripherals
and memory, data copied from memory and transferred to
the USB by MAC itself. The data length of 15 bytes is
considered.

Benefits of being MAC in multiprocessor-based devices:

(i) The power consumption reduces to a great extent. If
the CPU runs for longer, it consumes more power,
which the presence of the MAC will overcome by
offloading the CPU

Table 2: External agents request to access the memory.

Request Address Data Acknowledge

Write Request-8 wr_addr — —

0 6c0895e81 —

1 28484d609 —

2 0b1f05663 —

3 306d7cd0d —

4 c46df998d —

5 4b2c28465 —

6 e89375212 —

7 300f3e301 1

Read Request = 5 rd_addr

0 c46df998d —

1 4b2c28465 —

2 e89375212 —

3 300f3e301 —

4 306d7cd0d 1

0

1

2

3

4

5

6

7

8

Read request = 5

MAC respond on external agent request

Address wr_addr
Acknowledge

rd_ack

Write request = 8

wr_ack

Figure 8: MAC responds to an external agent’s request to access the memory.
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(ii) MAC is an individual entity, and it performs data
transfer operations individually in parallel to CPU
operation. Thereby, it may be used in the simulation
of a multiprocessing environment and helps in
improving the processor’s bandwidth

(iii) It makes the CPU idle for more time and frees up
the processor to perform a more advanced task in
future product improvement

3.2. Proposed MAC Architecture. The proposed memory
access controller for multiprocessor-based SoC is shown in
Figure 5. The MAC engine with first-in-first-out (FIFO)
handles the extra load of the multiprocessing units to free
the individual processor to perform another essential task
in parallel. This offloading of the processing units in smart-
phone devices takes place by MAC’s proposed design
method. The architecture consists of MAC in the writing
mode and MAC in the reading mode, and a FIFO block on
both sides is used for synchronization. In the first part, the
MAC performs reading operations for any IP (peripheral)
from FIFO. Similarly, the MAC performed writing opera-
tions into the FIFO for any external IP (peripheral) in the
second part.

Once the writing or reading operation is complete, the
data will be available for any external device or IP to read
or write from FIFO. The external device then accesses the
data from FIFO.

Two memory controllers are implemented in Verilog
hardware description language for accessing the data. The
buffer memories (FIFO) on both sides are used to store the
data temporarily to avoid data loss and mismatches. Hence,
it synchronizes the speed of the peripheral and controller.
The MAC signals and the description are summarized in
Table 1. The external IP will write the data into the FIFO
in writing mode. This data is then read by MAC and stored
in the memory. The status of available data in FIFO will be
updated by the pointer signal ‘ptr.’ Therefore, the MAC
engine will read the appropriate data from FIFO and write
it into the memory. Thus, the memory contains the data
by writing any external IP into it.

Writing of memory is carried out as follows:

(i) The experiment results are taken by considering 8K
of memory

(ii) Memory size ðMem‐arrayÞ = 8K
(iii) Each location of memory contains 64-bit data = 8

bytes

(iv) Total location required for 8K data ðmax‐addÞ =
210

(v) Address location will vary from zero ‘0’ to the 210

The data is written into the memory for all 1000 address
locations, and each address location contains 8 k of data. If
64-bit is the data line, it requires 210 address locations.
Max-add is indicating as 210. The writing operation can be
performed and expressed in equation (1).

MEMORY Add½ � < Data wr: ð1Þ
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Figure 9: Processor utilization comparison with and without MAC.

Table 3: ASIC area report for proposed MAC.

Design Cell
Cell area
(nm2)

Net area
(nm2)

Total area
(nm2)

Proposed MAC
unit

2201 31272 16220 67497

Table 4: Area comparison between the proposed MAC and the
other existing approaches.

Design Cell
Cell area
(nm2)

Net area
(nm2)

Total area
(nm2)

Proposed
MAC

2201 31272 16220 67497

DMA [30] 3901 56179 21237 99417

DMA [31] 3637 48312 25177 93289

DMA [32] 4637 62749 30256 101389

DMA [33] 4213 56274 28096 10017
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The data is already available in the memory on the other
side of the MAC reading operation. The MAC engine will
read it from memory and write it into the FIFO for any con-
nected external IP. Once the data is available in FIFO, the
external IP will come and read it. The MAC reads the status
of FIFO by pointer ‘ptr’ signal. The reading operation can be
performed and expressed in equation (2).

Data rd < =Memory Address½ �: ð2Þ

The IP request for accessing the memory decides that
MAC has to work in writing or reading mode. If the request
is for writing to the memory, the MAC first checks for the
data request is for how many bytes (length), and then it
grants writing into the FIFO to the requested IP. The
MAC continuously checks the full-empty status of FIFO
and depends on the availability of data in FIFO. MAC will
write the data into the memory on the availability of data
in FIFO. Whereas if the request is to read the data from
memory, the MAC first checks the IP request, calculates
the bytes, and allows the IP to read the data from FIFO.
The data in the FIFO is available by the MAC after read-
ing it from memory. The flow of reading and writing data
for any requested IP is shown in Figure 6. Multiple
requests and reading writing operations can perform in
parallel by the proposed MAC unit in any SoC-based
system.

4. Results

Verilog HDL is used to design the MAC unit. The simula-
tion and synthesis are performed on the EDA tool. The
top-level Verilog module includes two-part transmitting
(writing) and receiving (reading) parts, and each part uses
a MAC unit with a FIFO block. The simulation is performed
on the Xilinx simulator. A case where an external device is
writing data into the memory is shown in Figure 7. In this
case, the external IP wants to write into the memory by
sending a write request. It writes data into the FIFO on the
approval of its request by a grant signal. Once the data is

available in FIFO, the MAC will read it and write it into
the memory. The MAC unit continuously reads the FIFO
pointer to act during this process. On the other side, when
external IP wants to read data from memory, the MAC unit
will read data from memory and write it into the FIFO for
any requested external IP. The read-write request handled
by the MAC unit itself to offload the processor is shown in
the graph in Figure 8 and Table 2.

FIFO pointer in each operation increments and appro-
priate information about data availability is communicated
with the MAC. Depending on the pointer location, MAC
will perform operations. We consider 64 as the FIFO depth
for both the reading and writing sides. In this research, we
implement a controller that can allow multiple IPs to access
the memory without any involvement of the processors. As a
result, processor performance and speed will increase drasti-
cally, and it can only concentrate on its operations other
than memory access.

The developed MAC unit can integrate into mobile
phone SoC to perform enhanced features data accessing
memory to offload the processor. Hence, it increases the
processing speed and power optimization of any processor.
It can merely be understood by considering an example of
wave generation. In a wave generation process for SoC, the
MAC will perform a data exchange operation instead of a

0 20000 40000 60000 80000 100000 120000

Proposed MAC

DMA [30]

DMA [31]

DMA [32]

DMA [33]

Area comparison

Total area (nm 2)
Net area (nm 2)

Cell area (nm 2)
Cell

Figure 10: Area comparison graph.

Table 5: Data transfer rate for the proposed MAC and other
existing methods.

Design
Max frequency

(MHz)
Mega cycles

per sec
Transfer rate
(Mbytes/sec)

Proposed
DMA

350 350 1400

DMA [30] 320 320 1200

DMA [31] 320 320 1200

DMAC
[32]

250 250 1000

DMA [33] 250 250 1000
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processor. As a result, processor utilization will reduce dras-
tically, directly affecting processor speed and power con-
sumption. The purpose of a wave generator is to generate
waves continuously [29]. The continuous stream will create
without interruption by continually accessing the data from
the look-up-table (LUT) to the digital-to-analog converter
(DAC) data register. If there is a MAC unit available in the
SoC architecture, the updating of data from LUT to the
DAC register will take place by the MAC unit, and hence
processor activity reduces significantly.

Large processor bandwidth and power are required
when the wave’s frequency and the number of samples
increase. In case of the absence of the MAC unit in mobile
device SoC, it forces the processor to perform this hectic task
of data updating into the DAC register. Therefore, in this
way, the processor consumes many instruction cycles to
copy the data from LUT to the DAC register, affecting its
performance significantly.

Instead, the MAC unit can easily do this task of data
accessing from memory to the DAC register at the required
time interval. Additionally, the MAC is not interrupt-driven
like a processor. In this case, the processor does not need to
do anything as long as the wave generates. As a result, a large
amount of power will save because, generally, the processor
consumes more energy than the MAC unit. The processor
acts in power-down mode if it is not in use for data transfer
operation, and hence, there will be a reasonable saving of
static and dynamic power consumed. Thus, the MAC helps
optimize the system’s power consumption where a significant
portion of work is to transfer data. The comparison graph
between processor utilization with and without MAC is plot-
ted and shown in Figure 9, and it is not scaled. We can see
from the chart how speed and power performance affect any
mobile phone SoC when the MAC unit is integrated.

The synthesis process of the MAC unit is performed on
the ASIC platform. The ASIC synthesis results are received
on the synopsis tool design compiler with 32nm2 technol-
ogy. The MAC unit is implemented on ASIC to calculate
the area overhead and to integrate with Qualcomm’s Snap-
dragon SoC. The design of MAC uses only 2201 cells with
a cell area of 31272nm2, a net area of 16220 nm2, and a total

area of 67497nm2. The synthesis result for area calculation is
tabulated in Table 3. The design frequency, the power con-
sumption, and the data transfer rate of the MAC block are
computed. The existing approaches of the MAC are also
implemented, and the obtained results are compared with
the proposed MAC unit. The area comparison is tabulated
in Table 4 and indicated in the graph in Figure 10.

The design frequency and the data transfer rate of the
proposed MAC unit and the other available conventional
methods of memory access controller are tabulated in
Table 5. The comparison graph is shown in Figure 11.

The power consumption comparison for the proposed
and other approaches are listed in Table 6 and the graph
in Figure 12.

The commercially available SoC having the transistor
count, including only the processing units, is 32 billion
MOSFETs by 2019. For example, Qualcomm’s Snapdragon
processor gate count is more than 3 billion transistors [34,
35]. If we consider one cell having four gates or 16 transis-
tors (4-transistors per logic gate), three billion transistors
have 187 million cells.

The proposed design in this research used only 2201 cells
with 32nm2 technology. Therefore, integrating this control-
ler with the Snapdragon SoC results in negligible area over-
head with enhanced power optimization and speed features.
The processor activity reduces to a great extent, and hence, it
optimizes the system’s power consumption. The result of the
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Figure 11: Data transfer rate comparison.

Table 6: Power consumption of proposed and other methods.

Design
Leakage power

(μW)
Dynamic power

(μW)
Total power

(μW)

Proposed
DMA

1.67 194 196

DMA [30] 2.09 246 248

DMA [31] 2.90 233 236

DMAC [32] 2.07 252 356

DMA [33] 2.72 230 333
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comparison of area overhead is tabularized in Table 7. The
results show that integrating a MAC unit with SoC increases
the area to just 0.0011%. Some SoC-based systems are avail-
able in the research study [36–40] for our notice.

5. Conclusion

A memory access controller for the multiprocessor-based
SoC devices is proposed in the presented research. The
architecture of a memory controller is proposed to fulfill
the consumer’s demands for IoT devices. The SoC consists
of a multiprocessing unit, and MAC integration decreases
the processing activity and power consumption by offload-
ing processors from the memory-accessing task. As a result,
it increases the speed of the processors to perform more
essential tasks. The processor performance comparison is
noticed with and without integrating a memory controller
into the SoC while developing this nanomaterial-based
product. It has been seen that the memory controller’s pres-
ence will drastically affect processing speed and the power
consumption of the processing units. The MAC unit is min-
imal, and it takes a low area overhead at low power con-
sumption and fast data rate transfer. The hardware
overhead is only a limitation. The MAC unit is a separate
entity, and therefore, it may use for any future enhancement
of SoC design with a lite area overhead.
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Sports ligament injury refers to muscle or joint injury caused by excessive use of limbs or long-term use of wrong training
methods. This is a very common sports disease, and the body’s ability to heal itself is poor. At present, the clinical methods to
treat this disease mainly include autologous structure transplantation, allogeneic structure transplantation, and artificial
ligament reconstruction. Nanomaterials refer to materials made of them as basic units. Transplantation of homologous and
allogeneic structures may cause immune rejection in the human body. Therefore, the use of nanomaterials to reconstruct
artificial ligaments is the current research hotspot of sports injury repair. This article mainly studies the repair effect of
nanomaterials on basketball sports ligament injuries. In this paper, by implanting nanofiber scaffolds in sports-injured rabbits,
observing and comparing the healing, growth, and proliferation of damaged cells after implantation, and the compatibility of
nanofibers with cell tissues, so as to determine that nanomaterials have an impact of lion sports injury repair and the
interaction between nanomaterials and cells. According to the experimental results, the implantation of nanofiber scaffolds can
greatly accelerate cell proliferation and differentiation and promote the healing of sports-damaged tissues; nanofiber scaffolds
have good histocompatibility, so the use of nanomaterials can promote the repair of sports ligament injury in basketball sports.

1. Introduction

Partial ligament injury without dislocation of the joint is
called transition ligament itself complete fracture, it can also
be attached to the bone avulsion, so as to form a potential
joint dislocation subluxation or even complete dislocation.
The main types of ligament injury are lacerations or rup-
tures. This is a very common sports disease, and the human
body has very poor self-healing ability to this disease. The
current clinical methods to treat this disease mainly include
autologous structure transplantation, allogeneic structure
transplantation, and artificial ligament reconstruction. Arti-
ficial ligaments have a long history of repairing sports liga-
ment injuries. As early as the 1970s, artificial ligaments
have been used in clinical research. These artificial materials
have carbon fiber and other synthetic materials that are well
described with human cells. For fibers, the treatment effect is
not very good because these materials generally produce
great friction with the tissue cells of the body, and even pro-
duce some debris, which has a great impact on the body’s

movement function. Today, with the development of nano-
technology, nanomaterials such as inorganic nanomaterials,
polymer organic nanomaterials, nanocomposites, and bionic
nanomaterials have been continuously developed, which
have been used in the field of biomedicine. In 2007, Qin
Ruiyun and others developed nanobone, which has a great
effect on repairing damaged tissue cells. The porous struc-
ture of the nanomaterial is conducive to cell metabolism,
because the effect of nanomaterials on cell structure and
function determines the cytotoxicity and application value
of nanomaterials, but it will not cause immune rejection in
the body, so it has high compatibility with cells [1].

At present, homologous structural transplantation and
allogeneic structural transplantation that can repair the liga-
ment injury caused by dragon dance and lion dance may
cause immune rejection in the body. Therefore, the use of
nanomaterials for artificial ligament reconstruction is the
current research hotspot of sports injury repair. This article
is studying the effect of nanomaterials on the repair of liga-
ment injury caused by dragon dance and lion dance.
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Nanomaterials have many excellent structural characteris-
tics, like nanomaterials that can be applied to infrared sensor
materials because of their high optical absorption. The size
of this material is on the order of nanometers. Due to the
reduction of its particle size, nanomaterials have a large pro-
portion of surface atoms and strong adsorption capacity, so
they have high chemical reaction activity. This feature can
regulate cell adhesion, proliferation, and differentiation. In
addition, there are interactions and connections between
nanometer units of nanomaterials. Many artificial synthetic
materials used to treat sports ligament injuries have many
shortcomings, such as low compatibility, which causes tissue
inflammation, and too long use-time that may cause break-
age. These problems will cause poor treatment effects. With
the development and progress of nanotechnology, nanoma-
terials have gradually overcome these shortcomings, so
nanomaterials will be widely used in the field of biomedi-
cine, especially in the treatment of sports ligament injuries
in recent years. This article uses experiments to explore the
impact of nanofiber scaffold implantation on the repair of
sports ligament injury [2, 3].

In this paper, by implanting nanofiber scaffolds into rab-
bits with sports injuries, the author observed and compared
the healing, growth, and proliferation of damaged cells after
implantation, and the compatibility of nanofibers with cell
tissues, so as to judge the sports injury caused by nanomate-
rials. The effect of repair and the interaction between nano-
materials and cells. In the experiment, 20 healthy rabbits
were selected; all artificially created sports ligament injuries
and epidermal wounds. Then, 10 of them were implanted
with nanofiber scaffolds as the experimental group, and the
remaining 10 were left untreated as the control group. In
the following three days, seven days, and ten days, the
wound healing of the rabbits was observed, and samples
were collected for H&E staining, flow cytometry, and scan-
ning electron microscopy, and corresponding charts were
made based on the test results. Implanting nanofiber scaf-
folds in the body is a very effective method for judging the
compatibility of materials and cell tissues. This method can
directly observe the body’s response to nanomaterials, and
this experiment further studies nanomaterials and nanoma-
terials through slicing and the relationship between tissue
cells. In the experiment, we will also observe the rabbit’s
mental state, eating, and wound changes to judge the effect
of nanomaterials on wounds and the effect on cell tissue.
HE staining in this experiment can clearly observe the state
and number of cells, and flow cytometry can count the pro-
liferation and differentiation of cells [4].

Sports ligament injuries are often caused by strenuous
exercise or external forces, which are mainly divided into
lacerations or ruptures. The human body has a poor self-
healing ability for this disease. The current clinical treatment
of this disease mainly has its own structure. Transplantation,
allogeneic structure transplantation, and artificial ligament
reconstruction; the first two treatments may cause immune
rejection in the human body. Therefore, this article is study-
ing the role of nanomaterials on the repair of ligament dam-
age caused by dragon dance and lion dance. In this paper, by
implanting nanofiber scaffolds into rabbits with sports inju-

ries, the author observed and compared the healing, growth,
and proliferation of damaged cells after implantation and
the compatibility of nanofibers with cell tissues, so as to
judge the sports injury caused by nanomaterials. The effect
of repair and the interaction between nanomaterials and
cells. The experimental results in this paper show that the
porous structure of nanomaterials can promote the metabo-
lism of cell tissues. Since the material has no biological activ-
ity, it will not cause immune rejection in the body. The
implantation of nanofiber scaffolds has a certain promotion
effect on wound healing and improves the healing rate of
wounds. According to H&E staining tests, nanomaterials
can promote cell proliferation and differentiation, and it
can be intuitively observed that nanomaterials such as tissue
cells have good compatibility which reduces the inflamma-
tion caused by the dragon dance and lion dance motor liga-
ment injury, so the use of nanomaterials can promote the
repair of the dragon dance and lion ligament injury [5, 6].

2. Preparation and Performance of
Nanofiber Scaffold

2.1. Preparation Method of Nanofiber Scaffold

2.1.1. Weaving. The three-dimensional nanofiber scaffold is
a kind of collector that uses a high-speed rotating shaft to
prepare a unidirectionally arranged nanofiber mat. The first
single-circle-oriented nanofiber scaffold used a high-speed
rotating mandrel as a collector, and then cut into thin strips
along the direction of fiber arrangement. And then using
lasso technology, a relatively good structure nanofiber scaf-
fold can be prepared. Using this principle in the same way,
weaving and other textile techniques can be used in the
preparation process to prepare PLA, PCL, and other nano-
materials into various specific structures [7].

2.1.2. Gas Foaming. The chemical foaming method uses a
chemical method to generate gas to make the plastic foam;
heat the chemical foaming agent added to the plastic to
decompose it to release the gas and foam. In addition, it
can also use the chemical interaction between the plastic
components, reacting with the released gas and foam. The
gas foaming method can maintain the shape of nanomateri-
als during the preparation of nanofiber scaffolds. Xie et al.
developed another more advanced gas foaming method,
which requires the generation of bubbles in aBH4 aqueous
solution and then rapid freeze drying. The NaBH4 aqueous
solution will quickly penetrate into the nanofiber membrane.
In addition, the customized mold combination can optimize
the gas foaming method. Based on the predesigned glass
cover, the thickness of the expanded nanofiber scaffold can
be adjusted [8].

2.1.3. 3D Printing. 3D printing is a technology that uses
adhesive materials such as powdered metal or plastic to con-
struct objects layer by layer on the basis of digital model files.
3D printing is a kind of rapid prototyping technology, also
known as additive manufacturing. It is a technology that
uses powdered metal or plastic and other bondable materials
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to construct objects based on digital model files by printing
layer by layer. 3D printing technology is realized through a
printer, so the computer can precisely control the shape
and structure of the nanofiber scaffold. Due to the high pre-
cision of this technology, it is very suitable as a new way to
prepare the nanofiber scaffold. The nanofiber scaffold pre-
pared by 3D printing has a porous structure and the internal
network is built by nanofibers. At present, many nanofiber
scaffolds at home and abroad are prepared by using 3D
printing technology. It is believed that with the further
development of this technology, its role in preparing nanofi-
ber scaffolds will become more and more important [9].

2.1.4. Self-Assembly. Self-assembly is a phenomenon in
which the constituent elements of the system gather and
organize themselves into a regular structure without the
intervention of human external forces. For example, the
crystallization of molecules is a self-assembly phenomenon.
Self-assembly generally exists in nature. For example, the
cells of organisms are self-assembled by various biological
molecules; and the self-assembly of various molecules is also
a very important method to construct nanomaterials. This
so-called bottom-up method is currently widely used to pre-
pare nanomaterials with optical, electrical, magnetic, sens-
ing, and catalytic functions. According to the current
research status at home and abroad, molecular self-
assembly is a new way to prepare nanomaterials. Generally,
the structural units of molecular self-assembled nanomateri-
als are macromolecular substances such as polypeptides and
proteins. Molecular self-assembly is currently widely used in
spacecraft at home and abroad. Nanofiber scaffolds prepared
by this method have very good performance and are widely
popular in domestic and foreign research fields. Therefore,
this method has become a research hotspot [10, 11].

2.1.5. Freeze-Drying. Freezing prevents further agglomera-
tion, and vacuum-dried particles tend to agglomerate and
grow larger. Freeze-drying uses the principle of sublimation
of ice crystals. In a high vacuum environment, the moisture
of frozen food materials is directly sublimated from ice
solids to steam without melting of ice. Generally, the mois-
ture in vacuum-dried materials is converted in liquid form.
The food is dried in the vapor state, so freeze-drying is also
called freeze sublimation drying. Freeze-drying technology
can not only dry the material quickly but also not destroy
the original material structure of the material. This dehydra-
tion method is very convenient, efficient, and safe. There-
fore, it is often used in two fields of food and materials. It
has a wide range of applications, welcomed by everyone.
Three-dimensional porous nanofiber refers to the prepara-
tion of the scaffold which requires this method. Ding et al.
first studied the use of a high-speed homogenizer to break
the electrospun nanofiber membrane, and then freeze-dry
the material to obtain a nanofiber scaffold. The nanofiber
scaffold prepared in this way has a wide range of applica-
tions and can be applied to a variety of different tissues,
because it is a nanofiber scaffold with a specific shape and
function that can be 3D printed using a computer [12].

2.2. Performance of Nanofiber Scaffold. Nanofiber scaffolds
with good performance need to be able to simulate the nat-
ural extracellular matrix environment and need to have the
following advantages: high compatibility, certain mechanical
strength, biodegradability, hydrophilicity, large specific sur-
face area, and highly penetrating porous structure. The char-
acteristics of nanofiber scaffolds need to enable cell
adhesion, migration, differentiation, and proliferation, as
well as the transmission of nutrients and metabolism. There-
fore, most of the materials of nanofiber scaffolds are three-
dimensional nanofiber porous structures, because this nano-
material has good compatibility with cell tissues, and its
structure not only meets the requirements, but also pro-
motes cell proliferation and differentiation. At present, the
preparation process of nanofiber scaffolds at home and
abroad includes weaving, gas foaming, 3D printing, self-
assembly, freeze-drying and other steps. After being made,
they are mostly used to lead the way in biomedicine. This
article is about nanofiber scaffolds for dragon dance and lion
dance sexual injury. Of course, there are many other prepa-
ration methods. Compared with other methods, this method
is cheaper and easier to operate and is suitable for large-scale
production. At present, nanofiber scaffolds such as PLLA,
PCL, and PLAG have been prepared by this method at home
and abroad [13].

The crystallinity and hydrophobicity of PCL are stronger
than those of PLLA. PLLA and PCL are two kinds of nano-
materials that are widely used. They have good compatibility
and are biodegradable. However, if PLLA is not easy to be
implanted in the body, it may break due to too long use-
time. On the contrary, a good PCL can make up for the
shortcomings of PLLA. The material has good toughness
and strong plasticity but insufficient mechanical strength.
Therefore, mixing the two materials can improve each
other’s shortcomings. The performance of the new mixed
material is very outstanding, and it overcomes the insuffi-
cient toughness of PLLA and the insufficient strength of
PCL. The mixed material is very popular in clinical med-
ical research [14]. About 72 hours after injury, platelet
and multi potential mesenchymal cells began to appear
in the wound. At this time, macrophages devoured
necrotic tissue and released growth factors including
FGF, TGF, and PDGF, which stimulated the proliferation
of fibroblasts and the synthesis of collagen I, III, and V
and noncollagen egg white, and induced vascularization
and granulation tissue formation, which we call the prolif-
eration period. In the proliferation stage, fibroblasts pro-
duce compact and porous connective tissue with collagen
characteristics and are combined in the ligament fracture
area, which we call scar tissue. The scar tissue was irregu-
lar in shape at the beginning of formation, rich in collagen
of type 3 and type 5, and began to form a small diameter
collagen fiber bundle, followed by the remodeling and
maturity of the tissue, and finally the ligament healing
was realized. During the process of regeneration ligament
maturation, the porosity of tissue gradually decreases and
extracellular matrix gradually enriches and grows along
the axial direction. The new tissue begins to have a stable
directionality, which lasts for at least one year.
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If ionomer treatment is performed on the fiber scaffold,
the surface of the nanofiber scaffold can be changed for a
long time, and the water contact angle of the nanofiber scaf-
fold can be reduced, thereby improving the hydrophilicity of
the nanofiber scaffold, and this operation can also improve
the nanofiber scaffold biocompatibility, so the performance
of the nanofiber scaffold can be improved through this treat-
ment. The hydrophilicity of the nanofiber scaffold increases
with the increase of plasma treatment time, and the function
of the nanofiber scaffold to promote cell proliferation after
plasma treatment is also improved. However, plasma treat-
ment can also damage the fiber structure of the nanofiber
scaffold, and the longer the time, the more serious the struc-
ture damage, which leads to the destruction of the perfor-
mance of the nanofiber scaffold. Therefore, when
performing plasma treatment on the nanofiber scaffold, it
is necessary to strictly follow the steps to control the time
within the effective time range that can improve the perfor-
mance of the nanofiber scaffold without damaging the struc-
ture of the nanofiber scaffold. In the preparation of
nanofiber scaffolds, it is necessary to change the force
applied to the fibers to change the performance of the nano-
fiber scaffolds [15].

2.3. Prospect of Nanomaterials in the Ligament Injury of
Basketball Sports. Research on the use of nanofibers in tissue
engineering started late and is still in its infancy, especially in
the field of biomedicine. There are fewer studies on fusion of
nanomaterials. Many domestic and foreign studies have not
entered the stage of clinical experimental research, so nano-
materials are used in dragon dance and lion dance. There is
little experience in sexual ligament injury, and the related
safety and reliability performance still need a lot of experi-
ments to further improve. At present, nanomaterials are still
facing many problems when used for sports ligament inju-
ries, such as how to construct the cell-nanomaterial inter-
face, how to reduce the body’s immune rejection caused by
nanofiber scaffolds, and how to improve the compatibility
of nanomaterials. With the advancement of tissue engineer-
ing technology, the second generation of biomaterials began
to develop into the third generation of activated bionic
materials. Therefore, it is necessary to develop a nanobionic
material with repair function in sexual ligament injury and
reduce complications such as inflammation caused by
immune rejection reaction [16].

With the further development of nanotechnology, nano-
biology, nanomaterials, nanomedicine, and other disciplines
have also developed and progressed. Especially in recent
years, these disciplines have gradually begun to merge and
penetrate, and there has also been an in-depth integration
between the biological field and nano materials. Research
has brought new treatment methods and ideas, and the
application of nanomaterials in medicine has opened up
many new research directions. At present, new nanomateri-
als will be developed for ligament injuries [17].

With the further development of nanotechnology, nano-
materials have begun to merge with the biological field. This
trend has also provided new ways and methods for the treat-
ment of ligament injury caused by dragon dance and lion

dance. Over the years, nanomaterials have made great
achievements in the treatment of ligament injuries. Big
research results and applications have gradually increased
and become research hotspots. However, the application of
nanomaterials in various aspects is still insufficient, espe-
cially in the biological field. There are fewer studies on
fusion of nanomaterials. Many domestic and foreign studies
have not entered the stage of clinical experimental research.
If nanomaterials are required to be integrated and used more
widely in the biological field, it will take a long time to
strengthen the research and cooperation of personnel in
related fields to develop more useful bionanomaterials and
integrate nanomaterials into medical treatment more deeply.
We believe that with the further development of nanotech-
nology and the development of more nanomaterials, there
will be progress in disease diagnosis and drug treatment.
This material will be used to treat more diseases and bring
new hope to more patients [18].

3. Experimental Steps

3.1. Experimental Materials and Instruments. The materials
and instruments used were 20 healthy male and female rab-
bits, PCL nanofiber scaffold, physiological saline, test tube,
surgical instrument, pipette, 75% ethanol solution, 30%
supersaturated sodium sulfide solution, flow cytometer,
microscope, and centrifugal precipitator.

3.2. Experiment Method

3.2.1. Experimental Grouping. In the experiment, 20 healthy
rabbits were selected, all artificially created sports ligament
injuries and epidermal wounds. Then, 10 of them were
implanted with nanofiber scaffolds as the experimental
group, and the remaining 10 were left untreated as the con-
trol group. In the following three days, seven days, and ten
days, the wound healing of the rabbits was observed, and
samples were collected for H&E staining, flow cytometry,
and scanning electron microscopy, and corresponding
charts were made based on the test results.

3.2.2. Preparation of Animal Models and Wound Treatment.
Shave the hair beside the spine of the healthy rabbit, then
gently wipe the rabbit’s back with a 30% supersaturated
sodium sulfide solution, and clean it after a few minutes.
Subsequently, the rabbit was injected with 3% pentobarbital
solution, and then the rabbit’s skin was cut and separated to
the deep fascia. Then, 10 rabbits were randomly selected to
be implanted with nanofiber scaffolds as the experimental
group, and the remaining 10 rabbits were dipped in gauze
and wrapped in saline to wrap their wounds as the control
group.

3.2.3. Collection of Animal Model Specimens. In three days,
seven days, and ten days after the sports ligament injury,
the specimens were collected according to the steps. Collect
specimens at each observation time node, then fix the spec-
imens with formalin for 48 hours, then dehydrate with eth-
anol and embed the sections with paraffin, so that the
sections are ready.
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3.2.4. TUNEL Test. According to the established observation
time node, collect the required specimens, follow the detec-
tion steps of TUNEL detection, complete the detection step
by step, and then carefully observe the number of apoptotic
cartilage cells and the spatial distribution characteristics and
distribution range under the microscope. Under the micro-
scope, it can be observed that the nucleus of the apoptotic
cartilage cells is brown, and their morphology and size are
different. Compared with normal cells, the nuclear phase is
more compact, and even some cytoplasms may be positive
and stained. The apoptotic cells in the late stage will be fur-
ther broken up, and there are apoptosis cells with different
nuclear fragments. Some apoptotic chondrocytes were posi-
tive, but the color was very light. The nuclei of normal cargo
cells are stained blue, and the nuclei are similar in shape and
size. The nucleus is larger than the apoptotic nucleus.

3.2.5. Observation by Transmission Electron Microscope.
Take 2 days, 7 days, and 10 days after the injury of the motor
ligament, and 2 samples from the control group, then soak
the samples in glutaraldehyde phosphate solution, and then
put the samples in the refrigerator for two days. After the
specimen is processed, it is trimmed into a neat long strip,
and then placed in osmic acid and fixed for 2 hours. Then,
follow the conventional steps of making slices, process the
collected specimens step by step, and finally observe the cell
status carefully under the microscope to observe the number
of apoptotic cells and the characteristics and range of their
distribution locations.

4. Results Analysis

4.1. H&E Staining. After H&E staining, it can be seen that
there are a few scattered apoptotic and necrotic cells around
the ligament injury area and articular cartilage. The color of
the nucleus is very prominent after staining, and it can also
be seen that the cell membrane is not broken. Two days after
ligament injury, more apoptotic ligament cells can be
observed. On the fourth day after injury, the number of apo-
ptotic ligament cells that can be observed reaches a peak and
is distributed everywhere. Compared with the control group,
after the nanofiber scaffold was implanted in the treatment
group, the number of apoptotic ligament cells was much less
than that in the control group on the second day, and the
rate of cell apoptosis was also greatly delayed.

As shown in Figure 1, within ten days after the ligament
injury, the ligament injury gradually healed over time. Three
days after ligament injury, the healing rate of the control
group without any treatment was very low, only 25%. On
the contrary, the wound healing rate of the experimental
group implanted with nanofiber scaffolds was nearly twice
as that of the control group, as high as 40%. Seven days after
the ligament injury, the wound healing rate of the experi-
mental group soared to 70%. Although the control group
also increased slightly, it was still much less than the exper-
imental group, only 57%. Ten days later, the wound healing
rate of both groups increased, but because the wounds were
basically close to healing, the increase in the experimental
group was only 20%, while the increase in the control group

was as high as 30%. It can be seen that implanting nanomi-
croscopic scaffolds in the body can help promote wound
healing.

In Figure 2, the number of normal ligament cell apopto-
sis is generally very small, while the number of ligament apo-
ptotic cells after ligament injury increases significantly. Two
days after the ligament injury, the number of ligament injury
cells in the experimental group was 23, while the control
group had 62 cells under the microscope. Four days after
the ligament injury, the number of apoptotic cells in the lig-
ament reached its peak. There were 117 in the control group,
while the experimental group had 78 in comparison. Then,
until the fourth week, the apoptotic cells in the ligament
began to decline gradually, and the decline in the experimen-
tal group was more rapid than the decline in the control
group. On the tenth day, the experimental group dropped
to 42, while the control group had a little more, down to
59. And then in the fourth week, the two groups’ costs fell
to the same level. It can be seen that implanting nanofiber
scaffolds in the body can reduce the apoptosis of ligament
cells and promote the healing of ligament injuries.

According to the analysis of this experiment, it can be
concluded that implanting nanofiber scaffolds in rabbits
can promote cell metabolism, accelerate wound healing,
and reduce the apoptosis of ligament damaged cells. Accord-
ing to the experimental results, no complications such as
inflammation and immune rejection occurred, indicating
that the nanofiber scaffold has good compatibility with the
cells in the body, and promoting wound healing indicates
that nanomaterials can increase cell metabolism and acceler-
ate cell proliferation and differentiation.

4.2. Flow Cytometry Detection. After implanting the nanofi-
ber scaffold in the experimental group, after the ligament
cells reacted with type II collagenase at each observation
time node, the collected samples were made into cell suspen-
sion, and then tested by flow cytometry. The test results
show that compared with the control group and normal lig-
aments, the apoptosis rate of ligament cells and the number
of ligament cells in the treatment group are greatly reduced
at each time node. This is for future research on nanomate-
rials. The relationship with cells plays an important role.

The results of flow cytometry can see the proliferation of
ligament cells. Figure 3 shows the proliferation of ligament
cells after ligament injury. It can be seen from the figure that
the number of ligament proliferating cells that can be
observed under the microscope under normal circumstances
is certain. After ligament injury, ligament cells begin to pro-
liferate in large numbers. In the four days after ligament
injury, the ligament cells of the experimental group and
the control group increased significantly, and the experi-
mental group increased by 10 more than the control group.
After the fourth day, the proliferation rate of ligament cells
increased. By the seventh day, the number of ligament cells
increased, reaching 55 in the control group and 68 in the
experimental group. In the next few days, the number of lig-
ament cell proliferation in the experimental group and the
control group began to decline, while the control group
declined even faster, and it dropped to 20 on the 14th day,
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while the experimental group dropped to 28. Four weeks
later, the number of ligament cell proliferation in the exper-
imental group and the control group was basically the same
as the normal group. Figure 3 illustrates that implanting
nanofiber scaffolds in rabbits can promote the proliferation
and differentiation of ligament cells after ligament injury,
so as to promote the healing of ligament injury.

In this experiment, the state of the cells can be observed
under a microscope, and it can be judged that after ligament
injury, there will be ligament cell apoptosis. According to
Figure 4, in the control group, the apoptotic rate of ligament
cells continued to rise within four days after injury, reaching

a peak on the fourth day, and then the apoptotic rate
decreased. It can be seen that when the ligament is damaged,
the ligament cells will continue to undergo apoptosis and
necrosis. Within a short time after the ligament is injured,
a small amount of apoptosis appears in the surface layer of
the ligament. In the following two days, this kind of apopto-
sis begins to move to the middle layer. After days, apoptotic
cells are more widely distributed and the damage is more
serious. After 14 days, the damage was reduced and the
wound began to recover. Four weeks later, the damage was
basically healed, and the cells no longer continued to apo-
ptosis. After the experimental group was implanted with
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the nanofiber scaffold, although the trend was similar to that
of the control group, the cell apoptosis rate was much smaller
in comparison. On the second day after ligament injury, the
apoptosis rate of ligament cells in the experimental group
was 5% lower than that of the control group. On the fourth
day of the peak apoptosis rate, the experimental group was
50% lower than that of the control group. After 14 days, the
experimental group was 50% lower than that of the control
group. The control group was 15% lower than that of the con-
trol group on the fourth day, and the rate of difference
between the two groups began to drop. Figure 4 shows that
implanting nanofiber scaffolds in rabbits can inhibit ligament
cell apoptosis and reduce the rate of ligament cell apoptosis.

The above two figures show that the implantation of nano-
fiber scaffolds in rabbits can promote the division of ligament

cells and inhibit the apoptosis of ligament cells. Promoting cell
division can prove that the porous structure of nanofibers can
promote cell metabolism, and the relatively large surface area
is conducive to cell adhesion, which can promote the prolifer-
ation of ligament cells. In addition, nanomaterials can also
inhibit cell apoptosis, indicating that nanomaterials have good
compatibility with ligament cells, which can avoid immune
rejection and reduce complications such as inflammation.

5. Conclusions

The degree of differentiation of ligament cells is high; the
proliferation is slow in vivo, and it is difficult to self-heal
for sports ligament injuries. Therefore, the use of nanomate-
rials in the treatment of sports ligament injuries has become
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a current research focus. In this paper, nanofiber scaffolds
are implanted in rabbits with sports injuries. By observing
the results of H&E staining, flow cytometry, and e-sports
scanning, the healing and cell organization of damaged
wounds before and after nanofiber scaffolds can be com-
pared. The healing rate of serotonin, as well as the cell
growth and proliferation after sports ligament injury and
the compatibility of nanofibers with cell tissues can be
judged, so as to determine the effect of nanomaterials on
sports injury repair and the mutual influence between nano-
materials and cells. The experimental results in this paper
show that the porous structure of nanomaterials can pro-
mote the metabolism of cell tissues. Since the material has
no biological activity, it will not cause immune rejection in
the body. The implantation of nanofiber scaffolds has a cer-
tain promotional effect on wound healing and improves the
healing rate of wounds. According to H&E staining tests,
nanomaterials can promote cell proliferation and differenti-
ation, and it can be intuitively observed that nanomaterials
such as tissue cells have good compatibility and reduces
inflammation caused by motor ligament injury. With the
development of nanotechnology, nanoelectronics, nanobiol-
ogy, nanomaterials science, nanomedicine, and other subdis-
ciplines have been established and developed. What is
particularly important is that these disciplines are merging
and penetrating into each other. The combination of mate-
rials science and biomedicine is more and more close, and
various materials with specific functions will be more and
more applied to biomedicine. In the next few years, nano-
ceramics in biomaterials will play a leading role in artificial
bones. Inorganic and organic composite nanomaterials with
various characteristics will also play an important role in the
interventional repair of ligament injury. By pretreating OA
chondrocytes with mgf-c24e in vitro, the therapeutic effect
of mgf-c24e on the complications of ligament injury was
studied. It was found that mgf-c24e could inhibit the spon-
taneous apoptosis of OA chondrocytes and promote the pro-
liferation, migration, mechanical properties recovery, and
extracellular matrix synthesis of OA chondrocytes. It was
found that mgf-c24e regulated endoplasmic reticulum stress
through endoplasmic reticulum membrane protein perk and
inhibited cartilage degradation in the pathogenesis of OA.
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The rapid development of society promotes the rapid improvement of science and technology. On this basis, the development of
nanotechnology has also made great achievements and has been applied to all walks of life. Among them, nanotitanium oxide
provides favorable conditions for the medical treatment of various joint injuries. And sports rehabilitation training also plays
an irreplaceable role in the treatment of joint injury, promoting the rapid recovery of joint injury. Boxing is a sport in which
boxing gloves are worn for fighting. It has both amateur and professional competitions. The purpose of this paper is to study
the therapeutic effect of nanotitanium oxide combined with sports rehabilitation training on the wrist joint injury of boxers.
According to the therapeutic effect of the research, it can provide useful treatment basis for clinical treatment and help boxers
recover wrist joint injury, so as to carry out boxing training later. The method adopted in this paper is as follows: first, the
subjects were randomly divided into nanotitanium oxide combined with sports rehabilitation training group, nanotitanium
oxide treatment group, sports rehabilitation training treatment group, and control group. Then, the subjects were tested with
the score table, and the score data were recorded. Finally, chi-square test was used to test the experimental results. In
conclusion, through the research and comparison, it is found that nanotitanium oxide combined with sports rehabilitation
training can reduce the pain of boxers’ wrist joint injury; after the treatment of wrist joint injury of boxers by nanotitanium
oxide combined with sports rehabilitation training, the pain score decreased, and the daily function was improved; the PT
score before the experiment was 15%, and the peak torque score after the experiment was 26%. The Pt/BW score was 22%
before the experiment and 37% after the experiment. This reflects the strength of wrist muscle contraction, judging that the
stability of wrist joint is enhanced after the experiment; nanotitanium oxide combined with exercise rehabilitation training can
increase the sensitivity of wrist joint after the treatment of boxer wrist joint injury.

1. Introduction

Boxing [1] is a competitive sport with strong antagonism.
Boxing was introduced into China in the 19th century. How-
ever, due to various reasons, boxing was not carried out in
China until 1986 and gradually embarked on the road of
standardization. It is a contest between two athletes in terms
of physical fitness, skills, psychology, and agility. It is also a
sport to test the comprehensive ability of athletes. It can
improve and cultivate people’s agile, calm, brave, and
indomitable spirit. Boxing in China is gradually developing.
The goal of boxing is to win more points than the other

party to win or knock the other party down. At the same
time, the competitor should try to avoid the attack of the
other party. Although China’s boxing has made a break-
through, there is still a considerable gap between the overall
level and the high-level countries. Compared with boxing
developed countries, China does not have its own boxing
culture, and China’s professional boxing has no echelon
construction. One of the most important reasons is sports
injury. To improve boxing level, not only from the boxing
training process, but also from the recovery of the body after
training, is a very important aspect. Through stretching
training, the recovery after exercise and the causes of boxing
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injury are comprehensively and systematically studied in
order to reduce sports injury [2] and promote the vigorous
development of boxing in China. Boxing started late in
China, and from the development trend in recent years,
the state pays attention to training methods and means
and attaches importance to the physical training of athletes.
How to maximize the performance of athletes has become
the primary task, but the research on muscle recovery and
injury prediction after training is not enough. Injury is an
important factor that affects boxing performance. Body pull-
ing training can improve the flexibility of the body, relieve
the pain of skeletal muscle, increase the elasticity of skeletal
muscle, reduce the hardness of foot, and prevent sports
injury. The reason why rehabilitation training is necessary
in training is that after high-intensity training, the energy
reserve in the body will inevitably be consumed, leading to
fatigue and functional decline. According to the principle
of recovery and over recovery, it is necessary to recover
and over recover the energy and material of the body after
the exercise, so as to improve the functional level of the body
and create material conditions for the improvement of
sports performance.

Nanoparticle is a kind of nanomaterial [3], also known
as ultrafine particle, which refers to the size of 1-100 nm par-
ticles. Nanoparticles are located in the transition zone
between atomic clusters and macroobjects and between
microsystems and macrosystems. They are a group com-
posed of a small number of atoms or molecules. Therefore,
they are both atypical microsystems and atypical macrosys-
tems. It has small size effect, surface effect, quantum size
effect, and macroquantum tunneling effect, which makes it
present the characteristics of magnetic, optical, and electrical
sensitivity that traditional materials do not have. Therefore,
it has different toxicological characteristics from micron
and conventional particles. In the field of drug therapy and
molecular imaging, nanoparticles have become potential
new drug carriers due to their special chemical structure,
surface properties, and small particle size [4], which provides
new prospects for drug delivery and targeted therapy at spe-
cific sites. Among the nanomaterials, nanotitanium dioxide
(TiO2) [5] is the most widely used. Because of its small par-
ticle size, it has been industrialized and widely used in coat-
ings, pigments, ceramics, sunscreen cosmetics, antiaging, air
purification, sewage treatment, antibacterial detoxification,
food packaging, antistatic, and other fields. Adding nano-
TiO2 powder to cosmetics in a certain proportion can effec-
tively shield ultraviolet rays. At the same time, nanotitanium
oxide has a certain role in promoting the treatment of boxer
wrist joint injury [6].

In the process of human activities, the original compo-
nents and energy materials of human tissues and cells need
to be continuously decomposed to release energy to meet
the needs of human activities. In the process of decomposi-
tion of energy materials, the synthesis of energy materials
was also carried out. According to the principles of recovery
and over recovery, restorative training can realize the recov-
ery and storage of basic energy materials and create material
conditions for improving the physical level of the body.
After high load training, athletes will have the feeling of

muscle “compression” and often feel heavy leg, even pain.
If massage, bath, application of some drugs or jogging, and
other means of recovery will speed up the blood circulation
in the muscle, the muscle will return into a relaxed state as
soon as possible. After high load training and competition,
the nervous system remains normal in activity. Rehabilita-
tion training [7] can affect this complex functional system,
fixing the control path between the central nervous system
and the surrounding organs dominated by random control.
Long-term and systematic rehabilitation training can not
only improve the interaction between vegetative organs
and motor organs but also improve the interaction between
organs around the central nervous system and central organs
[8]. Rehabilitation training can adjust the long-term tension
of the striated muscle to moderate relaxation, thus forming a
strong connection and making the muscle work actively in
the next step; it can also change the cross-section and ten-
sion of blood vessels, capillaries, arterioles, and venules. In
relaxation training, the tension and contraction of blood ves-
sels can be relaxed and the tension can be relieved. As a
result, dilated blood vessels can contract and become normal
medium tension. The human body’s response to movement,
especially the training of tissues and organs caused by the
changes of morphological structure and function, is condu-
cive to maintaining the relative stability of the internal envi-
ronment, so as to achieve the purpose and function of
protecting the human body from injury, and further expand-
ing the production capacity, that is to say, human adaptabil-
ity. When the body adapts to a certain level after training,
the body is in a relatively stable state and needs to provide
new stimulation, that is, a higher level of training. Break
the original stable state and make the body adapt to the
new training load.

An excellent athlete often works out a reasonable recov-
ery method after training or before training, which can lay
the foundation for athletes to maintain good competitive
state for a long time and obtain the best sports results.
Through literature retrieval and analysis, it is found that in
China, the research on wrist joint injury of boxers [9] mainly
focuses on the proportion of wrist joint injury, injury site,
simple factors of injury, and some simple prevention and
treatment measures. This paper mainly studies the therapeu-
tic effect of nanotitanium oxide combined with sports reha-
bilitation training on boxer wrist joint injury. In this study,
the subjects were randomly divided into nanotitanium oxide
combined with sports rehabilitation training group, nanoti-
tanium oxide treatment group, sports rehabilitation training
treatment group, and control group. Then, the subjects were
tested with the score table, and the data obtained from the
score were recorded. Finally, the experimental results were
tested by chi-square method. The innovation of this paper
is to compare the treatment scores of nanotitanium oxide
combined with sports rehabilitation training group, nanoti-
tanium oxide treatment group, sports rehabilitation training
treatment group, and control group without treatment. The
experiment proves that nanotitanium oxide combined with
sports rehabilitation training has a positive effect on the
treatment effect of boxing athletes’ wrist joint injury, which
provides some useful for clinical treatment basis.
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2. Nanotitanium Oxide and Wrist Joint
Injury of Boxers

2.1. Nanotitanium Oxide. A nanometer is a unit of length,
one billionth of a meter. When the size of the material
reaches the nanometer level, the material will have many dif-
ferent characteristics, thus showing its unique effect and
function. Nanomaterials refer to materials with one or more
components and at least one dimension in the range of 1-
100 nanometers, including nanoparticles, nanofibers, nano-
tubes, and nanosynthetic materials. Nanoparticle is a kind
of nanomaterial, which means that the single particle size
is less than 100 nm. The physical properties of nanomaterials
[10] mainly depend on the size, composition, and surface
properties of nanomaterials, while the biological effects of
nanomaterials are closely related to the physical and chemi-
cal properties of nanomaterials. Due to their unique small
size effect, surface effect, quantum size effect, and macro-
scopic quantum tunneling effect, nanomaterials have electri-
cal, optical, mechanical, and magnetic properties different
from ordinary materials [11, 12].

Nanotitanium oxide (TiO2) is a new inorganic chemical
material. In recent years, due to its special performance, wide
application, and broad market prospect, it has become a
research hotspot. Nano-TiO2 has large specific surface area
and surface atomic number; the surface energy and surface
tension increase rapidly with the decrease of particle size;
the thermal, magnetic, optical, and sensitive properties and
surface stability of nanoparticles are different from those of
traditional particles due to small size effect, surface effect,
quantum size effect, and macroscopic quantum tunneling
effect. As a new photocatalyst [13], UV-resistant agent, and
photoelectric effect agent, it is widely used in coatings, pig-
ments, ceramics, sunscreen cosmetics, antiaging, air purifica-
tion, sewage treatment, antibacterial detoxification, food
packaging, antistatic, and other fields. Different orders of
nano-TiO2 enter some specific parts of the human body in
different ways and produce inherent toxic effects. At present,
the research of nano-TiO2 is mainly focused on animal
experiments, such as tissue effect, cytotoxicity [14], effect
on the molecular structure and expression of genetic material
DNA, and the influence on other biological macromolecules.

2.2. Boxing. Boxing is a highly confrontational sport, which
belongs to the skill type combat project. The project is char-
acterized by technology led. Physical fitness and tactics play a
decisive role in this project. The characteristic of boxing
match is that under the same rules, both players wear protec-
tive gloves and hit each other’s effective scoring position with
their fists. The confrontation between the two sides is the
external performance of the project, and obtaining effective
scores is the ultimate goal. The two players in the designated
area competition hit each other but also need to be prepared
for defense and counterattack this high-intensity confronta-
tion; the athletes’ physical requirements are very high but
also determine the core role of health in this project. There
are four rounds in each round of women’s boxing, and each
round is 2 minutes, with an interval of 60 seconds. The
uniqueness of boxing lies in people’s different views on box-

ing. Boxing is a person-to-person competitive event. There-
fore, the beating and being beaten in the competition, as
well as the injury consequences, especially the scene of being
knocked down and unable to stand up in professional boxing,
have great objections in many people’s thoughts.

2.3. Wrist Joint Injury.Wrist joint, also known as radial wrist
joint, is an important part of hand joint. The wrist is the
connection between the hand and the forearm. It is an
important part of the upper limb and bears a large load in
the support and thrust of the upper limb. In addition to
the distal radius [15] and ulna, there are eight carpal bones
of different shapes. Due to the complex structure of wrist
joint, more joints, and ligaments, it has higher flexibility.
The anatomical features of the wrist allow it to move in
two planes: radial ulnar deviation in the frontal plane
(abduction adduction) and sagittal flexion and extension
(palmar flexion and dorsiflexion). As far as wrist joint is
concerned, it should include radial and ulnar joints. Inter-
carpal joint consists of adjacent carpal bones. The bone
and bone are intertwined, and they are connected by com-
plex ligaments and tendons in varying degrees of motion.

Wrist injury has great influence on fine motion of hand
and upper limb. It is necessary to define the types of wrist
joint disorders and take effective rehabilitation guidance in
time. Wrist rehabilitation medicine involves many aspects;
rehabilitation evaluation and rehabilitation treatment are
the core. Correct rehabilitation assessment is the premise
of effective rehabilitation treatment, and the functional
recovery under ideal state depends on effective rehabilitation
treatment [16].

For wrist rehabilitation assessment, the clinical is mainly
evaluated by the pain, motion dysfunction and other subjec-
tive assessment indicators of the wrist [17]. ROM, also
known as ROM, refers to the maximum motion curve of
the joint, that is, the normal range of motion from the begin-
ning to the end of the joint, usually expressed in degrees. It is
one of the important indexes to evaluate the range and
degree of joint motor function injury. First of all, it is the
preferred evaluation method for physical dysfunction dis-
eases with limited joint activity such as fracture and arthritis.
It is suitable for joint movement disorders caused by various
reasons, such as joint fixation, trauma, and surgery. The
range of motion can be divided into active range and passive
range. Active range of motion (AROM) refers to the arc of
joint movement when muscles contract actively; passive
range of motion (PROM) refers to the arc movement of
joints without muscle contraction under the action of exter-
nal force. It can be seen that the range of motion of the joint
is the activity behavior of patients, which can be used to
evaluate the influence of muscle contraction force on joint
range of motion. The range of passive joint motion refers
to the passive behavior under the action of external force,
which can evaluate the limited degree of joint activity of
examiners. Due to the different anatomical structure and
physiological mechanics of each joint, the active and passive
range of motion of the same joint is also different. The range
of motion of the joint is also affected by race, gender, age,
and examination position. Taking the normal range of

3Journal of Nanomaterials



ROM in rehabilitation medicine as reference value, the dif-
ferences of rehabilitation goals were analyzed and compared.

3. Exercise Rehabilitation Training

3.1. Rehabilitation. The World Health Organization defines
rehabilitation as through various measures to reduce the
impact of disability and to reintegrate the disabled into soci-
ety. These include the use of training to promote the adapta-
tion of persons with disabilities to their surroundings and
the adjustment of their surroundings and social conditions
to facilitate their social integration. Therefore, rehabilitation
refers to the comprehensive and coordinated use of various
measures to reduce the mental, social, and physical barriers
of the disabled, so as to make them play their full potential
and return to society.

Rehabilitation medicine [18] is a medical application
subject with independent theoretical basis and functional
evaluation method, with large application scale and high
treatment technology. Its purpose is to speed up the rehabil-
itation process of human injury, prevent and reduce the
degree of disability, and help the disabled return to society.
Rehabilitation treatment is a variety of measures taken by
people to reduce the disability of the disabled, train the
disabled to acquire knowledge and skills, and improve their
ability of self-care and social participation. Rehabilitation
treatment can be generally divided into the following catego-
ries: (1) physical therapy (PT); (2) occupational therapy (0t);
(3) speech therapy; (4) psychotherapy; (5) recreational ther-
apy; and (6) traditional Chinese medicine. Physical therapy
includes exercise therapy and physical factor therapy: physi-
cal factor therapy, also known as “physical therapy,” is a
method to prevent and treat diseases by using physical fac-
tors such as electricity, light, sound, magnetism, water, cold,
and heat; occupational therapy is a process of applying pur-
poseful and selected occupational activities to evaluate, treat,
and train patients who have lost their ability to take care of
themselves and work in varying degrees due to physical,
mental, and developmental dysfunction or disability. It is a
rehabilitation treatment method. Exercise therapy refers to
active or passive movement of patients with bare hands or
with the aid of instruments and improves functions and pro-
motes rehabilitation through the effect of force, which is a
widely used treatment. Entertainment therapy is a psycho-
therapy method to cultivate temperament and improve phys-
ical and mental health through various entertainment
activities (such as listening to music, learning singing, watch-
ing movies, watching TV, watching drama performances,
dancing, games, playing chess, and visiting the garden).

3.2. Exercise Rehabilitation Training. In the rehabilitation of
wrist injury, early and correct exercise is very important. For
professional athletes, once the injury occurs, it will directly
affect the play of skills and tactics and sports life in the com-
petition. Therefore, it is very important to protect the wrist.
Through muscle movement, promote blood circulation,
accelerate metabolism, prevent muscle atrophy, and enhance
muscle strength. It is necessary to make short-term func-
tional rehabilitation plan and long-term ADL rehabilitation

plan according to the course of disease and the severity of
the disease.

Common rehabilitation methods are as follows: physical
therapy such as external application (external application of
drugs can promote good blood circulation and prevent
inflammation), acupuncture, and moxibustion (which can
improve local pain valve and gradually improve mechanical
balance of muscles), by promoting blood circulation,
improving the nutrition of local tissues, improving the vital-
ity of cell tissues, accelerating the absorption or elimination
of pathology and metabolites, promoting wound healing
and eliminating inflammation, and injection therapy (which
can promote local blood circulation and prevent joint adhe-
sion). Exercise therapy, also known as therapeutic exercise
[19, 20], is one of the basic treatment methods of rehabilita-
tion medicine, according to the characteristics of patients’
life to improve the function of patients.

