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Abstract: Problems including land occupation, soil degradation and environmental pollution are often triggered by massive coal
gangue stockpiles generated alongside coal mining. Resource utilization approaches of coal gangue as potential soil amendments
and materials for ecological restoration of mining areas were systematically discussed. Coal gangue is rich in silicon-aluminum
minerals, organic matter and trace elements. After being modified by microbial and hydrothermal activation technologies, the
bioavailability of key nutrients such as silicon, potassium and phosphorus in coal gangue is improved, and this treatment
method has both environmental friendliness and low energy consumption. The research results indicate that the pore structure
of degraded soil is significantly optimized, the water and fertilizer retention capacity is enhanced, the content of soil organic
matter and fertility level are raised, and positive effects on soil carbon sequestration are achieved by activated coal gangue. In
terms of ecological restoration of mining areas, modified coal gangue has been successfully applied in reclamation projects of
subsidence areas, and artificial soil can be prepared with it to effectively support vegetation reconstruction and soil and water
conservation. Effective approaches for the high-value and large-scale utilization of coal gangue are offered by applying modified
coal gangue to soil improvement and mining ecosystem restoration, and important practical significance is also shown in
advancing ecological reconstruction of mining areas, ameliorating degraded soil and facilitating the realization of the “Dual
Carbon” goals.
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Table 1 The main chemical components of coal gangue in different regions of China %
H X SiO;, Al O Fe,O; Ca0 MgO Na; O K. O TiO» R Sk
L7 K ) 46.10 30.90 3.10 1.20 0.50 — 1.30 1.10 15.30 [27]
g 77 47.10 30.70 4.30 1.20 0.50 0.33 1.10 1.10 13.70 [27]
1 74 K J5 54.63 24.63 2.17 0.15 0.82 0.35 2.52 0.69 13.45 [28]
e V2 45.90 16.00 4.71 0.74 1.37 0.99 3.36 0.78 8.03 [29]
TR 53.24 22.09 5.97 1.43 0.39 0.32 0.95 — 13.36 [30]
517 25 PH 69.30 20.80 3.81 0.24 0.43 0.36 2.07 1.34 11.50 [31]
I ZR AN 52.92 22.71 8.20 7.71 2.08 0.58 2.13 — 0.96 [32]
S S AL 59.10 17.79 5.34 0.31 1.36 0.08 2.58 0.92 — [33]
L7 B 56.34 27.84 5.10 4.31 1.82 0.72 3.56 0.75 — [34]
F2 4T T E K EFY AL ERT D
Table 2 Comparison of physical and chemical properties of four typical industrial solid wastes'’
i 75 pH RS ttz’;ﬂﬂ%ﬂ/ ALk SR, AR/ LW R/ LR/ LR/
(1:5) (mS/cm) (m?/g) % % % %
TR A 6.90~8.93 0.26~2.20 0.52~7.24 3.50~21.2 0.19~0.87 0.23~0.47 0.86~2.71 0.55~4.90
i HE K 3.10~12.8 3.20~7.60 2.50~14.8 0.45~1.70 0.01~0.12 0.01~1.08 0.01~0.28 0.01~0.58
i/ 9.00~13.1 10.0~60.8 5.31~64.1 0.60~1.28 <0.02 0.01~0.08 0.10~1.82 0.10~0.60
Jii A A B 6.50~8.46 0.84~2.60 0.38~6.68 0.16~2.40 <0.01 0.01~0.42 0.05~1.35 8.20~20.9
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Fig.1 Colony morphology and microscopic

morphology of strain YZ1
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