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Abstract

The present study investigated hydration of alkali activated slag incorporating sulfate as a form of anhydrite by employing
thermodynamic modeling using the Gibbs free energy minimization approach. Various parameters were evaluated in the ther-
modynamic calculations, such as presence of sulfide, precipitation/dissolution of AFt/AFm phase, and the effect of oxic condition
on the predicted reaction. The calculations suggested no significant difference in the void volume and chemical shrinkage, which
might influence the performance of the mixtures, in spite of various changes of the parameters. Although the types of hydration
products and their amount varied according to the input conditions, their variations were smaller range than that induced by
water-to-binder ratio. Moreover, it did not affect the amount of C-(N-)A-S-H which was the most important hydration product.
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Table 1. Chemical composition of slag (wt.%)'"

Binder CaO SiO, Al,O; Fe,04 MgO SO, N Na,O Etc LOI*
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Table 2. Input conditions and thermodynamic calculation results for sodium silicate-activated slag

o] 2wsts Uitk ezt 100% Rk

Modeling input
w/b 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4
Na,O/slag 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16 3.16
SO; X X (0) (0) (0) (0) (0) (0) (0) (0)
H,S X (0] (0] (0] (0) (0] (0) (0] (0) (0)
0, X X X X X (0) (0) X (0) (0)
Phase candidate selection
AFm (including hydrogarnet) - (0] (0] X X (0] X (0] (0] X
AFt (including ettringite) - (6] (6] (6] X (6] (6] (6] O O
Calculated outputs
Porosity (%) 37.6 372 36.3 34.0 373 36.1 335 26.3 26.1 23.7
(Cr:;?‘oigalg Sl;ir:;f‘r‘)ge 1444 | 1442 | 1435 | 1396 | 13.92 | 1444 | 1415 | 1416 | 1425 | 13.82
Final pH 13.94 13.89 13.80 13.91 13.10 13.83 13.96 13.87 13.92 14.05
Bounded water (Wye/binfinite) 26.53 | 2694 | 2787 | 2972 | 27.06 | 28.10 | 3032 | 27.74 | 2796 | 29.97
Volumetric percentage of phases at 100% DoH
Pore solution 27.1 26.8 25.8 25.6 274 254 25 16.2 15.8 14.6
CNASH 31.7 32.6 33.8 352 324 33.6 357 383 38.1 40.6
Stritlingite 16.2 132 6.6 14.8 16.5 6.1 14.6 7.1 6.4 16.5
AFm 0 3.8 12.6 0 0 13.6 0 14.8 15.9 0
MgAl-OH-LDH 42 42 43 4.6 42 43 4.7 4.8 4.8 5.4
Portlandite 3.8 23 0 2 29 0 1.8 0 0 2.5
AFt 0 0 0 7.9 0 0 9 0 0 10.2
Gypsum 0 0 0 0 0.3 0 0 0 0 0
Chemical shrinkage (= void) 17 16.9 16.9 17.8 16.3 17 18.3 18.8 19 20.5
Proportion of bound water in the phase at 100% DoH (%)
Pore solution 46.9 46.1 443 40.6 459 43.8 39.4 24.5 24.1 20.1
CNASH 26 26.9 27.5 26.6 27.8 27.1 26.6 27.1 26.8 25.8
Stratlingite 18 14.7 7.4 15.1 183 6.7 14.7 7 6.3 14.5
SO4_AFm 0 5 15.5 0 0 16.7 0 16.2 172 0
MgAl-OH-LDH 55 55 5.6 5.5 5.4 5.6 55 5.6 5.6 55
Portlandite 3.6 1.9 0 14 2.6 0 1.6 19.7 20 219
Aft 0 0 0 10.8 0 0 12.3 0 0 12.3

Note) SO4_AFm: monosulfate-hydrogarnet-like AFm phase; MgAl-OH-LDH: hydrotalcite-like Mg-Al layered double hydroxides
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Fig. 1. Phase transfers of sodium silicate-activated slag by degree of reaction (DoR).
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