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In order to scientifically and reasonably evaluate and select the quality and effect of ecological slope protection construction
project and the structural form of ecological slope protection, this paper mainly studies nanomontmorillonite modified fly ash
ecological slope protection material and its preparation method and related applications. 'e nanomontmorillonite modified fly
ash ecological slope protection material and its application in this paper are based on nanomontmorillonite modified fly ash as the
basic carrier, and the pore structure is used to plant grass for slope protection to achieve the purpose of ecological slope protection.
Firstly, the nanomontmorillonite modified fly ash ecological slope protection material was prepared through the selection of raw
materials, the mix ratio design, and the reasonable selection of the preparation process, and the range analysis method was used to
optimize the mix ratio of nanomontmorillonite modified fly ash. By reasonable selection of alkali-reducing measures, selection of
slope protection vegetation, preparation of planting substrates, and research on phytobiology, through experimental analysis, we
obtained nanomontmorillonite modified fly ash with high strength and good water permeability and alkalinity in the pores to
meet the requirements of plant growth ecological slope protection materials. Finally, through engineering practice, we explored
the construction method of nanomontmorillonite modified fly ash ecological slope protection material and obtained good
ecological slope protection benefits. 'e experimental data show that, for dispersive soil, when the degree of compaction is 80%,
the compressive modulus of the soil is 3.46MPa; when the degree of compaction is 86%, the compressive modulus of the soil
becomes 4.51MPa, an increase of 46.57%.'e experimental results show that the nanomontmorillonite modified fly ash ecological
slope protection material can help the soil become more compact.

1. Introduction

'e slope protection construction project is an important
part of the urban reconstruction project, and the ecological
slope protection technology has been widely used in recent
years. Nanomontmorillonite is an aluminosilicate mineral. It
has a multilayer porous three-dimensional structure, a large
specific surface area, and a large cation exchange capacity. It
has the unique advantage of assisting in ecological slope
protection. Nanomontmorillonite modified fly ash ecolog-
ical slope protection material is used for modification, and
the nanolayer structure of montmorillonite is not damaged
after modification. Ecological slope protection is an

engineering protection measure that uses natural or artificial
materials to construct a stable ecological slope. It not only
satisfies the basic function of slope protection, but also ef-
fectively integrates the urban landscape, culture, and ecol-
ogy. 'e slope protection ecosystem plays an important role
in increasing biodiversity and has gradually become an
ecologically ideal slope protection technology with broad
prospects.

'is study summarizes the main factors of the water
purification effect of ecological slope protection materials
through experiments and can play a specific guiding role in
the selection of slope protection materials in ecological slope
protection projects [1]. 'e study of ecological slope
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protection materials aims to realize the harmonious coex-
istence of human activities and nature. 'e inevitable re-
quirement for the coordinated development of economic
development and environmental protection is to repair the
ecological problems caused by traditional slope protection,
and the relationship between engineering construction and
environmental damage. In addition, the research of eco-
logical slope protection materials has contributed to the
promotion and improvement of ecological slope protection
technology suitable for China’s national conditions and
engineering practices [2].

