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Abstract: The application of polymer latex provides an additional approach when optimizing the
properties of high—performance cement-based materials. Given that cement-based materials are
extraordinarily sensitive to the characteristics and relative content of polymer latexes, identifying
their influence is essential for application. This paper investigates the impact of polymer latex
types and its relative content on the mechanical properties, hydration product, pore structure, and
drying shrinkage of cement-based materials with a low water to binder ratio. The results showed
that the mechanical properties, pore structure, and drying shrinkage of the styrene butadiene latex
modified samples were better than those of ethylene vinyl acetate latex and silicone acrylic latex
modified ones. Incremental increases to the polymer to cement ratio induces a slight reduction
on compressive strength, and styrene-butadiene latex promotes tensile strength. Polymer latex
hinders the transformation from ettringite to monosulfate, reducing the bound water and portlandite
generated. Increasing the polymer content induces more significant stretching in the vibration peak
of SO4 from ettringite. Further incorporation of polymer latex contributes to ettringite precipitation
and the decline of harmful pores. Polymer addition also results in lower drying shrinkage compared
with the reference group.

Keywords: polymer latex; low water-binder ratio; mechanical properties; hydration products;
drying shrinkage

1. Introduction

Polymer latex modified cement-based materials are composites prepared by incor-
porating organic polymer compounds into Portland cement mixes [1]. After mixing, the
polymer particles are evenly distributed in the cement slurry, and they experience a series
of physicochemical reactions, including film-forming, complexation, flocculation, and so
on [2]. The main modification mechanisms of polymer latex on cement-based materials are
adsorption, complexation, and film—forming [3-7]. These interactions between cement and
polymer particles redefine the microstructure and interface characteristics of traditional
cement-based materials, thus contributing to the improvement of flexural properties and
durability at the macro level [8]. With the fast development of modern infrastructure
construction, high—performance concrete characterized by a relatively low water to binder
ratio is widely employed, but it is also accompanied by large shrinkage and flexural prop-
erties [9,10]. The application of polymer latex might pave the way for the optimal design of
high—performance cement-based materials.

Tsigarida et al. studied the effect of material surface roughness on the durability
of samples and believed that the hydrophobicity of samples treated with polymer latex
was greatly improved, which was helpful for improving the durability of samples [11,12].
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Rottstegge et al. reveals that the addition of polymer latex increases the ettringite gener-
ated. Polymer latex also contributes to a weak network structure with hydration products
which improves the mechanical properties correspondingly [13]. Shi et al. investigates the
potential modification of styrene-butadiene and silicone-acrylic latex on the microcosmic
mechanism of the toughness; it was suggested that the formation of continuous polymer
film structures in the cement-based material system determines the effect of modifica-
tion [14]. Knapen et al. believe that polymers contribute to better dispersion of cement
particles and more sufficient cement hydration [15]. Kong et al. explore the retarding effect
of styrene acrylic latex on cement hydration and find that polymer employment delays heat
release during cement hydration [16]. Ohama et al. incorporate styrene-butadiene and
polyethylene vinyl acetate latexes into the cementitious system, discovering that the film
formation from the polymer decreases the shrinkage performance of matrix [17]. Sowoid-
nich et al. clarify the slight water-reducing effect of the polymer in a cement-based system
and claim that polymer latex has better prospects under a low water to binder ratio [18].
The type and dosage of polymer are the most critical factors that influence high perfor-
mance cement-based materials [19,20]; therefore, exploring the feasibility of the polymer
under a low water-binder ratio, and the performance characteristics of organic-inorganic
cement-based composites, possess much practical significance.

In this study, the feasibility and potential modifications of polymer latex on high
performance cement-based materials are conducted. The macro and microscopic prop-
erties of polymer modified cement-based materials with a low water to binder ratio are
investigated. Styrene-butadiene, ethylene—vinyl acetate copolymer, and silicone-acrylic
latex are selected. The potential effects of latex type and relative content on the mechanical
properties, hydration products, and dry shrinkage process are evaluated.

