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Research progress and innovative pathways for the large-scaled green and

low-carbon utilization of coal-based solid wastes

LIU Langl, ZHU Mengbol, WANG Shuangming2’3, YANG Panl, YU Bol, RUAN Shishanl,
YANG Junjun', XIE Geng'
(1. College of Energy and Mining Engineering, Xi’an University of Science and Technology, Xi’an 710054, China; 2. Geological Research Institute for Coal
Green Mining, Xi’an University of Science and Technology, Xi’an 710054, China; 3. College of Geology and Environment, Xi’an University of Science and
Technology, Xi’an 710054, China)

Abstract: Coal mining and processing have provided China with reliable energy security and essential chemical raw materials, signific-
antly driving industrial development and social progress. However, this process has also resulted in the production of large amounts of coal-
based solid waste. These wastes not only occupy vast land resources but also cause varying degrees of environmental pollution, especially

during long-term storage, when they may release harmful gases, heavy metals, and other toxic substances, posing a threat to water, air, and
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soil safety. Therefore, efficiently and large-scale utilization of coal-based solid waste has become a key technical challenge in achieving re-
source recycling and reducing environmental pollution. Based on an analysis of the generation, classification, characteristics, and environ-
mental impacts of coal-based solid waste, this paper reclassifies existing coal-based solid waste and systematically summarizes its mature
large-scale utilization models in areas such as mine backfilling, construction materials, and ecological restoration. It also proposes innovat-
ive pathways for the green and low-carbon utilization of coal-based solid waste. The study shows that: () Coal-based solid waste can be
classified into two categories: denatured and original coal-based solid waste, with denatured coal-based solid waste having the potential to
develop cementing materials and carbon sequestration functions, while original coal-based solid waste possesses the characteristics of nat-
ural aggregates and soil materials; (2) Currently, the main large-scale utilization models of coal-based solid waste include mine backfilling
(such as cementing materials, paste backfilling, and grout backfilling), construction materials (such as cement supplementary materials,
road materials, and precast components), ecological restoration (such as filling of subsidence areas, reclamation of wastelands, and soil im-
provement), and resource extraction and utilization (carbonaceous components, aluminium, sulfur and rare elements); 3) A new techno-
logy for graded, quality-specific, and full-component utilization of coal-based solid waste is proposed, which extracts high-value compon-
ents and uses the remaining components for backfilling of mined-out areas, maximizing resource utilization; @ Innovative technologies for
modifying and co-disposing of high-salinity wastewater, modifying backfill for co-constructing storage facilities, and co-sequestering haz-
ardous solid waste in functional storage are discussed. This research aims to improve the resource utilization efficiency of bulk coal-based

solid waste, promote the green transformation of the coal industry, and provide new pathways for the sustainable development of coal re-

sources.

Key words: denatured coal-based solid waste; original coal-based solid waste; green and low-carbon; large-scale utilization
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Table 5 Comparison of original and denatured coal-based solid wastes
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Fig.3 Impact of multi-source coal-based solid waste stockpiling on surface environment
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Fig.5 Large scale disposal mode of coal-based solid waste building materials
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Fig.7 Resources extraction and utilization from coal-based

solid wastes

341 RAFTRAA
ST A . MR RS A Hh o i 2H 40 o s, SR
o B AR PRI o 2143, ] FHAE R e i .

R T 20% B s AT A nT BB FAE B b (R 6t
T2 5 /T 20% BT AT N T8 A — 2 L il s &
s M R IR . SR R TR e & H
FHET, TR EARAE P T T 2 AR T4 L 500
VAR VE R PR IR 312 ¢ DL b, &5 U BRI BT IR
AT RETT . YT, 3 E S PSRBT 8
400 4>, @l T RS HURR  MLA R R K. &t
B I R IR AL R & F AL, B ERRVE A
SN BLRE Y 23660 MW i I S8 2R i AL AR S 1%
PAE I A, o 5 B ARV TH AN 360 7 t AT A
e . Z WAL T AL 7 R AL SR BRI, Sk
AT & A B He g e I A 4y, U R AR . A E
ST B, BEAALE 0.250 ~ 0.125 mm Ky 2% & A,
FEFRN 32.36%, KM 23.96%, [ E AR, BA L
A SR B . AR AT A 20 1 e s 4 4,
A R LAy 2 05 T R iR AVE R, B B Ak 1)
FEVEPS, R, BRI R Y B T L 43, AT
il 25 TG PR AR A o A BB IR R 58 S, T8 UK
I3 I 0 SR [ PR BB R L RS AR MR
(#5142, DAL i 75 TC At R FH =, S AR %2 )
sEFH
342 AMAEFRK

Jer P R 1 v i T 2R R — MR AT, (ELB
B R BER AR Wi 25, DA b 4 UM + 55 ST ™
BA— M TEN A, A o b 58 U5 i A a5 it
wFE. MEMEREE R R B WL BT R O
e, SRR TRE ., R A DLIEE T AT
PEATHR R, IR AR R s R v, SR TR
TEARVESREBE [ 8 vh 2315 B s 4R, Qb I 45 A8 M
FEE RS BB B R SRR e
U8, $EICI G IRAL A, o] LSRR R 7%
V24, INGEA RS Do s 2 e B O
2T R RIS RIS ), NS HERS R L R AR
Ly P PO /K S5 FE 0D )1 230 e v R e 0 P i Rt [ K
PR R | B4 SR AT P B . AL g AR A Al
K IR E DR R rh B AR L B R, 38 T
SR B IR o [ e JoT 9 U 1) P — e, R i1 1%
TGRS, 2R~ K ny [k, HiX—2 %
TR AD 5, 33, i) 24 5 1 1 9 U B ORI FH 7
iz —.
343 &btk

DR e PR IE R E, BRBAE RN 3142 ¢, FE
R EIE T 16,742 t, T BBE Y 50% LA b
Fim A 1 FE TR E N S AR R L A
3k, BRPGHIUR T L, WP K EFE, AR 7S M | T

93



2025 4F5 6 11

4 %A FH A

53 %

T, LR L, VEIR R M o ARSI A e L7k
J&, LIVHA 2022 4F AT T O T 3L R I 44
Al s B R SRR I ) o AR I L
FEb A BRIEA Ktk R S AL
Laide, RASET DR e 1R HER), 7eig
7R AR BRL, B K KRR AR AT T2
DGR E BT LM AR, BEE R 2,

il g ) 0 AR L Ao AR e v L N L R AR
A S PERE MR- T, © WA T LB A KL 20 I — 1A
Feehe il e e+ H AR &, (LIS | 00 | JBebe 3 T
T AR N FR BT 7 il g 0 £ 2 K R A A
SES

TEUL FIgiR m 3l b, S 1R R A
M B A W HEAR AR SR E, WL 6.

