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Table 1 Main technical indexes of cement

Compressive strength/MPa Flexural strength/MPa Setting time/min
Cement grade Soundness
3d 28d 3d 28d Initial set Final set
52.5 Qualified 335 58.7 6.2 8.4 166 229
x2 MEREBEUFRS
Table 2 Main chemical composition of fly ash w/%
SiO, Fe 04 Al 04 CaO MgO SO, Alkali content Ignition loss
60 7.57 21.02 5.46 1.39 0.36 1.11 2.69

w is mass fraction.
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Fig. 1 SEM images of GO and EVA



* 678 - CRERR Sh2230) J Chin Ceram Soc, 2026, 54(2): 676—688 2026
R3 GO ETEHAIER
Table 3 Main technical indicators of GO
Form Purity/% Thickness/nm Carbon content/% Oxygen content/%  Sulfur content/% Diameter/pm Number of layers
Black powder >95% <1 <50 >42 <4 10-50 12
#*4 EVA TER AR
Table 4 Main technical indicators of EVA
Form Solid content/% Apparent density/(gL’]) Stable system MFFT/C Main particle size/um
White powder 99+1 540+50 Polyvinyl alcohol 4 0.5-8.0
MFFT is minimum film formation temperature.
1200 1200
+ GO ¢ CaCoO,
‘ .
& AlLSi,O5(OH)
1 F 1000 - 202 N
000 * CaMg(CO;),
* ¥ Mg,Ca(CO;),
800 800
= z
5 600 5 600
R RS
400 + 400
&»
200 F 200 F a| obee
L) %
0 1 1 1 L L 1 1 1 0 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
20/(°) 26/(°)
(@) GO (b) EVA
2 GO M EVA ] XRD i
Fig.2 XRD patterns of GO and EVA
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Fig.3 FTIR spectra of GO and EVA
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Table 5 Mix ratio of mortar specimens

Specimen number w/c w(Fly ash)/% w(GO)/% w(EVA)/% c/s w(Defoamer)/%
OCM 0.35 10 0 1.0:1.5 0
ECM 0.35 10 4 1.0:1.5 0.1
G3CM 0.35 10 0.03 0 1.0:1.5 0
GIECM 0.35 10 0.01 4 1.0:1.5 0.1
G3ECM 0.35 10 0.03 4 1.0:1.5 0.1
G5ECM 0.35 10 0.05 4 1.0:1.5 0.1

w/c is water to cementitious materials mass ratio; ¢/s is cementitious material to sand mass ratio.
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Fig. 4 Surface damage deterioration of each group under
different freeze-thaw cycles
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Fig. 5 Mass loss rate of each group of specimens under different freeze-thaw cycles
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Fig. 7 Compressive strength of each group of specimens under different freeze-thaw cycles
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Fig. 8 Strength damage model of each group of specimens
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Fig. 9 XRD patterns of ECM, G3CM and G3ECM samples
after 150 freeze—thaw cycles
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Fig. 10 FTIR spectra of ECM, G3CM and G3ECM specimens
after 150 freeze—thaw cycles
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Extended Abstract

Introduction

In the northwest of China, the harsh service environment such as saline soil and large temperature difference leads to

the serious salt corrosion and freeze-thaw damage of cement concrete structures, and even structural damage and eventually shortened
service life. It is important to improve the durability of cement-based materials via introducing polymers into common cement-based
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materials. However, the shortcomings of high-temperature sensitivity and low compressive strength of polymer materials limit their
further application. In recent years, the introduction of nanomaterials greatly enhances the durability of ordinary cement-based
materials. However, the dispersion and dosage of nanomaterials in cement-based materials and their influence on the microstructure
of cement-based materials still need a further study.

Methods Combined with the advantages of polymer and graphene oxide, sulfate and freeze-thaw coupling were used to simulate the
special natural environment in the northwest China. Ordinary cement mortar and ethylene vinyl acetate polymer rubber powder were
prepared with  graphene oxide (GO) and ethylene vinyl acetate polymer rubber powder (EVA), respectively. Polymer cement mortar,
graphene oxide cement mortar and graphene oxide modified polymer cement mortar were tested for relative dynamic elastic modulus,
mass loss and compressive strength under different freeze-thaw cycles by sulfate-freeze-thaw cycle test. The microstructure evolution
of specimens was characterized by X-ray diffraction (XRD), Fourier infrared spectroscopy (FTIR), derivative thermogravimetric
analysis (TG-DTG), low-field nuclear magnetic resonance (LF-NMR), and scanning electron microscopy (SEM).

Result and discussion For 0.03% GO modified with 4% EVA cement mortar, the freezing and thawing resistance of the sample can
be improved. After the sulfate freeze-thaw cycle, the maximum mass loss rate of OCM group is obtained (i.e., 5.26%), and the
minimum relative dynamic elastic modulus is achieved (i.e., only 56.27%). The minimum of G3ECM is only 3.75%, and the relative
dynamic elastic modulus reaches 73.95. After 125 freeze-thaw cycles, the compressive strength of G3CM specimen is the largest, and
the OCM of blank group is the smallest. When EVA is mixed alone, the compressive strength of the specimen reduces, while the
synergistic effect of GO and EVA can increase the strength. GO can obviously promote cement hydration, and EVA can delay cement
hydration to a certain extent, but GO and EVA can still promote cement hydration and optimize microstructure under the synergistic
effect. 0.03% GO mono-doped has an optimum effect on the optimization of pore structure, and the polymer film made of EVA can
still promote the durability via hindering water transport.

Conclusions In this study, GO modified polymer was used to prepare GO modified polymer cement mortar. The results of sulfate
freeze-thaw cycle test showed that GO and EVA could significantly improve the durability of ordinary cement-based materials via
affecting the cement hydration of cement-based materials, optimizing the pore structure and improving the microstructure.

Keywords graphene oxide; polymer cement mortar; sulfate—freeze—thaw cycle; mass loss; microstructure