The general principles of wrist rehabilitation training are
as follows:

(1) Early principle: the structure of wrist joint is com-
plex; the recovery time is long after injury. When
wrist ligament injury or fracture occurs, early medi-
cal treatment can seize the best treatment opportu-
nity to prevent cartilage wear and tear, ligament
aging and joint pain, joint relaxation, and instability
caused by improper movement during the injury;
when wrist joint dysfunction caused by stroke,
timely and effective treatment can avoid the occur-
rence of joint deformity, so as to ensure the normal
range of motion of the joint. At the same time, by
stimulating the activity of brain cells, it can promote
the occurrence of compensatory function of brain
tissue in corresponding regions, so as to reduce the
degree and rate of disability

(2) Moderate principle: although increasing the number
and frequency of rehabilitation training is helpful to
the recovery of motor function, blind pursuit of
progress may lead to secondary injury of injured
joints. If the swelling and pain of the affected joint
is aggravated, it should be stopped immediately,
and the treatment should be evaluated after the tis-
sue pain disappears

(3) Sufficiency principle: on the premise of following the
moderate principle, the range of motion of each joint
should reach or be as close as possible to the normal
range of motion of each joint

(4) Progressive principle: in rehabilitation training, it
should be carried out step by step, and the training
form and exercise amount should be adjusted
according to the special pathological conditions of
joints in each rehabilitation stage

(5) Gentle principle: in passive exercise training, we
should pay attention to observe the expression
changes and reactions of patients and try to avoid
the pain of patients and the soft tissue injury of
affected limbs and joints
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(6) Self-help principle: many patients cannot fully recover
after discharge, and most patients need long-term
rehabilitation training after discharge. Therefore, it is
necessary to have a kind of portable and convenient
rehabilitation training assistant device anytime and
anywhere

(7) Rehabilitation training needs the principle of individ-
ual treatment. According to different age, condition
and functional state, exercise means, preparation pos-
ture, and amount of exercise are selected to develop
and improve muscle function (strength, speed, and
endurance) and joint activity

4. Therapeutic Effect of Nanotitanium Oxide
Combined with Exercise Rehabilitation
Training on Wrist Joint Injury of Boxers

4.1. Experimental Materials. The total number of patients in
this study was 80, aged 16-47 years, with an average of 25.6.
They were randomly divided into four groups: nanotitanium
oxide treatment group, rehabilitation exercise training treat-
ment group, nanotitanium oxide combined with rehabilita-
tion exercise training treatment group as the experimental
group, and wrist joint injury natural healing as the control
group, with 20 cases in each group, 11 males and 9 females.
The injury treatment study lasted from 1 to 30 days. All
patients were provided by the department of orthopedics
and traumatology, the first hospital of D province.

4.2. Experimental Methods. Random grouping method: ran-
dom number method was used in this experiment. Nanotita-
nium oxide treatment group, rehabilitation exercise training
group, and nanotitanium oxide combined with rehabilitation
exercise training group were the experimental group, and the
wrist joint injury natural healing was the control group

Case shedding and treatment: automatic use of other
methods during the treatment process or accidental death

(except for complication death) cases decreased. Treatment:
follow-up, registration, and analysis

Case exclusion criteria: the clinical data records were
found to be wrong, incomplete, or completely missing before
statistical analysis, which affected the statistical analysis

Efficacy criteria: pain and function: the pain and func-
tion during the 5-week treatment were scored by PRWE
score standard, and the score results were recorded

Safety assessment criteria: level 1: safety, no adverse reac-
tions. Level 2: relatively safe. If adverse reactions occur and
no treatment is needed, the trial can continue. Grade 3:
safety problems, moderate adverse reactions, can continue
to test after treatment. Grade 4: the test was stopped due
to adverse reactions

4.3. Data Processing. Observation time and index record: the
observation records were made before and after treatment
at three time points (the first day, the seventh day, and
the 35th day).

Chi-square test was used for counting data, and t test
was used for measurement data. Take p > 0:05 as no statisti-
cal significance, no difference; take 0:01 < p < 0:05 as the dif-
ference has statistical significance; p < 0:01 as the significant
statistical significance, the difference is significant.

4.4. Scoring Table. Pain score table:
As shown in Table 1, please evaluate your average wrist

pain in the past week on a 0-10 scale. 0 means that there is
no pain at all, (0-10) indicates that the pain is increased
once, and 10 means that the pain has never stopped, or dare
not move because of the pain.

Function score table:
As shown in Table 2, please circle the most difficult

movements in the past week on a scale of 0-10. 0 means
there is no difficulty, (0-10) indicates that the activity diffi-
culty increases in turn, and 10 means that the activity is very
difficult and cannot do these daily activities.

Table 2: Functional difficulty scale.

Pain grading No pain The most painful

Daily life 1 2 3 4 5 6 7 8 9 10

Housework 1 2 3 4 5 6 7 8 9 10

Work 1 2 3 4 5 6 7 8 9 10

Recreational activities 1 2 3 4 5 6 7 8 9 10

Table 1: Pain scale sheet.

Pain grading No pain The most painful

At rest 1 2 3 4 5 6 7 8 9 10

Repetitive wrist movement 1 2 3 4 5 6 7 8 9 10

When lifting weights 1 2 3 4 5 6 7 8 9 10

Frequency of pain 1 2 3 4 5 6 7 8 9 10

The most painful time 2 3 4 5 6 7 8 9 10
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5. Results and Discussion

5.1. Comparative Analysis of Pain. As shown in Figure 1,
before treatment, the scores of nanotitanium oxide treatment
group, rehabilitation exercise training treatment group,

nanotitanium oxide combined with rehabilitation exercise
training treatment group, and control group were 40.1,
40.3, 40.6, and 40.3, respectively. Pain comparison was made
for the first time after treatment in nanotitanium oxide treat-
ment group, rehabilitation exercise training treatment group,
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Figure 1: Comparison of pain between the four groups.
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nanotitanium oxide combined with rehabilitation exercise
training treatment group, and control group. The scores were
27.9, 27.1, 22.6, and 35.7, respectively; the scores of nanotita-
nium oxide treatment group, rehabilitation training group,
nanotitanium oxide combined with rehabilitation exercise
training group, and control group were 15.6, 15.1, 10.1, and
22.1, respectively, after the second treatment; through com-
parison, it was found that nanotitanium oxide combined
with rehabilitation exercise training could reduce the pain
of wrist joint injury of boxers.

5.2. Function Comparison Analysis. As shown in Figure 2,
before treatment, the functional scores of nanotitanium
oxide treatment group, rehabilitation exercise training treat-
ment group, nanotitanium oxide combined with rehabilita-
tion exercise training treatment group, and control group

were 95.3, 94.6, 94.9, and 90.1, respectively. The first func-
tional scores of nanotitanium oxide group, rehabilitation
training group, nanotitanium oxide combined with rehabili-
tation exercise training group, and control group were 53.4,
52.6, 44.6, and 80.5, respectively. Before treatment, there was
no significant difference among the groups. After treatment,
the score of nanotitanium oxide combined with exercise
rehabilitation training decreased significantly. Through
comparison, it was found that after the treatment of wrist
joint injury by nanotitanium oxide combined with sports
rehabilitation training, the functional score decreased, and
the daily function was improved.

5.3. Analysis of Peak Torque Comparison. As shown in
Figure 3, the peak torque (PT) reflects the maximum muscle
strength produced by muscle contraction. The maximum

Measurement of wrist internal rotation velocity

PT before study Post study PT
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Figure 3: Measurement of wrist internal rotation velocity.
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Figure 4: Treatment effect of three groups of treatment on boxer wrist joint.
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torque output produced by muscle contraction, namely,
peak torque to body weight ratio (Pt/BW), refers to the peak
torque value per unit weight. The relative muscle strength
reflecting muscle contraction can be used for the peak torque
ratio between active muscle and antagonistic muscle of indi-
viduals or people of different weights. It can reflect the bal-
ance of muscle strength and judge the stability of joints in
a certain sense. In Figure 3, the PT score before and after
the experiment was 15%, 26%, 22%, and 37%, respectively.
Therefore, nanotitanium oxide combined with sports reha-
bilitation training has a great role in promoting the treat-
ment of boxing wrist joint injury.

5.4. Sensitivity Comparison Analysis. As shown in Figure 4,
the sensitivity score of nanotitanium oxide treatment group
before treatment was 5.59 and after treatment was 3.22; the
sensitivity score of exercise rehabilitation training treatment
group before treatment was 5.61 and after treatment was
3.21; the sensitivity score of nanotitanium oxide combined
with exercise rehabilitation training before treatment was
5.63 and after treatment was 2.19; the sensitivity score of
control group before treatment was 4.91 and after treatment
was 4.65. It can be seen that there is no significant differ-
ence between the two groups. The scores of nanotitanium
oxide treatment group and exercise rehabilitation training
treatment group were significantly reduced by 2.37 and
2.40, respectively, but the effect of nanotitanium oxide com-
bined with exercise rehabilitation training treatment group
was more obvious. It shows that nanotitanium oxide com-
bined with exercise rehabilitation training has a great role
in promoting the sensitivity of wrist joint injury treatment
of boxers.

6. Conclusion

China’s boxing is gradually developing. Compared with
developed countries, there is a big gap between China and
developed countries. One of the most important reasons is
sports injury. Wrist injury is a very common kind in life;
especially when exercising, it is easy to cause wrist injury.
To improve boxing level, not only from the boxing training
process, but also from the recovery of the body after training,
is a very important aspect. This paper mainly studies the
therapeutic effect of nanotitanium oxide combined with
exercise rehabilitation training on wrist joint injury in box-
ing, which provides some beneficial basis for clinical treat-
ment. By studying the therapeutic effect of nanotitanium
oxide combined with sports rehabilitation training on
Boxers’ wrist joint injury, it is found that nanotitanium
oxide combined with sports rehabilitation training can
reduce the pain of boxers’ wrist joint injury; after the treat-
ment of wrist joint injury of boxers by nanotitanium oxide
combined with exercise rehabilitation training, the pain
score decreased and daily work decreased. The Pt/BW score
before and after the experiment was 15% and 26% and 22%
and 37%, respectively. The relative muscle strength reflecting
muscle contraction can be used for the peak torque ratio
between active muscle and antagonistic muscle of individ-
uals with different weights. It can reflect the balance of mus-

cle strength in a certain sense and judge the stability of wrist
joint after nanotitanium oxide combined with exercise reha-
bilitation training.
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New energy composite is an advanced material that can replace the traditional single metal material, especially the newly
developed or developed material with superior performance. At present, the material is widely used in automobile
manufacturing and other fields, but there is a lack of development and application of the material in the field of sports. To
solve these problems, this paper puts forward the application of new energy composites in sports facilities and fitness
equipment. In this paper, the testing methods of new energy materials, including thermoelectric testing method and energy
absorption testing method, can quantitatively evaluate the properties of a kind of new energy composites and point out the
direction for the development of materials with high thermoelectric properties and high-energy absorption and consumption
properties. Then, through the preparation experiment of new energy materials, this paper studies the preparation process and
self-shrinkage test of carbon nanomaterials. Finally, it is proposed to use carbon nanomaterials in the sensor design of health
monitoring data acquisition system. The experimental results show that when the water ash ratio is low, the self-shrinkage
value of carbon nanomaterial slurry is 74.68% lower than that under the original conditions. In the experimental study of
omnidirectional monitoring characteristics, through the repeated tensile tests of rectangular sensor and omnidirectional sensor
at different temperatures, it is found that the sensitivity coefficient of the sensor made of carbon nanomaterial is between 55.8
and 60.4, and the maximum fluctuation is only 5. This fully proves that the carbon nanotube omnidirectional sensor has
omnidirectional detection ability.

1. Introduction

1.1. Background. Since the birth of human civilization, mate-
rial has been closely related to human life. There are generally
three forms of matter in nature, namely, solid, liquid, and gas.
With the development and progress of science and technol-
ogy, materials not only penetrate into people’s daily life, but
also are widely used in aerospace, marine engineering, bio-
medical engineering, optoelectronics, and other fields. This
article observes that new energy materials may also be applica-
ble to the field of sports. New materials refer to some newly
developed or under research and development materials with
excellent performance, mainly including superconducting

materials, solar cell materials, hydrogen storage materials,
solid oxide cell materials, intelligent materials, magnetic mate-
rials, nanomaterials, high-temperature structural ceramics,
amorphous materials, and high-density energy storage mate-
rials. Composite material refers to the new material composed
of material components of different properties by using
advanced material preparation technology.

1.2. Significance. Under the background of global fossil
energy shortages and environmental pollution, the develop-
ment of high-performance thermoelectric materials and effi-
cient new energy technologies has attracted extensive
attention in the industry. The composite material not only
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maintains the advantages of the material properties of each
component, but also obtains the comprehensive perfor-
mance that cannot be achieved by a single component mate-
rial through the complementarity and correlation of the
properties of each component. Human beings also need to
systematically study the durability of carbon nanomaterials
and other cement-based composites. The unique one-
dimensional structure of carbon nanotubes and nanofibers
and the two-dimensional structure of graphene, as well as
the advantages of compact structure, large specific surface
area, and high strength of carbon nanomaterials, can effec-
tively transport water in cement through the landfill matrix
and holes in the matrix, improve the compactness of cement
materials, and further improve the durability such as imper-
meability and corrosion resistance. On the basis of improv-
ing the self-shrinkage properties of carbon nanomaterial
and cement-based composites, other durability properties
of carbon nanomaterial and cement-based composites can
be systematically studied to improve their safety and service
life, which is of great engineering significance and value.
With the popularization of high-performance concrete with
low ratio of water and binder, the crack phenomenon caused
by early automatic shrinkage of concrete is becoming
increasingly obvious. Adding carbon nanomaterials into
cement materials can not only effectively fill the pores of
the cement matrix, but also increase the content of hydration
products, to improve the density of matrix.

1.3. Related Work. The role of new energy and composite
material, materials, and sports equipment in human life is
becoming increasingly obvious, and many scholars have car-
ried out research on these two topics. Wang Q believes that,
under the background of establishing emerging engineering
education, the content of organic chemistry of material engi-
neering needs innovation. He strives to improve the applica-
tion effect of organic chemistry from the aspects of material
preparation and material application, selection, process,
method reform, improvement of evaluation system, and
optimization of organic chemistry experiments. His research
focuses on the application expansion of materials, but
ignores the detailed manufacturing innovation of materials
[1]. Martinho F pointed out that the monolithic series inte-
gration of third-generation solar materials on silicon has
broad prospects in the fields of photoelectrochemistry and
photovoltaics. However, this may be challenging when
involving the high-temperature reaction process, which
may damage the bottom cell of photovoltaic equipment.
They have proved that the protection of the bottom cell of
photovoltaic equipment largely depends on the barrier layer
engineering at the device level, but their research has not
produced several single-chip series solar cells, which is lim-
ited to the application of new energy materials [2]. Man-
surov Z A studied the effect of activated carbon with
multilayer graphene (three layers and more sheets) on the
thermal decomposition of substances based on hydroxyam-
monium nitrate and carboxymethyl cellulose. His results
showed that the addition of activated carbon with multilayer
graphene could increase the combustion rate of hydroxyam-
monium nitrate by up to four times; however, in the exper-

iment, the addition of activated carbon in the thermal
decomposition stage reduced the temperature and time of
chemical reaction, resulting in some deviations in the exper-
imental results [3]. Paben J believes that the flexible packag-
ing material will not disappear soon, and the upcoming pilot
project aims to ensure that it will not enter the landfill. He
proposed a material recycling facility, which will install addi-
tional sorting equipment. The transformation will enable the
facility to start producing postconsumer flexible packaging
bags, which are defined as single-layer or multilayer material
films, expanding the source mode of new energy materials.
However, he did not explain the defects of materials made
from recycled raw materials [4]. Tao Kunwei studied the
compact materials project, which will provide a high-energy,
high-throughput neutron source for material irradiation
research, which is essential for advanced nuclear energy pro-
jects driven by China’s long-term accelerators. He intro-
duced a numerical study of a particle beryllium targets
using inclined particle flow as the target and heat carrier.
To study the heat treatment capacity of the target as a sports
facility, the heat deposition and transfer in the target were
numerically simulated. However, his research damaged the
back plate of the experimental material in terms of heat dis-
sipation and radiation [5]. Lee J Y evaluated the function of a
dual water supply system operating in sports facilities based
on technical, quantitative, and financial data, including the
collection and use of rainwater for nonpotable purposes.
Analysis was conducted to determine the water-saving effi-
ciency and cost reduction of the facility within 3 years. The
results show that rainwater can be managed for the benefit
of the environment, and economic benefits can be obtained
by saving the water cost of municipal water supply and sew-
age treatment. However, the results of this study are not
encouraged because of the overexploitation of groundwater
[6]. Sukiri’s research aims to determine customer satisfac-
tion with the services and fitness equipment of the academic
gymnasium of the School of Sports Science, Jakarta State
University. He made a questionnaire and published it using
Google forms. His research used survey and descriptive anal-
ysis. According to the data returned by the interviewees, the
average interviewee was satisfied with the facility, but did not
pay attention to the interviewee’s satisfaction with the facil-
ity [7]. Thakur T S believes that cycling and other sports
activities are a healthy, interesting, and low impact way of
exercise, which is suitable for people of all ages. His research
paper covers the evolution of sports facilities from ancient
times to modern times. Through this study, he has tried to
study the transformation of sports facilities through a wide
range of technical applications to improve and enhance their
functions, but his research focuses on the improvement of
bicycles and does not extend the research results to other fit-
ness equipment [8]. The deficiency of these studies is that
the research methods and perspectives are still not novel
and comprehensive enough.

1.4. Innovation Points. This paper boldly puts forward the
application of new energy materials in the field of sports
and expands the application scope of new energy materials.
The most representative carbon nanomaterials in new
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energy materials are used to prepare motion monitoring
sensors, which expands the new idea of sensor design.

2. Performance Test Methods of New
Energy Materials

2.1. Thermoelectric Test Method for New Energy Composites.
New energy composites are made by combining two or more
fibers in a matrix. New energy composites have the charac-
teristics of high strength, elastic modulus, and excellent
mechanical properties. Mechanical characteristics are also
relatively good, which can fully meet the requirements and
make them a popular choice for light weight and high-
performance applications. Because the cost of carbon fiber
is too high, the combination of glass fiber and carbon fiber
is needed to obtain reliable mechanical properties [9]. The
new energy composites with mixed carbon fiber and glass
fiber have a good balance in mechanical properties; that is,
the disadvantages of one fiber can be offset by the advantages
of another fiber [10]. In addition to the mixed structure, the
strength, damage resistance, and service life of new energy
composites can be improved by changing the microstructure
of materials. However, the mixing and aggregation of fibers
have a significant impact on the elastic properties of the
composites. On the one hand, it is the microstructure char-
acteristics of fibers, namely, the aggregation of fibers and the
distribution of fibers in the aggregation area, a small amount
of bonding between the foundation and fibers, bending
effect, and unevenly distributed fibers, that will weaken the
mechanical properties of composites [11]. On the other
hand, it is generally believed that the experimental mechan-
ical properties of new energy composites are far from the
theoretical prediction results. Therefore, it is of great signif-
icance to determine the influence of these defects on the
effective properties of new energy composites.

The content of the experimental method is the thermo-
electric test of materials. Firstly, the key technical indexes
of thermoelectric performance test are analyzed. All relevant
metrics were analyzed in detail. According to the thermo-
electric performance test principle, the signal acquisition cir-
cuit required for corresponding parameter measurement is
designed, and the thermoelectric performance test platform
is built to realize the automatic measurement of thermoelec-
tric performance parameters of new energy materials [12].

Seebeck coefficient is the ratio of voltage to temperature
difference generated by Seebeck effect, which represents the
ionization impurity scattering coefficient [13]. Assuming
that only the electric field and temperature gradient of the
material are in a stable state, and the material is a nondegen-
erate semiconductor, the relaxation time is approximately
obtained according to the Boltzmann equation. Then, the
Seebeck coefficient of the material is shown in

A = ±kBe b − s + 5
2

� �� �
, ð1Þ

where s is the scattering coefficient and B is the reduced
Fermi level. Therefore, if semiconductor thermoelectric

materials are doped, the ionized impurity concentration
increases, and the ionized impurity scattering coefficient
increases [14]. If the large ionized impurities are scattered
(high concentration of ionization impurities), the Seebeck
coefficient corresponding to the specified carrier concentra-
tion is greatly improved, and the thermoelectric perfor-
mance is improved. If the material is a single band
nondegenerate semiconductor, the Seebeck coefficient of
the material can be expressed by

A = ± kB
e

b − s + ln N
n

� �� �
ð2Þ

Therefore, the Seebeck coefficient of materials is related to
carrier concentration, state density, Fermi energy level, scat-
tering coefficient, and other physical quantities. In formula
(2), n is the state density, and N is the carrier concentration.

When calculating the conductivity of materials, the
expression of conductivity q is Q = neu. In the formula, n
is the carrier concentration, and u is the error rate.

n = 2 2πm∗kBTð Þ1:5
h1:5

Fs+0:5 bð Þ, u = 4e
3π1/2 s + 1:5ð Þ kBTð Þs t0

m∗ ,

ð3Þ

where m ∗ is the effective mass of the carrier, h is the Planck
constant, and t0 is the relaxation time. Formula (3) shows
that the conductivity is affected by the scattering coefficient,
effective mass, Fermi level, and other factors, and the carrier
concentration and mobility do not necessarily increase at the
same time. When the effective mass of the material increases,
the carrier concentration increases, and the mobility
decreases [15]. If the mobility decreases, the conductivity
and thermal conductivity decrease at the same time.

From the microscopic point of view, the transmission
process of heat energy is mainly realized by carrier motion
and lattice vibration. In the case of semiconductor materials
in the intrinsic state and semiconductor materials in the
exogenous excitation region, only the contribution of carrier
and lattice phonons to the thermal conductivity must be
considered [16]. In other words, k = kph + kc, where kph is
the phonon thermal conductivity and kc is the thermal con-
ductivity of the carrier. General thermoelectric materials are
applicable in the exogenous excitation stage. Therefore, only
the contribution of carrier thermal conductivity and phonon
thermal conductivity to thermal conductivity must be con-
sidered [17]. At the beginning of the twentieth century,
Altengilsch of Germany put forward the analysis of three
important parameters affecting thermoelectric properties
and put forward the thermoelectric performance index Z
to measure the thermoelectric properties of materials.

Z = A2Q
k

, E = A2Q, ð4Þ

where a is the Seebeck coefficient, K is the thermal conduc-
tivity, q is the conductivity, and E is the power factor. This
formula can be used to reflect the comprehensive
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thermoelectric properties of materials. The larger the Z
value, the higher the thermoelectric properties of the mate-
rial. Therefore, for materials with good thermoelectric char-
acteristics, the Seebeck coefficient is large; that is, the
obvious thermoelectric effect requires the conductivity Q to
be as large as possible, and the thermal conductivity must
be K small with less Joule heat. Materials with high thermo-
electric properties point out the direction for the production
of new energy composites [18].

2.2. Test Method for Energy Absorption of Materials. Sports
facilities and fitness equipment have high mechanical
requirements for materials, and the manufacturing materials
must have strong energy absorption capacity in order to
meet the sports facilities and fitness equipment for the mate-
rial strength requirements. This paper has mentioned that
the new energy material absorber achieves impedance
matching conditions by adjusting the electromagnetic
parameters, to reduce reflection and achieve high absorp-
tion, because the reflection is actually caused by the imped-
ance mismatch with the material surface. However, the use
of impedance matching theory means that new energy mate-
rials need to be regarded as a whole; that is, their optical
properties can be described by macroscopic optical parame-
ters impedance Z and refractive index n [19]. According to
the equivalent media theory (theory of composite proper-
ties), the structural unit of new energy materials is a sub-
wavelength size smaller than its working wavelength, so
they can be regarded as a whole. Moreover, their electromag-
netic characteristics can be expressed by the equivalent per-
meability Ueff and equivalent dielectric constant Eeff [20].

In free space, the impedance Z, refractive index n, dielec-
tric constant e, permeability u, and reflectivity R are assumed.
If a uniform plate with thickness D, when the electromagnetic
wave with angular frequency w is vertically incident on one
side of the material plate, its transmission performance can
be expressed by the reflection coefficient F and transmission
coefficient T [21]. The expression is as follows:

f
t
= −

i
2 Z −

1
Z

� �
sin nkd, ð5Þ

t−1 = sin nkdð Þ − i
2 Z −

1
Z

� �
cos nkdð Þ

� �
eikd: ð6Þ

The principle of magnetic wave vertical incidence is shown
in Figure 1.

Under the condition of impedance matching, it can be
seen that the reflection coefficient r tends to 0, while the trans-
mission coefficient T can be reduced to the exponential form:

t−1 = e−i n1−1ð Þkd ∗ en2kd: ð7Þ

At this time, there are two limit cases for the transmittance
of the material t = jtj2. In the first case, when the transmit-
tance T and reflectivity R are both 0, the absorbance A is 1,
and the electromagnetic wave is completely absorbed. The sec-
ond case is that the reflectivity R and absorptivity a are 0 and
the transmittance t is 1. At this time, the material neither

reflects nor absorbs electromagnetic waves, realizing perfect
stealth [22]. For energy absorption by new energy materials,
only the first case is considered in this paper. At this time,
there are

lim
n2⟶∞

T = tj j2 = lim
n2⟶∞

e−2n2kd = 0: ð8Þ

Since t only tends to 0 in the actual structure, N2usually
shows a large peak. It can be seen that the design of new energy
materials to absorb energy is actually to design a structure with
appropriate dielectric constant Eeff and permeability Ueff to
meet the impedance matching conditions, reduce the reflectiv-
ity r to 0, reduce the transmittance t as much as possible, and
consume the energy of electromagnetic wave inside the struc-
ture as much as possible, to obtain high absorption [23].

3. Preparation, Experiment, and Application of
New Energy Materials

3.1. Preparation of Carbon Nanomaterials. In this paper, the
representative carbon nanomaterials in new energy materials
are selected to study their preparation and application pro-
cess. The preparation and application of carbon nanomateri-
als are beneficial to improve the material quality of exercise
equipment. In this paper, the effects of different carbon
nanomaterial content, water-cement ratio, and test age on
the self-shrinkage properties of cement paste samples were
studied: (1) three water-cement ratios of 0.25, 0.30, and
0.35 were selected to study the changes of self-shrinkage
properties of carbon nanomaterial cement paste with
water-cement ratio. (2) Six contents of 0.05wt%,
0.075wt%, 0.1wt%, 0.12wt%, and 0.15wt% were selected
to study the effects of different carbon nanomaterial contents
on the self-shrinkage properties of cement paste composites.
Choosing different doses of nanomaterials for research
allows for a full understanding of carbon nanomaterials
properties. (3) The self-shrinkage values of three kinds of
carbon nanomaterial and cement-based composites were
measured every 1min by self-shrinkage tester to study the
self-shrinkage characteristics of carbon nanomaterial and
cement paste composites. To ensure the good workability
of the specimens with low water-cement ratio, a certain

Incident

r=S11

t=S21

0 d

Figure 1: Schematic diagram of scattering parameters of
electromagnetic new energy materials.
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amount of polycarboxylic acid water reducer was added in
the preparation process.

The dispersant of multilayer carbon nanotubes is gum
Arabic, and the mass ratio of multilayer carbon nanotubes
to gum Arabic is 1 : 6. In addition, a certain amount of defoa-
mer needs to be added to the prepared multiwall carbon
nanotube suspension [24]. Through experimental explora-
tion, it is determined that the addition of 0.13wt% tributyl
phosphate defoamer can eliminate the bubbles generated in
the ultrasonic process of multiwall carbon nanotube suspen-
sion. The mix proportion design of high-performance multi-
wall carbon nanotube cement-based composites is shown in
Table 1.

The dispersant of carbon nanofibers is methylcellulose,
and the two mass ratios are 1 : 2. Moreover, a certain amount
of defoamer must be added to the prepared carbon nanofiber
suspension. The experimental investigation results show that
if 0.15wt% tributyl phosphate defoamer is added, the bub-
bles generated by the carbon nanofiber suspension can be
removed in the ultrasonic process [25].Table 2 shows the
ratio of basic composites to high-performance carbon nano-
fiber products.

The dispersant of graphene (GNP) is polyethylene vinyl
phenyl ether (co 890), and the mass ratio of GNP to co 890 is
1 : 5. In addition, a certain amount of defoamer must be added
to the prepared graphene suspension. The experimental inves-
tigation shows that the addition of 0.20wt% three-phosphate
butyl defoamers can eliminate the foam [26] formed by the sus-
pension of graphene in an ultrasonic process.

3.2. Self-Shrinkage Test Results of Carbon Nanomaterials.
The effects of multiwalled carbon nanotube content, water-
cement ratio, age, and surfactant Arabic gum on the self-
shrinkage of cement paste that were studied here are some
results from the above tests.

(1) Under the same water-cement ratio, the self-
shrinkage of multiwalled carbon nanotube cement
paste changes with age.

Under the condition of the same water-cement ratio, the
change of self-shrinkage performance of multiwall carbon
nanotube cement paste with age is shown in Figure 2.

It can be seen from these four figures that when the
water-cement ratio is 0.30 and 0.35, the automatic shrinkage
value of multilayer carbon nanotube cement paste test piece
first decreases and then increases with the increase of age.
When the water-cement ratio is 0.25, the autogenous shrink-
age value of the specimen increases with age, especially from
the initial setting time to the first day of the test time. When
the test age increases to 7 days (w/C=0.35 and 0.30) or 14
days (w/C=0.25), the growth rate of self-shrinkage value of
MWCNT cement paste is very small, the growth rate of
self-shrinkage value is slow, and the self-shrinkage curve
tends to be stable. Because the reaction between cement
and water is heating, the temperature of the sample
increases, resulting in thermal expansion. The early heating
reaction of cement is intense, and the hydration reaction will
release a lot of heat, causing the thermal expansion of the

cement, to offset part of the self-shrinkage. The self-
shrinkage value at this time is actually the combined result
of thermal expansion and self-shrinkage. When the water-
cement ratio is 0.3 and 0.35, respectively, on the first day
of measurement, the expansion value caused by thermal
expansion is greater than the self-shrinkage value, resulting
in the decline of the self-shrinkage curve, and the self-
shrinkage value is negative [27]. Then, with the increase of
age, the hydration reaction of cement slows down gradually,
which weakens the thermal expansion phenomenon, and the
self-shrinkage value is gradually greater than the expansion
value, which makes the self-shrinkage curve rise and the

Table 1: Mix proportion of high-performance multiwall carbon
nanotube cement-based composites.

Sample serial
number

Water-cement
ratio W/C

MWCNTs/
wt%

GA/
wt%

TBP/
wt%

PS/
wt%

S25-A-0 0.25 0.00 0.00 0.13 0.60

S25-A-1 0.25 0.05 0.30 0.13 0.60

S25-A-2 0.25 0.07 0.45 0.13 0.60

S25-A-3 0.25 0.10 0.60 0.13 0.60

S25-A-4 0.25 0.12 0.72 0.13 0.60

S30-A-0 0.30 0.00 0.00 0.13 0.20

S30-A-1 0.30 0.05 0.30 0.13 0.20

S30-A-2 0.30 0.07 0.45 0.13 0.20

S30-A-3 0.30 0.10 0.60 0.13 0.20

S30-A-4 0.30 0.12 0.72 0.13 0.20

S35-A-0 0.35 0.00 0.00 0.13 0.00

S35-A-1 0.35 0.05 0.30 0.13 0.00

S35-A-2 0.35 0.07 0.45 0.13 0.00

S35-A-3 0.35 0.10 0.60 0.13 0.00

S35-A-4 0.35 0.12 0.72 0.13 0.00

Table 2: Mixing ratio of high-performance nanocarbon fiber
cement-based composites.

Sample serial
number

Water-cement
ratio W/C

CNTs/
wt%

MC/
wt%

TBP/
wt%

PS/
wt%

S25-B-0 0.25 0.00 0.00 0.15 0.60

S25-B-1 0.25 0.05 0.10 0.15 0.60

S25-B-2 0.25 0.10 0.15 0.15 0.60

S25-B-3 0.25 0.12 0.20 0.15 0.60

S25-B-4 0.25 0.15 0.24 0.15 0.60

S30-B-0 0.25 0.00 0.00 0.15 0.20

S30-B-1 0.25 0.05 0.10 0.15 0.20

S30-B-2 0.25 0.10 0.15 0.15 0.20

S30-B-3 0.25 0.12 0.20 0.15 0.20

S30-B-4 0.25 0.15 0.24 0.15 0.20

S35-B-0 0.25 0.00 0.00 0.15 0.00

S35-B-1 0.25 0.05 0.10 0.15 0.00

S35-B-2 0.25 0.10 0.15 0.15 0.00

S35-B-3 0.25 0.12 0.20 0.15 0.00

S35-B-4 0.25 0.15 0.24 0.15 0.00
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self-shrinkage value presents a positive value. However,
when the water-cement ratio is 0.25, even on the first day
of measurement, the self-shrinkage value of the specimen
is much greater than the thermal expansion value, so the
self-shrinkage value of the specimen increases with the
increase of age.

(2) Under the same water-cement ratio, the self-shrinkage
of multiwalled carbon nanotube cement paste changes
with the change of carbon nanotube content.

It can be seen from these four figures that, under the
condition of a certain water-cement ratio, with the increase
of the content of multiwalled carbon nanotubes, the self-
shrinkage value of multiwalled carbon nanotube cement
paste first decreases and then increases. When the water-
cement ratio is 0.35 and the test age is 7 days, the self-
shrinkage value of cement paste containing 0.05wt%
MWCNTs is the smallest, which is 46.74% lower than that
of the blank sample. In addition, when the water-cement

ratio is 0.30 and the measurement age is 7 days, the opti-
mum content of multiwalled carbon nanotube cement paste
is 0.075wt%, and the reduction rate of self-shrinkage value is
45.37% compared with the blank specimen under the same
conditions. When the water-cement ratio is 0.25 and the
measurement age is 7 days and 14 days, respectively, the
optimum content of multiwalled carbon nanotube cement
paste sample is 0.075 weight, and the self-shrinkage value
is reduced by 9.32% and 11.54%, respectively, compared
with the blank sample. It can also be observed from the fig-
ure that when the doping amount of multiwall carbon nano-
tubes reaches 0.12wt%, the self-shrinkage value of the
cement paste specimen containing multiwall carbon nano-
tubes is greater than that of the reference sample. It can be
inferred that the high content of multiwalled carbon nano-
tubes limits the dispersion of multiwalled carbon nanotubes
in the cement matrix, resulting in poor dispersion and aggre-
gation of multiwalled carbon nanotubes in the cement
matrix. This not only fails to give full play to the advantages
of multiwalled carbon nanotubes, but also causes interface
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Figure 2: Self-shrinkage changes of new energy materials with different nano and lime ratios.
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defects between multiwalled carbon nanotubes and cement
matrix, which brings harm to cement-based materials and
increases the self-shrinkage value of specimens [28]. Under
a certain water-cement ratio, the auto-shrinkage perfor-
mance of the multiwalled carbon nanotube cement slurry
varies with its content, as shown in Figure 3.

The experimental results of self-shrinkage of carbon
nanomaterials are as follows. When the ratio of water to

cement is 0.3 and 0.35, the self-shrinkage value of carbon
nanomaterial cement paste first decreases and then increases
with the increase of age. When the ratio of water to cement
is 0.25, the self-shrinkage value of the test piece increases
with the increase of age, especially from the initial setting
time to the second day of the test age. When the test age
increases to 7 d (w/C=0.35 and 0.30) or 14 d (w/C=0.25),
the growth rate of autogenous shrinkage value of carbon
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Figure 3: Variation of self-shrinkage value of nanomaterials under different water-cement ratio.
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nanomaterial cement paste will decrease, but the growth rate
of autogenous shrinkage value is slow. Under the same
water-cement ratio, with the increase of carbon nanomate-
rial content, the self-shrinkage value of carbon nanomaterial
cement paste first decreases and then increases [29]. When
the water-cement ratio is 0.35 and the test age is 7 days,
the self-shrinkage value of cement paste containing
0.05wt% carbon nanomaterial is the smallest, which is
46.74% lower than that of the blank sample. When the con-
tent of carbon nanomaterial reaches 0.12wt%, the self-
shrinkage value of carbon nanomaterial cement paste sam-
ple is greater than that of the blank sample. The greater
the content of carbon nanomaterial, the greater the self-
shrinkage value of cement paste.

3.3. Application of Carbon Nanomaterials. This part mainly
studies the hardware circuit design of polymer-based compos-
ite health monitoring data acquisition system based on carbon
nanotube thin film sensor. The system is mainly composed of
power supply circuit, constant current source circuit, filter cir-
cuit, amplification circuit, data acquisition circuit, and main
computer. The communication circuit is composed of real-
time online detection of basic parameters such as resistance
value, film temperature, and film distortion state of the film
sensor during composite deformation [30]. The block diagram
of hardware design is shown in Figure 4.

Compared with other filters, the amplitude characteristic
curve in the passband of Butterworth filter is almost parallel,
there is no obvious fluctuation, and the useful signal can pass
through almost without attenuation. For the clutter signal
above this frequency, the amplitude curve shows a strict
downward trend, the interference with the signal is stronger
and stronger, and the filtering accuracy is higher and higher.
However, the transition band is long, and the clutter signal
processing effect near the cut-off frequency is not obvious.
After filter simulation, the circuit design scheme and spec-

trum diagram of the curve are obtained, as shown in
Figure 5 and Figure 6.

It can be seen from the amplitude-frequency diagram of
Butterworth filter that the curve is strictly monotonically
decreasing. When the amplitude is -3dB, the passband gain
is 0.7, and the corresponding cut-off frequency is 9.982 khz,
which is a little different from the ideal value of 10kHz. How-
ever, the transition band is relatively flat, and the filter gain
corresponding to 12.5k frequency is as high as 0.5, which
has no obvious effect on the clutter near the cut-off frequency.

Generally, the damage mode of large structural members
has the following two characteristics: the uncertainty of
damage location and the randomness of damage direction,
which poses a great challenge to the current real-time
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condition monitoring method of large structural members.
In view of this situation, this paper puts forward the follow-
ing design scheme. Traditional rectangular sensors are dis-
tributed in matrix composites in an array manner to detect
different areas of the structure online and in real time. The
scheme is shown in Figure 7.

For the first scheme, when the composite substrate is
locally bent and deformed, four rectangular sensors with dif-
ferent orientations will produce different strain characteristics,
resulting in some differences in the fluctuation value of the
resistance change rate. By comparing the data fluctuation,
the position of bending deformation can be preliminarily
determined. However, because the sensor pasting method of
the traditional rectangular sensor is synchronized with the
fiber direction of the tested polymer matrix composite, the
rectangular sensor can collect the change value of resistivity

in the fiber direction in real time. However, when the fission
direction of the composite substrate is in the vertical direction
or any angle of the optical fiber, there is a certain measurement
error in the distribution mode of the rectangular sensor array.
The measured resistance value is only the vertical component
of the optical fiber direction, which cannot well reflect the
strain state of the material. Therefore, in the comparative test
of this paper, this paper will further verify whether the rectan-
gular sensor has omnidirectional characteristics and test
whether the rectangular sensor has omnidirectional monitor-
ing capability of composite materials.

The experimental results of data processing are shown in
Figure 8. Because the four sensors are symmetrically distrib-
uted in the array, their deformation states are completely
consistent. This paper takes the sensor in the upper left cor-
ner as a representative for real-time data analysis. It is found
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Figure 7: Multiangle tensile comparison test of rectangular sensor and omnidirectional sensor.
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that there is always a strict linear relationship between the
resistance change rate of the film sensor and the tensile stress
whether the film detection direction is along the horizontal
or vertical direction. In the range of 0-6000ue, with the
increase of tensile stress, △ R/R0 increases linearly. Carbon
nanotube films are very sensitive to small strains. During
the loading process, the change rate of resistance is positively
correlated with the increase of tensile strain. Through the
linear fitting of the least square method, the tensile strain
sensing equation of the rectangular thin film sensor is △R/
R0 = 70e − 0:5 along the optical fiber direction and △R/R0
= 40e − 0:1 along the vertical direction of the optical fiber.
The sensitivity coefficients of the two directions are quite
different, and the feedback damage information of the same
material in different directions is different, so there is a cer-
tain measurement error.

4. Discussion

With the diversification of application fields, materials are
often affected by complex mechanical loads, multiphysical
field coupling, and even corrosive environment. The
research of carbon nanomaterials, carbon nanofibers, and
graphene-based composites is still in the exploratory stage,
and further research is needed in many aspects. This paper
needs to further study the total shrinkage of carbon nano-
material and cement-based composites. The shrinkage of
cement materials also includes drying shrinkage, plastic
shrinkage, carbonization shrinkage caused by carbonization,
chemical shrinkage, and cold shrinkage caused by tempera-
ture reduction. The conditions can further test the total
shrinkage value of carbon nanomaterials and cement-based
composites and study the effects of carbon nanomaterials,
carbon nanofibers, and graphene on the total shrinkage
properties of cement-based materials.

5. Conclusions

With the increase of water-cement ratio, the self-shrinkage of
cement paste specimen decreases clearly. When the water-
cement ratio is 0.25, the self-shrinkage value of 0.05% carbon
nanomaterial cement paste is 74.68% lower than that when
the water-cement ratio is 0.30. In the experimental study of
omnidirectional monitoring characteristics, through the
repeated tensile tests of rectangular sensor and omnidirec-
tional sensor at 0°C, 30°C, 60°C, and 90°C, it is found that
the sensitivity coefficient of rectangular sensor is quite differ-
ent from the short side, but the sensitivity coefficient of omni-
directional sensor fluctuates slightly in different directions,
ranging from 55.8 to 60.4, and the maximum fluctuation is
only 5. This fully proves that the carbon nanotube omnidirec-
tional sensor has omnidirectional detection ability.
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Graphene, as an emerging two-dimensional carbon nanomaterial, has attracted widespread attention and in-depth research by
domestic and foreign researchers. With its excellent mechanical properties, graphene is used as a reinforcing material in
polymers, ceramics and rubber, and other matrices, which can significantly improve the toughness of the matrix. However,
under the action of natural factors such as continuous rainfall or heavy rain, the accumulation layer landslide is often in an
unsaturated state, which is very easy to induce disasters. Based on this background, we use micronumerical simulation
methods and graphene composite materials to study the mechanical properties of unsaturated soil-rock mixtures to understand
the mechanical properties of unsaturated soil-rock mixtures and evaluate and predict its stability. This paper takes the soil of a
landslide zone in a certain city as the numerical test object. Through the automatic generation technology of the mesostructure
model of the soil-rock mixture, a series of numerical experiments were carried out on the random mesostructure model of the
soil-rock mixture, and the gravel content was analyzed in depth. Experiments show that the model can reasonably describe the
volume expansion of the soil-rock mixture under low confining pressure, the volume compression under high confining
pressure, and the phenomenon that the peak strength of the soil-rock mixture increases with the increase of confining
pressure, which verifies that the model is simulating soil and rock. This shows that the stress-strain relationship curves of
different soil-rock interface parameters, rock content, saturation, and the number of wet and dry cycles all show obvious
nonlinear characteristics and strain hardening. This shows that graphene composites can be used in the study of the mechanics
of unsaturated soil-rock mixtures, which is of great significance for improving the landslide environment and enhancing its
mechanical properties.

1. Introduction

With the development of the national economy, in engineer-
ing practice, foundation resistance problems exist in UHV
transmission line foundations, underground space founda-
tions, high-rise building foundations, and marine construc-
tion foundations. Therefore, geotechnical scholars have
more research on the resistance of foundations. More and
more, it has gradually become a popular direction. In many
engineering constructions, there are very high requirements

on the mechanical properties of soil-rock mixtures. Most of
the natural shallow soils exist in unsaturated forms, with less
overall water content, and have good shear resistance [1–3].
The increase of water content will weaken its performance,
so the change of water content will have a greater impact
on the mechanical characteristics of natural unsaturated soil.
Of course, it is not the only influence. Therefore, the
mechanical research on the properties of this kind of media,
as well as the stability analysis, deformation and instability
prediction, and prevention of the common accumulation
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layer slopes and other slopes containing soil-rock mixed
media in engineering construction in my country. It has
good application value.

The rapid development of nanotechnology is continu-
ously expanding the application of traditional materials such
as soil and rock, bringing new opportunities and hopes to
the development and transformation of mixed soil compos-
ite materials [4]. Nanomaterials are ultrafine materials with a
particle size on the order of nanometers. Combining them
with mixed soil can successfully enhance the mechanical
strength of the mixed soil. Graphene, as a 2D layered inor-
ganic nanomaterial with a periodic structure, is currently
the strongest material known in the world [5, 6]. Due to its
excellent mechanical properties, it can act in a polymer
matrix like other nanomaterials, to nanoenhancement. At
the same time, due to the physical properties of graphene
itself, it can also be widely used in composite materials.

In the past ten years, scholars at home and abroad have
conducted a large number of pioneering and fruitful
researches on soil-rock mixtures and have accumulated rich
research results and research experience. Qin et al. studied
the preparation and mechanical properties of graphene and
multiwalled carbon nanotube reinforced composite ceramic
coatings. Use infrared spectroscopy (FTIR analysis) to iden-
tify the structure of functionalized and hybrid functionalized
carbon nanotubes. The coating is brushed on the substrate
and then cured at a temperature below 250°C. The morpho-
logical and cross-sectional features were studied by scanning
electron microscopy (SEM). The experimental results show
that the composite coating has a compact structure, and
the graphene and the mixed-treated carbon nanotubes are
well dispersed. The addition of 0.2wt% graphene and
0.2wt% hybrid functionalized carbon nanotubes resulted in
a significant increase in hardness and fracture toughness.
At the same time, due to the high tensile strength of gra-
phene and carbon nanotubes, the bonding strength between
the composite coating and the metal substrate is improved.
Compared with pure alumina coating, the friction coeffi-
cient, wear depth, and wear width of composite coating are
much lower. However, the experimental conclusions are
not suitable for application to unsaturated soil-rock mix-
tures [7]. Lei et al. studied the characteristics of the shear
strength parameters of the rock and soil aggregates in the
embankment slope of the reservoir, gave the law of the shear
strength of the rock and soil aggregates, and proposed the
characteristics of the rock and soil aggregates considering
the influence of suction and saturation. The unsaturated
shear strength formula studies the physical mechanism of
sliding or failure of such slopes under rainfall infiltration
conditions. Based on the analysis of the slope rainfall infil-
tration process, a 3D unsaturated saturated-unsaturated
seepage field and its finite element solution model were
established. Studies have shown that the minimum safety
factor of accumulated rock and soil aggregates is not reached
when the rainfall stops, but occurs several hours after the
rainfall stops. This phenomenon is consistent with the
destruction process of the actual slope engineering, but its
overall research lacks data support, and more data is needed
to support its conclusions [8]. In order to obtain the

mechanical properties of the weathered soil-rock mixture
at the edge of a highway landslide in western China, Jin
needed to perform large and medium-sized triaxial shearing
on the three weathered rock-soil mixtures on site due to the
reduction of sample size and particle size test. The effects of
particle size and sample size were analyzed. The results show
that it has a strong scale effect: mechanical properties are
closely related to particle size, sample size, and sample clas-
sification. As the particle size increases, the internal friction
angle increases first and then decreases. At the same time,
the reasons for these differences are analyzed. The experi-
mental results lack more data to support the trend of inter-
nal friction angle changes [8].

This paper uses the FORTRAN language program to
realize the method of establishing the soil-rock mixture
numerical model by the indoor test gradation, and with the
help of the mesonumerical simulation method and the
implicit integration algorithm, the finite element program
is used to surround the seepage mechanics response of the
soil-rock mixture of the accumulation layer landslide. And
the mechanism of deformation and failure carries out a
series of biaxial tests of unsaturated soil-rock mixed media
under different soil-rock interface parameters, rock content,
and saturation, and different numbers of dry and wet cycles,
using soil mechanics, rock mechanics, seepage mechanics,
and elastoplastic mechanics obtain the influence law of
soil-rock interface parameters, rock content, saturation,
number of dry-wet cycles, and other factors on the deforma-
tion and strength characteristics of soil-rock mixture to
reveal its seepage mechanism and deformation and failure
characteristics.

2. Mechanical Properties of Unsaturated Soil-
Rock Mixture and Graphene
Composite Materials

2.1. The Structure and Properties of Graphene. Since Profes-
sor N and Professor G successfully prepared single-layer gra-
phene, graphene has attracted more and more attention and
research from all walks of life. Graphene is the basic unit of
other carbon materials in various dimensions. Currently,
members of the carbon family include the following: zero-
dimensional fullerenes, one-dimensional carbon nanotubes,
and two-dimensional graphene to three-dimensional dia-
mond and graphite. Graphene has a six-membered ring
arranged in a periodic honeycomb structure, in which C
atoms are connected to adjacent C atoms by sp2 hybrid
orbitals, the bond angle of the C-C bond is 120°, and the
bond length is 0.142 nm. This stable structure gives graphene
ultrahigh strength, with Young’s modulus of 1.1 TPa and a
breaking strength of 125GPa. Each C atom of graphene
has 4 valence electrons. When 3 electrons form an sp2 bond,
there will be an unbonded electron forming a large π bond
above and below the plane of the graphene. At this time,
the π bond is half-filled. The state allows electrons to move
freely in it, and the large π bonds between layers form π
orbitals perpendicular to the graphene plane. These π
orbitals are effective channels for free electrons to shuttle
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through the two-dimensional structure of graphene. Give
graphene excellent electrical and thermal conductivity. The
electron migration rate of graphene in a single atomic layer
reaches 10000 cm2/v, and the thermal conductivity is 3000-
5000wm-1/k. Theoretically, the specific surface area of a
single-layer graphene can reach 2630 cm-2/g, which not only
further increases the electrical and thermal conductivity of
graphene but also provides a larger contact area for its sur-
face functionalization. In addition, the unique energy band
structure of graphene also enables it to possess electromag-
netic properties such as quantum Hall effect, quantum
tunneling effect, and quantum Hall ferromagnetism. With
its excellent properties in terms of force, light, electricity,
and magnetism, graphene is widely used to enhance and
improve the mechanical, electrical and electromagnetic
shielding properties of composite materials.

Strictly speaking, there is thermodynamic instability in
the two-dimensional crystal structure, and there is no long-
range ordered two-dimensional crystal in nature. That is to
say, if in a free state, the graphene sheet will curl into carbon
nanotubes or stacked into graphite, which also makes gra-
phene easy to agglomerate in a macroscopic state, and it is
difficult to exist as a single layer.

Professor A added the original graphene and the func-
tionalized graphene treated with nitric acid to the cement-
based material to test its mechanical properties and explored
the influence of the incorporation of graphene on calcium
silicate hydrate. Atomic force microscope observations
found that in cement-based materials mixed with graphene,
graphene is present in the generated calcium silicate hydrate,
and the content of high-density calcium silicate hydrate
increases, and the overall mechanical properties of the com-
posite material are enhanced. Molecular dynamics shows
that the addition of functionalized graphene improves the
interface strength and the integrity of cement-based com-
posites. In addition, phase analysis shows that the incorpora-
tion of graphene and functionalized graphene can affect the
phase composition and surface toughness of the product,
which is the reason why the overall toughness and plasticity
of graphene cement-based composites are improved.

2.2. Simulation Method of Soil-Rock Interface. In a soil-rock
mixture, the existence of soil-rock interface has an important
influence on its mechanical properties and deformation and
failure characteristics [9, 10]. The contact of the soil-rock
interface is a typical nonlinear problem. In the numerical
calculation, the contact surface element is generally intro-
duced to simulate the contact problem. When there are
many contact surfaces, the calculation is often not easy to
converge [11, 12]. Therefore, for materials with a large num-
ber of discontinuous surfaces on the mesoscale, such as soil-
rock mixture, the use of conventional contact surface ele-
ments to simulate the soil-rock interface has obvious
limitations.

2.2.1. Master-Slave Interface Model. The master control
plane can invade the slave plane between the nodes of the
slave plane, as shown in Figure 1(a) [13]. This regulation
can well realize the simulation of the mechanical behavior

of the soil-rock interface, because in the soil-rock mixture,
the stiffness and strength of the rock are generally much
greater than those of the soil, and the rotation and transla-
tion of the rock under the external load will affect it. The
surrounding soil produces contact force, and the sharp cor-
ners of the rock passing through the soil will cause the defor-
mation and failure of the soil, which is consistent with the
mechanical mechanism of the interaction between soil and
rock [14, 15].

In order to obtain the best simulation results, when sim-
ulating the soil-rock interface, the pair of surfaces in contact
between the rock and the soil is defined as the contact pair in
the calculation model. The soil surface is the subordinate
contact surface, and the rock surface is the dominant contact
surface shown in Figure 1(b) [16].

2.2.2. Friction Model. When simulating the contact charac-
teristics of soil and boulders, the Coulomb friction model
should be used as the soil-rock interface contact model,
and the friction factor is used to characterize the friction
behavior between two surfaces. The relationship between
stress and shear displacement on the contact surface is
shown in Figure 2.

The solid line in the figure is the ideal friction behavior.
The default friction factor is 0 (the contact surface is
completely smooth). Before the stress at the contact surface
reaches the maximum stress τmax, the tangential slip is 0
until the stress between the contact surfaces is equal to the
relative sliding of the contact surface which will occur only
when the ultimate stress μp is [17, 18], namely,

τmax = μp: ð1Þ

In the formula, μ is the friction factor, and p is the nor-
mal contact force between the two contact surfaces.

2.3. Unsaturated Soil Seepage and Strength

2.3.1. Unsaturated Seepage. The flow of liquid pores into
unsaturated soils follows Darcy’s law or Forchheimer’s law,
and the expressions are as follows:

V = −KgradH = KJ , ð2Þ

snV f 1 + β
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
V f ⋅ V f

q� �
= −K

∂H
∂X

= −KgradH, ð3Þ

where V is the seepage velocity, J is the hydraulic gradient,
H is the piezometric head, snV f is the seepage velocity
through the unit area in a certain direction, and K is the per-
meability coefficient [19, 20].

According to Darcy’s law, there are

k = v
gK

: ð4Þ

According to Forchheimer’s law, there are

k = v

g + gβ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Vf ⋅ V f

p K: ð5Þ
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In the formula, v is the dynamic viscosity coefficient. For
unsaturated soil, since liquid and gas coexist, the degree of
saturation directly affects the permeability resistance, so at
this time, k or K is a function of the degree of saturation S,
so it is uniformly written as

k = ks Sð ÞK: ð6Þ

In the formula, ksðSÞ is the saturation correlation coeffi-
cient, and for isotropic materials, K is a scalar.

2.3.2. Unsaturated Soil Strength. An important factor in the
instability of the soil-rock mixture slope caused by rainfall
is that the rainfall causes the reduction of the matrix suction
in the shallow unsaturated soil-rock mixture, resulting in
loss [21, 22]. The influence of unsaturated characteristics
on soil-rock mixture is mainly reflected in the influence of
matrix suction on its shear strength, namely,

τf = c′ + σ − uað Þ tan ϕ′ + ua − uwð Þ tan ϕb: ð7Þ

In the formula, τf is the shear strength of unsaturated
soil, σ is the normal stress, and σ − ua is the net normal
stress.

2.4. Automatic Generation Technology of Soil-Rock Mixture.
With the rapid development of digital graphics processing
technology, remarkable results have also been achieved in
the mesostructure of soil-rock mixtures. However, digital
image processing technology largely relies on the acquired
cross-sectional images of all the soil-rock mixtures in the
study area, so this method has certain limitations [23–26].
The main function of the preprocessing program of the
soil-rock mixture numerical model is to generate a certain
amount of rock in a specific research area, so that the parti-

cle size distribution of the rock system itself conforms to a
specific gradation curve. Furthermore, it is possible to make
the generated discrete stone system have statistical self-
similarity properties, that is, fractal [27].

2.4.1. Random Number. The stochastic simulation method is
used to simulate the size, orientation and spatial distribution
of the blocks in the soil-rock mixture, namely,

Ri =mod 2053Ri−1 + 13849,mð Þ, ð8Þ

RNDi =
Ri

m
: ð9Þ

Among them, Ri−1 is the seed number that triggers the
random number generator input from the outside.

2.4.2. The Shape of the Block Stone in the Soil-Rock Mixture.
In order to simulate boulders objectively, arbitrary random
polygons are used in the program to simulate boulders.
The maximum and minimum number of sides of the boul-
ders is put from the outside [28]; then,

L x, λð Þ = f xð Þ − λTc xð Þ: ð10Þ

Among them,

c xð Þð Þ = c1 xð Þ,⋯,cp xð Þ� �T , ð11Þ

φ x, uð Þ ≡ f xð Þ + 1
μ

c xð Þk k1: ð12Þ

Among them, μ is called the penalty factor, and kcðxÞk1
is the l1 norm of the vector function cðxÞ = ðc1ðxÞ,⋯,cpðxÞÞT .
In the specific simulation process, as needed, the concave
polygon is not needed for artificial control [29, 30].

2.4.3. Determination of the Spatial Position and Orientation
of Block Stones in Soil-Rock Mixture. First, create the center
of the rock, and then multiply the random number by the
width of the sample to get the coordinate value of the center
of the rock in the sample [31, 32]. Before determining the
vertex coordinates of the polygon, a random number must
first be created as the angle of deflection of the side of the
polygon. After determining the deflection angle, since the
number of sides of the polygon has been determined, the
deflection angle required to generate a polygon radius can

Subordinate
node 

Main control surface insertion 

(a) The Master can Invade the Slave

Soil

Subordinate contact surface 
Block stone 

Master contact surface 

(b) Soil Block Contact Surface

Figure 1: Simulation method of soil-rock interface.

Adhesion Slip

Slide
Shear stress 

𝜇p

Figure 2: Schematic diagram of Coulomb friction model.
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be calculated as

β = a + i − 1ð Þ ⋅ 2π
n
: ð13Þ

Then, generate a random number and combine the
boundary diameter of the polygon with the maximum and
minimum radius to determine the radius of the polygon at
this time. After the polygon radius is determined, since the
angle between the polygon side and the x-axis is known,
multiply the angle by the angle. The cosine and sine values
of can get the vertex coordinates of the polygon [33, 34].

2.4.4. Determination of the Area of Block Stone in Soil-Rock
Mixture. This type of polygon is decomposed into multiple
triangles, and the area of the polygon is calculated by calcu-
lating the area of the triangle separately. The formula used is
as follows:

Area = 1
2〠

n

i=1

x0 x ið Þ x i + 1ð Þ
y0 y ið Þ y i + 1ð Þ
1 1 1

��������

��������

: ð14Þ

Among them, ðx0, y0Þ is the coordinate of the center of
the polygon; ðxðiÞ, yðiÞÞ is the coordinate of the vertices of
the polygon.

2.4.5. Determination of rock content in the model. In the
established two-dimensional model, the size of the stone
content is defined as the ratio of the area occupied by the
boulders in the model to the total area of the model. The
specific formula is as follows:

e = ∑Ai

A
: ð15Þ

In the formula, e is the stone content rate, Ai is the area
of a single stone, and A is the total area of the model.

