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Abstract: Gas extraction drilling and sealing technology is a necessary measure for mine gas control
and ensuring safe production. However, the high demand for sealing materials in mines requires
existing materials to be more cost-effective. Coal gangue, the most abundant solid waste in coal
production, can be used as an admixture to modify gas sealing materials, which promotes their large-
scale utilization and reduces grouting costs. Therefore, this study systematically investigates the effects
of coal gangue content, particle size, and water-to-cement (w/c) ratio on the working performance of
gas sealing materials, as well as on the composition and structure of their hydration products. Results
show that adding coal gangue affects the material’s hydration process. Specifically, it inhibits the
transformation of ettringite (AFt) to monosulfoaluminate (AFm), thereby promoting net generation of
AFt. This leads to an increase in both the expansion rate and compressive strength of the material.
However, an increase in coal gangue content increases the silica concentration and reduces the quantity
of hydration products within the modified material system, resulting in increased porosity and decreased
compressive strength. Changing the w/c ratio has a significant impact on the properties of the coal
gangue-modified materials. Increasing the w/c ratio leads to higher structural porosity and lower

compressive strength. It also increases fluidity and extends the setting time, which is beneficial for
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engineering applications, but at the cost of reduced material strength. However, when the w/c ratio
reaches 1.2, the material experiences severe water bleeding. The particle size of the coal gangue has a
relatively small impact on the properties of the modified materials. At low w/c ratios (0.8 and 1.0),
increasing the coal gangue particle size reduces the material’s fluidity and shortens its setting time.
However, the change in particle size does not significantly affect the material’'s expansion rate or
mechanical properties. At a given w/c ratio, materials with coal gangue particle sizes between 100-300
mesh exhibit the shortest setting time and lowest porosity, resulting in the highest compressive strength.
Overall, the performance of the modified gas sealing material is optimal when the w/c ratio is 0.8, the
coal gangue content is 40%, and the particle size ranges from 100 to 300 mesh. Under these conditions,
the material exhibits good fluidity, a setting time of 30 minutes, and a 4-hour compressive strength of
nearly 4 MPa. This formulation can effectively increase the economic benefits while ensuring the
effectiveness of gas control.
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Table 1 Factors and levels of experiments

F2 HACLE

Table 2 Experimental proportions

HERA: HeTaseE/% HWEB: KAR/H  HEC: KK

10 <60 0.8 1.0 1.2
10 60~100 0.8 1.0 1.2
10 100~300 0.8 1.0 1.2
20 <60 0.8 1.0 1.2
20 60~100 0.8 1.0 1.2
20 100~300 0.8 1.0 1.2
30 <60 0.8 1.0 1.2
30 60~100 0.8 1.0 1.2
30 100~300 0.8 1.0 1.2
40 <60 0.8 1.0 1.2
40 60~100 0.8 1.0 1.2
40 100~300 0.8 1.0 1.2

K
A: R ABE% B: Hift/H C: KKk
1 10 <60 0.8
2 20 60~100 1.0
3 30 100~300 1.2
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Fig. 2 Fluidity changes of coal gangue-modified gas sealing materials with different proportions
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on the fluidity of coal gangue-modified gas sealing materials
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Fig. 5 Sensitivity analyses of different influencing factors

on the setting time of coal gangue-modified gas sealing
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Fig. 6 Expansion rate changes of coal gangue-modified gas sealing materials with different proportions
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Table 3 Compressive strength of coal gangue-modified
gas sealing materials at different ages with the water-to-

cement ratio of 0.8
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Table 5 Compressive strength of coal gangue-modified
gas sealing materials at different ages with the water-to-

cement ratio of 1.2

4h 1d 3d 7d 28d

0 0 6.17 747 840 797 820
<60 530 657 637 770 7.82
10 60~100 580 647 517 690 7.76

100~300 6.07 6.80 6.93 7.73 7.90

<60 490 6.20 5.07 6.53 6.73
20 60~100 460 577 427 553 643

100~300 457 6.63 647 733 1750

<60 397 467 427 530 523
30 60~100 337 457 3.60 487 490

100~300 4.17 473 480 523 590

<60 3.63 393 3.07 420 4.60
40 60~100 310 390 280 397 4.13

100~300 397 400 397 523 5.10
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Table 4 Compressive strength of coal gangue-modified
gas sealing materials at different ages with the water-to-

cement ratio of 1.0

P 5 BE/MPa

WATaB R AT Ok H
4h 1d 3d 7d 28d

0 0 247 330 3.07 337 437
<60 173 1.92 217 255 3.62
10 60~100 1.53 1.84 202 237 3.54

100~300 1.75 2.07 258 280 3.83

<60 1.67 1.76 2.05 233 3.47

20 60~100 146 1.76 198 223 332
100~300 1.70 1.83 227 238 3.56

<60 1.60 1.67 1.81 213 3.10

30 60~100 143 163 1.83 2.03 3.00

100~300 1.65 1.73 194 213 3.30

<60 1.55 1.61 1.73 1.83 2.82

40 60~100 140 159 1.73 190 2.64

100~300 1.50 1.60 1.83 2.00 2.90

YU 3 B /MPa

BT OB R0 BT ORI H
4h 1d 3d 7d 284

0 0 4.07 5.00 4.87 493 5380
<60 3.67 443 320 447 511
10 60~100 323 353 290 3.03 495

100~300 383 467 350 470 5.30

<60 297 397 283 4.10 455
20 60~100 217 237 280 223 426

100~300 320 4.13 283 427 470

<60 2.13 330 247 350 3.82
30 60~100 190 2.13 233 1.77 3.26

100~300 227 353 253 373 430

<60 2.03 3.07 230 280 3.24
40 60~100 177 213 233 123 295
100~300 1.77 320 220 257 3.70
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Fig. 9 TG-DTG curves of 28-day hydrates of coal gangue-modified gas sealing materials
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