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Abstract: It is of great significance for the optimization and performance improvement of aggregates to investigate the influence
of aggregate chemical properties on the nucleation and growth of calcium silicate hydrate (C—S—H) and its mechanism. In this
work, limestone, quartz and magnesite were used as aggregates. The interactions between different aggregates and ions in a
simulated solution were determined via zeta potential measurement. Also, the nucleation and growth of C—S—H on the surface of
these aggregates were analyzed by scanning electron microscopy. The hydration heat of cement pastes with the micro—aggregates
was examined to investigate the effect of aggregate chemical properties on the early hydration of cement. The results show that
limestone surface has a strong adsorption of Ca®" (i.e., chemical adsorption), leading to a high density of C—S—H nuclei and
directional growth of C—S—H, and thus greatly promoting the hydration of cement. The adsorption of Ca*" on quartz surface is due
to electrostatic force, which is weaker than that due to the chemical adsorption. The density of C—S—H nuclei on quartz surface is
thus much lower than that on limestone surface. In the case of magnesite, its surface has a high affinity for SO,* rather than Ca*",
reducing the nucleation density of C—S—H on the surface of magnesite, and thus slowing down the early hydration of cement.
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Table 1 Chemical compositions of raw materials w%

Sample SiO, ALO; Fe,03 CaO MgO K,O SO; LOI

Cement 20.07 572 278 63.06 3.17 0.77 2.74 2.73

Limestone  0.15 0.15 53.81 3.60 42.28
Quartz 98.50 0.89 0.15 0.02 0.45
Magnesite  22.88 048 095 42.79 32.73

w is mass fraction.
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Fig. 1 XRD patterns of the three raw materials
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Table 2 Preparation of simulated solutions

Group 1 Group 2
Ca(OH), pH value Ca(OH), K,SOq4

0.2 9.2 0.1 10
0.4 9.3 0.4 10
0.6 9.6 1.0 10
0.8 10.1 4.0 10
1.0 10.5 8.0 10
2.0 10.8 10.0 10
4.0 10.9 15.0 10
6.0 11.0 18.0 10
8.0 11.9 0.1 50
10.0 12.0 0.4 50
15.0 12.2 1.0 50
20.0 12.3 4.0 50
8.0 50

10.0 50

15.0 50

18.0 50
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Fig. 3 Evolution of the zeta potential of limestone, quartz and
magnesite particles as a function of Ca*" concentration
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Fig. 4 Evolution of the zeta potential of limestone, quartz and
magnesite particles as a function of Ca>" concentration
in 10 mmol/L and 50 mmol/L K,SO, solutions
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Fig. 5 Surface morphology of limestone, quartz and magnesite after hydration for 1h, 4h and 7h in cement paste
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