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ABSTRACT Acid coal mine drainage has emerged as one of the most challenging environmental problems in the coal industry
because of its large output, wide pollution range, long duration, and unstable water quality and quantity. This paper summarizes and
analyzes the pollution situation, causes, and basic characteristics of acid coal mine drainage. To date, leaching pollution is caused by
underground goaf water and coal gangue accumulation, which are the two main sources of acid coal mine drainage. Containing a large
amount of soluble iron, manganese ions, and suspended solids, acid coal mine drainage has a low pH, unstable effluent quality and
quantity, wide pollution range, and long duration. Acid coal mine drainage production differs between large coal mine factories and
small and medium coal mine factories. A large amount of water in underground goaf accumulates after the closure of small and medium
coal mine factories, resulting in the oxidation of coal and producing acid coal mine drainage. Large coal mines have not been closed
mainly because of the large accumulation of coal gangue, producing leaching pollution and discharging a large amount of acid coal mine
drainage. Given the difference in acid coal mine drainage production between the two types of mines, they require different treatment

methods. To control acid coal mine drainage pollution, closed coal mines in China mainly apply terminal treatment technologies, such as
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common chemical neutralization, SRB microbial, wetland system construction, and biochar adsorption technologies, which have been
developed and utilized in recent years. However, owing to the continuous pollution of water sources, the treatment of acid coal mine
drainage pollution in large coal mine plants depends only on terminal treatment, which is time-consuming, costly, and inadequate
treatment effect. Hence, increasing source control and path interception technologies is necessary. Source control technologies, such as
sterilization, coverage, passivation, and carrier-microencapsulation technologies, have been developed, and path control technologies,
such as the roadway closed filling technology, have been used, but they are not yet mature. This paper summarizes existing technologies
for acid coal mine drainage treatment from three aspects: source treatment, path blocking, and end treatment. These technologies are
based on different processes that produce acid drainage in large coal mines and small and medium coal mines. The path management
mode requires the study of the sources, channels, and propagation paths of pollutants, given that this mode mitigates goaf and
groundwater pollution by blocking sources and propagation paths, controlling pollution areas, and cutting off the connection between
water layers. In view of the challenges in acid utilization and heavy metal recovery in the current acid coal mine drainage treatment, this
paper proposes the following concepts: “comprehensive utilization of resources” to recover valuable substances, “treating waste with
waste” acid-base neutralization, and overall comprehensive treatment.

KEY WORDS acid coal mine drainage; fundamental characteristic; treatment technology; valuable element recovery; comprehensive

treatment
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Table 1 Main physical and chemical properties of acid coal mine drainag

e[18,25*32]

Concentration/(mg-L™")

Name of coal mine pH Reference
TFe Mn COD SS

Sunjiazhai Jinzhuchong Coal Mine, Guizhou Province 35 296.4 52 [18]
Huaxi Maipingrenhe Coal Mine, Guizhou Province 2.76 102.5 8.2 115 520 [25]
Sangshuwan Coal Mine in Wuma River Basin, Guizhou Province 3.59 398.90 15.17 71.80 85.00 [26]
An abandoned coal mine, Guizhou 5-6 5-55 05~3 10 [27]
Xiajiazhuang Coal Mine, Zibo City, Shandong Province 35 103 3 [28]
Abandoned Maochong Coal Mine in Huaxi District, Guizhou Province 2-3 200 ~ 400 7-14 [29]
Abandoned coal mines in Fenghuangshan area of Zhijin, Guizhou Province 2-3 300 20 200 [29]
Water quality of Shandi River Basin in Yangquan City, Shanxi Province 2.5 400 100 [30]
Pineapple Chong Coal Mine in Duyun City, Guizhou Province 2.8 437.8-860.3 [31]
Xiaoyi Piandian Coal Mine. Shanxi Province 4-5 <14 <24 [32]

Note: COD is chemical oxygen demand.
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Table 2 Source treatment technology and its mechanism and advantages and disadvantages!'* >3
Treatment technique Action mechanism Advantages Defects Reference
L Iti ly affe
The sterilization method can ¢ 'S greatly e ted by
inhibit or even kill environment, climate, and
s . . Sodium dodecyl sulfate, sodium  other conditions and may kill
Sterilization method microorganisms, thereby N . . [13, 37]
inhibiting the production of acid alkyl sulfonate, and sorbic acid ~ beneficial bacterlg and
wastewater from coal mines. prOdu(.;e drug-resistant
bacteria.
The strong redox sensitive
. . - . i t
An inorganic material is applied organic compout_lds are us_ed °
coordinate with insoluble ions . . .
on the surface of waste rock or It is easily affected by rain and
o . and form soluble complexes. The et
. ., tailings, acting as a low- . . snow and has little inhibitory
Inorganic material ermeability impermeable layer insoluble ions are separated and effect on the acid production [39]
coverage P y imp Vel eleased through an . aadp
that reduces the contact of water electrochemical reaction and in bottom tailings or waste
Coverage method i?ii;')gsgen with sulfide precipitate on the surfaces of rock.
' sulfide minerals, forming a dense
protective layer.
Similar to the coverage of
Organic material ~ Organic mineral materials are  electrodeless materials, it has a Greatly affected by the [40-41]
coverage used as the covering layer. long-term inhibitory effect on the weather and material drying
oxidation of sulfide minerals.
Excessive phosphate causes
A dense inert protective film is the eutrophication of the
Inorganic material formed on the surfaces of Mainly phosphate and silicate surrounding water body. This [42]
passivation sulfide minerals after the ¥ phosp technology has high
addition of a passivator. requirements when used in an
acid—base environment.
It is mainly used in laboratory
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method biological toxicity.
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coordinate with insoluble ions It can specifically identify the Long-term monitf)ring .is
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Carrier- Insoluble ions are separated and improve the utilization rfte: of technology to prevent the [47-50]
microencapsulation released through an prove passivation layer from being
. . passivation agent and reduce the . 1
electrochemical reaction and waste of resources destroyed in an acidic
precipitate on sulfide minerals’ ’ environment.
surfaces to form a dense
protective layer.
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method

metals in wastewater are removed
from water through physical,
chemical, and biological effects.