&6 REERMEUF AEZREIFMIBREXIRHE

Table 6 Main approaches, evaluation indicators and relevant standards for the large-scale utilization of coal-based solid wastes

Wiz EIES T JH [ 2 FEIHE IR HA TR
Jie s i CG, CS, FA
. AHUE A, KGR SR . pHIE., EL&JE . FSyaiy . GB 18599
Wi CIbr O YL [ R e o ) o
PHRASE  THBEREMN  CGSFAFS seach, AR, K, R NBIT 11432
HI I CG, CS, FA, FS
Rk GB/T 1596
AT FA,ES AN . FKEELL . BEERE. K WSOy, w(t-CaO)., GBT 27974
il & TREE+ CG, FA w(SiOF+ALOs+ Fe,05) W . gtk . MIEIVEREEL . #0878 b 137 5507
A N TR, SR RCEE, JRRR AL, MO
HRATIR I U CG, FA, CGS, FS L TRARE SRAE R TR BT JCIT 525
GB/T 29162
T R AL R R CG JESTRRUE . SR, RifR . JERME GB/T 29163
Ve g% . Pk S CG, FA, FS AR L IR R e GB/T 42350
A IX [ 3 CS, FA, CGS
) Rl CG, CS, CGS, FS AP A, KL SR . pHIE . ELJRS GB 18599
A B }
Kb g [ CG, CS, FA, CGS
At CG, CS Wy AOUR SR, Sy A GB/T 29163
il CG, CS, CGS R RIALEIGE . KA. BT, KGr
RIS . % CG, FA, FS ALO & i, BaRELL . K GB/T 29162
L AT A T e i GB/T 29163
PR TSR PRI RS CG, CS CA /R GB/T 39201
PRI IS 1 CG, CS fR A o AL
PEERER FA, FS Lif it —

: CG, CS, FA, CGS, FS/ s fCHAT A . JBEe . Bk . AR . B,

4 JREEEMELFBREF AEFEE

41 BREBERZRSFREHSFIA

FT L1 AR [T R Ak oA mI R, bk
I# I 2 M ST A | 33k T A P B R, A P AR ]
JRSEIERR RGP R AL T 2N R 2R, B8
URIRSEIE A oy 2R 22, Wy A 22 S ok . R B,
SRS [ B PR A I LB I e, Bk S
WO, A BRSO | B ARRE AR O T, BUACLOHL
TG o 32, ARV [ LUBCBERA R, K VAt
PURIEA o ARG, AN]SR PR [ %
IR PR L, FERA BRI B IR, B7) BE R
SUAPEL DIREM B 4 IR ik Ae . BRIRBTIR: = hed
ffar e B, T80k | iz JET
o BT AL B B BRI A BRI, nIH
VERZET B U SR LI R A0 B

94

B BREERRL, T DhRed Rl 20 FHAL ifRE.
it

SR ] 7 LB A A R R 75 22 2 i AR TR IR AL
F77 3K, SE R, FHE . 2415y SEe R
o AR 361 1 O U AR, R A T O A
RG34, LM Eimm  MAAL . mE AR R
[ 2 () B P AR o AR S A 4 BEOR AR R A 7 43 1E 1T
DIASF BRI BB S 41 05, o 5l Tk k L/
PEIATN I EE AT B A R . P QR Ay, JE X EAT
ARV LA BB IEAC R T 205307, 257 “Z B
B SN RS AT A BEIME R 7 Ik B, 5
WA LA FIHER . Bk UE, % a RS
PR 28 5, BERE A mT LAy M b, A, it
M TREVR . b 7= BE i AR RS IRAR A N T,
il 8 FE 9 fs .



X IRAR R R AR AL R e A1 I ST R 5 R A 2025 445 6 4]

Rl o

\ st ]
ok L BT
YT AT R — AN L % BT e T |
Fi R FVT Y i as
i [Coeew |
. g™ T Fifl e
e 1 A (E%Wi)] 1 v
—
I =Wk
N ) >, >, E/\
YT B M — R ) 4 BB @ik | o
R RIS PR Z Fo7e I —
A —> 7N [F 7 PR sk -
T e B RN

BE Cpeth | eapa e | met | | ©

B8 MAE 2% e U IR BR A

Fig.8 Technical path for the utilization of all components of coal gangue

BRI BE, RS [ Ao FE SR P [+ R 25 XA AT
AbFAR AT B B, S5 2k TRE /R 1 TF R I8 75 B4
S FR A A, GRS S T 278 | TRt
HRPRHYTIT K BT BB A O] . DhEEALA T 200
BT S LAE 10 B i RE S [ 92 ok 1 FE S P
5 30 Ak PR SR A 091 AR AE S ST T 200 T, e
ARG 5 o R A3k, T DRI 2 W | ek
AR D7 2 RS X FEIAE T 3, R K P i R
B Al Xk FELA B0 00 IR, B O e ) A 15
TEDIREVE FEHURRL IS T, 5 ZEMT ] i 1 27 B | K8

o A i b LT 7 TR ST, B R 5 I U7 FE LA
Fig.9 Coal, sand, stone a;ld soil originating from gangue PPN R G ] DR S SR B i
ifioadion FERUETE, R AR, (RIS T LI & 2 4t

AT S 50T R 45 07 T, 5 SRR Ak P SRR A

(e) BLiIRS HEEL

4.2 BEEERGEFRENDERZXF A

FUSFCRA 1 A8 MU A A B A 1] 12 1) TR BsF, ]
Bl i3 2R 2 X5 A ) 3t 2 LR A R K I, b4
BARR, B2 R th ™, FEHORS T2 M
PR NA FESEEARN B SRBEN A . O THRTESE
BURARLRE, FEATTIEA, WRA 7 gt AT 7R
WFFE RIS . s SE I R B, [ NN L e
X FEHA BB | BE L A K 4 T 2067 1 R
WS, A IHESh T SR A A e o FE UL AL B
RS8R L, P — 2D R AR FEORA, I AF R AL
TEEFTE NPT TN GO $ 1 R0 [ et 78

o e S 110 4L S A 5000
SRR 2 XA R BR BOAR, GG AR RE . B Fig.10 Modified coal-based solid wastes backfilling

F1 CO, e collaborative storage construction

95



2025 4F5 6 11

#HEHMFHAK

53 %

TEAE] B Sh ik 7o UL, T K fith 120 20 4 W 2 45 455
FEDIREAL R T2 05, T 2t Sk < EA
FHE T 255

LR [P 15 A FE LR ) SR 223 DX P 2 DA [
JE PR SRR A, AR 25 X T RR AR S, R
FHYREME SRR B}, R0 SR 25 X T e AL R A
(AR, I T AfRE . E R CO, £, v]
R SRR TSR 55 01 P SR P 35 31152 b R HE il
HFTRA . CO, HECEE R
43 BREEESEHKHELE

Tl i R R /K (THSW) 2= BRI TS ve ik %
K AEAK R GEHEK , BRERK RGHEK . B R G0k
IK ISR T 2 AU, Hagiit, BN
THSW 2280 7% A 25 AL B8, (AT A7 B RO
G, PR A 2 M 1 AR S IR R M K R R A
(THSW A4k & 7738 60% H7% & 45 & . 27% h 3%
HEWL . 4% ~ 8% M5 AKALERT U, Hirpr, b iy 4y
B R S THSW 28 & 4% b B 1 O 391 1) J 108,
ZHANG 2V 52 380, 5 THSW 15 AR F T
PSS MR L, TSP THSW AR 4 (0 42h ' A1
R LA BRIRSFDIRE T — RISk 0 & H it
ZHAO %OV BEgy J2 0], THSW Y S A= W b 3 At
TEAR N K7 ], 55 5% BN A U5 Y P R 3R 1)
AP X I AR K R BIXESL. H T, THSW {55k =
AL | b AT PR AR i Ak e =, AR S IR
A T T LE D

K B ER ALK R ARGy 26 THSW () 3
Bl R M DEAT RAE, 2% 7 S THSW B /K 5 A ) 45
Hor, fo o AR S BT HI 84—2016 (UK JiT—C
ML BH B ¥ (F, CI', NO,, Br, NO;, PO}, SO;7,

Ca2+

= = Ca2*

74 g
OH" | OH"
e 0N
BISERi

‘ Na*
a2
OH OH- ¥

Na,SO,+Ca(OH),—2NaOH+CaSO0,

SO;7) ). HI 586—2010€7K J5i . ¥ife i S F s S 14 )
(N, N-Z & 5E-1, 40K Z e 4 6 6 B VL) )l DZ/T
0064.9—1993 CHh T 7K B U 7 vk Y& I K bnifE . AN
MER I, THSW & —Fh s S e . 45581, BiiREh
G TR 55080 Tl R K, 25 B HEROR 2 330
T bERARAL | W E E IS A S R, I, R E
1 THSW A Jhy B — 45 Ik 4 [ % 78 HUR B (MCBM) 11y
TR A ), W R 1 1 P e K AR T
SCEE THSW RRAEAL | s b A DR AL Ak &

