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Effect of nano-C—S—H/PCE on the setting and hardening process of
Portland-Sulphoaluminate composite cement
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Abstract: The effects of nano-C—S—H/PCE on the setting time, early hydration and compressive strength
of Portland-Sulphoaluminate composite cement were studied. XRD, TG, pH meter and SEM were used to
characterize the early hydration products and liquid alkalinity. The enhancement mechanism of nano-C—
S—H/PCE on Portland-Sulphoaluminate composite cement was studied. The results showed that the
addition of nano-C—S—H/PCE could effectively shorten both the initial setting time and final setting time
of fresh composite cement paste. When the C—S—H content was more than 1. 0%, the initial time
difference of the composite cement was obviously shortened. The nano-C—S—H/PCE accelerated the

hydration heat releasing rate of the composite cement, and increased the total hydration heat. The early-age
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hydration products were increased obviously, however, it had no effect on the type of cement hydration

products. The compressive strength of the composite cement mortars at 8 h, 12 h and 16 h were

significantly increased.

Keywords: portland cement; sulphoaluminate cement; calcium silicate hydrated gel; setting and hardening;

hydration reaction
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Table 1 Chemical composition of cement %
oy P. 425 SAC
CaO 62. 61 42.08
SiO: 21.98 10. 41

Al O3 4. 70 32.46
Fe, O3 3. 69 2. 86
MgO 2.51 2.10
K20 0. 47 0. 45
Na; O 0.21 0. 31
SOs 1.91 8.31
LOI 1.92 1.02
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Table 2 Proportion of mixture of composite cement paste

with different content of nano C—S—H/PCE

Jitk/g W/(PC+

B
PC SAC Water C—S—H/PCE  SAC)
C1 500 0 150 0 0.3
C-2 450 50 150 0 0.3
0.25% C—S—H/PCE 450 50 150 1.25 0.3
0.5% C—S—H/PCE 450 50 150 2. 50 0.3
1.0% C—S—H/PCE 450 50 150 5. 00 0.3
1.5% C—S—H/PCE 450 50 150 7.50 0.3
2.0% C—S—H/PCE 450 50 150 10. 00 0.3
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Table 3 Proportion of mixture of composite cement mortar

with different content of nano C—S—H/PCE

/g
) W/ (PC+
FE C—S—
PC SAC # Kk SAC)
H/PCE
Control 675 75 1175 225 0 0.3

0.25% C—S—H/PCE 675 75 1175 225 1. 88 0.3
0.5% C—S—H/PCE 675 75 1175 225 3.75 0.3
1.0% C—S—H/PCE 675 75 1175 225 7.50 0.3
1.5% C—S—H/PCE 675 75 1175 225 11.25 0.3
2.0% C—S—H/PCE 675 75 1175 225 15.00 0.3
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Table 4 Proportion of mixture of hydration heat of composite

cement paste with different content of nano C—S—H/PCE

. Witk /g W/(PC+
FE
PC SAC Water C—S—H/PCE SAC)
Control 45 5 20 0 0.4
0.5% C—S—H/PCE 45 5 20 0.25 0.4
2.0% C—-S—H/PCE 45 5 20 1. 00 0.4
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Table 5 Proportion of mixture of pH testing of composite

cement paste with different content of nano C—S—H/PCE

) Pt /g W/ (PC+
i
PC SAC Water C—S—H/PCE SAO
Control 90 10 100 0 1.0
0.5% C—S—H/PCE 90 10 100 0. 50 1.0
2.0% C—S—H/PCE 90 10 100 2.00 1.0
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Fig. 2 Effect of different content of nano C—S—H/PCE

on setting time of composite cement paste
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Table 6 Setting time of composite cement with nano
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Table 7 Compressive strength enhancement

C—S—H/PCE of cement mortars at different curing time
FE WIEEHTIA] /min Z8ERTA] /min B A] 2% /min oy PURBRBER TR/ %
518}
C-1 217 312 95 8h 12h  16h 24h  3d 7d
C-2 151 256 105 0.25% C—S—H/PCE 23 3 3 1 1 0
0.25% C—S—H/PCE 120 220 100 0.5% C—S—H/PCE 50 6 4 4 3 1
0.5% C—S—H/PCE 110 191 81 1.0% C-S H/PCE 89 28 32 16 43
1.0% C—S—H/PCE 102 172 70
% / 1.5% C—S—H/PCE 180 73 63 37 19 10
1.5% C—S—H/PCE 105 162 57
2.0% C—S—H/PCE 212 91 75 10 26 17
2.0% C—S—H/PCE 103 158 55
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Fig. 3 Effect of different content of nano C—S—H/PCE on

early strength of composite cement mortar
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Fig. 4 Hydration heat flow of composite cement paste with

different content of nano C—S—H/PCE
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Fig. 5 Cumulative heat of composite cement paste

with different content of nano C—S—H/PCE
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Table 8 Characteristic parameter of hydration evolution of

PC/SAC-based blended cement pastes with nano C—S—H/PCE

", TKALTRANER 2 1 St/ (J gD
i max/h Gmax/ (MW « g7 1) 24 h 8h 12 h 16 h
Control 2.61 3.31 73.10 88. 93 102. 47 128. 90
0.5% C—S—H/PCE 2. 30 4. 42 84.92 102. 86 116. 90 143. 07
2.0 % C—S—H/PCE 2.18 5. 74 103. 08 121. 57 136. 88 162. 99
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