2. Materials and Methods
2.1. Materials

Commercial P.I 42.5 Portland cement is used in this study as the binder. The main
chemical components of the Portland cement is listed in Table 1. The styrene-butadiene
latex (SBR), ethylene—vinyl acetate copolymer latex (EVA), and silicone-acrylic latex (SAE)
used in this study are industrial grade polymer latexes. The minimum film forming
temperatures of three types of polymer latexes are 15 °C, 0 °C, and 24 °C, respectively.
The solid contents are 48%, 54.5% and 48%, respectively. The characteristic parameters of
polymer latex are provided by the manufacturer and listed in Table 2.

Table 1. Portland cement main chemical composition (wt. %).

SiO,

AL O

CaO MgO Fe, O3 Na,O f-CaO SO;

20.95

5.19

64.29 1.85 3.83 0.52 0.96 0.95

Table 2. Characteristic parameters of polymer latex.

Types pH PS (um) MEFT * (°C) SC (%) V (map-s)
SBR 7.0-9.0 0.112 15 48 50-150
EVA 9.6 2 0 54.5 2206
SAE 7.0-8.0 2 24 48 1000-3000

* MFT—minimum film forming temperature.

The fine aggregate used in this study is GB/T 14684-2001 standard sand. Polycar-
boxylic superplasticizer with solid content of 14% is used as plasticizer.

2.2. Mix Proportioning and Paste/Mortar Preparation

In this experiment, 16 groups of standard mortar samples were designed, the reference
dosage of Portland cement is 450 g, the water—binder ratio is fixed at 0.22, the sand/cement
ratio is fixed at 3:1, and the plasticizer dosage is 1.7%. The three types of polymer latexes
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used in the experiment are called SBR, EVA, and SAE. The polymer—cement ratio is set at
five gradients of 3%, 6%, 9%, 12% and 15% of the cement mass, numbered 1-5.

The mixing procedures for paste and mortar are conducted based on the GB/T
17,671 standard. Samples were prepared using a planetary paste/mortar mixer and the
solid materials were added into the mixer followed by mixing water. The fresh paste was
poured into plastic molds of 40 x 40 x 40 mm3 and 40 x 40 x 160 mm? after mixing,
then covered with a plastic film on the top surface for 24 h. The formed paste and mortar
samples are shown in Figure 1.

(b)

Figure 1. Formed sample: (a) mortar sample; (b) paste sample.

After the sample is prepared, it is placed in the standard curing room with a temper-
ature of (20 & 2) °C and relative humidity of 95% for 7 days, and then moved to a room
with a temperature of (20 £ 2) °C until it is cured for 28 days. Table 3 shows the sample
mix proportion.

Table 3. Mix proportions.

Sample ID P/C W/C Sp/C
Reference 0% 0.22 1.7%
SBR1-5 3%, 6%, 9%, 12%, 15% 0.22 1.7%
EVA1-5 3%, 6%, 9%, 12%, 15% 0.22 1.7%
SAE1-5 3%, 6%, 9%, 12%, 15% 0.22 1.7%

2.3. Methods

The mechanical properties are tested in accordance with “GB/T 17671-1999 Test
method for strength of cement mortar”. The loading rate is set at 2.4 kN/s.

The crystalline phase composition of the hydration products is characterized by X-ray
diffraction with 26 scope of 5-50° and a scanning rate of 2°/min. The empyrean diffrac-
tometer used is from Panalytical, the Netherlands.

The phase composition of hydration products is characterized by a simultaneous ther-
mal analyzer with a test temperature range of 40-1000 °C and a heating rate of 10 °C/min.
The STA449F3 simultaneous thermal analyzer used is from Netzsch instruments, Germany.

The functional groups of hydration products are tested with a Fourier transform
infrared spectrometer. FTIR spectra are taken in a Nexus spectrometer. The nexus spec-
trometer used is from Thermo Nicolet Corporation in the United States. Powdered samples
are mixed with KBr and pressed into pellets. The analysis frequency range of the sample is
4000~400 cm ! with a 4.0 resolution and 128 scans.

The pore structure of the hardened cement matrix is tested by mercury intrusion
porosimetry. The auto Auto Pore IV 9510 mercury porosimeter of the Micromeritics com-
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pany of the United States is used. The equilibrium time of high and low pressure is 10 s,
the emptying time is 5 min, and the pore diameter measurement range is 3~35 pm.

