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,e properties of a modified cement slurry based on degraded waste PET-modified styrene-acrylic emulsions are studied. ,e
effects of the modified styrene-acrylic emulsion on water consumption, setting time, retarding effect, water retention, imper-
meability, and mechanical properties of the cement slurry are comprehensively studied. ,e results show that the modified
styrene-acrylic emulsion has the following impacts on the cement slurry: it significantly reduces the water consumption required
to reach a standard consistency, slows down the initial and final setting times, and greatly improves the water retention rate and
water reduction rate.When the content of modified styrene-acrylic emulsion is 7.5%, the water reduction rate is 36% and the water
retention rate is 97%. ,e solidified cement slurry with a modified styrene-acrylic emulsion content less than 7.5% has lower
permeability and higher flexural strength than a common cement slurry. ,e compressive strength is reduced but can still reach
required values. According to SEM observations, the modified styrene-acrylic emulsion can enhance the bonding strength
between the cement particles, reduce the porosity of the structure, and improve the performance of cement-based composites.

1. Introduction

Polyethylene terephthalate (PET) is a thermoplastic polymer
with excellent performance [1]. Almost all soft drink and
drinking water bottles produced in the world are made of
PET polyesters, and the annual output in China alone is
more than 10 million tons. Recycling of PETwaste materials
helps reduce environmental pollution. At present, there are
mainly two kinds of waste PETpolyester utilization methods
[2, 3]. One is the physical method, where waste PET is
recycled through separation, crushing, washing, and drying
treatments to achieve secondary utilization. ,e physical
process is simple and inexpensive, and the properties of
various recycled plastics are greatly reduced. However, PET
polyesters treated by physical methods still contain a large
number of impurities, which greatly limits their application
areas. Additional techniques involve chemical methods,

including alcoholysis, hydrolysis, ammonolysis, and ami-
nation [4–8].

Specifically, waste PETcan be degraded by diols to obtain
unsaturated low molecular weight polyesters. ,e two end
groups of unsaturated low molecular weight polyesters are
hydroxyl groups, which have many potential uses due to
their active properties and their ability to react with other
products.,erefore, this material has been widely studied by
scholars. Farahat and Nikles [9] synthesized a modified
unsaturated polyester (UPR) by diethylene glycol (DEG) and
PET reactions with different molar ratios and degradation
products. Khan and Chandra [10] proposed a method to
prepare coatings from waste PET by alcoholysis of waste
PETwith glycerol or monoglyceride to degrade the polyester
and then added benzanhydride or benzanhydride and fatty
acid into the prepared mixture to produce modified alkyd
resin. Saravari et al. [11] synthesized a new carbamate-
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modified paint with PETdegradation products. ,is paint
had good hardness and adhesion and excellent water and
acid resistance. Tawfik [12] prepared unsaturated poly-
ester resin with recycled PET, which was further emul-
sified with water to make a polyester emulsion with 50%
water content. ,is emulsion can be used for casting crafts
or making large relief products. Tawfik and Eskander [13]
degraded PET polyester with propylene glycol to produce
unsaturated polyester through reaction with acetic an-
hydride and fatty acid.,e unsaturated polyester can react
with styrene to produce a modified polyester. ,e poly-
ester is used in concrete, and the obtained polyester
concrete has a low water absorption rate, small voids, low
surface porosity, and good chemical corrosion resistance
in seawater and groundwater. Full utilization of waste PET
polyester degradation products not only solves the
problem of environmental pollution but also saves
resources.

