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Research progress on resource utilization of coal gangue in soil
remediation and improvement

WANG Peipei WU Jianguo ZHANG Chan *

(School of Environment and Resources, Taiyuan University of Science and Technology, Taiyuan, 030024, China)

Abstract Coal gangue is one of the industrial solid wastes with the largest land occupation and
annual increment/emission, which causes serious environmental pollution. In this review, advantages
and disadvantages of coal gangue resource utilization ways and requirements for basic
physicochemical components of coal gangue are analyzed, the composition of coal gangue and the
suitability of soil remediation and improvement are introduced in detail, the direct application of coal
gangue in soil remediation and improvement as surface covering material and its mixture with soil is
reviewed, and the methods of acid-base modification, organic modification, surface activation
modification, biological modification and composite modification of coal gangue are summarized.
The application of modified coal gangue as soil fertilizer, plant substrate and porous organic
amendment agent in soil remediation and improvement is emphasized. In the modified application of
coal gangue, the soil ecosystem was restored or re-established, which makes the large-scale
consumption and utilization of coal gangue in the soil possible. The existing problems in the current
research are also pointed out, such as the unsatisfactory modification effect of raw materials, the

limitation of the types of experimental subjects planted in the plant substrates, and the potential risks
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of heavy metal enrichment in coal gangue. The focus of future research is expected to strengthen the
theoretical research on the utilization of coal gangue in soil, improve the resource utilization of coal
gangue while contributing to the dual-carbon goal, and realize the industrial application of coal
gangue on the premise of reducing costs.

Keywords coal gangue, soil remediation and improvement, resource utilization, modification,

soil utilization.
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Table 1 Advantages and disadvantages of coal gangue resource utilization ways and requirements for basic physicochemical
components of coal gangue
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Table 2 Comparison of mineral composition of coal gangue and soil
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Fig.1 Schematic diagram of the crystal structure of kaolinite®! (a) Front view (b) Top view
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Table 3 Main chemical composition of coal gangue in different areas of China

Coal gﬁﬁ:ﬁiing area SI02/% ALOy/% Ca0/% Fe,04/% MgO/% TiOy/% Na,0/% K,0/%
bivlibavvi G 45.03 16.91 6.08 19.57 3.40 2.96 1.33 1.66
SESip NI 38.37 33.00 0.14 0.80 0.03 0.61 0.09 0.11
PG 42.28 39.37 0.58 0.33 0.15 0.09 0.36 0.94
IINTESG 46.75 18.62 3.06 6.15 0.59 0.83 0.24 1.35
LG 5 e 56.60 35.90 0.20 2.50 0.50 1.60 0.20 1.30
LL PG I 332! 63.10 28.10 1.00 2.40 0.50 1.10 0.30 2.40
B 111 44.75 37.43 0.07 0.99 0.15 1.43 0.88 0.56
LRI 45.67 37.75 0.62 0.28 0.48 0.29 0.88 0.19
LR 49.09 19.38 0.65 9.36 0.77 0.77 0.47 1.47
TLIRN 45.73 38.69 0.09 0.47 0.16 0.45 0.14 0.16
PN L 65.05 24.93 1.47 6.83 0.54 0.97 0.24 322
PP FHEY 66.71 11.62 3.57 6.27 1.97 — 0.48 2.57
T g ety AEC 59.70 25.15 0.69 425 0.31 1.04 — —

TP EMSHEES 37.10—77.70 6.86—32.38 0.50—5.19 2.18—11.33 0.41—4.90 0.23—1.83 048—4.90 1.34—5.69
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3 JEAPA RT3 B E o R W (Application of coal gangue in soil remediation and improvement)
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Table 4 Principles, advantages and disadvantages of coal gangue modification methods

PR A7 e Iy 7
Coal gangue [rgdazeail s B 2 275 3k
modification Modification principle Advantage Disadvantage Example References
method
CaCOs3(s)+2H" (aq) —
Ca”* (aq) + CO, (g) + H,0(1) TE80 CAKAIRIE T Bl
Fea 0y (5) + 6H" (aq) ~ 4 RATAT ORI 4
Rt 2Fe™ (@) + 3H0() fl2ysit, LR £
P ALS1O5(OH), () + 6H* (aq) > etk i b R
21 (a0) + 2HuSi04 (a) +HoO() Sfiy ity SRR = 0 L
i ALO> 25105 (5)+OH” (30) >y giumpt iy ok, o, xp3F oA
etk 2AI™ (a) + 25102 () +3H0M) e g gt sl v vs s
BT LR EmZe IR TERPE S5 FCa> 3472
% PESR RS T HERT 77 % Bl AL
g A1203°28i0:(9) +20H (aq) — 1) TRE B AR A T R T, il 2 1
2A105 (ag) +2Si0; (5) + Ho0(1) WA T PO