2.5. Mechanical Safety of Unsaturated Soil-Rock Mixture.
Since the mechanical properties of the unsaturated soil-
rock mixture effectively inherit the advantages of steel and
concrete, it has good plasticity and adjustability and can
form a beautiful structure. It has high strength and rigidity
and can be built into a larger span structure. Good integrity,
good ductility, and the structure can better resist external
disasters, such as earthquakes and hurricanes; good durabil-
ity and fire resistance can be applied to many characteristics
such as harsh environments and widely used in construction
and other civil engineering.

3. Experimental Design of Mechanical
Properties of Unsaturated Soil-Rock Mixture

3.1. Test Subject. Taking the landslide zone soil in a landslide
area of this city as the object of numerical experiment,
through the automatic generation technology of the mesos-
tructure model of the soil-rock mixture, a series of numerical
experiments were carried out on the random mesostructure

model of the soil-rock mixture, and the gravel content, the
soil-rock contact characteristics, saturation, dry-wet cycle,
and many other factors affect the macromechanical proper-
ties and deformation failure of unsaturated soil-rock mix-
tures. The material composition of the landslide
accumulation body and the sampling point diagram of the
accumulation body are shown in Figure 3.

3.2. Content of Numerical Experiment

3.2.1. Mechanical Properties of Unsaturated Soil-Rock
Mixture under Different Rock Contents. The unsaturated
soil-rock mixture consists of soil and crushed stone. The dif-
ferent content of crushed stone will change the internal
structure of the soil-rock mixture, which will inevitably
affect its mechanical deformation properties. Based on the
landslide zone test ground gradient in a landslide-prone area
of this city, the random soil-rock mixture intermediate gen-
eration system is used to create numerical experimental geo-
metric models with different rock contents and the
corresponding unsaturated soil-rock mixture. They are
determined in the ABAQUS test model, perform a biaxial
compression test, and study the effect of the content of
crushed rocks on the stress-stress ratio and volume-axial
stress curve of the unsaturated soil-rock mixture.

3.2.2. Mechanical Properties of Unsaturated Soil-Rock
Mixtures under Different Saturations. As a typical heteroge-
neous bulk material, unsaturated soil-rock mixture has a
large internal porosity and is affected by saturation. This
paper uses the ABAQUS program as a platform to combine
mechanical calculations and seepage calculations to conduct
biaxial tests of unsaturated soil-rock mixture samples under
different saturation conditions. Study the mechanical prop-
erties and failure mechanism of soil-rock mixture samples
under different saturations.

3.3. Numerical Test Model Establishment. The numerical test
refers to the indoor triaxial shear test of a sliding body in a
landslide area in this city for sample preparation. The indoor
test is scaled according to the original gradation of the slid-
ing body at the landslide site. The particle size of the sample
is above 60mm, accounting for 5.22%. The particle size of
20mm or more accounts for 25.52%, and the content of fine
particles smaller than 5mm is 35.84%. Therefore, the equiv-
alent replacement method is used to scale the ultraparticle
size part, and the ultraparticle size part (dmax = 60mm) is
60-5mm. Perform equivalent substitutions, and the grada-
tion composition is shown in Table 1.

3.3.1. Determination of Minimum Particle Size. This fre-
quency value test adopts a 30 cm ∗ 60 cm biaxial test. The
minimum particle size of the numerical biaxial test is deter-
mined by the soil-rock threshold combined with the original
gradation of the landslide body to be 1 cm.

3.3.2. Model Establishment. This paper simulates the five sets
of gradation curves of the indoor triaxial test. Within the
range of 30 cm ∗ 60 cm, the self-developed random stone
generation system is used to automatically generate crushed
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stones and soil, and then, the corresponding nonstandards
are established in ABAQUS.

3.3.3. Crushed Stone Content. According to the grading
curve, the rock content is 32%, 38%, 47%, 56%, and 65%,
and then, the geometric model of the soil-rock mixture is
generated according to the random generation system of
the block stone, and the corresponding geometric model is
established in ABAQUS. Divide the grid, as shown in
Figure 4, and set the initial conditions and boundary condi-
tions of the soil-rock contact characteristics of the unsatu-
rated soil-rock mixture to prepare for the next biaxial
numerical test.

3.4. Statistical Processing. Statistical analysis was performed
with SPSS 13.0 statistical software. The significance test of
the difference was performed by one-way analysis of vari-
ance, the difference between the two groups was tested by
LSD-t, and the statistical results of the mechanical properties
of the unsaturated soil-rock mixture were performed by the
group t-test. P < 0:05is considered to be statistically
significant.

4. Mechanical Properties of Unsaturated Soil-
Rock Mixture

4.1. Verification of Numerical Model Test. Take the indoor
triaxial test of gravel soil with 47% gravel content as an
example to verify the rationality of the random soil-rock
mixture model. The parameters of the biaxial numerical
model are shown in Table 2.

The size of the model is 30 cm ∗ 60 cm from the previous
three-axis test. The vertical displacement of the bottom
boundary is constrained, the surrounding stress boundary
conditions are used, and the top of the model is servo con-
trolled to apply axial load. Confining pressures of 0.4MPa,
0.8MPa, 1.2MPa, and 1.6MPa were, respectively, applied
in the calculation of the biaxial test. The calculation results
of the biaxial test mainly analyze the relationship between
deviatoric stress and axial strain and the relationship
between volume and axial strain. At the same time, it is com-
pared with the indoor test results, as shown in Figures 5 and
6.

Figures 5 and 6 show that the normality of the calculated
value of the model and the measured value of the test are the
same whether it is the voltage-voltage ratio curve or the

Material composition of
deposits before landslide 

Material composition of
deposits after landslide 

Exposed section of bedrock
and accumulation body 

Accumulation sampling point

Figure 3: Material composition of the landslide accumulation body and the sampling point map of the accumulation body.

Table 1: Test grading of rock and soil slide.

Test gradation
Percentage of each granule group

60-40 40-20 20-10 10-5 5-2 2-1 1-0.5 0.5-0.25 0.25-0.1 <0.1
(mm)

1 0 0 20.18 21.41 15.60 8.41 8.67 6.35 6.05 10.32

2 0 13.50 24.20 19.30 12.50 8.80 7.20 3.70 3.70 7.10

3 5.27 17.43 26.19 16.23 10.79 7.56 5.82 2.68 2.76 5.27

4 8.50 22.50 25.00 17.00 9.00 6.00 4.00 3.00 3.00 1.00

5 15.76 26.83 23.55 14.32 9.43 3.36 4.56 2.19 0 0
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volume-axis voltage ratio curve, which shows the adaptabil-
ity of the model to different pressure situations. It shows that
the model can reasonably describe the volume expansion of
the soil-soil mixture at low constraint pressure, the compres-
sion of the volume under high constraint pressure, and the
increase of the maximum strength of the soil-rock mixture
with the increase of the constraint pressure, which confirms
that the model simulates a soil-rock mixture.

4.2. Deformation Characteristics of Unsaturated Soil-Rock
Mixture under Different Soil-Rock Interface Parameters.
Using the unsaturated numerical test model, the biaxial con-
solidation drainage test was carried out under the confining
pressure of 0.4MPa, 0.8MPa, 1.2MPa, and 1.6MPa, respec-
tively. During the loading process, the confining pressure is
kept stable by the strain servo control, and the speed of the
upper loading plate is controlled to apply the axial force to
obtain the stress-strain relationship curve and the volume-
axial strain relationship curve of the corresponding confin-
ing pressure under different soil-rock interface contact
parameters, such as shown in Figures 7 and 8.

It can be seen from Figures 7 and 8 that the stress-strain
relationship curves of the unsaturated soil-rock mixture with
the same rock content show obvious nonlinear characteris-
tics. The initial linear segments coincide, and the peak prin-
cipal stress difference increases with the increase of
confining pressure. The five types of samples with rock con-
tent all show the characteristics of strain hardening, and
with the increase of confining pressure, the phenomenon
of strain hardening becomes more significant. From the vol-
umetric strain-axial strain relationship curve, it can be seen
that at low confining pressure, the specimens have under-
gone a deformation process from shear shrinkage to dilat-
ancy. As the confining pressure increases, the dilatancy

deformation of the specimen gradually weakens at high con-
fining pressure. During compression, the specimen basically
exhibits shear deformation, and with the increase of strain,
the growth rate of shear deformation tends to decrease.
Under the same confining pressure, the larger the rock con-
tent of the unsaturated soil-rock mixture, the higher the
peak strength value. The smaller the axial strain when the
peak strength is reached, the more rock content and the
greater the initial elastic modulus of the sample, which will
enter the plasticity. After the deformation stage, the strain
hardening characteristics are more pronounced.

4.3. Failure Mechanism of Unsaturated Soil-Rock Mixture
under Different Soil-Rock Interface Parameters. Under vari-
ous soil-rock interface parameters, the mesoscopic failure
morphology of each sample during each axial strain process
under confining pressure is shown in Figure 9.

It can be seen from Figure 9 that when the friction coef-
ficient of the soil-rock interface is small, the unsaturated
soil-rock mixture appears as a loose failure mode, with obvi-
ous open cracks, and when the friction coefficient is large, it
appears as an overall failure. This is due to the broken stones
and the soil. During the loading process, the gravel inside the
soil-rock mixture moves and rotates. When there is no fric-
tion between the soil and the boulder or the friction is small,
the movement of the boulder cannot drive the surrounding
soil. The coordinated deformation of the body will leave a
large gap behind it. When the soil behind it reaches a plastic
state, the crushed stones can not play a restraint, making the
shear failure zone of the soil-rock mixture extremely irregu-
lar and appearing to be circumscribed. When the interface
friction coefficient is very large, the greater the occlusion
between the rock and the surrounding soil, the more coordi-
nated the deformation of the rock and the surrounding soil;
the friction required for basic rotation and translation of the
rock is very large, so only translation and dislocation occur.
So the shear failure zone basically passes through the sharp
corners of the rubble and seldom branches and bypasses
the previous rubble.

4.4. Mesopermeability Test Analysis. In order to study the
influence of the rock content of the soil-rock mixture on
the macroscopic permeability, the test selects the rock con-
tent of 32%, 38%, 47%, 56%, and 65% and five conditions,
respectively. When the crushed stone is in close contact with

Stone content 32% Stone content 38% Stone content 47% Stone content 56% Stone content 65%

Figure 4: Soil-rock mixture samples of different rock block contents in FEM.

Table 2: Table of physical and mechanical parameters of soil-rock
mixture test.

Material
type

Density
(kg·m-3)

Elastic
modulus
(MPa)

Poisson’s
ratio

Internal
friction
angle (°)

Cohesion
(kPa)

Clod 2000 50 0.38 28 50

Block
stone

2800 17500 0.20 41 12000
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the soil and the permeability of the stone is not considered,
the mesoseepage field distribution of each sample obtained
through the numerical permeability test is shown in
Figure 10.

According to the results of numerical experiment analy-
sis, the relationship between the macropermeability coeffi-
cient of the soil-rock mixture and the rock content of the
soil-rock mixture is drawn as the ordinate. The results are
shown in Table 3.

It can be seen from Table 3 that the macroscopic perme-
ability coefficient of soil-rock mixture changes with rock
content obtained from the prediction of each mesostructure
model and numerical experiment. It can be seen that when
the rock is in close contact with the soil, when the pore water
passes through the broken rock in the narrow soil between
the rocks, the seepage rate is relatively large, and the pore
water pressure contours are densely distributed. The pore
water pressure of these parts on the surface drops faster.
The narrower the channel, the denser the value, and the fas-
ter the pore water pressure drops. The permeability before
and after the block rock is very small. Under the same seep-

age pressure, the macroscopic permeability coefficient of the
unsaturated soil-rock mixture decreases with the increase of
the rock content. This is mainly because the pore water flows
through the pores in the unsaturated soil between the
crushed stones. The increase in the rock content of the soil
and the narrowing of the spacing between the crushed stones
makes the soil more discontinuous, and the flow of pore
water is more difficult.

5. Conclusions

In this paper, the purity, crystallinity, chemical structure,
and micromorphology of graphene are characterized and
analyzed at multiple levels through comprehensive testing
methods such as microscopy, providing a reliable basis and
basic guarantee for subsequent testing. Based on the random
rock generation system, the corresponding unsaturated soil-
rock mixture ABAQUS finite element program was com-
piled. Using the master-slave contact algorithm, the charac-
teristics of the soil-rock interface, rock content, saturation,
and dry humidity were proposed. After fusing the graphene
composite material into the unsaturated soil-rock mixture,
starting from the difference in circulation, the biaxial
numerical test method is used to deeply analyze the influ-
ence of various factors such as soil-rock interface parame-
ters, rock content, saturation, and dry and wet cycles.
Study its mechanical properties and the microscopic damage
mechanism and macroscopic mechanical behavior of unsat-
urated soil-rock mixtures. From the shape of the stress-
strain relationship curve, the stress-strain relationship
curves of different soil-rock interface parameters, rock

Soil-rock
interface
friction

coefficient 0.8
failure mode

Soil-rock
interface
friction

coefficient 0.6
failure mode

Soil-rock
interface
friction

coefficient 0.4
failure mode

Soil-rock
interface
friction

coefficient 0.2
failure mode

Soil-rock
interface is
completely
smooth and
failure mode

Figure 9: Final failure form of unsaturated soil-rock mixture.

32% 38% 47% 56% 65%

Figure 10: Characteristics of mesolevel seepage field of unsaturated soil-rock mixture with different rock content.

Table 3: Relationship curve between permeability coefficient and
rock content of unsaturated soil-rock.

Osmotic pressure (MPa) 0 20 40 60 80

0.1 0.095 0.082 0.078 0.074 0.069

0.2 0.098 0.087 0.085 0.083 0.080

0.3 0.101 0.095 0.098 0.101 0.103

0.4 0.105 0.107 0.118 0.129 0.139
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content, saturation, and the number of wet and dry cycles all
show obvious nonlinear characteristics and strain hardening.
As the confining pressure increases, the hardening becomes
more obvious. The shear strength parameters of unsaturated
soil-rock mixtures increase with the increase of soil-rock
interface parameters. Finally, there is a comprehensive use
of various microtesting methods to study the microscopic
mechanism of graphene in the soil-rock mixture. When
the soil-rock interface is completely smooth, the unsaturated
soil-rock mixture sample is broken in bulk, with obvious
open cracks and obvious dilatancy. When the interface
parameter increases to a certain extent, the unsaturated
soil-rock mixture is destroyed as a whole, and the dilatancy
phenomenon is not very obvious. Both the constitutive
model and the yield criterion of the numerical experiment
in this paper adopt the Mohr Coulomb model, which has a
certain gap with the results of the indoor experiment. There-
fore, it is necessary to strengthen the theoretical research.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Acknowledgments

This study was supported by Heilongjiang Provincial Col-
leges and Universities Basic Scientific Research Business
Expenses Youth Project: study on critical chain multiproject
schedule management information mining system of based
on adaptive chaotic particle swarm optimization algorithm
(no. YWK10236210235); by Suihua University Innovation
and Entrepreneurship Training Program of Heilongjiang
Province in 2020 (no. 202010236033); and Heilongjiang
Provincial Colleges and Universities Basic Scientific
Research Business Expenses Youth Project: Aljin Island
shore slope unsaturated soil mechanics characteristics and
wet and dry cycle effect test study (no. YWK10236200145).

References

[1] S.-B. Tsai, R. Saito, Y.-C. Lin, Q. Chen, and J. Zhou, “Discuss-
ing measurement criteria and competitive strategies of green
suppliers from a green law perspective,” Proceedings of the
Institution of Mechanical Engineers, Part B: Journal of Engi-
neering Manufacture, vol. 229, 1_suppl, pp. 135–145, 2015.

[2] S.-B. Tsai, Y.-C. Lee, and J.-J. Guo, “Using modified grey fore-
casting models to forecast the growth trends of green mate-
rials,” Proceedings of the Institution of Mechanical Engineers,
Part B: Journal of Engineering Manufacture, vol. 228, no. 6,
pp. 931–940, 2014.

[3] S. B. Tsai, Y. Z. Xue, P. Y. Huang et al., “Establishing a criteria
system for green production,” Proceedings of the Institution of

Mechanical Engineers, Part B: Journal of Engineering Manu-
facture, vol. 229, no. 8, pp. 1395–1406, 2014.

[4] Y. Tang, Z. Chen, W. Feng, Y. Nong, C. Li, and J. Chen, “Com-
bined effects of nano-silica and silica fume on the mechanical
behavior of recycled aggregate concrete,” Nanotechnology
Reviews, vol. 10, no. 1, pp. 819–838, 2021.

[5] P. Wang, T. Yao, Z. Li et al., “A superhydrophobic/electrother-
mal synergistically anti-icing strategy based on graphene com-
posite,” Composites Science and Technology, vol. 198, article
108307, 2020.

[6] L. Zeng, J. Shi, J. Luo, and H. Chen, “Silver sulfide anchored on
reduced graphene oxide as a high -performance catalyst for
CO2 electroreduction,” Journal of Power Sources, vol. 398,
pp. 83–90, 2018.

[7] L. Qin, D. Bian, Y. Zhao, X. Xu, and Y. Guo, “Study on the
preparation and mechanical properties of alumina ceramic
coating reinforced by graphene and multi-walled carbon
nanotube,” Russian Journal of Applied Chemistry, vol. 90,
no. 5, pp. 811–817, 2017.

[8] L. Jin, Y. Zeng, L. Xia, and Y. Ye, “Experimental and numerical
investigation of mechanical behaviors of cemented soil–rock
mixture,” Geotechnical & Geological Engineering, vol. 35,
no. 1, pp. 1–18, 2016.

[9] P. Shan and X. Lai, “Influence of CT scanning parameters on
rock and soil images,” Journal of Visual Communication and
Image Representation, vol. 58, no. 1, pp. 642–650, 2019.

[10] P. Shan and X. Lai, “Mesoscopic structure PFC∼2D model of
soil rock mixture based on digital image,” Journal of Visual
Communication and Image Representation, vol. 58, pp. 407–
415, 2019.

[11] H. Xing, L. Liu, and Y. Luo, “Water-induced changes in
mechanical parameters of soil-rock mixture and their effect
on talus slope stability,” Geomechanics and engineering,
vol. 18, no. 4, pp. 353–362, 2019.

[12] M. Gao, H. Wang, Y. Wang, T. Shen, and W. Wu, “Flame
retardancy and mechanical properties of a novel intumes-
cent flame- retardant unsaturated polyester,” Journal of
Vinyl and Additive Technology, vol. 22, no. 3, pp. 350–
355, 2016.

[13] X. H. Yang, Y. P. Zhu, N. Guo, Z. B. Shi, and G. L. Ran,
“Research on effects of compactness and matric suction on
strength deformation characteristics of soil-rock aggregate
mixture,” Rock and Soil Mechanics, vol. 38, no. 11, pp. 3205–
3214, 2017.

[14] J. Peranic and Z. Arbanas, “Impact of the wetting process on
the hydro-mechanical behavior of unsaturated residual soil
from flysch rock mass: preliminary results,” Bulletin of Engi-
neering Geology and the Environment, vol. 79, no. 2, pp. 985–
998, 2020.

[15] H. Z. Wei, W. J. Xu, C. F. Wei, and Q. S. Meng, “Influence of
water content and shear rate on the mechanical behavior of
soil-rock mixtures,” SCIENCE CHINA Technological Sciences,
vol. 61, no. 8, pp. 1127–1136, 2018.

[16] W. Tun Tun, T. Sato, H. Saito, and Y. Kohgo, “Mechanical
properties and stress–dilatancy relationships of unsaturated
soil under various cyclic loading conditions,” Acta Geotech-
nica, vol. 15, no. 7, pp. 1799–1813, 2020.

[17] H. Toyota, S. Takada, and A. Susami, “Rate dependence on
mechanical properties of unsaturated cohesive soil with
stress-induced anisotropy,” Soils and Foundations, vol. 59,
no. 4, pp. 1013–1023, 2019.

11Journal of Nanomaterials



[18] H. Toyota, S. Takada, and A. Susami, “Mechanical properties
of saturated and unsaturated cohesive soils with stress-
induced anisotropy,” Geotechnique, vol. 68, no. 10, pp. 883–
892, 2018.

[19] P. B. Xu, H. Xu, and H.M.Wen, “3Dmeso-mechanical model-
ing of concrete spall tests,” International Journal of Impact
Engineering, vol. 97, pp. 46–56, 2016.

[20] Y. Li, Z. Guan, Z. Wang et al., “3D meso-scale finite element
modelling on cement paste corroded in sodium sulfate with
X-ray CT technique,” Construction and Building Materials,
vol. 202, pp. 727–737, 2019.

[21] J. Suchorzewski, J. Tejchman, M. Nitka, and J. Bobiński,
“Meso-scale analyses of size effect in brittle materials using
DEM,” Granular Matter, vol. 21, no. 1, pp. 9–15, 2019.

[22] D. Ghosh and E. M. Constantinescu, “Well-balanced, conser-
vative finite difference algorithm for atmospheric flows,” AIAA
Journal, vol. 54, no. 4, pp. 1370–1385, 2016.

[23] J. Hajrasouliha, R. J. Nedoushan, M. Sheikhzadeh, and
T. Dastan, “Meso-macro numerical modeling of noncircular
braided composite parts based on braiding process parame-
ters,” Composite Structures, vol. 224, p. 111065, 2019.

[24] J. Chen and L. Wang, “Mechanical parameters of wheat in tri-
axial compression tests and meso-mechanics simulation,”
Journal of Computational and Theoretical Nanoscience,
vol. 13, no. 9, pp. 6387–6394, 2016.

[25] P. F. Shan, “Image segmentation method based on K-mean
algorithm,” EURASIP Journal on Image and Video Processing,
vol. 2018, no. 1, 9 pages, 2018.

[26] M. Abdolmaleky, M. Naseri, J. Batle, A. Farouk, and L. H.
Gong, “Red-green-blue multi-channel quantum representa-
tion of digital images,” Optik, vol. 128, pp. 121–132, 2017.

[27] M. Márton, F. Markolt, L. Szabó et al., “Den site selection of
the European badger,Meles melesand the red fox,Vulpes vul-
pesin Hungary,” Journal of Vertebrate Biology, vol. 65, no. 1,
pp. 72–79, 2016.

[28] G. Okuma, D. Kadowaki, Y. Shinoda, T. Akatsu, O. Guillon,
and F. Wakai, “Determination of the size of representative vol-
ume element for viscous sintering,” Journal- Ceramic Society
Japan, vol. 124, no. 4, pp. 421–425, 2016.

[29] W. Kim and S. Y. Choi, “An improved implicit time integration
algorithm: the generalized composite time integration algo-
rithm,” Computers & Structures, vol. 196, pp. 341–354, 2018.

[30] Z. Wang, B. Wu, G. Xu, and O. S. Bursi, “An improved equiv-
alent force control algorithm for hybrid seismic testing of non-
linear systems,” Structural Control & Health Monitoring,
vol. 25, no. 2, 2018.

[31] J. Li and K. Yu, “An alternative to the Bathe algorithm,”
Applied Mathematical Modelling, vol. 69, no. MAY, pp. 255–
272, 2019.

[32] S. Ma and H. Yuan, “A continuum damage model for multi-
axial low cycle fatigue of porous sintered metals based on the
critical plane concept,” Mechanics of Materials, vol. 104,
pp. 13–25, 2017.

[33] L. I. Jian, S. Chen, and L. Jiang, “On implicit integration of the
bounding surface model based on swell-shrink rules,” Applied
Mathematical Modelling, vol. 40, no. 19-20, pp. 8671–8684,
2016.

[34] J. F. Chen and E. V. Morozov, “A consistency elasto-
viscoplastic damage model for progressive failure analysis of
composite laminates subjected to various strain rate loadings,”
Composite Structures, vol. 148, no. Jul., pp. 224–235, 2016.

12 Journal of Nanomaterials



Research Article
Optimization of Flocculation and Sedimentation Parameters of
Total Tailing Filling Material Based on Response Surface Method

Gang Li ,1,2 Dengpan Qiao ,1 and Jincheng Xie1

1College of Land and Resources Engineering, Kunming University of Science and Technology, Kunming, 650000 Yunnan, China
2Guizhou Coal Mine Design Research Institute Co., Ltd, Guiyang, 550000 Guizhou, China

Correspondence should be addressed to Dengpan Qiao; 20030033@kust.edu.cn

Received 23 December 2021; Revised 25 January 2022; Accepted 19 February 2022; Published 28 March 2022

Academic Editor: Awais Ahmed

Copyright © 2022 Gang Li et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Using sulfide ore and oxide ore tailings of a tin mine in Yunnan as rawmaterials, 17 groups of flocculation settling tests were designed by
Box-Behnken in Design-Expert software, and the settling velocity and underflow concentration of mixed tailings with sulfur/oxygen ratio
of 5 : 5 were studied. The effects of volume concentration, flocculant unit consumption, and flocculant concentration on settling velocity
and underflow concentration were explored, and the optimal parameters of settling velocity and underflow concentration were obtained.
Results. The best mixing parameters of mixed tailings are volume concentration of 17.66%, flocculant unit consumption of 39.589 g/t, and
flocculant concentration of 0.195%. At this time, the settling speed is 2.231mm/s and the underflow concentration is 65.289%. The
flocculation settling velocity under this parameter condition was tested, and the experimental results were consistent with the
predicted results of the model. This surface method can be used to design the flocculation and settlement test of mine tailings, which
has certain guiding significance for the selection of parameters in actual production of mines.

1. Introduction

With the continuous development of social economy, peo-
ple’s demand for mineral resources is higher and higher.
The deepening of resources and the large-scale stacking of
solid waste have become the difficult problems facing the
development of mining industry. Filling method is widely
used as a clean and efficient mining method, which can solve
the stacking of surface tailing waste [1–3].

The filling method needs to make tailings and other solid
wastes into slurry and transport them to the goaf. The thicken-
ing and dehydration of tailings is the premise of the filling
pulping process. The traditional tailing dewatering method is
natural sedimentation, which can improve the sedimentation
efficiency by increasing the sedimentation area. However, with
the progress of beneficiation technology, the particle size of
tailings becomes smaller and smaller, and the tailings become
finer and finer. There are some problems in the use of natural
sedimentation, such as serious fine particle overflow and slow
sedimentation speed [4]. Adding flocculant to the tailing
slurry can improve the settling velocity of tailings and reduce

the overflow concentration [5]. Therefore, many scholars have
carried out a lot of research work on the process of flocculation
sedimentation. By studying the settling velocity of muddy liq-
uid surface, based on the settling time, unit consumption of
flocculant, and settling velocity of muddy liquid surface, the
action mechanism of unit consumption of flocculant in differ-
ent settling stages was obtained [6]. The law of multifactor
flocculation and sedimentation is studied, and the important
factors affecting flocculation and sedimentation are selected
by the Design-Expert software, and the parameters are opti-
mized [7]. Through the static flocculation sedimentation test
of total tailings, the solid fluxmodel of total tailing flocculation
sedimentation is established, and the influence law of different
feeding speed on sedimentation in the process of dynamic
flocculation sedimentation is explored [8]. The support vector
machine (SVM) regression prediction model is established,
and the model parameters are optimized by genetic algorithm
to predict the settlement velocity [9]. A simple regression
model of sedimentation rate was obtained by fitting the static
flocculation sedimentation test according to the feed concen-
tration and unit consumption of flocculant [10].
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It can be seen from the above reference that a series of
tests are needed to determine the parameters of flocculation
and sedimentation. Summarize the rules from the experi-
ment, and finally determine the addition range of parame-
ters. The surface response method has some advantages in
this process. The test scheme can be designed by determin-
ing the variation range of independent variables, and the
overall test can be simplified, and at the same time, the opti-
mization scheme within the variation range of independent
variables can be obtained.

In this paper, aiming at the two kinds of tailings of sul-
fide ore and oxide ore of a tin mine, the indoor static floccu-
lation sedimentation test of sulfide ore tailings, oxide ore
tailings, and three mixed tailings with different sulfur oxygen
ratio are carried out to study the influence of different parti-
cle size composition of tailings on the sedimentation rate.
For the mixed tailings with sulfur oxygen ratio of 5 : 5, the
response surface method is used to design the test, explore
the influence law of various parameters on flocculation sed-
imentation effect, and optimize the feeding parameters.

2. Experimental Materials

2.1. Basic Physical Parameters of Total Tailings. There are
mainly two kinds of tailings of a tin mine in Yunnan: oxi-
dized ore tailings and sulfide ore tailings. Specific parameters
are shown in Table 1.

As shown in Table 1, the apparent density of sulfide tail-
ings is 3042 kg/m3. The apparent density of oxidized tailings
is 2861 kg/m3. The density of sulfide tailings is higher. The
loose density of sulfide tailings is 1365 kg/m3. The loose den-
sity of oxidized tailings is 1245 kg/m3. The stacking com-
pactness of sulfide tailings is 0.449, and the porosity is
0.551. The stacking compactness of oxidized tailings is
0.435, and the porosity is 0.565. In terms of loose density,
packing compactness, and porosity, they are relatively close.

From Table 2, showing the mineral composition analy-
sis, it can be seen that the main components of the tailings
are calcite and mica, accounting for 40–50% and 23–35%,
respectively. The chemical properties of the tailings are rela-
tively stable, and there is no chemical reaction with water.

2.2. Tailing Grading. The two kinds of tailings are obviously
different in appearance, gradation, and basic physical
parameters. The grading analysis of two kinds of tailings is
carried out. The detailed results of tailings grading are
shown in Figure 1.

It can be seen from the figure that the tailings of sulfide ore
are mainly distributed below -500 mesh, accounting for
40.87%. The average particle size of sulfide tailings is 84μm.
The median particle size was 40μm. The particle size of 60%
tailings is 53μm. Oxidized tailings are mainly distributed
below -500 mesh, accounting for 46.11%, and the median par-
ticle size is 31μm. 60% of oxidized ores is below 40μm. The
average particle size and median particle size of oxidized ore
tailings are smaller than sulfide ore tailings, which shows that
in morphology, oxidized ore tailings are finer than sulfide ore
tailings. Both kinds of tailings are distributed below -500
mesh. Generally speaking, the particle size of the two filling

tailings is too fine [11, 12]. If natural settlement is adopted, it
will cause problems such as too slow speed, insufficient under-
flow concentration, and high overflow concentration. There-
fore, it is necessary to adopt flocculation settlement method
to improve the settlement effect of tailings and realize stable
sand discharge of sand bin.

3. Flocculation Sedimentation Mechanism

The polymer flocculant aggregates the particles through
“bridging action” to form flocculation groups [13, 14]. The
action mechanism is that some active groups in the molecules
are adsorbed on the surface of the particles, the rest extend
into the solution to form unstable molecules, and the particles
with vacancies on other surfaces contact these extended parts
to form aggregates, so as to complete the “bridging” between
the particles. If the flocculant is excessive and the polymer
active group completely wraps the particles, there is no other
vacancy on the particle surface for the extended active group
to contact, and the bridging action will not be completed.
Therefore, the addition amount of flocculant has a reasonable
range, and the larger the flocculant is, the better the floccula-
tion effect is. Different flocculant types will produce different
effects. Polymer flocculants can be generally divided into
anionic, cationic, and nonionic types. Because different types
of flocculants have different molecular composition and floc-
culation structure, and their action forms and effects are sig-
nificantly different in solution environments with different
pH values and different charges, the polymer flocculant
rt301 with polyacrylamide model is selected for flocculation
sedimentation test in this test.

4. Flocculation Sedimentation Test of
Mixed Tailings

4.1. Experimental Design. In order to study the interaction
between flocculant and tailing slurry sedimentation velocity
and underflow concentration, a tailing flocculation sedimen-
tation test was designed. Considering that in the actual

Table 1: Basic physical parameters of sulfide ores.

Type
Apparent
density/
(kg/m3)

Loose
density/
(kg/m3)

Packing
compactness

Porosity

Sulfide ores 3042 1365 0.449 0.551

Oxidized
ores

2861 1245 0.435 0.565

Table 2: Analysis results of mineral composition of tailings.

Mineral
name

Mineral content of
sulfide ores (%)

Mineral content of
oxidized ores (%)

Calcite 40–50 35–40

Mica 25–35 25–40

Fluorite 5–10 5–10

Dolomite 5–10 5–15

Amphibole 1–5 5-10
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production and application of the mine, sulfide tailings and
oxidized tailings will be mixed and discharged in the propor-
tion of 5 : 5 in most cases. The volume concentration range
of the mixed slurry discharged by the concentrator is 15%-
21%. Most research results believe that the main influencing
factors of flocculation sedimentation are slurry volume con-
centration, flocculant unit consumption, and flocculant solu-
tion concentration. Therefore, based on the above
conditions, the volume concentration of test slurry is
designed to be 15%~21%, the unit consumption of flocculant
is 20~60 g/T, and the flocculant concentration is 0.1~0.3%.

Response surface method [15, 16] can intuitively opti-
mize the feeding parameters and predict and analyze the
objectives. It can not only conduct single-factor analysis
but also consider the impact of parameter interaction on
the objectives. The volume concentration X1 of tailing
slurry, unit consumption X2 of flocculant, and flocculant
concentration X3 were selected as independent variables,
and the sedimentation velocity Y1 and underflow concentra-
tion Y2 were selected as response values. Box-Behnken in the
Design-Expert software is used to design the test scheme of
three factors and three levels and analyze the influence law
of the interaction of various variables on sedimentation
velocity and underflow concentration. The levels of various
factors are shown in Table 3.

4.2. Test Result. In the settlement test, the settlement velocity
of solid particles in the slurry is mainly determined by
observing the position of the solid-liquid interface, as shown
in the figure. The settling velocity and underflow concentra-
tion of solid particles are calculated by recording the height
and time of solid-liquid interface.

Figure 2 shows the settlement process of tailings with the
passage of time. With the passage of time, the height of set-
tlement interface is getting lower and lower. The settlement

speed of tailings can be calculated by reading the height of
settlement interface.

The specific test scheme and results are shown in
Table 4. The multiple regression equations of response value,
sedimentation velocity (Y1), and underflow concentration
(Y2) are obtained by multiple fitting of the test results with
design expert:

Y1 = −0:63 + 0:35X1 + 0:02X2 + 1:94X3 − 1:25
× 10−4X1X2 − 0:067X1X3 − 7:5 × 10−3X2X3
− 0:012X2

1 − 2:19 × 10−4X2
2 − 1:525X2

3,
ð1Þ

Y2 = 7:197 + 4:07X1 + 0:48X2 + 47:42X3 − 1:125
× 10−3X1X2 + 1:09X1X3 − 0:18X2X3 − 0:096X2

1
− 5:34 × 10−3X2

2 − 149:9X2
3:

ð2Þ

During the experiment, the experimental concentration,
flocculant unit consumption and flocculant concentration
can be determined. However, the granularity of tailings in
each experiment has a small amount of uncertainty. There-
fore, under the same experimental conditions, there will be
some differences in the experimental results, but these
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Figure 1: Grain size composition of full tailings.

Table 3: Factors and levels of response surface methodology.

Independent variable
Horizontal
coding

-1 0 1

Volume concentration (X1)/(%) 15 18 21

Unit consumption of flocculant (X2)/(g/t) 20 40 60

Flocculant solution concentration (X3)/(%) 0.1 0.2 0.3
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differences are very small, and there will be no serious devi-
ation from the correctness of the experimental results.

4.3. Reliability Test of Regression Model Based on Response
Surface Method. The model reliability of multiple regression
equations of sedimentation velocity (Y1) and underflow con-
centration (Y2) is tested. Figure 3 shows the comparison
between the predicted values of the sedimentation velocity
and underflow concentration model and the test values. It
can be seen from Figure 3 that the test values are evenly dis-
tributed on the fitting line and both sides. It can be seen that

the error between the two is small, which proves that the
sedimentation velocity and underflow concentration model
are reliable.

Goodness of fit (R2) represents the difference between
the measured value and the regression value, and the value
is between 0 and 1. The closer R2 is to 1, the higher the reli-
ability of the model is. The R2 values of sedimentation veloc-
ity and underflow concentration are 0.998 and 0.99,
respectively, which are close to 1, which means that the
model is very reliable. The p value of the model represents
the significance of each factor, and the p value less than
0.05 represents the significance of the model. The p values
of the regression models of sedimentation velocity and
underflow concentration are less than 0.0001, and the resid-
uals of the two regression models are not significant, which
represent that the model is very significant.

5. Influence of Response Surface Parameters on
Flocculation Sedimentation

5.1. Effect of Single Factor of Response Surface Parameters on
Flocculation Settlement of Mixed Tailings. It can be seen
from Figure 4 that the influence law of various factors on
flocculation sedimentation is as follows:

(1) Keeping the unit consumption of flocculant and floc-
culant concentration unchanged, with the increase of
volume concentration, the sedimentation rate gradu-
ally decreases and the impact is more intense. The
underflow concentration first gradually increases
and then tends to be flat, which indicates that the
impact of the continuous increase of the initial feed
volume concentration on the underflow concentra-
tion is decreasing

(2) Keep the volume concentration and flocculant con-
centration unchanged. With the increase of

0 S 250 S 500 S 750 S 1000 S

Figure 2: Schematic diagram of settlement test.

Table 4: Response surface test design and results.

Number
Code value Actual value

Predicted
value

X1 X2 X3 Y1 Y2 Y1 Y2
1 0 0 0 2.21 65.76 2.20 65.58

2 -1 0 1 2.38 60.66 2.37 60.47

3 1 0 -1 1.81 65.12 1.82 65.31

4 0 0 0 2.18 65.38 2.20 65.58

5 -1 1 0 2.28 60.41 2.28 60.28

6 0 -1 1 2.11 62.12 2.11 62.26

7 0 -1 -1 2.12 61.88 2.12 61.56

8 0 0 0 2.19 65.81 2.20 65.58

9 1 -1 0 1.74 64.89 1.73 65.02

10 1 0 1 1.74 66.22 1.74 65.95

11 0 1 1 2.04 61.29 2.04 61.61

12 -1 0 -1 2.37 60.87 2.37 61.14

13 1 1 0 1.68 65.01 1.68 64.96

14 0 1 -1 2.11 62.49 2.11 62.35

15 0 0 0 2.22 65.75 2.20 65.58

16 0 0 0 2.19 65.19 2.20 65.58

17 -1 -1 0 2.31 60.02 2.31 60.07
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flocculant unit consumption, the sedimentation
velocity and underflow concentration increase first
and then decrease and reach the maximum in the
range of 37-41 g/T. This shows that if the unit
consumption of flocculant exceeds the optimal
action range, the sedimentation effect will become
worse. This is because the fine tailings adsorb a
large number of flocculating molecules to produce
too much floc water, which will worsen the driv-
ing effect of coarse particles on fine particles.
The steric effect of a large number of polymer
adsorption membranes makes the tailing particles

repel each other; the siltation layer occupying the
bottom space hinders the downward sedimenta-
tion of particles and worsens the compaction
and dehydration process in the later stage, and
too much flocculation structure reduces the
underflow concentration

(3) Keep the volume concentration and unit consump-
tion of flocculant unchanged. With the increase of
flocculant concentration, the sedimentation velocity
changes little, and the underflow concentration
increases first and then decreases, reaching the max-
imum at about 0.2%.
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Table 5: Variance analysis of settlement velocity model.

Source Sum of square df Mean square F value p value

Model 0.7995 9 0.0888 495.5 <0.0001 Significant

A-volume concentration 0.7021 1 0.7021 3916.17 <0.0001
B-unit consumption of flocculant 0.0036 1 0.0036 20.15 0.0028

C-flocculant solution concentration 0.0025 1 0.0025 13.67 0.0077

AB 0.0002 1 0.0002 21.25 0.2996

AC 0.0016 1 0.0016 8.92 0.0203

BC 0.0009 1 0.0009 5.02 0.06

A2 0.0489 1 0.0489 272.66 <0.0001
B2 0.0324 1 0.0324 180.84 <0.0001
C2 0.001 1 0.001 5.46 0.0521

Residual 0.0013 7 0.0002

Lack of fit 0.0002 3 0.0001 0.216 0.8807 Not significant

Table 6: Analysis of variance of underflow concentration model.

Source Sum of square df Mean square F value p value

Model 82.37 9 9.15 78.59 <0.0001 Significant

A-volume concentration 46.46 1 46.46 399.01 <0.0001
B-unit consumption of flocculant 0.0105 1 0.0105 0.0903 0.7726

C-Flocculant solution concentration 0.0006 1 0.0006 0.0053 0.9442

AB 0.0182 1 0.0182 15.33 0.7042

AC 0.429 1 0.429 3.68 0.0964

BC 0.5184 1 0.5184 4.45 0.0728

A2 3.12 1 3.12 26.84 0.0013

B2 19.17 1 19.17 164.66 <0.0001
C2 9.46 1 9.46 81.25 <0.0001
Residual 0.8152 7 0.1165

Lack of fit 0.5089 3 0.1696 2.22 0.2288 Not significant
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Figure 5: Interaction analysis of response surface factors.
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5.2. Effect of Interaction of Response Surface Parameters on
Flocculation and Sedimentation of Mixed Tailings. From
the variance analysis of sedimentation rate and underflow
concentration (as shown in Tables 5 and 6), it can be seen
that the F value of volume concentration and flocculant unit
consumption AB is the largest, which means that the inter-
action between them has the most significant impact on
the flocculation and sedimentation of mixed tailings. Keep
the flocculant concentration unchanged at 0.2%. Analyze
the impact of volume concentration and flocculant unit con-
sumption on sedimentation rate and underflow concentra-
tion, as shown in Figure 5. It can be seen from the figure
that the sedimentation rate and underflow concentration
are affected by the unit consumption of flocculant, and both
increase first and then decrease. The best unit consumption
of flocculant is in the range of 37-41 g/T. The increase of vol-
ume concentration makes the sedimentation velocity gradu-
ally smaller. The volume concentration increases from 15%
to 18%, the velocity decrease range is about 7.9%, the volume
concentration increases from 18% to 21%, and the velocity
decrease range is about 18.36%, which indicates that the
influence on the sedimentation velocity becomes more and
more intense with the continuous increase of volume con-
centration. The underflow concentration increases with the
increase of volume concentration, the volume concentration
increases from 15% to 18%, the increase range of underflow
concentration is about 5.2%, while the volume concentration
increases from 18% to 21%, and the increase range of under-
flow concentration is about 1.8%, which indicates that the
influence on underflow concentration decreases with the
increase of volume concentration. With the increase of vol-
ume concentration, the influence of unit consumption of
flocculant on sedimentation velocity and underflow concen-
tration is decreasing, which proves that the influence of vol-
ume concentration on sedimentation effect is greater than
that of unit consumption of flocculant.

5.3. Parameter Optimization. The Design-Expert software is
used to optimize the results of flocculation sedimentation
test. The underflow concentration and sedimentation veloc-
ity are the largest. The best parameters calculated by the
model are feed volume concentration 17.66%, flocculant unit
consumption 39.589 g/t, and flocculant concentration
0.195%. The sedimentation velocity is 2.231mm/s, and
underflow concentration is 65.289%. Taking the volume
concentration of 17.7%, the unit consumption of flocculant
39 g/T, and the flocculant concentration of 0.2% as the actual
test parameters, a flocculation and sedimentation test was
designed.

The settling velocity is 2.247mm/s, and the underflow
concentration is 65.77%, which is basically consistent with
the optimization results. The test results prove the correct-
ness of the optimization model.

6. Conclusion

In this paper, the slurry flocculation sedimentation tests
under different slurry volume concentration, flocculant unit
consumption, and flocculant solution concentration are

designed, and the test results are analyzed and studied by
response surface method. The following conclusions are
drawn:

(1) The effect of flocculation and sedimentation is not
only affected by single factors, but also by the inter-
action between factors, especially the interaction of
volume concentration and unit consumption of
flocculant

(2) Based on the research results of response surface
method, the optimal mixing parameters of mixed
ore tail mortar with sulfur oxygen ratio of 5 : 5 are
predicted. The volume concentration is 17.66%, the
unit consumption of flocculant is 39.589 g/t, the floc-
culant concentration is 0.195%, the settlement veloc-
ity is 2.231mm/s, and the underflow concentration is
65.289%
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With the continuous development of society and the continuous development of technology, people’s living standards have
gradually improved, and the development of new things has gradually entered a new agenda. Alcoholism has gradually taken
over most people’s lives. Excessive drinking can lead to excessive alcohol content in the body, which is harmful to the liver.
The stomach and other organs are affected, and the formation of high blood pressure is directly related to excessive drinking.
And hypertensive patients are prone to have some adverse reactions and cause other more serious diseases. Hypertensive
ocular fundus disease is one of its complications. Hypertensive ophthalmopathy is caused by abnormal changes in the retina,
which can be very harmful. Patients with low rates and blindness can cause vision loss. Such diseases must be treated in time
to allow patients to get rid of the troubles of the disease as soon as possible and restore their quality of life. In the treatment of
hypertensive fundus disease, low-intensity laser radiation combined with nanomicelle ocular drug delivery carrier treatment
has achieved a relatively ideal treatment effect. This article adopts the comparative treatment method and selects 120 patients
with hypertensive ocular fundus disease admitted to X Hospital from 2018 to 2020 and evenly distributes them into the
experimental group and the control group for comparative treatment experiments. Conclusions are obtained based on the
analysis of treatment data. Related factors analyzed include age, gender, whether retinal laser photocoagulation has been
performed before, and whether anti-VEGF treatment has been performed before surgery. The experimental results proved that
there was no difference in the overall quality of life between the two groups before the treatment and at the end of the first
course of treatment (P > 0:05), and the overall quality of life of the experimental group was higher than that of the control
group until the end of the second course of treatment (P < 0:05). Hypertensive fundus disease is very harmful. If it is not
treated in time, it will cause blindness in patients. In the treatment of hypertensive fundus disease, the use of low-intensity
laser irradiation combined with MPEG-PCL nanomicelle therapy is beneficial to the recovery of vision and blood flow. The
change index can guarantee the safety of treatment at the same time, which is worthy of clinical promotion.
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1. Introduction

Ophthalmic diseases have more complex causes, more dif-
ferent diseases, and more variable conditions and belong to
clinical ophthalmic diseases. It will seriously affect the vision
of the patient and may even cause blindness. Therefore, in
order to effectively improve the vision of patients, the above-
mentioned various consequences must be effectively pre-
vented. Effective treatment of patients with bottom disease
is very important. The traditional method of administration
can make the drug concentration in the retina reach a higher
level, but the half-life of the drug in the vitreous is shorter.
Therefore, chronic uveitis requires repeated injections and
patient compliance is poor. In order to solve the above prob-
lems, nanomaterials have emerged as different carriers for
drugs. Compared with traditional drug delivery methods,
the use of nanomaterials to distribute drugs to treat eye dis-
eases has great advantages. Drug nanoformulations can tar-
get drug delivery, extend the time of drug action, improve
drug bioavailability, and reduce drug dosage and side effects.

Researchers at home and abroad have conducted a lot of
research on the problem of blood vessel retrieval in retinal
images, and new methods are constantly emerging. Foreign
scholars are interested in classifier methods [1, 2]. The clas-
sifier method is mainly applied in two stages. First, perform
spatial connection region segmentation through a basic algo-
rithm, and then use peripheral features to divide the selected
region into blood vessels and nonvessels. The classifier
design only uses the gray matter information of blood ves-
sels, and the influence of external conditions on the segmen-
tation results cannot be excluded. The proportion
information of the segmented object can only be obtained
after the segmentation is completed, and must be used in
combination with other methods, and cannot be directly
used in the application field of the basic segmentation algo-
rithm. Fengping and Weixing cited the filter operator used
in air road detection and designed a classifier for blood ves-
sel segmentation [3]. GeethaRamani and Balasubramanian
use teaching samples to perform machine learning to seg-
ment samples and unknown objects [4]. Rodrigues and Mar-
engoni divided 12 groups by calculating the average value
and change of the gray pixel value under the line segment
with an interval of π/12 and divided into the final blood ves-
sel segmentation method by the support vector machine
method [5].

With the rapid development of the Internet of Things
technology in China, various hospitals have also accelerated
the construction of medical intelligence and built a hospital
information system under the new situation to realize the
sharing of medical information and resources, and at the
same time carry out the reasonable allocation of medical
resources in hospitals and communities [6–9]. The image
of the retinal fundus is often affected by external conditions,
resulting in problems such as uneven light, uneven contrast,
and weak contrast between blood vessels and the collected
image, making it difficult to remove retinal blood vessels.
Haythornthwaite combines the connectivity of the blood
vessel network to monitor the top line of the blood vessel
to execute the structure of the blood vessel network [10],

Zhang et al. proposed a segmentation threshold exploration
method based on local and global features, which combines
window matching and dynamics Monitoring technology is
used to extract blood vessels, and iterative rules are designed,
and the adaptive threshold method is further used to seg-
ment the blood vessel region. This method has achieved a
good export effect [11]. Takahashi et al. monitor blood ves-
sels by detecting the connection points and connection
points of blood vessels, so as to realize network extrac-
tion [12].

The existing extraction methods are mainly aimed at
normal retinal images, which are not universal. Under ideal
conditions, such as uniform light distribution, less noise
interference, and no disease, they can basically extract the
structure of blood vessel contours correctly when diseases
appear in the image, especially in large damaged areas and
vascular area. This article focuses on the method of extract-
ing blood vessels from retinal images. The purpose is to
eliminate noise interference and diseases and to obtain a
complete retinal blood vessel network structure. This article
deeply studies the retinal blood vessels under the disease. A
new technique for suppressing lesions based on a filtering
method is proposed, combined with the technique of restor-
ing the binary image of the vascular network structure, to
complete the segmentation of the retinal vessel structure,
thereby extracting the structure of the vessel.

2. Application of Nanomaterial Drug Delivery
System in the Treatment of Hypertensive
Fundus Disease

2.1. Research Content and Methods. This article first uses the
literature survey method to query a large amount of data,
gives a brief introduction to the preparation and characteri-
zation of nanomicelles, explains and elaborates the applica-
tion of nanomaterials in medicine, and analyzes the
nanomaterial drug delivery vehicle in ophthalmology treat-
ment, the application of nanomaterials in the treatment of
glaucoma, and the application of nanomaterials loaded with
drugs in uveitis. After that, the method of comparative treat-
ment was adopted, and the experimental group and the con-
trol group were compared with two different treatment
methods. Here, we use the method of limiting single-factor
analysis and regression analysis to analyze the influence of
each factor on this experiment. Finally, based on the regres-
sion results, the construction of MPEG-PCL nanomicelle
ocular drug delivery vector and its application in the treat-
ment of hypertensive fundus disease is put forward corre-
sponding suggestions. The article structure is shown in
Figure 1.

2.2. Nanomaterials

2.2.1. Characteristics of Nanomaterials. Nanomaterials are
generally very small in size, large in specific surface area,
and high in surface energy. The number of surface atoms
accounts for a high proportion of the total number of atoms.
When the particle size is less than 10nm, the percentage of
surface atoms increases sharply, and these surface atoms
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are in a very empty state. They have extremely high activity
and are very unstable [13, 14]. Once you encounter other
atoms and combine them to stabilize themselves, this effect
is called surface effect.

In nanomaterials, when the particle size reaches a certain
physical characteristic size, the energy levels of electrons adja-
cent to the metal Fermi plane change from an almost contin-
uous state to a discrete state, while the nanoparticles have
discontinuous, higher-occupancy molecules. The orbital and
lower molecular orbital are asymmetry, and the energy gap
is the quantum size phenomenon of nanomaterials [15].

The ability of tiny particles to pass through the dam is
called the tunnel effect. When a dielectric layer with a small
dielectric constant is modified on the surface of a nanomate-
rial, it is related to the rest of the medium surrounding the
unmodified nanomaterial [16, 17]. Compared with bare
nanomaterials, this will cause greater changes in its optical
properties. This phenomenon is called the dielectric confine-
ment phenomenon.

(1) Application of Nanomaterials. Throughout the scientific
frontier literature and books on nanoelectrocatalysts, the most
mentioned word is energy. Energy is no longer a problem of a
certain country but has become a problem of global concern.
When a crisis occurs, there is no one. The country can take
care of itself. The vast number of scientific researchers is work-
ing against clean energy. Nanoelectrocatalysts, as a very
important role in clean energy, are attracting widespread
attention. Regardless of whether the heat increases or
decreases, nanoelectrocatalysts will become a solution. The
key to the energy problem, nanomaterials have attracted great
attention since their birth [18, 19]. With the continuous
advancement of science and technology, the research on
nanoelectrocatalysis by scientific researchers has becomemore

and more in-depth, and it has played its own application value
in many aspects, such as hydrogen and oxygen evolution elec-
trocatalyst, electrocatalytic carbon dioxide reduction catalyst,
and microbial fuel cell electrocatalyst.

2.3. Logistic Regression Model. Regression accounting model
is a two-type model, as long as the vector x = ðx1, x2 ⋯ xnÞ
has n independent variables and the ratio coefficient is p
ðy = 1jxÞ = p, it can be represented by the conditional
probability distribution pðy = 1jxÞ = p of partial logistic distri-
bution [14]. Show the observed value of pðy = 1jxÞ = p proba-
bility. Therefore, the logistic regression model can be
expressed as

p y = 1 ∣ xð Þ = π xð Þ = 1
1 + e−g xð Þ : ð1Þ

Usually f ðxÞ = 1/1 + e−gðxÞ is called the logistic function
and

g xð Þ =w0 +w1x1+⋯+wnxn: ð2Þ

The probability that y; does not occur under the condition
of x is

p y = 0 ∣ xð Þ = 1 − p y = 1 ∣ xð Þ = 1 − 1
1 + e−g xð Þ =

1
1 + eg xð Þ :

ð3Þ

Therefore, the ratio of the probability of y occurring to not
occurring is
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Figure 1: Research flow chart.
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p y = 1 ∣ xð Þ
p y = 0 ∣ xð Þ =

p
1 − p

= eg xð Þ: ð4Þ

This ratio is called the occurrence ratio of the event and is
recorded as odds. Take the logarithm of odds to get

ln p
1 − p

� �
= g xð Þ =w0 +w1x1+⋯+wnxn: ð5Þ

Usually use maximum likelihood estimation to find the
parameters of the classification model:

L wð Þ =
Yn
1

π xið Þð Þyi 1 − π xið Þð Þ1−yi : ð6Þ

The maximum likelihood estimation is to find the parame-
ter w0,w1,⋯,wn so that LðwÞ takes the maximum value [20].

In the same way, the basic idea of the logistic regression
model is applied to personal credit risk assessment: Given
the sample data ðXi1, Xi2,⋯,X in : YiÞði = 1, 2,⋯,kÞ, Xi ∈ Rp

of n groups of loan application customers is an indicator
variable, yi ∈ ½0, 1� is a 0-1 variable, where yi = 0 indicates
that the credit category of the i customer is a bad customer,
yi = 1 indicates that the credit category of the i customer is a
good customer [21]. The relationship between Yi and Xi1,
Xi2 ⋯ Xin is as follows:

E Yið Þ = Pi = f β0 + β1Xi1 + β2Xi2+⋯+βnX inð Þ: ð7Þ

Among them, f ðXÞ is a monotonically increasing func-
tion in [0,1].

Pi = f Xð Þ = ex

1 + ex
: ð8Þ

Yi is the 0-1 distribution of the mean Pi = f ðβ0 + β1Xi1
+ β2Xi2+⋯+βnXinÞ, the probability function:

P Yi = 1ð Þ = Pi

P Yi = 0ð Þ = 1 − Pi

ð9Þ

Then, the logistic regression equation is

Pi =
exp β0 + β1Xi1 + β2Xi2+⋯+βnXinð Þ

1 − exp β0 + β1Xi1 + β2Xi2+⋯+βnXinð Þ : ð10Þ

The above equation can be linearly transformed, so

ln Pi

1 − Pi

� �
= β0 + β1Xi1 + β2Xi2+⋯+βnXin, i = 1, 2,⋯, n:

ð11Þ

Y1, Y2,⋯, Yn is an independent binary variable, f iðYiÞ
represents the probability of Yi = 1 or 0. And the likelihood

function is

L βð Þ = f Y1, Y2,⋯,Ynð Þ =
Yn
1

f i Yið Þ =
Yn
1
Pi

Yi 1 − Pið Þ1−Yi :

ð12Þ

Both sides of Formula (12) take the natural logarithm
and the log-likelihood function:

ln f Y1, Y2,⋯,Ynð Þ = 〠
n

1
Yi ln

Pi

1 − Pi

� �� �
+ 〠

n

1
ln 1 − Pið Þ½ �:

ð13Þ

Bringing Formula (10) into Formula (13) is

ln f Y1, Y2,⋯,Ynð Þ = 〠
n

1
Yi β0 + β1Xi1+⋯+βnXinð Þ

− 〠
n

1
ln 1 + e β0+β1Xi1+⋯+βnXinð Þ
h i

, i = 1, 2,⋯, n:
ð14Þ

2.4. Application of Nanomaterial Drug Delivery Carrier in
the Treatment of Ophthalmopathy

2.4.1. Application of Nanomaterial Drug Delivery Carrier in
the Treatment of Glaucoma. Surgical filtration is a common
method of clinical treatment. The main reason is the
increase in intraocular pressure caused by conjunctival fibro-
sis and drainage tract contraction [22, 23]. The advantages
are high drug loading and good biocompatibility. Targeted
liposome-polypeptide-siRNA nanoparticles as an effective
and safe nonviral gene delivery system can be used to pre-
vent conjunctival fibrosis after glaucoma infiltration surgery
and other fibroblast-induced ophthalmology.

2.4.2. Application of Drug-Loaded Nanomaterials in Uveitis.
Uveitis is a general term for inflammation of the iris, ciliary
body, and choroid tissue and is also a chronic inflammation.
At present, glucocorticoids, nonsteroidal, anti-inflammatory
drugs and immunosuppressive agents can effectively treat
uveitis, but these drugs have difficulty reaching the retina
to achieve a complete therapeutic effect [24, 25]. Therefore,
treating uveitis remains a challenge. Recent studies have
shown that nanocells can improve the solubility of drugs
and increase the permeability of conjunctival epithelial cells
through good hydrophilicity and high drug encapsulation
potential.

