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Analysis of the Applicability of Coal Gasification Slag Paste Filling Material and Its Influence on Groundwater Quality
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Abstract: Large quantities of coal gasification slag are generated during the exploitation and utilization of coal resources, and the
efficient and green disposal of this slag is one of the key issues that urgently needs to be resolved in the coal sector. Through an
orthogonal experimental system, the working and mechanical properties of coal gasification slag paste filling materials were
systematically studied, and their compliance with current standard specifications was compared. Using range analysis, the
optimal mix proportion was determined as follows: a slag-to-gypsum ratio of 2.5 : 1.5, a fly ash blending ratio of 2 : 2, a
slurry mass concentration of 76 % , and a corresponding coal gasification slag content of 11.7 %. The static leaching method was
adopted to conduct immersion tests on this material, and the water quality indicators of the leachate at different immersion ages
were examined. The results show that the indicators of the leachate stabilize in the later stage, comply with the Class III
groundwater quality standard, and meet the basic requirements for groundwater quality. The F-value method was employed for
a comprehensive water quality assessment. The results indicate that the groundwater quality grade for different immersion
durations is predominantly “Good”. Although the water quality declines slightly with prolonged immersion time, it remains in a
safe state overall. Compared with traditional paste filling materials, the cost of the coal gasification slag paste filling material is

reduced by 16% , and the comprehensive performance is significantly enhanced. This provides an important basis for the
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engineering application of coal gasification slag paste filling technology and holds great significance for realizing the resource

utilization of coal-based solid waste and the protection of groundwater quality.

Key words: Paste filling, Coal gasification slag, Applicability, Groundwater quality. Static leaching method
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Table 1 Orthogonal experimental design scheme

KT WEL KB JE%(ME KUV it
A B Cc/% D E

KFE1 25:15 3:1 72

K- 2 2:2 2.5:1.5 74 : 6

K3 1:3 2:2 76

IKF 4 0:4 1.5: 2.5 78
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Table 2 Working performance of filling materials

R M YHE 1/ v/ WK/
ETRes Biw/% cm cm %
GO1 1.2 19.2 35.3 3.05
GO02 1.8 23.7 36.8 1.42
G03 2.0 23.6 34.2 2.30
GO04 2.3 22.5 38.0 1.52
GO5 2.8 24.2 38.3 2.09
GO6 3.6 20.2 37.9 1.98
GO7 4.4 20.1 40.9 2.54
GO08 4.5 25.4 39.2 1.87
G09 5.6 21.4 33.1 2.09
G10 6.1 18.7 35.3 1.72
G11 6.6 27.2 40.4 2.52
G12 8.5 27.1 30.0 2.57
G13 9.6 27.8 34.0 2.77
Gl14 11.7 22.6 38.7 2.79
G15 13.2 28 32.3 2.82
G16 15.0 25.6 38.7 2.55
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Fig.1 Charges in working performance of slurry under

different coal gasification slag dosages
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Table 3 Average uniaxial compressive strength of specimens

e iﬁﬁmﬁ 25 W 0 1 XA BB 1 58 8 / MPa
B/ % 8h 3d 7d 14 d 28 d
GO1 1.2 0.081 1.289 2.306 3.491 4.856
GO02 1.8 0.095 1.565 2.654 4.842 5.070
GO03 2.0 0.100 2.210 3.977 6.240 6.774
G04 2.3 0.090 2.040 3.245 5.804 6.508
GO05 2.8 0.100 1.656 2.733 5.936 6.806
GO06 3.6 0.137 1.103 2.028 4.342 5.145
GO7 4.4 0.142 2.507 4.369 7.223 10.210
GO08 4.5 0.134 2.032 3.241 6.181 8.865
GO09 5.6 0.114 1.892 3.025 6.861 7.864
G10 6.1 0.143 2.608 4.040 8.725 10.980
Gl11 6.6 0.156 1.290 2.018 4.423 5.439
G12 8.5 0.116 1.485 2.278 4.904 6.359
G13 9.6 0.170 1.075 4.324 7.424 11.474
Gl4 11.7 0.122 0.968 1.421 3.514 5.063
G15 13.2 0.172 0.894 2.442 4.550 5.228
G16 15.0 0.126 0.506 2.465 3.537 5.057
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Fig.2 Benchmarking results of slump under

different coal gasification slag dosages
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Fig.3 Benchmarking results of bleeding rate under

different coal gasification slag dosages
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Fig.4 Average uniaxial compressive strength of backfill at