As an important intermediate product or raw material,
Styrofoam emulsions have attracted wide attention due to
their advantages of nontoxicity, tastelessness, non-
flammability, decreased pollution, weathering resistance,
chemical corrosion resistance, and adjustable gloss [14, 15].
Although styrene-acrylic emulsions have many advantages,
they also have many problems that cannot be ignored
[16–22]: (1) when methyl methacrylate is completely or
partially replaced by styrene, hydrogen atoms on the tertiary
carbon atoms directly connected to the benzene ring are
easily oxidized due to the induction effect of a benzene ring
on electrons, leading to poor weatherability; (2) the stability
of Ca2+ is low, the minimum film-forming temperature is
high, and the rigid benzene ring can improve the hardness of
the emulsion but also reduce the film-forming performance
of the emulsion; and (3) the styrene-acrylic emulsion be-
comes brittle at low temperatures and becomes thick at high
temperatures. To overcome these shortcomings, technolo-
gists worldwide have explored the modification of styrene-
acrylic emulsions. Common modified substances mainly
include polyurethanes [23–25], organic silicon compounds
[26, 27], organic fluorine compounds [28], epoxy resins
[20, 29, 30], and other functional monomers [31]. Ji et al.
studied the use of a degraded waste PET-modified styrene-
acrylic emulsion and learned that 2-hydroxyethyl-4-{[(2-
(prop-2-enoyloxy)ethoxy]carbonyl}benzoate (HETA) plays
a role in the thermal, mechanical, and other properties of the
resulting styrene-acrylic film, which was confirmed by the
potential application of waste PET as decorative and pro-
tective coatings [32]. Jo et al. [33] proposed a model to
explain the overall properties of polymer-modified jute fi-
ber-reinforced cement slurry. Lu et al. [34] found that the
hairy surface reduced the adsorption of polymer on the
cement surface, leading to a small delay effect on cement
hydration.

As the largest consumer of artificial cementing materials,
ordinary Portland cement has high early strength, good frost
resistance, dry shrinkage, and other advantages. However,
Portland cement also possesses defects, such as a large
number of pores after solidification and poor water and
corrosion resistance [35]. To solve the abovementioned

problems, research and development of polymer-modified
cement-based materials have continued [36]. Adding
polymers can improve the flexural strength, mechanical
properties, permeability resistance, bioacid corrosion re-
sistance, and chemical corrosion resistance of cement
slurries [37]. ,e main emphasis of this paper is to study the
properties of a modified cement slurry based on a degraded
waste PET-modified styrene-acrylic emulsion.

2. Materials and Equipment

2.1. Preparation of the Modified Styrene-Acrylic Emulsion.
As shown in Figure 1, the PET polyester waste is cleaned,
pulverized, and reacted with ethylene glycol (EG) (1 : 2.5
mass ratio) with a catalyst at 190°C for 2 h to fracture the
polyester chains; the product is then separated and purified
to obtain a low molecular weight ethylene terephthalate
(BHET) intermediate. ,e chemical reaction route is shown
in Figure 2.

First, the BHET PET degradation product, catalyst (p-
toluenesulfonic acid), and dehydrating agent (4A molec-
ular sieve) are put into a four-necked flask equipped with a
thermometer, stirrer, and reflux condensing tube for the
reaction, and the stirring speed is controlled at 400–500 r/
min. Second, the acrylic acid is added to the four-necked
flask at the rate of 1 drop per minute through a constant
pressure drop funnel, and the temperature is gradually
increased to 70°C. ,en, the esterification reaction is
carried out for 5 h at the same reaction temperature. ,ird,
after the reaction is completed, the temperature is reduced
to room temperature. ,e reaction mixture is added to a
certain amount of toluene solvent, after which the mixture
is refrigerated at 0°C for 24 h. Finally, the condensed
unreacted BHET solid is removed by filtration and then
rotated to evaporate the filtrate. When the toluene solvent
is removed, a yellow oily liquid remains. ,e yellow oily
liquid is the functional monomer HETA, which is collected
for later use.

,e preparation of modified styrene-acrylic emulsions
requires preemulsification and semicontinuous seed emul-
sion polymerization.

,e preemulsification process occurs as follows: first,
emulsifiers (sodium dodecyl sulfate (SDS) and OP-10 with a
mass ratio of 1 :1), ammonium persulfate (APS) initiators,
and deionized water are added into the four-necked flask,
stirred, and dispersed. Second, a certain amount of styrene,
n-butyl acrylate, and functional monomer HETA are added
and stirred rapidly, followed by preemulsification for
60min. Finally, the obtained emulsion is removed for later
use.

,e semicontinuous seed emulsion polymerization
process occurs as follows: first, a certain amount of
deionized water and the remaining SDS and OP-10
emulsifiers are added to a four-necked flask, stirred, and
then heated. Second, when the temperature reaches 75°C,
the remaining APS initiator and the abovementioned
emulsified monomer preemulsion mixture are placed in the
constant pressure drop funnel. When the temperature
reaches 80°C, the preemulsion and residual initiator in the
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constant pressure drop funnel are added to the reaction
kettle at a uniform rate within 3 h. After that, the tem-
perature is kept at 80°C for an hour. Finally, the temper-
ature is lowered to below 40°C after the insulation reaction

completed.,e pH value of the liquid is adjusted to 8.0 with
ammonia, and then the modified styrene-acrylic emulsion
is obtained by filtering out the material. ,e synthesis route
is shown in Figure 3.