At present, the research related to nanomontmorillonite
modified fly ash is getting more and more in-depth. Alongi
and Carosio conducted a research on a completely inorganic
intumescent flame-retardant nanocoating composed of
nanomontmorillonite nanosheets embedded in an ammo-
nium polyphosphate matrix. 'e coating deposited from the
diluted water-based suspension/solution through multistep
adsorption uniformly covers each cotton fiber with an av-
erage thickness of less than 50 nm, and the addition amount
is up to 5%.When the paint addition amount reached 5%, no
fire was observed in the 35 kW/m2 heat flux cone calorimetry
test. However, the research data is not accurate enough [3].
In their research, Hong et al. synthesized subnanometer
zero-valent copper (ZVC) using montmorillonite minerals
as templates. 'e discrete distribution of surface charges on
montmorillonite can effectively separate the formed ZVC
particles and inhibit their aggregation. ZVC templated with
montmorillonite (ZVCMMT) has excellent reactivity, and
more than 90% of atrazine (15 μM) can be degraded within a
few minutes. 'e hydroxyl group is confirmed to be a re-
active substance, which is generated by ZVC activating
oxygen. It also shows that the degradation process strongly
depends on the hydration state of the synthesized
ZVCMMT. Compared with freshly prepared ZVCMMT,
freeze-dried ZVCMMTexhibits higher reactivity, which can
be explained by the higher residual adsorption on the surface
of freeze-dried ZVCMMT [4]. Xie et al. prepared nano-
montmorillonite (MMT) plastic polymer electrolyte mem-
brane by solution casting method. 'e organophilic
modification of nanomontmorillonite is used as a channel
for lithium ion transfer. By electrochemical impedance
spectroscopy, the membrane composed of nano-OMMT
electrolyte has a higher ionic conductivity of
1.67×10−4 S cm−1 and a transference number of 0.67. SEM is
used to determine the morphology of the electrolyte cross
section. Fourier transform infrared spectroscopy studies
explain the reason why lithium ion nano-OMMT channels
are beneficial. 'e LiO-Si interaction between lithium ions
and OMMTnanoparticles provides guiding transmission of
lithium ions, thereby promoting the transfer fluidity of
lithium ions in the plastic polymer electrolyte [5]. He et al.
used ammonium polyphosphate-montmorillonite nano-
compound to retard epoxy resin and compared it with the
physical mixture of ammonium polyphosphate and mont-
morillonite. 'e thermal decomposition of epoxy resin
composites was studied by thermogravimetric analysis.
'rough limited oxygen index measurement, UL-94 test,
and cone calorimeter test, the flame retardancy of epoxy

resin composites was studied. Ammonium polyphosphate-
montmorillonite nanocompounds show better flame
retardancy (limiting oxygen index, UL-94, ignition time,
peak heat release rate, etc.) than ammonium poly-
phosphate +montmorillonite mixture. 'e morphology of
epoxy resin composite material was studied by scanning
electron microscope. 'e rapid and effective formation of
the carbon layer should be the main reason why the am-
monium polyphosphate-montmorillonite nanocompound
has better flame retardancy than the ammonium poly-
phosphate +montmorillonite mixture [6].

'emain innovations of this paper include the following
aspects: (1)'is paper studies the engineering properties and
modification mechanism of fly ash modified dispersive soil.
Fly ash can effectively improve the dispersion characteristics
of dispersive soils. Its mechanism of action is mainly through
ion exchange and hardening reaction, reducing the dis-
persibility and compressibility of the soil, and improving the
strength and impermeability of the soil. (2) 'e research in
this paper found that PHBH can be used as a new type of
environmentally friendly packaging material to prepare a
polymer matrix for packaging films with a wide range of
uses. Nanomontmorillonite has a natural nanoscale silicate
layer, high aspect ratio, and interaction between polymer
chains, which can improve the crystallization, mechanical
properties, and barrier properties of PHBH.

2. Nanomontmorillonite Modified Fly Ash
Ecological Slope Protection Material

2.1.ModificationMethod of Fly Ash. 'e porous structure of
fly ash and its huge specific surface area provide a favorable
foundation for the development and research of fly ash
utilization, and it has received extensive attention from
international researchers [7, 8]. However, due to insuffi-
cient physical and chemical properties of fly ash, its effect
and scope of application are limited. In order to improve
the added value and utilization rate of fly ash, modification
methods of fly ash have been gradually developed. 'e
commonly used correction methods are mainly divided
into two categories: physical methods and chemical
methods [9].