(1) Application of Drug-Loaded Nanomaterials in Retinal
Diseases. By activating specific promoters to reduce the loss
of photoreceptor cells, reduce the cavity between the plexus
layer and bipolar cells, increase the thickness of the outer
nuclear layer of the retina [26, 27], and promote the growth
of the retina. And improve the structure of the retina. There-
fore, solid lipid nanoparticles gene replacement therapy can
restore the retinal structure of mice with retinal protein
deficiency.
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(2) Application of Nanomaterial Drug Delivery Carrier in the
Treatment of Hypertensive Fundus Disease. Through the
mutual transformation of the primary and secondary struc-
ture of the polypeptide and the self-assembly behavior,
among them, polypeptide hydrogel is a self-assembled nano-
material with nanofiber structure. The hydrogel polypeptide
has good biocompatibility and controlled degradation. As a
controlled drug delivery system, it has the advantages of
high drug loading and smart drug release [28, 29]. There-
fore, the gel based on nanofiber polypeptide can prevent
the occurrence of hypertensive bottom disease by affecting
the proliferation and differentiation of LEC, so as to achieve
a better therapeutic effect.

2.5. Drug Delivery Vehicle

2.5.1. Drug Delivery Nanocarrier. With the development of
new drug delivery systems, it has become a research hotspot
to keep the therapeutic activity of drugs to the maximum
while reducing the side effects of drugs. In recent decades,
amphiphilic block copolymer drug carriers that can form
nanomicelle structures through self-assembly in the water
phase have received extensive attention. The amphiphilic
block polymer as a drug carrier can physically encapsulate
hydrophobic drugs in the core of the micelle, increasing
the water solubility of poorly soluble drugs, and the hydro-
philic layer formed by the hydrophilic segment of the
amphiphilic polymer material can protect the drug carrier
from passing through. Pass the biological barrier to enter
the diseased site and achieve drug delivery [30, 31]. The
chemical composition, molecular weight, and hydrophilic-
hydrophobic block ratio of the amphiphilic polymer can be
flexibly changed according to the required micelle particle
size and morphology. As a drug carrier, nanomicelles can
not only extend the time of drug circulation in the body
and improve the shortcomings of poor solubility and low
stability of the drug but also enrich the drug in the diseased
site through the EPR effect and increase the uptake of the
drug by cells and tissues.

2.5.2. Characterization of Polymer Materials

(1) NMR Ammonia Spectroscopy. The polymer material was
vacuum dried in advance and then analyzed by H-NMR.
Weigh 5-10mg of the sample to be tested and transfer it to
a clean NMR tube, add 500μL of deuterated chloroform or
deuterated DMSO to fully dissolve it, use tetramethylsilane
as the internal standard, and detect the displacement of
ammonia protons in each sample by a nuclear magnetic res-
onance spectrometer. Analyze the chemical structure of the
sample to be tested [32].

(1) Fourier transform infrared spectroscopy

The polymer material is vacuum dried in advance. Take
about 200mg of potassium bromide (KBr) and use a grind-
ing rod to fully grind into ultrafine powder, weigh 2mg of
the sample to be tested and potassium bromide to fully grind

and mix, and then make it into potassium bromide tablets
for detection by infrared spectroscopy [33–36].

2.5.3. Preparation and Characterization of Micelles

(1) Preparation of Polymer Micelles. The polymer material is
prepared by solvent evaporation method to make micelles.
The method is briefly described as follows: weigh 10mg
polymer powder and dissolve it in 5ml tetrahydrofuran,
ultrasonically make it fully dissolved, and then add the solu-
tion dropwise to 10ml deionized water at a rate of 1 second/
drop through the 21-gauge needle of a glass syringe. During
the process, keep the stirring speed at 500 r/min. After the
addition is completed, continue to stir until the tetrahydro-
furan is fully volatilized to obtain the polymer micelle solu-
tion. Before the particle size and morphology of the micelle
solution are tested, use a 450 micron filter to filter out impu-
rities and collect it in a container store in a refrigerator at
4°C.

2.5.4. Characterization of the Particle Size and Morphology of
Micelles. The dynamic light scattering method is used to
detect the average particle size and polydispersity index of
the prepared nanomicelles. The abovementioned micelle
preparation method is used to prepare a polymer micelle
solution with a concentration of 1mg/ml, and it is detected
by a dynamic laser scattering nanoparticle sizer. The test
temperature is 25°C. A transmission electron microscope
was used to observe the morphology of the prepared nano-
micelles. Use the abovementioned micelle preparation
method to prepare a nanomicelle solution with a concentra-
tion of 1mg/ml, drop a drop of the micelle solution to be
tested on the surface of the carbon film copper mesh, keep
it for 90s, absorb the remaining liquid with filter paper,
and add a drop of phosphonic acid. (2.5wt%) aqueous solu-
tion for negative dyeing. After dyeing for 60 seconds, the
residual dye is absorbed and the surface of the copper mesh
is fully evaporated before observation by transmission elec-
tron microscope.

3. Experimental Study on the Application of
Nanomaterial Drug Delivery System in the
Treatment of Hypertensive Fundus Disease

3.1. Test Subject. The main data source of this study is the
120 patients with hypertensive fundus disease who visited
the hospital from 2018 to 2020 in X Hospital. These 120
patients with hypertensive fundus disease are the subjects
of our study. We obtained the patient’s willingness to partic-
ipate in this study anonymously. The 120 volunteers were
divided into groups by random grouping, 60 people in each
group. In the experimental group, there were 35 males and
25 females, aged between 37 and 65, with an average age of
44.5 years and a course of 1 year to 3.5 years, with an average
of 2.2 years; the control group, 37 males and 23 females,
were between 38 and 62 years old, with an average age of
about 45.2 years, and the course of disease was 1 to 3 years,
with an average of 2 years. The 120 volunteers suffered from
hypertensive ocular fundus disease after examination, and
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there was no interference from other diseases, and there
were no symptoms of drug allergy, and the kidneys and
other organs were functioning normally. The three doctors
with rich work experience in this hospital are comprehen-
sively judged for judging the degree of treatment. If there
is a dispute, the result can be selected through discussion.

3.2. Efficacy Judgment and Index Observation Analysis. The
BCVA levels of the patients before treatment, 1 month after
treatment, 2 months after treatment, and 3 months after
treatment were detected by the eye chart. The BCVA levels
of the two groups of patients were compared and statistically
recorded. Comparison of the clinical treatment effects of the
two groups of patients. According to the degree of recovery
of clinical symptoms such as eye pain, swelling, congestion,
and the degree of improvement in vision, the level of treat-
ment effect is judged.

3.3. Experimental Method

3.3.1. Preparation Before Treatment. Before treatment, the
two groups of patients were tested for vision, and the blood
pressure and hemorheology indexes of the two groups of
patients were measured at the same time. Provide psycho-
logical care to patients, mediate their psychological pressure,
and reduce their psychological burden. Try to meet the
needs of patients, avoid patients from being left out, and
keep patients warm. Introduce the possible reactions of such
symptoms to the patient and the cases that have been suc-
cessfully treated, improve the patient’s self-confidence, and
help improve the treatment effect.

3.3.2. Treatment. The control group was given low-intensity
laser irradiation treatment, using a low-intensity laser with a
power of 300mW to irradiate the eyes of the patient, 2
times/d, 30min/time, a week as a course of treatment, lasting
for two courses; after each irradiation, the patient’s eyes were
protected by dripping levofloxacin hydrochloride gel. The
experimental group was combined with nanotherapy on
the basis of the control group. One week was a course of
treatment and lasted for two courses. After treatment, the
patient’s vision, blood pressure, and blood rheology were
tested again.

3.4. Gather Data. In order to obtain accurate data to compare
and analyze the feasibility and effectiveness of this experiment,
this paper uses the Cora dataset and the IMB dataset. The sta-
tistical data used in this article has a different unit dimension
for each index data. After calculating the data in the previous
steps, we can get the similarity between users and select several
users closest to the interests and preferences of user ua to form
set Na. Then, calculate the score of user ua on j according to
the score of the user in the set Na on the unrated item j, the
prediction formula is shown in Formula (15):

pa,i =
∑b∈Na

simua ,ub rb,i
∑b∈Na ∣ simua ,ub ∣

, ð15Þ

where pa,i is the predicted score of user a on the unrated item i.
In the recommendation system, user scoring preferences are

sometimes different. For example, some users are accustomed
to giving higher ratings to items, while some are accustomed
to giving lower ratings. In order to reduce the difference
between users scoring preferences and improve the accuracy
of rating prediction, the method of Formula (16) introduces
the users average rating �r, and the specific form is shown in
Formula (16):

pa,i = ra +
∑b∈Na

simua ,ub rb,i − rbð Þ
∑b∈Na

∣ simua ,ub ∣
: ð16Þ

There are many data standard processing methods, but
different data standardization methods will have a certain
impact on the evaluation results of the system. For the positive
indicator standardization method:

yij =
xij −min xij

� �
max xij

� �
−min xij

� � : ð17Þ

For negative index standardization methods:

yij =
max xij

� �
− xij

max xij
� �

−min xij
� � : ð18Þ

After standardizing the data, using the principal compo-
nent analysis of nonlinear logarithmic centering, the process-
ing steps of logarithmic transformation and row vector
centering are

zij = ln yij − 〠
m

i=1
lnyij/m: ð19Þ

3.5. Statistical Methods. SPSS23.0 software was used for data
processing, and the count data was expressed as a percentage
(%), k is the number of data in this experiment, σ2 is the var-
iance of all survey results, and P < 0:05 indicates that the dif-
ference is statistically significant. The formula for calculating
reliability is shown in equation (20).

a = k
k − 1 1 − ∑σi2

σ2

� �
: ð20Þ

4. Experimental Analysis of the Application of
Nanomaterial Drug Delivery System in the
Treatment of Hypertensive Fundus Disease

4.1. Evaluation Index System Based on Index Reliability
Testing. Reliability refers to the stability and reliability of
the questionnaire. This article adopts the α coefficient
method created by L.J. Cronbach. The α coefficient can be
obtained by Reliability Analysis in SPSS software. It is gener-
ally believed that the α coefficient above 0.8 indicates that
the effect of the index setting is very good, and above 0.7 is
also acceptable. Here, we analyze the reliability of each type
of object, and the reliability index we choose for each type of
object is slightly different. The results are shown in Table 1.
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It can be seen from Table 1 that the influence of the data
obtained by the control group and the study group on this
experiment is acceptable (α > 0:7), and the influence caused
by the environment and living habits is within the acceptable
range, satisfying the experiment prerequisites to start.

4.2. Based on the Quality of Life and Complications of the
Two Groups of Patients during Treatment

4.2.1. Comparative Analysis of the Quality of Life of the Two
Groups of Patients. We first compare and analyze the quality
of life of the two groups of patients. We choose to conduct
surveys and process data for analysis every two days before

treatment. When we conduct data collection and analysis,
we ask three doctors with extensive work experience to par-
ticipate in this experiment, the overall quality of life of the
patients was comprehensively scored to calculate the signif-
icant difference, and the results are shown in Table 2. We
make a scatter plot based on this result, as shown in Figure 2.

It can be seen from Figure 2 that there was no difference
in the overall quality of life of the two groups before the
treatment and at the end of the first course of treatment
(P > 0:05), until the end of the second course of treatment,
the overall quality of life of the experimental group was
higher than that of the control group (P < 0:05). That is to
say, when the treatment is completed, the overall life treat-
ment of the experimental group is higher than that of the
control group. This conclusion is reliable and there is no sig-
nificant difference.

4.2.2. Comparative Analysis of Anxiety Degree between Two
Groups. We compare and analyze the anxiety of the two
groups of patients. We choose to conduct surveys and pro-
cess data for analysis every two days before treatment. When
we conduct data collection and analysis, we asked three doc-
tors with extensive work experience participating in this
experiment, the patients’ anxiety level was comprehensively
scored to calculate the significant difference, and the results
are shown in Table 3. We make a bar graph based on this
result, as shown in Figure 3.

It can be seen from Figure 3 that there was no difference
in anxiety between the two groups of patients before the first
use of targeted drugs (P > 0:05). The two groups of patients
were compared at the end of the first course of treatment
and at the end of the second course of treatment. The score
of the experimental group was low. Compared with the con-
trol group (P < 0:05), that is to say, the anxiety level of the
experimental group is lower than that of the control group
during half of the treatment. This conclusion is reliable
and there is no significant difference.

4.2.3. Comparative Analysis of Depression Degree of Two
Groups of Patients. We made a comparative analysis of the
depression levels of the two groups of patients. We chose
to conduct surveys and process data for analysis every two
days before treatment. When we collected and analyzed
data, we asked the three doctors who participated in this
experiment with extensive work experience, the degree of

Table 1: Summary Table of Reliability Test Results.

Group Index combination Alpha coefficient (α)

Control group

The effect is obvious

0.7932

Partial relief

Stable

Invalid

Deterioration

Experimental group

The effect is obvious

0.8226

Partial relief

Stable

Invalid

Deterioration

Table 2: Quality of life data analysis table.

Control group Test group Time (t)
Significant

difference (P)

0 day 7.832 7.742 0 1

1-2 days 7.952 7.952 0.85 1.202

3-4 days 8.189 8.256 2.132 1.503

5-6 days 8.426 8.628 5.292 2.232

7-8 days 8.827 9.125 8.513 3.273

9-10 days 8.869 9.256 9.952 1.469

11-12 days 8.912 9.389 11.692 0.662

13-14 days 8.982 9.537 13.5 0.001
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8.8278.869

8.912

8.9827.742 7.952 8.256 8.628
9.125 9.256 9.389 9.537

0 0.85
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1
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Figure 2: Comparison of the overall quality of life between the two
groups of patients before and after intervention.

Table 3: Anxiety data analysis table.

Control group Test group Time (t)
Significant

difference (P)

0 day 17.000 17.000 0.074 0.984

1-2 days 15.521 15.387 0.241 0.821

3-4 days 14.127 13.124 1.121 0.234

5-6 days 12.682 11.486 2.012 0.112

7-8 days 11.020 9.264 2.982 0.004

9-10 days 8.869 7.132 3.125 0.003

11-12 days 6.852 4.162 3.632 0.002

13-14 days 3.326 1.521 4.437 0.001
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depression of the patients was comprehensively scored to
calculate the significant difference, and the results are shown
in Table 4. We make a line chart based on this result, as
shown in Figure 4.

It can be seen from Table 4 that there was no difference
in the degree of depression between the two groups of
patients before the first use of targeted drugs and at the
end of the first course of treatment (P > 0:05), and until
the end of the second course of treatment, the degree of
depression in the experimental group was higher than that
in the control group (P < 0:05). That is to say, the degree
of depression in the experimental group is higher than that
in the control group when the treatment is completed. This
conclusion is reliable and there is no significant difference.

4.3. Based on Single-Factor Comparison. First, through uni-
variate analysis, all the above possible factors are studied to
initially screen out the relevant factors. Among them, the
chi-square test is used for categorical factors, and the inde-
pendent sample T test is used for data factors. The results
are shown in Table 5.

(1) Analyze the treatment effects of different genders

We analyzed the treatment effect of patients according to
different gender groups at the same time and judged the
treatment effect level according to the degree of recovery of
clinical symptoms such as eye pain, swelling, congestion,
and the degree of improvement in vision. Let the three doc-
tors with extensive work experience participating in this
experiment calculate the significant difference by compre-
hensively scoring the patient’s overall quality of life, as
shown in Figure 5.

It can be seen from Figure 5 that the cure rate for men is
93.05%, and the cure rate for women is 89.58%. At the same
time, whether it is completely cured or completely ineffec-
tive, there is no correlation between gender and ERD
(P > 0:05). That is to say, the probability of suffering from
hypertensive fundus disease is not related to gender. This
conclusion is reliable and there is no significant difference.

4.3.1. Analyze According to whether Cataract Surgery Has
Been Done. We divided patients into groups according to
whether they had undergone cataract surgery and analyzed
their treatment effects. We judged the level of treatment
effect according to the degree of recovery of clinical symp-
toms such as eye pain, swelling, and congestion, and the
degree of improvement in vision. Let the three doctors
with extensive work experience participating in this exper-
iment calculate the significant difference by comprehen-
sively scoring the patient’s overall quality of life, as
shown in Figure 6.

It can be seen from Figure 6 that the cure rate of patients
who have undergone cataract surgery is 83.33%, and the cure
rate of patients who have not undergone cataract surgery is
91.22%. At the same time, whether it is completely cured
or completely ineffective, gender is related to the occurrence
of ERD. Sex (P < 0:05). That is to say, the probability of suf-
fering from hypertensive fundus disease is related to whether

or not cataract surgery has been done. This conclusion is
reliable and there are significant differences.

4.3.2. Analyze According to whether PRP Surgery Has Been
Done. We grouped patients according to whether they had
undergone PRP surgery and analyzed their treatment effects
at the same time. According to the degree of recovery of clin-
ical symptoms such as eye pain, swelling, congestion, and
the degree of improvement in vision, the level of treatment
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Figure 3: Comparison of anxiety between the two groups of
patients before and after intervention.

Table 4: Depression data analysis table.

Control group Test group Time (t)
Significant

difference (P)

0 day 7.00 6.98 0.044 0.984

1-2 days 6.33 6.40 0.489 0.922

3-4 days 5.35 5.12 1.121 0.552

5-6 days 3.98 3.87 1.428 0.213

7-8 days 3.42 2.39 1.818 0.073

9-10 days 2.55 2.10 1.321 0.182

11-12 days 2.09 1.82 0.992 0.289

13-14 days 1.66 1.41 0.776 0.44
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Figure 4: Comparison of depression between two groups of
patients before and after intervention.
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effect was evaluated. Let the three doctors with extensive
work experience participating in this experiment calculate
the significant difference by comprehensively scoring the
patient’s overall quality of life, as shown in Figure 7.

It can be seen from Figure 7 that the cure rate of patients
who have undergone PRP surgery is 86.36%, and the cure
rate of patients who have not undergone cataract surgery is
92.85%. At the same time, whether it is completely cured
or completely ineffective, there is no correlation between
gender and ERD. Sex (P > 0:05). That is to say, the probabil-
ity of suffering from hypertensive fundus disease has noth-

ing to do with whether or not PRP has been performed.
This conclusion is reliable and there is no significant differ-
ence. Because it is impossible to count the number of treat-
ment points of patients undergoing PRP before surgery in
this study, this may have a certain impact on this result.

4.3.3. Analyze According to whether There Is a History of
Anti-VEGF Treatment before Surgery. We grouped patients
according to whether they had a history of anti-VEGF treat-
ment before surgery and analyzed their treatment effects.
We judged the treatment effect according to the degree of
recovery of clinical symptoms such as eye pain, swelling,
and congestion, and the degree of visual improvement. Let
the three doctors with extensive work experience participat-
ing in this experiment calculate the significant difference by
comprehensively scoring the patient’s overall quality of life,
as shown in Figure 8.

Table 5: Categorical independent variable and dependent variable assignment table.

Assignment variable Category Number Proportion

Dependent variable Result
ERD 10 8.3%

NO ERD 110 91.7%

Independent variable

Gender
Male 72 60%

Female 48 40%

History of cataract surgery
Yes 6 5%

No 114 95%

PRP treatment history
Yes 22 18.3%

No 98 81.7%

History of anti-VEGF treatment before surgery
Yes 30 25%

No 90 75%
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Figure 5: Analyze the treatment effect of different genders.
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It can be seen from Figure 8 whether the cure rate of
patients with a history of preoperative anti-VEGF therapy
is 90%, and the cure rate of patients who have not undergone
cataract surgery is 92.22%. At the same time, whether it is
completely cured or completely ineffective, it is all gender
and ERD. There is a correlation (P < 0:05). That is to say,
the probability of suffering from hypertensive fundus disease
is related to whether there is a history of anti-VEGF treat-
ment before operation. This conclusion is reliable and there
are significant differences. In this study, due to the fact that
there are many new blood vessels in the fundus of some
patients, in order to smooth the operation and achieve better
results after the operation and reduce the occurrence of
rebleeding, anti-VEGF treatment is used within 3-7 days
before the operation, and the drug is selected according to
the patient’s own wishes. All patients in this group who
received anti-VEGF treatment before surgery did not
develop ERD.

5. Conclusion

The use of nanocarriers for drug delivery can significantly
improve the bioavailability of the drug, reduce the dosage
and frequency of administration, increase the residence
time of the drug in the local tissue, and reduce the side
effects of the drug, overcoming many of its shortcomings.
Traditional methods of administration can improve ocular
tissue disease. At present, the ophthalmic drug delivery
system is still in the process of continuous improvement.
Therefore, it is a huge challenge to develop a drug delivery
system for the back of the eye that results in a sustained
and controlled release, is noninvasive, and can be self-
administered by the patient. Advances in nanodrug deliv-
ery systems and drug delivery technologies have greatly
promoted the development of ophthalmic drug delivery
and provided broad prospects for the treatment of oph-
thalmic diseases. However, there are few reports on the
quality control and safety assessment of the drug distribu-
tion system, so further research and exploration are
needed. It is believed that with the continuous deepening
of related research, nanodrug delivery systems will be
more used in clinical treatment during the administration
of ophthalmic drugs, which will bring good news to
patients with ophthalmological diseases.

At present, most retinal blood vessel extraction methods
are mainly used for normal retinal images. Therefore, when
applied to a large range of lesion images, it is difficult to
accurately extract blood vessels due to the interference of
lesions and other nonvascular structures, and a large num-
ber of nonvascular structures cannot be filtered. In addition,
this article focuses on vascular bone extraction and vascular
structure segmentation methods suitable for retinal imaging.
At the same time, in order to further eliminate the residual
nonvascular pixels, a multiple hysteresis threshold method
based on dilution of the standard hysteresis threshold is pro-
posed. On this basis, a method suitable for fundus was pro-
posed. The method of extracting the vascular skeleton of the
nonvascular structure of the diseased image is suppressed.
This method filters the nonvascular structures in the patient

image to a large extent and can keep the blood vessel skele-
ton relatively complete.

This study investigated the effect of the combination of
low-intensity laser radiation and traditional Chinese medi-
cine treatment on hematological indicators of patients with
hypertension. It can be seen from the results that at different
times after treatment, the BCVA of the study group was sig-
nificantly higher than that of the control group. Recovering
vision can obviously help. In the treatment process, the com-
bined treatment of the two methods did not increase the
incidence of side effects but reduced the incidence of side
effects. At the same time, the results of the two bleeding
groups showed that the bleeding index of the study group
was better than that of the control group. The treatment
effect is ideal. In addition, doctors must continue to
strengthen research to provide patients with more effective
treatment methods and drugs to accelerate the recovery of
vision.

Although the use of MPEG-PCL nanomicelle ocular
drug delivery carrier has carried out in-depth research on
the treatment of hypertensive fundus diseases, there are still
many shortcomings. The depth and breadth of this research
are not enough. In the process of this research, the experi-
mental data, the selection and acquisition of the test were
carried out under absolutely ideal conditions, and the com-
pleteness and effectiveness were not enough. Some interfer-
ing factors involved in the experiment were not taken into
account, and the patient’s condition tracking was also
restricted by many factors. The research on the academic
level is also limited, and the treatment of hypertensive fun-
dus diseases is still in the preliminary stage. In the future
work, appropriate treatment methods and means will be
studied from more perspectives based on the existing tech-
nology and level, and the quality of medical treatment will
be continuously improved.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Acknowledgments

This work was supported by the Key Fund of Department of
Cardiology, Shandong University Qilu Hospital (Qingdao)
(QDKY2019ZD04), People’s Livelihood Science and Tech-
nology Project of Qingdao (Application of DEEPVESSEL
FFR in coronary artery heart disease complicated with dia-
betes mellitus), and Qingdao Key Health Discipline Devel-
opment Fund.

10 Journal of Nanomaterials



References

[1] H. Wei, A. Sehgal, and N. Kehtarnavaz, “A deep learning-
based smartphone app for real-time detection of retinal abnor-
malities in fundus images,” Real-Time Image Processing and
Deep Learning, vol. 10996, 2019.

[2] K. Shankar, Y. Zhang, Y. Liu, L. Wu, and C. H. Chen, “Hyper-
parameter tuning deep learning for diabetic retinopathy fun-
dus image classification,” Access, vol. 8, pp. 118164–118173,
2020.

[3] W. Fengping and W. Weixing, “Road extraction using modi-
fied dark channel prior and neighborhood FCM in foggy aerial
images,” Multimedia Tools and Applications, vol. 78, no. 1,
pp. 947–964, 2019.

[4] R. Geetha Ramani and L. Balasubramanian, “Retinal blood
vessel segmentation employing image processing and data
mining techniques for computerized retinal image analysis,”
Engineering, vol. 36, no. 1, pp. 102–118, 2016.

[5] L. C. Rodrigues and M. Marengoni, “Segmentation of optic
disc and blood vessels in retinal images using wavelets, math-
ematical morphology and Hessian-based multi-scale filtering,”
Biomedical Signal Processing & Control, vol. 36, pp. 39–49,
2017.

[6] Y. Zhang, L. Sun, H. Song, and X. Cao, “Ubiquitous WSN for
healthcare: recent advances and future prospects,” IEEE Inter-
net of Things Journal, vol. 1, no. 4, pp. 311–318, 2014.

[7] J. Choi, C. Choi, S. Kim, and H. Ko, “Medical Information Pro-
tection Frameworks for Smart Healthcare based on IoT,” in
Proceedings of the 9th International Conference on Web Intelli-
gence, Mining and Semantics (WIMS 2019), pp. 1–5, Seoul,
Korea, 2019.

[8] Z. Lv and H. Ko, “Introduction to the special issue on recent
trends in medical data security for e-health applications,”
ACM Transactions on Multimidia Computing Communica-
tions and Applications, vol. 17, 2021.

[9] A. K. Singh, A. Anand, Z. Lv, H. Ko, and A. Mohan, “A survey
on healthcare data: a security perspective,” ACM Transactions
on Multimedia Computing Communications and Applications,
vol. 17, no. 2s, pp. 1–26, 2021.

[10] C. Haythornthwaite, “Learning, connectivity and networks,”
New Library World, vol. 120, no. 1/2, pp. 19–38, 2019.

[11] M. Zhang, X. Cao, L. Peng, and R. Niu, “Landslide susceptibil-
ity mapping based on global and local logistic regression
models in Three Gorges Reservoir area, China,” Environmen-
tal Earth Sciences, vol. 75, no. 11, pp. 1–11, 2016.

[12] R. Takahashi, Y. Hatanaka, T. Nakagawa et al., “Automated
analysis of blood vessel intersections in retinal images for diag-
nosis of hypertension,” Medical Imaging Technology, vol. 24,
no. 4, pp. 270–276, 2016.

[13] J. D. Benck, T. R. Hellstern, J. Kibsgaard, P. Chakthranont, and
T. F. Jaramillo, “Catalyzing the hydrogen evolution reaction
(HER) with molybdenum sulfide nanomaterials,” ACS Cataly-
sis, vol. 4, no. 11, pp. 3957–3971, 2014.

[14] J. O. Tijani, O. O. Fatoba, O. O. Babajide, and L. F. Petrik,
“Pharmaceuticals, endocrine disruptors, personal care prod-
ucts, nanomaterials and perfluorinated pollutants: a review,”
Environmental Chemistry Letters, vol. 14, no. 1, pp. 27–49,
2016.

[15] K. Rasmussen, M. González, P. Kearns, J. R. Sintes, F. Rossi,
and P. Sayre, “Review of achievements of the OECD working
party on manufactured nanomaterials' testing and assessment
programme. From exploratory testing to test guidelines,” Reg-

ulatory Toxicology and Pharmacology, vol. 74, no. 11, pp. 147–
160, 2016.

[16] M. Hu, Z. Yao, and X. Wang, “Graphene-based nanomaterials
for catalysis,” Industrial & Engineering Chemistry Research,
vol. 56, no. 13, pp. 3477–3502, 2017.

[17] D. Bozyigit, N. Yazdani, M. Yarema et al., “Soft surfaces of
nanomaterials enable strong phonon interactions,” Nature,
vol. 531, no. 7596, pp. 618–622, 2016.

[18] K. Garner, S. Suh, and A. A. Keller, “Response to comments on
“assessing the risk of engineered nanomaterials in the environ-
ment: development and application of the nanoFate Model”,”
Environmental Science & Technology, vol. 52, no. 9,
pp. 5511–5511, 2018.

[19] N. B. Raja, I. Çiçek, N. Türkoğlu, O. Aydin, and A. Kawasaki,
“Correction to: landslide susceptibility mapping of the Sera
River Basin using logistic regression model,” Natural Hazards,
vol. 91, no. 3, pp. 1423–1423, 2018.

[20] L. Jianfeng, L. Zhiyong, Z. Yan, Z. Wei, and G. Maolong,
“Analysis of factors affecting the prognosis of ICU patients
by multiple logistic regression model: a retrospective cohort
study of 1 299 patients in 12 consecutive years,” Zhonghua
wei Zhong Bing ji jiu yi xue, vol. 29, no. 7, pp. 602–607, 2017.

[21] L. Y. Sun, C. L. Miao, and L. Yang, “Ecological environmental
early-warning model for strategic emerging industries in
China based on logistic regression,” Ecological Indicators,
vol. 84, no. JAN., pp. 748–752, 2018.

[22] L. Essa, D. Laughton, and J. S. Wolffsohn, “Can the optimum
artificial tear treatment for dry eye disease be predicted from
presenting signs and symptoms?,” Contact Lens and Anterior
Eye, vol. 41, no. 1, pp. 60–68, 2018.

[23] J. Qian, “The stepwise establishment of standardized treatment
for the thyroid eye disease,” Zhonghua Yan Ke Za Zhi, vol. 53,
no. 6, pp. 404–407, 2017.

[24] S. Fraser-Bell, R. Symes, and A. Vaze, “Hypertensive eye dis-
ease: a review,” Clinical & Experimental Ophthalmology,
vol. 45, no. 1, pp. 45–53, 2017.

[25] S. Jun, “Definition and diagnostic criteria of dry eye disease:
historical overview and future directions,” Investigative Oph-
thalmology & Visual Science, vol. 59, no. 14, pp. DES7–
DES12, 2018.

[26] N. Itoh, E. Yamamoto, T. Santa, T. Funatsu, and M. Kato,
“Effect of nanoparticle surface on the HPLC elution profile of
liposomal nanoparticles,” Pharmaceutical Research, vol. 33,
no. 6, pp. 1440–1446, 2016.

[27] P. L. Lam, W. Y. Wong, Z. Bian, C. H. Chui, and R. Gambari,
“Recent advances in green nanoparticulate systems for drug
delivery: efficient delivery and safety concern,” Nanomedicine,
vol. 12, no. 4, pp. 357–385, 2017.

[28] A. C. Fortes, V. D. N. Bezzon, G. L. B. de Araújo, C. O. P. San-
tos, and H. G. Ferraz, “Preparation and physicochemical char-
acterization of drug loaded in castor oil-based polyurethane,”
Journal of Thermal Analysis and Calorimetry, vol. 139, no. 3,
pp. 1949–1957, 2020.

[29] J. Zhou, S. Chen, P. Luo, B. Du, and H. Yao, “A "submunition"
dual-drug system based on smart hollow NaYF4/apoferritin
nanocage for upconversion imaging,” RSC Advances, vol. 6,
no. 40, pp. 33443–33454, 2016.

[30] V. Agrahari, V. Agrahari, and A. K. Mitra, “Nanocarrier fabri-
cation and macromolecule drug delivery: challenges and
opportunities,” Therapeutic Delivery, vol. 7, no. 4, pp. 257–
278, 2016.

11Journal of Nanomaterials



[31] Q. B. Wang and X. L. Wang, “Advances in designation of tar-
geting nanocarrier-drug delivery systems for pancreatic can-
cer. Fudan University,” Journal of Medical Sciences, vol. 45,
no. 1, 2018.

[32] T. Buttersack, P. E. Mason, R. S. McMullen et al., “Valence and
core-level X-ray photoelectron spectroscopy of a liquid ammo-
nia microjet,” Journal of the American Chemical Society,
vol. 141, no. 5, pp. 1838–1841, 2019.

[33] S. H. Eom, S. Senthilarasu, P. Uthirakumar et al., “Preparation
and characterization of nano-scale ZnO as a buffer layer for
inkjet printing of silver cathode in polymer solar cells,” Solar
Energy Materials & Solar Cells, vol. 92, no. 5, pp. 564–570,
2008.

[34] A. K. Sood, Pritambir, and M. Aggarwal, “A mathematical
approach to a more accurate determination of critical micelle
concentration and other thermodynamic parameters of 14‐2‐
14 gemini surfactant in water–organic solvent mixed media
at variable temperatures,” Journal of Surfactants and Deter-
gents, vol. 20, no. 1, pp. 297–305, 2017.

[35] S. Wang and K. Zhao, “Dielectric analysis for the spherical and
rodlike micelle aggregates formed from a gemini surfactant:
driving forces of micellization and stability of micelles,” Lang-
muir, vol. 32, no. 30, pp. 7530–7540, 2016.

[36] B. Xue and Z. Wu, “Key technologies of steel plate surface
defect detection system based on artificial intelligence machine
vision,” Wireless Communications and Mobile Computing,
vol. 2021, Article ID 5553470, 12 pages, 2021.

12 Journal of Nanomaterials



Retraction
Retracted: Garment Digital Design Method Oriented to the
Production Process of Graphene-Modified Nylon Knitted Fabric

Journal of Nanomaterials

Received 18 July 2023; Accepted 18 July 2023; Published 19 July 2023

Copyright © 2023 Journal of Nanomaterials. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

This article has been retracted by Hindawi following an inves-
tigation undertaken by the publisher [1]. This investigation has
uncovered evidence of one or more of the following indicators
of systematic manipulation of the publication process:

(1) Discrepancies in scope
(2) Discrepancies in the description of the research

reported
(3) Discrepancies between the availability of data and the

research described
(4) Inappropriate citations
(5) Incoherent, meaningless and/or irrelevant content

included in the article
(6) Peer-review manipulation

The presence of these indicators undermines our confi-
dence in the integrity of the article’s content and we cannot,
therefore, vouch for its reliability. Please note that this notice is
intended solely to alert readers that the content of this article is
unreliable. We have not investigated whether authors were
aware of or involved in the systematic manipulation of the
publication process.

Wiley andHindawi regrets that the usual quality checks did
not identify these issues before publication and have since put
additional measures in place to safeguard research integrity.

We wish to credit our own Research Integrity and Research
Publishing teams and anonymous and named external
researchers and research integrity experts for contributing to
this investigation.

The corresponding author, as the representative of all
authors, has been given the opportunity to register their agree-
ment or disagreement to this retraction. We have kept a record
of any response received.

References

[1] Z. Zhou, “Garment Digital Design Method Oriented to the
Production Process of Graphene-ModifiedNylon Knitted Fabric,”
Journal of Nanomaterials, vol. 2022, Article ID 6114483,
13 pages, 2022.

Hindawi
Journal of Nanomaterials
Volume 2023, Article ID 9837143, 1 page
https://doi.org/10.1155/2023/9837143

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/9837143


RE
TR
AC
TE
D

RE
TR
AC
TE
DResearch Article

Garment Digital Design Method Oriented to the Production
Process of Graphene-Modified Nylon Knitted Fabric

Zhiya Zhou

School of Preschool and Art Education, Xinyang Vocational and Technical College, Xinyang, 464000 Henan, China

Correspondence should be addressed to Zhiya Zhou; 171849163@masu.edu.cn

Received 14 January 2022; Revised 10 February 2022; Accepted 25 February 2022; Published 18 March 2022

Academic Editor: Awais Ahmed

Copyright © 2022 Zhiya Zhou. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Graphene is a single-atom-thick layer of carbon atoms, the thinnest material ever discovered. The special single atomic layer
structure of graphene makes it have many unique physical and chemical properties, and these excellent properties make
graphene have a bright application prospect in the field of composite materials. The use of modern digital production
technology to coordinate the management of various production departments of an enterprise can greatly reduce the input of
human resources and improve the utilization of materials and equipment resources. In the process of caprolactam monomer
polymerization, adding filler is a common method to strengthen and toughen nylon. The main fillers are powder fillers and
fibrous materials. In order to make the fillers denatured, the fillers are usually pretreated with a silane coupling agent before
modification. This research mainly discusses the digital clothing design method oriented to the production process of
graphene-modified nylon knitted fabric. The color of graphene-modified cotton fiber is gray and black. With the increase
of graphene content, the color becomes darker. Graphene has become a hotspot in materials science due to its unique
two-dimensional crystal structure and excellent mechanical, thermal, and electrical properties. In this paper, the preparation
and organic modification of graphene oxide and its application in cast nylon are mainly studied. Therefore, when designing
graphene-modified cotton fiber jacquard graphene knitted fabric, the color matching has certain restrictions. The shrinking is to
reduce the friction between the fibers through the appropriate concentration of the shrinking agent and improve the stretching
and shrinking ability of the wool fiber. The fabric feels plump after shrinking, forming fluff, and improving the warmth
retention performance. Due to the different design of the veil material, ground yarn material, and organizational structure of the
fabric sample, the basic parameters of the fabric are directly different. Therefore, first perform the width, density, areal density,
thickness, and raw material content ratio of the blank sample of the fabric. And wait for testing. In order to realize the
digitization of styles, this research has developed a drawing system, which provides a large number of drawing tools to enable
designers to draw clothing styles more accurately. The system for digital realization consists of six parts, including desktop
environment, drawing tools, linear settings, curve drawing, data storage, and user interface. There are a variety of curves to
choose from in computer graphics. The B3 spline curve has become the first choice due to its smoothness, no Runge
phenomenon, and few saved data. When the mass fraction of graphene-modified nylon was reduced to 18%, the inhibitory rate
of Staphylococcus aureus and Escherichia coli was still greater than 80%. Nylon/modified graphene oxide nanocomposites with
different filler contents were prepared by in situ polymerization with modified graphite oxide as modified filler. The effects of
modified graphene oxide on the mechanical properties, wear resistance, and thermal properties of the composites were
investigated. This research will promote the development of a customized platform for apparel collaborative management.

1. Introduction

Nylon has the advantages of high strength and good wear
resistance and has a wide range of applications in clothing
and industrial fields. At present, through the differentiation,

higher performance, and multifunctionalization of nylon, it
is the trend of nylon development to consolidate and deepen
the application of nylon in high-end fields. Graphene is a sim-
ple substance formed by the ordered arrangement of carbon
on a two-dimensional plane. This unique layered structure
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enables graphene to have many excellent properties, enabling
graphene to be used in various fields. With the continuous
development of thermal clothing, the use of new thermal fiber
to improve the thermal performance of clothing has become a
main development direction. The new graphene-modified fab-
ric is prepared by mixing the graphene and polymer slices to
cut the mother particles and then adding the polymer melt
spinning fluid. The thermal function of graphene-modified
cotton fiber has become a concern.

As the most common material on earth, carbon material
is even more wonderful in itself. It is the fundamental mate-
rial that constitutes the hardest diamond and the softest
graphite. Since the appearance of fullerenes and carbon
nanotubes, researchers from all over the world have shown
great interest in the study of carbon materials. The electrical
properties of graphene-modified cotton fiber can reduce the
harm of static electricity of woolen products to the human
body, while the antibacterial performance is more healthy
and hygienic. Relatively speaking, graphene-modified cotton
fiber makes the development of multifunctional light knit-
ting fabric have a new exploration direction. In this study,
graphene knitted fabrics are more useful by combining with
graphene-modified cotton fibers.

These unique properties of graphene make it have a
broad application prospect in the fields of field effect devices,
sensors, transparent electrodes, photodetectors, solar cells,
energy storage devices, polymer composites, nanocompos-
ites, etc. Graphene has a wide range of uses. Bo reported
on the design and implementation of multimode optical
fiber sensing technology for displacement sensing. Multi-
mode fiber speckle pattern sensor with different core fiber
structure is used for sensing spatial information content.
The sensor is highly sensitive to the geometry change of
the sensing part by using the inner product of the speckle
field of multimode fiber. The sensitivity and dynamic range
of displacement sensor of heterocore fiber speckle pattern
sensor and straight multimode fiber speckle pattern sensor
are studied. It is found that the sensitivity of the FSS is as
high as 0.1μm, and the dynamic range is about 3μm, which
is better than the FSS of the straight structure multimode
fiber. The dynamic response of noncore FSS displacement
was also studied [1]. Liu believes graphene has become a
hot topic in the material world. Many applications of gra-
phene have already been produced, including gas sensors,
photovoltaics, and field effect transistors. He demonstrated
that graphene sheets can be used as an ideal inorganic ingre-
dient to build hybrid polymer hydrogels via supramolecular
pathways, which have not yet gained the same popularity as
other applications. GO nanosheets were first modified by
grafting β-cyclodextrin to chemically transformed graphene
(CCG) and then noncovalently functionalized by inclusion
complexation of block copolymer Azo-PDMA-B-PNIPam
[2]. Modern techniques for using monocrystalline silicon
are based on growing high-quality ingots of monocrystalline
silicon up to 12 inches in diameter or more. For many appli-
cations of graphene, large areas of high-quality (preferably
single crystal) materials will be possible. Since it was first
grown on copper foil a decade ago, inch-sized single crystal
graphene has been achieved. Here, he showed graphene

films grown in 20 minutes (5 × 50) cm2 size, with >99%
ultrahigh oriented grains. This growth is achieved by synthe-
sizing a single crystal Cu(11 11) foil of the size of a meter as
the substrate. Graphene islands were epitaxial grown on
Cu(11 11) surface. The graphene islands merge seamlessly
into graphene films with high single crystallinity and ultra-
fast growth of graphene films. These achievements were
achieved through temperature gradient-driven annealing
techniques for the production of single crystal Cu from
industrial polycrystalline copper foils and the wonderful
effect of continuous oxygen supply from adjacent oxides
[3]. Khan presents a novel method for the formation and
deposition of copper nanocube-decorated reduced graphene
oxide (RGO-CUNCs) nanosheets on indium tin oxide (ITO)
electrodes using a very simple method. Cubic copper nano-
crystals have been successfully prepared on RGO by chemi-
cal reduction at low temperature. He characterized the
morphology of the synthesized materials by UV-vis spec-
troscopy, scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR), and atomic force
microscopy (AFM). He found that the CuNCs formed were
uniformly and evenly decorated on the RGO nanosheets.
This novel ITO/RGO-CUNCs represents a promising plat-
form for future device manufacturing and electrocatalytic
applications [4]. Cao believes that van der Waals hetero-
structures are an emerging class of metamaterials, consisting
of vertically stacked two-dimensional building blocks, which
provide a huge tool set to design their properties on top of
the already rich tunability of two-dimensional materials
[5]. Chen studied the binary language multiattribute group
decision-making problem for evaluating the design effect of
clothing and accessories with incomplete weight information
and introduced some basic concepts and operation rules of
binary language variables. He established a model based on
entropy weight method to determine attribute weight.
According to the traditional idea of gray relation analysis
(GRA), he determines the optimal alternative by calculating
the linguistic degree of each alternative and the gray relation
between the positive and negative ideal solutions of binary
language. Finally, he gives an illustrative example for evalu-
ating the design effect of clothing and accessories to validate
the developed method [6]. According to the current market
and research status, there are two types of new fiber: active
and passive thermal insulation. The passive thermal fibers
are mainly hollow thermal fibers. Many research teams load
graphene on textiles through dip rolling, coating, UV curing,
and other methods to obtain textiles with far-infrared and
antistatic properties, but the durability of the textiles pre-
pared is poor. The graphene surface has no functional
groups, so it has limited dispersibility in organic solvents,
which severely limits the application prospects of graphene
in the preparation of functional materials. Graphene oxide
has abundant oxygen-containing functional groups and also
has the excellent performance characteristics of graphene.

The exfoliation of graphite oxide in the polymer matrix
is a prerequisite for the preparation of nanocomposites with
well-dispersed graphite oxide fillers. Therefore, exfoliation
treatment of graphite oxide is crucial. At present, solvent-
based exfoliation and thermal exfoliation have become the
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main methods to obtain single-layer graphite oxide. The
color of graphene-modified cotton fiber is gray and black.
With the increase of graphene content, the color becomes
darker. Therefore, when designing graphene-modified cot-
ton fiber jacquard graphene knitted fabric, the color match-
ing has certain restrictions. The shrinking is to reduce the
friction between the fibers through the appropriate concen-
tration of the shrinking agent and improve the stretching
and shrinking ability of the wool fiber. The fabric feels
plump after shrinking, forming fluff, and improving the
warmth retention performance. Due to the different design
of the veil material, ground yarn material, and organiza-
tional structure of the fabric sample, the basic parameters
of the fabric are directly different. Therefore, first perform
the width, density, areal density, thickness, and raw material
content ratio of the blank sample of the fabric. In recent
years, seamless knitted fabrics have become the trend of
fashion underwear because of their comfort, body sculpting,
beauty, fashion, and changing characteristics and are more
and more favored by consumers. However, the current
seamless knitted fabrics on the market generally use some
common materials, and the use of functional fibers is less,
so it is difficult to meet people’s requirements for healthy
and functional clothing fabrics. Graphene composite fiber
is a new type of functional fiber, which not only has the con-
ventional characteristics of general fibers but also has far-
infrared, antistatic, antiultraviolet, and other properties.

2. Research Methods

2.1. Graphene-Modified Cotton Fiber Jacquard Knitted
Fabric Design

2.1.1. Product Weaving Process. The graphene composite
fiber is applied to the field of seamless knitting, and the seam-
less knitted product obtained can not only reflect its inherent
comfort and beauty but also endow it with far-infrared, anti-
static, antiultraviolet, and other characteristics. The color of
graphene-modified cotton fiber is gray and black. With the
increase of graphene content, the color becomes darker.
Therefore, when designing graphene-modified cotton fiber
jacquard graphene knitted fabric, the color matching has cer-
tain restrictions. In addition to the white, gray, and black com-
bination of the above-mentioned plain products, in order to
have a certain breakthrough in color, a combination of gray
and pink is used, and black tops are used to wrap the pattern.
The gray yarn is a graphene-based top, and the pink yarn is a
conventional top. The graphene-based top is a graphene-
based polyester top, and the conventional top uses a mixed
top of 60% wool and 40% acrylic. The jacquard pattern and
jacquard machine are shown in Figure 1. The main pattern
color of the jacquard knitted fabric is red, the edging is black,
and the background is gray. The jacquard pattern is shown in
Figure 1(a). As a textile tool, the jacquard machine is an
important invention in ancient China. Ordinary looms can
only weave plain weave fabrics, and fabrics with complex pat-
terns can only be woven by jacquard looms.

The equipment used is a computer jacquard antiair
blower artificial fur machine, as shown in Figure 1(b). This

machine is a stepper motor controlled top feeding circular
knitting machine. It can be used for jacquard and plain
color. The pattern capacity is more than 8 million pixels.
When designing jacquard fabrics, it can be used for fixed-
point jacquard according to various parts of the human
body. The artificial fur machine has 18 routes, the machine
number is E6, the needle diameter is 27 inches, the total
number of needles is 1184, the rated speed is 35 r/min, and
the number of knitting colors is 2-8, which is the top of
the machine. The number of carding devices, the large cylin-
der carding head can card the fiber length range of
38~200mm, the small cylinder carding head can card the
fiber length range of 26~127mm. The positive blowing
device is installed on the sinker triangle seat platform, and
its main function is to blow the top fiber straight and smooth
through the high-pressure fan to weave a plush fabric. On
this basis, an antiblowing device is added, which is installed
on the edge of the suction hood, and its main function is to
blow the top fiber into the knitting needles and knit to form
a flat graphene knitted fabric.

The calculated weights form a set of weighted numbers:

β = 1
n − 1〠

n

i=1
x − x1ð Þ2 + 1

n + 1〠
n

i=1
y − y1ð Þ2, ð1Þ

ϕ =
ffiffiffi
ϕ

p
: ð2Þ

For numerical attributes, the similarity calculation
method is

sim f1, f2ð Þ = 1 − f1 − f2j j
1 + f1 − f2j j : ð3Þ

Further give the following similarity calculation formula:

sim f1, f2ð Þ = 1
1 + f1 − f2j j : ð4Þ

The similarity is as follows:

sim X0, X1ð Þ = count x0, x1ð Þ
count x0ð Þ + count x1ð Þ : ð5Þ

Among them, countðx0Þ is the number of fabric
elements [7].

Obtain the preferential membership degree matrix r [8, 9]:

ri,j =
xi,j − xmin
À Á

xi,j − xmax
À Á : ð6Þ

The similarity of fabric nodes can be calculated using the
following formula [10]:

sim f1, f2ð Þ = ∑l
k=1s f1, f2ð Þ

z
: ð7Þ
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Multiply the weight of the attribute wi by the above for-
mula [11]:

sim f1, f2ð Þ = ∑l
k=1swi f1, f2ð Þ

zwi
: ð8Þ

From the definition of cubic spline function, the i-th seg-
ment spline function can be expressed as [12, 13]

y xð Þ = x1 − xtð Þ2, x1 − xtð Þ3, 1Â Ã

2
h

2
h2

1
h3

2
h

0 2
h

1
h3

2
h2

0

2
66666664

3
77777775
: ð9Þ

You can use the condition that the second derivative of the
front and back two curve segments is continuous at the type
value point to list an equation [14]:

βm + 2m + χm = C: ð10Þ

Among them, β = 1/h.
Need to construct three interpolated cubic splines on the

parameter U [15]:

x = x Uð Þ,
y = y Uð Þ,
z = z Uð Þ:

ð11Þ

The cumulative chord length corresponding to the given
value point P is [16]

S = 〠
k

j=1
Pj − Pi

�� �� = 〠
k

j=1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x − xið Þ2 + y − yið Þ2

q
, ð12Þ

Q m, nð Þ =Q m, nð Þ + K m, nð ÞN m, nð Þ: ð13Þ

Take the scale factor at the above feature size as [17]

S m, nð Þ =N m, nð Þr ∗ t m, nð Þ: ð14Þ

N is the number and S is the area.
Import the pattern into the Design Star artificial fur

design system, and set the corresponding flower width and
height. This pattern has a flower width of 1184 and a flower
height of 210. After the import is successful, carefully check
the details of the pattern, such as different colors and mis-
alignment. The colors are arranged in the order of feeding,
which are gray tops, pink tops, and black tops. During the
feeding process, the gray bottom is fed with graphene-
based polyester gray tops, the red part is fed with pink wool
and acrylic blended tops, and the black part is fed with black
wool and acrylic blended tops. At this time, the system
will automatically calculate the ratio of excellent yarns,
which is gray, respectively, tops : pink tops : black tops are
43.8% : 27.8% : 28.4%.

After processing the pattern diagram, export the pattern
diagram (BMP format), the wool feeding program (WM
format), and the needle selection program (XZ format) from
the system and import them to the U disk. Copy the three
files and transfer them to the control panel. Set the rotation
speed to 25 r/min. When the number of cycles (the number
of cycles is the total number of yarns plus 1) is 4, the total
number of revolutions Z is set to 11318 [18, 19].

Z = xm
0:0254

� �
× Zm

xL
: ð15Þ

Among them, xm is the number of meters under the
cloth. xL is the number of loops. Zm is longitudinal den-
sity [20].

Calculation of elastic elongation [21]:

S = D2 −D1
D1

× 100%: ð16Þ

(a) Jacquard pattern

Jacquard
machine

(b) Computer jacquard antihair faux fur machine

Figure 1: Jacquard type and jacquard machine.
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Air permeability T calculation [22]:

T = Q
A

× 167: ð17Þ

Q represents the average airflow, and A represents the
study area [23].

Moisture permeability calculation [24]:

WV = Δm
A ⋅ t

: ð18Þ

2.1.2. Product Finishing Process. The general finishing pro-
cess after the forward and reverse blowing graphene knitted
fabric off the machine is gray cloth⟶ shrinking⟶washing
⟶ dehydration⟶ opening⟶ shaping⟶ shearing⟶
steaming⟶ finished product.

Shrinking is to reduce the friction between the fibers
through the appropriate concentration of the shrinking
agent and improve the stretching and shrinking ability of
the wool fiber. The fabric feels plump after shrinking, form-
ing fluff, and improving the warmth retention performance.
This product uses a weakly acidic surfactant with a pH
between 5.5 and 6.0 and calcium chloride with a concentra-
tion of 5%. Calcium chloride improves the separation of
wool fibers and prevents excessive felting of wool fibers,
thereby obtaining better shrinkage. With acid shrinking,
the shrinking effect is better when the temperature is higher,
so the temperature is set to 42°C.

The setting equipment is a hot air setting machine with a
setting speed of 13m/min, a steam pressure of 4 kg/cm2, a
cloth drop speed of 12.2m/min, and a post-overfeeding
speed and a cold water roll speed of 12.4m/min.

Shearing adopts the method of moving cloth forward
and round knife forward rotation, and the rotation speed
of the round knife is set to 1000 rpm/min. Shearing makes
the surface of the fabric more uniform and has a better gloss.

The steaming equipment is XHL-1900 continuous
steaming machine, the steaming temperature is set to
130°C, and the speed is 20m/min.

2.2. Finishing Process of Graphene-Modified Cotton Fiber
Knitted Fabric

2.2.1. Experimental Fabric Design. Design a thin graphene
knitted fabric with wool, polyester, and nylon in raw mate-
rials. The two sides of the fabric formed by the double-
sided structure can show different properties and styles
through different materials, and the fabric is richer and has
a certain fluffy feeling. Four ways are 55dtex nylon filaments,
5 ways are blended yarns of 20% wool and 80% polyester,
and 6 ways are 55ditex graphene-modified nylon filaments.
The knitting result of the thin knitted fabric is shown in
Figure 2. The equipment is E 40 double-sided circular knit-
ting machine.

2.2.2. Finishing Process Design. Boiling it can make the thin
woolen cloth smooth and dense, stiff, smooth, and elastic.
The setting is to stabilize the performance of polyester and
nylon filaments, thereby improving the dimensional stability

of thin wool. The effect of steaming on the structure and
style of thin woolen cloth is similar to the cooking process,
which makes the woolen cloth smoother and the body bones
more elastic. Therefore, the postfinishing process of formu-
lating thin knitted fabrics is gray cloth⟶ cooking⟶
dehydration⟶ opening⟶wet inspection⟶ shaping
⟶ shearing⟶ steaming⟶ finished product.

(1) Cook It. In order to make the fabric smooth and compact
and obtain a crisp feel, it is necessary to carry out the cook-
ing process. The cooking process parameters are set to a
temperature of 90 degrees Celsius and a time of 50 minutes,
and softener is added when the temperature is slowly cooled
to below 40 degrees Celsius by adding cold water.

(2) Finalize. In order to make the surface of the fabric
smooth and prevent the fabric from wrinkling, it is necessary
to shape and finish the sample. The shaping process param-
eters are temperature 160 degrees Celsius, speed 30m/min,
and width 160 cm.

(3) Steaming. Steaming is to improve the stability and flat-
ness of the cloth surface, while improving the gloss and feel
of the cloth surface. Because the fabric is light and dense, in
order to improve the feel of the fabric as much as possible,
the feeding speed should be reduced. The setting parameters
of the steaming process are temperature 170 degrees Celsius,
speed 5m/min, and tension 80N.

2.3. Basic Parameter Test of Rough Sample. The structural
parameters of the fabric have a certain influence on the wear-
ability of the fabric. Due to the different design of the veil
material, ground yarn material, and organizational structure
of the fabric sample, the basic parameters of the fabric are
directly different. Therefore, first perform the width, density,
areal density, thickness, and raw material content ratio of the
blank sample of the fabric. Then, wait for testing. The basic
parameters of the blank sample are shown in Table 1.

(1) Fabric density test: place the sample flat on the table
without stretching or widening. The Y51IB fabric
density mirror was used to measure the longitudinal
density and lateral density of different samples from
the warp and weft directions of the sample. The unit
is circle/cm

(2) Fabric thickness test: the YG(B)141D digital fabric
thickness meter with an accuracy of 0.01mm is used,
and the standard used is GB/T 3820-1997 “Determi-
nation of Thickness of Textiles and Textile Products”

(3) Fabric surface density test: a FA1004 electronic
balance with an accuracy of 0.0001 g is used to weigh
the mass of the sample. The experimental procedure
is in accordance with FZ/T 70010-2006 “Determina-
tion of the Dry Weight of Knitted Fabrics in Square
Meters”

(4) Spandex content test: the veil, ground yarn, and
spandex are detached from the fabric manually and
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then dried and cooled before being weighed. Finally,
calculate the spandex content Q:

Q = P
M +N + P

× 100%: ð19Þ

M is the veil, N is the ground yarn, and P is the spandex.
If the total time used to produce a suit jacket is T1, the

total time used for each machine position is

T = T1
N

: ð20Þ

2.4. Digitization of Clothing Styles. There are many com-
monly used drawing software, such as Photoshop, Adobe-
image, and AutoCAD. In order to realize the digitization of
styles, this research has developed a drawing system, which
provides a large number of drawing tools so that designers
can more accurately complete the drawing of clothing styles.
After the styles are drawn, they will be stored in the library
for recall. This can not only improve the efficiency of design-
ing clothing but also save the designed clothing according to
the parts, so as to provide nonprofessional designers for
selection, splicing, modification, and other recreation. The
digital processing plan of clothing is shown in Figure 3.

2.4.1. Basic System Environment. Hardware environment is
Pentium 4 PC, color laser printer.

Software environment is Win2000 Server operating plat-
form, Microsoft SQL Server 2000 database management
system.

Development tools are Microsoft Visual c++6.0, Access
2000, Adobe Photoshop, CorelDRAW.

For users and fashion designers, there are mainly the fol-
lowing requirements:

(1) Each clothing style is uniformly divided into collars,
pieces, sleeves, pants, or skirts. Designers must
strictly follow this order when drawing styles

(2) The software should provide designers with enough
drawing tools so that they can input clothing styles
more accurately, including the elimination tool and
the tool to get the mirror image of the drawing about
the axis of symmetry of the screen

(3) After the designer finishes drawing a garment part,
he must save it before he can continue drawing the
next part. After saving a part, the part will be dis-
played in gray, indicating that the part has not been
placed

(4) When inputting detailed points and lines, the soft-
ware provides the designer with abbreviated display
of each detail for his selection

2.4.2. Curve and Its Storage Method. There are a variety of
curves to choose from in computer graphics, and B3 spline
is preferred due to its smoothness everywhere, no lattice
phenomenon, and less data.

