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Abstract:

Coal gangue is a major industrial solid waste in China, which occupies a large amount of

land and causes a serious ecological issues, such as geological disaster and environmental pollution. The

extensive accumulation of coal gangue poses a significant constraint on the sustainable development of

the coal industry. Therefore, it is urgent to find large-scale disposal methods for coal gangue. The

ecological restoration utilization of coal gangue is an effective way to achieve large-scale disposal. The

paper presents a comprehensive overview of the constituents and minerals in coal gangue, as well as the

ecological restoration utilization technologies employed for the material. The release risk of heavy

metals during the ecological restoration utilization processes, and prevention and control of heavy metal

pollution are also discussed. Furthermore, some valuable recommendations for ensuring the safe

utilization of coal gangue in ecological restoration are proposed. Coal gangue is comprised of sand and

clay minerals, containing abundant N, P, K, organic matter, and other nutrients that serve as essential

material foundation for ecological restoration utilization of coal gangue. Coal gangue can be utilized for

ecological restoration utilization through backfill ditches and create land while also serving as a soil-

functional planting substrate. However, the presence of high levels of heavy metals and sulfur in certain

coal gangue samples presents a potential environmental risk associated with the release of heavy metals,

thereby impeding the ecological restoration utilization of coal gangue. The use of techniques such as

microbial technology, oxidation inhibition technology, and immobilization technology of heavy metals

can effectively control the release of heavy metals in coal gangue. The environmental behavior of heavy

metals during the process of ecological restoration utilization of coal gangue, which contains high levels

of heavy metals and sulfur, should be further investigated to ensure its ecological restoration utilization.

Integrated technologies encompassing physical,

chemical, and microbial approaches need to be

employed, inhibiting acid production and the release of heavy metals to achieve ecological restoration

safe utilization of coal gangue. In addition, the monitoring of potential ecological and environmental

risks of heavy metals in the ecological restoration process of coal gangue should be strengthened,

ultimately achieving ecological restoration safe utilization of coal gangue.
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JoT B R A RS BT AT A (3R 1)U, R [R] 28 B RT A

YA AR CEER A 5328 ) (GB/T 29162—2012)
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F1 FREEBEFTOHUERS (REFE)

Table 1 Chemical composition(mass fraction)of different types of coal gangue

FA: %
B30 Sio, AlLO, Fe,0, MgO CaO Na,O K,O TiO, e RE SR IR
A A A 59.44 23.43 32.98 2.52 1.06 — 3.47 1.34 [18]

b AT A 64.79 18.00 3.82 1.42 4.18 1.62 4.55 — [19]
AT 42.17 48.41 0.07 0.94 3.77 — — 1.35 [20]
5T A 21.71 482 443 1.61 64.17 0.64 — 0.36 [21]
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Table 2 Content of heavy metals in coal gangue from various regions
A7 mg/kg
Hh X Zn Cu cd Pb Cr Hg As Mn BERL R IR
E R FE X 1.96~204.99  3.63~368.79  0~0.71 0.85~62.22  3.20~33725 0.02~020 0~1426 17.61~366234  [26]
o [ B 7 A — 35.25~55.50 418.50~ 664.50 341.75~ 359.50 — — — [28]
PEILAAE  320~5753  22.00~4730 0~250  33.30~7530 4893~ 11562 1.15~1.78 2.92~3.49 — [29]
B LI 36.62~63.56  1.51~4428 097~1.17 58.67~70.18 — — — — [27]
BeH IR+ 38.86~485.00 17.03~675.00 0.34~0.52 10.42~ 153.11 — — — — [25,30]
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Table 3 Mineral compositions of coal gangues in

various countries
AL %
mE VIS wE piNii3

vy P BET AT R

FFRA 10~30 10~45 41~66 20~60 10~31 5~30
miIEH 10~67 20~ 45 4~25 3~30 10~40 1~60
S 2~11 0~15 1~3  0~7 2~7 —
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A 2~10 0~25 0.5~5 — 2~10 02~8
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Fig.1 Feasibility and influencing factors of preparing plant

substrate by using coal gangue
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Fig.2 Pathways of heavy metal pollution caused by coal gangue
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