The drying shrinkage performance is tested with a vertical mortar shrinkage meter.
The drying shrinkage rate St (%) is calculated by the ratio of the difference between the
initial length of the specimen and the length at each age to the effective length of the
specimen minus the length of the metal probes on both sides. BC-176 vertical mortar
shrinkage meter used is from Henan Keyu company, China.

Among the abovementioned tests, the strength and the drying shrinkage results of
each mix was obtained from the average of three specimens, and one sample was used for
MIP, XRD, TG-DTG, FTIR tests.

3. Results and Discussion
3.1. Mechanical Properties

Figure 2 shows the effect of polymer latex on the mechanical properties of polymer
latex. On one hand, the compressive strengths of the reference group at 3 days, 7 days,
and 28 days are 59.4 MPa, 63.1 MPa, and 80.8 MPa. The compressive strength of EVA latex
modified samples at each curing age decrease linearly with an increase in the polymer—
cement ratio. The compressive strength of SBR latex modified samples show the trend
of decreasing after rising. The compressive strength of the SAE latex modified samples
exhibits a similar tendency. The optimum dosage of polymer latex is 6% of the polymer—
cement ratio. When the polymer—cement ratio is increased to 15%, the 28 day compressive
strength of SBR-5, EVA-5, and SAE-5 is 49.9 MPa, 46.6 MPa, and 47.6 MPa, respectively,
which is 38.2%, 42.3%, and 41.1% lower than that of the reference group. It is indicated
that the dosage of polymer latex is not too large at a low water-binder ratio. Otherwise,
the compressive strength will be significantly reduced. Under the same polymer—cement
ratio, the effects of three kinds of polymer latex on compressive strength are compared.
When the polymer—cement ratio is 3%, the EVA latex modified sample achieves the optimal
compressive strength. Under other polymer to cement ratios, the SBR latex modified
samples exhibits the highest compressive strength. It shows that the negative effect of SBR
latex on the compressive strength is lower than that of the other two latexes, which may be
caused by the smaller viscosity of SBR latex and less air entrainment during stirring. On the
other hand, the amount of carboxyl groups on the surface of SBR latex is less than that of
ethylene vinyl acetate and silicone acrylic latexes. In the process of cement hydration, the
adsorption capacity of SBR latex is low, and the hindering effect of cement hydration is not
significant, resulting in the best compressive strength of SBR latex modified samples [21].

On the other hand, the flexural strengths of the reference group at 3 days, 7 days, and
28-days are 7.5 MPa, 8.2 MPa, and 9.0 MPa, respectively. For SBR latex modified samples,
the flexural strength of each curing age shows a gradual improvement with an increase in
the polymer—cement ratio. For EVA latex modified samples, the flexural strength shows a
trend of increase before decline with the further incorporation of the polymer—cement ratio;
however, all of them are lower than those of the reference group. For SAE latex modified
samples, the flexural strength of each curing age shows an approximate linear decline
with an increase in the polymer—cement ratio. The effects of the three polymer latexes on
the flexural strength are compared under the same polymer—cement ratio. Moreover, it
is discovered that when the polymer-cement ratio is 3%, the SAE latex-modified sample
achieves the best flexural strength. The flexural strengths of the SBR latex-modified samples
are best under other polymer—cement ratio gradients. It shows that SBR latex exhibits a
limited negative impact on compressive strength, but it contributes to the improvement
of flexural strength to some extent. This may be due to the fact that the polymer latex
could form a three-dimensional network structure that penetrates itself with the hydration
products after drying. When the sample undergoes flexural failure, microcracks appear;
however, the concentrated stress at the microcracks can be dispersed through the polymer
latex films, thus improving the flexural properties of the hardened cement matrix [22].
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Figure 2. Effect of polymer latex content and type on compressive/flexural strength of mortar
samples: (a) compressive strength; (b) flexural strength.