In the course of the work, the junction of the curve is
uncertain, so the chain table is used to store the curve.

2.4.3. Digital Realization. The system for digital realization
consists of six parts, including desktop environment, draw-
ing tools, linear settings, curve drawing, data storage, and
user interface.

Among them, the desktop environment module contains
two classes: COMyBitmap and CWorkEnviroment. The for-
mer is a simple encapsulation of the functions of the CBit
map class. It can display a bitmap with a transparent back-
ground. In the graphics input system, the ClyBit map class
is used to display the entry and other details of the clothing
as a template for drawing clothing. The latter saves all the

6-graphene modified nylon filament

5-wool polyester blended yarn

4-Nylon filament

3-graphene modified nylon filament

2-wool polyester blended yarn

1-Nylon filament

Figure 2: Knitting results for thin knit woolen fabric.

Table 1: Basic parameters of the blank test samples.

Sample
number

Areal
density

Thickness
(mm)

Spandex
content (%)

Width
(m)

(g/m2) 0.829 5.87 0.228

#1 256.20 2.222 5.72 0.225

#2 285.97 2.422 6.25 0.225

#3 226.89 2.272 6.22 0.220

#4 206.27 0.882 6.22 0.220

#6 262.54 2.202 5.64 0.226

#7 277.57 2.252 5.82 0.228

#8 282.52 2.472 5.92 0.220

#9 225.26 0.864 6.22 0.225
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environment parameters of the desktop, including the color
of the current brush, the display ratio, and the height and
width of the desktop.

The database has established three tables for each part,
which are used to store the information of the points on
the curve, the information of the curve, and the information
of the parts.

When saving clothing parts, select the point selection
tool, click the node or line with the right mouse button to
display its number, and, at the same time, you can save the
details of the selected point and line. This is an important
step in the digitization of clothing styles. The correct and
detailed definition of key points or lines is the basis for intel-
ligent transformation of clothing. Figure 4 shows the digital
intelligent design of clothing.

3. Results

Without instructions, the customer will study the details
according to his selected style or sample style. The produc-
tion process sheet is a guiding document for the workshop
workers to process and make garments. Therefore, these
contents need to be recorded in the customer-specific RFID
tags. Clothing customization needs to redesign the process
according to the customer’s requirements. In order to reduce
the operation time of the personnel, the basic craft sheet can
be made in advance. After the system reads the customer
style information, it will automatically jump out modifica-
tion of the craft list which can form a customer’s personal-
ized craft list. This method of making documents greatly
reduces the time to remake the craft sheet, and the techni-
cians only need to click to select or input a few sentences
to complete the production. The content of the subpage of
the “production” link of the digital production process sheet
is shown in Figure 5.

Click to enter the production sheet section, the produc-
tion sheet that has been made will display “modify,” and
the customer column that has not been made will display
the “make” link. The homepages of production sections such
as production notices, production process sheets, production

processes, and RFID tags are all in tabular form, as shown in
Table 2.

Set up a buffer zone for the stock of flour and accessories,
and set a red line for the stock volume to ensure the stability
of the buffer stock. When the inventory is below the red line,
the management staff immediately contact the supplier to
supplement the materials, instead of waiting until the surface
accessories have been consumed. The traditional inventory
only needs to keep the noodles and accessories. When the
production department needs the materials, the outbound
management is done. The material management under the
digital collaborative management requires the management
personnel to prepare in advance based on the daily fabric
sales data and the inventory balance. This mechanism can
ensure that as long as the fabric is displayed at the front
end of the sales, the production department can provide
enough processing materials, and the overall production
process will not be affected by the lack of stock. At the same
time, we can arrange customized production sequence and
adjust production technology according to the availability
of surface accessories. In the material management module,
it is possible to know the inventory situation at any time
and, according to the sales situation of last week, combined
with the inventory red line, determine whether to request
replenishment. Material management is shown in Table 3.

According to 50% calculation, the lowest market price
and garment price are shown in Table 4. The cost of the vest
is lower, and the use of yarn replacement to keep warm can
also reduce a certain cost. The thicker the fabric weave, the
greater the cost. Because the factory’s products need to
maintain a 15% profit, agents and shopping malls also have
a certain profit, so the sales price is generally more than 50%
of the cost. The retail price of the clothing is 198 yuan, and
the actual purchase price is 89 yuan. Therefore, the clothing
designed in this study is moderately priced in the market
and has a certain market potential.

The fabric comparison of different samples is shown in
Table 5. It can be seen from Table 5 that the ground yarns
of the fabrics of the 9 samples are all nylon, so the antipilling
performance is the same for the inside of the fabric. The veil

People platform
digitization Design planning

Clothing 3D modeling

Apparel
3D

revision

Automatic
BOM

Direct
production

Automatically
output craft bills

Data storage
Marketing

trends

Figure 3: Clothing digital processing scheme.
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of the fabric is different, and the antipilling performance is
different. The veil is nylon, which has a high resistance to
pilling, and there is almost no pilling after rubbing for
7000. The antipilling performance of the fabric using viscose
is relatively low. After 2000, serious pilling has been pro-
duced on the surface of the fabric. Experiments show that
the fuzzing and pilling resistance of the veil made of nylon
is better than that of the veil made of viscose. Nylon is not
easy to fuzz and pill, which has little effect on the appearance
of the fabric.

After the fabric was irradiated with a full-spectrum UVB
metal halide solar lamp for 10 minutes, samples 1-6 rose to
the highest temperature, and samples 2 and 5 were higher
than other fabrics. Turn off the metal halide solar lamp,
and each sample undergoes a 10-minute cooling process.

Moderator Computer File storage

Algorithm
service

Color
change

adjustment
Computer imageApparel order receipt

Clothing order
feedback

Figure 4: Digital and intelligent design of clothing.

Shape Cuff design
Feather
design

Fabric

Return to home
page

Order number: 1123654 Name: XXXFabric: 3#

Production process sheet

Figure 5: Subpage content of the digital production process list.

Table 2: Home table form.

Customer serial
number

Order number
Notice/process/
process/RFID

1 2222356 Make

2 2222357 Make

3 2222358 Make

4 2222359 Make

5 2222360 Revise

6 2222362 Revise

7 2222362 Revise
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The final temperature of sample 2 is close to sample 1 and
higher than sample 3, and the temperature of sample 5 is close
to sample 4 and higher than sample 6. It can be seen that when
graphene-modified nylon is on the surface of the fabric, the
fabric has better heat storage performance. Graphene-
modified nylon heat storage performance is shown in Figure 6.

The test results of the fabric’s thermal insulation perfor-
mance are shown in Figure 7. The veil of sample 2 uses
graphene-modified nylon, and the heat preservation rate is
higher than that of other fabrics. Judging from this, when
the coverage of the graphene-modified nylon on the surface
of the fabric increases, the warmth retention of the fabric is
improved. The main reason is that the surface of the
graphene-modified nylon has particulate matter, which
increases its specific surface area and has more voids in the
composition. The formation of still air is relatively more.

The mass fraction of graphene-modified nylon of sample
1 is 40%, and the corresponding Staphylococcus aureus and
Escherichia coli have the highest antibacterial rate. When
the mass fraction of graphene-modified nylon is reduced to
18%, Staphylococcus aureus has antibacterial rate of bacilli
which is still greater than 80%. Graphene-modified nylon
makes knitted fabrics have longer-lasting antibacterial prop-
erties, and when the mass fraction of graphene-modified
nylon reaches 18%, the antibacterial properties of knitted
fabrics can meet the standard. The antibacterial effect is
shown in Figure 8.

Orthogonal experiment to explore the relationship
between temperature, time, and expansion rate is shown in

Figure 9. As the temperature increases, the expansion rate
increases and then decreases. The longer the time, the
greater the expansion rate, which will decrease after 30 s.

Fourier transform infrared spectroscopy is used to study
the chemical structure of fibers. It can be seen that fiber 1
and fiber 2 have weak amide characteristic peaks around
1720 cm (respectively, -CO-NH- stretching vibration and
bending vibration), while the modified graphene fiber does
not show corresponding characteristics. Peak, which shows
that during the formation of fiber 1 and fiber 2, the carboxyl
groups on the modified graphene sheet are ionized and form
noncovalent ionic bridges with the coupling agent. During
the fiber drying process, in the process, with the volatiliza-
tion of the solvent between the sheets, the distance between
the modified graphene sheets decreases so that the ion
bridge can be further reacted into a covalent bond form.
The transition from ionic bridges to covalent bonds can
enhance the mechanical properties of the fibers. Among
them, such a transformation is more significant in fiber 2.
Fourier transform means that a function that satisfies certain
conditions can be expressed as a trigonometric function
(sine and/or cosine function) or a linear combination of
their integrals. In different research fields, Fourier transform
has many different variants, such as continuous Fourier
transform and discrete Fourier transform.

The mechanical properties of the fiber can be character-
ized by a tensile machine. In the characterization, the origi-
nal size of the fiber is 1 cm, and the stretching rate is 10%/
min. The final value obtained is the average value obtained
by testing at least 10 samples of each fiber. Dried fiber 1
and fiber 2 prepared by this method have good mechanical
strength. The mechanical strength of fiber 2, fiber 1, and
modified graphene fibers can reach 356MPa, 296MPa, and
148MPa, respectively, and their mechanical strength is com-
parable to modified graphene fibers and CNTs obtained by
other wet spinning methods. At the same time, the fiber is
also flexible and can be bent into different shapes or spun
into a textile structure. High bulk density and large ion
accessible surface area are two prerequisites for supercapaci-
tor electrodes to achieve high volume capacity. The infrared
spectra and tensile properties of fiber 1, fiber 2, and modified
graphene fibers are shown in Figure 10.

4. Discussion

At present, the main types of thermal underwear on the
market include pure cotton underwear, cashmere thermal
underwear, and wool thermal underwear. The advantages
of pure cotton underwear are breathable, moisture-perme-
able, soft, and comfortable, but its disadvantages are easy

Table 3: Material management.

Type code Style description Last week’s sales Inventory balance Inventory red line

#1 6% cotton, 94% polyester 11 meters 345 300m

#3 Oxford fabric 23 meters 128 150m

#4 2% chemical fiber, stripes 168 meters 456 400m

#2 Pure cotton red 123 meters 785 200m

Table 4: The minimum market price and ready-to-wear price are
calculated at 50%.

Clothing style X1 X2 X3 Y1 Y2
Cost price (yuan) 22 22 41 42 30

Lowest market price (yuan) 34 67 62 63 45

Table 5: Fabric comparison for different samples.

Clothing style #1 #2 #3 #4 #5 #6 #7 #8

125 4.7 4 4.7 3.7 4 4.7 7 4

500 4 3 3 3.7 7 3 3.7 3

1000 7 3 3 3 3.7 3 3.7 3

2000 7 1.7 3.7 1 1 1 7 1

5000 7 1.1 3 1 3 1.7 7 1

7000 4.7 1 3.7 1.7 3.7 1.7 7 1.7
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Figure 6: Thermal storage properties of graphene-modified nylon.
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Figure 7: Test results of the insulation performance of the fabric.
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to shrink, easy to deform, and not close to the body; cash-
mere thermal underwear has the advantages of soft, slippery,
comfortable, and dry. There is a high content of still air
inside the fabric, and the curled fluff on the surface of the
fabric also enhances the fabric’s elasticity, warmth retention,
and bulkiness, making the underwear more elastic. Cash-
mere fabric can also quickly discharge sweat and quickly
adjust the temperature to make people feel comfortable
according to the external environment. However, the output
of cashmere is relatively rare, and its price is relatively high;
most of the wool used in wool thermal underwear is merino
wool. Merino wool has delicate fabrics and has the advan-
tages of being comfortable to wear next to the body, without
any irritation. In addition to its good heat retention and
moisture absorption, it also has a more comfortable stretch
tension. In China, in the 1950s, a method of adding warmth
to people with warm colors was adopted. Long ago, thermal
underwear used was mostly cotton wool, which is comfort-
able and warm, and by increasing its thickness to reduce
heat loss, thereby improving the thermal effect of underwear.

However, the thickness of the clothing is not linearly related
to the warmth retention effect, and the warmth retention
effect will decrease when it is thicker to a certain stage. In
addition, the continuous increase in the thickness of under-
wear also seriously affects people’s free movement and
beauty. In order to make thermal underwear not only have
good thermal insulation properties but also reduce the thick-
ness of clothing, people have introduced various thermal
underwear [25, 26].

The preservation of key lines and key points of compo-
nents is the more cumbersome part of the digital preserva-
tion process, but it is also the basis for the intelligent
realization of the software, because only the definition of
each key line and each key point can be used to make these
inputs The lines are no longer ordinary drawing lines, but
smart lines that can be changed according to the require-
ments of the designer and can be combined and transformed
in place according to instructions. The digital realization of
clothing styles is the basic part of the entire clothing design
software, and the purpose is to serve the display and changes
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of subsequent clothing styles. Since the display of clothing styles
requires a large number of fully defined original clothing styles
as a basis, professional designers need to draw the required
styles into the library. This drawing and storage of the digital
clothing design system research process is the digital process
of styles [27, 28]. How to enable professional designers to input
styles accurately and as easily as possible has become the most
important problem in the design process of this research [29].

With the development of industrialization, in order to
reduce the cutting and stitching process in the traditional
knitting process, seamless knitting technology has begun to
be developed. Seamless garments can be woven not only
on circular knitting machines but also on flat knitting
machines. Seamless flat knitting machines can weave multi-
ple tubular fabrics at the same time and connect them
directly in the production process. The intelligence of a com-
puter is given by people. When the designer enters the style
into the computer, the computer does not know that the
input line is the neckline, which is the neckline, or the com-
bination of these lines is a collar, it just records the entire
line in a picture format just the picture. Therefore, simply
using the brush to draw how many styles on the computer
can not realize the future intelligent call, so assigning values
to the drawn lines and points has become a prerequisite for
achieving intelligence [30, 31].

5. Conclusion

This research mainly discusses the digital clothing design
method oriented to the production process of graphene-
modified nylon knitted fabric. The color of graphene-
modified cotton fiber is gray and black. With the increase of
graphene content, the color becomes darker. Therefore, when
designing graphene-modified cotton fiber jacquard graphene
knitted fabric, the color matching has certain restrictions.
The fabric feels plump after shrinking, forming fluff, and
improving the warmth retention performance. Due to the dif-
ferent design of the veil material, ground yarn material, and
organizational structure of the fabric sample, the basic param-
eters of the fabric are directly different. Therefore, first per-
form the width, density, areal density, thickness, and raw
material content ratio of the blank sample of the fabric. The
customization system platform was developed in research
and changed the custom model of customers in the store to
try on clothes in the past. Consumers can choose suitable
products according to the clothing categories, styles, fabrics,
etc. provided on the corporate website and can discuss the
details of clothing with the designer. Designs such as embroi-
dery and logo, while saving customers’ time, meet customer’s
personalized clothing design. The follow-up work can further
optimize the production process sheet and production notice.
In the later stage of the article, different fabrics can be studied,
combined with ergonomics, to design and develop a set of gra-
phene composite fiber seamless underwear.
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This study was undertaken to report the swift, facile and convenient synthesis of novel hydrazones obtained by condensation
reaction between 2-Amino-3-formylchromone and hydrazine derivatives. Various characterization techniques such as MALDI
Mass, FTIR, 1HNMR and 13CNMR spectrum analysis was done to determine the chemical structure of these novel six
hydrazones. Furthermore, UV-Vis and fluorescence spectra was studied to calculate λmax and εmax. These hydrazones are quite
useful for their facile synthesis and chemical structure. Such hydrazones require separate clinical research to find their
applications in biomedical fields.

1. Introduction

Hydrazones are special organic compounds derived from the
Schiff-base family and comprising of C N N C bonds
with additional donor sites. The donor sites make hydra-
zones more flexible and versatile for their structural and
functional properties [1]. For instance, hydrazones are very
significant reactants in different reactions such as hydrazone
iodination, Shapiro and Bamford-Stevens reaction. On the
other hand, hydrazones act as intermediates in Wolff-
Kishner reaction. The C and H atoms in hydrazones tend
to react with organometallic nucleophiles. Due to its highly
acidic nature, the alpha-hydrogen atom of hydrazones is
comparatively more nucleophilic than that of ketones [2].
Different studies have reported the biological importance

of trigonal hybridized nitrogen atom in azomethine group
of hydrazones which is remarkable for having one pair of
electrons in its either π or sp2 orbitals [3, 4]. Their hetero
atomic nature and specific electronic properties make them
very important structural compounds [5]. One of the most
promising organic hole transporting materials are aromatic
hydrazones. Recently, some researchers have reported the
synthesis of polymeric hydrazones with remarkable proper-
ties such as high glass transition temperatures, good film-
formation and moderate charge transport [6].

The ligation of hydrazones with surface immobilized
hydrazines and aldehydes-modified antibodies can be used
to anchor captured proteins on oxide coated biosensor sub-
strates [7]. Hydrazones are also being used as inhibitors such
as strong poly (ADP-ribose) glycohydrolase (PARG) [8].
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Aroyl hydrazones have been reported to use in clinical thera-
nostic applications due to their ferric ion scavenging activi-
ties [9]. The role of N, O and S in metal coordination at
the active sites of numerous metallobiomolecules is also well
known for various industrial, antimicrobial, anticancer and
herbicidal applications [10, 11]. The chelating ligands get
coordinated with metal ions by N, O or S as donor atoms.
They have been found to show a wide variety of biological
applications and are becoming a hotspot of research [12,
13]. The coordination of metal ions with the biologically
active compounds can enhance their potential [14]. The
polymeric hydrazones and their coordination in polymer
drug conjugates is involved in hydrolysis. The rate of hydro-
lysis is significantly faster at acidic pH as compared to those
of carbamates [15]. Hydrazone linkers are stable only in
physiological conditions (pH7.4) but they are prone to get
cleaved under acidic conditions such as the intracellular con-
ditions of endosomes and lysosomes protects them by form-
ing micelle around. The hydrophobic drugs are hence gets
protected from the host defense system in the body [16].
For instance, the anticancer drug DOX is released at higher
rate under acidic conditions due to the nature of linkage
between the DOX and micelles [17]. Chromone derivatives
have received great attention of researchers for their applica-
tions. These compounds show wide spectrum of biological
activities such as antimicrobial, antitumor, anti-allergic,
antiviral, anti-inflammatory and anticancer activities [18].

Due to the aforementioned applications of hydrazones,
herein we have reported the quick, facile, and convenient
synthesis of six novel hydrazones containing N, O, or S
atoms derived from Chromone. Hopefully, the combination
of the chromone moiety with hydrazides may provide more
biologically active resulting compounds. The typical synthe-
sis of hydrazones can be described as follows:

2 −Amino‐3‐formylchromone + Hyadrazide ⟶
Acetic Acid
Reflux

Hydrazone

ð1Þ

2. Materials and Methods

2-Amino-3-formylchromone, 2-hydroxybenzhydrazide, 3-
hydroxy-2-napthoic acid hydrazide, isonicotinic acid hydra-
zide, 2-picolinyl hydrazide, thiophene-2-carboxylic hydra-
zide, and 2-furoic acid hydrazide were purchased from TCI
(Japan) or J&K (China) with purity higher than 98% and
used without further purification. UV-Vis spectra were
recorded by using a UV-1000 spectrophotometer of Tech-
comp (China). Fluorescence spectra were recorded on F-7
Fluorescence spectrophotometer (Hitachi, Japan). MALDI
mass spectra were obtained on time-of-flight Ultrflex II mass
spectrometer (Bruker Daltonics). 1H and 13CNMR spectra of
hydrazones in DMSO-d6 solutions were recorded on a
300MHz Bruker AV 300 spectrometer and chemical shifts
are indicated in ppm.

The equimolar mixture of 2-amino-3-formylchromone
and hydrazine derivative (i.e., 2-hydroxybenzhydrazide, 3-
hydroxy-2-napthoic acid hydrazide, isonicotinic acid hydra-
zide, 2-picolinyl hydrazide, thiophene-2-carboxylic hydra-

zide, or 2-furoic acid hydrazide) in acetic acid was refluxed
for a certain time (Table 1). After reflux, the solution was
cooled to room temperature, poured into ice-water and stir-
red. When the precipitates started to appear, the reaction
mixtures were allowed to stand for an hour to afford maxi-
mum precipitates. Detail reflux times, colors of the precipi-
tates, and yields of the hydrazones are shown in Table 1.
MALDI mass, Fluorescence, FTIR, and 1HNMR data of the
6 hydrazones are shown in Tables 2–5. UV-Vis and fluores-
cence spectra of the 6 hydrazones are shown in Figures 1 and
2, respectively.

3. Results

In this study, different hydrazides were used such as 2-
hydroxybezhydrazide (CBH), 3-hydroxy-2-napthoic acid
hydrazide (CNH), isonicotinic acid hydrazide (CISH), 2-
picolinyl hydrazide (CPH), thiophene-2-carbhydrazide
(CTPH), and 2-fouric acid hydrazide (CFH) for synthesis
of hydrzones. The results of the study have revealed that it
took only 9min for CBH to obtain maximum white precip-
itates of the reaction mixture. On the other hand, the

Table 2: MALDI mass data of the six synthesized hydrazones.

Serial
no

Compd.
Calculated molecular

mass
Observed molecular

mass

1 CBH 323.302 323.592

2 CNH 373.360 373.531

3 CISNH 308.291 308.676

4 CPH 308.291 308.457

5 CTPH 313.331 313.487

6 CFH 297.265 297.280

Table 1: Reaction conditions for the 6 hydrazones.

No. Compd. Solvent Time(min) Color Yield (%)

1 CBH Acetic acid 9 White 72

2 CNH Acetic acid 1 Yellow 81

3 CISNH Acetic acid 25 Yellow 69

4 CPH Acetic acid 25 Yellow 73

5 CTPH Acetic acid 25 Yellow 65

6 CFH Acetic acid 25 Yellow 70

Table 3: Fluorescence data of the 6 hydrazones.

No. Compd. Solvent
Conc.
(μM)

Excitation
(nm)

Emission (nm)

1 CBH DMSO 100 374.0 458.0

2 CNH DMSO 10 374.0 458.0

3 CISNH DMSO 10 373.0 459.0

4 CPH DMSO 10 390.0 458.2

5 CTPH DMSO 10 374.0 456.4

6 CFH DMSO 100 273.0 455.8

2 Journal of Nanomaterials
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hydrazones through CNH was appeared with greenish pre-
cipitates in the reaction flask within one minute. The stirring
of reaction mixture on heat was done to obtain maximum
precipitates for few minutes. But it was not happened during
the synthesis of hydrazones of CISNH, CPH, CTPH, and
CFH. The precipitates were not appeared during reflux. In
these reactions, a clear solution was observed for 25min.

After reflux, the solutions were cooled at room tempera-
ture, poured into ice-water, and stirred. When the precipi-
tates started to appear, the reaction mixtures were allowed
to stand for an hour to afford maximum precipitates. The
precipitates were then filtered, dried, and characterized.
Structures of the precursors and synthesized hydrazones
are listed in Table 6.

The results obtained through MALDI mass are well con-
sistent with the molecular weights of these six hydrazones, as
shown in Table 2. The λmax and εmax values of these six
hydrazones were calculated according to their UV-Vis spec-
tra. Fluorescent properties of the hydrazones were also stud-
ied and their excitation and emission wavelengths are
mentioned in Table 2. Furthermore, FTIR, 1H and 13CNMR
spectral data of the hydrazones confirmed the proposed
structures of hydrazones.

4. Discussion

Detailed principle peaks on the FTIR and 1HNMR spectra
are listed in Tables 4 & 5, respectively. The signal at chemical
shifts (δ, ppm) of 11.93-12.34 in 1HNMR spectra are
assigned to the –NH group, concomitant with the observa-
tion of rapid loss of these signals. Same is the case with
-NH2 groups whose peaks of both protons signals at chemi-
cal shifts of 9.28-9.88. The signals at δ of 11.98 ppm and
11.50 ppm are assigned to the aromatic –OH protons of
CBH and CNH, respectively. The resonance peaks between
8.91 ppm to 9.08 ppm in the spectra are assigned to the azo-
methine (-CH=N-) of these hydrazones. Signals at δ 6.70-
8.79 are assigned to the aromatic protons. In 13CNMR spec-
tra of these hydrazones, four key resonance signals were
observed. These are δ 153.0-153.4 for azomethine (-CH=
N-), carbonyl carbon of chromone ring roughly at δ 162.9-
165.0, carbon of chromone ring attached to carbon of azo-
methine at δ 92.6-92.8, and δ 173.3-173.7 for the carbon (–
C-NH2) on the chromone ring in all hydrazones. The signals
of carbonyl carbons from hydrazine motifs were observed
roughly at δ 162.9, 160.7, 150.4, 160.1, 157.3, and 145.7 from
CBH, CNH, CISNH, CPH, CTPH, and CFH, respectively.
The detail of other carbons in all hydrazones is described
as following: Six carbons on the benzene ring of chromone
of CBH are shown at δ 145.6, 133.9, 128.1, 125.3, 121.8,
and 117.6. Three carbons on chromone ring are δ 173.7,
165.0, and 92.6. Six carbons on the benzene ring having –
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Figure 1: UV-Vis spectra of the 6 hydrazones in DMSO. The
concentration of all hydrazones in μM are shown in Table 3.

Table 5: 1HNMR data of the 6 hydrazones (ppm).

No. Compd.
Deuterium
Solvent

CH=N- -NH- -OH -NH2

1 CBH DMSO 8.96 12.15 11.98 9.70,9.36

2 CNH DMSO 8.94 12.12 11.50 9.71,9.38

3 CISNH DMSO 8.96 12.12 ……. 9.68,9.38

4 CPH DMSO 9.08 12.34 ……. 9.88,9.28

5 CTPH DMSO 8.91 11.94 ……. 9.65,9.31

6 CFH DMSO 8.92 11.93 ……. 9.68,9.30

Table 4: FTIR data of the 6 hydrazones.

No. Compd. C=O C=N- -NH- -OH NH-C=O -NH2

1 CBH 1641 1605 3080 3500 1550 3284

2 CNH 1646 1606 3083 3437 1554 3270

3 CISNH 1650 1605 3292 1550 3434

4 CPH 1675 1606 3293 1535 3439

5 CTPH 1652 1607 3272 1551 3404

6 CFH 1655 1606 3291 1551 3411
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Figure 2: Fluorescence spectra of the 6 hydrazones in DMSO. The
concentration of CBH and CFH is 100 μM, while the concentration
of other 4 hydrazones is 10μM.

3Journal of Nanomaterials



RE
TR
AC
TE
D

T
a
bl
e
6:
C
he
m
ic
al
st
ru
ct
ur
es

of
re
ac
ta
nt
s
an
d
hy
dr
az
on

es
in

th
is
w
or
k.

OO

N
H

2

C
H

O

2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
e-
3-

ca
rb
al
de
hy
de

H
2N

H N
CO H
O

2-
hy
dr
ox
yb
en
zo
hy
dr
az
id
e

O

H C
N

H N
CO

O

N
H

2
H

O

(E
)-
N
’-
((
2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
-3
-y
l)
m
et
hy
le
ne
)-
2-
hy
dr
ox
yb
en
zo
hy
dr
az
id
e

OO

N
H

2

CH
O

2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
e-
3-

ca
rb
al
de
hy
de

H
2N

H N
CO H
O

3-
hy
dr
ox
y-
2-
na
ph

th
oh

yd
ra
zi
de

O

H C
N

H N
CO

O

N
H

2
H

O

(E
)-
N
’-
((
2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
-3
-
yl
)m

et
hy
le
ne
)-
3-
hy
dr
ox
y-
2-
na
ph

th
oh

yd
ra
zi
de

N
H

2
OO

CH
O

2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
e-
3-

ca
rb
al
de
hy
de

N
H

2N
H N

CO

Is
on

ic
ot
in
oh

yd
ra
zi
de

N
O

H C
N

H N
CO

O

N
H

2

(E
)-
N
’-
((
2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
-3
-
yl
)m

et
hy
le
ne
)i
so
ni
co
ti
no

hy
dr
az
id
e

OO

N
H

2

CH
O

2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
e-
3-

ca
rb
al
de
hy
de

N
H

2N
H N

CO

P
ic
ol
in
oh

yd
ra
zi
de

N
O

H C
N

H N
CO

O

N
H

2

(E
)-
N
’-
((
2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
-3
-
yl
)m

et
hy
le
ne
)p
ic
ol
in
oh

yd
ra
zi
de

OO

N
H

2

CH
O

2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
e-
3-

ca
rb
al
de
hy
de

H
2N

H N
CO

S

T
hi
op

he
ne
-2
-c
ar
bo
hy
dr
az
id
e

O

H C
N

H N
CO

O

N
H

2

S

(E
)-
N
’-
((
2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
-3
-
yl
)m

et
hy
le
ne
)t
hi
op

he
ne
-2
-c
ar
bo
hy
dr
az
id
e

OO

N
H

2

CH
O

2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
e-
3-

ca
rb
al
de
hy
de

H
2N

H N
CO

O

Fu
ra
n-
2-
ca
rb
oh

yd
ra
zi
de

O

H C
N

H N
CO

O

N
H

2

O

(E
)-
N
’-
((
2-
am

in
o-
4-
ox
o-
4H

-c
hr
om

en
-3
-
yl
)m

et
hy
le
ne
)f
ur
an
-2
-c
ar
bo
hy
dr
az
id
e

4 Journal of Nanomaterials



RE
TR
AC
TE
D

OH were shown at δ 160.1, 133.9, 125.3, 119.0, 116.9 and
115.2. Six carbons on the benzene ring of chromone of
CNH are shown at δ 150.4, 133.4, 129.0, 121.1, 121.1, and
117.1. Three carbons on chromone ring are at δ 173.5,
163.9, and 92.6. Ten carbons on the naphthyl ring are shown
at δ 145.7, 129.0, 127.1, 125.9, 125.2, 125.2, 125.2, 125.2,
124.1, and 110.9. Six carbons on the benzene ring of chro-
mone of CISNH are shown at δ145.7, 128.7, 126.9, 125.0,
and 116.8. Three carbons on the chromone ring are at δ
173.5, 163.0, and 92.6. Five carbons on the isonicotinic ring
are shown at δ133.6, 125.0, 125.0, 121.5, and 121.5. Six car-
bons on the benzene ring of chromone of CPH are shown at
150.0, 135.2, 127.1, 125.0, 122.2, and 117.1. Three carbons
on chromone ring are at δ 173.4, 163.1, and 92.8. Five car-
bons on the pyridine ring are shown at δ 148.9, 146.1,
134.9, 125.0, and 122.2. Six carbons on the benzene ring of
chromone of CTPH are shown at δ 144.2, 128.5, 125.3,
125.3, 121.8, and 117.1. Three carbons on the chromone ring
are at 173.4, 162.9, and 92.8. Four carbons on the thiophene
ring are shown at δ 138.1, 133.5, 131.6, and 128.5. Six car-
bons on the benzene ring of chromone of CFH are shown
at δ 133.4, 125.2, 125.2, 125.2, 121.7, and 116.8. Three car-
bons on the chromone ring are at δ 173.3, 163.0, and 92.8.
Four carbons on the furan ring are shown at δ145.7, 145.7,
114.5, and 112.2. These spectroscopic data confirmed the
successful syntheses of the 6 hydrazones mentioned above.
The λmax (nm) and εmax values of these six hydrazones were
calculated according to their UV-Vis spectra, the λmax, are in
the range of 344 to 351nm and εmax was from 1.50 x 104 to
3.26 x 104 cm-1M-1.

5. Conclusions

This study highlighted the synthesis and spectroscopic char-
acterization of 6 novel hydrazones. The hydrazones were
quickly synthesized through convenient and facile approach.
This study reported the synthesis of CBH in 9min. On the
other hand, CNH was synthesized in 1min only. After the
reflux of 25min, other 4 hydrazones were synthesized. The
importance of these hydrazones can be realized in live cell
imaging for detection of metal ions. These compounds are
quite beneficial for their role as chemo sensors. As a future
perspective of this study, these hydrazones containing oxy-
gen, sulfur, and nitrogen atoms may lead biologists for its
applications in biomedical fields.
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Shoulder arthritis is one of the most common injuries of professional volleyball players. It needs shoulder force to buckle, block,
and bounce, which leads to frequent shoulder injuries. In addition, the late rehabilitation treatment is not in place, which will
seriously affect the performance of volleyball players’ skills. Periarthritis of the shoulder is referred to as frozen shoulder,
commonly known as congealed shoulder and fifty shoulder. The shoulder pain gradually develops, worse at night, and
gradually increases, and the shoulder joint movement function is limited and increasingly aggravated. After reaching a certain
level, it gradually relieves and finally fully recovers as the main manifestations of the shoulder joint capsule and its
surrounding ligaments and tendons. Shoulder periarthritis is a common condition in which shoulder pain and inconvenience
are the main symptoms. This paper studies the application of nanomaterials combined with sports rehabilitation therapy in the
treatment of shoulder arthritis of volleyball players. We selected 50 volleyball players with shoulder arthritis injuries, randomly
assigned nanomaterials combined with sports rehabilitation therapy as the experimental group and traditional sports
rehabilitation therapy as the control group, 25 cases in each group. The experimental group was treated with nanomaterials
combined with sports rehabilitation, while the control group was treated with traditional sports recovery methods for 5 weeks.
Nanomaterials have a certain uniqueness. When the scale of matter is small to a certain extent, quantum mechanics must be
used instead of traditional mechanics to describe its behavior. When the particle size of the powder is reduced from 10
microns to 10 nanometers, its particle size is 1000 times, and when converted into volume, it will be 10 times the 9th power,
so there will be obvious differences in the behavior of the two. The physical examination of the two groups of volleyball
players’ shoulder joint visual analogue scale (VAS) pain score and shoulder joint isokinetic detection (including shoulder joint
extension and adduction, shoulder joint flexion and extension, and shoulder joint movement to 90° shape) is compared. The
results showed that the VAS score of the experimental group was significantly lower than that of the control group (P < 0:05),
and the isokinetic test of the experimental group was better than that of the control group (P < 0:05). After exercise
rehabilitation training for shoulder joint dysfunction, the average strength and activation of 10 muscles were improved, among
which the lower trapezius, the middle trapezius, and the serratus anterior were significantly improved. It can be seen that as an
effective treatment of shoulder arthritis, nanomaterials combined with sports rehabilitation therapy can not only accelerate the
rapid recovery of volleyball players after injury but also effectively prevent the occurrence of arthritis symptoms, so that
volleyball players can give full play to their skills on the court.

1. Introduction

Under coach Lang Ping’s leadership, the Chinese women’s
volleyball team won the World Cup in 2015 and the Rio
Olympics in 2016. In 2018, China once again dominated
Asia and became the champion of the Jakarta Asian Games.
It stands at the top of the world again, and Chinese volleyball
has entered a new stage of development. Volleyball is a kind

of competitive sport which is dominated by technology [1].
It usually takes a long time and repeated training to improve
skills. Long-term, high-load training is easy to make athletes’
muscles and joints suffer from chronic injury or strain. If we
do not pay attention to it, the condition will appear repeat-
edly or even worsen, and it will not be easy to cure
completely. Sports training, competition practice, and sports
injury are inseparable. Training can improve the athletes’

Hindawi
Journal of Nanomaterials
Volume 2022, Article ID 9066458, 10 pages
https://doi.org/10.1155/2022/9066458

https://orcid.org/0000-0002-9009-1270
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/9066458


sports level. Competition is one of the standards to test ath-
letes’ sports ability. But at the same time, unreasonable,
overload training or incorrect technical movements will also
cause sports injury, affecting the normal training and the
improvement of competition results. Therefore, it is one of
the necessary conditions for volleyball players to know the
common sports injuries, preventive measures, and rehabili-
tation means. Shoulder arthritis is very common in sports,
especially in badminton, volleyball, swimming, baseball,
and other items; because of the retrograde movement of ath-
letes’ upper limbs, it is easy to produce the symptoms of
shoulder joint pain. In 2016, the National Training Bureau
also carried out statistics on athletes’ rehabilitation injuries.
The main injuries of shoulder joint were subacromial impact
syndrome, rotator cuff injury, and Meng lip injury.

Shoulder joint injury [2] is one of the most common
injuries of volleyball players, which is an important reason
to affect the training and competition performance of volley-
ball players. In volleyball, shoulder joint is used in defense,
block, spike, and serve. Therefore, volleyball technique
depends on the function of shoulder. In the process of spik-
ing, the strength is transferred from the body, shoulder,
elbow, and wrist to the end of the upper limb. When it is
transferred to the end of the upper limb, it needs to reach
a higher speed to catch a high-quality ball. When you swing
your arm, you need to overcome a lot of resistance and a lot
of spiking. Shoulder joint, as an important part of the upper
limb and body power transmission, needs to bear high exer-
cise load. Therefore, if the athletes continue to carry out
high-load training under the condition of insufficient prepa-
ration or irregular technical movements, they may damage
the shoulder joint. Shoulder joint is the largest and most
flexible joint of the upper limb. The articular surface is large,
the glenoid is shallow and small, the joint capsule is loose,
and the ligament is weak. These physiological characteristics
determine that the shoulder joint has good flexibility and
poor stability. In the volleyball injury technique, the shoul-
der joint injury caused by impact is the most likely. The
common cause of shoulder pain caused by shoulder joint
injury is subacromial impact syndrome, and the nature of
the injury is mainly chronic injury. In daily training and
competition, due to the need for multiple swing arm strokes,
high-intensity, long-term exercise on the shoulder is easy to
make the impact of the coracoacromial arch, leading to sub-
peak mucositis, and more serious will lead to shoulder sleeve
tissue degeneration or tear, leading to shoulder pain and
obstacles. The method of adding vibration stimulation to
conventional strength training can more effectively improve
the effect of volleyball players’ shoulder joint strength
training.

When spiking the ball, the abduction angle of the upper
arm is less than 120°, and the flexion of the arm to hit the
ball forward and downward at a high speed is the most
important factor leading to shoulder injury of the players.
Secondly, because these young players started the college
entrance examination for sports from the second and third
year of high school, and the training time was tight, so the
exercise load and amount of exercise were not reasonable
enough. In recent years, semiconductor polymer nanoparti-

cles with strong near-infrared absorption and good biocom-
patibility have attracted people’s interest in biosensors,
fluorescence imaging, photoacoustic imaging, and photo-
thermal therapy. There are three commonly used methods
for preparing conjugated polymer nanoparticles: nanopreci-
pitation, microemulsion, and self-assembly. However, these
conjugated polymer nanoparticles with hydrophobic sur-
faces are not stable in themselves, and their surfaces do not
further couple the functional groups of biomolecules. In
general, amphiphilic polymers or phospholipids can be
coated on the surface of conjugated polymer nanoparticles
to improve their biocompatibility and provide further mod-
ified functional groups. Therefore, most of the existing con-
jugated polymer nanoparticles have the problems of easy
dissociation and poor structural stability, which hinder their
application in biomedicine. In recent years, it has been
reported that hydrophilic polyethylene glycol (PEG) [3] is
grafted onto the main chain of semiconductor polymer to
prepare nanoparticles with stable structure. However, the
synthesis of amphiphilic semiconductor oligomers requires
a time-consuming and laborious process. Each modification
is specially designed for each different semiconductor-
conjugated polymer. Therefore, it is necessary to prepare
semiconductor polymer nanoparticles with stable structure,
surface functional groups, excellent imaging, and therapeutic
properties [4]. This paper studies the treatment of volleyball
players’ shoulder arthritis with nanomaterials combined
with exercise rehabilitation therapy [5, 6]. Badminton is an
indoor sport that uses a long-handled mesh racket to hit a
small ball made of feathers and cork across the net. The bad-
minton game is played on a rectangular field with a net in
the middle of the field. The two sides use various techniques
and tactics such as serving, hitting, and moving the ball to
hit the ball back and forth on the net so that the ball does
not fall within the effective area of its own side or make
the opponent miss the ball to win.

In volleyball, serving and spiking are the two most lethal
techniques in volleyball, and they are also the basic tech-
niques that are mainly controlled by the shoulder joint,
using the most and deepest techniques of the shoulder joint.
The joints have certain physiological and anatomical weak-
nesses, and if they are not well adjusted in the teaching
and training, sports injuries will be caused. Shoulder injury
will not only disrupt the daily training rhythm of volleyball
players but also reduce their competitive level and perfor-
mance and even end their career in advance. On this basis,
this study compared the characteristics of athletes with or
without shoulder arthritis in the school of education, Nan-
jing University of Physical Education, and the observation
of shoulder pain, the impact of stability and flexibility syn-
drome peak, and the peak of power sequence and arm swing
to complete the mobilization and recruitment of dynamic
chain muscle strength are different from the normal shoul-
der joint function of athletes. On the one hand, through
the timely evaluation and detection of the shoulder function
of volleyball players, functional training is carried out for the
weak points of the shoulder to prevent injuries. On the other
hand, after the occurrence of mild injury, timely targeted
training should be carried out to find and correct wrong
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movements, strengthen weak muscle strength, reduce the
chance of injury recurrence, and improve sports perfor-
mance and competitive ability. Through the application of
nanomaterials combined with sports rehabilitation therapy
in the experimental group and the traditional treatment in
the control group for 5 weeks, respectively, the physical
examination of the two groups of volleyball players’ visual
analogue scale (VAS) pain score and shoulder joint isoki-
netic test (including shoulder joint extension and adduction,
shoulder joint extension and adduction, and shoulder joint
isokinetic test) was carried out. The results show that the
viewpoint put forward in this paper is conducive to the
recovery of shoulder arthritis [7]. The results can provide a
reference for the scientific training and rehabilitation of vol-
leyball players and provide suggestions for the treatment and
prevention of shoulder arthritis of volleyball players. Visual
analogue scale (VAS) is a simple method for measuring pain
intensity in clinical practice. The basic method is to use a
walking scale about 10 cm long, with 10 scales on one side,
and two ends, respectively. Among them, the “0” score indi-
cates no pain, and the “10” score indicates the most severe
pain, which is unbearable. In clinical use, turn the scale side
away from the patient and let the patient stand on the ruler;
the corresponding position that can represent the degree of
pain is marked on the top, and the doctor assigns the score
according to the position marked by the patient. In daily
training and competition, volleyball players with subacro-
mial impact syndrome will have pain in their shoulder when
they repeatedly serve and spike for a long time, which will
negatively affect their shoulder function, competitive ability,
and psychological state.

2. Preparation of Conjugated
Polymer Nanomaterials

The conjugated polymer system [8] of the molecular main
chain contains large delocalized π bond. The most impor-
tant characteristics of them are that they have three unsatu-
rated carbon bonds, double space carbon bonds, or single
structure bonds intersecting with aromatic rings. This prop-
erty is conducive to the delocalization of free electrons and
carriers in the polymer. The delocalization and delocaliza-
tion polarization of the internal structure of the conjugated
polymer directly affect the luminescence of the conjugated
polymer. Because of the long-range shift and large π bond,
the gap between the molecular energy level becomes smaller
and smaller, and the free electron can move freely along the
main chain of the main chain-conjugated polymer, that is,
the so-called “molecular line” effect. Conjugated polymers
have excellent electrical signal conductivity, excellent energy
transfer rate can achieve the effect of signal amplification,
and fluorescence resonance energy transfer (FRET) [9] can
achieve significant enhancement of fluorescence signal.
Nanomaterials refer to materials that have at least one
dimension in the three-dimensional space at the nanometer
size (1-100 nm) or are composed of basic units, which are
approximately equivalent to the scale of 10 to 1000 atoms
tightly packed together.

2.1. Synthesis Methods of Common Conjugated
Polymer Nanomaterials

2.1.1. Suzuki Coupling Reaction. The early Suzuki coupling
reaction [10], sometimes called Suzuki Miyagi coupling
reaction, was named after scientists Suzuki Chang and
Miyagi. Suzuki’s reaction mechanism consists of three steps
in the catalysis and circulation, which has been widely used
at present.

The first step is oxidation addition reaction. As a cata-
lyst, LNPD and electrophilic RX have oxidative addition,
and the product is a transition compound. The first step is
the most important. PEG is a series of products that are non-
toxic, nonirritating, and slightly bitter in taste, have good
water solubility, and have good compatibility with many
organic components. They have excellent lubricity, moisture
retention, dispersibility, adhesive, antistatic agent and soft-
ener, etc. and are widely used in cosmetics, pharmaceuticals,
chemical fibers, rubber, plastics, paper, paint, electroplating,
pesticides, metal processing, and food processing. There are
a wide range of applications in the industry.

The second step is transfer metallization. Under the
action of alkaloids, organic borides are first transformed into
negatively charged substances and then metallized with the
products.

The third step is reduction and elimination of reaction.
Product R is formed by transfer metallization and elimina-
tion process R1 − R2. The FLIR E40 touchscreen user inter-
face is designed to be intuitive, taking full advantage of the
full 3.5-inch display and providing easy access to all analyt-
ical tools. The 3 movable detection points can accurately and
perfectly analyze three-phase electrical problems. By viewing
the automatically calculated temperature difference, you can
instantly grasp the crux of the problem. The temperature
range and image can be fine-tuned. Various suitable color
palettes are available to enhance detection. Thermal images
are superimposed with visible light images for easy and clear
positioning.

2.1.2. Heck Reaction [11]. Palladium is used as catalyst to
catalyze the cross-coupling reaction of halogenated aro-
matics, haloalkenes, and vinyl compounds, which is called
Heck reaction. It is worth mentioning that β-hydrogen, a
free halogenated hydrocarbon, can also trigger the ghost
alkylation reaction.

First of all, halogenated products have oxidation and
replenishment; the matrix is coordination and transfer, car-
bon bond rotation, palladium and β hydrogen removal
sequence, and catalyst deoxidation and elimination cycle.

2.1.3. Sonogashira Cross-Coupling Reaction. The synthesis of
aryl halides and alkenyl halides with palladium or copper as
catalyst under the catalysis of terminal alkynes is called the
Sonogashira cross-coupling reaction. Transition metal catal-
ysis is one of the most commonly used methods for the syn-
thesis of carbon triple bonds. The Sonogashira reaction is
widely used in material synthesis, natural material purifica-
tion, active intermediate catalysis, and other fields. Due to
the high price of palladium, copper catalyst is usually used.
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The Sonogashira coupling reaction has been developed and
improved by a large number of chemical researchers. On
the one hand, the cost of the reaction process is low and
the conditions for chemical synthesis are mild. On the other
hand, a large number of novel green reaction conditions are
used in the Sonogashira cross-coupling reaction, which has
far-reaching significance in the field of chemistry and great
potential in the development and application of real life. At
present, the main problem is that the activity of copper salt
as catalyst is not enough, and no efficient and cheap copper
salt ligand has been found.

2.1.4. Glaser Polymerization. The oxidative stress polymer
reaction with copper as catalyst is called the Glaser polymer
reaction. The Glaser coupling reaction is also an important
reaction to construct C-C single bond, which plays a key role
in the synthesis of natural compounds, drugs, and optoelec-
tronic information materials. In recent years, there are many
reports about catalytic coupling reactions, mainly focusing
on the search for new catalysts, new ligands, and new cata-
lytic systems.

In recent years, the coupling reaction between polyethyl-
ene glycol and ionic liquid has been widely used in chemical
industry. At present, polyethylene glycol and ionic liquid are
the green media studied by many researchers. Compared
with the Glaser reaction method using traditional organic
solvent, the first two methods have simple conditions and
high yield. On the other hand, reactants can be recycled
and reused, thus greatly improving the utilization of atoms
from the point of view of atoms in the chemical synthesis
process. In addition, the odor of traditional basic organic
amines can be rejected in the reaction process. In the process
of chemical synthesis of Glaser in the medium of PEG, the
effects of different molecular weight of PEG, different cata-
lysts, different copper ligands, and different temperatures
on Glaser reaction were studied. The best reaction condi-
tions were selected, and the catalytic coupling of terminal
alkynes with different properties was realized under the best
reaction conditions. RX reacts with a non-transition metal-
organic compound RM under the catalysis of transition
metal complexes to form carbon-carbon bonds. The cross-
coupling reaction has high efficiency, good selectivity, and
mild reaction conditions and is an effective means of mod-
ern organic synthesis.

2.2. Preparation of Instruments. The distribution of nanoma-
terials in the cells and the production of ROS were studied
by fluorescence imaging of Olympus IX81 laser scanning
confocal microscope [12]. The cytotoxicity test and analysis
were carried out by Casey cell count, enzyme-linked immu-
nosorbent assay, and Sch RFE system. The temperature
change of photothermal test was monitored by FLIR E40
thermal infrared imager; PerkinElmer used the new K-
series III small animal internal imager to image the human
shoulder.

2.3. Preparation Method of Polymer Nanoparticles. At pres-
ent, the three methods most widely used in the field of con-

jugated polymer nanoparticles are nanoprecipitation,
microemulsion, and self-assembly.

2.3.1. Nanoprecipitation Method. Nanoprecipitation is also
called reprecipitation. The main step is to inject the hydro-
phobic conjugated polymer organic solution into the weak
solvent represented by ultrapure water under the condition
of ultrasound with certain power intensity. Under the
hydrophobic action, the solubility of conjugated polymer
in two solvents is very different. Once the conjugated poly-
mer molecules extend in organic solvent, they will gradually
agglomerate in ultrapure water and finally form spherical
nanoparticles. In addition to the coupling polymer itself,
the size of nanoparticles is also affected by their high con-
centration in the initial organic solution. Then, the organic
solvent and excess water were removed by rotary evapora-
tion apparatus, and finally, the conjugated polymer nano-
particles with good stable distribution were obtained.

2.3.2. Microemulsion Method. Compared with the nanopre-
cipitation method, the biggest difference between the micro-
emulsion method is that the solvent phase is composed of
acetone, dichloromethane, tetrahydrofuran, and other
organic solvents and is insoluble in water. The most impor-
tant thing is to add surfactants as stabilizers in the process of
microemulsion preparation. The main function of surfac-
tants is to prevent the aggregation of conjugated polymers.
Firstly, the organic semiconductor polymer is dissolved in
the organic phase and then injected into the super pure
water mixed system containing surfactant. In the high-
power water bath ultrasonic state, the organic phase in the
conjugated polymer is dispersed slowly in the aqueous
phase, and finally, the emulsion is formed. Finally, we can
turn on the rotary evaporator, evaporate the excess organic
solvent and ultrapure water, and finally form the nanosolu-
tion we need. In this process, the emulsion forms four con-
jugated polymer nanoparticles through nucleation,
coalescence, agglomeration, and heat treatment. Microemul-
sions typically consist of surfactant, cosurfactant, solvent,
and water (or aqueous solution). In this system, two immis-
cible continuous media are divided into tiny spaces by sur-
factant amphiphilic molecules to form a microreactor, the
size of which can be controlled in the nanometer range,
and the reactants react in the system to form solid phase par-
ticles. Because microemulsion can precisely control the par-
ticle size and stability of nanomaterials, it limits the
nucleation, growth, agglomeration, and other processes of
nanoparticles. The resulting nanoparticles are coated with
a layer of surfactant and have a certain amount of condensed
matter structure.

2.3.3. Self-Assembly Method. Compared with the former two
methods, the self-assembly method is relatively simple. Its
main step is to suspend or completely dissolve the conju-
gated polymer and coassembly materials with positive and
negative charges in ultrapure water. They vibrate violently
in a certain proportion, and then, we can directly get the
nanoparticles we need through the centrifugal process at a
certain speed.
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3. Research on the Combination of
Nanomaterials and Rehabilitation
Therapy of Shoulder Joint Injury

3.1. Causes of Shoulder Joint Injury. The shoulder joint inju-
ries of 75 volleyball majors in the Nanjing Institute of Phys-
ical Education were investigated by questionnaire and
observation. It is found that the key to shoulder joint injury
in volleyball is serve and spike. The main reason for the
injury is that the athlete’s technical mastery is not compre-
hensive and the standard and warm-up are not enough.
Excessive shoulder abduction angle is the key to shoulder
injury. The average abduction angle of attacker with shoul-
der joint injury was 146.51° and that without injury was
117.23°. The results show that the optimum temperature
range is between 105° and 130°. In addition, the reason of
shoulder injury is that the swing sequence of the upper limb
is not the swing time and the front limb is too long. When
smashing, the abduction angle of the upper arm is less than
120°. At the same time, the arm bends to hit the ball forward
and down at high speed, which is the most important factor
leading to the shoulder injury of small players. Because of
the structural attribute of shoulder joint and the high
requirement of hitting speed due to the action range and
explosive force in volleyball match, students are easy to
cause shoulder joint injury under the premise of nonstan-
dard and uncoordinated volleying. The second important
reason is the shoulder injury caused by the difference of
preparation and physical fitness. In addition to the weakness
of the anatomical results of the shoulder joint itself, the tech-
nical links leading to the shoulder joint injury include the
following: due to the rigidity of the limbs, unable to under-
stand the flogging action, directly press the upper arm down
to hit the ball; the force sequence is wrong, and the elbow
joint is dominant; the shoulder is not relaxed enough, and
the arm is in the leading stage; the whole body lacks the pro-
cess of coordination force, and the coordination force is just
the local force of the shoulder; the jump time is not correct,
and the ball is not buckled or missed.

To sum up, the causes of shoulder injury of volleyball
players can be started from internal and external factors.
The internal reason is that the shoulder joint is composed
of humeral head and scapula, which is a typical ball and
socket joint. The joint capsule is thin and loose, the joint
basin is shallow, and the shoulder joint is flexible but unsta-
ble. Its stability mainly depends on the dynamic balance of
shoulder joint muscle strength. If the amplitude and speed
of the upper limb movement are too large and too fast, the
imbalance of muscle strength between the protomyo and
the antagonistic muscles is easy to cause damage. The exter-
nal reason is in all volleyball techniques, serve and spike are
the two techniques with the highest score. If the team wants
to win, they will do these two exercises over and over in their
daily training. Jumping and spiking refers to that when the
human body is in the air, the strength of the trunk is trans-
ferred to the shoulder to drive the arm to swing and hit the
ball. The damage caused in this process can be divided into
two situations: one is that there is a mistake in the take-off
process, and then, the ball is hit into the air; the other is that

the technical action at the moment of hitting is not stan-
dardized, which is easy to cause shoulder damage.

3.2. Sports Rehabilitation Therapy for Shoulder Joint Injury.
It has been reported that Bobath handshake weightlifting
training is mainly used for active and passive sports, lasting
for 10-20 minutes, 4-6 times a day; the second is the centrip-
etal winding method, 3-4 times a day. The research adopts a
group of dumbbell strength training methods, which consist
of eight movements, including shoulder bending 90 degrees
and 180 degrees, 90 degrees abduction, push up, rotation,
neck rear arm flexion and extension, and neck rear arm flex-
ion and extension+rotation of the forearm internal and
external rotation, easy to pull, basically including most of
the shoulder joint function training mode; each group of
dumbbell maintains 10 weeks through weekly incremental
training. Rehabilitation training program is designed for
patients with rotator cuff injury 3 weeks after surgery, with
a total of four stages: in the first stage, shoulder joint fixation,
elbow bending and expansion function, hand grip strength,
wrist, rowing, and other exercises. The intensity of training
develops gradually according to the patient’s bearing range.
The shoulder muscles perform long contraction movement,
and the shoulder joints perform passive movement. In the
second stage, the movement pain should be avoided as much
as possible. The shoulder joint should carry out active and
passive activities, just as it is assisted by pulley, shoulder lad-
der, and other equipment. The range of motion is controlled
under the scapula to ensure no pain; while performing iso-
metric contraction exercise, the muscles at different angles
start to exercise the hand resistance function scapula move-
ment, 20 times/time, 2 times/day. In the third stage, the gle-
nohumeral joint and scapula are trained, and the stability of
tendon sleeve training is ensured. According to the adapta-
tion, the shoulder abduction activity plan is made by me.
Gradually, return to the normal range of activity and con-
tinue to carry out posture correction training; muscle
strength increased. Attach a low weight sandbag to the arm
to enhance the stability of the joint, 40 times/time, 3 times/
day. In the fourth stage, the resistance training should con-
tinue to recover the upper limb movement function, increase
the strength training of the rotator cuff muscles as much as
possible, then expand the rotation muscle tension, and
enhance the muscle strength, proprioception, and flexible
coordination training, which can improve the throwing,
skills, and other training methods, 40 minutes/time, 3
times/day.

Some scholars have designed similar rehabilitation train-
ing programs: the first stage lasts for one week, mainly using
grip strength training, elbow flexion and extension training,
joint capsule tension training, neck extension training, and
vertical swing training; the second stage lasts for five weeks,
mainly using shoulder bending movement, external and
internal rotation movement, and cuff muscle tissue, 10
times/group of exercise load. In the third stage, horizontal
bending, large external rotation, shoulder bending forward,
back pulling towel, and straight arm lifting were used. The
results show that the rehabilitation training program can
accelerate the relief of pain, shoulder joint movement
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limitation, and other symptoms, reduce the dependence of
anti-inflammatory analgesic drugs and local block drugs,
and significantly improve the shoulder joint movement
function.

There are also scholars who have studied a rehabilitation
training program for excellent high-level volleyball players
with shoulder arthritis. Rehabilitation training emphasizes
the accuracy of the movement, based on the principle of
small intensity and multiple times. Exercises include the fol-
lowing: (1) strengthening the stability of shoulder muscle
group, upper limb stability exercise, and ball holding stabil-
ity exercise of locking power chain, which are 30-40 seconds/
group and 3 groups/day, respectively. (2) The weight was
small (3 kg), 20 times/group, 3 groups/day for the whole
pot exercise, straight elbow rowing exercise, bird bending
exercise, dumbbell shoulder turning exercise, shrug exercise,
and dumbbell resistance exercise. (3) Elastic belt strength
exercise includes abduction pull-up, forward pull-up, back
pull, chest extension, front pull, forearm internal rotation,
and forearm external rotation, 20-30 times/group, 3
groups/day. (4) The elastic rope mimics the forehand and
backhand movements. The results showed that after 4 weeks
of rehabilitation training, the angle expansion increased sig-
nificantly, the pain of expansion and kidnapping disap-
peared, the strength of rotating muscle increased, the
strength and stability of shoulder increased significantly,
there was no pain, no soft feeling, fear disappeared, and no
need for muscle paste protection.