FERHRI LI R R BIX
g




ke

-
i

2792

3

44 %

2k 4

TERT A BTy i
Coal gangue
modification

method

e
Advantage

etk I

Modification principle

Head

Disadvantage

e
Example

E=BUN
References

R AT | 73

HLCPE, SRHITERERN

BB S5 350 %

KB K A

HIHIREST; $15%

W REF A s 3 S
JHIE

W T IR AR | A

GLLE LRI e Ha b

FT A bes =

o TSR AL B IR

jg fﬁ:’fﬁ li CM/CTAB, XFCr(V) #3

iy, e LSRRG g

poaes ﬂzﬁ%ﬂﬂgﬁ P, XFCr(VI) By B R WL

é\%ﬂrﬂﬁz'@ﬁﬁ 455.09 mg-g ™!, 15 minN 2%
- B 431585%

AR5 B BN,

[51]

RIK H R TR
AL, BEETL A
T35 WAL RS
EL e o ol
e, s i,
P AR TR, ke L
SUREE, BRI
L, Sy BRI,
(LRI,
15

F MR

F T A1 T B R LA
FERGRIAR/NT4.75 mmf kL
UL, HER A BRI LA
bt 1. oo s 1200 E, B, 7EAR
N T
Sty g 1£700 TR bt
Cioh warese BB (iR, b
PN TS e TR 1 LR
S T B AL A
TR AT T PR BB
)

[52 - 53]

AR AT

REFEAR: X FR5E

U FEARA H

LA YIAR (R AR ()7 A 4R R T
AN FEAT AL B W A T IR A e

35 T4 e

FRor i, fEat

WA KA

LRI i

TR S YR fE T
Ak A B AR, Wi
A 1 ZEFRAT TR AR FE40 d,
JEFEIR & T = 1745, 35
F]17338.17mg kg, A HERF
IR, BeAH . ARBERIAEL
B B 369.87%
93.96%#11128.60%

PRSI ER T,
SEFEE R
AR

[48,54]

AR A AL
RMETHE; 35
W2 IESS & fH, At 15 b — ety ik
FERL, IR R, v SOt A TERe;
BT BRI AR kA
3R AR R
AT

etk

T B RS R AR
Miﬂ‘:, 7@QFCC0204, #ﬁﬁ
BHG RN & ARSI AT
PR ™ P FeCo,O /B RT3 (FC-
WP EAEEY MCG) AL, XTI ER
JF, SRR L T (20 mg L) BATRE S A
S TLREfRIERE, FRIRRIA85%,
ALK A T AR B

A s AR AR

[55]

AP 1 Sy S SEHERL 4 7 ]
(1) A=A 0 Ak B A i i

322

A2 T AP AT A AT 2 I S KRN R, BRI A o, R R v A 4
W, HUBCER . B A PLTTSEE TR BT E R, B2 R PO Ge AR T I IR el K R FVEERT A
FE Na-X A IR A BB AL &) o 25 5 1 88 PH 2 7 28 3 25 5 (CEC), ¥4 0 1T 3 Sl il Ay ML,
RN & B BEAE P AL, RIS B 5 1 X6 246 J@ 15 Cd il Pb Y [ 22

AR A T N, P K JCER B IR AL AR S A, 2 TP I, Motesharezadeh
A1 38 o U AR S A A T ORREERT A (CG) it FH 55 19 R S B AR L T (AMD) 3R 0 T G oK 5%
S . B R, CG AT AM MR G R 2 T FOKXF N, Py K AN, i 2542 i T AR 5 0 &%
i, HAEMEAT A N 10% I RCR U Zha S50 BERF A P 20 8 1 — bk YZ1 407, 3240 B et
A RSO AT S 3 DV AR T, O RE IR A O R AR A SN, YZ1 4 DR AR A ) S et AR
LGN E 2 BroR, R A D s i B R 16 AL AT rh Al . 89 L A4 AL T BRI . 5] S5 X 45 2
M A B o RAE R, FE AT A b 0 B - rp R e | ] 2 5 7 A LB (OMD) RV (TN, FEAIREE
G Ja T BE N, SR B — i PR A R IEORLRIAE, R0 B — HLS AR R, DRI 27 B T ik T A 5 — A
s R R Al 2 A0, SEEA YR B kb,