Grafting

Emulsifying

PET degradation products Regenerated emulsion

Garbage Classification Cleaning and
crushing

Degradation

Figure 1: PET degradation process.
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Figure 2: Chemical reaction route for BHET.
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2.2. Raw Material

2.2.1. Cement. ,e cement used in this study is 42.5R or-
dinary Portland cement produced by Hunan Changsha
Pingtang South Cement Co., LTD. ,e cement fineness is
less than 5% of the sieve allowance through a 80ms square
hole sieve, and the performance meets the relevant re-
quirements of the general Portland cement (GBl75-2007)
standard. ,e main chemical and physical properties of the
cement are shown in Table 1.

2.2.2. Modified Styrofoam Emulsion. ,e ratio of soft and
hard monomer is 1 :1, the dose of the emulsifier is 3.0% of
the total monomer, the dose of the initiator is 0.6% of the
total monomer, the pH value of the reaction system is 5-6,
the reaction temperature is 80°C, and the dose of functional
monomer is 25%.

2.3. Equipment. ,e main devices applied are shown in
Table 2.

3. Methods

3.1. Mix Proportions. Table 3 shows the mixing ratios of the
modified styrene-acrylic emulsion and cement slurries, and
the uniform water and cement mass ratio (w/c) is 0.5. ,e
effect of the polymer on the cement-based materials is
studied by changing the content of the polymer.

,e mixing of the cement slurries is carried out in ac-
cordance with the GB/T 1346-2011 test method for water
consumption of standard cement consistency, setting time,
and stability. ,e cement mixer is used for mixing, after
which it is put into the test mold, vibrated and formed, and
then stored in the curing box. Figure 4 shows the steps of
curing and forming by mixing-modified styrene-acrylic
emulsion cement slurry.

3.2. Curing System of the Cement Slurry Solidified Sample.
After mixing, the cement slurry is placed into the curing box
(20± 1°C) in the test mold (40mm× 40mm× 160mm) and
removed after curing at 95% humidity for 24 h. After
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Figure 3: Synthesis route of the modified styrene-acrylic emulsion.
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demolding, curing continues in the curing box for 7 d. After
that, it is cured for a total of 28 d at room temperature
(20± 1)°C and a relative humidity no less than 65%.

3.3. Determination of Water Consumption for Standard
Consistency and Setting Time of the Cement Slurry. ,e
mixing of modified cement slurry is carried out according to

the GB/T1346-2011 test method for water consumption,
setting time, and stability of standard cement consistency.
,e influence of the modified styrene-acrylic emulsion on
the water consumption of standard consistency and the
cement setting time of water consumption of standard
consistency is measured by using a vicar apparatus; the
setting time starts when the mixing water is added. ,e test
blocks are maintained in the curing box. ,e temperature

Table 1: ,e major chemical and physical properties of Portland cement.

Chemical constituents SiO2 Al2O3 Fe2O3 MgO CaO SO3 Loss on ignition
Content (%) 23 7 5 3 56.8 3 2.2
Physical properties Initial set Final set 28-day compressive strength
Test results 155min 235min 46.3MPa

Table 2: Instruments used in this study.

Instrument name Model Manufacturer
Cement mortar mixer SJ-160B Shenyang Julin Instrument Manufacturing Co., Ltd.
Cement standard consistency and setting time tester GB/T 1346-2011 Shanghai Luda Experimental Instrument Co., Ltd.
Manual screw testing machine ALJ-02B Fuzhou Epu Instrument Co., Ltd.
Pressure testing machine C43.304 Mechanical Testing Simulation
Scanning electron microscope Hitachi S-4800 Hitachi Ltd.

Mortar permeameter SS-15 Zhejiang Shangyu Xinguang Instrument Equipment
Factory

Electric folding tester DKZ-5000 Zhejiang Lu Da Experimental Instrument Co., Ltd.

Table 3: Mixture ratios of modified styrene-acrylic emulsion cement slurries.