8 h age under different coal gasification slag dosages
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Fig.5 Average uniaxial compressive strength of backfill at

28 d age under different coal gasification slag dosages
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Table 4 Range analysis of paste slump and bleeding rate

m; Hl Y% B /cm WK/ %

R A B C A B C
m 2418 22,13 23.23 2.50 2.13 2.31
m 27.10  24.55  23.70 2.50 2.12 2.12
my 20.38  23.53  24.20 1.94 2.60 2.14
my 22.68  24.13  23.20 2.22 2.30 2.59

W2 R 6.72 2.42 1.00 0.56 0.48 0.47
FIRKHEER A-B-C A-B-C
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Table S Range analysis of compressive strength of
backfill at 8 h, 7 d, and 14 d

m; 8 h iz 7 d B 14 d B
R fH A B C A B C A B C
m 0.12 0.10 0.13 2.72 2.95 3.04 4.9 5.58 6.11

ms 0.16 0.13 0.12 3.01 2.24 3.38 5.64 4.63 6.51
m 0.13 0.13 0.12 3.42 3.94 2.86 6.52 6.55 5.13
m 0.09 0.14 0.13 2.92 2,92 2.78 5.13 5.44 4.45
B22 R 0.07 0.04 0.01 0.70 1.70 0.60 1.62 1.92 2.06
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Table 6 Range analysis of compressive strength of
backfill at 3 d and 28 d
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Fig.6 Trend of paste slump with each factor level
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Fig.10 Trend of 7 d uniaxial compressive strength of backfill with each factor level
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Fig.7 Trend of paste bleeding rate with each factor level
0.20 0.20 0.20
§ 0.15} /\ § 0.15 § 0.15
) t .- O/. > o .
piid . = / 2 D— i
B o.10) o0 . B oo.10}
B B B
B os B o5 kI
:Bﬂ- 0.05 :Bﬂ- 0.05 :Bﬂ- 0.05
00 5 15 20:20 10:30 00:40 000730710 25:15 2.0:20 15:25 0007 7 76 78
BEL R#BH BB IRE%
(a) BEL (b) KBl (c) RERE
B8 ZEMAShBEHMEERESEERKTEESR
Fig.8 Trend of 8 h uniaxial compressive strength of backfill with each factor level
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Fig.9 Trend of 3 d uniaxial compressive strength of backfill with each factor level
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Fig.12 Trend of 28 d uniaxial compressive strength of backfill with each factor level
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Fig.13 Trend of heavy metal ion concentrations in leachate
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Table 7 Evaluation scores for various groundwater categories
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Table 8 Groundwater quality classification
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Table 9 Various F values and total hardness

R T O S st
1 A= 0.72 1 0.22 0 1
10 =R/ 0.85 1 0.67 0 1
15 R AT 2.29 3 1.22 0 3
28 R a7 2.24 3 1.00 0 3
37 R 4F 2.24 3 1.00 0 3
61 R 4F 2.24 3 1.00 0 3
85 ER/38 0.85 1 0.67 0 1
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Table 10 Specific contents of heavy metal elements
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e W Cu H Mn 85 Cr i Cd fPb % Hg
1 0 0 0 0 0 0 1
10 0 1 0 1 0 0 3
15 0 1 0 1 0 0 6
28 1 1 0 1 0 0 3
37 1 1 0 1 0 0 3
61 1 1 0 1 0 0 3
85 0 1 0 1 0 0 3
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