(2) Bt S5 sRk 6 2 A e

WK SRS U AR RS AT . S S A ML ST, oS ROk R SR P eI (PAMD) &5 L LR & it



8 1 ERE A T AR R e R R R T 2793

FH. FRTH AR A HE B [ B —— B K, FEHE AR I BRUR T PR P 22 | W R RE 58, AT
FARR e | SRR AL RE | B R R P B I B TSI R kR A 15 K P2 B A JE Rk I 5
He AR & BB KR BT - R bE 11 BORERT A7 R 5, W5 S WA JRE D A R ] B AR LA £ 5
Jo )% B2, 8 o T ) 5K o, AR BILAR 5 o, i v AR L O O WA R 35 i IR 0 07 TR 1 4 R e
i B i o

/ l Bacterial suspension l Bioleaching
P — (=]
YZ1 strain é ‘
> Scraping bacteria Mixing e Drying /‘ ~ | Testing  Available P
S 1 L \
©°. aeeessss) | ) S ) | ) il K
B f ) .y Adding reagent = \ Available Si
B medium NaCl(a Coal gangue P 1 =

P Digestion Metabohsm Adsorptlon
g L
Coal gangue
1 A

cids productlon
YZ1 strain

LW

OH O o 4

Ho\r(lk HON o j N vite,
OH ot WOH HO ¢ L
o] O OH OH [¢] Organic acid

XRD,
SEM EDS

Oxalic amd Tartaric acid Mahc acid Formic acul Acetic acid m

Dissolution mechanism of CaHPO, by organic acids
CaHPO, CHO0~HHCH,0; CH0;=H"C,H,0%
P TCEEEE— b= F)rgamc acids H*+CaHPO, j;—Ca?*+H,PO;

)/

Anion ligands actions:

C,H,0Z +Ca?*—>CaC,H,Oy

1 1
i 1
1 1
1 1
: i
1 1
1 1
1 1
: i
: CaHPO, = CaHPO (= Ca2+HPO}~ -
1 1
: I
: I
: I
1 1
. I
| I
: I

N Alcohol-OH function group action:
; S o oo OH 0 0
< i i p-0" H
- Tartaric acid as an example Hoto . WOH OH—— ﬁoc *HOS o +5%
a

B2 YZ1 AR AT A 00 S o A 5 AL e
Fig.2 Experimental process and mechanism of coal gangue activated by YZ1 bacteria™’

WIS Ve . S FAE AR A AR - i B R A WUE S, AMUS A REA L A B #1455
EFRICER, SR TR A A G W v (0L Tm] IR 505 5 o 0 o 4 J S5 A ) o, LA T E A B
PR IV e . S FEE AR AT S AT A TR R AL MR BT A — o ELAME, B AR B AT
3 ) a8 [ i 55 ST A i — 5 e TR 5 T s R A A ) B e . AT L A5 7 3 ek R B S R BT A
SRR AL S FEHENL | AP HEAT | ST ys JeENE | v R ) BEATIR &, TS Ve HEAL e 1B 2 42
o B B RERL T 03 LU, A R T R GRIE s AR NE REHE w2 VL o LU, A R T AKGE A TS AR P 3 NE 1
BE TN 5 5 B A i B R A R B BUR AR R R U A ST IR G S A R4S

ANETY TR G LB Yy BRAS A, TS YR o 8 SR IR AT R BT R, KA A T HAROK BRI, b A
WFFER B, 5 Ve o WA SO BT A bk D T R M RN i A SR IR A A TS Y. Du A IR R, K
KA 5 7R A DAL L B LB . RIS K S ANS S R AL AR AGR I s
f‘/J\EI’Jiﬁl%"% RNIGEBEN (PAM) 7314 b 098201 5 0] 5 - ER0RL R TP L — R s 21 R 28 254, filf

o AL TN B BRI E , DA ARS8 3800, AR AE U e B PAM. A FRAT DR a1 S35 7K B i 7K B
jJDE'ETXWKﬁJ\?E’JW% €1, W PAM i rT Rl AT A BE UK I Y 2K

NEL - AIFFE T 7 A ) B DAk 5 [ A s Ak AN [] 7 it ) T4 0 47 2 o JREAT A0 77 A AN [) ) 52 M R0CR
PRI, S5 DR T fifk 4l B SR8 BRAR A TS AN Jo 20 1, 0 — 20 2 4 i B S OB 55 JREAT0 oh 4 52 5 I 4 iz
FHPLEE, 0008 bt L.