Serial number Polymer-to-cement ratio (p/c) (%) Cement : polymer : water (quality of ratio)
1 0 1 : 0 : 0.5
2 2.5 1 : 0.025 : 0.5
3 5.0 1 : 0.05 : 0.5
4 7.5 1 : 0.075 : 0.5
5 10.0 1 : 0.1 : 0.5

Vibrating

Weighing

Stirring

Curing

Demolding Molding test 
block

Figure 4: Mixing and curing of the modified styrene-acrylic emulsion cement slurry.
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inside the box is (20 ± 3°C), the relative humidity is above
90%, and a constant temperature and humidity inside the
box are maintained. After the test block is stored in the
curing box for 30min after adding the mixing water, the
first measurement occurs. ,e needle sinks into the ce-
ment slurry vertically and freely, and the reading occurs
when the needle stops sinking. When the test needle sinks
2mm∼3mm from the bottom plate, the cement slurry has
reached the initial setting state. When the subsidence does
not exceed 0.5 mm∼1mm, the cement slurry reaches the
final setting state. When the cement slurry is close to the
setting time, it is measured every 5min, and when it is
close to the final setting time, it is measured every 15min;
the initial and final setting states are measured again
immediately. ,e results of the two tests are the same,
namely, the initial setting state or the final setting state.
After the measurement, the test sample is immediately
placed into the curing box. Figure 5 shows the vicar
instrument.

3.4. Determination of the Water Retention Rate of Cement
Slurry. According to the Chinese standard GBT3183-2003
for masonry cement, the influence of the modified styrene-
acrylic emulsion on the water retention rate of the cement
slurry is determined. ,e water absorption treatment is
carried out for the cement slurry with a fluidity of
180mm∼190mm. ,e water retention rate of the cement
slurry is the quantity of water retained in the cement slurry
after water absorption treatment and is expressed as the
mass percentage of the original water amount. ,e steps are
as follows: weigh the test mold filled with cement slurry
(inner diameter of 100mm and internal effective depth of
25mm), which is accurate to 0.1 g; cover the cement slurry
surface with the filter screen, and put 8 weighed filter papers
on the top of the filter screen; put a rigid bottom plate on the
filter paper and invert the test die 180° on a plane; invert the
bottom of the test mold and put an iron weight of 2 kg; 5min
later, take away the iron weight, and then put it back; and
finally, remove the rigid bottom plate, filter paper, and mesh,
and weigh the filter paper to an accuracy of 0.1 g. Figure 6
shows the instrument used for determining the water re-
tention rate of cement slurry. ,e water retention rate is
calculated according to the following formula:

Z �
Y ×(W − U)

1350 + 450 + Y
, (1)

where U is the mass of the empty module in grams (g),W is
the test mold mass filled with cement slurry, in grams (g),
and Y is the amount of water used to prepare cement slurry
of standard consistency, in grams (g).

,e water retention rate (R) is calculated according to
the following equation:

R �
[Z − (X − V) × 100]

Z
, (2)

where V is the quality of the first 8 pieces of the filter paper
before absorbing water in grams (g), X is the quality of 8
pieces of the filter paper after water absorption in grams (g),

and Z is the amount of water in the cement slurry before
absorption in grams (g).

3.5. Determination of the Cement Slurry Impermeability.
DL/T 5126-2001 test rules for polymer-modified cement
mortar are used. An SS-15 mortar penetrator is used for the
determination. ,e cement slurry is put into the test mold
(height of 30mm, upper diameter of 70mm, and lower
diameter of 80mm), and each group is composed of 6
pieces. ,e specimens are separated from the molds after
curing for 24 h and then moved into the curing tank for
curing until 28 d. Specimens are aged, and then the
specimens are removed from the water for demolding,
cleaning, and air-drying. After that, the specimens are put
into the mold of a permeameter and pressurized and sealed
with paraffin. ,e initial water pressure is 0.2×104 Pa,
which increases to 1.47×104 Pa after 2 h; a constant
pressure is held for 6 h. When the test stops, the test
specimens are split into 5 points, and the height of seepage
is measured with a ruler. Figure 7 shows the SS-15 mortar
penetrator.