3.2. Shrinkage Properties

Drying shrinkage of polymer modified cement-based materials usually refers to the
situation wherein the cement-based materials stop curing, the system gradually loses free
water, and the pore pressure increases under the condition of natural drying, resulting in
volume reduction. Figure 3 shows the effect of polymer latexes on the shrinkage properties
of cement-based materials. It can be seen from the figure that the drying shrinkage rate of
the reference group after curing for 28 days is 0.068%. At the same time, when the samples
are cured for 28 days, the drying shrinkage rates of SBR-2 and SBR—4 are 0.038% and 0.034%.
Moreover, the drying shrinkage rates of EVA-2 and EVA—4 are 0.047% and 0.043%. The
drying shrinkage rates of SAE-2 and SAE—4 account for 0.041% and 0.036%, respectively.
The comparison shows that the drying shrinkage of polymer latex modified samples is
significantly lower than that of the reference group, and each curve exhibits a consistent
trend with the increase on the polymer content, which increases rapidly during the early
stage and gradually flattens in the later stage. When the relative content of polymer latex
changes, the drying shrinkage of polymer latex modified samples decreases with the
increase of the polymer—cement ratio. In addition, the decreasing effects of polymer latex
types on drying shrinkage are SBR, SAE, and EVA, which may be related to the different
air-entraining and film—forming effects of different polymer latexes.

700 | —%— Reference
—@— SBR-2
—A— EVA-2
—¥— SAE-2
600 |- SBR-4
—4—EVA—4
SAE—4

Drying shrinkage/10°

20 25 30

15
Age/d
Figure 3. Effect of polymer latex content and type on drying shrinkage of mortar samples.

3.3. Pore Structure Analysis

Figure 4 demonstrates the test results of the total porosity and characteristic pore pa-
rameters of each modified sample after curing for 28 days by mercury intrusion porosimetry.
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It can be seen that the total porosity of the reference group is 0.18 mL/g, and the total
porosity of the other polymer latex modified samples is greater than that of the reference
group, indicating that the addition of polymer latex increases the total porosity of the
system. Except for the styrene-butadiene latex modified samples, the total porosity of the
other samples increases with the amount of polymer latex content. On the other hand, the
type of polymer latex also exhibits an effect on the total porosity of the hardened cement
matrix. The total porosity of SBR—4 was 0.23 mL /g, whereas the total porosity of EVA—4
was 0.27 mL/g, and the total porosity of SAE—4 increased to 0.28 mL/g. This phenomenon
shows that the air entrainment amount of the silicone-acrylic latex modification is higher
than that of the other two latexes, which, in turn, leads to a decrease in the compactness
of the specimen. This explains why the mechanical properties of the SAE latex-modified
specimen decrease the most significantly, as mentioned above.

0.40 -DReferenceZZSBR-z&3SBR-4|ZZ]EVA-2DEVA-455AE-2|Z]SAE-4 450
-1 25
0.35 | =14.5
L 140
0.30 N . 42
-13.5
0.25 7—? -
— J 13.0
20.20 R || g e
1S — C42.5 ¢
0.15 - 10 =12.0
9115
0.10
=45 11.0
0.05 |
=10.5
0.00 0 =0.0
Total porosity Average Pore Size Median Pore Size
Code

Figure 4. Porosity and characteristic porosity parameters of paste samples at 28 days.

According to the effect on shrinkage deformation, the pores in the hardened cement
matrix can be divided into [23]: large pores with a pore size of >50 nm, fine pores with a
pore diameter of 50-10 nm, and gel pores of 10 nm. The average pore size and median pore
size of the hardened cement matrix increases as the polymer latex content increases. It is
suggested that the film formation and flocculation of the polymer latex could optimize the
microscopic pore structure in the system, thus increasing the number of harmless pores
in the system and filling the large capillary pores and fine capillary pores of the cement
paste. Pore refinement reduces the amount of evaporable water and makes the migration
of moisture difficult, thereby reducing the total shrinkage and slowing the development of
drying shrinkage. Due to the air-entraining effect of the polymer latex, the total porosity
of the modified sample is larger than that of the reference group, and cracks are more
likely to develop during the stress process, thus affecting the compressive strength of the
modified sample. The change of the flexural strength with the pore structure shows that the
film—forming, filling, and sealing effects of the polymer not only improve the pore shape,
but also reduce the orientation of the crystals inside the material, and the network structure
formed by the polymer and the cement hydration product is more dense. In addition, the
polymer has a “bridging” effect in the cement stone, resulting in a significantly improved
flexibility of the modified material compared with the unmodified material, and an increase
in the flexural strength at the macro level.
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3.4. X-ray Diffraction Analysis

