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Composition and Nano-structure of C—(A)-S—H Gels in Cement Pastes after Sulphate Attack
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Abstract: The nano-structural change of hydrated calcium silicate gels (C—(A)-S—H) in Portland cement (PC) and high-sulphate
resistance cement (HSR) mortars under wetting-drying cycling conditions in 5% (mass fraction) MgSO, solution was investigated by
Fourier-transform infrared spectroscopy (FTIR), thermogravimetry-tifferential scanning calorimetry (TG-DSC), 2’Si magic-angle
spinning nuclear magnetic resonance (MAS-NMR), and transmission electron microscopy-energy dispersive X-ray spectroscopy
(TEM-EDX). The results show that Al-tetrahedra in C—(A)-S—H phase is plausibly the weakness during sulphate attack, the Q' (dimer
or end-member in the chain) in the main aluminosilicate tetrahedral chain can be easily attacked by MgSO, to form M/C—(A)-S-H,
and sulphate ions are easily absorbed on the surface of C—(A)-S—H through —Si-O-M*'~1/2S0,>". The chemical compositions of
C—(A)-S—H in all the samples before and after sulphate attack were simulated by the tobermorite/jennite (T/J) model. The difference
between the nano-structural and the average compositional formulas of C—(A)-S—H gels in two cements after sulphate attack was
derived from the (T/J) model. It is necessary for the improvement of the resistance of motors against MgSO, attack to restrict the
expansive corrosion products (i.e., gypsum and AFt) and Al-tetrahedra in the aluminosilicate chain of C—(A)-S—H phase.

Keywords: magnesium sulphate solution; sulphate attack; calcium silicate hydrate gels; silicon oxide tetrahedron; structural change; mortars
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Table 1 Chemical compositions of PC and HSR cements w%

Cement SIOZ A1203 FeZO3 MgO CaO NaZO Kzo SO3 LOI

PC 22.54 547 264 274 621 061 0.18 057 3.14

HSR  28.08 0.62 1.04 209 651 021 0.18 1.57 0.74

w is mass fraction. LOI is loss on ignition. PC is Portland cement. HSR is

high-sulphate resistance cement.
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PC is Portland cement mortar; HSR is High-sulphate resistance cement mortar; PC/HSR-H,O is the PC/HSR mortars experienced cyclic dry-wetting in the water;

PC/HSR-MS is the PC/HSR mortars experienced cyclic dry-wetting in 5% MgSOj, solution. CC stands for calcium carbonates; CH stands for calcium hydroxide.
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Fig.4 TG-DSC curves of PC and HSR mortars after wet-drying cycles in water and 5% MgSO, solution
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Fig. 5 FTIR patterns of PC and HSR mortars after wet-drying cycles in water and 5% MgSO, solution
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Fig. 6 2°Si NMR spectra of PC and HSR mortars after wet-drying cycles in water and 5% MgSOy solution
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Fig. 7 Deconvolution of *Si NMR spectra of PC and HSR mortars after wet-drying cycles in water and 5% MgSO, solution
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Table 2 Calculation results of 2’Si NMR spectra
Sample al% Al/Si QYQ! QX (1A1/Q? MCL MCL(Si) SOF(Si) SOF(Al)
PC-H,0 91.81 0.092 1.68 0.42 6.55 3.59 0.39 0.22
PC-M5 89.21 0.073 1.62 031 6.49 3.79 0.43 0.17
HSR-H,0 87.66 0.048 0.78 0.28 418 3.05 031 0.11
HSR-MS5 82.78 0.062 1.43 0.27 5.97 3.72 0.42 0.15

a is the degree of hydration of all silicate phases (alite and belite) in clinker; MCL is mean aluminosilicate chain length; MCL(Si) is the mean chain length of

just the silicate part of the chains; SOF(Si) stands for the site occupancy factor for the [SiO4] bridging site; SOF(ALI) stands for the site occupancy factor for the

[A104] bridging site.
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Fig. 8 TEM images of PC-M5
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T, or J, stands for the tobermorite or jennite with a mean chain length (MCL) of n, whose structure is illustrated in Fig.9. For T, all the possible bridging

tetrahedra (BT) are Al-tetrahedra without additional remarks. The nAl in the bracket stands for there are n [AlO4] in this aluminosilicate chain at the BT positions.

The rhombus, triangle, and cross stand for the protonation degree of the silicate tetrahedra, i. e. the proportion of Si—OH 14 the triangles composed of dashed

lines represent the mixtures of T/J with different MCL, Al/Si ratio, and protonation degrees. x is mole fraction.
B9 & C—(A)-S-H B 1k 4
Fig. 9 Chemical composition of C—(A)—S—H gels in samples using T/J model
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Fig. 10 Spatial crystal structures of tobermorite and jennite
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