2.1.1. Mechanical Mechanics Method. 'e mechanical
grinding method is a physical method. 'is method is
mainly used for the further processing of fly ash, using
mechanical methods such as crushing and crushing to refine
the particle size and make it uniformly dispersed [10, 11].
'e mechanical treatment method is used to destroy and
separate part of the vitreous structure inside the fly ash,
reduce the viscosity effect, expose the active materials of the
fly ball such as Al2O3 and 2SiO2, increase the specific surface
area, and improve the surface activity and physical prop-
erties of the fly ash, characteristics, adsorption performance,
etc. According to the method of mechanical and physical
changes of fly ash, the changes in the structure and char-
acteristics of fly ash are limited, so there is little increase in
activity [12, 13].
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2.1.2. High Temperature Treatment Method. Under appro-
priate high temperature conditions, the moisture in the fly
ash volatilizes and opens several closed pores at the same time
to increase the porosity of the fly ash and increase the activity
of the fly ash. However, the specific structure of fly ash will be
destroyed even at high temperatures, and the specific
characteristics of fly ash will also change [14]. 'erefore, the
high temperature treatment of fly ash has certain restrictions,
and the temperature must be properly controlled.

2.1.3. Acid-Base Modification Method. Acid-base modifi-
cation methods include acid modification method and alkali
modification method. 'ese two treatment methods are
similar. 'e fly ash is put into an acid solution or an alkali
solution, and the reaction is carried out under a certain time
and reaction conditions. After washing and filtering pro-
cesses, the changed fly ash is formed. Both acid solution and
alkali solution will destroy the surface structure of fly ash,
increase the porosity, and further decompose the active
material of fly ash to expose it, thereby increasing the surface
activity of fly ash [15, 16].

2.1.4. Surface Modification Method. 'e surface modifica-
tion method of fly ash is usually caused by the interaction of
modifier and fly ash particles. 'e mechanism of action of
this method is divided into physical action and chemical
action. 'e former is mainly composed of intermolecular
forces, including deep coating and adsorption on the surface.
'e latter is mainly changed by chemical reaction or chemical
adsorption [17]. Surface modification methods such as
surface modification, transplantation, and polymerization
have better modification effects on fly ash and are one of the
commonly used methods in fly ash modification technology.

2.2. Structure and Properties of Nanomontmorillonite.
Nano-MMT (nanomontmorillonite) is a low-priced,
abundant clay mineral. Clay minerals are widely distributed
in nature, especially on weathered crust and sedimentary
rocks [18, 19]. Clay is a kind of hydrophilic silicate mineral
with a layered structure. Its particles are very fine, and the
particle size is generally less than 2 μm. Clay contains
bentonite, kaolin, illite, ATPARIGHT, chlorite, etc.
depending on the nature and origin.

Nanomontmorillonite is the main component of ben-
tonite minerals. In addition to the main components of
nanomontmorillonite, bentonite also contains a small
amount of other clay minerals such as long quartz and mica
crystal chips. Nanomontmorillonite has a fine layered
structure showing various colors such as white, gray, light
yellow, light red, purple, and black, and its color varies
according to the origin and the inorganic and organic
substances contained. 'e main chemical composition of
nanomontmorillonite is Al2O3 SiO2H2O, and the theoretical
percentage content of each composition is SiO2: 62.7%,
Al2O3: 26.3%, H2O: 8% [20]. However, in fact, the com-
position of nanomontmorillonite is very complex, and its
chemical composition varies greatly depending on the origin

