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Tab.1 Chemical composition of cements
%
ISIE =S Sio, Ca0O MgO Fe,0, ALO, SO, LOI
P-O 42.5 %3 ik kb ok e 20.60 60.35 2.93 3.95 4.68 2.45 1.58
P-S 32.5W K e 23.41 52.63 5.76 1.87 7.74 3.91 3.90
P-F 32.5 M5k e 30.14 39.45 3.59 3.43 13.89 3.81 5.31
P-C 425K 4/KIR 25.35 52.23 4.59 3.54 8.35 3.28 2.66
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Fig. 1 Preparation process of nano C—-A-S-H
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Fig.2 Morphology of nano C—A—S—H suspension
2 KR C-A-S-HEFRHFHIREF
Tab.2 Average particle size of nano C—A—S—H suspension

BRI S0 S002 S004

S006 S008 S015 S020

SEHPRIAE/mm 117.1 124.2 146.6

150.8 161.2 181.2 265.4
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Fig. 3 Particle size of nano C—A—S—H suspension
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Fig. 4 Influence of nano C—A—S—H on the setting time of
cement
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Fig. 5 Influence of nano C—A—S—H on the compressive
strength of mortars
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Fig. 6 Influence of nano-C—A—S—H/PCE on cement hydra-
tion product contentproducts of cement
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Fig. 7 XRD pattern and analysis results of cement hydra-
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Fig. 8 SEM morphology of cement hydrated for 16 h
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Fig. 9 Influence of nano C—A—S—H on the setting time of
different cements
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Fig. 10 Influence of nano C—A—S-H on the compressive
strength of different cement mortars
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Effects of A/S Molar Ratio on Nano C—A—-S-H and Early Hydration Properties of Cement
LU Jiaxing, FANG Yanfeng , HUI Yixin, WANG Jiangin, CHEN Huimin, LIAO Junfeng
(School of Materials Science and Engineering, Shenyang Jianzhu University, Shenyang 110168, China)
Abstract:
Objective Nano-hydrated calcium silicate (C—S—H) is a new type of nano early strength agent that effectively improves the early mechanical
properties of cement-based materials. Currently, more Al-rich supplementary cementitious materials, such as finely ground blast furnace slag
(GGBS) and fly ash (FA), are increasingly used as admixtures to reduce cement consumption. Al can enter C—S—H to form C—A—S—H gel during
the hydration process of cement. This study prepares nano C—A—S—H with different A/S molar ratios and explores its effects on the hydration of
Ordinary Portland cement (P-O), Slag cement (P-S), Fly ash cement (P-F), and Portland composite cement (P-C) at low temperature.
Methods Nano C—A—S—H solution with different A/S ratios was prepared by the in-situ co-precipitation method using analytical-grade
Ca(NO,), 4H,0, Na,Si0;-9H,0, AI(NO,),;-9H,0, NaOH, and polycarboxylic acid polymer (PCE, solid content 40%). C~A—-S—H with a theo-
retical C/S molar ratio of 1.2 and A/S molar ratios of 0, 0.02, 0.04, 0.06, 0.08, 0.15, and 0.20 were prepared and labeled as S0, S002, S004,
S006, S008, S015, and S020, respectively. The stability and particle size of nano C—A—S—H were characterized by visual inspection and a
zeta potential analyzer. The initial and final setting times of pastes containing 4% nano C—A—S—H were tested based on the Chinese standard
at 10 °C (Test methods for water requirement of normal consistency, setting time, and soundness of Portland cements, GB/T1346—2011).
The compressive strength of mortars containing 0.04% nano C—A—-S—H was determined using a YAW-300 compressive and flexural inte-
grated machine produced by Wuxi Jianyi Instrument. The pastes cured to specific ages were sampled for TG, SEM, and QXRD analyses to
evaluate the effects of nano C—A—S—H on the hydration progress of cement. In addition, the influence of optimized nano C—A—S—H suspen-
sion on the early hydration of Portland cement, fly ash cement, slag cement, and composite cement was investigated.
Results and Discussions The results indicated that the average particle size of nano C—A—S—H increased with the increasing Al/Si ratio. For in-
stance, the average particle sizes of SO and S002 were 97.4 nm and 181.2 nm, respectively. The C—A—S—H suspension tended to become gelati-
nous, and the stability of the suspension diminished with the increasing Al/Si ratio. The initial and final setting times were effectively shortened
compared to the reference paste. The reduction in both initial and final setting times became more significant with the increase in the A/S ratio.
The initial setting times of the cement pastes containing SO, S008, and S020 were reduced by 16.3%, 53.6%, and 35.7%, respectively, compared
to the reference paste, while the final setting times were reduced by 19.8%, 44.5%, and 27.5%, respectively. The 8, 16, and 24 h compressive strengths
of mortars containing S008 increased by 120.0%, 151.5%, and 170.6%, respectively, compared to the reference mortar. Similarly, the 8, 16, and 24 h
compressive strengths of mortars containing S015 increased by 130.0%, 164.5%, and 201.8%, respectively, compared to the reference mortar. How-
ever, no significant increase was observed for the 3 and 28 d compressive strengths of the mortars containing nano C—A—S—H. The TG analysis indi-
cated that the content of Ca(OH), in the cement paste was 4.19% after 16 h of hydration at 10 °C, and the contents of Ca(OH), reached 5.29% and
5.80% after 16 h of hydration when S006 and SO15 were used, increasing by 26.25% and 38.42%, respectively. In addition, the QXRD results indi-
cated that the Ca(OH), content of the reference paste was 3.53% after 16 h of hydration, and the Ca(OH), content gradually increased to 6.79% with
the increasing C—A—S—H content, which was consistent with the TG results. The setting times of P-O, P-F, P-S, and P-C cement pastes mixed with
C—A-S-H seeds were effectively shortened. Nano C—A—S—H exhibited the best adaptability to Ordinary Portland cement, and the initial and final set-
ting times of the paste containing S006 were shortened by 26.01% and 25.05%, respectively.
Conclusions The nano C—-S—H suspension was a semi-translucent liquid that turned white when Al was incorporated. The particle size increases,
and the stability of nano C—A—S—H decreases with an increasing Al/Si ratio. Both nano C—S—H and nano C—A—S—H enhanced the early strength
of cement at 10 °C, while the latter’s compressive strength was not significantly affected. The compressive strength initially increased with the
rising Al/Si ratio and then decreased, consistent with the observations from SEM images. The nano C—A—S—H seeds exhibited varying promotion
effects on Ordinary Portland cement (P-O), Slag cement (P-S), Fly ash cement (P-F), and Portland composite cement (P-C). The degree of promo-
tion was related to the clinker content in the cement.

Key words: nano C—A—S—H; aluminum silicon ratio; early hydration; compressive strength of early hydration; rietveld quantitative analysis
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