3.6. Determination of Flexural Strength in the Cement Slurry
Curing Test. According to the ISO standard GB/T 17671-
1999, the cement slurry test block modified with the styrene-
acrylic emulsion with dimensions of
40mm× 40mm× 160mm is placed on the DKZ-5000
electric bending test machine, and the load is vertically
applied to the opposite side of the prism-shaped test block at
the loading rate of (50± 10)N/s during the bending test, and
then the fracture bending test of the specimen is stopped.
,emean value of the flexural strength from a group of three
prismatic test blocks was calculated, and if the strength value
of one of the three prismatic test blocks exceeds the mean
value by 10%, then that data are removed, and the mean
value from the remaining two blocks is reported as the
flexural strength. Figure 8 shows the diagram of the test
process. ,e flexural strength is calculated according to the
following equation:

Rf �
1.5FfL

b3
, (3)

where Ff is the load applied to the middle of the prism
when it is broken in newton (N), L is the distance between
supporting cylinders in millimeters (mm), and B is the
side length of a square section of the prism in millimeters
(mm).

3.7. Determination of Compressive Strength in the Cement
Slurry Curing Test. According to the ISO standard GB/T
17671-1999, the CXAW-300 compression testing machine is
used to determine the compressive strength.,e test block is
placed on the test table, and the test is carried out on the side
of the semiprism test block after the flexural test. ,e dif-
ference between the center of the half prism test block and
the press platen is within ±0.5mm, and the part of the prism
test block exposed to the platen is approximately 10mm.
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During the whole loading process, a loading speed of
2400± 200N/s is used to conduct the compressive test
uniformly.When the test block is destroyed, the compressive
test stops. Six measured compressive strength values ob-
tained from a set of three prismatic test blocks are used to
calculate the arithmetic means of the test results. If one of the
six measured values is ±10% above the mean value of the six,
the data result is excluded, and the mean value of the
remaining five is used as the result. If more than 10% of the
five measured values exceed the mean by ±10%, the results of
this group are invalid. Figure 9 shows the test process. ,e
compressive strength is calculated by the following equation:

Rc �
Fc

A
, (4)

where Fc is the maximum load at failure time in newton (N)
and A is the area under compression in square millimeters
(mm2) (40mm× 40mm� 1600mm2).

3.8. Scanning Electron Microscopy (SEM) Observation of the
Microstructure of the Solidified Cement Slurry. ,e 28 d
solidified cement slurry test block is attached to the alu-
minum sample platform with conductive adhesive, and a

Test

Curing specimen

Initial setting
time test

Final setting
time test

Figure 5: Determination of standard consistency and setting time of cement slurry.

Iron weight Test mold
Filter paper

Figure 6: Measuring instrument for a water retention rate of cement slurry.

Permeability
test

Figure 7: SS-15 mortar penetrator permeability test.
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layer of the gold film is plated under high vacuum condi-
tions. ,en, a Hitachi s-4800 scanning electron microscope
is used to observe the microstructure of the sample section.

4. Results and Discussion

4.1. Effect of the Modified Styrene-Acrylic Emulsion on the
Water Consumption of the Cement Slurry with a Standard
Consistency and Setting Time. Table 4 shows the mixing
ratios of 5 kinds of emulsions in the cement slurry and their
effects on the water reduction rate when the cement con-
sistency reaches the standard value. With an increase in the
amount of modified styrene-acrylic emulsion, the water
consumption of standard consistency of the cement de-
creases. With increasing polymer content, the water re-
duction rate increases, but when the polymer content
reaches 7.5%, the water reduction effect slows down, as
shown in Figure 10. When the content of the modified
styrene-acrylic emulsion is 10.0%, the water reduction rate
reaches 36.0%. On the one hand, due to the “bearing” effect
of polymer particles and the effect of the introduced air, the
viscosity of the cement slurry decreases and the fluidity
increases. On the other hand, polymers with anion groups

can be adsorbed on the surface of cement particles direc-
tionally and increase the zeta potential of the cement par-
ticles and disperse them, destroying the flocculation
structure between the cement particles and therefore im-
proving the flow of the cement slurry.