and characteristics. 'e molecular formula of the theoretical
structure of nanomontmorillonite is usually considered as
NaxAl2[Si4O10(OH)2nH2O]. 'is is a multilayer network
structure composed of two layers of silicon-oxygen tetra-
hedron and an aluminum-oxygen octahedral layer sand-
wiched between each layer. 'e thickness is about 1 nm, the
tetrahedron and the octahedron are connected by a common
oxygen atom, and the length and width are both submicron.
'e multilayer network structure not only increases the
specific surface area of montmorillonite to 700m2/g and
sometimes to 800m2/g, but also provides excellent barrier
properties.'ere aremultiple cations such as Li+, Na+, Mg2+,
Ca2+, and Fe2+ between the nano-MMT layers, and each
layer has electronegativity, so the same amount of cations is
adsorbed between the layers. Generally, the cation exchange
content of nano-MMT is 100± 50m mol/100 g. 'is is
mainly due to the isomorphic replacement of nano-MMT
crystals [21, 22]. 'e Si4+ of the silicon-oxygen tetrahedron
can be replaced by the high-valent cation Al3+, and the Al3+
of the aluminum-oxygen octahedron can be replaced by the
low-valent cations Li+, Na+, Mg2+, Ca2+, Fe2+, etc. 'rough
this homomorphic replacement, negative charges will be
generated between the crystalline layer structures. 'ese
negative charges must absorb cations of equal charge to
maintain the balance of charges between layers. According
to these effects, nano-MMT has the ability to adsorb cations
and polar organics [23].

2.3. Adsorption Isotherms. 'e adsorption isotherm refers to
the relationship curve between the concentration of solute
molecules in the two phases when the adsorption process of
solute molecules at the two-phase interface reaches equi-
librium at a certain temperature. 'rough static experi-
ments, the adsorption data of shale on ceramsite sites of
nitrogen and phosphorus, zeolite, quartz sand, and volcanic
rocks have been obtained [24, 25]. Next, using Freundlich
and Langmuir’s adsorption isothermmodels, the adsorption
process is analyzed and explained, and the adsorption ca-
pacity of nitrogen and phosphorus is compared and ana-
lyzed. In order to achieve slope protection and water
purification effects, a matrix material suitable for slope
protection is chosen.

2.3.1. Freundlich Adsorption Isotherm

q � kc
(1/n)

. (1)

In the formula, k and n are constants; q represents the
adsorption amount of the substrate at equilibrium, mg/g;
and c represents the concentration of the substrate in the
solution at adsorption equilibrium, mg/L. By taking the
logarithms on both sides of (1), the following formula can be
obtained:

lg q �
1
n
lg c + lg k. (2)

Using lg q and lg c as a linear regression graph, a straight
line can be obtained. 'e slope of the straight line is 1/n and
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the intercept is lg k. From this, the constants n and k can be
obtained, and then the Freundlich adsorption equation can
be derived.

2.3.2. Langmuir Adsorption Isotherm

q �
k1c

1 + k2c
, (3)

k1 � qm ∗ k2. (4)

In the formula, q represents the maximum equilibrium
adsorption capacity, mg/g; and k1, k2 are constants. Formula
(5) can be obtained by taking the reciprocal of both sides of
formula (3).

1
q

�
1
k1
∗
1
c
∗

1
qm

. (5)

Plot 1/c and 1/q, and get a straight line after linear re-
gression. 'e slope of the straight line is 1/k1 and the in-
tercept is 1/qm. From this, qm, k1, and k2 can be calculated,
and the Langmuir adsorption isotherm equation can be
obtained.

2.4. Mechanism of Ecological Slope Protection

(1) 'e mechanism structure diagram of ecological
gradient protection plants is shown in Figure 1.

(2) Analyze the mechanism of ecological slope protec-
tion from the formula; the mechanical formula of
slope stability is

k �
Q

F
. (6)

Among them, k is the slope stability coefficient;Q is the
anti-sliding force of the soil (rock) body of the slope, N;
and F is the sliding force of the side slope, and N passes
through the slope after the vegetation protection
project to produce the anti-sliding force of the vege-
tation engineering slope. 'e stability mechanics for-
mula is

K �
Q + Qz( 

F
 . (7)

Among them, Qz is the anti-sliding force of vegetation
engineering, N. It can be seen from the above formula
that the increased slope stability coefficient after veg-
etation slope protection is

Ks �
QZ

F
. (8)

(3) Comparative analysis of traditional slope protection
and ecological slope protection is carried out.

