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h i g h l i g h t s

� Zeolite shortens the initial and final setting time of SAE-cement.
� Zeolite increases the early-strength of SAE-cement effectively.
� Zeolite promotes the hydration of SAE-cement.
� Zeolite can transform into AFt and C-S-H gel in SAE-cement.
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a b s t r a c t

This paper aims to solve the problem of retardation existing in the setting and hardening process of
styrene-acrylic ester/cement composite cementitious materials (short for SAE-cement). It was found that
zeolite could shorten the initial and final setting time of SAE-cement and increase its early-strength effec-
tively. The hydration heat, hydration degree and hydrates of SAE-cement were analyzed by using isother-
mal calorimeter and XRD analyzer in order to analyze the function mechanism of zeolite in SAE-cement.
The results showed that zeolite could promote the hydration of SAE-cement, significantly shorten the
induction period of this cement and improve its hydration degree. Besides, it was found that zeolite could
transform into AFt and C-S-H gel in the SAE-cement. Faster hydration and more AFt and C-S-H gel forma-
tion make the setting and hardening process of SAE-cement faster.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Cement is one of the most popular building materials nowa-
days. To make its performance better in some special scenarios
and meet higher requirements, polymer-cement composite
cementitious material appears. This kind of new cementitious
material has better comprehensive properties [1–8], such as
impermeability, frost resistance, corrosion resistance and flexural
strength. It does very well in the fields of concrete repair, water-
proof materials, decorative mortar and pavement [9–12]. However,
after modified by polymer, the setting and hardening process of
cement is retarded significantly, which affects its applications
sometimes. So currently to accelerate the setting and hardening
process can make the polymer-modified cement be applied in
more areas.

Though there are many setting accelerators which can fix this
problem, more problems come like serious dry shrinkage and nota-
ble strength decline [13–16]. And these accelerators are usually
very expensive and it is uneconomic to use a large amount in engi-
neering [17,18]. So it is essential to find a new modifier which is
cheap, efficient and has no side effect. Zeolite is a kind of cheap
and easy-mined natural mineral, which is very rich in China. It is
a hydrous aluminum silicate mineral and contains a range of
70%–80% of active SiO2 and Al2O3. Zeolite is often in the shape of
short columns and in the form of micro-crystals, and has large
internal surface area, excellent absorption ability and ion exchange
property. Due to its unique characteristics and strong pozzolanic
reaction [19–21], zeolite may accelerate the hydration of cement
and improve its mechanical properties and durability. So, zeolite
may be a good choice for the polymer-modified cement.

This paper studies the accelerating effect of zeolite on the set-
ting and hardening process of SAE-cement in macro by using the
setting time and early-age compressive strength development,

http://dx.doi.org/10.1016/j.conbuildmat.2016.08.087
0950-0618/� 2016 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
E-mail address: ruwang@tongji.edu.cn (R. Wang).

Construction and Building Materials 125 (2016) 757–765

Contents lists available at ScienceDirect

Construction and Building Materials

journal homepage: www.elsevier .com/locate /conbui ldmat

http://crossmark.crossref.org/dialog/?doi=10.1016/j.conbuildmat.2016.08.087&domain=pdf
http://dx.doi.org/10.1016/j.conbuildmat.2016.08.087
mailto:ruwang@tongji.edu.cn
http://dx.doi.org/10.1016/j.conbuildmat.2016.08.087
http://www.sciencedirect.com/science/journal/09500618
http://www.elsevier.com/locate/conbuildmat


and its influence on hydration process by using isothermal
calorimeter and the hydrates by using XRD analyzer.

2. Experimental

2.1. Raw materials

Materials used include PII 52.5R Portland cement. Styrene-
acrylic ester (SAE) latex, zeolite powder and pure water. The chem-
ical and mineral compositions of the cement are shown in Tables 1

Table 1
Chemical composition of the P�II 52.5R Portland cement (% by weight).

CaO SiO2 Al2O3 Fe2O3 MgO SO3 K2O Na2O TiO2 f-CaO

62.1 20.7 4.76 3.33 1.20 2.57 0.85 0.33 0.26 0.28

Table 2
Mineral composition of the P�II 52.5R Portland cement (% by weight).

C3S C2S C3A C4AF CaSO4

61.36 13.14 6.98 10.12 4.36
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Fig. 1. The relationship between the setting time and addition of zeolite in SAE-
cement.
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Fig. 2. The relationship between the compressive strength and addition of zeolite in
SAE-cement.
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Fig. 3. Rate of heat evolution of SAE-cement hydration with 5% and without zeolite.
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Fig. 4. Hydration heat of the SAE-cement with 5% and without zeolite.
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