Figure 11 shows the influence of the modified styrene-
acrylic emulsion content on the setting time of cement
slurry. As shown in Figure 11, the initial setting time and
final setting time of the modified cement slurry increase with
increasing polymer content. ,e slurry initial setting and
final setting time increased with increasing dose of polymer
emulsion because in the process of slurry mixing, the surface
of cement particles is covered with the polymer, hindering
the contact between the cement particles and water; thus, the
formed hydration products cannot migrate well on the
cement surface, so the cement hydration is delayed, which
extends the setting time. In addition, due to the film-forming
effect of the polymer emulsion, the extent of the hydration
reaction of the water and cement inside the film is limited in
a short time, leading to a reduction in free calcium oxide
content, so the setting time is prolonged. At the same time,
more hydroxyl groups on modified styrene-acrylic emulsion
particles adsorb on the surface of the cement particles,

Cure 28d

Block broken

Figure 8: Flexural strength test of the solidified cement slurry.

CXAW-300 compressive
testing machine Place the test block Compress the test block

Figure 9: Compressive strength test of solidified cement slurry.
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causing the cement particles to carry the same charge
(negative charge), which disperses the cement particles and
promotes cement hydration. ,e polymer emulsion has a
retarding effect; the larger the dose, the more obvious the
retarding effect. ,e film-forming effect of the polymer
emulsion prohibits the cement from solidifying and setting
in a short time. ,is film-forming phenomenon is more

obvious with an increase in the polymerization ratio, which
shows that the setting time is prolonged with an increase in
the polymer ratio.

4.2. Effect of the Modified Styrene-Acrylic Emulsion on the
Water Retention Rate of the Cement Slurry. ,e water re-
tention of a cement slurry is a performance index to measure
the stability of the cement slurry. If a cement slurry has poor
water retention, it can easily lose water and affect the hy-
dration of the cement, thereby affecting the construction and
performance of the cement slurry. During transportation
and storage, it is easy to produce bleeding and segregation.
During construction, a cement slurry with poor water re-
tention is easily absorbed by the base material, making the
cement slurry too dry and thick and difficult to smooth. In
addition, excessive loss of the cement slurry affects its setting
and hardening and reduces its bonding and internal
strength.

,e water retention rate of a cement slurry quantifies the
water retention in it. A high water retention rate indicates
good water retention. A low water retention rate indicates
poor water retention. Figure 12 shows the influence of the
modified styrene-acrylic emulsion content on the water
retention rate of the cement slurry. As shown in Figure 12,
the water retention rate of the cement slurry increases with
increasing content of the modified styrene-acrylic emulsion,
and the water retention performance is significantly im-
proved with increasing content of modified styrene-acrylic
emulsion. ,e content of the styrene-acrylic emulsion in-
creases by 2.5%, and the average water retention rate in-
creases by approximately 4%; the water retention
performance of cement slurry is therefore improved. ,is
result is attributed to the hydrophilic colloid properties of
the modified styrene-acrylic emulsion; the polymer film
formed by the modified styrene-acrylic emulsion has a filling
and sealing effect on the interconnecting capillary pores.
,is effect prevents water loss inside the cement slurry.
,erefore, the water needed for cement hydration is retained
in the cement slurry, making the cement hydrate more fully;
at the same time, it can improve the bonding and internal
strength of the cement slurry.

4.3. Effect of the Modified Styrene-Acrylic Emulsion on the
Permeability Resistance of the Solidified Cement Slurry.
Figure 13 shows the influence of the modified styrene-acrylic
emulsion content on the impermeability of the solidified
cement slurry test block. Figure 13 shows that the imper-
meability of the solidified cement slurry test block gradually
increases with increasing polymer content and reaches the

Table 4: Mixture ratios and water reduction rates of emulsions in cement paste.

Serial number Polymer content (%) Water-cement ratio Water reduction rate (%)
1 0 0.250 —
2 2.5 0.204 18.4
3 5.0 0.189 24.4
4 7.5 0.165 34.0
5 10.0 0.160 36.0
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Figure 10: Influence of the modified styrene-acrylic emulsion
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highest impermeability when the polymer content is 7.5%.
When the polymer content is 10.0%, there is a substantial
penetration. ,is is because at low polymer contents, when
the polymer emulsion is mixed with the cement, latex
particles begin to disperse into the cement. As a result of
cement hydration, a cement gel gradually forms. As this gel
structure develops and the water evaporates, a large number
of polymer particles gather in the capillary pores of the
cement gel structure, closing the capillary pores. At the same
time, the evaporation rate is greatly reduced so that the
cement continues to hydrate, increasing the compactness of
the cement slurry. As the hydration and evaporation of the
cement continue, the water in the capillary pores decreases
even more, resulting in a continuous dense layer of polymer
particles on the surface of the cement gel and an unhydrated
cement particle mixture. Finally, the dense polymer particles
form a continuous structure on the hydrated cement gel. On