£7 THSW HIZKR4FIE
Table 7 Water quality characteristics of IHSW
=l Hufe
S FEA(TDS ) (mg - L7
PENET)(mg - L) 3612.85
p(F5 B F)/(mg - L) 462.95

8750.69

P(BFEAR B T)/(mg - L") 4514.43
p(ES)/(mg - L) 4456.12
pHIA 8.86

i THSW 7K BT 45 5 al 41, THSW & —Fh e
FANE T B ET BRRRER AR T S e Tl %
7K, X MCBM TR HLA8 B R 6 A SR 1 D3 [R) R A
o —J7TE, THSW HENE 7 F55 1. iR s
BT Hi%Z 5 MCBM B KA O, XA &
IRAL = Wy () B R R RIS A VR . 59— i,
JREEERRHTURL NSNS 155 BE THSW 15 2 1 348 Jin 326 457
H R (BT BH B - B 38 2 80, A1 B T I BE# kL
UKL YV A, X MCBM BEIR A 7K Ab B2 1o 72 i 5L A i
HEER. & 11 B EERIAL B THSW 7K ARALEE,

B

CaO+H,0—Ca(OH),(CH)
Na,SO,+Ca(OH),—2NaOH+CaSO0,

2Ca0-Si0,+H,0—xCa0-Si0, yH,0(C-S-H)+Ca(OH),
xCa(OH),+Si0,+(y-x)H,0—xCa0-Si0, yH,0(C-S-H)
3Ca(OH),+ALO;+3CaS0,-2H,0+23H,0—3Ca0-ALO,-3CaS0,-32H,0(AFt)

A1l g8 E A E IHSW By AL

Fig.11 Hydration mechanism of IHSW treated with magnesium and cinder

96



X IRAR R R AR AL R e A1 I ST R 5 R A

2025 455 6 1A

3 3 A SR G IR T B R s I, PR
oo R | B2 A IS A 7 R A ), PR
THEAEE P A AL B THSW il £ 5 F 78 b B2 75
FEE Iy SR AR ER . G5 R R, © HrEpklr i
i A8 #1285 Herschel-Bulkley (H-B) A5 #Y 25 f W) &,
Tk R TSR A R . Hoh, SRR R AL
F 134 ~ 146 mm, Ji& iR /1 4bF 25 ~ 37 Pa, @ IH-
SW 15t XA 14 1) B Al R 5 B (UCS) A i 342
HEAE, 540 28 d i UCS b T 5~ 7 MPa, 3 IH-
SW I I [ 247 (1% B 1 32 th ™ B2 /A (Ni, Pd Fil As
FEHEBIBITER) . SR, FHIR A BB 7o b 6t
(R A v KA 7= 0 T 3 ek A A R R B R A
Fr R, LM E SR TR RGeS, K, 2T
— Bl THSW 1 22 5 05 5 [T P2 €5, v 2850 FN 95 Ak
b

5 45 it

1) JE L [ P 109 43 2 55 Rk o0, o LR 4
Sy D 5L [ R A A P O R 1 o 2K, e R
LR EAT TIRASRDT . P IREE [ o 3 A R I
FA | R, 10 PR ) R R TSR o e B B
FEA, ATARYEIEAT A L IR R BB o RS R A T
YA ORI o AR IERE R R, Wy K | S A
8, FEORIE TR AR AL 18, & & Rk sk
BRI RIEE, AT T AR AR . [ A
SEIRERRE . AN [ SR R P R 5 1 % ) ) P
Yo T HAE TR RS AR TR T

) EMEMA R EE R S A ESE . ALY
TS Yy, HORSER AN ] 20, 15208, BEE R R Y
R A AT P B RS Y, TS e A RS A0
o3 | MR AR, SR EY A K, I8
YRR E R E ARG, R, X EeiE e
NI RES % 2 M R KA K, 1 RUK IR TG YL,
i AK A 25 R G, AT RE R JE AR K 26 4 eAh,
R ] P A A7 AN Ak B 5 AR R & BRSO, NO, il
CO, A, MBI I5 G,

3) RS T 4 FiRERL [ I e A AR ASELL A FH 1
PR, 7E RS, AR M R [ 7 38 5 P ] e
PR ARAIF K 4 1 P2 JE B 4 sk, 5 D P O e ] 2
AR T 4 [ B R SRR RN K e A R, S
BT RS AR A R R A X IR B A AR 40U,
TV | W s RS A SR ERE I B, 8 i ATk
Yk | BB TRERTHUR S, B T TRMEERE
TE A 2508 52 45U, 38 i KEAT AT L BRI kA, T LU

ALY DR B S B AN IR R, ek
ARG oAb, MR [ 1 ] A ok ot 9 R
AL SE, e ik

4 TR I B SR A B 2R R
Hiktt. Wi o BN AL, RESET XA R FP2E Y
MR ] T B B IR B, S R AL LA I
{Eo MBI TRIAR 73 1, AT LIRFFRTIE . i
PRAE BT, S L4} T ] T A v A 5 RSB B 4
JEOREs T FAER £ WU T A o 22 B e 1) B DR kA, T
FITEERE | 16a U, T s B B . ek
15 2 WA P SR P [ 2R 2 DM L R [ 12 5 g R /K
PRI AL B A EOR, BeoR TR IR S -5 A B IR B 1)
AIDE el Py d N o

2% 3 #ik(References):

(1] EXUL, XN, R, . DR AR T ARG OARERR R

BB 1], MR, 2024, 49(1): 152-171.
WANG Shuangming, LIU Lang, ZHU Mengbo, et al. New way
for green and low-carbon development of coal industry under the
target of “daul-carbon” [J]. Journal of China Coal Society, 2024,
49(1): 152-171.

(2] EHESE, XS, SR, 55 MRBAL IUASEIL AR IR & D Hi:
ARIEFR D). SRR, 2024, 49(7): 2949-2972
GE Shirong, LIU Shuqgin, FAN Jingli, et al. Key technologies for
low-carbon modern coal-based energy [J]. Journal of China Coal
Society, 2024, 49(7): 2949-2972.

[3] B BT, U, 55 L3N [ R 4 (0 e U il BS54

ARIAZR ], BEHAAR, 2022, 47(12): 4201-4216.
YANG Ke, ZHAO Xinyuan, HE Xiang, et al. Basic theory and
key technology of multi-source coal-based solid waste for green
backfilling[J]. Journal of China Coal Society, 2022, 47(12):
4201-4216.

(4] ke, skom, Jm, 55, R [ R SO REARBE FE Uk e 5 Jig

I EIRAEA], 2022, 47(12): 4167-4181.
ZHANG lJixiong, ZHANG Qiang, ZHOU Nan, et al. Research
progress and prospect of coal based solid waste backfilling min-
ing technology[J]. Journal of China Coal Society, 2022, 47(12):
4167-4181.

[5] YUZX, YANG K, HE X, et al. Research progress on multi-source
coal-based solid waste (MCSW) resource utilization and backfill
mining basic theory: A systematic literature review [J]. Process
Safety and Environmental Protection, 2025, 195: 106670.

[6] ZHANG JQ, YANG K, HE X, et al. Research status of compre-
hensive utilization of coal-based solid waste (CSW) and key
technologies of filling mining in China: A review[J]. Science of
The Total Environment, 2024, 926: 171855.