'e traditional form of slope protection only pays at-
tention to the stability of the slope protection structure and
other engineering protection performances, and it does not
consider the ecological performance of slope protection in
terms of ecology, environment, and landscape [26, 27]. 'e
slope protection, slope structure, and the stability of other
engineering protection performances for protecting ecology
have also been noted. 'e discovery of traditional artificial
materials and technologies pays attention to improving
traditional slope protection methods. At the same time, the
ecological environment and biological requirements are
more important in the design and construction process. 'e
advantage of the traditional slope protection is its high civil
protection ability, but its investment is relatively large and it
is not important for environmental protection. In addition,
it is very difficult to meet the specific requirements of the
sustainable development strategy. 'e appearance is not
beautiful enough, and if there is no vitality, it will be too dull.
Slope protection is fully in line with the development trend
of protecting the ecological environment, can effectively
protect the surrounding environment, and has a high
decorative value. 'erefore, ecological slope protection is an
improvement based on the expansion of the basic functions
of slope protection. With the deepening of ecological and
environmental protection concepts such as sponge cities and
ecological towns, traditional slope protection needs to be
converted into ecological slope protection technology.
Ecological slope protection is a new stage in the development
of slope protection engineering.

3. Preparation of Nanomontmorillonite
Modified Fly Ash Ecological Slope
Protection Material

3.1. PreparationMaterials. Materials used in preparation are
nanomontmorillonite, modified fly ash, matrix fly ash,
MMT/SBS composite modified fly ash, PHBH, in which HH
content is 11% and molecular weight is 6 ∗ 105, 3-amino-
propyl triethoxy silicon, alkane (KH550), absolute ethanol,
95% ethanol, chloroform, and dichloromethane.

3.2. Experimental Equipment. Experimental equipment in-
cludes electric heating constant temperature blast drying
oven, vacuum drying oven, rotary evaporator, electronic
balance, magnetic stirrer, high precision digital display
constant temperature heating table, constant temperature
water bath, condenser tube 250ml, pipette gun 0.1∼2.5 μl,
laboratory ultrapure water heater, scanning electron mi-
croscope, thermogravimetric analyzer, X-ray diffractometer,
upright hot stage microscope, Fourier transform infrared
spectrum analyzer, universal testing machine, air perme-
ability tester, water vapor transmission rate tester, and high-
shearing dispersion emulsifier.
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3.3. Data Processing. We used Microsoft Excel 2010 for data
processing and graphing and SPSS 17.0 (Duncan test) for
significant difference analysis.

3.4. Preparation Steps of Nanomontmorillonite Modified Fly
AshEcological SlopeProtectionMaterial. 'e test method for
preparing nanomontmorillonite modified fly ash adopts the
melt blending method, including MMTmodified fly ash and
MMT/SBS composite modified fly ash. Heat the fly ash base
ash to 160 degrees to make it in a molten state, with weigh of
800 g, and mix the weighed montmorillonite (8 g, 24 g, 40 g)
with 800 g fly ash base ash in a mixer; the mixing process
takes about 10min. Subsequently, the high-shear dispersing
emulsifier produced by our company was used to prepare
MMT modified fly ash with three contents of 1%, 3%, and
5%. 'e shear speed is 5000 rad/min, the shear time is 1 h,
and the shear temperature is 170°C. When preparing the
modified fly ash of MMT/SBS composite material, the fin-
ished SBS modified fly ash is first heated to 170 degrees to
make it in a molten state. Pay attention to mixing the fly ash
evenly to reduce the influence of fly ash segregation. Weigh
800 g of SBS modified fly ash, and, after stirring evenly, mix
the weighed montmorillonite (8 g, 24 g, 40 g) and 800 g of
SBS modified fly ash using a mixer.'emixing process takes
about 10 minutes, and then the high-shear dispersing
emulsifier produced by our company is used to prepare
MMT/SBS composite modified fly ash with three contents of
1%, 3%, and 5%. 'e preparation conditions are also a shear
rate of 5000 rad/min, a shear time of 1 h, and a shear
temperature of 170°C, which are consistent with the prep-
aration conditions of MMT modified fly ash. 'e

modification of two types of fly ash by MMTmodifier can be
compared.