Figure 5 depicts the XRD patterns of the groups with polymer—cement ratios of 0%,
6% and 12% at 28 days. It is revealed that the main mineral phases after 28 days of
hydration are dehydrated C3S and C;5 from cement clinker, ettringite, portlandite, and
tetracalcium ferrite [24,25]. The diffraction pattern of the modified and reference groups
exhibits limited differences. The above phenomena illustrate that the polymer latex that
possibly induced complexation or film formation cannot significantly influence the types
of hydration products [26]. It should be noted that the diffraction peak intensities of C3S
and C,S demonstrate insignificant changes under different polymer latexes.

E—ettringite Br—brownmillerite A—alite P—portlandite B—Dblite

E—ettringite Br—brownmillerite A—alite P—portlandite B—blite

EVA-2 EVA-4

SBR-2
Wm

SBR-4
WLm

5 10 15 20 25 30 35 40 45 50
20/°

(a)

5 10 15 20 25 30 35 40 45 50
20/°

(b)

Figure 5. XRD patterns of paste samples with different types and contents of polymer latex at 28 days:
(a) polymer—cement ratio is 6%; (b) polymer—cement ratio is 12%.

By comparing the XRD patterns of the reference and testing groups, it is demonstrated
that the incorporation of polymer latex induces a stronger diffraction peak of portlandite.
When the polymer—cement ratio is fixed, the diffraction peak intensity of the portlandite
with EVA latex added is relatively weaker. Moreover, the intensity of portlandite is neg-
atively correlated with the additional amount of EVA latex. The results are consistent
with the literature [27]. This should be attributed to the reduced portlandite precipitation
induced by complexation of the carboxyl groups on the surface of EVA latex particles.

3.5. Simultaneous Thermal Analysis

Figure 6 reveals the TG curve of the sample at 28 days of curing. Before 200 °C, the
weight loss of the sample is mainly caused by C-5-H dehydration and Ettringite decom-
position [28,29]. The TG curve of each sample in the figure exhibits limited differences
before 200 °C, indicating that the influence of the polymer latex incorporation system on
low—temperature decomposition products is relatively limited. For the same polymer latex,
the increased polymer—cement ratio results in improvement in weight loss from 400 °C to
500 °C. With the increase in the amount of polymer latex, the weight loss of the hardened
cement matrix before 1000 °C also increases. Compared with the reference group, the
weight loss of SBR-2, EVA-2, and SAE-2 increased by 3.76%, 1.90% and 2.69%, and the
weight loss of SBR—4, EVA—4, and SAE—4 increased by 6.98%, 4.76% and 5.53%. For different
polymer latexes, the weight loss of the samples in SBR, SAE, and EVA decreases gradually.
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Figure 6. TG diagram of paste samples with different polymer latex types and contents at 28 days.

Figure 7 reveals the DTG curve of the sample at 28 days of curing. The weight loss peak
of C-S-H gel decomposition is around 100 °C, the weight loss temperature of ettringite is
in the range of 50-160 °C, peaking at around 100 °C. The partial weight loss temperature
of monosulfate is in the range of 130-220 °C, and the peak value is around 170 °C. The
portlandite decomposition peak is around 425 °C, and the carbonate decomposition peak
is around 670 °C [28-30]. In the DTG curve, the ettringite decomposition peak area of
the polymer latex modified sample is significantly higher than that of the reference group.
Moreover, the area for the portlandite decomposition peak of the polymer latex modified
sample is also higher than that of the reference group. In addition, the special peaks at
around 210 °C are decomposition peaks from the ethylene-vinyl acetate copolymer latex.
The special peaks at about 385 °C are the styrene-butadiene latex and silicone—acrylic
latex decomposition peaks. The incorporation of polymer latex hinders the transformation
from ettringite to monosulfate in cement hydration products. It is obvious from the DTG
curve that only the reference group exhibits the monosulfate decomposition peak, which
is consistent with other literature reports [23]. In addition, the weight loss peaks of the
polymer latex modified samples around 670 °C are higher than those of the reference group.
This phenomenon is due to the fact that the polymer latex, or its decomposition products,
can interact with dehydrated cement particles or hydration products when the polymer is
heated, leading to the formation of carbonate or carbonate-like phases [31].