operating cost, strong buffering
performance
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Table3 End treatment technology and its mechanism and advantages and disadvantages!'"'%23232735°7]
Treat: t . .
reatment Action mechanism Advantages Defects Reference
technique
It easily causes secondary pollution.
Some heavy metals, such as ferrous
. . Sodium hydroxide, sodium hydroxide, in the wastewater cannot
. L Removal of heavy metal ions in . .
Chemical neutralization . carbonate, sodium bicarbonate, be completely removed because of
wastewater through a chemical . . . [10,55]
method . . limestone, etc., raw materials are the large solubility product. The
neutralization reaction . . . L .
easily available and widely used. precipitated heavy metal part mixes
with gypsum and is thus difficult to
separate and recycle.
Pollutants are removed through the . . .
a dsou tion of ions O‘; molectllll%i : Activated carbon, biochar adsorption
Adsorption method N . . technology, etc., low cost, simple Small application scale [25, 56—60]
substances in water on a solid .
preparation
surface.
The basic principle is to set up a
highly permeable reaction barrier It has the advantages of strong
underground. Barjrier cons'truction processi'ng cgpacity, operability, Long processing time, limited by
PRB treatment usually uses specific reaction long action time and strong . "
. . . geological conditions, may cause [61-63]
technology media, such as zero-valent iron or  economic benefits and can also . .
. soil pollution
activated carbon, to promote the promote the natural balance of
decomposition or adsorption of groundwater in the mining area.
pollutants.
The selecti tion of h . s .
¢ selective separalion OLACAVY . 4o removal rate is high, and the The membrane cost and operation
. metal ions is driven by the pressure . . .. .
Membrane separation . ; . process is easy to operate and cost are high, so it is not suitable for
difference and potential difference . . [64—65]
method . control. Temperature control is treating large amounts of
between the reverse-osmosis and .
L flexible. wastewater.
electrodialysis membranes.
. . . Mi i h . . .
Microbiological y:roorgamsms are added to t ¢ Low cost, high metal ion removal The requirements for temperature
acid wastewater of the coal mine . . [11,23, 66]
method A rate, no secondary pollution and pH are high.
for oxidation treatment.
A constructed wetland is an . .. The area is large, the effluent’s pH
Adsorption matrix improvement,
ecosystem composed of substrates, . . . barely meets the standard, the
Artificial wetland lants, and microorganisms. Heav functional microbial enhancement method is unsuitable for high-
p i 5 ) Y and dominant plant enrichment, low & [12,27,67]

concentration and low-pH

wastewater, and the removal effect
2— .

of SO is not good.

Electrostatic interaction

’ p—

CuS

Bl 6

[ Precipitate

P 2 .
?d i pH increased < <
& 2 T N

SO

— Cu?*

Ion exchange

Precipitation reaction

- Negative charge on biochar surface

Biochar surface ions

AW B IR WA K Hp A T B i v (Y B ML

Fig.6 Adsorption mechanism of biochar for different heavy metal ions in ACMD
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Acid coal mine drainage
N

Contaminated groundwater
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(Zero-valent
iron, carbonate,
activated carbon,

etc.)
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Y Water level

Purified groundwater
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Fig.7 Schematic of PRB technologies
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Table 4 Classification, principle, and characteristics of membrane separation technology'® !
Membrane
separation Principle Feature
technique

Microfiltration membrane is used to screen liquid substances, It is often used in wastewater treatment in the petroleum
Microfiltration ~ which penetrate particles or molecules smaller than membrane industry. Compared with the traditional filtration method, it is

pores under pressure, separating different particles or molecules.

more moderate and can reduce energy consumption.

Ultrafiltration

It is mainly used to intercept some macromolecular substances in
a solution, separating macromolecular substances and small
molecular substances.

Ultrafiltration membrane can be used to separate
macromolecular organic matter from wastewater and then
discharge wastewater, and the separated wastewater often has
low organic matter content.

Nanofiltration

A membrane separation process driven by the pressure difference
between ultrafiltration and reverse osmosis.

The pore size of the membrane is in a range of several
nanometers and can separate organic matter with low and high
molecular weight and can separate salt compounds in water.

Reverse osmosis

The separation of liquid and mixture is realized by using pressure
to intercept small molecular substances with a reverse-osmosis
membrane.

It can effectively separate salts, bacteria, and other substances
dissolved in water, which can be used for wastewater recovery.

Electrodialysis

Under the action of a DC electric field, charged particles are
driven by potential difference, and the electrolyte in a solution is

After using this technology for solution separation, it can better
desalinate or purify the solution. It is simple and efficient and

membrane.

separated by the selective permeability of the ion exchange

has been widely used in wastewater treatment.
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