(71 XUHEm, 2558, PR K, 85 B AR A0 i B Sr 6 R BIE S
BER 0] BERRREEOR, 2022, 50(11): 251-257

97


https://doi.org/10.1016/j.psep.2024.12.051
https://doi.org/10.1016/j.psep.2024.12.051
https://doi.org/10.1016/j.scitotenv.2024.171855
https://doi.org/10.1016/j.scitotenv.2024.171855

2025 4F5 6 11

#HEHMFHAK

53 %

[10]

[11]

[12]

[13]

[14]

[15]

98

LIU Yanli, LI Qiang, CHEN Zhanfei, et al. Research progress
characteristics analysis and comprehensive utilization of coal gas-
ification slag[J]. Coal Science and Technology, 2022, 50(11):
251-257.
Wk, BT, X HTIC, A5, T S P S [ T T 4 (B eI
TFRIBEGHA ], BEBeAAR, 2021, 46(S2): 925-935.
YANG Ke, WEI Zhen, ZHAO Xinyuan, et al. Theory and techno-
logy of green filling of solid waste in underground mine at coal
power base of Yellow River Basin[J]. Journal of China Coal So-
ciety, 2021, 46(S2): 925-935.
SERSC, AR/, $8 TR, A SRR/ 1) R R 9 I
BLAR B RS L] B HOR, 2024, 52(6): 238-252.
WU Jinwen, DENG Xiaowei, JIAO Feishuo, et al. Resource util-
ization status and development trend of bulk solid waste of coal-
based ash/slag[J]. Coal Science and Technology, 2024, 52(6):
238-252.
BRI, SRAEAS. BRI A LR AL S R R R (0] e
#f%,2009, 34(1): 74-78.
LIANG Tieshan, ZHANG Zhijie. Blasting law and inducing
factors of self-combustion waste heap [J]. Journal of China Coal
Society, 2009, 34(1): 74-78.
BRI, KA RS, AL T A MR A AR D3 5 DG B
AR 0] IR, 2024, 49(2): 978-987
HU Zhenqi, ZHAO Yanling, MAO Zhen. Principles and key
technologies for the large-scale ecological utilization of coal
gangue[J]. Journal of China Coal Society, 2024, 49(2):
978-987.
Fa, Fm €, SRR, 45, FET 2R XU 3R Ao tF A LLdn X
BTN (7], AR J3%, 2022, 39(10): 249-256.
DU Yan, BAI Yunfei, ZHANG Xiaoyong, et al. Risk assess-
ment of coal gangue slope considering multiple risk factors[J].
Engineering Mechanics, 2022, 39(10): 249-256.
THOTRCH, PSR, RGeS ] R S OB BT A L B AR L
DR e By 3t 23 A L. vl [ 5 555 B 3 241, 2007, 18(2):
145-150.
XING Yonggiang, FENG Jincheng, RONG Xiaowei. Discus-
sion on causes of combustion and explosion and of coal gangue
at the No. 4 mine of Pingdingshan Coal Mine and countermeas-
ures [J]. The Chinese Journal of Geological Hazard and Control,
2007, 18(2): 145-150.
R, e, SIRIL, 45 Tl A B W 5 U5 R 4
2% (7). H2ETT2%, 2014, 21(5): 302-312.
DONG Faqin, XU Longhua, PENG Tongjiang, et al. The miner-
alogy in the process of industrial solid wastes treatment and re-
source recycle[J]. Earth Science Frontiers, 2014, 21(5):
302-312.
A, 2L, AT, A5 R [ AR (5 SRR A 4 B LA
REESE (7). BETH BT 5 B3R, 2022, 50(12): 75-84.
DONG Meng, LI Jiangshan, CHEN Xin, et al. Preparation of

coal-series solid-waste-based green filling materials and their

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

performance[J]. Coal Geology & Exploration, 2022, 50(12):
75-84.

FEO55E, SRE R, (LORIR, 55, “BE-ri (L SUSUR 72 B IRAL A
BT LR PE E B ], WEHREER, 2024, 30(7):
3-4.

CHENG Fangqin, GUO Yanxia, REN Qiangqiang, et al. Guest
editor of the topic “Technology of waste Resource Utilization in
coal-electric-chemical Field” addressed to readers[J]. Clean
Coal Technology, 2024, 30(7): 3—4.

FEWTAN, B, SRS, 4. FRIEEERT A3 25 A1 A R AE 5 0 41
S BM B [T]. BREERLEE, 2025, 46(4): 2281-2291.

CUI Xinru, HUO Xueping, ZHOU Bingjie, et al. Spatial Distri-
bution Characteristics and Graded Utilization Path of Coal
Gangue in Chinal[J]. Environmental Science, 2025, 46(4):
2281-2291.

SKIEOE, B, e, . AT A R S AR R S
PR [J/OL]. iR AR, 1-15 [2023—5-25]. http: //kns.cnki.net/
kems/detail/11.3676.td.20230524.1257.002.html.

ZHANG Bochao, TONG Hui, LONG Xueying, et al. Research
status and progress of high-value utilization of coal gangue solid
waste[J/OL]. Clean Coal Technology, 1-15 [2023—5-25]. http: //
kns.cnki.net/kecms/detail/11.3676.td.20230524.1257.002.
html.

P, BOBTHR, TR, 45, JEERH O B UL T BUIR 5 R (7). 1%
HRIEHIAR, 2024, 52(1): 380-390.

ZHU Tao, WU Xinjuan, XING Cheng, et al. Current situation
and progress of coal gangue resource utilization[J]. Coal Sci-
ence and Technology, 2024, 52(1): 380-390.

WRAR, B, R IR DOBERT A S5 S R RTR B AR (] P,
2017, 43(10): 132-136.

CHEN Dong, CAO Kun. New method for coal gangue compre-
hensive utilization in Jungar mining area[J]. China Coal, 2017,
43(10): 132-136.

PR, WD, 555, A5 ARIAGAEBR AR 1 DA T 7 3
FEPERTE (LR (7). Al T R4, 2017, 33(3): 168-174.
YAN Jiaping, CHEN Xiaoyang, CAI Yi, et al. Physicochemical
property change regularities of coal gangue with different weath-
ering ages in Huainan minging arealJ]. Transactions of the
Chinese Society of Agricultural Engineering, 2017, 33(3):
168-174.

LIUL, GE Z L, ZHOU Z, et al. Mineral composition, pore struc-
ture and mechanical properties of coal measure strata rocks: A
case study of Pingdingshan Coalfield[J]. Science of The Total
Environment, 2024, 952: 175944.

EAFEE, T, T SF. RAROEE TR e o B AL vk S
ARBFTEREE (V] T EREA, 2024, 30(8): 185-202.

WANG Xuexia, YU Mei, WANG Yemin, et al. Research pro-
gress on methods and technologies for enhancing flotation separ-
ation of fine coal slime[J]. Clean Coal Technology, 2024, 30(8):
185-202.


https://doi.org/10.3969/j.issn.1003-8035.2007.02.028
https://doi.org/10.3969/j.issn.1003-8035.2007.02.028
https://doi.org/10.1016/j.scitotenv.2024.175944
https://doi.org/10.1016/j.scitotenv.2024.175944

X

TRAE IR P AR A2 (A BT TS 2 5 A B e

2025 455 6 1A

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

BUHELR, RFSE, 22/NL, A5 B AEM I B B JRIFUFE R ARAR I Y
PR LR (1], BREROR S T, 2018, 18(8): 266-270.

WEI Yajuan, WANG Qunying, LI Xiaojiang, et al. Comparison
on performance of natural rubber reinforced by normal fly
ash/circulating fluid bed ash[J]. Science Technology and Engin-
eering, 2018, 18(8): 266-270.

AP ST, S AR T AEER AR 0 A IO R I 4 7K AR B
52 (1), HEHREAL, 2010, 33(3): 72-75.

HE Hongzhou, GUO Weili. Study on the hydrating capacity of
the desulfurization slag of cfb boiler[J]. Coal Conversion, 2010,
33(3): 72-75.

ZEhi iR, BRI, AEA 6. IR UGN AL R IR — IR ) K Ak
Rtk [J]. RREHR 5 TR, 2020, 20(28): 11735-11739.

LI Duanle, WANG Dongmin, REN Caifu. Hydration character-
istics of grinding circulating fluidized bed fly ash-lime[J]. Sci-
ence Technology and Engineering, 2020, 20(28): 11735-11739.
ZHAO S L, DUAN Y F, LIU M, et al. Effects on enrichment
characteristics of trace elements in fly ash by adding halide salts
into the coal during CFB combustion[J]. Journal of the Energy
Institute, 2018, 91(2): 214-221.

