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Compositional-structural Gradient Change of C(N)-A—S—H(I) Gel in Alkali-activated Slag
after Magnesium Sulphate Attack
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Abstract: This paper presented the gradient changes of the characteristics of C(N)-A—S—H (Calcium(Sodium)—Aluminium-Silicate
Hydrates) gel in alkali-activated slag (AAS) mortars subjected to sulphate attack in 10% (in mass fraction) MgSO, solution by **Si
solid-state magic-angle Spinning nuclear magnetic resonance (SS MAS-NMR), and high-resolution transmission electron
microscopy-energy dispersive X-ray spectroscopy (HR TEM-EDX). The results show that the outer layer with the thickness of
0.5-3 mm after attack is mainly composed of Si—Al gel, the middle-level layer with the thickness of 3—6 mm is M/C(N)-A—S-H gel,
and the internal layer with the thickness of 6—9 mm is mainly composed of C(N)-A—S—-H gel (which was almost not attacked. The
stable crystal tobermorite (Ca/Si ratio=0.98) and hydrotalcite-like phase (Mg/Al ratio=2.39) could not be destroyed by sulphate attack.
However, the main chain of C(N)-A—S—-H gel is readily attacked by sulphate at [AlO4] bridging tetrahedra (BT). Meanwhile, the
magnesium sulphate initially results in de-calcium phenomenon (Mg will replace Ca), and then generates the de-aluminium
phenomenon, finally forming the Si—Al gel (main product in the out layer) when removing Ca and partial Al from the gel and
charge-balancing the gel by abundant Mg ions.

Keywords: magnesium sulphate; C(N)-A-S—H gel; silicon oxide tetrahedron; structural change; gradient
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Table 1 Chemical compositions of GGBS  w/%

Binder Si0, ALO; Fe,0O3 MgO CaO Na,O K,O SO; LOI

GGBS 3212 1365 136  9.15 3647 035 047 026 0.57

w is mass fraction; LOI is loss on ignition; GGBS is Ground Granulated

Blast-furnace Slag.
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Fig. 1 Appearance of AAS mortars after 41 times of cyclic attack in 10% MgSO, solution and the sampling method of mortar after

the whole sulphate attack
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Fig.2 TEM-EDX Mapping of AAS samples from surface (0.5-3.0 mm) to interior (6.0-9.0 mm) after sulphate attack
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(a) EDX spectrum of a typical Si gel in 0.5-3.0 mm layer
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(b) EDX spectrum of a typical Si—Al gel in 0.5-3.0 mm layer
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(c) EDX spectrum of a typical C/M—A—-S-H gel
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Fig.3 TEM-EDX spectra of C/M-A—-S-H gel
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(c) EDX spectrum of the mixed crystals present in Fig. 4(b)
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Fig. 4 HRTEM morphology of typical crystals present in the
0.5-3.0 mm surface layer
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Q" (mAl) stands for the silicate units is connected via oxygen bridges to mAl and n-m other Si atoms, where n=0 to 4 and m=0 to n.
K16 AAS PHAE 10% MgSO, i h 2 5 R A 1 2Si A2 REILHR 15 7 45 1
Fig. 6 Deconvolution of 2?Si NMR spectra of AAS immersed in 10% MgSO, solution
£2 VS BHMERILTELER
Table 2 Calculation results of 2’Si NMR spectra
Layer DoH(Si)/%  AlfSiratio  S[Q*(1ADYS(Q%)  S(QYS(Q MCL MCL(Si) SOF(Si) SOF(Al)
0.5-3 mm 57.81 0.148 0.46 1.84 6.68 3.09 0.27 0.34
3—-6 mm 52.30 0.158 0.48 1.98 6.71 3.01 0.26 0.36
6-9 mm 50.30 0.176 0.55 1.78 8.17 3.12 0.27 0.40

DoH(Si) is the degree of hydration of all silicate phases; 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(AI) stands for the site occupancy factor for the [AlO,4] bridging site; o

stands for the fraction of different silicate site.
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Orange dash line is fitted according to the composition of hydration products,

which stands for the intermixed LDHs and C—A—S—H gel with the Mg/Al
ratio of 2.39 (for LDHs) and Al/Si ratio of 0.22 for C-A-S-H gel (two
points in the red box was the removed outliers); n is mole.
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Fig. 7 Mg/Si ratio and Al/Si ratio of AAS mortar immersed in
10% MgSO, solution
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Tn or Jn stands for the tobermorite or jennite with a mean chain length
(MCL) of n. For Tn, all the possible bridging tetrahedra (BT) are
Al-tetrahedra without additional remarks. The nAl in the bracket stands for
there are n [AlOy4] in this aluminosilicate chain at the BT positions. The
rhombus, triangle, and cross stand for the protonation degree of the silicate
tetrahedra, i.c. the proportion of Si—OH!'"'¥), the triangles composed of
dashed lines represent the mixtures of T/J with different MCL, Al/Si ratio,

and protonation degrees.
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Fig. 8 Chemical composition of C-A-S—-H gel in samples
using T/J model
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Table 3 Chemical compositions of gel determined by TEM-EDX (molar ratio)

Layer n(Ca)/n(Si) n(Mg)/n(Si) n(Si)/n(Mg+Ca) n(Al)/n(Si) n(K+Na)/n(Si)
0.5-3 mm (n=15) 0.06+0.03 0.59+0.12 0.65+0.11 0.35+0.11 0.04+0.02
3-6 mm (n=10) 0.64+0.22 0.31+0.26 0.95+0.29 0.41£0.17 0.09+0.04
6-9 mm (n=9) 0.85+0.24 0.20+0.17 1.06+0.23 0.43+0.14 0.14+0.10
The original Ca/Si ratio of GGBS is 1.13.
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Fig. 9 Representative spatial crystal structures of C(N)-A—S-H in
AAS after sulphate magnesium attack
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