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Abstract: [Background] The coal gangue, a solid waste, features high production and a continuous increase in the
amount piled in China. The long-term piling up of coal gangue will cause the waste of land resources and environmental
pollution in mining areas. Various methods for utilizing coal gangue, such as preparing high-value-added chemical
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products and extracting useful elements, suffer a limited consumption capacity, failing to meet the requirements of large-
scale disposal and utilization of solid wastes and green mine construction. [Advances] The comprehensive utilization of
coal gangue for mining area reclamation and underground backfilling represents a critical direction for its large-scale dis-
posal and utilization. This study systematically summarizes the physicochemical properties and resource attributes of
coal gangue and analyzes the impacts of its long-term piling up on the atmosphere, soils, and water in mining areas.
From the perspective of green mine construction, this study highlights the principles, advances, and application effects of
technologies for large-scale disposal and utilization of coal gangue. These technologies include the utilization of coal
gangue as materials for the reclamation of collapse areas, geopolymer grouting materials, solid filling materials, paste
filling materials, and paste-like filling materials. The results reveal that when used as materials for reclamation, coal
gangue can improve soil properties and promote plant growth, yet it poses challenges of short-term heavy metal migra-
tion and environmental contamination. When used as geopolymer grouting materials, coal gangue can effectively im-
mobilize heavy metals within it, suppressing their release and reducing their damage to the environment. The solid back-
filling technology tailored to coal gangue enjoys advantages including simple coal gangue processing technique and min-
imal consumption of auxiliary materials. However, this technology faces challenges like uneven filling and groundwater
contamination. Furthermore, this study summarizes the composition and flowability advantages of coal gangue when
used as paste and paste-like filling materials and analyzes its microscopic hydration mechanisms and flow properties,
providing key technical support for backfill mining of mines. Finally, this study points out some issues concerning the
utilization of coal gangue, including challenges in the full stimulation and utilization of the activity of coal gangue, the
absence of classification and pretreatment in the early stage, high cost of utilization as underground backfilling and
grouting materials, and a lack of incentive policies for large-scale utilization. [Prospects] To promote the large-scale
utilization of coal gangue in mining areas in a safe, efficient, and risk-controllable manner, future research will focus on
the cost-effective composite activation methods, environmental friendliness assessment of utilization processes, CO,
mineralization and sequestration, and carbon-negative utilization of coal gangue. These efforts will provide insights for
the comprehensive utilization of coal gangue following the "green-efficient-high value" roadmap, expand the large-scale
utilization of coal gangue, and enhance the risk prevention abilities in this regard, thus promoting the synergetic develop-

ment of solid waste utilization and green mine construction.

Keywords: green mine; coal gangue; solid waste utilization; reclamation; filling; activation; carbon-negative
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Table 1 Classification methods of coal gangue

I GYEARIR T 532
(eSO e 2] PERT . BEASRT . AARRT . FakAT. RIBAT
SRR AT fFREE AR BRT R RERY . . AL SR
HECAA B Fits. WA, STE . MU
AR SMELS, % 8% (<1.0) I (>1.0~3.0) TE % (>3.0~6.0) B (>6.0)
GB/T 29162—2012 TREYTEERA % fiKIK (<70.0) Tk (>70.0~85.0) K (>85.0)
CHERF A28 ) PRI I 4 73 Bw(CaO+MgO)/ % FEEERD (>10) FREERD (<10)

FR R R Fom(ALO;)/m(SiO,) k4% (<0.30) 12k (>0.30~0.50) Rk (>0.50)

AT A A B0 0 Bt 2 B 2 v o A (37 B 5 ik
S AR AN, AT A 2 R (R s
AR Z AT A, Tk, s R
SRS A HLTHE & 2 KA, s f @, B
PFBRAE & &, KAbJe 2K G, h A 251
FABCE I S TR B T, B RR RS 5 ik
FLBR . JEAT A B9 EEE 100~150 HV(4E FC AT ), $i iR
FE BT KAFREE, 35 B 300 £ 4 700 Pa, KUALFR S
R, AT S 2 . AT A AT 2 100~
2900 kg/m’, HEFRBEEE N 1 200~1 800 kg/m’, [ BRIEHT
AT HERUB BE R 900~1 300 kg/m® . BERTA7 WL 7K 2658
N 2.0%~6.0%, FBABERT A KRN 3.0%~11.6%",
SRR AT B K SRR AT B 255 R RS AR G, 247k
SRIL I, AT AR BE - PR MR 22, e AR ) T AR
REMET A TREE + BT AR
1.2 LZEy AKX

2 N RV A7 Ak o A e A B R

BERTA el JEAL o ALY S AL AL R
SELASBEEMATTR AL, Al B B

®2 BTARUERS

Table 2 Chemical composition of coal gangue

5 Sio, ALO, CaO MgO Fe,0; K,O0 NaO bekiE

TS EU% 40~65 15~50 1~7 1~4 2~9 1.0~25 <1 2~17

HRIEIEAT A 09 =20 W ReE, o] LA or R 1 i
HMETAE. BtAXFEERF LT @A f
Fla . S slle )AL, B A g0 P2t g
L&, 1T LS A AL B TR A R, T R/ N T
B YIS R A REET YA, AntE, K
ANV FEE P2 1 BRI a2 & A = B ) (— KR A
SOKERA . KRR, BT SRR, WANA
HAYE, FAof e, SEE. Wk 5y,