BHATT A, PRIYADARSHINI S, ACHARATH MOHANA-
KRISHNAN A, et al. Physical, chemical, and geotechnical prop-
erties of coal fly ash: A global review[J]. Case Studies in Con-
struction Materials, 2019, 11: €00263.

TP, 2. BRI B AT R 5 A ek ke 0], 5
FERYP SR, 2019, 39(4): 38-45.

WANG Liping, LI Chao. Research progress on development and
utilization of fly ash resource technology[J]. Conservation and
Utilization of Mineral Resources, 2019, 39(4): 38—45.

X PR T BN & CORABEAL T L BT & J A R 7 58 )
By @ &, 9 E B M [EB/OL]. [2025-01-05]. https:
/Iwww.gov.cn/xinwen/2017-03/27/content 5181130.htm.

JE T, G, XN, 5. SRS B T SE b ek ) 2
SrEReT]. AR, 2022, 47(5): 1958-1973.

QU Huisheng, SUO Yonglu, LIU Lang, et al. Preparation and
properties of modified coal gasification slag-based filling materi-
als for mines[J]. Journal of China Coal Society, 2022, 47(5):
1958-1973.

miyCl, sk, INENI, & i LA RIS R 1.
TSR, 2020, 26(1): 184-193.

QU lJiangshan, ZHANG Jianbo, SUN Zhigang, et al. Research
progress on comprehensive utilization of coal gasification
slag[J]. Clean Coal Technology, 2020, 26(1): 184—193.

T, WA, SRy, S BRI B B IR ALA BT
FEHERE LI]. TEAEEROR, 2022, 28(8): 145-154.

FAN Ning, ZHANG Yiqun, FAN Panpan, et al. Research pro-
gress on characteristic analysis and resource utilization of coal
gasification slag[J]. Clean Coal Technology, 2022, 28(8):
145-154.

Trex, Zedt, T, 55 BRI A 5388 B v AT IE 0k Jg

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

(7). SR, 2024, 30(82): 103-111.

QIAO Hui, ZUO Yue, QU Jie, et al. Reviews on separation and
application of residual carbon from coal gasification slag[J].
Clean Coal Technology, 2024, 30(S2): 103—111.

ZHAO G Z, CHANG F Y, CHEN J X, et al. Research and pro-
spect of underground intelligent coal gangue sorting technology:
A review [J]. Minerals Engineering, 2024, 215: 108818.

BT, SR, Tk, 8. BT T T ISR RE ik FE L
ARBFFEHERE 1], BRBIFEEOR, 2024, 52(4): 12-27.

LIANG Weiguo, GUO Fengqi, YU Yongjun, et al. Research
progress on in situ intelligent sorting and filling technology of
coal gangue underground[J]. Coal Science and Technology,
2024, 52(4): 12-27.

T RO B RTS8 D). MR TR, 2017,
49(1): 74-76.

GUO Xiujun. Research and application of coal gangue separa-
tion technology [J]. Coal Engineering, 2017, 49(1): 74-76.
BT T B e R G AT MRS 0 D)., 2021,
30(2): 100-101.

ZHAO Wei. Feasibility analysis of coal gangue separation sys-
tem in coal mine[J]. Coal, 2021, 30(2): 100-101.

R —, AT, BRI, A5 PR o R O R A s
]34 L] ST S5 R, 2022, 50(5): 13-22.

CAO Qingyi, REN Wenying, LIANG Chaoming, et al. Spatial
distribution of harmful trace elements in Chinese coals[J]. Coal
Geology & Exploration, 2022, 50(5): 13-22.

ZEHY, TR, B, S R SR i T R A R (LA R
TE R BERACRIT L] BEBePhAH R, 2022, 50(3): 1-38.

QIN Shenjun, XU Fei, CUI Li, et al. Geochemistry characterist-
ics and resource utilization of strategically critical trace ele-
ments from coal-related resources[J]. Coal Science and Techno-
logy, 2022, 50(3): 1-38.

ZHU M B, XIE G, LIU L, et al. Strengthening mechanism of
granulated blast-furnace slag on the uniaxial compressive
strength of modified magnesium slag-based cemented back-
filling material [J]. Process Safety and Environmental Protection,
2023, 174: 722-733.

NADUDVARI A, KOZIELSKA B, ABRAMOWICZ A, et al.
Heavy metal- and organic-matter pollution due to self-heating
coal-waste dumps in the Upper Silesian Coal Basin (Poland)
[J]. Journal of Hazardous Materials, 2021, 412; 125244.

YUAN Z J, SHI S H, WU X G, et al. Aliphatic and polycyclic
aromatic compounds in coal and coal-based solid wastes: Rela-
tionship with coal-forming paleoenvironment and implications
for environmental pollution[J]. Science of The Total Environ-
ment, 2024, 951: 175394.

LV Y, LIU L, YANG P, et al. Study on leaching and curing
mechanism of heavy metals in magnesium coal based backfill
materials[J]. Process Safety and Environmental Protection,

2023, 177: 1393-1402.
99


https://doi.org/10.1016/j.joei.2016.12.003
https://doi.org/10.1016/j.joei.2016.12.003
https://doi.org/10.1016/j.cscm.2019.e00263
https://doi.org/10.1016/j.cscm.2019.e00263
https://doi.org/10.1016/j.cscm.2019.e00263
https://doi.org/10.1016/j.mineng.2024.108818
https://doi.org/10.1016/j.psep.2023.04.031
https://doi.org/10.1016/j.jhazmat.2021.125244
https://doi.org/10.1016/j.scitotenv.2024.175394
https://doi.org/10.1016/j.scitotenv.2024.175394
https://doi.org/10.1016/j.scitotenv.2024.175394
https://doi.org/10.1016/j.psep.2023.07.084

2025 4F5 6 11

#HEHMFHAK

53 %

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

100

YAO C, SHEN Z J, WANG Y M, et al. Tracing and quantifying
the source of heavy metals in agricultural soils in a coal gangue
stacking area: Insights from isotope fingerprints and receptor
models[J]. Science of The Total Environment, 2023, 863:
160882.

DU Z, HONG X P, YANG K, et al. Enrichment characteristics
of polycyclic aromatic hydrocarbons in coal gangue of the
Huaibei Coalfield, China[J]. Environmental Technology & In-
novation, 2024, 36: 103769.

WANG Y F, TANG Y G, LIU S Q, et al. Behavior of trace ele-
ments and mineral transformations in the super-high organic sul-
fur Ganhe coal during gasification[J]. Fuel Processing Techno-
logy, 2018, 177: 140—151.

HJE S, SR, RO AR, S8 R0 1 O e A AR e A 2
BRI, 5l B AoA A, 2024, 9(5): 653-667.

SHAO Longyi, ZHANG Yaxing, GENG Sugqian, et al. Physico-
chemical characteristics and environmental impact of coal mine
solid waste[J]. Journal of Mining Science and Technology,
2024, 9(5): 653-667.

LU X W, WANG Z Z, CHEN Y R, et al. Source—specific prob-
abilistic risk evaluation of potentially toxic metal(loid)s in fine
dust of college campuses based on positive matrix factorization
and Monte Carlo simulation[J]. Journal of Environmental Man-
agement, 2023, 347: 119056.

FENG F S, SUN J, DING L, et al. Migration patterns of heavy
metals from solid waste stockpile soils by native plants for eco-
logical restoration in arid and semi-arid regions of Northwest
China[J]. Environmental Research, 2024, 251: 118607.

W75 S, T T S AR P R R R 2 B s AR
W5 L], FREEAAPFE, 2021, 47(2): 161-166.

CHEN Xiuduan, LU Xinwei. Pollution characteristics of heavy
metals and PAHs in urban road dust[J]. Environmental Protec-
tion Science, 2021, 47(2): 161-166.

