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Microstructural Evolution of Early Reaction Products in Alkali-Activated
Slag Cement at Early Age

XIAO Jianmin, LIHui, LEI Ruixin

(College of Materials Science and Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The microstructural evolution of early reaction products of alkali-activated slag(AAS) pastes was investigated
by X-ray diffraction(XRD) , Fourier transform infrared spectroscopy (FTIR), *Al and *Si magic-angle spinning
solid-state nuclear magnetic resonance(MAS NMR) and "H-*'Si cross polarization magic-angle spinning solid-state
nuclear magnetic resonance('H-*Si CPMAS NMR). The results reveal that calcium aluminium silicate hydrate gel
(C-A-S-H), hydrotalcite and single sulfur hydrated calcium sulfoaluminate(AFm) are found in AAS pastes in 3—28 d.
The C-A-S-H gel is a complex structure of end chain tetrahedra(Q') , branching chain tetrahedra(Q®), Al-replacing
chain tetrahedra(Q’(1Al)) or Al-replacing layered tetrahedra(Q’(1Al)) . The degree of reaction increases with
prolongation of hydration time. The hydration degree of slag, Al/Si molar ratio and proportion of bridging tetrahedra
that is occupied by Al increase with the early 24 h hydration reaction of AAS cement. Aluminum oxygen polyhedral
of slag undergoes the process of structural depolymerization, the formation of layered crystals of hydrotalcite and AFm,
and the formation of Q’(1Al). In the early 24 h of the reaction, Q*(1Al) develops rapidly and water molecules are
crosslinked with silicon oxygen backbone; at the same time chemical combined water is formed, the layered tetrahedra
(Q%) and Q*(1Al) structures with higher polymerization degree are not found. Consequently, the 0—24 h reaction stage
is the C-A-S-H oligomer gel formation stage.
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Table 1 Chemical composition(by mass) of GGBS
Unit: %

CaO  Si0, ALO, MgO F,0, Na,0O K,0 IL Total

48.43 25.62 14.15 4.89 0.37 0.60 0.54 1.50 96.10
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Fig.1 XRD pattern of GGBS
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Fig.2 XRD patterns of AAS cements at different ages
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Fig.3 “Si MAS NMR spectra of GGBS and AAS
cements at different ages
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Table 2 Relative contents of different silicon sites of AAS cements
at different ages
Unit: %
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3 4.9 7.9 13.9 23.0 15.0 6.5 28.7
7 7.0 12.9 24.4 22.4 8.8 4.2 20.4
28 8.6 15.5 20.7 26.2 8.6 2.3 18.1
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Fig. 6 XRD patterns of AAS cement products in early 24 h
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Fig.7 FTIR spectra of AAS cement products in early 24 h
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Fig.8 *Si MAS NMR spectra of AAS cement
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Fig.9 Deconvolution demonstration of Si MAS NMR spectra for AAS cement products in early 24 h
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Table 3 Calculation results of *’Si MAS NMR spectra after deconvolution demonstration

Time HQ*1AD)/I(Q%) 1(Q)/1Q" DOH/ % n(A1)/ n(Si) MCL PBT(Al
10 min—1h — — — — — —
2h 1.2 2.6 30.7 0.23 16.1 0.63
4h 1.3 2.4 46.9 0.24 16.3 0.66
24 h 2.8 1.3 63.7 0.31 15.6 0.81
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15 5 %A B0 E 85, S2 W5 5 B X T
AAS KR 24 h =B P= 93k 36, Q' QP (1AD Fll Q4544
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Fig. 12 Schematic diagram of product molecular structure changes in early reaction process of AAS cement
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