ST S A TS ) 5 R AT R OC R AR,
PLEAR Y BT A7 AE, — DL Si0, Al ALO, i 3, [RIF



- 116 - MRS

%53 %

WA Fe,0;. CaO, MgO, Na,0, K,0, SO, ", 14k,
SR 38 A A — o E AR, DR HA TR
FHRIWE T o T4 AR SR A S A B S8 T
A IR IR TR 2%, AR & RBOR R, A4k
R IR . R, 38 DI s XA R
PER AR ST SHE), 3T 2B M E, BT
BTN BN, SRR A [ B (0 IR AL R

2 REFAKEHENEET LRI

SR 1L R B AT RS K ), BT
TS PR PR A 5 RO P N2 B35 e KAk, TRl s 3
FARIRBEO, T s S Ye e L D RE VRS RE, OF
R AR A 10T BRI, MR A A A7 A B 3 it
B R AKIRIRBE G YL S ML, A2 a1 L g il
210 1
2.1 SHRTRKKIHE

TR AT A 7 KURAE F S 2 T8 s 242, S 25
AT, X R AT DX R A I Tt R e ™ S
U] 5 75 1T Al S 08 i RIS S U R AT R SR
TR BEAh, R KRR 2 K A S8 AR EL R, B
KA w84 FAK, i—%bhk(CO). — % fLhk(CO,).
AL (SO,) FIR AP (NO,) 20 a2 R
HERT A A BB Y — AL B (SO,) . AA LI (NO,) %
A EARY RN b, HKEE AR A R R (H,S0,)
MR (HNO;) ZRR Y, ] TR R R

- hﬁxﬂ - . hﬂn.b!‘
% o
&4 TG YL

£

a0 °

8Cp g0 TER
fo 0

6% 60 ¢

RS 4 & “g'g;.:::P( s

2 ARG Qe OR A ER

Fig.2 Contamination of coal gangue piles to atmospheric

environment in mining areas

2.2 SHRE X TEERE

REF A IR 2302 5 Rk . At . s RO
S, T AT A A R WL R MRS B LR
U A F AL E Y, i Bd sk XAt A 3
B AHEG Y, G 3 s WA A B E SR o E, B
BEEAREE, LA IR E2 ol Rl 122 i 145 =X 8 5 A
A RERY S BeAh, MR A7 SRR B R T 4 5 3 R

., SEMAEYIAR ZR X IR 00 (WL, i 220 SR P i
R AL R A RE S AR SRR, KR R b e
BRGRAM,

\
N

K3 B ORI R T R 15 e T
Fig.3 Contamination to soils due to heavy metal release from
coal gangue piles in mining areas

2.3 ISHE RKMEIRE

MERT A HEAE RN . MR AR R b IR R, o &
ARE IR MEREASAEESE TR, &
IKFHEATT A T K . UnIE 4 FoR, BEbF 4 B i &
& B ITCHE S H KRS, JUHBR 2 i T K 5 YA
HEXELIR R, SHAEY) . Sh A R N xR e g4
PEAb, R A TER K R R 2598 A KRt 2ok
7= R 7 3 e M K TR L A A KR,
FRARAKAR pH, FBUKIRRR Ik, XFK A= A= P00 A A7 Fn 2
Rl R AE S, AR KA RS R S

P4 R RS YR IR EREE

Fig.4 Contamination of coal gangue piles to water environment in

mining areas

3 BEAAESET LIPS

SRHOBRA AR A7 B DAL S PR 85 B I,
IRk T LR B RS . FRG, TR XY
GEIRAL A e T BRI X A B | SR
B A TSR B AR TEIALL R A AR TSRS
3.1 BEXEEME

BTV — R E AR, 2 T R R
s XS E 2 SISk B
B L, BT BAT BT 19 2 PERE A AR B R o



*® 3

w AW BT a e LR 8 AR (AR BRI 3R - 117 -

3R T IR 35 b X B AR
FEWTFCAEE o JREAT A7 R R A I TS B XU
Rtk —J7 10, AT A5 L TORREAT | K K
PRACGRI SR G, AT L ) S B AMRON, 24 ek
PR, PR R 5)— T T, IRBE KU DR A 3%
W, AT 41 3 A TR S A S R G U S5 R,
TTHEA 4 TR VR A A S e AT s Y N2
(EAHE A, KA EIE T HEh £ 352 AR
AL ), i BT R B r L4, 10 a )5

(1) 3T SO AT AR Z BRSSP R
B, FIAMEC MR B S A Y A T B, T B R PR T
Bk R R I R MY LR A A AT AT LA
KB, B SRMERT A R BT T () B
TE U, (HE AR S RIS AR MBS R A9 255 R
I, AR A R T R R R R B,
ATV T RRT 7R 5 B XA B R T e R
)RS, AR IUIRTE S R (R 52 Wi /N, RS 0] R AR £
R < 9 e AR AT o e — AT A O F SR T 58

®3 BRFAEASBEEERMBARER

Table 3 Advances in research on the utilization of coal gangue for reclamation of collapse areas
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Table 4 Advances in research on the utilization of coal gangue as geopolymer grouting materials
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Fig.5 Schematic diagram of solid filling using coal gangue
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