AT, AR, RIS, 55 500 X LI &8 M2 kTS
e PG ST HOR Z3k [T]. BREE TR R 244, 2024, 14(1):
139-147.

HUA Jie, WANG Jianyuan, CHEN Yunwei, et al. A review of
heavy metal and polycyclic aromatic hydrocarbon pollution
treatment and remediation technologies in coal mine soils[J].
Journal of Environmental Engineering Technology, 2024, 14(1):
139-147.

ZHAO X Y, YANG K, DINO G A, et al. Feasibility and chal-
lenges of multi-source coal-based solid waste (CSW) for under-
ground backfilling — A case study[J]. Process Safety and Envir-
onmental Protection, 2024, 181: 8-25.

CHEN Y, FAN Y J, HUANG Y, et al. A comprehensive review
of toxicity of coal fly ash and its leachate in the ecosystem[J].
Ecotoxicology and Environmental Safety, 2024, 269: 115905.
GUO F H, GUO Y, CHEN L Q, et al. Multitudinous compon-

ents recovery, heavy metals evolution and environmental impact

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

of coal gasification slag: A review [J]. Chemosphere, 2023, 338:
139473.

GUOY W, LI X D, LI Q Z, et al. Environmental impact assess-
ment of acidic coal gangue leaching solution on groundwater: A
coal gangue pile in Shanxi, China[J]. Environmental Geochem-
istry and Health, 2024, 46(4): 120.

TR AR, SRARA, B, 28 JERT A0 LR PR K TS e Rl AR
WFFEULRE J]. L, 2017, 26(1): 43-48

XU lJingjing, ZHANG Jiwei, CUI Shujun, et al. Research pro-
gress in pollution control technologies of acidic wastewater from
coal gangue [J]. China Mining Magazine, 2017, 26(1): 43-48.
KUMARI M, BHATTACHARYA T. A review on bioaccessibil-
ity and the associated health risks due to heavy metal pollution in
coal mines: Content and trend analysis[J]. Environmental De-
velopment, 2023, 46: 100859.

LIJ M, LI X T, HUANG Y L, et al. Dynamic leaching behavi-
ors of heavy metals from recycled coal gangue aggregate under
loading conditions during solid backfill mining[J]. Environ-
mental Pollution, 2024, 362: 125028.

LI J Y, WANG J M. Comprehensive utilization and environ-
mental risks of coal gangue: A review[J]. Journal of Cleaner
Production, 2019, 239: 117946.

ZHAO Y C, ZHANG J Y, CHOU C L, et al. Trace element
emissions from spontaneous combustion of gob piles in coal
mines, Shanxi, China[J]. International Journal of Coal Geology,
2008, 73(1): 52-62.

GUO W K, CHEN B, LI G Y, et al. Ambient PM, and related
health impacts of spontaneous combustion of coal and coal
gangue[J]. Environmental Science & Technology, 2021, 55(9):
5763-5771.

HOU H M, SULJ, GUO DF, et al. Resource utilization of sol-
id waste for the collaborative reduction of pollution and carbon
emissions: Case study of fly ash[J]. Journal of Cleaner Produc-
tion, 2023, 383: 135449.

ZHANG Y B, ZHANG Y T, SHI X Q, et al. Co-spontaneous
combustion of coal and gangue: Thermal behavior, kinetic char-
acteristics and interaction mechanism[J]. Fuel, 2022, 315:
123275.

XN, BHEEE, KA1, 4. G T R 2 B i e 4 [ R %
R FEIT R FA G I V], BB 2R, 2024, 52(4):
83-92.

LIU Lang, LUO Yixiao, ZHU Mengbo, et al. Mining techno-
logy and practice of full-solid waste cemented backfilling in nar-
row strip of extra-thick coal seam under buildings[J]. Coal Sci-
ence and Technology, 2024, 52(4): 83-92.

FFERTE, VPZOMR, B B IR B i R LA (T R BOR
(0], R4, 2022, 47(12): 4265-4277.

XUAN Dayang, XU lJialin, WANG Binglong. Green mining
technology of overburden isolated grout injection[J]. Journal of

China Coal Society, 2022, 47(12): 4265-4277.


https://doi.org/10.1016/j.scitotenv.2022.160882
https://doi.org/10.1016/j.fuproc.2018.04.019
https://doi.org/10.1016/j.fuproc.2018.04.019
https://doi.org/10.1016/j.fuproc.2018.04.019
https://doi.org/10.1016/j.jenvman.2023.119056
https://doi.org/10.1016/j.jenvman.2023.119056
https://doi.org/10.1016/j.jenvman.2023.119056
https://doi.org/10.1016/j.envres.2024.118607
https://doi.org/10.1016/j.psep.2023.11.013
https://doi.org/10.1016/j.psep.2023.11.013
https://doi.org/10.1016/j.psep.2023.11.013
https://doi.org/10.1016/j.ecoenv.2023.115905
https://doi.org/10.1016/j.chemosphere.2023.139473
https://doi.org/10.1007/s10653-024-01861-3
https://doi.org/10.1007/s10653-024-01861-3
https://doi.org/10.1007/s10653-024-01861-3
https://doi.org/10.1016/j.envdev.2023.100859
https://doi.org/10.1016/j.envdev.2023.100859
https://doi.org/10.1016/j.envdev.2023.100859
https://doi.org/10.1016/j.envpol.2024.125028
https://doi.org/10.1016/j.envpol.2024.125028
https://doi.org/10.1016/j.jclepro.2019.117946
https://doi.org/10.1016/j.jclepro.2019.117946
https://doi.org/10.1016/j.coal.2007.07.007
https://doi.org/10.1016/j.jclepro.2022.135449
https://doi.org/10.1016/j.jclepro.2022.135449
https://doi.org/10.1016/j.jclepro.2022.135449
https://doi.org/10.1016/j.fuel.2022.123275

X

TRAE IR P AR A2 (A BT TS 2 5 A B e

2025 455 6 1A

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

R, T, KK, % Ras KA R R se A R gt
JR S REE V], BERRFHOR, 2023, 51(2): 143-154.

ZHU Lei, GU Wenzhe, SONG Tianqi, et al. Research progress
and prospect of coal gangue slurry backfilling technology in
goaf[J]. Coal Science and Technology, 2023, 51(2): 143—154.
EHOLE, ST, FREAA, A AT IR AR TR )=
WD ARBIS [J/OL]. R4, 1-12, [2024-11-25] . ht-
tps://doi.org/10.13225/j.cnki.jccs.2024.0884.

WANG Bibi, GUO Wenbing, GUO Mingjie, et al. Research on
grouting subsidence reduction technology of overburden separa-
tion layer in isolated working face mining under village[J/OL].
Journal of China Coal Society, 1—12, [2024—11-25].https://doi.
org/10.13225/j.cnki.jccs.2024.0884.

Ak, UK, TR, 55 A SRR IR R “= A7 i IRIF
PR HAR V], BB AR, 2024, 52(4): 69-82.

YANG Ke, HE Shuxin, HE Xiang, et al. Foundation and techno-
logy of coordinated utilization of bulk solid waste “Three mod-
ernizations” in coal power base[J]. Coal Science and Techno-
logy, 2024, 52(4): 69-82.

YAN P F, MA Z G, LI H B, et al. Study on frost resistance and
freeze-thaw damage deterioration mechanism of cement-stabil-
ized pure coal-based solid waste as pavement base material [J].
Construction and Building Materials, 2024, 450: 138598.

ZHAO X, LI W X, ZHANG X R, et al. Low-temperature prepar-
ation of lightweight ceramic proppants using high-proportioned
coal-based solid wastes[J]. Ceramics International, 2024,
50(11): 18117-18124.

LIU T Y, LIU J, YANG Q Z, et al. Sustainable use of coal
gangue and other wastes in lightweight material: Physical-mech-
anical, environmental security and synergistic mechanisms[J].
Ceramics International, 2025, 51(2): 2244-2258.