Quantitative methods are used to calculate the amount of chemically bound water and
Ca(OH); in the hardened cement matrix to further investigate the effect of polymer latex
on hydration products. It should be noted that in light of the thermal decomposition of the
polymer latex, the calculation result of the amount of bound water is too large, so in the
calculation concerning polymer latex, induced weight loss is excluded when calculating
the amount of bound water and calcium hydroxide content [15]. The specific calculation
method is shown in Formula (1):

agec(1 — Leem) — M1g00°C (1 + %Lpol)
H[o] = 1)

mM1000°C (1 - & (1 - Lpol))

where P/C is the mass ratio of polymer to cement, L, is the loss on ignition of cement,
and Ly is the loss on ignition of polymer latex.
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Figure 7. DTG curves of paste samples with different polymer latex types and contents at 28 days:
(a) polymer—cement ratio is 6%; (b) polymer—cement ratio is 12%.

The calculation method of Ca(OH), content is shown in Formula 2, where Am is the
thermogravimetric loss in the calculation temperature range; m is the initial mass; Mg is
the molar mass of Ca(OH);; M, is the molar mass of water.

CH[%)] = =— x x 100% ©)

The calculation results are shown in Table 4. After 28 days of hydration, the bound
water content of the polymer-modified samples is lower than that of the reference group.
Except for the ethylene vinyl acetate modified samples, the Ca(OH); in the other samples’
content is higher. Since the degree of cement hydration demonstrates a high correlation
with the portlandite content, it can be inferred that the polymer latex affects the hydration
of cement-based materials. Under the premise that the gypsum is consumed, the hydration
product ettringite will react with calcium aluminate hydrate and portlandite to transform
into the monosulfate, and the polymer latex hinders this process, resulting in a relative
increase in the CH content.

Table 4. Influence of polymer latex on amount of bound water and portlandite content in

hydration products.
Title Reference SBR-2 SBR—4 EVA-2 EVA-4 SAE-2 SAE-+4
H,0 20.7% 20.35% 19.2% 17.8% 17.9% 19.4% 20.1%
Ca(OH), 14.0% 18.7% 20.8% 13.8% 14.3% 17.8% 19.3%

3.6. FTIR Analysis

Figure 8 demonstrates the infrared spectrum of the hardened matrix of all groups. The
peak near 970 cm ™! represents the stretching vibration of Si-O in Q, tetrahedron. With
the further incorporation of the polymer latex, the peak frequency and polymerization
degree of C-S-H display limited differences [32]. The peaks near 1417 cm ! and 1470 cm ™!
are the stretching vibration peaks of C-O, indicating the formation of carbides. For the
reference group, the band near 1640 cm~! is the bending vibration of H-O-H in water,
and the band near 3430 cm~! is the stretching vibration of H-O-H. With the further
addition of the polymer latex, the position belonging to stretching the vibration peak of
water molecules shifts to a lower frequency. More specifically, the position of the stretching
vibration peak in groups with SBR is even significantly reduced to 3441 cm~!. Although the
position attributed to the bending vibration peak of water molecules transfers to a higher
frequency, the position of the bending vibration peak for samples with EVA remarkably
increases to 1570 cm~!. This is because the introduction of polymer latex changes the
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environment around water molecules and the strength of hydrogen bond between water
molecules, resulting in the variation of vibration frequencies in water molecules. The
peak of 1733 cm ™! is the stretching vibration caused by a carbonyl group in SBR latex
and SAE latex. The peak at 2970 cm ™! originates from the stretching vibration of -OH
in the carboxyl group. The intensity of these two carboxyl group induced vibrations is
positively correlated with the polymer—cement ratio. The peak located at about 3643 cm !
is attributed to the O-H vibration in portlandite. The peak at about 3430 cm™~! is the
stretching vibration of H-O-H from water, and the peak at about 1117 cm ! results from
the stretching vibration of SOy in ettringite [13]. With the addition of the polymer, the
characteristic peak of ettringite becomes even more obvious, indicating that polymer latex
contributes to ettringite precipitation during hydration.