3.3. Nanomaterials and Rehabilitation Therapy for Shoulder
Joint Injury. Phototherapy with conjugated polymer nano-
materials is mild and will not cause obvious damage to nor-
mal tissue cells. Because the light source is absorbed by the
photosensitizer gathered around the shoulder cells by the
external light source, the external light source should have
strong tissue penetration ability, and the near-infrared light
is generally selected as the external light source [13]. At pres-
ent, photodynamic therapy mainly includes PDT [14] and
PTT [15]. Photodynamic therapy uses photosensitizers to
capture light sources and then act on oxygen to produce
monooxygen or reactive oxygen radicals. It uses the strong
oxidation of singlet oxygen or reactive oxygen radicals to
cause irreversible damage to biological cells and kill the
pathogenic cells. Photodynamic therapy is a kind of treat-
ment method that photosensitizers absorb near-infrared
light to penetrate biological tissues, convert light energy into
heat energy, and make the inflammatory cells of local shoul-
der joint reach high temperature and then kill the inflamma-
tory cells.

(1) Photodynamic therapy (PDT) [16] is a kind of treat-
ment method that uses photosensitizers to absorb
light, produce single oxygen or reactive oxygen free
radicals, kill inflammatory cells of shoulder joint,
and treat shoulder injury. The basic reaction process
is that when the photosensitive substance in biologi-
cal tissue is illuminated, it absorbs photon energy
and changes from ground state (S0) to excited state
(S1). The excited photosensitive material is very

unstable, and it will emit energy back to the ground
state (S0) by emitting fluorescence or system cross-
ing into the three states (T1). Generally speaking,
most photodynamic reactions involve the triplet
state of photosensitizer. Triplet photosensitizers
transfer the light of oxygen molecules under the con-
dition of energy and produce singlet oxygen (type
II). Photodynamic therapy (PDT) is a method that
uses photosensitizer molecules to gather in the
inflammatory cells of shoulder joint and then irradi-
ates the inflammatory cells of shoulder joint with
external light source to produce singlet oxygen or
active oxygen free radicals, killing the inflammatory
cells of shoulder joint. Photodynamic therapy has
been widely used in the treatment of skin diseases
and superficial tissue diseases because of its mild
conditions and no damage to normal tissue cells

(2) Photothermal therapy [17] is a therapeutic method
to kill inflammatory cells of shoulder joint by using
heat generated by photothermal converter. The main
working principle of photothermal therapy is as fol-
lows: under the action of photothermal conversion
agent, the near-infrared light which has good pene-
trability to biological tissue is used as the excitation
light source to improve the local temperature, so as
to achieve the treatment method of killing inflamma-
tory cells of shoulder joint. This kind of local treat-
ment is simple and effective without obvious side
effects. In recent years, photothermal therapy has
been greatly developed, because light source and
photosensitizer only need two basic conditions.
However, because these photosensitizers need to
penetrate tissues, they also need to have good ability
to absorb near-infrared light. In addition, PTT can
be used for deep treatment of shoulder inflammation
because of its strong tissue-penetrating ability

Conjugated polymer nanomaterials combined with
sports rehabilitation therapy can effectively cure the athlete’s
shoulder arthritis, relieve the athlete’s pain, and quickly treat
and prevent the recurrence of inflammation. In the case of
conjugated polymer nanomaterials, photodynamic therapy
or photothermal therapy can reduce the pain of patients
with shoulder joint inflammation.

4. Results and Discussion

4.1. Comparison of Gender, Age, and VAS Score before
Treatment between the Two Groups. Shown as Table 1, there
were 50 volleyball players with shoulder arthritis. During the
follow-up, 4 cases were excluded and 2 cases were dropped.
Finally, 23 cases in the experimental group and 21 cases in
the control group were followed up. There were 13 males
and 10 females in the experimental group and 9 males and
12 females in the control group. There was no significant dif-
ference in gender between the two groups (P > 0:05).

Shown as Table 2, there was no significant difference in
age between the two groups (P > 0:05).
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Shown as Table 3, there was no significant difference in
VAS score between the two groups before treatment
(P > 0:05).

4.2. Comparison of VAS Scores of Two Groups in Different
Time Periods. Shown as Table 4, there was no interaction
between time and group in repeated measurement of vari-
ance statistical analysis; VAS scores of the two groups at dif-
ferent time points had time effect; VAS scores of the two
groups at different time points had group effect. It can be
seen from Table 4 that the pain score of the experimental
group is better than that of the control group at 12h, 24 h,
and 48h, but the difference is not statistically significant
(P > 0:05).

Shown as Figure 1, VAS scores of the two groups had
grouping effect at different time points. As shown in
Figure 1, there may not be any change at the beginning,

but after the method of the experimental group, the VAS
score began to produce a qualitative change. The pain score
of the experimental group was better than that of the control
group at 3 weeks, 6 weeks, and 12 weeks, and the difference
of VAS score from 4 days to 3 weeks was statistically signif-
icant (P < 0:05).

Shown as Figure 2, the number of compressions between
the test group and the control group was 0-12 h, 12-48 h, 48-
96 h, and 96-156 h, and the average number of compressions
in the four time periods in the experimental group was
smaller than that in the control group, with statistical differ-
ence (P < 0:05).

4.3. Adverse Effects of Analgesia in the Experimental Group
within Two Days. Shown as Figure 3, the incidence of
adverse reactions in the experimental group was 23.0%,
among which nausea accounted for 30% and dizziness and
headache accounted for 30%. The incidence of adverse reac-
tions in the control group was 36.4%, including 4 cases of
nausea, 2 cases of vomiting, and 5 cases of dizziness and
headache. The incidence of adverse reactions in the experi-
mental group was significantly lower than that in the control
group (P < 0:05).

4.4. Shoulder Isokinetic Test. Shown as Figure 4, there was no
interaction between the two groups through repeated mea-
surement of variance statistical analysis; there was time effect
in the constant Murley score of the two groups; there was
grouping effect in the constant Murley score of the two
groups. There was no significant difference in pronation
and abduction scores between the two groups, but there
was significant difference in the scores of 1 week and 3 weeks
(P < 0:05). At 6 weeks, the scores of entropion and abduc-
tion in the experimental group were slightly higher than
those in the control group, but the difference was not statis-
tically significant (P > 0:05).

5. Conclusion

The stability and flexibility of the shoulder joint and the
muscle control ability of the shoulder joint are decreased
in patients with shoulder joint dysfunction. It is easy to cause
injury; the activation sequence of shoulder muscles for those
with shoulder joint dysfunction is inconsistent with the
requirements of the volleyball spiking action, which is easy
to cause injury and affect the spiking effect. The biological
structure of human shoulder joint is complex. It consists of
muscle group, skeleton, ligament, tendon, surrounding soft
tissue, and skin. There are nerves and blood vessels in the
muscle structure of the shoulder joint, which provide power
for the movement of the shoulder joint. Volleyball players
need to spike, serve, and release the ball in training and com-
petition engineering, which is easy to cause shoulder injury
and inflammation. In order to catch the ball with quality
and strength, it is necessary to overcome the huge resistance
when swinging the arm. If the shoulder causes sports injury,
it will seriously affect the play of skills on the field, resulting
in the decline of competition results. In order to avoid the
occurrence of such events, this paper proposes the

Table 2: Comparison of age distribution between two groups (�x ± s
, year).

Number/case Age

Experience group 23 59:36 ± 4:35
Control group 21 62:27 ± 5:84
t 1.237

P 0.238

Table 4: Comparison of VAS scores of two groups at different time
points after operation (�x ± s).

12 h 24 h 48 h

Experience group 3:02 ± 1:27 2:23 ± 0:65 2:79 ± 0:54
Control group 4:53 ± 0:84 3:61 ± 0:26 3:02 ± 0:82
t -1.271 -1.029 -0.472

P 0.324 0.023 0.628

Table 1: Comparison of gender differences between the two
groups.

Total/case Male/case Female/case

Experience group 23 13 10

Control group 21 9 12

X2 0.004

P 0.963

Table 3: VAS score before treatment in two groups (�x ± s, min).

Number/case Age

Experience group 23 5:35 ± 0:35
Control group 21 6:34 ± 1:34
t 0.446

P 0.563
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application of nanomaterials combined with sports rehabili-
tation therapy in the treatment of volleyball players’ shoul-
der arthritis. Firstly, the preparation of conjugated polymer
nanomaterials is studied, which can be used in photody-
namic therapy or photothermal therapy to treat the shoulder
inflammation of volleyball players. Therefore, the experi-
mental group and the control group are divided into differ-
ent treatment methods. The results show that the
experimental group is better than the control group in
VAS pain analysis, and the pain score is significantly lower
than the control group. The number of times of the experi-
mental group and the control group are the same as the con-
trol group in the comparison of the number of times of
pressing. The adverse reaction rate of the control group is
36.4% in the test of adverse reactions of analgesia; the score
of varus and abduction in the experimental group was
slightly higher than that in the control group. It can be seen
that the nanomaterials combined with sports rehabilitation
therapy proposed in this paper have a very good effect on
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Figure 2: Comparison of compression times of analgesia pump between the two groups in different time periods within two days after
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the shoulder arthritis of volleyball players, and there is a
great market space in the future. Exercises to improve shoul-
der mobility are suggested to be added to the preparatory
activities for daily training. During the intensive spike train-
ing week, more attention should be paid to activating weak
small muscle groups and improving their strength, so as to
keep the strength of the shoulder muscles balanced, so as
to prevent shoulder joint injuries and improve sports
performance.
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People have higher and higher requirements for the size, sensitivity, measurement range, repeatability error, and power
consumption cost of sensors and memories in the field of electronic information technology. “Logistics” as another new
industry in the modern social division of labor is showing its infinite vitality, and the rise of digital logistics is the use of network
technology to meet the development of this era. Based on the application of amorphous alloys and ferroelectric materials to the
construction of logistics digital platform, this paper is aimed at demonstrating the function of nonstatic alloys and ferroelectric
materials to promote the data storage of logistics digital platform and other aspects from multiple perspectives. This article is
mainly divided into two general directions. The first is to study the physical and chemical properties of amorphous alloys and
ferroelectric materials separately. The content of the article is more complete by referring to relevant research literature or
obtaining relevant targeted information; the basic structure of the digital logistics platform is modeled, and the application of
amorphous alloys and ferroelectric materials is mainly applied to the two parts of the data service composition and the data layer.
This arrangement is based on the sensor as the key to data processing. Location is of great significance to the entire platform
system. The experimental results show that the digital logistics platform constructed in this paper can reach a score of 7.75 in
terms of data security and 7.39 in terms of flexibility. It also increases the efficiency of the entire operation process.

1. Introduction

With the rapid development and rapid popularization of
computer network application technology, electronic trading
platforms have gradually increased. After development, a
comprehensive trading system with a complete logistics sys-
tem, financial services, and platform technology has been
gradually formed [1, 2]. E-commerce is in a stage of rapid
growth with strong growth, and many companies are
approaching the direction of e-commerce, and modern logis-
tics systems must rely on efficient modern logistics informa-
tion platforms [3, 4]. In the traditional transaction mode, it
is difficult for the demand side to know all the conditions of
the materials, which is not conducive to the sale of the sup-
plier, and it is not conducive to the purchase of the demand
side. Because the concept of logistics is highly valued in the rise
of e-commerce and the development of modern logistics relies
greatly on the construction of information, information tech-
nology in logistics is another important application industry in

the future information industry. Utilizing the accuracy, speed
and openness brought by information technology greatly facil-
itate both supply and demand, better adapt to the needs of
social and economic development, and promote the transfor-
mation of material transactions from traditional models to
electronic transaction models [5].

In the customer-centric era, time and information effi-
ciency are of the utmost importance. The efficiency of logis-
tics management directly determines the efficiency of the
entire supply chain [6]. With the application of the sharing
economy, human logistics has become an emerging indus-
try, and only logistics-based management platforms can
show its efficiency and flexibility. Through the standardiza-
tion of company logistics and warehousing, further improve
the management process of warehousing logistics, so that
the company has the ability to provide logistics public
services. With the help of the R&D platform, the synchro-
nization area of the business center is developed to reduce
the loss of income caused by internal use and to increase
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the integration of the sources of all parties and strengthen
the source [7].

Due to the wide practicability of amorphous alloys and
ferroelectric materials, researchers at home and abroad have
paid a lot of attention. Lee et al. at home and abroad have
prepared a Zr-based amorphous alloy-based composite
material reinforced by continuous fibers of tungsten (W)
or tantalum (Ta) by liquid pressing technology. The rela-
tionship between their tensile strength properties, micro-
structure, and mechanical deformation was studied using
the Hopkinson split tie rods. The dynamic tensile test results
show that the maximum strength of W fiber-reinforced
composites (757MPa) is much lower than the quasistatic
measured strength, while the maximum strength of Ta
fiber-reinforced composites (2129MPa) is very high, but it
is not yet widely used [8]. Lesz and Dercz have prepared
binary Ni-Nb amorphous alloy ribbons by melt spinning
technology. Melt spinning, a forming method using polymer
melt as raw material, is spun using a melt spinning machine.
Any heating can melt or turn into a viscous flow state
without significant degradation of the polymer and can be
spun using melt spinning method. Differential scanning
calorimetry was used to study the glass transition and
crystallization phenomena of the alloy, and the thermal
properties of the binary Ni-Nb tape during heating and cool-
ing were analyzed by DTA. The structure and fracture
morphology of the belt were examined by X-ray diffraction
and scanning electron microscopy [9]. Kulikova et al. stud-
ied the crystallization process and determined the structure
and thermal properties of the Al86Ni8Ho6 amorphous alloy
in a wide temperature range. It found the three-stage nature
of the crystallization process when heated to 700K. Accord-
ing to the high temperature X-ray diffraction analysis data,
the three-stage kinetic model of the crystallization process
has a reaction sequence based on the calculation of multiple
nonlinear regressions [10]. In Rajaei et al.’s research, Ni-Mo
and Ni-Mo-P alloy coatings were electrodeposited on
AISI304 stainless steel samples as metal bipolar plates to
improve the corrosion resistance, hydrophobicity, and con-
ductivity of the samples. Scanning electron microscope
(SEM) micrographs show that the prepared coating is
uniform and dense. Potentiodynamic and potentiostatic
polarization tests carried out in a simulated PEMFC cathode
environment show that the corrosion resistance of the
coated sample is significantly improved compared with that
of the bare sample [11]. Barrett et al. reviewed the applica-
tion of light emission electron microscopy (PEEM) and
low energy electron microscopy (LEEM) in the study of
the electronic and chemical structure of ferroelectric mate-
rials. Both PEEM and LEEM can be used for direct and
reciprocal space imaging. Together, they provide access to
surface charge, work function, topography, chemical
mapping, surface crystallinity, and band structure. The
application examples of ferroelectric thin film and single
crystal research are introduced [12]. Fedeli et al. use the
(vector) phase-field model description of ferroelectric
domain evolution coupled with electroelastic equations to
establish a simulation framework for electromechanical
active materials. Several numerical experiments were

performed to test the behavior of the adopted simulation
framework. They proposed equal geometric collocation as
a cheap but very accurate alternative to standard finite
element discretization, which is also suitable for complex
coupling problems [13]. Gorodetsky et al. proposed the con-
ceptual model of the digital platform for cyber-physical
management of manufacturing enterprises in the industry
5.0, proposed the types of basic platform services, listed the
minimum service set of each type, and described their func-
tions. It confirmed the leading role of multiagent system as
the basic software architecture and technology, developing
digital ecosystem applications. Examples of digital platforms
and smart service ecosystems are provided to manage the
cargo transportation of Russian railways in accordance with
the principle of “Uberization.” Ubiquitization means trans-
forming existing work and services into tasks that are inde-
pendent of each other and assigning them when needed
[14]. Obviously, these studies are aimed at any aspect of
amorphous alloys, ferroelectric materials, and logistics digi-
tal platforms. However, there is a relative lack of research
that combines the two of them or even studies based on
these three subjects. In terms of methods, these studies are
relatively singular, so that the experimental results have
certain limitations.

The main innovations in the construction of amorphous
alloys and ferroelectric materials in the digital logistics plat-
form studied in this paper are as follows: (1) By studying the
interaction between defects and microstructures in ferroelec-
tric materials, in-depth exploration of the failure mechanism
of ferroelectric materials has better theoretical guiding
significance for the reliability design of smart components.
(2) By studying the interaction between electrical inclusions
and microstructures, the hysteresis loops of different electri-
cal inclusion models are given, so that the dielectric constant
of electrical inclusions can be controlled to improve material
properties or prevent material performance degradation. (3)
The phase field method is used to study the stress field and
microstructure evolution process of the electrode tip in
MFA under different applied electromechanical loads and
different temperature environments. The main consider-
ation is the effect of temperature changes on the stress con-
centration area. (4) The temperature change of a substance is
often closely related to the change of the microstructure and
macroscopic properties. Through thermal analysis, accurate
thermodynamic data related to the chemical reaction or
physical process of the substance can be directly obtained.

2. Theoretical Analysis of Amorphous Alloys
and Ferroelectric Materials

2.1. Ferroelectric Materials. In the past few decades, low-
dimensional ferroelectric materials such as ferroelectric thin
films, ferroelectric nanowires, and ferroelectric nanopillars
have been widely used in the development of micronano
devices due to their various excellent physical properties
[15]. The preparation technology of ferroelectric materials
is also more and more developed. Ferroelectric materials
developed by the combination of thin ferroelectric thin films
and microelectronics technology have become the most
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active field of ferroelectric research in the world. Ferroelec-
tric materials have a thermoelectric effect [16]. Ferroelectrics
belong to pyroelectric crystals, but the crystal structure is
more special. With its inherent characteristics of low energy
consumption and fast response, it is widely used in the prep-
aration of microfunctional components and has become a
hot research object. Density functional theory does not care
about the specific configuration of electrons. Its central goal
is to find the space distribution of charges corresponding to
the ground state of the system and to describe the physical
state and chemical properties of particles, materials and
solids through corresponding particle density functions.
Multiferroic materials with ferromagnetic and ferroelectric
properties are mainly concentrated in transition metal
(rare-earth element) oxides, mainly due to their complex
electronic structures and competing interactions. The mech-
anism of electric polarization is very complicated, and the
corresponding multi-iron mechanism is also different.
Ferroelectric materials can be applied to data storage [17].
Under the action of the stronger alternating electric field,
the polarization intensity P of the ferroelectric body varies
nonlinearly with the external electric field, and in a certain
temperature range, P behaves as a double-valued function
of the electric field E, showing a hysteresis phenomenon,
and this P-E return line is the electric hysteresis return line.
The hysteresis line is able to visually reflect the magnitude of
the maximum polarization strength, residual polarization
strength, coercivity field, etc., and the energy storage density
of the material can be calculated from the hysteresis line
integral. Due to the hysteresis loop of ferroelectric materials
and the polarization reversal properties produced in the
hysteresis loop, ferroelectric materials are widely used in
ferroelectric memory (FRAM). Integrated ferroelectric mate-
rials are used in storage, infrared detection and imaging
devices, ultrasonic and surface wave devices, and optoelec-
tronic devices. In fact, under the action of external
mechanical-electric load, the electric field near the crack is
strengthened, which causes the electrical domain structure
near the crack to reverse, that is, domain change [18, 19].
Since the accumulation of charge in the crack indicates that
the electric field is concentrated in the crack, the formation
of high-energy electric inclusions is formed. The crack tip
produces high tensile stress concentration, which eventually
leads to device failure. The digital oscilloscope completes the
work of the acquisition card and does not require a voltage
automatic attenuation module and a frequency measure-
ment circuit, which greatly reduces the complexity of the
circuit, while the operation is simple, and the integration
and safety of the system are also improved [20].

2.2. Amorphous Alloy. The amorphous alloy is solidified by
ultrarapid cold solidification, the alloy solidifies when the
atoms are too late to orderly arrangement of crystallization,
the solid alloy obtained is a long-range disordered structure,
the molecules (or atoms, ions) that make up its material are
not spatially regular periodic, there is no grain, and grain
boundaries of crystalline alloys exist. The best properties of
amorphous materials are directly related to their unique
atomic properties. Therefore, studying the atomic system

of amorphous materials is of great significance for under-
standing the properties of amorphous materials [21, 22]. A
large number of scientists gradually discovered the insignif-
icant value of these materials and supported their enthusi-
asm for the research of amorphous materials. The
continuous grid accident model is used to describe the struc-
ture of metal-like amorphous alloys. The structural units of
these amorphous alloys are random, and they are random-
ized in the form of copoint, collinear, and coplanar in a
three-dimensional space. The connection forms a long-
range disordered amorphous alloy. The structure of the
amorphous alloy is isotropic, there are no line and surface
crystal defects, and the metal bonding characteristics
between atoms are maintained [23]. Compared with crystal-
line materials, amorphous alloy materials have a similar col-
lision process. Considering the microstructure of amorphous
alloys, the vacancies, interstitial atoms, and atom-depleted
regions formed by it can exist instantaneously, but over time,
these defects are impossible to stably exist in the amorphous
alloy body. Related experimental studies have found that
adding a certain number of large-scale atoms to the amor-
phous alloy will change its close packing mode, thereby
reducing the corresponding diffusion coefficient and affect-
ing its structural changes [24]. Many atoms show a certain
state of coordination unsaturation, which makes the free
energy of the system higher, which makes it have better
mechanical properties and unique physical and chemical
properties than traditional crystal alloys [25, 26]. The choice
of opposing interaction forces in the system has a significant
impact on the accuracy of molecular energy simulation
results. Under low temperature or high pressure conditions,
the tensile strength between the atomic plane of the amor-
phous alloy and the surrounding atoms is very strong, which
is likely to cause a large amount of local plastic damage. How-
ever, large local atoms will not undergo plastic deformation
due to local fatigue at high temperature or low pressure but
will flow in a diffusion configuration [27]. The plastic defor-
mation state of amorphous alloy is shown in Figure 1.

The energy saving and economic advantages of amor-
phous alloys are expected to be a reasonable and efficient
evaluation method [28]. Amorphous alloys are widely used
in distribution transformers, high power switching power
supplies, pulse transformers, magnetic amplifiers, medium
frequency transformers, and inverter cores, suitable for fre-
quencies below 10kHz. Amorphous alloys are prepared by
the powder solidification and direct solidification methods.
At present, the structure determination technology of amor-
phous materials also shows certain application limitations in
this aspect, and it is unable to accurately detect the atomic
arrangement. Study the internal molecular dynamics of
amorphous alloys, and use formulas to derive this process:

Rα =〠
l

Ql δl,k að Þð Þ + 1
2〠li

φli alið Þ −〠
i≠l
δxi ailð Þ,

φ að Þ = 1 + χ
a
ah

� �����
���� exp −φ

a
ah − 1

� �� �
:

ð1Þ

Among them, Ql is the energy required for atomic

3Journal of Nanomaterials



movement, δl,k is the electron density, and the distance
between adjacent atoms is represented by ail. According to
the mechanical properties of the material, the multibody
potential φil is simulated [29], and the density of the bound-
ary structure can be calculated as

δ að Þ = δo f a − 1ð Þ = 1
m − 1 〠

il

χ a − ailð Þ
 !

lim
l⟶∇

að Þ,

al s + sið Þ − al s0ð Þ½ �2 = lim
l⟶∇

�a sð Þ − �a sð Þk k
s − 1 :

ð2Þ

lim
l⟶∇

represents the diffusion coefficient, s is the square of

the average displacement, �a is the position of the atom, m is
the free volume, and the surrounding volume is represented
by f ða − 1Þ. After measuring the macroscopic hardness of
the material with a Vickers hardness tester, it is found that
the general hardness of the material has not changed. This
is caused by the combined effect of hardness and elasticity,
that is,

∬s = R

3πð Þ1:2r ∗
1

Lið Þ1:2 exp −
l2

3Li

 !
,

ηil = ηi0 =
1
3 ηl1 = −

δ∀r
2 1 − að Þ2 :
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Since there is not enough time to make a specific
dynamic system∬s, the flow of the amorphous alloy is
accompanied by an increase in its internal free volume con-
tent ∀r, to identify the enriched area and the sparse area,
expressed by the following formula:

Q = h1
κ

� �
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ya3α

G ∇Gð Þ2
" #
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The collision will change the trajectory of the particle.
The particle moves along a broken line κ inside the material,
constantly changing the direction of travel, and there is a
complex cascade rotation outside [30, 31]. After the particle
leaves, an empty space ∇G surrounded by a large number of
oxides is formed.

3. Practical Application Data and
Experiments of Materials in the Digital
Logistics Platform

3.1. Properties of Amorphous Alloys. The storage system has
become the bottleneck of data system performance improve-
ment. In essence, intensive data computing poses unprece-
dented problems for the speed of storage systems.
However, most storage systems, especially those that require
high-speed data processing, are also built on custom mag-
netic hard drives. Because flash hard disks are completely
built on semiconductor chips and do not have mechanical
transmission functions, this different feature makes flash
hard disks an efficient storage medium, which can improve
the storage efficiency of mass systems [32, 33]. In the storage
system, it is necessary to find a suitable location for the flash
drive to achieve the proper balance between performance
and cost. The existing method considers the difference of
storage media, but does not consider the difference between
the four functions. At this stage, magnetic hard drives are
still very important in storage systems. Therefore, for most
storage systems, flash drives should not be as easy to plan
as replacing existing magnetic hard drives but should be a
way to improve storage system performance. Many amor-
phous alloy materials have excellent corrosion resistance,
which greatly promotes their practical applications in vari-
ous technical fields. Because no matter what kind of product,
its corrosion resistance is an important index to measure its
quality; especially for sensor technology, this is even more
important. The basic structure of the sensor provides the
material basis for its work. But the sensor’s sensitive compo-
nents usually need energy while realizing its sensitive func-
tions. And energy is basically provided by the appropriate
form of circuit. In some important areas, it performs search
operations better than other applications. The physical prop-
erties of amorphous alloys are shown in Table 1.

The breakthrough in the preparation process has
enabled more and more millimeter-level bulk amorphous
alloys and centimeter-level bulk amorphous alloys to be suc-
cessfully prepared. Through some chemical theories, we
have known that the activation point of chemical reaction
is the defect in the material structure, and the reason for
the formation of the galvanic cell in the electrochemical
corrosion process is the fluctuation of the composition.
Through industrial technology, we can deliberately intro-
duce defects into the material to realize this material and
analyze the mechanism and original elements of several

Compression Ball punching

Push into Bending

Figure 1: Plastic deformation state of amorphous alloy.
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commonly used amorphous alloy materials preparation
methods, as shown in Figure 2.

Amorphous alloys have a very unique microstructure.
The magnetostriction of amorphous alloy materials has
become an important reason that affects its magnetic prop-
erties because there is no obvious macroscopic magnetic
anisotropy in amorphous alloys. It is the existence of this
excellent characteristic that makes amorphous alloy mate-
rials become excellent high-resistance materials and preci-
sion resistance materials. To this end, research is carried
out on the correlation between physical characteristics and
performance, as shown in Figure 3.

Due to the existence of alloy composition, preparation
process, heat treatment, and other methods when preparing
amorphous alloys, amorphous alloys can also exhibit unique
dynamic characteristics according to different production
methods. The paper value of similar amorphous materials
has little effect on the statistical results; but the effect of
specific heat on the statistical results is more significant.
Measuring pressure not only is a very important issue in var-
ious fields of production and scientific research but also has
a very important meaning in people’s daily life. By picking
up the signal in the induction coil and processing the signal
data, the changed voltage and frequency signals are finally
obtained, and the relationship between the output voltage
and the vibration frequency is explored, as shown in Figure 4.

The above figure is a data analysis of the correlation
between the expansion voltage and the output voltage and
the vibration frequency in different regions of different
turns. On the whole, the output voltage expands with the
continuous expansion of the voltage, respectively, when the
voltage is 1.1 and 2.25 reaching the maximum value; and
the relationship between vibration frequency and voltage is
generally negative. When the temperature is constant, it
decreases with the increase of the compressive stress, and
when the compressive stress is constant, it increases linearly
with the vibration frequency. Whenever a new type of func-
tional material appears, people will try their best to apply
this material to sensor technology and try to explore the
advantages of these functional materials to serve the devel-
opment of sensor technology. The output voltage increases
monotonously with the increase of distance and pressure,
and the oscillation frequency decreases monotonously with
the increase of distance and pressure. It can effectively
hinder the rapid expansion of the shear band, overcome

the shortcomings of catastrophic fracture and no macro-
scopic plasticity of metallic glass materials during tensile
deformation, and make the composite material on the
basis of maintaining the high elasticity and high strength
of the amorphous alloy. It has large compressive plasticity
and hardness.

3.2. Ferroelectric Materials. Ferroelectric materials are indis-
pensable electrodes and have been extensively studied. It has
a variety of polarization conditions. At different frequencies,
multiple polarization conditions will produce different
effects, so the dielectric appearance of different materials is
very different. And the higher the polarization strength and
electrical distribution of the dielectric material is, the greater
the possibility that the material size will be uniform. The
ferroelectric crystal maintains the ferroelectric phase below
the Curie temperature and has ferroelectricity. When the
temperature exceeds the Curie temperature, the ferroelectric
crystal undergoes a phase change from a tetragonal crystal
level to a rectangular energy level and transforms into a
paraelectric body, which causes the spontaneous polariza-
tion of the ferroelectric material. The refrigeration mecha-
nism of the ferroelectric card is shown in Figure 5.

The microstructure of ferroelectric materials determines
the macroscopic properties of ferroelectric materials to a
certain extent, and the simulation of the microstructure is
very important in material design. It is difficult for ferroelec-
tric bulk materials to control the crystal orientation, but the
crystal orientation also has a negligible effect on the physical
properties of the bulk material. If a compact block is used as
an active amplifier, the response speed of the composite block
is low and the oscillator is high. As regards frequency charac-
teristics, design curve is impossible. We know that under the
excitation of the alternating electric field of the probe, the
surface of the sample is deformed due to the inverse piezo-
electric effect, specific to the local area of the sample surface
touched by the probe which may produce a slope. The
records of the data statistics of the electric card effect under
different electric inclusion situations are shown in Table 2.

Most ferroelectric applications have a phase transition
temperature from a high paraelectric temperature to a low
ferroelectric temperature. The ferroelectric vibration theory
proposed on the basis of the elastic state theory considers
the participation of the electric field, which can fully explain
the purpose of spontaneous polarization. The increase of the
external electric field within a certain range can make the
temperature environment generated by the giant electric
card effect more biased towards room temperature and thus
form a more friendly experimental temperature. As the tem-
perature increases, the ferroelectricity of the ferroelectric
single crystal becomes smaller and smaller, but the high elec-
tric energy generated by the concentration of the electric
field at the electrode tip keeps the domain structure active.

3.3. Construction of Digital Logistics Platform. Digital logis-
tics is a system provider, optimizer, and combiner. We
combine all aspects of logistics chain information operations
for customers, provide customers with operational solutions,
collect real-time information, provide a platform for

Table 1: Main physical properties of amorphous alloys.

Performance Amorphous alloy

Saturation magnetic induction 1.539

Coercivity <4.0
Unit loss 0.17

Density 7.20

Hardness 855

Saturation magnetostriction coefficient 35

Maximum permeability >200
Thickness 0.03
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operational operations, promote the realization of logistics
standardization, and constitute a multi-interface, multiuser,
cross-regional, time-free macrologistics service platform.
Nowadays, distribution and multitasking and manufacturing
activities put forward requirements for the construction of

store systems and logistics platforms required by logistics
companies, requiring logistics companies’ applications and
materials used in logistics to be more integrated, modern,
and diversified. The logistics cost advantage is the core
competitiveness of every logistics company. The logistics
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information platform of logistics enterprises can use this
series of feedback data to carry out effective analysis and
improvement, and at the same time, it can also strengthen
the communication and cooperation between logistics enter-
prises and goods suppliers and subordinate agent distribu-
tors. Because of the impressive use of a large number of
inactive resources in society, the economic distribution
system has taken root in all walks of life, and the concept
of distribution is deeply ingrained. The current network
platform includes the field of live broadcast services. Digital
logistics has no time and space constraints and can complete
logistics tasks with high quality within the specified time.
The platform architecture is shown in Figure 6. For suppliers
or digital logistics platforms with multiple distribution cen-
ters, when selecting a distribution center, they often agree
on the service scope of the distribution center.

Use these controls repeatedly on multiple pages. Com-
pared with user controls, custom controls are another step
forward. Collect multisource data through the data augmen-
tation system. Firstly, it is integrated, sorted, and saved to
the data system level and then transmitted through the data
call bar. Filter out the appropriate data information accord-
ing to the corresponding database table, and then return to
the front-end interface for display. It provides a robust func-
tional system and is very suitable for large-scale applications
that require reasonable unit testing, such as a digital logistics
information platform that can carry multiple systems. The
first appearance of the system is the database operation
interface. Users can click on the table to be modified in the
navigation bar on the left side of the interface. When the
database model changes, just change the mapping object of
the model. Due to information asymmetry and information
barriers, it will lead to waste of resources on both sides of the
supply and demand. In the process of loss, the profits of each
party cannot be maximized, and some even cause serious
economic losses, which seriously disrupt the normal order
of social and economic activities. Therefore, it is necessary
for us to digitize logistics management. Part of the logistics
and distribution data of a certain company is selected, as
shown in Table 3.

System functional requirement analysis is to describe all
the functional submodules of the system from the user’s
point of view, and it needs to reflect the function and oper-
ation process of each module. Analyze the characteristics of
digital logistics, as shown in Figure 7.

The data in the above figure shows that the digital logis-
tics platform constructed in this article can reach a score of

7.75 in terms of data security and up to 7.39 in terms of flex-
ibility. The logistics information management platform uses
the power of the Internet to develop a network system based
on logistics information and improve information exchange.
Part of the multihoming phenomenon caused by platform
differentiation is normal behavior. The multilayer system
structure can provide more complete components for the
logistics information platform, which not only improves the
stability of the system performance, power consumption,
and reusability but also saves a lot of system development
costs; the currently widely used electronic authentication tech-
nology has passed. The identification of the user’s identity and
effectively prevent illegal users from entering is an effective
method for scientific management and control of the system.
In this system, the number of people used is relatively large,
and the data involved is also a lot, which has higher require-
ments for the accuracy and completeness of the data.

In the case of low cost of multihoming behavior of
bilateral users of logistics platforms, logistics platforms
need to face the problem of the scale of bilateral users in
the market. The logistics platform’s product differentiation
product service strategy determines the transfer barrier of
the logistics platform. Platforms with differentiated services
can often lock users more stably in market competition.
Logistics platform companies use advanced GIS geographic
information system navigation and GPS transportation and
vehicle tracking systems to provide optimized route services
for cargo transportation on the platform and vehicle safety
supervision during driving. Perform data evaluation on the
four aspects of basic management, business management,
supervision management, and decision-making manage-
ment of three different logistics management modes: visual
logistics, bilateral logistics, and traditional logistics, as
shown in Figure 8.

Compared with the traditional logistics management sys-
tem, the digital logistics platform based on virtual simulation
technology of logistics services can enhance the intuitiveness
of river basin information expression and improve the sys-
tem’s display and processing ability of multi-dimensional
and massive logistics data. The test of the system is not only
a test for the function of the system, but also the operating
environment of the system must be tested. Data owners need
a set of effective data management and maintenance
methods, and data users also need to understand the data
and discover the data. In the process of data access, high effi-
ciency, availability, and stability meet the development
requirements. The scale of the data is conducive to the use

Table 2: Data related to the electrical card effect under different electrical inclusions.

Electric inclusion mode Temperature Average temperature Electric card

Air 200 -8.7 0.117

Air 450 16.01 0.023

Silicone oil 150 -18.3 0.372

Silicone oil 350 6.24 0.417

Water 100 -4.72 0.81

Water 240 6.26 0.216
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of users and ensures the security and stability of the data.
Digital logistics can help Chinese transport enterprises to
improve the efficiency of transport operations and the quality
of logistics services. It is an indisputable fact in the industry
that the operation of logistics needs to be networked.

4. Discussion

With the rise of the global Internet of Things technology
boom in recent years, sensors, as the core component of
the Internet of Things technology, have received unprece-
dented attention. The sensitive function of amorphous alloy
material means that when this alloy is used as a sensor’s
sensitive material, it can convert the detected nonelectricity
into a signal that is easier to pick up and process according
to a certain rule. In some special occasions, it can also exert

unimaginable positive and effective effects. Therefore, when
studying the use of amorphous alloy materials, the mechan-
ical functions should be used properly and flexibly. So far,
bulk amorphous alloys have significant tensile strength and
value as advanced materials. The polarization time of amor-
phous materials is slower than that of thin film materials.
Therefore, the result cannot indicate the exact location. In
the whole process, the shape of the amorphous alloy material
does not change. The magnetic properties of the amorphous
alloy material are mainly used, and it is difficult to measure
the pressure. Comprehensive utilization of various proper-
ties of amorphous alloy materials is for achieving the
purpose of pressure measurement.

There are abundant material expectations for ferroelec-
tric applications, especially in small sensors and transduc-
ers. Nowadays, more and more experts and scholars are
beginning to use ferroelectric testing devices in a multi-
physics coupling environment to explore the richer
information of ferroelectric materials in a multiphysics
coupling environment. Due to its own characteristics, in
actual service, ferroelectric materials are affected not only
by the electric field but also by the interaction and influ-
ence of the stress field and the temperature field. Ferro-
electric materials often exhibit richer physical properties
in a multi-physics coupling environment, thus expanding
their application fields. The ferroelectricity of ferroelectric
crystals is the result of the movement of electric domains
on the microscopic level, and the hysteresis loop and elec-
trostriction of ferroelectric materials are the result of the
movement of electric domains. This research content is
relatively small in this article, and follow-up work will
conduct more detailed research on this.
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Data service
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Database

Network application layer

Business logic layer

Data layer

Figure 6: Platform architecture.

Table 3: One day’s delivery data on a company’s logistics platform.

Serial number Longitude Dimension

120 117.213 33.217

121 117.214 33.682

122 117.013 33.465

123 117.467 33.816

124 117.287 33.247

125 117.257 33.812

126 117.634 33.497

127 117.446 33.681

128 117.771 33.589
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5. Conclusion

Logistics distribution is an important part of modern logis-
tics management, especially suitable for objects with a large
number of workplaces, such as companies with thousands
of customers. Many logistics companies have begun to
explore the logistics platform model, hoping to achieve cost
reduction and efficiency enhancement, transformation, and
improvement through the construction of logistics platform,
and significantly enhance their competitiveness. Warehous-
ing is one of the most important links in the supply chain.
The efficiency and cost of the warehousing system also
directly affect the efficiency and cost of all logistics. In the
available logistics and collection process, the incompetence
of the distribution chain supply chain is often caused by
the inaccuracy or poor visibility of information in the logis-
tics process. The integration of internal logistics sources, the
planning and optimization of supply logistics, production
logistics, and sales logistics systems through centralized
management and innovative services are in full swing, and
some results have been achieved. The lack of data measure-
ment and exchange methods has a significant impact on all
aspects of storage, such as storage and messaging, and there
is also a lack of supporting information to identify macro
and micro decision-making. Track the location through the
specific positioning of the logistics location, to realize the
storage of commodity data and the process of emergency
adjustment of orders when it is out of storage and real-
time monitoring of the path of the outgoing process to real-
ize visualization. These links have extremely high require-
ments for data processing technology.
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Today, with the gradual improvement of material living standards, basketball is becoming more and more popular, and the
pursuit of sports protection and shoes performance is also getting higher and higher. A good pair of basketball shoe soles can
help athletes solve these problems. This article is aimed at studying the preparation of basketball shoe soles made of high
resilience and nonslip composite materials. Under this research topic, this paper proposes a method for the design of shoe sole
antislip pattern and the measurement method of composite material’s resilience performance and a 3D printing method based
on FDM technology to print the shoe sole. At the same time, an experiment was designed to explore the high resilience and
antislip performance of the sole. And the stability of printing technology is analyzed to ensure the quality of sneaker printing.
The experimental results in this article show that the antislip performance of the sole printed by the above method design has
been improved by 31%, and the rebound capacity has been improved by 44%. At the same time, the rebound time is
significantly shorter than that of several common basketball shoes on the market.

1. Introduction

The correct selection of sports shoes with appropriate func-
tions is an important link that sports enthusiasts should not
ignore. The structural design and material function of sports
shoes play a very important role in protecting the human
body and improving sports performance. The basketball
population in China is increasing day by day, and there is
a great demand for basketball shoes. Various manufacturers
compete with each other for the research and development
of basketball shoes. The functionality and professionalism
of basketball shoes are the main considerations for fans. In
a fierce basketball game, if a person’s foot touches the
ground, it will receive an impact from the ground to the
human body. The impact of the impact can cause various
damages to all parts of the human body. For example, if
you twist your feet hard, your ankle will be sprained, your
feet will be swollen, and pain will occur. At the same time,
in basketball, excessive footsteps will move laterally, putting
a burden on muscles and bones, and eventually, joint skills
will decline, and tendons may become stiff. Basketball

players will exercise their knees after a lot of sports. Injuries,
ankle and middle finger injuries, are very common. At the
same time, the antiskid of basketball shoes is also extremely
important, which can effectively prevent athletes from slip-
ping and causing ankle injuries.

However, there are two problems with the slip resistance
and high elasticity of current basketball shoes. First of all,
companies have exaggerated the antislip and elastic func-
tions of basketball shoes, causing people to misunderstand
the understanding and consumption of basketball shoes; sec-
ond, as the basic performance of basketball shoes, the anti-
slip and rebound ability has not received full attention
from basketball shoe manufacturers. Most basketball shoes
are designed with nonslip mode, and the structure is more
beautiful than the actual function. The problem of ankle
sprain caused by basketball foot slip cannot be solved at
all. With this in mind, we believe that the study of the sole
pattern and resilience of basketball shoe soles has important
value and importance.

The sole design of basketball shoes is the focal point of
the entire sports shoe. Basketball shoes are a prerequisite

Hindawi
Journal of Nanomaterials
Volume 2022, Article ID 4988169, 10 pages
https://doi.org/10.1155/2022/4988169

https://orcid.org/0000-0002-7134-0454
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/4988169


for excellent performance. Basketball shoes provide excellent
protection and elasticity, and most of these basketball shoes
have excellent bottom design. With the increasing influence
of basketball, more and more people have begun to devote
themselves to the design of high resilience and nonslip per-
formance of the soles of basketball shoes. Liang et al. pro-
posed a feasible method to select the material of the beam
collector in the HPM device. First, he compared the elasticity
of several metals to strong relativistic electron beam (IREB)
bombardment. This resilience is mainly determined by the
density and melting point of the material. Compared with
stainless steel, copper, molybdenum, and tungsten, titanium
shows good resilience. Therefore, the theoretical results indi-
cate that titanium is a promising material that can be used in
HPM equipment [1]. However, this research is only an anal-
ysis based on theoretical research, and no experiment is used
to verify the conclusion. Kakunuri et al. use the controlled
pyrolysis of electrospun SU-8 photoresist nanofibers to fab-
ricate a binder-free carbon nanofiber mesh on a stainless
steel wafer collector. The electrochemical performance of
the prepared carbon nanofiber mesh was studied by con-
ducting charge and discharge experiments under different
current densities. This excellent electrochemical perfor-
mance can be attributed to the smaller lithium-ion diffusion
length and the elasticity in the entangled carbon nanofibers
to adapt to the volume changes during charging and dischar-
ging [2]. However, under different current densities, the
charging and discharging experiments did not compare the
performance under low current and high current, and there
are still some deficiencies. Han et al. proposed that in order
to make the structural noise of ship-borne equipment reach
the prescribed standards, the excitation force of the equip-
ment should be limited, and antivibration devices such as
elastic supports and bellows should be added. Since struc-
tural noise depends on the design of the equipment base, it
is important to achieve a low-vibration base design. In his
research, the typical pump base was optimized using design
of experiment (DOE) and computer-aided engineering
(CAE) techniques to minimize the vibration transmitted
from the equipment base to the ground [3]. However, there
is still no clear statement on how to achieve a certain degree
of antivibration through the structure of the material. Ju
et al. conducted a parametric study on field data of more
than 100 locations measured under two heavy object impact
sources. The results show that the size of the room and the
dynamic stiffness of the elastic floor mat material are the
main factors affecting the impact noise of the floor. Accord-
ing to the analysis results, a simple regression equation of the
impact noise of the heavy hammer is proposed. These for-
mulas are expected to guide engineers to consider floor
impact noise levels in the early design stage before construc-
tion [4]. Among them, the elasticity of the elastic floor mat
material can be well used in our design. Xiao et al. tested
the 4% cement stabilized base mixture in different system
laboratories, including unconfined compressive strength
and splitting strength of curing time, 90 d compression and
splitting elastic modulus, erosion resistance, freeze-thaw
resistance, dry shrinkage, and temperature shrinkage. And
he conducted a comparative analysis of the test results [5].

We can use its experimental experience on elastic modulus
for reference in our material elasticity experiment. Kim
et al. believe that recycled synthetic resin materials produced
from waste vinyl and waste plastics contain many foreign
substances. Such plastic products made of recycled resin
materials containing foreign matter are of poor quality,
and their strength and rigidity are reduced. Foreign objects
include heavy metals, cement, foil, dyed paper, and dust.
After installing the manufactured equipment, recycled resin
is produced, and its heavy metal content is evaluated.
Recycled synthetic resin materials are also used in plastic
products, and their strength is evaluated. In addition,
changes in production are also evaluated [6]. For the
preparation of PVC synthetic resin, we can use it in the
preparation of shoe soles. Sun et al. modified the surface of
iron-rich sludge with silane coupling agent KH550 to pre-
pare modified iron-rich sludge, which was then filled into
polyvinyl chloride to prepare PVC/KH550-FeS composite
materials [7]. By modifying FeS, its heat resistance, stretch-
ability, and other related properties can be improved very
well, and the same can be done in the preparation of sneaker
sole material PVC. By blending or adding various additives
(such as antioxidants, etc.) to improve to enhance functional
performance, Shen et al. classify polymer-based building
materials into three categories: substrates, coatings, and
adhesives according to their uses. And he carefully demon-
strated the latest progress in their preparation and applica-
tion [8]. Most of the appeal literature is about the
consideration of elasticity, and the experimental analysis of
the specific parameters of elasticity has not been explored
in detail. The experimental part is also researched on the
basis of theory, and the external environment factors in the
actual use process are not taken into consideration. The
innovation of this article lies in the theoretical support of
the pattern design and antiskid design of basketball shoes.
This article designs its antiskid pattern and resilience ability
and designs experiments to analyze and compare its antiskid
ability and resilience ability. At the same time, 3D printing
technology is used as technical support to print the soles of
sneakers in batches. The quality problems of sneakers that
may be caused by parameter problems in the 3D printing
process are also analyzed, and the influence of irrelevant fac-
tors is excluded, which can ensure the performance of
sneakers while ensuring the output.

2. Sole Performance Design Method

2.1. Shoe Sole Antislip Pattern Design. The characteristics of
the outer layer of the venue, such as material, reinforced
hardness, and microhardness, will greatly affect the perfor-
mance of antislip and wear resistance. In the link where
the field and the pattern maintain continuous friction, due
to the action of force and heat, the outer layer of contact
has obvious changes (the antiskid pattern of the sole is worn,
the sole is deformed, etc.), and such changes also affect the
performance of friction loss. The outer morphology and
microscopic contact of the field and the pattern continue
to change during the friction process [9]. In addition, the
microscopic components of the friction outer layer will also
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appear to be cracked and transferred and then act on the
shape of the contact outer layer, so that the antislip and
abrasion performance of the outsole pattern will be signifi-
cantly changed. Therefore, the status of the venue will be
directly related to the functional attributes of the outsole pat-
tern (floor humidity, antiskid ability, and floor material of
the arena, etc.). When there are differences in venues, differ-
ent outsole patterns should be designed (square, dotted, and
divergent). The study of different sole patterns plays a vital
role in the antislip performance of the soles. A good and
suitable sole pattern can greatly improve the antislip proper-
ties of the soles [10].

The shoe soles with square pattern and small dot pattern
have the best slip resistance on asphalt pavement and the
second place on cement pavement. This is because both
cement roads and asphalt roads are rough surfaces, and the
soles are in surface contact when they are in contact with
them. The contact area between the small dot pattern soles
and the cement roads and asphalt roads is obviously smaller
than that of the square pattern soles. Therefore, the test
results of cement pavement and asphalt pavement are con-
sistent. In other words, the sliding resistance of the sole of
the square pattern is greater than the sliding resistance of
the sole of the small dot pattern. The type of friction surface
is an external factor and cannot be controlled. DuShaxun
[11] of Shaanxi University of Science and Technology and
others used two continuous, four continuous, and sliding
block samples to study the antiskid properties of wood,
cement, and marble on three different pavements. The
double-sided continuous mode is composed of one or more
decorative elements, and a specific curve is used as the skel-
eton to form a unit mode, which is arranged continuously
according to a specific space, distance, and direction to form
a regular pattern. The square continuous pattern is a pattern
that uses one or more decorative elements to form a basic
unit. It is repeatedly configured in a specific space according
to a specific bone structure, and it can be expanded and con-
tinued indefinitely (it stretches through infinite stacking and
cascading). In the experiment, the marble surface is the
smoothest, the pattern that touches the ground is the largest,
the adsorption between molecules is the strongest, so the
friction between the ground and the sole of the shoe is the
largest, and the sliding performance is the highest. However,
due to the different places where various types of shoes are
used (concrete road, indoor court, outdoor plastic court,
etc.), that is, the road conditions are different, the pattern
design is not single (zoomair, get, regular pattern, and chev-
ron), it needs to be designed according to the external envi-
ronment and different uses of the sole. The analysis of the
foundation state of the basketball court mainly focuses on
its surface shape. The characteristics of the foundation shape
have a great influence on the movement function of the sole
and the pattern design of the sole. The contact surface
between the pattern of the shoe sole and the ground is com-
posed of tiny raised peaks and valleys of various shapes. The
shape of the thick peak of the contact surface between the
outer Tor and the field is usually an ellipsoid. Since the con-
tact size of the ellipsoid is much smaller than its own radius
of curvature, it can almost be regarded as a sphere. The con-

tact of two planes can be regarded as the contact of uneven
spheres, which simulates the contact of rough surfaces in
the ideal state [12].

2.1.1. Basketball Shoes. In the main distribution map of plan-
tar pressure under different walking postures, the main force
area and sliding trend of the stressed foot pressure are ana-
lyzed by measuring the plantar pressure of different adults’
bare feet under different walking postures (duck gait, scissor
gait, rooster gait, jumping gait, etc.). This coincides with the
design of the circular pattern on the inner side of the fore-
foot of the basketball shoe. According to Figure 1 (measured
gait is scissor gait), the analysis of the sliding trend of the
stressed foot under different walking postures can also be
used to design soles with different pattern directions for
shoes of different purposes [13].

The circular outsole pattern is mostly used in basketball
shoes (as shown in Figure 2). The outer sole pattern is
usually the center of the circle on the inner side of the front
sole. Because when a basketball player turns around while
holding the ball, with one foot as the axis, the center of grav-
ity of the body will fall on the inner side of the forefoot
(resulting in larger hands on the forefoot of the sole,
increased wear and tear, and easy to cause pattern wear).
Designing a pattern with a heart shape here can make it eas-
ier for basketball players to do this technical action, turning
more sensitive and saving effort. This pattern is especially
suitable for big players.

2.2. Determination of Elastic Properties of Shoe Sole
Composite Materials

2.2.1. Determination of Poisson’s Ratio. Poisson’s ratio is
used to express the elastic properties of materials. (Poisson’s
ratio refers to the ratio of the absolute value of the transverse
normal strain to the axial normal strain when the material is
in unidirectional tension or compression, also known as the
transverse deformation coefficient, which is an elastic constant
that reflects the transverse deformation of the material). Pois-
son’s ratio is defined as the absolute value of the ratio of the
transverse strain A caused by the uniformly distributed longi-
tudinal stress to the corresponding longitudinal strain B
within the proportional limit of the material, namely,

μ = −εx
εy

: ð1Þ

At the same time, Poisson’s ratio can be described by
material performance parameters such as elastic modulus E,
bulk modulus K, and shear modulus G [14]. For linear mate-
rials, the following relationships exist:

μ = 1
2

3K − 2Gð Þ
3K + 2Gð Þ ,

μ = E
2G − 1 ,

μ = 1 − E/3K
2 :

ð2Þ
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When two of the three quantities of the material’s elastic
modulus E, shear modulus G, and bulk modulus K are known,
the Poisson’s ratio can be calculated.

For the Poisson’s ratio of isotropic linear elastic mate-
rials, expression (1) is fully applicable. In the case of visco-
elastic materials, Poisson’s ratio is a parameter related to
both temperature and load time. According to the nature
of the load, it can be divided into static viscoelastic Poisson’s
ratio and dynamic viscoelastic Poisson’s ratio [15, 16]. The
former represents the transverse strain response to longitu-
dinal strain under static load conditions, and the latter rep-
resents the transverse strain response to longitudinal strain.

Under dynamic load conditions, it represents the response
to longitudinal strain. According to the viscoelastic proper-
ties of the material, the distortion has hysteresis. Therefore,
we have sufficient reasons to believe that the Poisson’s ratio
of viscoelastic materials is more complicated.

Starting from the definition of Poisson’s ratio, this article
uses a static strain gauge to determine the Poisson’s ratio of
the resin matrix according to the full-bridge connection
method, as shown in Figure 3. R1, R2, R3, and R4 are resis-
tance strain gauges, R1 and R3 measure longitudinal strain,
R2 and R4 measure lateral strain, and RL is a temperature
compensation sheet. The full bridge approach we use can

Human center of gravity Human center of gravity

Human center of gravity

Human center of gravity

a b

c d

Figure 1: Analysis of the sliding trend of the stressed foot in different walking postures.

Figure 2: Basketball shoes with nonslip patterns.
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efficiently utilize the concept of double differential. There-
fore, the output voltage can reach as much as 4 times of
the single-arm output voltage, which can greatly improve
our measurement sensitivity in the actual measurement [17].

The measurement of Poisson’s ratio is carried out under
relaxed conditions, that is, the strain of pure resin material is
compressed by 2%, and the change process of Poisson’s ratio
with time in 100 minutes is measured. Among them, the
proportion of the test piece is 1 : 1 according to the volume
ratio of resin to curing agent, and the plasticizer is 5% vol-
ume fraction of dibutyl phthalate and xylene agent, pouring
the test piece in a 50ml syringe and cutting it according to a
certain size. The measurement result is shown as the solid
line in Figure 4.

It can be found from Figure 4 that the Poisson’s ratio of
pure resin material also has relaxation characteristics, grad-
ually decreasing until it stabilizes. The Poisson’s ratio under
relaxation conditions of viscoelastic materials is similar to
the relaxation modulus, and the expression of attenuation
series can also be used to approach the experimental data
[18–20]. Using the origin curve fitting function, the result
of Poisson’s ratio can be fitted to the dashed line in the figure
above, and the fitting curve expression is:

μ xð Þ = 0:419 + 0:059e−1008x − 0:054e−0:031x + 0:062e−0:022x:
ð3Þ

2.2.2. Calculation of the Relaxation Modulus of the
Combined Unit. For a completely elastic material, there is
such a relationship between the shear modulus and the elas-
tic modulus and Poisson’s ratio:

G = E
2 1 + μð Þ : ð4Þ

But for linear viscoelastic materials, the relationship
between shear modulus and elastic modulus and Poisson’s
ratio is related to time, and there is such an implicit
relationship:

ðt
0
G x − τð Þ ∂μ τð Þ

∂x
= E xð Þ
2 − G xð Þ 1 + μ 0ð Þ½ �: ð5Þ

Differentiate both sides of formula (5) to get:

G 0ð Þ ∂μ xð Þ
∂x

= ∂E xð Þ
∂x

−
∂G xð Þ
∂x

1 + μ 0ð Þ½ �, ð6Þ

where:

G 0ð Þ = E 0ð Þ
2 1 + μ 0ð Þð Þ : ð7Þ

Eð0Þ and μð0Þ are directly determined from the
experiment:

Solutions have to:

∂G xð Þ
∂x

= ∂E xð Þ/∂xð Þ − G 0ð Þ ∂μ 0ð Þ/∂xð Þð Þ
1 + μ 0ð Þ½ � : ð8Þ

2.3. 3D Printing Process Based on FDM Technology. Accord-
ing to the different printing methods of each layer in the
molding process, the mainstream methods of 3D printing
currently include fused deposition modeling (FDM), SLS,
LOM, and SLA. However, the layered printing methods
and materials used in the above technologies are quite
different, and they all have their own advantages and disad-
vantages, and the fields of use are also different. In this
paper, here’s the advantage: additive manufacturing industry
advances FDM 3D printers are feature-rich and can manu-
facture durable parts from your computer-aided design doc-
uments (CAD files). The parts are so robust that they can be
used as high-level concept models, functional prototypes,
manufacturing tools, and production parts. Engineers can
produce a variety of products simply by loading different
files and materials, which no other traditional machining
process can do. FDM technology is used to 3D print the
soles of sneakers to prepare the high-resilient nonslip
sneakers we need [21].

2.3.1. Fused Deposition Modeling (FDM). In fused deposition
modeling (FDM), the thermoplastic material is melted by a
heated nozzle, and the molten material is extruded from
the nozzle by extrusion and friction, and it is coated on the
worktable according to the slice model, and the parts are
layer by layer [22].

The principle of FDM is shown in Figure 5, which shows
a dual-nozzle printer. The filamentous prototype material
(typically 1.75mm or 3mm in diameter) and the support
material are printed by different nozzles. Usually, the sup-
port material will be made of characteristic materials (such
as water-soluble materials), so that it can be removed by
the corresponding method after printing. The coiled wire-
like prototype material and supporting material pass
through the wire feeding structure, and the wire is sent to
the nozzle to be heated to a molten state. Then, according
to the distribution data of the slice model on this layer, the
corresponding prototype or supporting material is squeezed
at the corresponding position, and it is coated on the work-
bench to gradually complete an entire layer. When a layer is
completed, the nozzle rises a layer height distance. Then, the
next layer is melted, and the newly coated layer is bonded to
the previous layer, and so on, until the entire preliminary
solid shape is completed. After the overall modeling is com-
pleted, the supporting materials are removed, the rough
burrs on the solid surface are trimmed and then painted,
polished, and colored as needed. Single-jet printing means
that the prototype and supporting materials use the same
material and the same nozzle [23].