KR, R, MIEAR, 55 BT AR R LA K A5 HE o)
i [0]. WK 2 (22 RRD , 2010, 44(5): 1003-1008.

QIU Guohua, XU Yang, SHI Zhenglun, et al. Feasibility analys-
is on utilization of coal gangue as clay for cement[J]. Journal of
Zhejiang University (Engineering Science), 2010, 44(5):
1003—1008.

EEAE, HEIEAS, REL, 5. A RET LA K I BRI )7
PEAGKIROETE V] $T TR 244 (T2408), 2010, 44(1): 130,
QIU Guohua, SHI Zhenglun, YU Chunjiang, et al. Experimental
research on utilization of coal gangue as clay for optimized for-
mula on cement clinker calcination[J]. Journal of Zhejiang Uni-
versity (Engineering Science), 2010, 44(1): 130.

FERE, XV, SRR, S RERRERBVEL-AT A BRI A
IKIEAKAAEIIRNTE [T]. HERRER 2R, 2007(S1): 180-186.
WANG Peiming, LIU Xianping, HU Shuguang, et al. Hydration
models of Portland coal gangue cement and Portland fly ash ce-
ment[J]. Journal of the Chinese Ceramic Society, 2007(S1):
180—186.

WU C L, JIANG W, ZHANG C, et al. Preparation of solid-waste-

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

based pervious concrete for pavement: A two-stage utilization
approach of coal gangue[J]. Construction and Building Materi-
als, 2022, 319: 125962.

XUBEEE . HR AR Y707 5 A A A0 “PIA” [N/OL]. W52
o H )&, 2014-09—-18 [2022—-08—10]. http: //inews.nmgnews.
com.cn/system/2014/09/18/011537722 01.shtml.

SUN W, WANG H J, HOU K P. Control of waste rock-tailings
paste backfill for active mining subsidence areas[J]. Journal of
Cleaner Production, 2018, 171: 567-579.

FXUH, ALARAR, F AR, PORIE TR IES I DX e S A
F AR RN IIHT (T]. BRI, 2017, 42(1): 1726,

WANG Shuangming, DU Huadong, WANG Shengquan. Ana-
lysis of damage process and mechanism for plant community
and soil properties at northern Shenmu subsidence mining
area[J]. Journal of China Coal Society, 2017, 42(1): 17-26.
GUO G L, FENG W K, ZHA J F, et al. Subsidence control and
farmland  conservation by solid  backfilling  mining
technology [J]. Transactions of Nonferrous Metals Society of
China, 2011, 21: s665—s669.

LIU Z, LIU S J, GAO L N, et al. Long-term recovery of com-
pacted reclaimed farmland soil in coal mining subsidence
arealJ]. Ecological Indicators, 2024, 168: 112758.

SRt SC, S5, TR, S5 SR X AR BRI R B R
AR B A SR e g [O]. R R 2R R, 2024, 52(2):
338-349.

ZHANG Shiwen, CAI Huizhen, ZHANG Yanhai, et al. Soil bac-
terial community structure in coal mining area and its response
to different reclamation patterns[J]. Coal Science and Techno-
logy, 2024, 52(2): 338-349.

INEAS, 2Rz, 2GR, S5 M IR A XA R 52 B RE - 30E e
SHLBRRITIE [T B A1, 2013, 38(12): 2215-2220.

SUN lJijjie, LI Xinju, LI Haiyan, et al. Soil composition mechan-
ism research of different reclamation material in coal mining
subsidence areal[J]. Journal of China Coal Society, 2013,
38(12):2215-2220.

BIRBL, BEIRR, AR, 25, e A A AR T X L B 5
B HLIE 5 Pk D). BER BE 2 B0R 2023, 51(1):
474-483.

HU Zhengqi, LI Yuanyuan, LI Gensheng, et al. Opportunities and
challenges of land reclamation and ecological restoration in min-
ing areas under carbon neutral target[J]. Coal Science and Tech-
nology, 2023, 51(1): 474—483.

WIEE, BRI A, 40T R B LA A RS )],
B, 2018, 43(1): 190-197.

BIAN Zhengfu, LEI Shaogang, JIN Dan, et al. Several basic sci-
entific issues related to mined land remediation[J]. Journal of
China Coal Society, 2018, 43(1): 190-197.

BRI, 5710 B A I HE  J: (] EseA4, 2022,
47(7): 2499-2515.

HU Zhengi. Theory and method of soil reconstruction of re-

101


https://doi.org/10.1016/j.conbuildmat.2024.138598
https://doi.org/10.1016/j.ceramint.2024.02.295
https://doi.org/10.1016/j.ceramint.2024.11.202
https://doi.org/10.1016/j.conbuildmat.2021.125962
https://doi.org/10.1016/j.conbuildmat.2021.125962
https://doi.org/10.1016/j.conbuildmat.2021.125962
https://doi.org/10.1016/j.jclepro.2017.09.253
https://doi.org/10.1016/j.jclepro.2017.09.253
https://doi.org/10.1016/S1003-6326(12)61659-8
https://doi.org/10.1016/S1003-6326(12)61659-8
https://doi.org/10.1016/j.ecolind.2024.112758

2025 4F5 6 11

#HEHMFHAK

53 %

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

102

claimed mined land[J]. Journal of China Coal Society, 2022,
47(7): 2499-2515.

SRICER, B, R, AR PRI S DRI BB
BABHITEBUIR R [J]. B2, 2023, 48(1): 388401
GUO Wenbing, ZHAO Gaobo, BAI Erhu, et al. Research status
and prospect on cultivated land damage at surface subsidence
basin due to longwall mining in the central coal grain compound
area[J]. Journal of China Coal Society, 2023, 48(1): 388—401.
TR, BHH, AL, . MO R A R IR S
& OGO ] 3 A 56 2y B, 2017, 37(12):
3839-3844.

XU Liangji, LI Qingqing, ZHU Xiaomei, et al. Hyperspectral in-
version of heavy metal content in coal gangue filling reclama-
tion land[J]. Spectroscopy and Spectral Analysis, 2017, 37(12):
3839-3844.

LAL R, HALL G F, MILLER F P. Soil degradation: I. basic pro-
cesses[J]. Land Degradation & Development, 1989, 1(1):
51-69.

WL, FRIRE, 54, . LR G Y 2 B LR B
B RCR ] Al TR, 2007, 23(11): 120-124.

HU Zhenqi, KANG Jingtao, WEI Xiuju, et al. Experimental re-
search on improvement of reclaimed soil properties and plant
production based on different ratioes of coal-based mixed mater-
ials[J]. Transactions of the Chinese Society of Agricultural En-
gineering, 2007, 23(11): 120-124.

JALA S, GOYAL D. Fly ash as a soil ameliorant for improving
crop production: A review [J]. Bioresource Technology, 2006,
97(9): 1136-1147.

ZHOU C Z, WANG J H, WANG Q, et al. Simultaneous adsorp-
tion of Cd and as by a novel coal gasification slag based com-
posite: Characterization and application in soil remediation[J].
Science of The Total Environment, 2023, 882: 163374.

ZEUIER, TKRSCH, U, . 38 EREAA B N R
T DX AR 2 e 1) 3870 (00 Rl T2 2412, 2022, 38(6):
89-95.

LI Mingzhu, ZHANG Wenchao, WANG Shujuan, et al. Suit-
able application of flue gas desulphurized gypsum to improve
the sunflower yield in saline-alkali soil in the Hetao irrigation
areas of Inner Mongolia[J]. Transactions of the Chinese Soci-
ety of Agricultural Engineering, 2022, 38(6): 89-95.

SHEN W Y, FENG Z J, SONG H P, et al. Effects of solid waste-
based soil conditioner and arbuscular mycorrhizal fungi on crop
productivity and heavy metal distribution in foxtail millet (Setar-
ia italica) [J]. Journal of Environmental Management, 2022, 313
114974.

YUSCHE, AR, 2252, 45 AT LA TRV BSCR AT B IR
PERBIRAL [T]. BERBLATAR, 2023, 51(S1): 449-460.

