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Effect of Calcium—Silicon Molar Ratio on Early Strength Enhancement of Nano-sized
Calcium Silicate Hydrate Seeds

TANG Ruifeng', CUI Suping', WANG Ziming', WANG Zhaojia"*, ZHANG Jiale', LAN Mingzhang'
(1. Faculty of Materials Science and Engineering, Beijing University of Technology, Beijing 100124, China; 2. State Key Laboratory
of Soild Waste Utilization and Energy-Saving Building Materials, Beijing Building Materials Research Institute Co., Ltd., Beijing
100041, China)

Abstract: Nano-sized C—S—H crystal seed nucleating agent can effectively promote the hydration process of cement and improve the
carly strength of cementitious composites via providing some nucleation sites for cement hydration products. The calcium-silica
molar ratio can affect the early strength effect of nano-sized C—S—H crystalline seeds on cement, but the specific influence law is still
controversial. In this paper, the effect of calcium—silica molar ratio on the size and morphology of nano-sized C—S—H crystalline
species and their early strength effects on cement was investigated by X-ray fluorescence spectroscopy, multiple light scattering
analysis, dynamic light scattering analysis, X-ray diffraction, transmission electron microscopy, cement hydration exotherm and
strength tests, and the mechanism of calcium-—silica molar ratio affecting the early strength of nano-sized C—S—H crystalline species
on cement was elucidated. The results show that the nucleation efficiency of C—S—H nano-crystals can be improved as calcium and
silicon molarity is increased.The size of C—S—H nano-crystals gradually becomes smaller and the dispersion stability of suspension
improves when calcium-silica molar ratio increases from 1.0 to 1.7. Also, the morphology of C—S—H nano-crystals changes from
spherical to tin foil, and the stacking between the crystals decreases and the layer thickness becomes thinner when calcium-silica
molar ratio increases. The C—S—H nano-crystals can promote the development of cement hydration exothermic rate and early strength,
especially within the age of 1 d. The higher the calcium-silica molar ratio is, the greater the acceleration of cement hydration
exothermic rate by C—S—H nano-crystals and the higher the early compressive strength enhancement will be.
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Table 1 Chemical compositions of cement wi%

SiO, ALO; Fe;03 CaO MgO SO; f-CaO NaOeq LOI

2193 479 3.09 6653 192 035 0.64 0.70 1.48

w is mass fraction.
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Table 2 Elemental compositions of nano-C—S-H

n(Ca):n(Si) n(Ca):n(Si) wi%
(Expect) (Measured) C N Na Ca Si
1.0 0.98 2233 726 6.63 296 3.03
1.3 1.28 2288 789 589 332 259
1.5 1.43 2136 815 6.05 376 2.62
1.7 1.65 2133 846 536 4.02 243
n is mole.
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Fig. 1 Effect of calcium-silica molar ratio on Turbiscan Stability
Index (TSI) of nano C—S—H suspension
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Fig. 3 XRD pattern of nano-C—S-H
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Fig. 7 Effect of nano C-S-H with different calcium-silica
molar ratio on the cement mineral composites
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