The principle of fused deposition molding is easy to
understand, simple in structure, and convenient to operate.
PLA (polylactic acid) and various ABS plastics are often
used. The materials are mostly in rolls and filaments, which
are easy to carry and replace. At the same time, the overall
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price of equipment and materials is relatively cheap (FDM,
SLA, 3DP, SLS, LOM, and PCM). It is the most commonly
used and popular 3D printing method in the current market.
It has impressive performance in desktop and industrial

printing. The disadvantage is that supporting materials are
required, and the printing speed of the mechanical nozzle
is slow, and the accuracy is slightly insufficient when making
high-precision parts.
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3000 4000 5000 600020001000

0.49

Time (s)

Po
iss

on
’s 

ra
tio

Raw data
Fit

0.48

0.47

0.46

0.45

0.44

0.43

Figure 4: Poisson’s ratio measurement results.

6 Journal of Nanomaterials



3. Experiment

3.1. The Antiskid Performance of the Sole of Basketball Shoes.
According to the test data information given by “Underwriters
Laboratories (UL)” and other institutions, when the friction
coefficient does not exceed 0.4, it corresponds to a very dan-
gerous interval, that is, it is extremely easy to slip. The friction
coefficient is in the range of 0.5 to 0.6, which is the basic safety
range. The friction coefficient p > 0:6, which is in a very safe
range. This experiment is to use this standard as the antiskid
performance standard of sneakers to conduct experimental
investigations. The objects of investigation are 6 common
antiskid basketball shoes on the market and experimental
shoes printed by FDM technology combined with 3D printing
technology (30 pairs of shoes of each brand were sampled for
experimental investigation). The relevant parameters of the
experimental objects are shown in Table 1.

As shown in Table 2, there are seven groups of test sub-
jects. Let them move on the relatively dry-pressed ceramic
floor, keeping the moving direction to slide forward hori-
zontally. The antiskid friction coefficient of ordinary sports
shoes is 0.73~1.25 (the average value is 0.98). Sliding the heel
forward on the dry-pressed ceramic floor tiles, the antiskid
friction coefficient of ordinary sports shoes is 0.67~0.98
(average value is 0.80). It can be seen that under dry condi-
tions, the friction coefficients of ordinary sports shoes sliding
forward horizontally and the heel sliding forward are both

greater than 0.6. It is in a very safe range, and the sole has
excellent antislip properties.

As shown in Table 3, we moved seven groups of test sub-
jects on the pressed ceramic floor filled with distilled water,
keeping the direction of movement as horizontal and sliding
forward. The antiskid friction coefficient of ordinary sports
shoes is 0.59~0.75 (average value is 0.65), which is between
the basic safe range and the very safe range. Sliding forward
on the heel of pressed ceramic floor tiles with distilled water,
the anti-skid friction coefficient of ordinary sports shoes is
0.37~0.58 (average value is 0.47). The average value of fric-
tion coefficient is in the range of 0.5 to 0.6, which is in the
basic safe range. Only sample no. 2 has a sole friction coeffi-
cient of 0.37, which is in a very dangerous range.

From this, we can get the size of the forward horizontal
sliding friction coefficient, which depends on the friction
between the entire sole and the tile surface. The contact fric-
tion part between the heel and the tile surface is also another
key factor that affects the friction coefficient of the forward
horizontal sliding.

3.2. Resilience Performance Test of Composite Materials for
Preparing Shoe Soles

3.2.1. Experimental Method. The tensile performance test of
the composite material for preparing shoe soles is carried
out in accordance with GB/T14337-2008.

Wire feeding mechanism

Forming nozzle Melting cavity

Artifact

Support

Prototype material Support material

Figure 5: Fused deposition molding method.

7Journal of Nanomaterials



First, equilibrating the prepared shoe sole composite
material sample in a test environment with a temperature
of 20 ± 3°C and a humidity of 65 ± 5% for 24 hours.

Adjusting the electronic multifunction strength machine
to the normal state, setting the pretension to 0.5 cN, the pull-
up force value of 1 cN, the clamping distance of 20mm, and
the stretching speed of 10mm/min. Tensile tests were car-
ried out on the composite materials of the soles of seven
groups of different brands from 1 to 7, respectively, and
the number of experiments was 50 times in total.

3.2.2. Experimental Results. Table 4 shows the average exper-
imental results of the composite materials of seven groups of
different brands of shoe soles.

From the data in Table 4, we can see that the elastic
parameters of several common brands on the market have
reached a relatively excellent range, and the elastic modulus
of the sole prepared in this experiment is 1283, and the
breaking strength is 5.97. In that respect, they are signifi-
cantly better than the shoes on the market. But at the same
time, the resilience performance of sneakers is also more
important. Now, we will explore its resilience performance
and reflect the strength of its resilience performance through
the resilience time. The specific data is shown in Table 5.

From the data in Table 5, it is not difficult to see that the
resilience performance of several common brands of basket-
ball shoes on the market is still good. The modulus of resil-
ience of the soles prepared in this experiment differed by 0.1,
which is considered to be an excellent price comparison. The
rebound time is also far ahead of other brands of basketball
sneakers. The time is only 7.1 s, which is 0.7 s faster than the
second-placed 7.8 s.

4. The Influence of Sole Printing Parameters on
Sole Performance

4.1. 3D Printing Impact Analysis. This section mainly selects
4 factors of layer height, thickness, printing speed, and noz-
zle temperature as independent variables. The single factor
of KES style and stiffness are tested and orthogonally tested,
respectively. This paper analyzes the relationship between
3D printing parameters and the surface, compression, and
tensile properties measured in KES, as well as the influence
of printing parameters on the stiffness of the printed sample,
and obtains the best combination of process parameters for
the corresponding performance. After measuring the bend-
ing length and the mass per unit area, the relationship
between the printing parameters of the single factor

Table 1: Related parameters of experimental sneakers.

Group Brand Price Antislip parameters

1 Nike 1299 0.71

2 Adidas 2499 0.74

3 Anta 599 0.68

4 Li Ning 899 0.64

5 Jordan 800 0.66

6 Peak 500 0.65

7 FDM — —

Table 2: Sliding condition of shoe soles on dry-pressed ceramic
floor tiles.

Sliding direction Slide forward Swipe back

1 1.1 0.98

2 0.8 0.7

3 0.73 0.67

4 0.8 0.72

5 0.86 0.76

6 1.13 0.89

7 1.05 0.85

Table 3: Sliding condition of shoe soles on pressed ceramic floor
tiles with distilled water.

Sliding direction Slide forward Swipe back

1 0.66 0.4

2 0.61 0.37

3 0.59 0.58

4 0.6 0.41

5 0.61 0.54

6 0.7 0.53

7 0.71 0.5

Table 4: Elastic performance test results of different brands of sole
composite materials.

Group Breaking strength Elastic modulus

1 5.34 1002

2 5.11 854

3 4.79 762

4 4.36 694

5 4.23 652

6 4.02 669

7 5.97 1283

Table 5: Test results of resilience performance of different brands
of sole composite materials.

Group
Height before

pressing
Height after
pressing

Rebound
time

1 2.3 2.28 8.6 s

2 2.5 2.47 7.8 s

3 2.8 2.75 9.1 s

4 2.3 2.29 8.8 s

5 2.5 2.5 7.9 s

6 2.2 2.19 8.2 s

7 2.4 2.39 7.1 s
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experiment and the bending stiffness per unit width is
shown in Figure 6.

From the Figure 6, we can see that in the range of
0.1mm to 0.4mm, the flexural rigidity per unit width
decreases as the layer height increases. That is, the bending
deformation ability of the printed sample increases with
the increase of the layer height. In the thickness range of
0.5mm to 1.0mm, as the thickness increases, the bending
stiffness per unit width increases. That is, the bending defor-
mation ability of the printed sample decreases as the thick-
ness of the printed sample increases. In the printing speed
range of 15mm/s to 45mm/s, as the printing speed
increases, the bending stiffness per unit width decreases first,
and the trend tends to be flat around 35mm/s. The overall
trend is that the bending stiffness per unit width decreases
with the increase of printing speed. That is, the bending
deformation ability of the printed sample increases as the
printing speed increases. In the nozzle temperature range
of 190°C to 220°C, as the nozzle temperature increases, the
bending stiffness per unit width increases, and the trend
gradually becomes gentle. That is, the bending deformation
ability of the printed sample decreases with the increase of
the temperature of the nozzle. Overall, it has little effect on
the antiskid and high resilience performance of sneakers.

5. Conclusions

This article mainly studies the preparation of sneaker soles
made of high-resilient nonslip composite materials. First,
this article analyzes the formula for high resilience.
Through formula calculation, by comparing the suitable
high resilience interval of the shoe sole, in terms of
antislip performance, the pattern of the shoe sole is also
analyzed, and the pattern with the best antislip ability is
obtained by comparing several patterns. This article
mainly studies the preparation of sneaker soles made of
high-resilient nonslip composite materials. First, this
article analyzes the formula for high resilience. This article
uses formula calculations to compare the suitable high
resilience interval of the shoe sole. In terms of antislip per-
formance, the pattern of the sole is also analyzed, and the
pattern with the best antislip ability is obtained by com-
paring several patterns.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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Due to their unique characteristics, natural fiber reinforced polymer composites have recently been increasingly utilised to replace
traditional materials. Fire retardant resins can increase flammability, and they have a deleterious influence on the mechanical
properties of the material (Fan et al., 2020). As a result, this experiment examined the flammability of woven jute fiber
reinforced with fly ash. The specimens were created by hand layup using a L9 orthogonal array and varying ratios of jute fiber,
fly ash, and time for chemical fiber treatment. Vertical and horizontal flammability tests are conducted in accordance with
ASTM D635 and ASTM D3801, respectively. According to the test results, the inclusion of fly ash significantly reduces
flammability. In this work, 5 wt% inclusion of the jute fiber, 15wt% addition of the fly ash, and with 10 hours, NaOH
treatment produces a composite with minimum burning rates of 10.2mm/min in horizontal UL-94 tests. To determine the
link between input and output characteristics, various regression models from machine learning are used. Multilayer
perception produced a stronger association in both horizontal and vertical testing, according to the models.

1. Introduction

Numerous plants and animals are naturally exploited to
obtain fibers. Apart from this, numerous synthetic fibers
are manufactured and reinforced. The shelf life and degree
of biodegradability of fibers are determined by their physical
and chemical structure. Synthetic fibers have superior
mechanical properties over natural fibers since they are
manufactured specifically for their intended use. Due of their
unique characteristics and abundant availability, natural
fibers are frequently used as reinforcement in polymer com-
posites. Salem et al. examined the fundamental features of
jute fiber reinforced composites and discovered that by

increasing the interfacial bonding between the fiber and
matrix, and the thermomechanical properties can be
enhanced [1]. Ashraf et al. conducted a critical analysis
and addressed recent advances in jute-based composites.
Additionally, they illustrated the various issues associated
with the excessive use of synthetic composites [2]. Saravanan
et al. and Dinesh et al. discussed the challenges associated
with developing composites reinforced with jute fiber using
a variety of manufacturing techniques and reported on their
mechanical properties. They discussed the mechanism
through which the material degrades using scanning elec-
tron microscopy [3, 4]. Roya et al. investigated the fire resis-
tance of jute cloth treated with flame retardants and
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discovered that the treated specimens developed char and
contained minimal volatiles [5]. Zaman et al. examined the
challenges associated with developing natural fiber-
reinforced composites with superior mechanical characteris-
tics and chemical and flame resistance. They used a variety
of treatments on natural jute fibers to strengthen the inter-
faces with resins [6]. Wang et al. conducted a characterisa-
tion study on silane-treated jute fabric and evaluated its
thermal and surface properties, concluding that the treated
fibers demonstrated increased stability in hot conditions
due to the structures, as well as improved tensile character-
istics [7]. Khalili et al. developed biodegradable composites
by using flax fibers with hydroxyapatite nanoparticles. They
discovered that the addition of flax fiber enhances the flex-
ural and tensile modulus, whereas the presence of nano-
HA reduces the strength and increases the water intake [8].
Sonnier et al. investigated the differences in fire retardancy
between natural, glass, and carbon fiber reinforced compos-
ites and discovered that, when compared to natural fibers,
carbon and glass fibers exhibit greater resistance to flame
[9]. Shah et al. evaluated the flame resistance capabilities of
numerous natural fiber composites and concluded that the
inclusion of appropriate additives increases the natural
fibers’ flame resistance. He demonstrated that silicon-based
additives perform better [10]. Oktem et al. enhanced the fire
resistance and mechanical capabilities of hybrid jute/flax
composite buildings while maintaining their attractive
appearance. They enhanced these properties by a variety of
chemical treatments [11]. Rashid et al. investigated the flame
resistance of green composites and discovered that the syn-
ergistic technique significantly reduces the peak temperature
rate while silane treatment enhances the decomposition
temperature [12]. Mathubala and Nandhini synthesised jute
fiber composites and investigated their heat and fire resis-
tance properties, concluding that fiber adherence and bond-
ing to the matrix improve the composites’ fire resistance
properties [13]. Latif et al. concentrated on the production
of nanocomposites utilising vinyl ester as the matrix and jute
cloth as the reinforcement. Additionally, they concentrated
on organo-modified montmorillonite (OMMT), which has
a high aspect ratio and a low surface charge density [14].
Shahinur et al. investigated the thermal properties of com-
posites reinforced with jute fiber and discovered that fiber
that had been chemically treated absorbed less heat than
untreated samples [15]. Salimov et al. investigated the flam-
mability and fire resistance of certain natural fiber and tex-
tiles in order to safeguard them from fire. Additionally,
they provided the findings of their investigation [16]. Ribeiro
et al. investigated the flame resistance of jute fiber reinforced
epoxy composites intended for tile applications and discov-
ered that the incorporation of jute fiber had no effect on
the fire resistance [17].

Sakthi Balan et al. incorporated waste plastics and egg-
shells into composites along with jute and bahunia racemose
fiber reinforcement and evaluated the composites’ moisture
absorption. They concluded that the addition of particulates
and fillers reduces the composites’ water absorption more
than fiber do. Fibers promote moisture absorption because
they are hydrophilic [18, 19]. Sakthi Balan et al and Nava-

neethakrishnan et al. improved the composite’s mechanical
properties to make it more resistant to environmental influ-
ences. They examined critical parameters such as tensile
strength, hardness, and resistance to moisture absorption
and optimised the data to determine which factor had the
most influence on mechanical properties [20, 21]. Nava-
neethakrishnan et al. created an epoxy-based composite
reinforced with MWCNTs/g-C3N4 and investigated the
composite’s water absorption and wear properties [22].
The properties that can be altered in the polymer composites
make them versatile for applications in various fields, such
as constructions, microelectronics, and biomedical fields.
Devastations due to building fire stress the importance of
flame-retardant polymer composites, since they are directly
related to human life conservation and safety [23]. The flam-
mability of a composite formed by reinforcing woven jute
fiber with waste fly ash is investigated in this work. The data
are optimised in order to determine the most significant ele-
ment affecting flammability. The low-flammability specimen
is recommended for usage in roofing materials as well as
vehicle and airplane structures.

2. Materials and Methods

A composite is composed of a matrix as a base and a rein-
forcement to enhance the strength and some physical and
mechanical properties. The physical and other composite
characteristics can also be improved by choosing proper
chemical treatment. On the whole, the strength of the
polymer composite can be improved by proper chemical
treatment of the fibers and by producing defect-free com-
posites. Defects are mostly produced during the manufactur-
ing of the composites, and proper measures have to be taken
to minimize or avoid the common defects. In this work, nat-
ural fiber jute is chosen for reinforcement, a filler of fly ash is
used, and its flammability studies are carried out as per the
standards. Normally, fibers are used in many forms such as
short fibers, long fibers, and woven fabric. When using the
short and long fibers, orientation of the fibers and fiber den-
sity plays a major role. During the usage of natural fibers, the
fibers have to be treated chemically to improve the bonding
between the matrix and the fibers. In this work, the woven
jute fabric is used which is chemically treated before usage.
NaOH treatment is well suited for jute fibers.

Fly ash is used as filler material which is obtained from
the thermal power plant which burns lignite-type coal. Gen-
erally, fillers are used to improve the surface and hardness
properties of the composite. In this composite, the main pur-
pose of using the filler is to reduce the pore formation during
the production of the composite and to suppress the flame
propagation during the flammability test. Normally, jute
fiber is flammable, but if it is reinforced into a polymer
matrix along with nonflammable filler powders, the flamma-
bility property of the material changes. Three factors are
chosen as important and varied during the manufacturing
of the composite as per Taguchi’s experimental design.
Percentage of fiber addition, percentage of filler addition,
and the chemical treatment are chosen as the input factors,
and the composites are manufactured. After curing, the
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composites are tested for their flammability by following the
standard procedure as per ASTM standards. The jute fibers
are chemically treated with NaOH with fixed concentrations.
One set of fibers is used as untreated, and another set is
treated for 5 hours and another set for 10 hours. After chem-
ical treatment, the fibers are flushed with ordinary water and
dried in an oven. Then, the filler powder fly ash is collected
from the thermal power plant is sieved to remove the foreign
particles and particles of varying sizes. The fly ash filler must
be of the same size and as it is collected from the cyclonic
separator and water scrubber, and the fly ash is also dried
in the oven and then used. As the fiber and fillers are added
in weight percentages, both are weighed before adding to the
composite.

The composites are manufactured by compaction pro-
cess using mild steel mold. The traditional hand layup pro-
cess is used for making the composite. The epoxy is mixed
in an equal ratio with the hardener, and the filler powder
is also mixed along with resin and layered on the surface
of the mold. Then, the woven jute fabric fiber which is chem-
ically treated is stacked over the resin-filler mixture and then
again a layer of resin and filler is layered. The process is
repeated until the required thickness is obtained and then
the composite is closed with a top cover and tightened using
bolts and nuts. The whole setup is kept in the compression
molding machine and given pressure so that the excess resin
can be removed, and this compression removes the air
trapped inside the composite stacking. Then, the setup is left
undisturbed for 12 hours for curing, and then the composite
is removed from the mold. The mold is then cleaned and
used for stacking the next set of composite with different
input factors.

3. Flammability Studies

Flammability tests on polymer composite materials are con-
ducted according to the ASTM D635 protocol for horizontal
UL–94 testing and ASTM D3801 process for vertical UL–94
testing. A specimen size of 1251333mm is required to com-
plete a flammability test. The test is carried out by fixing the
specimen in horizontal and vertical directions with the help
of a stand. Below the specimen, the base must be filled with a
layer of cotton to check the dripping from the specimen. A

Bunsen burner is used to fire the specimen. The fire is intro-
duced at the open end of the specimen for 10 seconds and
then removed and allowed to propagate along the length of
the specimen. A stopwatch has to be used for calculating
the time taken for the specimen to burn from 25mm to
100mm. This process is repeated for all nine specimens,
and the burning rate of the material is calculated using the
following equation.

Rate of Burning mm/minð Þ
= 60 × Length of the sample burnt mmð Þ

Sample burning time Secondsð Þ :
ð1Þ

Based on the time taken for the specimen to burn, the
specimens are classified under v0, v1, and v2 classes. If the
burning time is less than 10 seconds and without igniting
the cotton, then, the specimen is classified under v0 category
which has high flame resistance. If the specimen burns for
less than 30 seconds and could not ignite the cotton at the
bottom, then, it comes under v1 category. If the specimen
burns less than 50 seconds and if the cotton underneath
the specimen got ignited, then, it falls under v2 category
which has less flame retardant. Some specimen burns
completely and that falls under NC (no classification). The
specimen without any dripping and has less burning time
can be identified as a specimen with high flammable
resistance.

4. Results and Discussion

Flammability tests were executed as per the standard proce-
dure, and the cotton ignition was also checked for the drip-
ping nature of the composite materials. The tested
composites are categorized under three categories as v0, v1,
and v2 based on the burning time of the composites. In
Table 1, the parameters that are varied for the manufactur-
ing of the composites and their different levels are listed
along with the flammability test results. The results of the
test were fed into MINITAB software for regression analysis
and ANOVA table formation [24, 25]. Various plots are
plotted during optimization to study the behavioral pattern
of the results.

Table 1: Orthogonal array experimental design with burning rate UL-94 results.

Percentage of jute
fiber

Percentage of fly
ash

NaOH chemical treatment time
in hours

Burning rate (mm/min)
Cotton
ignition

ClassificationHorizontal UL-94
test

Vertical UL-94
test

5 5 0 13.4 14.5 No v0

5 10 5 10.8 12.3 No v0

5 15 10 10.2 11.2 No v0

10 5 5 17.1 19.4 No v1

10 10 10 13.9 15.3 No v1

10 15 0 11.8 13.1 No v0

15 5 10 22.5 24.3 No v1

15 10 0 19.9 21.2 No v1

15 15 5 18.7 20.5 No v1
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In Figure 1, the burning rate data for the nine specimens
are presented alongside the results of the horizontal and ver-
tical flame tests. The plot reveals that the test results are
fairly similar and that the difference between them is very
small. Table 2 indicates the difference in values between
the horizontal and vertical UL-94 tests.

4.1. ANOVA for Horizontal Test. In Table 3, variance results
for the flat test were mentioned, and the Fischer value sug-
gests that the addition of jute fibers affects the firing ability
of the material, and fly ash addition also suppresses the
propagation of the fire. From the main effect plotting, as
shown in Figure 2, the influence of the input parameters
can be proved once again.

Regression Equation forHorizontal UL − 94 test
= 10:32 + 0:8900 Composition of Jute fibers

− 0:4100Composition of Fly ash
+ 0:0500NaOH treatment:

ð2Þ

In Figures 3 and 4, the interaction between the input fac-

tors and the relation between the two most influencing fac-
tors were mentioned, respectively, through interaction and
contour plots. From the contour plot observation, for mini-
mum flammability, the inclusion of jute fiber must be 5wt%
and fly ash inclusion must be 15wt%. From Figure 5, the
contribution of factors can be understood. The equation
for regression analysis of both the horizontal and vertical
flammability tests was designated in equations (2) and (3).

4.2. ANOVA for Vertical Test. In Table 4, ANOVA results
were tabulated, and the summary of the model is also tabulated.

Regression equation for Vertical UL − 94 test
= 11:67 + 0:933Composition of Jute fibers

− 0:447Composition of Fly ash
+ 0:067NaOH treatment:

ð3Þ

To know the significance of the model, the regression
square value is verified. R-squared measures the strength of
the relation between a model and the dependent variable on a
convenient scale. After fitting a linear regressionmodel, it deter-
mined how well the model fits the data. Based on the experi-
mental results, the R squared value changes; in this work, we
got the R-square value is 95.50% for vertical test and 95.10%
for horizontal test, which indicates the significance of the
model. Fischer’s value from Table 4 indicates the influence of
each input factor on the results. From the F value, the compo-
sition of the fibers was found to be the most influential factor
and the addition of the fly ash to the composite also has some
influence on the flammability property of the composite. The
main effect plot shown in Figure 6 is plotted for signal-to-
noise ratio with a smaller is better principle. The plot indicates
the jute fiber addition influences the results more as that plot
shows more deviation. As per the smaller is a better concept,
the addition of the jute fiber must be minimum, the addition
of the fly ash must be maximum, and the chemical treatment
has a very negligible amount of contribution in deciding the
flammability property.

The interaction plot in Figure 7 shows the interlinkage
between the input factors. In Figure 8, the contour plot
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Figure 1: Burning rate—horizontal UL 94 vs. vertical UL 94 test results.

Table 2: Difference in values between horizontal and vertical UL-
94 tests.

Specimen
number

Burning rate (mm/min)
Difference in

values
Horizontal UL-

94 test
Vertical UL-

94 test

1 13.4 14.5 1.1

2 10.8 12.3 1.5

3 10.2 11.2 1

4 17.1 19.4 2.3

5 13.9 15.3 1.4

6 11.8 13.1 1.3

7 22.5 24.3 1.8

8 19.9 21.2 1.3

9 18.7 20.5 1.8
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Table 3: ANOVA results for horizontal test.

Source DF Adj SS Adj MS F value P value

Regression 3 144.405 48.135 32.37 0.001

Composition of jute fibers 1 118.815 118.815 79.9 0

Composition of fly ash 1 25.215 25.215 16.96 0.009

NaOH treatment 1 0.375 0.375 0.25 0.637

Error 5 7.435 1.487

Total 8 151.84

S R-sq R-sq(adj) R-sq(pred)

1.21943 95.10% 92.17% 82.83%
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Figure 2: Main effect plotting for horizontal flame test.
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Figure 3: Interaction plotting for horizontal flame test.
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indicates the best optimum level to obtain minimum burn-
ing rates. From the contour plot, for getting lower burning
rates, the inclusion of fiber should be minimized, and the
addition of the fly ash must be increased. As the fiber used
in this composite is a natural fiber, the tendency to catch fire
is more and so if the percentage addition of the fiber is more,
the burning rates are also found to be increased which is not
advisable. The fly ash addition seems to lower the burning
rates as it is already obtained from burning the coal. The
ash will diminish the fire and tends to form char, which will
stop the propagation of the fire throughout the material. As
the fly ash was added in powder form, it reduces the defects
formed during the production of the composite. The major
defect formed in a polymer composite during the production
is the formation of blowholes and surface cracking. The fly
ash fills the holes formed in the core and surface of the com-
posites and also improves the surface properties and reduces

the microcracks formed during curing. The NaOH chemical
treatment has no contribution in determining the burning
properties of the composite. Maybe it can influence the
strength and other properties of the composite. The addition
of the jute fiber increases the burning rate by 81%, and the
fly ash addition minimizes it by 19% which can be under-
stood by the contribution plot shown in Figure 9.

4.3. Regression from Machine Learning. Regression analysis
is performed to forecast the value of yield values from the
set of independent variables. In addition, it is used to find
the effect of input data on the dependent variable. Recently,
many researchers are using machine learning models that
are capable of analyzing complex data with more accurate
results. Navaneethakrishnan et al. [22] used linear regres-
sion, MLP, and SVR in addition to ANOVA to find the best
regression model to predict the output parameters. Hence, in
this work also, various regression models from machine
learning are applied. To apply these algorithms, WEKA
open source software is used. Tables 3 and 4 show the
regression models for both horizontal and vertical tests.
Figure 10 shows the difference between various output
parameters.

In Table 5, output data of the machine learning analysis
were tabulated, the difference between the actual value and
linear regression, MLP, and SVR was plotted, and the error
bars indicate the levels of variation between the regression
values and actual burning rate values of the horizontal test.
Table 6 shows the error values between the actual value
and the three regression analysis values. Error value 1 shows
the difference between actual value and linear regression
values, error value 2 shows the difference between actual
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Table 4: ANOVA results for vertical test.

Source Degrees of freedom Adjacent sum of squares Adjacent mean sum of squares Fischer value P value

Regression 3 161.26 53.753 35.36 0.001

Composition of jute fibers 1 130.667 130.667 85.96 0

Composition of fly ash 1 29.927 29.927 19.69 0.007

NaOH treatment 1 0.667 0.667 0.44 0.537

Error 5 7.6 1.52

Total 8 168.86

S R-sq R-sq(adj) R-sq(pred)

1.23288 95.50% 92.80% 86.31%
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Figure 6: Main effect plot for SN ratios.
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values and multilayer perception values, and error value 3
indicates the difference between actual and support vector
regression values for horizontal tests. The regression equa-
tions of linear, MLP, and SVR are mentioned in equations
(4), (5), and (6), respectively. Table 7 shows the machine
learning analysis results for vertical test.

LR:

Burning rate : 0:2249 + 0:7236 x Jute fiber – 0:333xFly ash:
ð4Þ

MLP:

Burning rate : −0:86728 Thresholdð Þ + 2:853x Jute fiberð Þ
– 0:4437x fly ashð Þ + 0:1025x NaOHð Þ:

ð5Þ

SVR:

Burning rate : 0:1932 + 0:7309 jute fiberð Þ − 0:271 x fly ashð Þ
+ 0:0759 x NaOHð Þ:

ð6Þ

Table 8 shows the error values between the actual value
and the three regression analysis values. Error value 1 shows
the difference between actual value and linear regression
values, error value 2 shows the difference between actual
values and multilayer perception values, and error value 3
indicates the difference between actual and support vector
regression values for vertical tests. From Figure 11, the con-
trast between the actual burning rates of the specimen and
the machine learning outputs were studied. Specimens 5, 6,
and 9 show some deviation, and other values are nearer to
the machine learning results. Based on the below-
mentioned equations (7), (8), and (9), the regression analysis
was carried out using machine learning.

LR:

Burning rate : 0:2468 + 0:7125 x Jute fiber – 0:341 x Fly ash:
ð7Þ

MLP:

Burning rate : −0:514 Thresholdð Þ + 3:477 x Jute fiberð Þ
– 0:496 x fly ashð Þ − 0:2931 x NaOHð Þ:

ð8Þ
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SVR:

Burning rate : 0:2516 + 0:6748 jute fiberð Þ − 0:3267 x fly ashð Þ
+ 0:0733 x NaOHð Þ:

ð9Þ

From Tables 3 and 4, it is evident that all the regression

models have a correlation coefficient of more than 0.97, and
its mean square value is less than 0.07. This shows a strong
association among parameters of both input and output.
From the equations, it is also understood that jute fiber has
a positive correlation, and fly ash has a negative correlation.
It shows that by addition of fly ash reduces the burning rate
and the effect of NaOH is very less. These results were con-
firmed with the ANOVA test.
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Figure 10: Difference between various output parameters.

Table 5: Machine learning analysis results for horizontal test.

Sl.
no.

Input parameters Output parameters (burning rate)
Jute fiber

%
Fly ash

%
NaOH treatment time in

hours
Actual
value

Linear
regression

Multilayer
perception

Support vector
regression

1 5 5 0 13.4 12.9675 13.3242 12.5739

2 5 10 5 10.8 10.9134 10.938 11.3808

3 5 15 10 10.2 8.8716 9.9294 10.1754

4 10 5 5 17.1 17.4201 17.0142 17.5431

5 10 10 10 13.9 15.489 14.0376 16.3377

6 10 15 0 11.8 13.3119 11.8605 13.7424

7 15 5 10 22.5 22.4372 22.5246 22.5

8 15 10 0 19.9 19.8186 19.9908 19.9047

9 15 15 5 18.7 17.7645 18.6747 18.6993

Correlation coefficient 0.9739 0.9995 0.9713

Root mean square error 0.0757 0.011 0.0895

Table 6: Error values between actual and various regression values for horizontal test.

Sl. no.
Output parameters (burning rate)

Actual value Linear regression Error value 1 Multilayer perception Error value 2 Support vector regression Error value 3

1 13.4 12.9675 0.4325 13.3242 0.0758 12.5739 0.8261

2 10.8 10.9134 -0.1134 10.938 -0.138 11.3808 -0.5808

3 10.2 8.8716 1.3284 9.9294 0.2706 10.1754 0.0246

4 17.1 17.4201 -0.3201 17.0142 0.0858 17.5431 -0.4431

5 13.9 15.489 -1.589 14.0376 -0.1376 16.3377 -2.4377

6 11.8 13.3119 -1.5119 11.8605 -0.0605 13.7424 -1.9424

7 22.5 22.4373 0.06273 22.5246 -0.0246 22.5 0

8 19.9 19.8186 0.0814 19.9908 -0.0908 19.9047 -0.0047

9 18.7 17.7645 0.9355 18.6747 0.0253 18.6993 0.0007
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5. Conclusion

Flammability tests are done especially for the composites
manufactured with natural fiber reinforcement, as by nature
natural fibers have high burning properties when compared
to manmade fibers. The test carried out for flammability of
polymers and plastic materials used in electronic devices is
expressed as UL-94. The test results were rated as V0, V1,

and V2 based on the extinguishing of the flames after
removing the burner.

Thus, the natural fiber-reinforced composite with jute
fiber reinforcement and fly ash filler addition was manufac-
tured and tested for its flammability. From the results
obtained from the testing and optimization, the addition of
the jute fiber influences more and increases the flammability
property of the composite, and the inclusion of the fly ash

Table 7: Machine learning analysis results for vertical test.

Sl.
no.

Input parameters Output parameters (burning rate)
Jute fiber

%
Fly ash

%
NaOH treatment time in

hours
Actual
value

Linear
regression

Multilayer
perception

Support vector
regression

1 5 5 0 14.5 14.4357 14.4357 14.5012

2 5 10 5 12.3 12.1956 12.7196 12.8375

3 5 15 10 11.2 9.9686 11.1214 11.1738

4 10 5 5 19.4 19.0993 19.3744 19.4006

5 10 10 10 15.3 16.8723 15.523 17.7369

6 10 15 0 13.1 14.6322 13.3353 14.6322

7 15 5 10 24.3 23.7629 24.3262 24.3

8 15 10 0 21.2 21.5359 21.4442 21.1953

9 15 15 5 20.5 19.2958 20.501 19.5316

Correlation coefficient 0.9752 0.9993 0.9767

Root mean square error 0.0732 0.0152 0.0785

Table 8: Error values between actual and various regression values for vertical test.

Sl. no.
Output parameters (burning rate)

Actual value Linear regression Error value 1 Multilayer perception Error value 2 Support vector regression Error value 3

1 14.5 14.4357 0.0643 14.4357 0.0643 14.5012 -0.0012

2 12.3 12.1956 0.1044 12.7196 -0.4196 12.8375 -0.5375

3 11.2 9.9686 1.2314 11.1214 0.0786 11.1738 0.0262

4 19.4 19.0993 0.3007 19.3744 0.0256 19.4006 -0.0006

5 15.3 16.8723 -1.5723 15.523 -0.223 17.7369 -2.4369

6 13.1 14.6322 -1.5322 13.3353 -0.2353 14.6322 -1.5322

7 24.3 23.7629 0.5371 24.3262 -0.0262 24.3 0

8 21.2 21.5359 -0.3359 21.4442 -0.2442 21.1953 0.0047

9 20.5 19.2958 1.2042 20.501 -0.001 19.5316 0.9684
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reduces the burning rates of the composites. The results were
verified by referring to various plots and graphs. The opti-
mum levels obtained from the plot are with 5wt% inclusion
of the jute fiber, 15wt% addition of the fly ash, and with 10
hours chemical treatment; minimum burning rates can be
obtained. In horizontal UL-94 tests, 10.2mm/min burning
rate, and in vertical UL-94 tests, 11.2mm/min burning rate
was obtained. Validation tests were also carried out with
these levels, and the results obtained show minimum devia-
tion from the predicted values which are acceptable. To
analyze the process parameters’ effects on flammability,
ANOVA, LR, MLP, and SVR were used.

The regression models also indicate that jute fiber
induces the burning rate due to positive correlation and
whereas fly ash reduces the burning rate due to negative cor-
relation. The effect of NaOH is very less on the burning rate.
In the future, fly ash could be added as a reinforcement
agent to reduce the flammability for other natural fibers
and greatly reduce the flammability affecting electronic
parts. As it is self-extinguishable, it can be used in places
where the material needs to be requiring more resistance
to flames.
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Biomass is a renewable and sustainable green energy material. It is made up of lignin, cellulose, and hemicellulose with
considerable amount of water, extractives, and inorganic chemical compounds. The use of biomass materials and other
biogenic wastes for energy recovery represents an eco-friendly way. Biomass material selection is one of the most significant
aspects for any energy conversion process, and it is a common outsourcing problem that includes material preparation, reactor
performance, economic assessment, and calorific value of the products. Fuzzy systems can be quite useful in high-performance
computing during the selection of biomass materials. In each engineering process, material selection is a crucial step since each
material is having its own set of characteristics. This study presents the application of type-1 fuzzy set for the selection of
suitable biomass material for yielding maximum bio-oil. This study focuses on seven locally available materials such as rice
straw (M-1), sunflower shell (M-2), hardwood (M-3), wheat straw (M-4), sugarcane bagasse (M-5), corn cop (M-6), and palm
shell (M-7). The study evaluated seven important properties of the materials such as lignin (P-1), cellulose (P-2), hemicellulose
(P-3), volatile matter (P-4), fixed carbon (P-5), moisture content (P-6), and ash content (P-7). The findings demonstrated that
sugarcane bagasse (M-5) is the best option for maximum bio-oil yield. Furthermore, the potential of nanoscale catalysts in
improving the yield of bio-oil through real-time experiments was studied. The findings of this work add to our understanding
of the application of fuzzy-based systems for energy applications.
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1. Introduction

In recent years, the use of biomass materials for the produc-
tion of valuable chemicals and biofuels has gained popularity
as a way to minimise emissions of greenhouse gases emitted
by the combustion of fossil diesel fuels [1]. It is an organic
substance with a lot of chemical energy. It has traditionally
been used for energy purposes through direct burning. The
annual global biomass production is expected to be 146 bil-
lion metric tonnes. The current biomass availability in India
is estimated as 500 million metric tonnes per year. Accord-
ing to the report received from ministry, biomass availability
is expected to be between 120 and 150 million metric tonnes
per year. Biomass presently accounts for 32% of the coun-
try’s overall primary energy consumption. It is a renewable
resource that appears to offer clear environmental benefits
and lower greenhouse gas emissions. Wood chips and agri-
cultural wastes are the examples for low-value biomass feed-
stocks. It comprises a wide range of chemical components.
Alcohols [2], organic acids [3], formic acid, and furfurals
[4] are among the compounds addressed. These chemicals
are then transformed into a variety of derivatives that are
employed in the chemical and pharmaceutical sectors. Many
researchers have published data on chemicals extracted from
a wide range of biomass feedstocks, as well as specific feed-
stocks including carbohydrates, triglycerides, cellulose,
hemicellulose, lignin [5], and furfural [6]. Machine learning
algorithms are designed to extract knowledge from data
using classic approaches such as clustering, classification,
and relationships. To create more flexible outcomes, fuzzy
sets are used in combination with these approaches. In the
construction of machine learning algorithms and models,
fuzzy-based knowledge representation and reasoning are
widely used. They gave a new-fangled life to the scientific
truth of machine learning which have been in a hidden stage
for a long period. Fuzzy sets are used throughout the data
processing stage because it may simulate partial and inaccu-
rate data representations. In the mapping of data representa-
tion, the fuzzy extension principle was used.

The effective handling of erroneous data and uncertainty
is a critical phenomenon in any decision-making process.
According to Lee et al. [7], if the imprecision of humanity’s
decision-making process is mishandled, the results could be
perplexing. Fuzzy set theory is a wonderful tool for express-
ing human knowledge [8]. It is a formalised technique for
scientifically conveying ambiguity and vagueness [9]. Zadeh
proposed fuzzy sets theory in 1965 as an expansion of the
classical notion of set [10]. Salii defined an L-relation, a
more broad type of structure that he examined in an abstract
algebraic framework [11]. Fuzzy relations are a type of fuzzy
relation that is currently widely used in fuzzy mathematics
and has applications in linguistics, decision-making, and
clustering. Fuzzy set theory has been used by several
researchers to deal with uncertainty in a range of decision-
making problems [12]. Many literatures used fuzzy-based
techniques for energy management system. Previously,
Chehri and Mouftah [13] proposed this system for hybrid
grid solar power energy management system. Samuel [14]
proposed a home energy management system based on a

multioutput adaptive neurofuzzy inference system. For a
photovoltaic solar home, Chekired et al. [15] proposed a
fuzzy logic energy management system. The main idea
behind this study is to evaluate the biomass materials in
order to get higher quantity and rich biofuel by evaluating
the yield parameters. This can be attained with the aid of
fuzzy logic and fuzzy inference systems, which have been
shown to be useful tools. This system can identify, predict,
and control the complex, nonlinear, and imprecise systems.
This is very attractive technology that can solve any
problems without any accurate mathematical models [16].
Typically, a fuzzy system is formed by collecting knowledge
from subject experts and converting their tacit knowledge of
the underlying process into linguistic variables and fuzzy
rules. Previously, this approach was used for various
decision-making processes such as identification of suitable
distributor location [17], medicine [18], assessment of power
transformer [19], employee performance [20], and hospital
performance [21].

Pyrolysis is the method of thermochemical decomposi-
tion of organic compounds for the production of energy-
rich biofuel in the absence of air at elevated temperatures.
There are three different types of pyrolysis reactions differ-
entiated based on the process temperature and reaction time.
They are conventional slow pyrolysis, fast pyrolysis, and
flash pyrolysis. In fast and flash pyrolysis, the biomass is
heated rapidly up to the temperature of 500°C to 650°C.
Among other thermochemical conversion processes, pyroly-
sis offers an innovative solution to problems with heat trans-
mission, product quantity, and quality. In the point of
environment considerations particularly emission and waste
management, pyrolysis technologies for biomass conversion
to energy generation have attracted more attention in recent
years and are increasingly attaining advances [22]. Fur-
thermore, for the pyrolysis reactors for biomass conversion
into bio-oil, char gas offers various advantages, including
improved product quality, reduced operating costs, higher
liquid product yield, enhanced reaction speeds, and lower
heat requirements. Catalytic pyrolysis is a potential tech-
nology for improving biomass-based materials into liquid
fuel and other value-added products [23]. Use of nano-
based catalysts enhances the pyrolysis process with lower
activation energy by lowering the lowering pyrolysis tem-
perature [24]. In catalytic process, the catalyst and feed-
stock materials are mixed together and kept inside the
reactor for catalytic reforming and cracking. Various types
of catalysts including nickel-based, metal-based, alkali-
based, zeolite catalysts, and carbon-supported catalysts are
used in various processes for the production of higher
amount of volatiles [25]. For the catalytic pyrolysis conver-
sion of wood-based biomass materials, ZSM-5 zeolite is the
most commonly utilized catalysts. Because of the medium
pore size and two-dimensional channel-like pore structure,
these catalysts are widely used for increasing maximum fuel
yield from biomass [26]. The ambient environment had a
substantial impact on the catalytic pyrolysis effects particu-
larly which could boost hydrogenation by increasing catalyst
accessibility. The identification of suitable material for the
yielding maximum biofuels and chemicals has not been
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examined using analytical hierarchy process (AHP) and
other multicriteria decision-making (MCDM) approaches.

This research focused on the use of fuzzy AHP to select
suitable biomass materials for thermochemical conversion
processes, specifically pyrolysis. Pyrolysis is a hopeful option
for thermochemical conversion of lignocellulosic material. It
is a method for converting organic molecules into energy-
rich products. This method can produce carbon as a bypro-
duct, which is referred to as carbonization. Pyrolysis, unlike
other high-temperature processes such as hydrolysis and
combustion, does not require the use of water, oxygen, or
other reagents. It is a simple, inexpensive technology that
can be used for variety of feedstocks. This process produces
high-quality liquid oil and chemicals when compared to
other conversion techniques. The qualities and requirements
for selecting the best biomass material are examined using
expert critiques and literature before selecting numerous
materials for this study. The selected materials are available
plenty and have no value. After the cultivation, these mate-
rials are burnt in open atmosphere in the field itself because
of its low density. Open burning of these materials causes
severe impact on the environment. So appropriate recycling
of these materials is essential. In this context, this study
selected seven alternatives out of available plenty in nature
to produce maximum liquid oil through thermal and nano-
catalytic pyrolysis by investigating its lignocellulosic and its
components identified through proximate analysis. The
developed fuzzy logic model predicted the yield for a given
set of inputs. Finally, the prediction is validated with exper-
imental study conducted by using specified set of input
through thermal as well as catalytic pyrolysis.

2. Materials and Methodology

2.1. Materials. The raw biomass materials used for this study
are collected from local agricultural field in Coimbatore, India.
The raw wood is finely processed into particles having average
diameter of less than 0.5mm. For this form, the biomass mate-
rials are initially processed with ball mill and shieved using
shieve shaker. To promote pyrolysis reaction and feedstock
characterization, the particle size of the biomass materials is
very important to prevent heat and mass transmission con-
straints. So the feedstock has been ground to below 0.5mm.
Before evaluating proper characteristic study, the biomass
materials are dried in open sunlight for a week and further
dried in an oven for 1hr maintained at ±100°C. This process
can considerably remove the moisture content in the biomass
samples which affect the process as well as yield quantity.

2.2. Methods

2.2.1. Material Evaluation. Economic and environmental
variables are the two most important elements that can
influence biomass material choices. They are listed as fol-
lows. Various studies explain some parameters to consider
in biomass selection. However, no study effectively specifies
this information. Figure 1 shows the property evaluation of
the biomass materials.

(i) Input. Cost for production and storage

(ii) Output. Yield of biofuel

(iii) Conversion Rate. Efficiency of conversion

(iv) Emission. Release of harmful gases

(v) Usage of Chemicals. Properties of chemicals obtained
from product

(vi) Technological Development. Gap between current stages

(vii) Sustainable Energy. Replacing fossil fuel

2.2.2. Type-1 Fuzzy Approach. Fuzzy sets were brought out
by Zadeh in 1965 as the expansion of the conventional
notion of set [10]. Here, each constituent has depicted with
the help of membership function valued in the actual unit
interval [0, 1]. Because of their ability to handle vagueness
in preference values, fuzzy set theory has steadily gained
favour in the selection of appropriate materials. This
approach is frequently utilized in a variety of fields when
data is partial or inaccurate [27]. The type-1 fuzzy set ~a in
X is a set of well-organized pair where ~a is represented as
~a = fðx, μ~aðxÞÞ ∣ x ∈ Xg where x represents the constituents
of the set X and μ~aðxÞ is called the membership function
or the degree of membership of x.

Suppose ~a is a triangular fuzzy number (TFN) (al, am, au),
where al, am, and au are the promising values of membership
function shown in Figure 2.

Then the membership function is defined as

μ~a xð Þ =

1 − am − x
am − al

, al ≤ x ≤ am,

1 − x − am
au − am

, am ≤ x ≤ au,

0, otherwise:

8>>>>><
>>>>>:

ð1Þ

Biomaterial

Lignocellulosic
analysis

Lignin

Cellulose

Hemicellulose

Proximate
analysis

Volatile matter

Fixed carbon

Ash content

Moisture
content

Figure 1: Biomass material property evaluation.
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Suppose ~a = ðal, am, auÞ and ~b = ðbl, bm, buÞare two trian-
gular fuzzy numbers so the mathematics operations between
two type-1 fuzzy sets are as follows:

~a ⊕ ~b = al + bl, am + bm, au + buð Þ,
~a ⊖ ~b = al − bl, am − bm, au − buð Þ,
~a ⊗ ~b = al × bl, am × bm, au × buð Þ,

~a
~b
= al

bu
, am
bm

, au
bl

� �
,

1
~b
= 1

bu
, 1
bm

, 1
bl

� �
,

k × ~b = k × bl, k × bm, k × buð Þ,

ð2Þ

where k is a crisp number.
The choice of material for thermochemical conversion to

produce biofuels and chemicals is a strategic and critical
decision for researchers. The evaluation of many parameters
is part of this selecting procedure. This approach involves
evaluating a number of factors to select the best biomass
source. Some studies may consider higher profits and better
outcomes; however, the evaluation should be focused on
social and environmental issues. The majority of researchers
are only interested in the biological composition of biomass.
For 2nd-era ethanol, Kahr et al. [28] evaluated the lignocel-
lulosic ethanol potential of wheat straw, rice straw, oat straw,
and maize stover among other potential agricultural wastes.
Ciancolini et al. [29] used agglomerative hierarchical cluster
analysis to assess the biomass and polyphenol production of
eight cardoon genotypes. Nine capacities are tested in this
study in order to find significant differences. Vaezi et al.
[30] developed a numerical set of rules for biomass material
selection in the gasification process. Figure 3 shows the
methodology adopted for this study.

2.2.3. Validation by Catalytic Pyrolysis Experiment

(1) Reactor Setup. The pyrolysis reactor is the heart of the
pyrolysis process. In this study, the top two ranked biomass
material suggested by fuzzy technique is utilized for fixed-
bed pyrolysis in order to verify the reliability of the assess-
ment. For this purpose, the reactor made up of stainless steel
with inner diameter 100mm and length 150mm is utilized.
The system consists of heating system, condenser unit, and
liquid collection system. The reactor is heated with a 2 kW
electrical resistance heater attached with ammeter and volt-

meter setup. A separate autotransformer is attached with
the reactor to control the rate of heat input. For proper col-
lection of bio-oil, the evolved gas generated from the reactor
is allowed through the condenser, in which the ice water
maintained at 0°C is supplied for the condensation process.
The condensed liquid oil is then collected into the glass bea-
ker and stored for further study. The char generated during
the pyrolysis process was collected from the bed directly at
the end of each run. The uncondensable gases produced
from the reactor are collected by using gas balloon system.

(2) Reaction Process. ZSM-5 is selected for this study due to
its higher activity and stability, as well as its good selectivity,
metal tolerance, and flexibility, especially when used as an
additional catalyst [31]. Zeolites can be shape-selective cata-
lysts through transition state selectivity or molecular
diameter-based exclusion of competing reactants. These cat-
alysts can be utilized for oxidation. The processes can take
place within the pores of the zeolite. Desilication of ZSM-5
with NaOH solution produced HZSM-5 for the catalytic
process. For this, 25 grams of zeolite is combined with a
250mL of 0.3M NaOH and maintained at 75°C. After that,
the mixture is filtered and dried in an oven by keeping the
temperature not less than 100°C. The dried sample was
changed to hydronium form with a 0.2M NH4NO3 solution
at 80°C for 24 hours and then again dried at 100°C and cal-
cined at 500°C for almost 6 hours, yielding 0.3 HZSM-5 as
the final product. On the reactor, 100 grams of powdered
biomass was combined with catalyst and reaction was car-
ried out at by keeping the bed temperature of 500°C. The
evolved gases coming out from the reactor are allowed to
condenser unit, and the condensed vapour is collected in
the form of bio-oil. The weight of the bio-oil is measured
directly with the help of weighing machine. Each experiment
is conducted till no volatile matter is released from the reac-
tor. For that purpose, minimum of 45min is maintained for
each run. In catalytic pyrolysis process, two types of reac-
tions are taken place inside the reactor. First is the formation
of phenolic contents due to deoxygenation or the loss of one
or two oxygen atoms. This stage is also the responsible for
the formation of cyclopentadiene, fulvenone, and fulvene
components. The process of deoxygenation is basically
driven by the stability of the separation groups such as water,
carbon monoxide, and carbon dioxide. Second is the forma-
tion of final products and transmethylation. This stage is
responsible for the production of cresols and methyl compo-
nents [32]. The yield of the desired product is found by the
following formula.

Yield wt%ð Þ = Yield of oil/char/gas
Biomass feed : ð3Þ

3. Results and Discussion

3.1. Material Selection. Biomass material selection is mainly
concerned with the biomass to biofuel conversion tech-
niques in order to yield the maximum biofuels such as crude
bio-oil, char, and gas to fulfil the future energy needs. In the
world, there are plenty of materials available as a resource

µa (x)

al am au

ˆ

Figure 2: Illustration of triangular fuzzy set.
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for various applications. Each material has its own unique
characteristics, applications, advantages, and limitations.
Earlier than the beginning of petro oil era, renewable feed-
stock materials were a major segment for total energy and
chemical supplies. Biomass is a natural material supply che-
micals and energy up to date. Among the other types of
renewable materials, lignocellulosic biomass are available
abundant, low-value materials utilized for fuels, chemicals,
and energy to replace fossil resources [33]. They are com-
posite material which has cellulose, hemicellulose, and lignin
approximately at 50wt%, 25wt%, and 25wt%, respectively
[34]. The components are connected mutually to provide
structural stability. It also contains reasonable amount of
water, extractives with inorganic elements. Cellulose is a lin-
ear long-chain polymer that encircles mostly crystalline
structures with tiny amorphous regions. They are structured
in fibrils and then grouped together to form cellulose fibres,
which are aware of the fibrous character of biomass cell
walls. Hemicelluloses are also the amorphous polymers hav-
ing shorter structure of five to six carbon sugars. It serves as
a link between the cellulose and the lignin [35]. Lignin is a
three-dimensional polymer made up of phenylpropane units
linked together in a number of ways. The most prevalent
outsourcing difficulty is material selection, which is the most
important aspects of any biomass conversion process. Since
different materials have some unique properties and value,
the procedure for biomass material selection has a main role
related to the conversion efficiency as well as the heating
value of the biofuel [36]. This process of selection is identi-
fied to be the imperative decision-making process for biofuel
conversion techniques which includes biomass preparation,

performance of the reactor, economic evaluation, and heat-
ing value of the biofuel products.

3.2. Evaluation of the Material Properties. Different biomass
materials have some unique characteristics. Analysis of
material properties shown in Figures 4–10 is very important
for the selection of best biomass material for pyrolysis.
Chemical analysis biomass material is one of the most essen-
tial parts during the evaluation of reaction characteristics. In
biomass, cellulose and lignin are often considered as the
most important components [37]. The lignocellulosic con-
tent of materials is measured using the conventional wet
chemistry technique. It is suggested as the best approach
for analysis of lignocellulosic contents [38]. This method is
a powerful and accurate method, whereas 0.50 grams of
samples is analysed for each entry. Figure 4 shows the lignin
content, and Figure 5 shows the cellulose content present in
the materials 1 to 7. According to the data, the lignin content
of the materials is varied from 13.4wt% to 44wt%. It can be
clearly shown that M-5 has lower lignin content but M-7 has
higher lignin concentrations. Generally, higher lignin con-
tents of the material slower the pyrolysis reaction yielding
maximum char. The presence of cellulose in the material
enhances the thermochemical conversion yielding maxi-
mum liquid products [39]. The values of cellulose in the
selected materials vary from 27.7wt% to 52.5wt%. The
material M-6 contains the highest amount of cellulose con-
tent of all the samples, and M-7 has the lowest. With refer-
ence to lignin and cellulose contents, M-6 may be
suggested as a suitable material, but the hemicellulose con-
tent of the material M-6 is lower than the M-2 and M-5.

Material selection

Property evaluationLignocellulosic analysis Proximate analysis

Application of type-1 fuzzy

Preference score

Ranking the material

Experimental validation

Pyrolysis using nanomaterials

Figure 3: Methodology.
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The presence of hemicellulose content of the material also
enhances the conversion of material to biofuel during pyrol-
ysis. The total content of the cellulose and hemicellulose is
termed as holocellulose favour for the yield of biofuel. Based
on the above said three properties, the favourable material
for yielding maximum biofuel cannot be suggested without
deep investigation. Material with more volatile contents pro-
duces more bio-oil and biogas, while material with higher
fixed carbon yields more char particles. The selected sample
is having more amount of volatile contents (58.8wt% to

80.2wt%). Based on volatile contents, M-5 can be suggested
as the best one for maximum energy conversion. The pres-
ence of fixed carbon in the material is ranging from
6.54wt% (M-6) to 21.0wt% (M-4). The material’s moisture
content has an impact on the heat transfer phenomena dur-
ing energy conversion [40]. The moisture content present in
the feedstock might obviously reduce the reaction tempera-
ture. During conversion process, the initial heat applied to
the process is used to evaporate the moisture content of
the feedstock material. It also affects the heating value of
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the reaction products. Previously, many studies have recom-
mended the feed particles should have lower moisture con-
tent in order to favour for quality bio-oil yield [41, 42].
The material with lower moisture content always yields the
fuel with higher energy content [43]. According to
Figure 9, the moisture content of the materials is varied from
3.5wt% to 16.1wt%. From the figure, it can be shown that
M-2 has lower moisture content whereas M-4 has more.
The analysis was carried out in accordance with ASTM pro-

cedures to determine the proximate analysis (VM-ASTM
D3175, FC-By difference, MC-ASTM D3173, and AC-
ASTM D3174). The increased moisture content in the mate-
rial significantly affects the oil quality. The influence of ash
content during pyrolysis has been studied extensively. The
amount of ash in the biomass sample has a direct impact
on the yield and composition of the pyrolysis products. It
also has an impact on the efficiency of the conversion pro-
cess. As a result, one of the factors for selecting the best
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biomass is the lower level of the samples. During pyrolysis,
ash particles usually extinguish the vapour conversion. So
for this process, the biomass with reduced ash content is
often preferred. As a result, the best material for pyrolysis
should have most of volatile matter, fixed carbon, and lowest
moisture and ash contents. Based on the above characteristic
study, the properties such as cellulose, hemicellulose, volatile
matter, and fixed carbon are considered as beneficial (high
are better) and lignin, moisture, and ash contents are consid-
ered as nonbeneficial (low are better).

3.3. Ranking of the Material. The fuzzy pairwise comparison
matrix for weight calculation using type-1 fuzzy AHP is
shown in Table 1. The weights are derived using geometric
mean method [44]. The type-1 fuzzy weights are defuzzified
to obtain the crisp numeric weights, which are further nor-
malised to obtain the final weights of criteria. These values
are reproduced by multiplication with the evaluation matrix
to get preference score. Table 2 displays the weighted nor-
malised evaluation matrix. The graphical representations of
the ranks are also shown in Figure 11. It can be seen that
sugarcane bagasse is the best alternative having rank 1. The

next best material is hardwood which is ranked 2. The ranks
are obtained based on the preference score shown in Table 3,
and Table 4 shows the ranks of the selected biomass mate-
rials based on the preference score. The lignin percentage
of sugarcane bagasse is so low compared to other materials,
and the lower lignin level of 13.4% and greater hemicellulo-
sic content of 47.6% forecast the best option for optimum
bio-oil production. The moisture level of the sugarcane
bagasse is also quite low, at only 5.4wt%. As a result, sugar-
cane bagasse provides greater quality and has a higher

4.3
4

2.2

4.1

3.1

2.3 2.1

0

1

2

3

4

5

M-1 M-2 M-3 M-4 M-5 M-6 M-7

Co
nt

en
t i

n 
w

t%

Ash content

Figure 10: Ash contents of the selected materials.

Table 1: Type-1 fuzzy pairwise comparison matrix for weight calculation.