-OH H,0 H,0

2 H,0
c=0 o SAE:2 2 OH SAE-4
OH S0, c=0 c-0

Si-0 : SO,

M W
s m
Reference

m

1 1 1 1 1 1 1 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

Wave numbers/cm ! Wave numbers/cm !

(a) (b)

Figure 8. FTIR curves of paste samples with different polymer latex types and contents at 28 days:
(a) polymer—cement ratio is 6%; (b) polymer—cement ratio is 12%.

In this study, the effects of the type and relative content of polymer latexes on the
mechanical properties, hydration products, pore structure, and dry shrinkage process of
cement-based materials were analyzed; however, because the polymer changes the hydration
process of cement and the composition of hydration products, and its thermal decomposition
temperature is similar to that of hydration products, it will interfere with the test of cement
hydration degree in a variety of test methods, so the test results are a deviation.

4. Conclusions

In this study, the macro properties and microstructure of high—performance cemen-
titious materials modified with three polymer latexes are investigated. The following
conclusions can be drawn:

(1) The incorporation of a polymer latex induces a stronger diffraction peak of portlandite.
With the increase of the relative content of the polymer latex, the weight loss of the
modified samples increased; the weight loss of SBR—4 was 6.98% higher than that of
the reference group. Polymer latexes retard conversion from ettringite to monosulfate,
accompanied by the decline of the chemically bound water and promotion in port-
landite. The relatively stronger stretching—vibration peak of SOy in ettringite proves
the stability of ettringite. In addition, polymer latex also changes the hydrogen bond
strength between water molecules, resulting in the change of vibration frequency of
water molecules.

(2) Polymer latexes induce higher porosity with the average pore size reduced. The
total porosity of the reference group was 0.18 mL/g. The total porosity of SBR—4
was 0.23 mL/g, whereas the total porosity of EVA—4 was 0.27 mL/g, and the total
porosity of SAE—4 increased to 0.28 mL/g. The significance of polymer latexes on
porosity exhibits the decreasing order of styrene-butadiene latex, ethylene vinyl
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acetate copolymer, and silicone acrylate latex. Polymer latexes remarkably hinder
drying shrinkage development owing to its water retention effect.

(3) Polymer latexes have no significant effect on the development of compressive strength.
Although ethylene vinyl acetate copolymer and silicone acrylate latexes reduce the
tensile strength, the tensile strength of the styrene-butadiene latex-modified samples
is significantly improved. Styrene-butadiene latex increases the flexural strength at
28 days by 50% compared with reference group of 9.0 MPa.
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Nomenclature

Symbol Description Units
C Quality of P142.5 Portland cement g

CH Content of Ca(OH); in hydration products Y%

DTG Differential thermal gravity
EVA Ethylene-vinyl acetate copolymer latex

FTIR Fourier transform infrared reflection

H Content of bound water in hydration products %

Leem The loss on ignition of cement %

Ly The loss on ignition of polymer latex %

m Initial mass of sample mg

Am The thermogravimetric loss in the calculation temperature range mg

MapeC Mass of sample at 40 °C mg

mypgocc Mass of sample at 1000 °C mg

Mcy The molar mass of Ca(OH), g/mol

Mipss The molar mass of water g/mol

MEFT Minimum film forming temperature of polymer latex °C

p Quality of polymer latex g

pH The expression of acidity and alkalinity of aqueous solution

PS Particle size of polymer latex pm

SAE Silicone-acrylic latex

SBR Styrene-butadiene latex

SC Mass percentage of the remaining part of the polymer latex in the total %
amount after drying under the specified conditions

Sp Quality of Superplasticizer g

St The physical quantity of volume or length reduction degree caused by drying %
and water loss of the sample

TG Thermal Gravity Analysis

\% Resistance of polymer latex to flow map-s
w Quality of Water g
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