GONG Wenhui, ZHU Xiaobo, LI Wang, et al. Analysis of phos-
phate dissolving effect and optimization of acid producing capa-

city of coal gangue protobacteria[J]. Coal Science and Techno-

[96]

[97]

[98]

[99]

[100]

[ 101 ]

[102]

[ 103 ]

[104]

logy, 2023, 51(S1): 449-460.

ZEIIR, r(atty, TARAL, 45, A ST e iR A A E A
BRI ATTE (1], R PR, 2022, 50(7): 304-314.
QIN Qikun, FANG Jianmei, WANG Genzhu, et al. Experiment-
al study of planting substrate mixed with coal gangue and muni-
cipal sludge[J]. Coal Science and Technology, 2022, 50(7):
304-314.

RBGIY, 234, 1FVE, 45 AR IR AR FHAF L Je B vt
JEE[I]. WHREROR, 2021, 27(6): 11-21

ZHU Jufen, LI Jian, YAN Long, et al. Research progress and ap-
plication
utilization [J]. Clean Coal Technology, 2021, 27(6): 11-21.
XU, T 58, A, 5. JEAT A0 Th A IR AL LIS | BRI
YT (1], BERRERIE AR, 2015, 34(4): 966-972.

LIU Chenglong, XIE Yuchong, XIA Jupei, et al. Study on ex-

prospect of coal gasification slag resource

tracting aluminum and titanium from neutral residues of coal
gangue by acid leaching[J]. Bulletin of the Chinese Ceramic So-
ciety, 2015, 34(4): 966-972.

IR, T, Rk, . O S RIIB B (1], 877 0%
5, 2021, 41(6): 165-178.

LI Zhen, XUE Jia, ZHU Zhanglei, et al. Research progress on
comprehensive utilization of coal gangue[J]. Conservation and
Utilization of Mineral Resources, 2021, 41(6): 165-178.
XU, AT, (TP IR 78 T SR o Y B 45 %
(7], BEme2#4iz, 2020, 45(1): 141-150.

LIU Jiangong, LI Xinwang, HE Tuan. Application status and
prospect of backfill mining in Chinese coal mines[J]. Journal of
China Coal Society, 2020, 45(1): 141-150.

XK, J7IAAY, XU, 5. B eI gk BE HEA S B A A
(1], BEBeRl2HR, 2024, 52(2): 292-308.

LIU Lang, FANG Zhiyu, WANG Shuangming, et al. Theoretic-
al basis and technical conception of backfill carbon fixation in
coal mine[J]. Coal Science and Technology, 2024, 52(2):
292-308.

XU, A ZE, I, A XU EAR RS RIS A5 )
CO, T A7 IR A2 5 AR MR ). M B4R, 2022,
47(1): 45-60.

WANG Shuangming, SHEN Yanjun, SUN Qiang, et al. Under-
ground CO, storage and technical problems in coal mining area
under the “dual carbon” target[J]. Journal of China Coal Soci-
ety, 2022, 47(1): 45-60.

XITR, EXU, B, 45, SET O RB ML Y CO, iR 5T
HEAFITERER ). AR, 2022, 47(3): 1072-1086.

LIU Lang, WANG Shuangming, ZHU Mengbo, et al. CO, stor-
age-cavern construction and storage method based on functional
backfill[J]. Journal of China Coal Society, 2022, 47(3):
1072-1086.

ERAERT, XN, £, 4. S8 R0 — e H— @R R G
FEIRAH LS L] frih A4, 2018, 39(11): 1308-1316.

QIU Huafu, LIU Lang, WANG Mei, et al. Mining-backfill-stor-


https://doi.org/10.3321/j.issn:1002-6819.2007.11.020
https://doi.org/10.3321/j.issn:1002-6819.2007.11.020
https://doi.org/10.3321/j.issn:1002-6819.2007.11.020
https://doi.org/10.3321/j.issn:1002-6819.2007.11.020
https://doi.org/10.1016/j.biortech.2004.09.004
https://doi.org/10.1016/j.scitotenv.2023.163374
https://doi.org/10.1016/j.jenvman.2022.114974

X

TRAE IR P AR A2 (A BT TS 2 5 A B e

2025 455 6 1A

[105]

[ 106 ]

[107]

age building synergetic system in metal mine and its backfill
storage structure[J]. Acta Petrolei Sinica, 2018, 39(11):
1308—1316.

HUANG L, WANG D L, HE C, et al. Industrial wastewater de-
salination under uncertainty in coal-chemical eco-industrial
parks[J]. Resources, Conservation and Recycling, 2019, 145:
370-378.

LU K, LU Y, BAI Y X, et al. Experimental investigation and
theoretical modeling on scale behaviors of high salinity
wastewater in zero liquid discharge process of coal chemical in-
dustry[J]. Chinese Journal of Chemical Engineering, 2020,
28(4): 969-979

SHI J X, HUANG W P, HAN H J, et al. Review on treatment

technology of salt wastewater in coal chemical industry of

[ 108 ]

[109]

[110]

Chinal[J]. Desalination, 2020, 493: 114640.

XIE G, LIU L, SUO Y L, et al. Study on the green disposal of
industrial high salt water and its performance as activator to pre-
pare magnesium-coal based solid waste backfill material for
mine[J]. Journal of Cleaner Production, 2024, 452: 141933.
ZHANG L F, WANG J Q, FU G K, et al. Simultaneous electri-
city generation and nitrogen and carbon removal in single-cham-
ber microbial fuel cell for high-salinity wastewater treatment[J].
Journal of Cleaner Production, 2020, 276: 123203.

ZHAO Y Y, ZHUANG X M, AHMAD 8§, et al. Biotreatment of
high-salinity ~ wastewater: Current methods and future

directions [J]. World Journal of Microbiology and Biotechno-
logy, 2020, 36(3): 37.

103


https://doi.org/10.1016/j.cjche.2020.01.001
https://doi.org/10.1016/j.desal.2020.114640
https://doi.org/10.1016/j.jclepro.2024.141933
https://doi.org/10.1016/j.jclepro.2020.123203
https://doi.org/10.1007/s11274-020-02815-4
https://doi.org/10.1007/s11274-020-02815-4
https://doi.org/10.1007/s11274-020-02815-4

	0 引　　言
	1 我国煤基固废特征
	1.1 煤基固废分类
	1.1.1 单一类型煤基固废分类方法
	1.1.2 原性与变性煤基固废分类方法

	1.2 煤基固废存量与增量
	1.2.1 原性煤基固废存量与增量
	1.2.2 变性煤基固废存量与增量

	1.3 煤基固废物理特性
	1.3.1 原性煤基固废物理特性
	1.3.2 变性煤基固废物理特性

	1.4 煤基固废化学特性
	1.4.1 物质组成
	1.4.2 水化活性
	1.4.3 酸碱性


	2 煤基固废环境影响
	2.1 占用土地与土壤污染
	2.2 水资源污染
	2.3 大气污染与碳排放

	3 煤基固废规模化绿色低碳利用模式
	3.1 矿井充填领域
	3.1.1 全固废胶凝材料
	3.1.2 全固废膏体充填
	3.1.3 全固废注浆充填

	3.2 建材制备领域
	3.2.1 煤基固废水泥辅料
	3.2.2 煤基固废筑路
	3.2.3 煤基固废建筑预制件

	3.3 生态修复领域
	3.3.1 塌陷区回填
	3.3.2 盐碱地/沙化地改造
	3.3.3 制备农肥与土壤改良

	3.4 资源提取领域
	3.4.1 炭质资源利用
	3.4.2 有价元素提取
	3.4.3 高岭土分选


	4 煤基固废规模化绿色低碳利用创新路径
	4.1 煤基固废分级分质全组分利用
	4.2 煤基固废改性充填协同采空区利用
	4.3 煤基固废与高盐水协同处置

	5 结　　论
	参考文献