the contrary, because the modified styrene-acrylic emulsion
modifier has the effect of reducing water, it can reduce the
water-cement ratio of cement slurry. ,is is consistent with
the rule that as ratio of the polymer cement increases the
ratio of water to cement decreases. As a result, the number of
large holes or connected holes in the solidified cement slurry
decreases, which has a negative effect on the permeability
resistance, so the permeability resistance is obviously im-
proved. When the polymer content is 7.5%, the solidified
cement slurry shows good impermeability. When the
polymer content is too high, the entrapment effect of the
emulsion is obvious so that the pores of the solidified cement
slurry test block increase in size and number. At the same
time, the high polymer content increases the viscosity of the
solidified cement slurry, and the emulsion is attached to the
surface of particles, which hinders the hydration of cement.
,erefore, when the polymer content is equal to 10.0%, the
impermeability of cement-hardened slurry decreases
sharply, and the phenomenon of seepage occurs in the
solidified cement slurry.

4.4. Effect of the Modified Styrene-Acrylic Emulsion on the
Mechanical Properties of the Solidified Cement Slurry.
Table 5 and Figures 14 and 15 show the influences of the
modified styrene-acrylic emulsion on the flexural and
compressive strengths of the solidified cement slurry test
block. Table 5 and Figure 14 show that when the mixing
amount is less than 7.5%, the flexural strength of the three
mature cement slurry samples increases. When the polymer
content reaches 10.0%, the flexural strength is similar to that
of the solidified cement slurry without polymer content. As
shown in Table 5 and Figure 15, the compressive strength of
the three mature solidified cement slurry samples is lower
than that of the solidified cement slurry without polymer as
the polymer content increases. ,e reason why the flexural
strength of the sample first increases and then decreases with
increasing polymer content is that the modified styrene-
acrylic emulsion improves the interface of the modified
cement slurry, and the modified styrene-acrylic emulsion
competes with itself for the air entrainment. When the
polymer content is low, the modified styrene-acrylic
emulsion has a dominant effect on the interface improve-
ment of the modified cement slurry. When the polymer
content is high, the air entrainment of the modified styrene-
acrylic emulsion is dominant, so the flexural strength of the
modified cement slurry is reduced. With increasing polymer
content, the compressive strength decreases gradually. ,is
is because the elastic modulus of the polymer is lower than
that of the solidified cement slurry, and the compression of
the complex polymer does not support rigidity. ,erefore,
the compressive strength of the modified cement slurry with
the same water-cement ratio is lower than that of the so-
lidified cement slurry without polymer mixing. However, as
the age increases, the moisture in the emulsion volatilizes,
and the polymer particles further condense, resulting in the
formation of films with high strength and bonding.
,erefore, the compressive strength still increases to some
extent with age.
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Figure 12: Influence of modified styrene-acrylic emulsion pa-
rameters on the water retention rate of the cement slurry.
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Figure 13: Influence of modified styrene-acrylic emulsion pa-
rameters on the impermeability of the cement slurry forming test
block.
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Figure 16 shows the influence of the modified styrene-
acrylic emulsion on the compression and flexural strength
ratio after 28 d of standard curing for the modified cement
slurry. With increasing polymer content, the compressive

and flexural strength ratio of the modified cement slurry first
decreases and then slightly increases, but it is still lower than
that of the standard cement slurry. ,is shows that the
toughness of the modified cement slurry increases and that

Table 5: Influence of the modified styrene-acrylic emulsion on the flexural and compressive strengths of solidified cement slurry.