4. Application Analysis of
Nanomontmorillonite Modified Fly Ash
Ecological Slope Protection Material

4.1. Photocatalytic Performance of Nanomontmorillonite
Modified Fly Ash Material under Visible Light. In order to
further explore the photocatalytic performance of the
composite material, the degradation rate curve of methylene
blue under visible light conditions is shown in Figure 2. It
can be seen from Figure 2 that, under visible light, as the light
time increases, the pollutants in the solution are gradually
degraded. In the dark reaction stage, similar to the phe-
nomenon mentioned earlier, the nanomontmorillonite
modified fly ash adsorbs pollutants to the surface due to a
large specific surface area, resulting in a decrease in
absorbance.

Compared with nanomaterials, nanomontmorillonite
materials have higher photocatalytic efficiency, which can
reach about 92% within 160min. In the process of sample
preparation, the nanomontmorillonite material is mixed
with nanomaterial elements to reduce the forbidden
bandwidth, so that, under visible light, electrons in the
valence band can still jump across the energy barrier to the
conduction band, thereby exhibiting photocatalysis per-
formance. Under visible light, the degradation rate of
nanomontmorillonite modified fly ash with the same quality
is lower than that of nanomontmorillonite material, which is
only about 75% within 160 minutes. 'e possible reason is
that the amount of nanomontmorillonite modified fly ash is

Mechanism of vegetation
slope protection

Root mechanics
effect

Stem and leaf
hydrological effect

Herbal root system Woody root
system

Rain interception,
weakening splash erosion Control soil loss

Reinforced Vertical
root system

Horizontal
root system

Anchor Support

Reduce pore water
pressure of slope

Figure 1: 'e mechanism structure diagram of ecological gradient protection of plants.
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less, resulting in the inability to provide enough active sites
during the degradation process. 'erefore, the mass of the
composite nanomontmorillonite modified fly ash in the
experiment was increased from 20mg to 40mg, so that the
photocatalytic effects of different quality catalysts can be
compared. 'e comparison results are shown in Figure 3.
When the quality of nanomontmorillonite modified fly ash
is doubled, its degradation rate of pollutants increases from
75% to about 93% within 160 minutes. 'is is due to the
increase in the quality of the catalyst, which provides more
supplies. 'e photocatalytic performance of the active sites
of the reaction is significantly improved.

In the preparation process of the composite material, its
loading rate is only 23.6%, which greatly saves the amount of
photocatalyst and makes it possible to use high-value fly ash.

4.2. Effect of Compaction on Soil Compression Characteristics.
Tables 1 and 2 present the test results of compressibility and
compressibility of modified fly ash soil with different
compaction degrees. Figures 4 and 5 show the relationship
curves of the compressibility, compression modulus, and
compaction degree of the modified soil with fly ash at
different dosages at 0 d curing age.

It can be seen from Table 1 and Figure 4 that as the
degree of compaction increases, the compressibility of the fly
ash modified soil gradually decreases. For dispersibility,
when the degree of compaction is 80%, the compressibility
of the soil is 0.63MPa−1, and when the degree of compaction
is 82%, the compressibility of the soil is reduced to
0.45MPa−1, which is reduced by 1%; when the degree of
compaction is 84%, the compressibility of the soil decreases
by 15.78%; when the degree of compaction is 86%, the
compressibility of the soil is 0.36MPa−1. It can be seen that
the compressibility of dispersive soils gradually decreases
with increasing compaction. It can be seen in Table 1 and
Figure 4 that when the dosage of fly ash is 2%, 4%, 6%, 8%,
and 10%, the compressibility of the modified soil has a
relatively similar change rule.

It can be seen from Table 2 and Figure 5 that the
compressibility of the modified soil with different fly ash
dosages is basically the same as the degree of compaction.

