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Nano-Structural Change of C(N)-A—S—H Gel in Alkali-Activated Slag Pastes Subjected to
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Abstract: Nano-structural change of calcium(sodium) aluminium silicate hydrates ( C(N)-A—S—-H) gel in alkali-activated slag
(AAS) mortars after wetting-drying cyclic attack in 5 % (mass fraction, the same below) and 10% sulphate solutions was
investigated. The structural and compositional changes of aluminosilicate chains in the main binding phases (C(N)-A—S-H) in
AAS mortars were analyzed by Fourier-transform infrared spectroscopy, thermogravimetry-differential scanning calorimetry, °Si
magic angle spinning nuclear magnetic resonance, backscattered scanning electron microscopy and transmission electron
microscopy-energy dispersive X-ray spectroscopy. The results show that the sulphate attack increases the degree of reaction of
ground granulated blast-furnace slag regardless of sulphate salt type. The main corrosion products in MgSO, solutions are gypsum,
which is not detected in the samples subjected to Na,SO, solutions. The C(N)-A—S—H with longer chains prefers to be attacked in
MgSO, solutions, whilst the end-members of the chains or short chains of C(N)-A—S-H are broken in Na,SO, solutions. The
C(N)-A-S—H after cyclic water attack is a mixture of tobermorite/jennite dimer to undecamer (T/J2-T/J11), while the Na,SO,
solutions attack results in the destroy of shorter chains and the increase of protonation (or Na-balanced ratio) , thus forming a new
C(N)-A-S-H gel.
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Table 1 Chemical compositions of GGBS w/%

Si02 A1203 F6203 MgO CaO NaZO Kzo SO} LOI

3212 13.65 1.36 9.15 3647 035 047 026 0.57

w is mass fraction. LOI is Loss on ignition. GGBS is granulated blast

furnace slag.
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(a) AAS mortars immersed in MgSO, solution
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(b) AAS mortars immersed in Na,SOy solution

AAS-Mg/Na/H,0 stands for the mortars immersed into the magnesium/sodium sulphate solutions; M5-10/N5-10 stands for the concentration of sulphate salts

are 5% or 10%. LDHS is layered double hydroxides.

Bl 1 AAS WA K KB EREE /AN AR TP TG IR (41 A ) E AL dh 1) TG-DSC 2k

Fig. 1 TG-DSC curves of AAS mortars immersed (wetting-drying) in water or magnesium/sodium sulphate solutions after 41 circles
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(a) FTIR spectra of AAS mortar immersed in MgSOy4 solution
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(¢) FTIR spectra of AAS mortar immersed in Na,SOy solution
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(b) Enlarged part (400—1 250 cm™) of Fig. 2(a)
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(d) Enlarged part (400—1 250 em™) of Fig. 2(c)
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Fig.2 FTIR patterns of AAS mortars immersed (wetting-drying) in water or sodium/magnesium sulphate solutions after 41 circles
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(a) NMR spectra of AAS mortar immersed in MgSO, solution
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(b) NMR spectra of AAS mortar immersed in Na;SOy4 solution

Q*(1Al) stands for the silicon tetrahedron is connected via oxygen bridges to one Al and one Si atoms. The bottom-filled pattern is the *’Si NMR spectrum of the

original GGBS.
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Fig. 3 ?Si NMR comparisons of AAS mortars immersed (wetting-drying) in water or sodium/magnesium sulphate solution after

41 circles
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(e) AAS immersed in 10% Na,;SO4 solution

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. GGBS is ground granulated

blastfurnance slag.
K4 AAS WAL P S BRI BRI b T IR A R (41 AN 1) J5 RF fh 1) 2°Si A% BESE R 1 R 7

Fig. 4 Deconvolution of ?Si NMR spectra of AAS mortars immersed (wetting-drying) in water or sodium/magnesium sulphate

solution after 41 circles
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FEWN. B n(Q® (1A ) n(QHME MR EWRE AR A BT 0.39 BEFEKE 0.32, 1M[Si04HF A Y
R 1R 1) 3L FE AR R BE TP [AIO MR A DU T R 4> TR Bk 0.24 715 0.39, BT Q' (- Ak B #%)
BORR ST R, X5 FTIR i Al—O SR RS 3R (HiE il C(N)-A-S—-H #EiX MCL B &
Ii—3. B, C(N)-A-S-H BHRH[AIO MR .
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Table 2 Calculation results of ’Si NMR spectra

Mole ratio Mean chain length Site occupancy factor

Condition nsil% 5 5

Al/Si Q/Q' Q (1AD/Q C(N)-A-S-H [SiO4] [SiO4] [AlO4]

AAS-H,O 68.68 0.174 2.07 0.51 7.15 2.97 0.24 0.39
AAS-MS5 70.93 0.206 1.17 0.76 4.62 2.29 0.04 0.43
AAS-M10 71.76 0.220 1.91 0.67 6.44 2.55 0.12 0.47
AAS-N5 74.97 0.185 3.60 0.47 11.11 3.41 0.32 0.43
AAS-N10 75.42 0.134 2.70 0.37 9.10 3.71 0.39 0.32

2.4 AAS EWRBRMWARD C(N-A-S-H 5REM  Fa&, Blyr=4 7T KERG. AR —RRN R
T/J HREHER RUABRR b 45 5 [ C(N)-A-S—H B SR IR . 5
Bl 5 8 AAS WPRIEARIREMBRANER P T8 4b FEERERENKE TS, BESM EUE IR
PRI JEFEMIY BSEM B, nTDAMERE], JEEd A+ EHEIRERFK, X5 NMR S8 2, UHmRe
C(N)»-A-S-H BB, MEEMRPWRE WS ERIN 3R X KRR .
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Fig. 5 BSEM images of AAS mortars (41 wetting-drying circles)
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T/J model: in this figure, T, or J, stands for the tobermorite or jennite with a
mean chain length (MCL) of n. 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!®), 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. 7 Chemical compositions of C(N)-A-S-H gel in
AAS-H,0 and AAS-N10 sample using TEM-EDX
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BT stands for the bridging tetrahedra and PT stands for paired tetrahedra.
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Spatial crystal structures of Na-doped imperfect
tobermorite (the H atoms are not shown):
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Table 3 Chemical compositions of gel determined by TEM-EDX

Mole ratio
Condition
Ca/Si Al/Si S/Ca Mg/Ca (Ca+1/2Na)/Si
AAS-H,0 1.057+0.046 0.175+0.007 0.021+0.005 0.028+0.003 1.243+0.073
AAS-N10 0.896+0.079 0.261+0.039 0.155+0.017 0.047+0.006 1.143+0.150

The initial Ca/Si ratio of GGBSis 1.13.
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