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Preparation and Properties of Coal-Based Solid Waste
Geopolymer Grouting Materials
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Abstract: Coal-based solid waste geopolymer grouting materials were prepared with coal gangue and fly ash as the
main cementitious components, desulfurized gypsum and alkali activator as ligands, with a small amount of
admixtures. Twenty-five sets of experiments were carried out by response surface method to find the quantitative
relation among each index and every factor versus the optimal ratio of each factor level. The results show that the
regression model and response surface established by the response surface method reflect well the degree of the
influence of the modifier on the slurry performance. At the same time, the slurry ratio of the compound modifier can
be optimized. Under the compound effect of modifier, the geopolymer grouting material prepared with large content
of coal-based solid waste has low viscosity and good fluidity. In addition, setting time, compressive strength and
impermeability meet the requirements of mine grouting material, and has good engineering application effect.
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Fig.1 Microstructure of raw coal gangue
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Fig.2 XRD pattern of raw coal gangue
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Table 1 Chemical compositions of raw materials

w/%
Material Si0, ALO, Fe, O, MgO CaO K,0O Na,0O SO,
Cement  22.72 7.74 4.72 2.71 56.84 2.72

Coal gangue 57.74 30.58 4.31 1.00 0.20 2.76 1.10 0.16
Fly ash 62.02 11.29 5.19 1.56 6.07 1.63 0.13 1.04

1.1.3 Bt ik

A E ALY 4l =96 K 3 3 b Sio, & &
27.30% . Na,O & f 8.54 %, I 3£ J¥ 38.58"Be, 1 #i
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Table 2 Industrial analysis results of coal gangue

Item Result Item Result Item Result

Air-dried moisture(by mass)/ % 0.9 Total moisture(by mass)/ % 1.1 Dry basis total sulfur(by mass)/ % 0.35
. Dry basis higher calorific Air dried basis fixed sulfur(by

Dry basis ash(b ss)/ Y 89.3 0.72 3.39

ry basis ash(by mass)/ % value/(MJ-kg ) mass)/ %
Dry ash free volatile component As received basis low calorific _ . oy .
68. 02 . 0.51 Characteristic of char residue 2
(by mass)/ % value/(MJ-kg )
As ived basis | lorific val
Deformation temperature/C 1460 Softening temperature/°C >1 500 s received basis low calorific value/ 511
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Fig.4 Preparation process for coal-based solid waste

geopolymer grouting materials
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Table 3 Mix proportions and main performance test results of

coal-based solid waste geopolymer grouting materials

Compressive

Factor . strength/
. Fluidity/ Sf;‘:/g MPa
i min
1;/ B (;/0/ ?A/ 3d 28d
1 20 1.8 12 8 203 78 1.55 3.88
2 20 2.0 10 8 194 71 2.15 4.75
3 20 2.0 12 6 208 80 1.61 4.24
4 20 2.0 12 10 200 69 1.91 4.35
5 20 2.0 14 8 213 79 1.48 3.97
6 20 2.2 12 8 194 72 1.69 4.22
7 30 1.8 10 8 200 64 2.37 5.86
8 30 1.8 12 6 216 77 1.86 5.19
9 30 1.8 12 10 202 62 2.31 5.63
10 30 1.8 14 8 218 74 1.93 5.06
11 30 2.0 10 6 210 68 2.27 5.48
12 30 2.0 10 10 194 52 2.77 6.15
13 30 2.0 12 8 204 65 2.27 5.62
14 30 2.0 14 6 225 77 1.89 5.32
15 30 2.0 14 10 210 62 2.34 5.70
16 30 2.2 10 8 194 57 2.38 5.22
17 30 2.2 12 6 210 72 1.92 5.28
18 30 2.2 12 10 192 53 2.38 5.74
19 30 2.2 14 8 209 66 2.05 5.84
20 40 1.8 12 8 200 57 2.45 5.90
21 40 2.0 10 8 195 44 2.57 5.72
22 40 2.0 12 6 214 63 2.23 5.56
23 40 2.0 12 10 187 40 2.93 6.58
24 40 2.0 14 8 210 56 2.69 6.43
25 40 2.2 12 8 193 48 2.38 5.76
T,=—203.67—1.084—3.92B+8.17C—8.17D+
0.5AB—AC—4.75AD—0.75BC—BD+
0.25CD—4.25A*—1.75B°+3.38C*+2.87D"
(1)
T,—64.33—11.75A—3.08B+4.83C—8.25D—
0.75AB+AC—3AD—0.25BC+0.25CD—
1.79A*+1.12B’—0.12C*+0.5D" (2)
T,—2.28+0.4A+0.027B—0.18C+0.24D—
0.052AB+0.2AC+0.1AD+0.028BC+
0.002 5BD—0.013CD—0.11A*—0.15B°+
0.048C*—0.01D? (3)

T,=5.61+0.88A4+0.045—0.072C+0.26 D—

0.12AB+0.37TAC+0.23AD—0.36 BC—
0.005BD—0.073CD—0.46A*—0.18B*+
0.058C*+0.023D°

(4)
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Table 4 28 d impermeable grades of stone bodies
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VEITEAS I8 AR AEAS TR 0 . 25 40 1 3 d 31 28 d 41t 1 0.6 13 0.8
s R RIS A M D 3B AL, 24 A 11 0.8 14 0.7
206 4 2 3004 F1 40 %0 I, 45 A1 AT 5 B 4 e 43531 12 1o 20 10
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Table 5 Pore structure parameters of slurry stone bodies
No. Median pore Average pore Porosity Porosity(by volume)/
diameter/pm  diameter(4 V/A)/pm  (by volume)/ % <0.0lpm 0.01-0.1pm  0.1-1pum 1-10 pm 10-100 pm
13 0.1193 0.0457 19.83 2.89 10.61 61.12 7.87 9.31
C-0.6 0.1937 0.0329 41.32 7.25 41.65 30.35 11.44 9.29
C-0.8 0.228 3 0.0419 57.51 7.94 34.17 30.09 19.62 8.17
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Fig. 6 28d pore size distribution of No. 13 slurry
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Table 6 Error between response results of the experiment and
prediction model for optimal mix design

Compressive

Setti
Response Fluidity/mm crime strength/MPa
time/min
3d 28d
Predicted 202 50 2.88 6. 64
Experimental 205 48 2.81 6.37
Error/ % 1.48 4 3.13 4.07
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