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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
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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
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Figure 2: Liquid phase exfoliation (LPE) process.
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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.

Data Availability

No data were used to support this study.
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