'e performance is as follows: under the same dosage of fly
ash, with the increase of compaction degree, the compres-
sion modulus of the modified soil gradually increases, and
the soil compressibility decreases. For dispersive soil, when
the degree of compaction is 80%, the compressive modulus
of the soil is 3.46MPa; when the degree of compaction is
82%, the compressive modulus of the fly ash modified soil
increases by 12.98%; when the degree of compaction is 84%,
the compressive modulus of the soil increases to 3.80MPa;
when the degree of compaction is 86%, the compressive
modulus of the soil becomes 4.51MPa, an increase of
46.57%. It can be seen that as the degree of compaction
increases, the compressive modulus of dispersive soil
gradually increases. It can be seen from Table 2 and Figure 5
that when the dosage of fly ash is 2%, 4%, 6%, 8%, and 10%,
the compressive modulus of the modified soil has a relatively
similar change rule. Compression modulus reflects the
ability of soil to resist deformation. Modified soil will
produce different soil structures under different compaction
degrees, which leads to the difference in soil deformation
characteristics. At the same dosage, the greater the degree of
compaction of the soil, the lower the internal porosity of the
soil, and the lower the compressibility of the soil.

4.3. <ermal Decomposition Performance Analysis. 'e
dispersion effect and intercalation effect of nano-
montmorillonite in PHBH have a certain influence on
thermal stability. 'e processing conditions and the nano-
montmorillonite-polymer interaction are two important
factors that affect intercalation and dispersion. Silane cou-
pling agent KH550 not only has aminopropyl group com-
bined with polymer, the silanol formed after hydrolysis can
also react with hydroxyl on the surface of nano-
montmorillonite to form hydrogen bond and condense into
Si-OM (M stands for inorganic surface of powder particles)
covalent bond. 'erefore, the addition of the silane coupling
agent helps to enhance the dispersion effect and intercala-
tion effect of the nanomontmorillonite, thereby improving
the thermal stability of the nanocomposite. 'e thermog-
ravimetric analysis of PHBH/MMT and PHBH/MMT/
KH550 shows that compared with PHBH/MMT
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Figure 2: Degradation rate curve of methylene blue for composite materials under visible light.
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nanocomposite, after adding silane coupling agent KH550,
the thermal decomposition temperature of PHBHMMT/
KH550 nanocomposite increases, and the thermal stability
improved. Table 3 shows the thermal weight loss data of
PHBH/MMT/KH550 nanocomposites with different pro-
portions of KH550.

According to data analysis, when the KH550 addition
amount is 5 wt%, T5 is the largest, and if the addition amount
of KH550 continues to increase, T5 decreases. According to
the Hoffman elimination reaction and the nucleophilic at-
tack reaction of the ammonium counterion, the surface
modifier can promote the thermal decomposition of PHAs
family polymers. 'erefore, when the addition amount of
KH550 exceeds a certain value, it will instead promote the
thermal decomposition of PHAS. After adding the coupling
agent to the PHBH/1 wt% MMT nanocomposite, the T10,

T30, and T50 of the PHBH/MMT/KH550 nanocomposite are
significantly higher than those of the nanocomposite
without the modifier. 'is is because of the coupling agent.
After KH550 is added to PHBHMMT nanocomposites
containing a small amount of MMT, the barrier effect of
MMT plays a major role, and KH550 makes PHBH and
nanomontmorillonite form a cross-linked structure, which
limits the movement of the polymer backbone and effec-
tively improves the thermal stability of the cross-linked
hybrid composite PHBH/MMT/KH550. When the amount
of KH550 added is 1 wt%, 3 wt%, 5 wt%, 7 wt%, the residual
carbon content of PHBHMMT/KH550 at 700 degrees is
higher than that of PHBH/MMT. Among them, PHBH/
MMT/3 wt% KH550 nanocomposite membrane has the
highest carbon residual content. It can be considered that the
addition of KH550 makes PHBH and nanomontmorillonite
form a cross-linked structure, and the presence of inorganic
nanomontmorillonite improves the thermal stability of the
hybrid composite membrane. When the addition of KH550

Table 1: Compression coefficient (MPa−1) of modified fly ash soil
with different compaction degrees.

