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Abstract: Geopolymer has attracted attention for the process features of energy saving, reduced carbon emissions and excellent
properties. In this paper, we proposed a concept of phase engineering for geopolymer, and demonstrated the utilization of calcined
layered double hydroxides (CLDHs). The effects of microstructure and property in slag-based geopolymer were analyzed. The
rehydration reaction and nucleation mechanism of CLDH were revealed by high-energy X-ray synchrotron radiation, pair distribution
function calculation, transmission electron microscopy and other characterization techniques, thus improving the short-distance order
of the gel and the crystal-to-binder ratio. For the macroscopic properties, the mechanical strength and water retention of geopolymer
with CLDH are improved, and the chemical shrinkage and dry shrinkage of geopolymer are decreased. Incorporation of CLDH as a
technical approach to improve the microstructure of geopolymer can remedy the performance defects of geopolymer, and is thus an
effective approach for manufacturing high-performance geopolymer products.
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Table 1 Chemical composition of slag, LDH, MgO by XRF W/%
Material CaO SlOz A1203 MgO F6203 NaZO KzO PzOs SO3 LOI
GGBFS 36.40 31.90 14.40 11.50 0.45 0.39 0.48 0.02 2.30 2.16
LDH-1 0.15 0.06 29.31 49.4 0.01 0.09 0.10 20.88
LDH-2 0.05 0.05 27.75 48.86 0.01 0.20 0.01 0.10 22.97
MgO 1.73 4.85 0.51 92.09 0.44 0.07 0.02 0.04 0.13 0.12
W—M ass fraction.
El1 #¥. CLDH. MgO £ XRD % K2 B, CLDH. MgO ¥ A& (i 4 A
Fig. 1 XRD patterns of GGBFS, CLDHs and MgO additive Fig. 2 Particle size distribution of GGBFS, CLDHs and MgO
additive
(a) GGBFS (b) CLDH-1
(c) CLDH-2 (d) MgO

K3 JEAE SEM R A

Fig.3 SEM images of raw materials
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Fig. 4 High-energy XRD patterns of hydration products of
slag-based geopolymers
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(c) Long range data up to 30 A with M;=1.0
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Fig. 5 X-ray PDFs for hydration products of slag-based geopolymers
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(a) Control, M;=0.6, 3d

(d) Control, My=1.0,28d

(2) 6% CLDH-1, M, =1.0, 3d

(j) 6% MgO, M, =0.6, 28 d

(b) Control, My =0.6, 28d

(e) 6% CLDH-1, M;=0.6, 3d

(h) 6% CLDH-1, M, =1.0, 28 d

(k) 6% MgO, M, =1.0, 3d
6 WML

(c) Control, My =1.0,3d

(f) 6% CLDH-1, M;=0.6, 28 d

(i) 6% MgO, M;=0.6, 3d

(1) 6% MgO, M, =1.0, 28 d
Pyit SEM HE A

Fig. 6 SEM images of slag-based geopolymer pastes
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(a) Control sample (b) C—A-S—H gel

at M=0.6 in Fig. 8 (a) of Fig. 8 (b)
(g) 6% CLDH-1 sample  (h) Ordering phase
at M=0.6 in Fig. 8 (g) of Fig. 8 (h)
(m) 6% MgO sample (n) Ordering phase (o) Diffraction pattern
at Mg=0.6 in Fig. 8 (m) of Fig. 8 (n)

K8 28 duiIMn vERH

(c) Diffraction pattern

(i) Diffraction pattern  (j) 6% CLDH-1 sample
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Fig. 7 Mg/Al and Ca/Si mole ratios of gel phases in slag-based
geopolymer
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Fig. 8 TEM analysis of 28 d-aged slag-based geopolymer products



2146 CRERR R 2540 J Chin Ceram Soc, 2023, 51(9): 21382152 2023 £

(a) M=0.6, 3d (b) M=1.0,3d

(c) M=0.6, 28 d (d) M=1.0, 28d
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Fig. 9 Cumulative porosity and pore size distribution of slag-based geopolymers as determined by NDA
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Fig. 10 Pore size distribution of slag-based geopolymers as measured by MIP



5155 9 W JAIET %5: CLDH XA &2 1 5 A W00 45 44 A1 v BE 1 52 i . 2147 -
(a) M=0.6, 3d (b) M=1.0, 3d
() M=0.6, 28 d (d) M=1.0, 284

K1 ARSI SRR

Fig. 11 Compressive strengths of slag-based geopolymer mortars
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Fig. 13 Drying shrinkage behavior of slag-based geopolymer
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Fig. 14 Water loss ratio of slag-based geopolymer mortars at drying conditions
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Table 2 Water loss ratio or decomposition of slag-based geopolymer binders with different activator modulus(M;) at

different ages

Type of additive
M; Mass change/% Age/d Control
6% CLDH-1 6% CLDH-2 6% MgO

0.6 C-A-S-H gel 3 7.18 8.39 8.75 8.15
0.6 C-A-S-H gel 28 6.73 7.01 7.49 6.64
0.6 Ht phase 3 1.96 343 3.40 2.50
0.6 Ht phase 28 3.15 3.72 4.33 3.46
1.0 C-A-S-H gel 3 7.67 8.49 8.89 8.26
1.0 C-A-S-H gel 28 6.56 7.25 7.44 7.20
1.0 Ht phase 3 2.74 333 2.66 2.77
1.0 Ht phase 28 2.21 3.65 4.17 3.14
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AT, A EKIE A, XM KIE A
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o, RINESIER T ZKEA. kA, M=0.6
KIS & B T M=1.0 B &, IX FGIE
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