P-1 P-2 P-3 P-4 P-5 P-6 P-7

P-1 (1,1,1)
1
5 ,

1
4 ,

1
3

� � 1
3 ,

1
2 ,

1
1

� � 1
7 ,

1
6 ,

1
5

� � 1
3 ,

1
2 ,

1
1

� �
(1,2,3)

1
3 ,

1
2 ,

1
1

� �

P-2 (3,4,5) (1,1,1) (1,2,3)
1
3 ,

1
2 ,

1
1

� �
(2,3,4) (2,3,4) (1,2,3)

P-3 (1,2,3;1),
1
3 ,

1
2 ,

1
1

� �
(1,1,1)

1
4 ,

1
3 ,

1
2

� �
(1,2,3) (2,3,4) (1,2,3)

P-4 (5,6,7;1) (1,2,3) (2,3,4) (1,1,1) (4,5,6) (5,6,7) (3,4,5)

P-5 (1,2,3;1)
1
4 ,

1
3 ,

1
2

� � 1
3 ,

1
2 ,

1
1

� � 1
6 ,

1
5 ,

1
4

� �
(1,1,1) (2,3,4)

1
3 ,

1
2 ,

1
1

� �

P-6
1
3 ,

1
2 ,

1
1

� � 1
4 ,

1
3 ,

1
2

� � 1
4 ,

1
3 ,

1
2

� � 1
7 ,

1
6 ,

1
5

� � 1
4 ,

1
3 ,

1
2

� �
(1,1,1)

1
4 ,

1
3 ,

1
2

� �

P-7 (1,2,3)
1
3 ,

1
2 ,

1
1

� � 1
3 ,

1
2 ,

1
1

� � 1
5 ,

1
4 ,

1
3

� �
(1,2,3) (2,3,4) (1,1,1)

Table 2: Weighted normalised evaluation matrix.

P-1 P-2 P-3 P-4 P-5 P-6 P-7

M-1 .0449 .1255 .0689 .3577 .0420 .0251 .0533

M-2 .0476 .1892 .0994 .3337 .0737 .0431 .0573

M-3 .0294 .1857 .0718 .3586 .0588 .0419 .1042

M-4 .0462 .1446 .0646 .2662 .0824 .0094 .0559

M-5 .0603 .1525 .1367 .3631 .0443 .0279 .0739

M-6 .0539 .2052 .0934 .3549 .0256 .0118 .0996

M-7 .0184 .1083 .0620 .3043 .0773 .0137 .1091
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heating value. The quality of the oil is generally affected by
the water content of the biomass feedstock [45]. Various
researches have also confirmed this. One of the reasons for
the superior quality of the bio-oil is the lower ash level of
the sugarcane bagasse [46]. Wheat straw has higher moisture
content than other biomass materials, as well as a lower cel-
lulose content, which means it has a lesser chance of produc-
ing maximum bio-oil yield [47]. As a result, it was placed
seventh among the other selected materials. During thermo-
chemical conversion processes, there is a strong relation
among the degradation of volatile contents and the rise in
product yield [48]. The production of biofuels results in a
90% loss of their volatile constituents [49]. Even if rice straw
and sugarcane bagasse have the same quantity of volatile
matter, higher level of hemicellulose and lower ash content
in sugarcane bagasse may be the key reason for its ranking
among other biomass materials and for the prediction of
acceptable biomass.

3.4. Experimental Validation. The yield of bio-oil with
respect to biomass pyrolysis and catalytic pyrolysis is shown
in Table 5. For thermal pyrolysis, the yield of bio-oil is
48.3wt% for sugarcane bagasse and 44.6wt% for hardwood
material. At a catalyst loading of 2wt%, the bio-oil yield is
increased to 50.4wt% and 46.8wt% for sugarcane pyrolysis
and hardwood, respectively. The yield of bio-oil from top-
ranked sugarcane bagasse via thermal pyrolysis and catalytic
pyrolysis is more when compared to second-ranked hard-
wood. When the experimental and theoretical findings were
compared, they were virtually identical, indicating a strong
correlation between them.

4. Conclusion

In this study, type-1 fuzzy set approach was used to design a
mechanism for selecting optimal biomass material for the
pyrolysis process for maximum bio-oil yield. The type-1
fuzzy set was suggested which helps in the process of select-
ing suitable biomass materials among a large number of
available alternatives. By considering seven evaluation cri-
teria, this study gives the ranking order of the materials
based on the performance score, and the order was sugar-
cane bagasse>hardwood>sunflower shell>corn cop>rice
straw>palm shell>wheat straw. For a particular biomass
material selection problem, this method considers biomass
material selection qualities and their interrelationships. This
method yields significant results and also establishes a link
between previous studies for appropriate material selection
for optimal bio-oil yield. The results of this method are in
good accord with those of experiments. Under the same
experimental circumstances, the top-ranked material yielded
3.7wt% and 3.6wt% more liquid oil than the second-ranked
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Figure 11: Rank of the biomass material.

Table 3: Preference score.

Alternatives Preference score

M-1 0.7156

M-2 0.8433

M-3 0.8492

M-4 0.6690

M-5 0.8577

M-6 0.8429

M-7 0.6923

Table 4: Ranking of the material based on preference score.

Alternatives Rank

RS (M-1) 5

SS (M-2) 3

HW (M-3) 2

WS (M-4) 7

SB (M-5) 1

CC (M-6) 4

PS (M-7) 6

Table 5: Yield of biofuel under selected operating condition.

Feedstock
Fuzzy-

based rank

Bio-oil yield in wt%
Experimental

rank
Thermal
pyrolysis

Catalytic
pyrolysis

Sugarcane
bagasse

1 48.3 50.4 1

Hardwood 2 44.6 46.8 2
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material during thermal and catalytic pyrolysis, respectively.
The results provide confidence, and this approach can be
applied for other thermochemical conversion processes in
order to identify the best biomass material.
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Supercapacitors are a revolutionary type of energy storage device. They must be able to charge and discharge quickly while
maintaining a high energy density. A storage material’s cyclic stability is a desirable feature. The type of electrode materials
employed for the specific study design affects supercapacitor performance. Manganese dioxide has long been regarded as one
of the best and most abundant materials in nature, having a potentially high specific capacitance. They also offer a wider
potential range, more electroactivity, and are more environmentally friendly. However, because of its decreased volume
expansion and low conductivity, it is difficult to use as a capacitor material. As a result, carbon-based porous films and
supports can be employed to produce critical composites to overcome the current shortcoming. These nanoparticle-based
materials will have improved electrical conductivity and a large surface area. Graphene oxide (GO) has a high surface area,
thermal stability, and porosity. As an electrode material, many types of MnO2/carbon-based materials have been widely used
in supercapacitors. Their overall performance is influenced by their construction processes, metal ratios, electrolyte medium,
and voltage factors. Microwave technology was chosen as a cost-efficient and effective alternative to expensive and laborious
techniques for fabricating MnO2/GO composites. The production procedure of a supercapacitor has been explored in this
study using MnO2-GO composite materials. Using the electrochemical deposition process, the nanocomposite materials of
MnO2-GO are significantly deposited on the stainless steel (SS) substrate material. Galvanostatic charge-discharge techniques
and cyclic voltammetry (CV) analytical methods were used to investigate the storage and cycle ability of supercapacitors. The
composite MnO2-GO supercapacitor has a higher electrochemical capacitance based on these findings.
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1. Introduction

There is a great demand for both energy (conventional and
nonconventional) resources due to the increase in living
standards. For that reason, the electrochemical energy stor-
ages are obtained to be the substitute for this problem [1,
2]. A supercapacitor (SC), formerly electric double layer
capacitor (EDLC), is the generic term for the electrochemical
capacitor (ECs) family. A conventional solid dielectric is not
present in SCs. Two storage principles determine the capac-
itance value of an EC, which both indivisibly contribute to
the total capacitance [1, 3]. In this day and age, consumption
of energy in the form of fossil fuels like oil, coal, and natural
gas has drastically increased. This adversely affects the world
and the environment in ways like global warming, ecological
destruction, and endangering life forms. Utilization of
renewable energy is the need of the hour as it is ecofriendly.
Countries have allotted funds and manpower exclusively to
develop ways to use and create energy. Solar, tidal, hydro-
thermal, geothermal, and wind energy have played their
share in alleviating major problems related to energy and
environmental conservation all around the world [3, 4].
However, clean energy is very limited and cannot be directly
applied to many applications. This is due to the natural con-
ditions and the shortfall of resources; it greatly depends on
the types of sources used and causes poor stability as well
as tunability with regard to electricity generation. Hence,
trustworthy electrochemical systems are encouraged to
address efficient conversion, utilization, and storage of above
sources [4]. Supercapacitors also known as electrochemical
capacitors are the next-generation storage devices. They are
popular for their green and clean nature of fabrication and
implementation [5]. They also have a greater capacitance
potential with higher power output and shelf life when com-
pared to lithium-ion batteries [6]. Along with simple struc-
ture, they possess faster charging and pollution free effects
while manufacturing. They can be easily applied to portable
electronics, hybrid electric locomotives, data backup, etc. [7].

Due to their compact structures, high surface area,
unique chemical, physical, and mechanical capabilities,
nanomaterials have gotten a lot of interest in recent years.
The ability to produce and process NMs is the first milestone
in nanotechnology for exploring novel physical features and
understanding possible uses of NMs. The NMs are also epic
in structure and have features that can be adjusted. As a
result of this development, NM has been useful in real-
world applications [2, 8].

Manganese oxide (MnO2) offers the benefit of relatively
cost-effective, high theoretical capacitance (~1300 F g-1),
and environmentally compatible [9]. MnO2 is used for cata-
lysts, sensors, lithium batteries, and alkaline MnO2/Zn cell
applications. The advancements required in generating
active materials mainly concern with overall stability, high
reversible capacitance, structural flexibility, improved cation
diffusion rate under high charge-discharge condition, and
environmental friendliness. The composition of MnO2
materially changes the morphology of the surface and leads
to an increase in the pseudocapacitive performance of
MnO2 as an increase in porosity [2]. The proposed theoret-

ical reasons for MnO2 being a better alternative for electrode
materials is its high theoretical capacity in reference to an
individual electron-based redox potential reactions of each
atom was observed in a wider potential window, electroac-
tive in neutral electrolytes, etc. [10]. These lead to lower cor-
rosion of the collector, and other benefits were incorporated
in Figure 1. Improving the performance of electrode mate-
rials for the production of high-energy supercapacitors.

The availability of the material is also found to be in
excess naturally, which decreases its price value. The crystal
structure of the metal also forms crystallinity hence support-
ing charge storage and dissipation. It has been reported that
tunnel or chain structure of alpha, beta, and gamma MnO2
facilitates easier transfer of electrons with higher capaci-
tance. Nanoranged MnO2 has a larger reaction area for fea-
sible and enhanced cation intercalation and deintercalation
when compared to its amorphous form [11, 12].

In recent years, graphene attained huge interest espe-
cially in the fields of electric devices, energy storage applica-
tions, and sensors due to their unique property of
physiochemical characteristics, such as high surface area,
excellent conductivity, and mechanical stability. Structurally,
graphene oxide (GO) has been visualized as a graphene sheet
with its basal plane and edges filled with oxygen groups.
Graphene hybridization with functional NMs enhances the
component functional properties and even produces new
properties through cooperative interaction.

GO has been an appropriate support material for MnO2
loadings in electroactive materials for supercapacitors [13].
GO not only affords high surface area for MnO2 nanosheets
deposition but also provides to those nanostructures good
adhesion. GO had a significant impression on the property
of electrochemical in the GO-MnO2 nanocomposites.
Scheme of MnO2 nanocomposites shown in Figure 2 men-
tioned with the application of supercapacitors made out of
MnO2 with optimizing parameters which helps in improv-
ing the capacitance, stability, and storage etc.

MnO2 nanoparticles can be deposited uniformly on GO
with high density. The high loading efficiency of MnO2 and
high surface area of MnO2-GO increase the specific capaci-
tance of MnO2-GO [14].

This work is aimed at fabricating the composite of
MnO2-GO and achieving good conductivity in the charge
storage process. The MnO2 and MnO2-GO composites were
synthesized by the electrodeposition method. After electro-
deposition, the galvanostatic charge-discharge analysis was
performed to characterize the charge storage ability of the
film from which we can find the ability of the composite as
an electrode of a supercapacitor.

2. Materials and Method

2.1. Fabrication of MnO2-GO Nanocomposite
Supercapacitor. MnO2 was synthesized using standard pro-
tocol reported previously in 2015 [15]. Graphene oxide was
synthesized by modified Hummers method [16]. MnO2
and MnO2-GO NMs were coated on electricity collector
substrates by constant potentiostat mode in the electrodepo-
sition method. The SS substrate was cut and polished into
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1 × 1 cm size and then washed for 15min in deionized water
by a bath sonicator.

The electrochemical deposition was performed for
30min at 0.8V using the as prepared SS substrate as the
working electrode. Different concentrations of GO (10mg,
15mg, and 20mg) with 25ml DI water were dispersed by
ultrasonication, and then 0.1M of MnSO4 solution was
added to prepare the electrolyte solution. The pH of the elec-
trolyte solution was maintained at 10 by adding 1M NaOH.
Ag/AgCl and Pt electrodes were used as reference and coun-
ter electrodes, respectively [17]. The resulting thin films were
dried at room temperature after the process of rinsing in DI
water. The overall process of synthesis was displayed in the
scheme of Figure 3.

2.2. Electrochemical Analysis

2.2.1. Analyzing Setup. For the electrochemical analyses
0.1M of Na2SO4 dissolved in 50ml of double-distilled water
used as an electrolyte solution, Ag/AgCl was fixed as the ref-
erence electrode, whereas prepared MnO2 electrodes made
with thin films are considered as working electrodes, and
electrodes made out of platinum wire are considered as a
counter electrode. These three electrodes were immersed in
the electrolyte solution the setup was connected to the BIO-

LOGIC Science SP-50 model Electrochemical Workstation
for the analyses.

2.2.2. Cyclic Voltammetry. The electrochemical characteris-
tics of specified composites are typically measured using
cyclic voltammetry, a standard technique. The potential scan
starts at a point where there is no electrochemical reaction.
The scan proceeds to the switching potential at a predeter-
mined constant rate, then reverses direction and returns to
the electrode as oxidation or reduction, accordingly. The for-
mula below was used to compute the active material’s spe-
cific capacitance.

Specific capacitance = C = I
mν Va −Vcð Þð

F
g

� �
: ð1Þ

I considered as applied current (A), where (Va −Vc) are
considered as the potential of sweep window (V), m is
known as mass of the active material (g), and v is the scan
rate (V s-1).

2.2.3. Galvanostatic Charge–Discharge. The charge-discharge
potential and cycle ability of prepared MnO2-GO nanocom-
posite was measured using galvanostatic charge–discharge

Dimensional reduction

Ultrafast charging
abilityFunctionalization

with impact of doping

preparation

and structure

Electrochemical stability
environmental safety

Improves mechanical

Enhanced surface area

Figure 1: Performance enhancement of electrode materials for high-energy supercapacitors.

Optimized
crystallinity,

Conductivity,
Morphology,
Dimension,

Mass loading,
Electrolyte
selectivity

Baring ability of MnO2
nanomaterial

Organic and inorganic
nanomaterials-booster 1

Organic and inorganic
nanomaterials-

booster 2
Boosted 

performances
on 

capacitance

Environmental
stability

Electrochemica
l stability

Power and 
energy density

Charge
Transport

Conductivity
problem,
Agglomeration
poor surface
area,
Electrolyte
dissolution

Optimization with
possible proportion

MnO2

Figure 2: Scheme of MnO2 nanocomposites for the application of supercapacitors.

3Journal of Nanomaterials



(GCD) technique. It is necessary to conduct the charge and
discharge at a constant current until a predetermined voltage
is obtained. A cycle is a loop of charging and discharging
that repeats over and over again. The time required to reach
the set potentials for the applied current was plotted. In the
charging process, the constant rate of increment in the
potential and the discharge process the constant rate of dec-
rement in the potential with time is the perfect behavior for
the charge storage device.

Using the charge-discharge curve the capacitance and
cycling behavior of the electrode material has been moni-
tored, and also the charge density, energy density, and
capacitance of the material were calculated from the follow-
ing equations.

Specific Capacitance of the activematerial isC = IXΔt/ΔVXmð ÞF
g

:

ð2Þ

3. Results and Discussions

3.1. Cyclic Voltammetry Studies. Cyclic voltammetry was
performed using prepared MnO2 and MnO2-GO thin films.
Here, prepared thin films were fixed as working electrodes
whereas the platinum wire was considered as a counter elec-
trode, and Ag/AgCl was a reference electrode, respectively,
an aqueous solution of 0.1M Na2SO4 as the electrolyte for
different scan rates.

Figure 4 shows a cyclic voltammogram of MnO2 and
MnO2-GO thin films by applying a scan rate of 5mVs-1

between the potential of 0 and 0.8V. It shows the current
density vs. potential curve of MnO2: GO (different concen-
tration) composites and pure MnO2. From that, we found
that MnO2 has a low current density 10mg MnO2 added
for GO composite which has high current density compared

to pure MnO2. Also, 15mg MnO2-GO composite has a high
current density compared to 10mg composite, and 20mg
MnO2-GO composite has a low current density compared
to 15mg composite because further increment in GO tends
to decrease the amount of MnO2 on the surface of the elec-
trode. Ding reported successful electrodeposition of manga-
nese dioxide nanoparticles onto an indium tin oxide glass
substrate using the cyclic voltammetry (CV) method, which
was used to create an indium tin oxide glass substrate from
an aqueous solution of 0.1M Na2SO4 containing 5 × 10−3
M MnSO4, and they achieved 294 Fg-1 [9].

3.2. Galvanostatic Charge-Discharge Technique. Galvanosta-
tic charge/discharge experiments were performed to evaluate
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the specific capacitance and cycle ability of the developed
MnO2 and MnO2-GO electrode materials. Further, the
insight into the relationship between the specific capacitance
of the different MnO2 nanostructures has been studied. The
galvanostatic charge-discharge is also performed using the
biologic sp-50 electrochemical workstation. Figure 5 depicts
the charge-discharge performance of the electrodeposited
MnO2 for the first few cycles.

The potential-time curve was measured from 0 to 0.8V
versus the reference electrode for more than 300 cycles,
0.1M Na2SO4 was used at a current density of 0.5mAcm-

2. The curves are almost linear and present in the form of
typical symmetrical triangle shape which indicates the pseu-
docapacitance of MnO2. The composition of MnO2-GO has
a high charge and discharge time compared to MnO2. Thus,
it reported to have increased specific capacitance of MnO2-
GO. Sebastin et al. have reported that multilayered film elec-
trodes show good electrochemical properties [6]. Hence, the
obtained results indicate that these newly synthesized films
could be used as potential applications in electrochemical
capacitors.

Figure 6 clearly shows the variation in specific capaci-
tance with respect to the cycle number of MnO2 and
MnO2-GO electrodes. In which MnO2 has the specific
capacitance of 80 F/g for the first cycle whereas MnO2-GO
has the specific rate of capacitance up to 140 F/g for first
cycle. MnO2-GO displays high specific capacitance com-
pared with MnO2. Furthermore, the linear line indicates
the cycling performance of MnO2 and MnO2-GO. It shows
the films have retained almost 95% of their specific capaci-
tance even after 300 cycles. With these promising results,
these materials can be used as an ideal material in superca-
pacitor applications.

Addition of MnO2 to graphene oxide sheets addresses
the low volumetric density of graphene-based electrodes.
This would prevent the agglomeration of the sheets which
happens due to Van der Waals attraction between the nano-

particle and the porous material [18]. Elastic constraint is
provided by the carbon skeleton of GO. This avoids the dis-
solution of the electroactive property of MnO2. A simple
microwave-assisted technique can rapidly green synthesize
MnO2/GO composites by simple deposition of the nanopar-
ticle onto the sheet [19]. Previous studies stated that doping
of MnO2 increases the specific capacitance by three times
when compared to pure GO sheet or pure birnessite MnO2
[19, 20].

The ratio of the MnO2 by weight plays a crucial role in
the capacitance performance. With an increasing mass ratio,
the specific capacitance tends to increase which coincides
with the results we have obtained for the current study
[21]. Composites tend to have higher diffusivity and mobil-
ity of charges than disordered MnO2. Changing the crystal
structures and orientations of MnO2, it is suggested that
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GO/MnO2 performance as an active material can be greatly
influenced. Eco-friendly techniques under milder conditions
are found to be more feasible to control the shape and
dimension of the nanoparticle [22]. Controlling oxygen
functional moieties and doping of heteroatom on the GO
sheets can aid in manufacturing hi-performance electrode
materials.

Synthesis method has a great influence on the electro-
chemical performance of MnO2/GO nanocomposites. The
specific capacitance of current study is quite low when com-
pared to previously reported nanocomposites. We infer that
the microwave technique opted by might not have supported
the formation of proper crystal formation in MnO2. As it
was already reported that crystal structure positively influ-
ences the specific capacitance of a capacitor material. The
nanoparticle used in this study does provide high energy
density to the porous GO, but the structure of the lattice
might not be at its very best. GO ensures upgraded cyclic
performance and stability. The microstructure of the sheets
with functional groups portrays different properties in vari-
ous orientations and dimensions for the given nanocompos-
ite. This gives the rational feasibility to optimize this
nanocomposite and maximize it to its potential. Nanotubes
and nanofibers offer high and rapid diffusion due to its
one dimensional orientation.

This shortens the ion diffusion pathway which leads to
high conductivity and enhanced mechanical properties.
Flexibility is also attained by the capacitor material. Simi-
larly, two-dimensional GO is also regarded as an ideal con-
ductive substrate with enhanced specific surface area,
conductivity, and ultralow density. Compared to nanotubes,
the diffusivity is quite low for GO. Activated form of carbon
is mostly opted for fabrication of storage devices owing to its
three-dimensional structure and rich functional groups.
Although a rich porous support structure is provided in

the current study for the nanoparticle the performance
yielded was quite less. Orderly channels without obstruc-
tions can further maximize the electrochemical performance
of MnO2. They accelerate the ion transport and make the
diffusivity easier for MnO2.

Hence, the current material can be experimented with by
incorporating additional channels in the Go sheet to see if
the performance could be improved. Even the graphitization
of the sheet makes conducive improvement in the transfer of
charge between the nanoparticle and the carbon base. Low
graphitization of the sheet used in the current study might
also be the reason for low performance of the capacitor
material. In the previous years of effort has been taken to
explore the potential of MnO2/GO composites for their
capacitance function. Exciting outcomes have been accom-
plished so far. There are still many drawbacks in the nano-
particle that hinder its electrochemical property if not set
right. A few have already been discussed above [23]. Efforts
need to be taken to focus on developing new generation
nanoparticle combinations with potential doping to address
all drawbacks mentioned above. Table 1 represents the pre-
viously reported outcomes on MnO2/GO composites for
supercapacitor applications.

4. Limitations and Future Scope

A greater amount of testing and research into MnO2-GO
materials is required in order to produce better supercapaci-
tors in the future. Aspects such as poor structural stability
and reduced ion diffusion need to be addressed as well
[38–44]. Researchers should look into and test high-
capacitance materials that can be reversed and modified,
when necessary, as well as rapid cation diffusion at high
charging and discharging rates.

Table 1: Reported outcomes on MnO2/GO composites for supercapacitor applications.

Electrolyte Crystal/porous material Specific capacitance Reference

1M Na2SO4 Gamma MnO2 crystal with graphene 270 (0.5A g-1) [24]

1M KOH MnO2 or graphene 342.8 (0.5 A g-1) [25]

1M Na2SO4 N doped graphene/MnO2 411.5 (0.5 A g-1) [26]

Na2SO4 1M Graphene oxide/MnO2 315 (0.5A g-1) [27]

Na2SO4 1M Graphene oxide/MnO2 360.3 (0.5 A g-1) [28]

Na2SO4 1M Reduced graphene oxide/MnO2 759 (2A g-1) [29]

1M Na2SO4 Graphene/MnO2 234.8 (0.1 A g-1) [30]

1M Na2SO4 Graphene/MnO2 255 (0.5A g-1) [31]

1MNa2SO4 Graphene/MnO2 133 (0.5mvs-1) [32]

1M Na2SO4 Graphene/CNT/MnO2 372 (0.5A g-1) [33]

1M Na2SO4 Sponge reduced graphene oxide/MnO2 205 (0.1A g-1) [20]

— Graphene/MnO2 310 (2mvs-1) [34]

— MnO2/CNP/graphene 255 (2mvs-1) [35]

— Graphene/MnO2/activated carbon fiber felt ∗ 1.516 [36]

— Reduced graphene oxide-MnO2 274 (10mvs-1) [37]

— Mn3O4/rGO ∗∗ 52.2 [38]

1M Na2SO4 GO/MnO2 140 (0.5A g-1) Current study
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5. Conclusion

An electrochemical deposition approach was used to deposit
MnO2 and varied concentrations of MnO2-GO composites
on an SS substrate in this investigation. The CV curves
depicted the electrochemical performance of pure and com-
posite materials synthesized in various ratios. In comparison
to pure, 10mg, and 20mg GO added MnO2 thin films, the
15mg GO-MnO2 electrodeposited film has a high current
density. Because it covers the highest area of MnO2 in the
composite, increasing the GO tends to lower the film’s per-
formance. The charge storage behavior of the films is dem-
onstrated by galvanostatic charge-discharge analysis,
galvanostatic charge-discharge curves have been conducted
with different composition of GO to ensure the effective
capacitance which shows that MnO2 and MnO2-GO thin
films have specific capacitances of 80F/g and 140F/g for
the first cycle, respectively, and that the composite retains
approximately 95 percent of capacitance after 300 cycles.
When compared to previously published nanocomposites,
the current study’s specific capacitance is quite low. We
deduce that the microwave approach used may not have
promoted the creation of appropriate MnO2 crystals.
Despite the fact that the nanoparticle was given a rich
porous support structure in the current work, the results
were disappointing. MnO2 electrochemical performance
can be improved even further by having clean, unobstructed
channels. Although the nanoparticle utilized in this study
provides a high energy density to the porous GO, the lattice
structure may not be optimal. Low graphitization of the
sheet utilized in this investigation could possibly be a factor
in the capacitor’s poor performance.
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A new strategy for supercapacitor formation was carried out in the study using electrodes made of graphene oxide (GO) and
manganese dioxide (MnO2) nanocomposites. To the present knowledge, only a few investigations have been carried out
concerning the synthesis of GO-MnO2-based nanocomposites and their electrochemical properties, with varying mass ratios, as
well as the change in electrochemical properties of their components as MnO2 and GO were tested individually for the
enhanced stability and performances. A synthetic method was performed successfully to manufacture MnO2/GO
nanocomposites. The findings of the present study show that the composites have a lot of potential as an effective conduction
property. A composite of graphene oxide supported manganese dioxide nanocomposites fabricated with the simple soft
chemical route. As-prepared nanocomposites can be improved in performance by the interactions between GO and MnO2.

1. Introduction

In the last few decades, the importance of nanomaterials was
enormously increased due to their unique features and
mechanical properties. Various approaches have been
implemented to develop a vast number of nanomaterials

through the dedicated synthesis methods of top-down and
bottom-up methods which are considered as the most com-
mon and commercial techniques for nanomaterial synthesis.
Nanofragmentation is considered as one of the effective and
most promising methods in the field of nanotechnology to
generate and tune the nanomaterials into different unique
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nanostructures like nanotubes, nanofibers, and nanorods.
This makes them valuable for real-world applications con-
cerning its property which have also been discussed in
Figure 1 with the various phenomena. Energy is considered
to be one of the most significant needs in today’s world,
and it is used in various forms [1, 2]. Nonetheless, rising
energy demand causes natural issues and the exhaustion of
petroleum derivatives such as fossil fuels. Therefore, a seri-
ous examination of energy stockpiling and conversion has
gotten a great deal of consideration as far as future innova-
tion advancement. Due to its powerful thickness, long cycle
life, and quick charging rate, supercapacitors are increas-
ingly being used to supplement or even replace batteries in
a variety of applications [2, 3]. The M30 electrode has the
largest specific capacitance; they can be credited in the form
of joined concepts to make MnO2 as a redox potential of
pseudocapacitance and reduced graphene oxide (rGO) as
an electrical twofold layer capacitance. The M30 electrode’s
further developed performance could also be attributed to
its high graphene carbon content, which helps in diminish-
ing the cationic way into the terminal network that is elec-
trode matrix and bringing down move obstruction which is
transfer resistance.

There is a large demand for both conventional and non-
conventional energy resources as there is a sudden rise in
population and also an increase in living standards. There
is a need for nonconventional renewable energy sources
due to the increase in greenhouse gas and the depletion of
fossil fuels. Therefore, electrochemical energy systems are
found to be the alternative for this problem [4]. Recently,
electrochemical capacitors like supercapacitors have been
introduced over conventional energy stockpiling because of
their powerful thickness and energy density when compared
to the conventional and recent batteries in Figure 2. They
have been used in dc motor drives, robots, electric vehicles,
and even UPS (uninterruptable power supply) systems.
Due to the charge capacitance, the storage of supercapacitors
is subdivided into three different types such as electrical
double-layer capacitors (EDLCs), psuedocapacitors, and
hybrid or mixed electrodes; recent advancements in the
supercapacitance are discussed in Figure 3. The best super-
capacitors are the ones that should possess maximum energy

storage capacitance. The supercapacitor capacitance value is
decided by two storage principles, which both grant indivis-
ibly to the total capacitance [5].

As an alternative to ruthenium oxide (RuO2) (which is
widely used in metal oxide supercapacitors), manganese oxide
(MnO2) offers the advantage in terms of high hypothetical
capacitance, cost proficiency, and less toxicity as well as envi-
ronmental safety [6, 7]. MnO2 has been used for lithium bat-
teries, sensors, catalysts, and alkaline Zn/MnO2 cell
applications; under ambient settings, MnO2 is perhaps consid-
ered as the most steady manganese oxides, with remarkably
strong physical and excellent compound properties. These
mixtures’ high polymorphism and underlying adaptability
have given them a wide scope of uses, including catalysis, bio-
sensors, and energy stockpiling. MnO2 electrodes have set up
themselves as a conceivably ideal terminal material for replac-
ing RuO2 in supercapacitors because of their high explicit
capacitance, natural similarity, and cost viability [8–11].

The main concerns regarding for advancement of active
materials in supercapacitor development were underlying
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adaptability and dependability, quick cation dissemination
under high charge-release rates, high reversible capacitance,
and natural friendliness. In general, manganese is a change
metal component that can exist in different types of stable
oxides, viz, MnO, Mn3O4, Mn2O3, and MnO2, and crystallizes
in different types of crystal structures [12, 13]. Usually, MnO2
is amorphous. Deposition of Fe does not change the amor-
phous nature of MnO2 but changes its surface morphology
that results in increased porosity, increasing the pseudocapaci-
tive performance of MnO2 [1, 14, 15]. Both active and inert
electrodes may be used in high surface area, conductive mate-
rials for capacitive supercapacitors that utilize infinitesimal
charge partition, or quick, reversible redox responses in the
active materials for pseudocapacitance [16, 17].

Graphene is a 2D (dimensional) single-layer hexagonal
lattice closely packed by sp2 carbon molecules with a
carbon-based nanostructure, namely, carbon-carbon dis-
tances of 0.142 nm between the atoms. Over the most recent
days, the emergence of graphene-mediated materials is used
for the fabrications of graphene-based composites which are
made a lot of consideration in the field of science and tech-
nology because of their novel properties like high mechani-
cal strength, great thermal and electrical conductivity,
innate adaptability, and good optical and electrochemical
features. It is the first crystal that is steady at normal temper-
ature conditions, especially at room temperature [17–20].

Since its experimental discovery in 2004 [18], graphene
has been utilized in a variety of applications. In light of its
uniqueness, it has piqued the interest and imagination of
scholars. It has high surface region, great conductivity, and
other unique qualities the ease with which it may be func-
tionalized, the mechanical qualities that it has, and as a
result, graphene nanosheets have gained a lot of attention.
There is a lot of excitement about the possible applications
in a variety of technology fields, nanoelectronics, batteries,
and supercapacitors, to name a few sensors and field-effect
transistors [21–23].

Graphene has high conductivity and surface area that
can be considered as an ideal choice for use in supercapaci-
tors because of its capacitance values in the selected mate-

rials which are directly proportional to its surface area. As
surface area increases, its energy storage value also increases.
The capacitance value of graphene materials varies and
depends on how they have been stacked. If the surface area
of the graphene sheet increases, it can easily be accessible
to electrolytes and contributes to the capacitance. So
improper stacking of graphene also leads to less capacitance.
Hence, avoiding the inner or outer sheet restacking can help
graphene in increasing the performance of energy storage.
Thus, graphene-based nanomaterials provide an ideal plat-
form to develop various potential materials in the branches
of electronics, energy storage devices, and biosensors. The
electrons are generally delocalized on either side of the single
graphene sheet layer sheet which acts as a barrier and prevents
the sheet from restacking; at the same time, these electrons can
be useful for identifying other surfaces to bind. Oxidation and
shedding of graphite lead to the development of hydrophilic
graphite oxide known as graphene oxide. The single-layer
oxide of graphene possesses several oxygen species in its struc-
ture and aids in various chemical modifications. Hence,
numerous graphene-based functional nanomaterials can be
generated according to their chemical modifications.

Graphene oxide possesses good mechanical stability and
can act as appropriate support for stacking manganese oxide
in electroactive materials for supercapacitor applications
[24]. The single-layered graphene oxide gives a high surface
region for the deposition of MnO2 nanosheets without any
restocking and helps in adhesion to other nanostructures.
With the high surface region and high stacking effectiveness
of the MnO2-GO composite, the particular capacitance value
increases [25].

The present study focuses on the development of a
MnO2GO-based supercapacitor that should attain good
electric conductivity. MnO2 and MnO2-GO composite can
be synthesized by a simple and economical electrodeposition
method.

2. Materials and Methodology

2.1. Synthesis of MnO2-GO Nanocomposites. Advanced
Hummers and Offeman’s method was used to synthesize
GO. Approximately 10 milligrams of graphene oxide with
MnO2 was added and processed using an ultrasonicator after
dispersion, after which the reaction mixture was boiled
under the microwave; then, the reaction mixture was mixed
into the solution of 10ml of FeCl3 and 1M H2SO4; this solu-
tion was added for about 2 hours using the syringe. The
sample mixture was then emptied into 20ml of double-
distilled water added after stirring. Centrifugation was used
to obtain MnO2/GO nanocomposites, which were then
washed several times with water. The overall process has
been schematically represented in Figure 4 [26–28].

2.2. Fabrication of MnO2-GO Supercapacitor (SC). MnO2-
GO nanostructures were deposited on current collector sub-
strates by the electrodeposition method by constant poten-
tiostat mode. The stainless steel (SS) substrate was cut and
polished into 1 × 1 cm and then washed by ultrasonication
for 15min in deionized water. Electrodeposition was carried
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potentiostatically at 0.8V for 30min using the as-prepared SS
substrate considering it as the testing electrode. Platinum and
silver/silver chloride terminals were utilized as counter elec-
trodes (reference), individually. The electrolyte was prepared
by 20mg of GO mixed with 25ml deionized water and dis-
persed by ultrasonication; then, 0.1M of MnSO4 arrangement
was added. The pH of the arrangement was made to 10 by
adding 1M NaOH. The resulting films were rinsed in deion-
ized water and dried at room temperature [14, 27, 29].

2.3. Substrate Characterization. The construction of fabri-
cated nanocomposite thin films was portrayed by powder
XRD (Skillet logical XPert Pro MRD diffractometer, Amster-
dam, Netherland), worked at 40 kV and 30mA, and furn-
ished with Cu radiation at a wavelength of 0.15406nm.
The functional groups of electrodeposited MnO2-GO nano-
composites were analyzed by FTIR-ATR. The local type of

functional groups in the nanocomposite was recorded in
the scope of 3000-500 cm-1 (Fourier transform infrared spec-
trometer, Shimadzu, Japan).

2.4. Transmission Electron Microscopic Analysis. Transmis-
sion electron microscopy was utilized to inspect the morphol-
ogies of as-obtained products to determine their shape, size,
and dimensions (TEM). All experiments were conducted uti-
lizing a three-anode framework comprising of a functioning
electrode made of exposed or modified glassy carbon (GCE,
3mm in width), a reference electrode made of saturated calo-
mel (SCE), and an assistant electrode made of platinum wire.

3. Result and Discussion

3.1. XRD Analysis. Figure 5 shows the XRD pattern for the
MnO2 and MnO2-GO deposited films, Figure 5(a)
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represents MnO2, and Figure 5(b) represents MnO2-GO
substrate. All the diffraction peaks for the MnO2 thin film
have good agreement with the reference JCPDS (no. 65-
1298), further indexed to orthorhombic MnO2 (orthorhom-
bic crystal structure). The sharp peak tends to the small
grain size found as 12 nm by Scherer’s formula. The diffrac-
tion pattern of MnO2-GO composite also exhibits the same
as MnO2 except for the peak around 26° which is due to
the presence of GO. It affirms the presence of MnO2 and
GO in the composite. The top at 26° weak and broad peak
is referred from the research article of [24] The average
XRD patterns and Raman spectra of chemically synthesized
GO-MnO2 nanocomposites were investigated when the
MnO2/GO feeding ratio was varied. As indicated by the
report of the most concentrated GO peak around the 2 theta
10, 2°, the (001) reflection is comparative, and because of the
introduction of oxygen-containing functional groups on the
graphite sheets, the interlayer dividing (0.87 nm) was a lot
bigger than the interlayer of pristine graphite (0.34 nm).

3.2. FTIR Analysis. FTIR analysis was carried out for SS
modified MnO2 and MnO2-GO thin films; as shown in
Figure 6, the results show several transmittance peaks for

MnO2 thin films; it represents Figure 6(a) MnO2 and
Figure 6(b) MnO2-GO. The strong peak at 546 cm-1 is given
to the Mn-O stretching vibration of MnO2, and the peaks at
981, 1089, and 1552 are due to the vibration of O-O and OH
bending vibrations. For MnO2-GO film, the peak at 546 cm-1

for MnO2 and the peaks around 1554 cm-1 1432 cm-1 are
also found which are attributed to the C=C vibrations and
O-H vibration of graphene oxide. It clearly shows the pres-
ence of MnO2 and GO in the MnO2-GO film. The functional
group peaks of MnO2 and GO have been crosschecked from
the research publication of [30].

3.3. TEM Analysis. Image of graphene oxide nanosheets
were viewed by transmission electron microscopy. The as-
synthesized GO sheet is discovered to have a smooth surface.
With generally high magnification, the manganese oxide
nanoparticles were covered with nanosheets of graphene
oxide nanoparticles, and more insights concerning the mor-
phology of nanocomposites were investigated, in which GO
nanosheets are made out of several layers and the length of
each MnO2 nanoparticle is cut formed as slice with scales
going from 30 to 50nm. Moreover, MnO2/GO arrangement
of nanocomposites can be ultrasonicated in ethanol for
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about an hour with little deficiency of MnO2 from GO, dem-
onstrating that MnO2 adsorption on the outside of GO is
steady. These recently mentioned properties are those of
manufactured MnO2/GO nanocomposites.

TEM was used to examine GO/MnO2-based nanocom-
posites, which were prepared straight from the reaction mix-
ture with no contamination of the surface coating. The
surface of the graphene oxide sheet was disordered. The dis-
solved nanoneedles are less ordered or unbounded as a result
of the crystallization process. The sample’s morphology was
observed as heterostructure nanocomposites in Figure 7 with
diameters ranging from 20 to 500nm. Figure 7(a) shows the
resolution of composites at 100nm scale range where the clear
observations of the nanostructure are observed. In Figure 7(b),
the structure of nanocomposites was observed with a 500nm
scale range for the comparison in the morphology and shapes
of the composites, which was further corroborated with [17,
26, 31]. According to the report of [27, 32], the less arranged
precursors on GO sheets rapidly evaporated with the develop-
ment of extra nanoneedles through a dissolution crystalliza-
tion mechanism as the reaction advanced from 1 to 10
minutes. The morphology of samples with a more extended
response time of 30 minutes showed no discernible differ-
ences, implying that the crystal formation process was nearly
complete after that time [33, 34].

In this study, MnO2/graphene oxide nanocomposites
were effectively formed using a simple wet-chemical process.
MnO2 is completely covered on the outside of GO nano-
sheets, according to TEM investigations, and the elements
and composition were confirmed by EDX and FT-IR. The
content, as well as the crystal structure, was investigated
using XRD.

4. Conclusion

In this work, pristine MnO2 and MnO2-GO composites were
successfully coated on SS by the electrodeposition method.
The obtained coatings were homogeneous and showed a
very good adhesion on the metal substrate. The coated sub-
strates were characterized using XRD and FTIR. The pri-
mary properties were examined utilizing the X-beam
diffraction method. From the outcomes, we discovered the
orthorhombic structure of MnO2 with a molecule size
around 12nm. Besides, we conclude with the presence of
MnO2 and graphene sheets in the composite. FTIR spectrum
confirmed the presence of Mn-O stretching vibration and
bending vibration of graphene oxide in the composite.

Graphene has a distinct chemical makeup and a wide
range of properties, including exceptional electrical, optical,
thermal, and mechanical capabilities. To meet the increased
demand for thin-film processing, composite-mediated inte-
gration has evolved in recent technologies, and a number
of synthetic techniques, including chemical and physical
methodologies, have been created for device integration as
well. Graphene has been composited with polymers, semi-
conductor nanoparticles, metals, metal oxides, sulphides,
alloys, carbon nanotubes, organic molecules, and other
materials. The enhancement of the properties of these

composited materials is based not only on the individual
components but also on their interaction.

In this study, authors are experiencing the advantage of
making novel and an innovative supercapacitor (SC) which
was made out of nanocomposites, which had excellent
advantages over other conventional capacitors and other
electronic devices. The advantages include the following:
they are most commonly used in electric hybrid vehicles,
military types of machinery, communication devices for
uninterrupted power supply in mobiles, and laser devices.

There are certain challenges to overcome; the supercapa-
citors are cost-effective and highly dense in energy. Recently,
many initiatives have been started to overcome the problems
associated with the low energy density developed by the SCs
which are developed from nanostructure-mediated elec-
trodes with enhanced capacitance. Higher operating voltages
can help you save money on your energy bills. The energy
density increases as the working potential window widens,
needing less material, separator, and electrolyte to store the
same amount of energy. A high cell voltage means that fewer
cells must be connected in series to form a specific voltage
system, reducing the load on external voltage-balance cir-
cuits, which are now widely utilized. Last but not least, elec-
trode materials for SCs have sparked a lot of attention in
recent years as a way to create cost-effective and high-
performing energy storage devices. Waste materials are a
cost-effective way to make supercapacitor electrodes for this
purpose, albeit they still need a lot of work (fabrication
methods, electrolyte selection, etc.) before they can be sold
as raw electrode material in the commercial market.
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Heat exchangers with unique specifications are administered in the food industry, which has expanded its sphere of influence even
to the automotive industry due to this feature. It has been used for convenient maintenance and much easier cleaning. In this
study, two different nanomaterials, such as Cu-based nanoparticles and an organic nanoparticle of Chloro-difluoromethane
(R22), were used as nanofluids to enhance the efficiency of heat transfer in a turbulator. It is simulated by computational fluid
dynamics software (Ansys-Fluent) to evaluate the Nusselt number versus Reynolds number for different variables. These
variables are diameter ratio, torsion pitch ratio, and two different nanofluids through the shell tube heat exchanger. It is
evident that for higher diameter ratios, the Nusselt number has been increased significantly in higher Reynolds numbers as the
heat transfer has been increased in turbulators. For organic fluids (R22), the Nusselt number has been increased significantly in
higher Reynolds numbers as the heat transfer has been increased in turbulators due to the proximity of heat transfer charges.
At higher torsion pitch ratios, the Nusselt number has been increased significantly in the higher Reynolds number as the heat
transfer has been increased in turbulators, especially in higher velocities and pipe turbulence torsions.

1. Introduction

The heat exchanger is used to transfer heat efficiently
between two fluids (gas or liquid) to another [1–3]. The
most common heat exchangers are car radiators and radia-
tors [4–6]. Heat exchangers are used in various industries
such as air conditioning [7–11], automobile, oil and gas,
and many other industries [6, 12, 13]. Heating equipment

in process systems such as refineries is generally divided into
two general categories of furnaces and heat exchangers
[14–19]. The difference between a furnace and a heat
exchanger is in the heating source [20–23], which means
that the heating source is liquid and gas [24–29]. While in
a heat exchanger, the heating source is a hot fluid. In the
furnace, according to the type of heating source, the heat
transfer mechanism in the form of convection and radiation
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is combined [30–33], while the heat transfer mechanism in
the heat exchanger is only convection [34–36]. In general,
heat transfer calculations from high-temperature plates lead
to the simultaneous creation of different effects of heat trans-
fer mechanisms on the characteristics of heat exchangers and
other heat transfer equipment [37–39].

On the other hand, forced displacement in the heated
layers of nanofluid around a rotating axis is still a fundamental
issue that needs further study [40–45]. Access to smaller, ligh-
ter, and more efficient devices for better heat transfer has
always been desirable in industrial equipment such as elec-
tronic components and heat exchangers [46–48]. Since nano-
fluids have a higher thermal conductivity than normal fluids,
they have always been of interest in recent years [49–53]. Ho
et al. conducted a limited-volume numerical study to investi-
gate the free heat transfer of water/aluminum oxide in a cylin-
drical chamber with insulated inner walls and hot and cold
outer walls. Based on their findings, the choice of different
models for viscosity predicts different values for the Nusselt
number [54, 55]. Xu et al. and Dalkilic and Wongwises inves-
tigated the combined displacement of water/aluminum oxide
nanofluids in a right-angled triangular chamber [56, 57].
According to their reports, with an increasing amount of
nanoparticles, heat transfer occurs [58].

Jahanshahi et al. conducted an experimental and numer-
ical study with a finite volume method to investigate the free
heat transfer of water/silicon oxide in square chambers with
hot and cold vertical walls and horizontal insulated walls.
According to their findings, the average unsalted number
in all Riley numbers increases with the increasing volume
fraction of nanoparticles [59]. Aminossadati and Ghasemi
numerically investigated the natural displacement of water/-
copper oxide nanofluids in Grashev numbers and different
volume fractions in a square chamber with local heating.
According to their results, with increasing Riley number
and volume fraction of nanoparticles, the average Nusselt
number increases [60]. Basak et al. numerically examined
fluid flow and heat transfer in natural displacement in hot-
bottomed triangular chambers and cold lateral walls in a
porous medium. The average Nusselt number increases [61].

In the present study, two different nanomaterials, such as
Cu-based nanoparticles and an organic nanoparticle of
Chloro-difluoromethane (R22), were used as nanofluids to
improve the heat transfer efficiency of a turbulator. It is sim-
ulated by computational fluid dynamics software (Ansys-
Fluent) to evaluate the Nusselt number versus Reynolds
number for different variables. These variables are diameter
ratio, torsion pitch ratio, and two different nanofluids
through the shell tube heat exchanger. One of the reasons
for this choice is the current applications of this geometry
in thermal insulation processes, cooling of various rotating
machine components, and energy management in general.

2. Materials and Methods

2.1. Materials

2.1.1. Cu-Based Nanoparticle. A copper-based nanoparticle
is a type of copper-based particle between 1 and 100nm.

Like many other nanoparticle forms, Cu-based nanoparticles
could be formed by natural processes or through chemical
synthesis.

2.1.2. R22. Chloro-difluoromethane is a complex type of
hydrochlorofluorocarbon (HCFC). This colorless gas is
commonly known as R22, which is used for refrigeration or
propellant properties.

2.2. Mesh Convergence. To achieve a correct numerical solu-
tion in simulating single-phase fluid flows when accurate
flow information is not available, it is necessary to use clas-
sical smooth flow equations within the Reynolds number
range to ensure smooth flow. The equations of mass,
momentum, and energy survival governing the displacement
flow problem in cylindrical properties can be summarized as
follows:

1
r
∂
∂r

ρnf Vrr
� �

Γ1 − Γ2r
∂r1
∂r

� �
+ 1
r
∂
∂θ

ρnf VθΓ1 −
Γ2
r
∂Γ1
∂θ

� �

+ ∂
∂z

ρnf VzΓ1
h i

= Γ3,

ð1Þ

where r1 to r3 is explicitly defined in Table 1 for various
situations.

It is clear that to solve the set of Equation (1), it is neces-
sary to introduce the fluid and thermal properties of nano-
fluids. These properties include conductivity, viscosity,
density, coefficient of thermal expansion, and specific heat
capacity. After reviewing a large number of theoretical and
quasiexperimental models presented by researchers to model
the thermal conductivity and effective viscosity of water-
copper oxide nanofluids and compare their results with each
other, it was decided to use the models presented by Cor-
sion. These models are semiexperimental, and their results
are very consistent with the experimental results of others.
The corrosion model for the thermal conductivity is

knf
kf

= 1 + 4:4 Re0:4b Pr0:66 T
T f r

 !10
kp
kf

 !0:03

φ0:66, ð2Þ

where Pr is the Prandtl number for the base fluid and Reb is
the Reynolds number for the brown motion of the nanopar-
ticles and is obtained from the following equation:

Reb =
2ρf kBT
πμ2f dp

: ð3Þ

As given in the momentum survival equations, the den-
sity changes in the Boeing force term follow the Bozinsky
approximation. The effective density of the nanofluid, the
Bozinsky term coefficient, and the denominator of the ther-
mal diffusion coefficient are also calculated using the mixing
law:

ρnf = 1 − φð Þρ f
+ φρnp, ð4Þ
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ρcp
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= 1 − φð Þ ρCp

� �
f
+ φ ρCp

� �
np
, ð5Þ

ρβð Þnf = 1 − φð Þ ρβð Þf + φ ρβð Þnp: ð6Þ
The base fluid is specific heat density and capacity, in

contrast to the conductivity, viscosity, and thermal expan-
sion coefficient, which are considered during the numerical
solution of the temperature variable, which is determined
for the water-based fluid as the following correlation rela-
tions:

Cpf = 2 × 10−6T4 − 3 × 10−3T3 + 1:6T2 − 357:7T + 342:82,
ð7Þ

where R2 = 0:9995 and ρf = −0:0034T2 + 1:7538T + 775:93.
Although the above equations take more time to con-

verge or so-called converge problem, it provides more accu-
rate modeling results.

2.3. Computational Fluid Dynamics (CFD) Solver. The non-
linear equation system is solved using the CFD solver in
Ansys-Fluent software. This solver discretizes the equations
by the volume control method but solves them in a coupled
manner using the finite element method. The playback sen-
tences are carefully double-discretized, and the Ray and
Chou algorithm is used to couple the speed and pressure.
Nonuniform networks network the computational domain
with the organization. The criterion of y+ < 10 is used for
the boundary layer elements in all geometries that the size
of the elements adjacent to the walls and the entrance grows
with a ratio of 1.08. The minimum number of elements for
the aspect ratio is 75 times 595428, and the maximum num-
ber of elements for the aspect ratio is 15 times 2530800. The
output of the problem is calculated in the form of dimen-
sionless Nusselt numbers and coefficient of friction in the
inner and outer walls to express the amount of heat transfer
from the walls and dynamic flow analysis using.

Nui =
hiDh

knf
, ð8Þ
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hoDh

knf
, ð9Þ
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0:5ρnf V2
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0:5ρnf V2
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3. Results

3.1. Validation. To determine the correct values of the vari-
ables and the accurate boundary layer modeling, the net-
work independence test from numerical solution was
performed using velocity and temperature profiles for differ-
ent aspect ratios of the desired geometry. This test was per-
formed for water fluid without considering nanoparticles.
All networks have a boundary layer with the condition y+

< 10, and the number of elements increases in both axial
and radial directions. The criterion for selecting a network
is to reach a single answer to increase the number of ele-
ments in all directions and the boundary layer. The results
were validated by previous literature to continue the evalua-
tions from simulations. It is depicted in Figure 1. As it is evi-
dent, the error percentage is negligible, and our simulations
can be trusted.

3.2. Nusselt Number. As shown in Figure 2, the effect of var-
ious diameter ratios (0.2, 0.15, 0.05, and 0) has been evalu-
ated on the Nusselt number (Nu) in different Reynolds
numbers. The Nusselt number has been increased for higher
diameter ratios, especially in higher Reynolds numbers, as
the heat transfer has been increased in turbulators.

As shown in Figure 3, the effect of various torsion pitch
ratios (0.45, 0.30, 0.15, and 0) has been evaluated on the
Nusselt number (Nu) in different Reynolds numbers. The
Nusselt number has been increased for higher torsion pitch
ratios, especially in higher Reynolds numbers, as the heat
transfer has been increased in turbulators, especially in
higher velocities and pipe turbulence torsions.

As shown in Figure 4, the effect of various R22 and Cu-
based nanoparticles has been evaluated on the Nusselt num-
ber (Nu) in different Reynolds numbers. It is evident that for
organic fluids (R22), the Nusselt number has been increased,
especially in higher Reynolds numbers, as the heat transfer
has been increased in turbulators due to the proximity of
heat transfer charges.

Table 1: Calculation of various parameters.

Governing equations Γ1 Γ2 Γ3
Continuity 1 0 0

Momentum Vr μnf −
∂p
∂r

+ ρβð Þnf g T − Tið Þ cos θ + ρnf
V2

θ

r
−
2μnf
r2

∂Vθ

∂θ
− μnf

Vθ
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Momentum, θ Vθ μnf −
1
r
∂p
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+ ρβð Þnf g T − Tið Þ sin θ + ρnf
VrVθ

r
−
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∂Vr

∂θ
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Vθ
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Momentum, z Vz μnf −
∂p
∂Z

Energy Cpnf
T knf 0
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4. Discussion and Conclusions

Despite the limitations of validating the problem, the cor-
rectness of the code can be ensured by solving classical gov-
erning equations for similar geometries, regardless of the
rotation of the inner cylinder, and comparing the results of
the present numerical solution with the work of others.
Figure 1 shows a comparison between the present work results
and the study of Safikhani et al. (2016), and there is an excel-
lent correlation between these results for the two heat flux
ratios of 0.5 and 2. The maximum numerical error for the
Reynolds number is 9.2%. The amount of numerical error of
the coefficient of friction between both numerical solutions
in the inner and outer walls is negligible, which shows a good
agreement between the results of these solutions.

Heat transfer media are usually composed of fluids such
as water and oil with a lower thermal conductivity than these
nanoparticles. For example, the thermal conductivity of cop-
per is 700 times the thermal conductivity of water and 300
times the thermal conductivity of engine oil, or the thermal
conductivity of copper oxide is about 60 times the thermal
conductivity of water. Therefore, fluids containing fine par-
ticles of metal compounds, metal oxides, carbon nanotubes,
graphene, or hybrids are expected to exhibit better thermal
properties than pure fluids. The larger surface area of the
nanoparticles increases the intensity of heat transfer from
the fluid to the particles where the fluid is warmer than the
nanoparticles and transfers heat from the particles to the
fluid where the fluid is cold. To transfer heat by displace-
ment, the particles must be easily displaced by the fluid.
Due to technological problems, studies in this field have
focused more on suspensions that include particulate matter
suspended in millimeters and with a maximum of microme-
ters. Particles on this scale cause acute problems in the heat
transfer equipment so that these particles quickly settle in
the system and become clogged as they pass through the
ducts, causing a significant pressure drop. In addition to
the collision of these particles with each other and with the
system’s wall and equipment causing abrasion, it is theoret-
ically determined that the smaller the particles, the higher
their heat transfer level.
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Figure 1: Validation between our simulations and Safikhani et al.
[62].
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Power plants are considered one of the most important
industrial centers of the country and have a particular sensitiv-
ity. This importance includes the various parts used in it, such
as turbines, boilers, and converters. The transfer of thermal
energy from one fluid to another in the industry is done by a
heat exchanger device. There are two fluids with different tem-
peratures in heat exchangers, which provide the conditions for
heat exchange between the two fluids, usually exchangers.
Thermals are used to cool a hot fluid, heat a fluid to a lower
temperature, or both. The heat exchanger transfers energy
between two fluids through an interface. Since nanoparticles
affect the fluid’s thermal properties, nanofluids in heat
exchangers can be very efficient and helpful. Viscosity is the
resistance to the relative motion of a fluid. This parameter
plays a crucial role in momentum transmission between fluid
layers, and its effect becomes more pronounced when there is
movement between fluid layers. In liquids, viscosity is caused
by the presence of van der Waals forces between molecules.

It should be noted that this simulation has been done
with Ansys-Fluent software, and after designing the initial
design using the study of existing articles and researches.
Simulation is an educational technique that provides all or
part of a clinical experience in a safe environment and helps
a person learn without fear of personal weakness or fear of
self-harm through interactive activities. The use of simula-
tion in the industry is widely evolving worldwide. Its preva-
lence is influenced by technological advances, changes in
ethical issues raised in learning industrial skills, the conges-
tion of industrial environments for training, and the lack
of manpower. Experts work in companies to help with the
training process. Simulation has several benefits, including
increasing personal safety, enhancing interactive and inclu-
sive learning, helping to improve learners’ problem-solving
and critical thinking skills, and achieving self-regulated
learning. However, despite all the mentioned advantages, it
is noteworthy that due to the financial costs of providing
simulation equipment and the need for proper cost manage-
ment, especially in educational centers in the present era, the
results of using similar types should be done through
numerous researches. Instruments should be examined on
learners’ learning, and according to the effectiveness of dif-
ferent types of simulators, each of them was prepared and
prepared for educating learners.

The main findings of this study are as follows:

(i) The Nusselt number has been increased for higher
diameter ratios, especially in higher Reynolds num-
bers, as the heat transfer has been increased in
turbulators

(ii) For organic fluids (R22), the Nusselt number has been
increased, especially in higher Reynolds numbers, as
the heat transfer has been increased in turbulators
due to the proximity of heat transfer charges

(iii) At higher torsion pitch ratios, the Nusselt number
has been increased, especially in higher Reynolds
numbers, as the heat transfer has been increased
in turbulators, especially in higher velocities and
pipe turbulence torsions

Abrreviations

Re: Reynolds number
Pr: Prandtl number
α: Twist angle (degreeÞ
Nu: Nusselt number
μ: Viscosity (kg·m-1·s-1)
f : Friction coefficient
D: Pipe diameter (m)
d: Wire diameter (m)
ρ: Density (kg/m3)
hf : Height (m)
g: Gravity (m·s-2)
h: Displacement heat transfer coefficient (W/K).
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