Compactness (%)
Fly ash content (%)

0 2 4 6 8 10
80 0.76 0.63 0.59 0.43 0.39 0.34
82 0.69 0.65 0.46 0.57 0.45 0.32
84 0.57 0.47 0.42 0.39 0.26 0.23
86 0.48 0.37 0.32 0.28 0.20 0.18

Table 2: Compressive modulus of fly ash modified soil with dif-
ferent compaction degrees (MPa).

Compactness (%)
Fly ash content (%)

0 2 4 6 8 10
80 3.26 3.52 3.681 4.37 5.61 7.88
82 3.37 3.63 4.24 4.71 5.22 7.39
84 3.6 4.5 4.92 5.63 6.88 8.92
86 4.51 4.62 4.86 6.53 7.88 9.96
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Figure 3: Degradation rate curve of methylene blue with different
qualities of nanomontmorillonite modified fly ash under visible
light.
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is 9 wt%, the carbon residue of PHBH/MMT/KH550 is lower
than that of PHBH/MMT. 'is may be because the de-
composition of KH550 accelerates the thermal decompo-
sition of PHBH and reduces the carbon residue.

5. Conclusions

According to the types of materials used in slope protection,
this paper systematically investigates and summarizes var-
ious structural forms of traditional slope protection and
ecological slope protection. 'e difference and connection
between the two are detected in terms of structural form,
constituent materials, main functions, and construction
technology. Detailed comparative analysis was conducted
with a summary analysis of general weighting calculation
methods and comprehensive evaluation methods, and range
analysis was used to determine weights. 'e combination of
comprehensive evaluation index method and gray correla-
tion method overcomes the past comprehensive evaluation
model to a certain extent. According to the subjectivity and
discreteness of the judgment matrix, the resolution and
sensitivity are improved, and the evaluation results are more
scientific, reasonable, and reliable.

Nanomontmorillonite modified fly ash ecological slope
protection material is a comprehensive material integrating
rock engineering, fluid mechanics, biology, soil and water
conservation, fertilizer science, silicate chemistry, horticul-
ture, automation chemistry, environmental ecology, and
other disciplines. Technology is a complex system engi-
neering. 'e formation of nanomontmorillonite modified
fly ash ecological slope protection material does not rely on
vibration tamping, but on continuous impact compaction of
the mixture in the process of high-speed injection, which has
high bonding strength. 'e electron microscope scanning of
the microstructure shows that the ecological material has a
porous structure similar to that of soil, including a large
number of noncapillary pores and capillary pores.
According to the mercury intrusion test, the content of small
pores in the ecological material particles is very high, and the
total porosity is about three times that of ordinary cement,
which makes the material have the characteristics of strong
water retention and good air permeability.

Based on the analysis of various components of the
nanomontmorillonite modified fly ash ecological slope
protection material, the prepared nanomontmorillonite/
hyperbranched nanocomposite material is the first tape
distribution. Two seedlings are prepared for extension, and
the extension rate is studied. 'e characteristics of different
biaxially stretched membranes are based on inorganic

modification, organic modification, and double-cation or-
ganic compound modification, which are introduced into
anionic surface. 'e active agent accepts cation-anion
composite modification, which improves the adsorption
capacity of the original modified montmorillonite. In the
absence of biaxial stretching, the tensile strength and
breaking point extension of the composite film added with
organic nanomontmorillonite are significantly higher than
those of the pure hyperbranched unextended film. 'e
extended film stretches as the growth rate increases. 'e
strength is gradually increasing, and the breaking point
growth continues to decrease. According to mechanical
properties, when the extension ratio of the 2-axis stretched
film reaches 3 ∗ 3, the properties of the water barrier and
oxygen barrier of the nanomontmorillonite modified fly ash
ecological slope protection material have reached the most
suitable value.
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