Polymer
content
(%)

3 d 7 d 28 d
,e ratio of compressive

strength to flexural strength
after 28 d

Flexural
strength
(MPa)

Compressive
strength (MPa)

Flexural
strength
(MPa)

Compressive
strength (MPa)

Flexural
strength
(MPa)

Compressive
strength (MPa)

0 3.9 26.5 4.2 32.5 5.3 42.1 7.9
2.5 4.0 25.9 4.4 30.8 5.5 38.6 7.0
5.0 4.3 24.3 5.0 28.7 5.8 35.3 6.1
7.5 4.8 20.8 5.6 25.8 6.5 30.2 4.6
10.0 3.8 19.9 4.0 24.6 5.1 29.1 5.7
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Figure 14: Influence of the modified styrene-acrylic emulsion on the flexural strength of the solidified cement slurry.
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Figure 15: Influence of the modified styrene-acrylic emulsion on the compressive strength of the solidified cement slurry.
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Figure 16: Influence of the modified styrene-acrylic emulsion content on the 28 d toughness of the modified cement slurry.

(a) (b)

(c) (d)

(e)

Figure 17: SEM of the solidified cement slurry test blocks. Polymer content: (a) 0%, (b) 2.5%, (c) 5%, (d) 7.5%, and (e) 10%.
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the addition of a modified styrene-acrylic emulsion plays a
role in toughening the cement slurry material.

4.5. Effect of the Modified Styrene-Acrylic Emulsion on the
Microstructure of the Formed Cement Slurry. Figure 17(a)
shows the SEM image of the section of the solidified cement
slurry with a polymer content of 0%, and the images in
Figures 17(b)–1717(e) show the modified solidified cement
slurry with polymer contents of 2.5%, 5.0%, 7.5%, and 10.0%,
respectively.

As shown in Figure 17(a), a large number of pores and
capillary channels exist in the interior of the solidified ce-
ment slurry with a polymer content of 0%, and the pores are
large, and the framework is loose and not dense. With in-
creasing polymer content, the filling and sealing of the
polymer filmmake the structure more compact and improve
the porosity and loose framework of the solidified cement
slurry. When the polymer content is 7.5%, the density of the
framework of the solidified cement slurry is excellent. When
the polymer content continues to increase, the bleeding air
effect of the emulsion is obvious so that the cement slurry
pores become increasingly loose and empty. According to
the research of Chandra [38], in addition to filling the
polymer and sealing the film, − OH active groups in the
modified styrene-acrylic emulsions can form ionic bonds
with Ca2+ positive ions in cement. ,e network structure
formed by bridging ionic bond macromolecular systems can
also enhance the compactness of the structure and improve
the performance of cement-based composites.

5. Conclusions

,e modified styrene-acrylic emulsion can significantly
reduce the water consumption to achieve a standard con-
sistency and has water reduction capacity. When the
polymer content is 10%, the water reduction rate is 36%. In
addition, the modified styrene-acrylic emulsion has an effect
on the initial setting time and final setting time of the cement
paste. With the increase in polymer content, the initial
setting time and final setting time of the cement paste slow
down, indicating that the modified styrene-acrylic emulsion
improves the physical properties of cement paste.

,e modified styrene-acrylic emulsion significantly
improves the water retention performance of the cement
slurry. When the modified styrene-acrylic emulsion content
is less than 7.5%, it has a great impact on the water retention
performance of cement slurry. Among the contents con-
sidered in this study, when the modified styrene-acrylic
emulsion content is 7.5%, the seepage height of the sample
reaches its minimum; when the content is 10%, the im-
permeability of the solidified cement slurry decreases
sharply, and the seepage height of the sample increases
sharply. ,e mixing amount of the modified styrene-acrylic
emulsion should be controlled within 7.5%, where the water
retention effect of the cement slurry is the best of the
contents considered in this study.

,e influence of the modified styrene-acrylic emulsion
on the mechanical properties of the modified cement slurry

with different curing ages is studied. ,e results show that
when less than 7.5% of the modified styrene-acrylic emul-
sion is mixed, the flexural strength of the cement slurry at
three ages increases, and when 10% of the modified styrene-
acrylic emulsion is mixed, the flexural strength is similar to
that of the pure cement slurry (cement slurry without the
polymer). ,e compressive strength of cement slurry mixed
with the modified styrene-acrylic emulsion at three ages is
lower than that of the pure cement slurry. ,e reduction of
the compression ratio indicates that the modified styrene-
acrylic emulsion has a certain toughening effect on cement
slurries. In light of comprehensive economic factors and
other properties, controlling the polymer content to within
7.5% can obtain an excellent performing cement slurry.

According to SEM observations, the modified styrene-
acrylic emulsion can improve the bond strength between
cement particles and the performance of cement slurry.
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