(3) B i 55 8 R A

WEFE % I AT A 5 A, AT Sy A ATk 0 A S IR XI5 1 S5 000 H 55 Bl M 1% 16 77) Na,yCO,
A s AT A, 7R d A 20 5 T A I AR AN R Ik 81.24%, H AR E PE T 47 W61k 5 i AT A
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5E &2 21 IR A & B A B AT A0 A A HLAIE R KR i T K R A IR I AT A R R E R
Si0, S 53 Fe: il £ fE AR Y 2 B JFURE. Ly SR DM IR 47 | CaCO5 A EKFEFF IR G 1BE, 78 CaCO; Ml E K
FEFEAS (U RIVE IR, A8 R0hE & 2 ik 22.97%.
3.2.3  BOMERERT A A S AR A R I g

A R I R i B AL P N e 8, 2 SR i A2 T S G ) > T e A, (R i S AN TR AR R,
A 3R S5 1 o R TP B B AR B A R, RIS % B 9RO TR HE AR B E R
R R FLBREE | PHE o KRR MR R AR o A M it 4 % SR K pH S5 Il AE W)
P B AR A LR R A LT A A U0, BB B 5T R BT A A AR R BV g, (EREAT A
A5 K WAL G TR AR R 5 22, B LB D, BRoK R IERE ) 22, AR FR A, A8 B4R R B 5
Jo, Al AT A R JEOR), 5 JE AT IE 24 04 A AL B A A SR IR A

0] 48 3 A5 U9 e PR A2 A5 WO A ) R B T 0 Ak B G R R R B 2R, TR R
80% LA I, HAWHR ARG J7 ., MR, mhmA, Jef deR G R F X IR 3. 8 E «EPDELL 700 °C
ERIEBRE 1 h I FH 2 A 1 i 7 S T S T A R BT A 5 R TR A VR K R B R, KR AR K
5 0 B, 117 35 Ak A B S A AT A7 T 8 0 ) 80%, M R B T AT A B AR T 4. SRR S A0
DA B RN R 0 6 42, (58 P R A A BEAT A A B, SR B | B B A TS YR AN TR B )
TN B AT A7 v ) AN ) A AR AR S TR, WIF 9 26 B 5% T TS I 20% T8 ) 15 R 0 T 4R 6 R B I Y
pH. BEAKEE 4 @ vie B8 AR fe 5 A R A A 356 T 34 e A2 AR 0 i A 4K, HLAE 5% T i . 10% il /1 8 il
20% 19T U AT A 5 R ) AR A R A, RIS T A TRV 22 R R X

A SO R 4 SRy A BT ) AH GBI 5 TP i SR ) 22 S AR A A S R | SR RIS A 11 R AR A
Yy, X SO |« AT R S AR D, S5 SRR T Sk — 25 AR P R S R 5 ) 1N Y L
324 BCMEBERT AR Z LA LSRR B

Z AL R H A KR, AR R KBRS A, T H B ILBR R L R AR K S T
A B 7 58 P e X 4 T B A S 1 A B SO R . it 3 B A e AR A A O v T o A
ZALARE, 7B R0 4 R . 3 S RO IRERT A 1 R 22 LA ML R 5 W B R 4 T 14 1 .

RS SRS A R 2 AL A BIL e R 7R A B R s )

Table 5 Application of modified coal gangue as porous organic modifier for adsorption of heavy metals

Tk ZALEL M o D B HRCR E =B
Modification method Porous material Adsorption principle Application effect References

~ - bR SE A
e e TR THRA R WAL MO RIRACRR028% (59
FHAT KA HEFEA (Si—O,

Al—O,Fe—O,—OH.  Wl[EE {5+ Hcd, wib
—COF—COOH), #ATE T3¢ /AR RIFAI I CA™ 5 &
e S 0 T AL

PR A FIK OH4%2:3 1) i ht H

45T 400 °C FABES3 h AR £ AR (MGE)

IMSEFEFTF600 CHAME T
AR SR AT #22: 19 it
AR

MR AT FIFeSO,- TH,OW W IR &

TR A ISR FE Y % (CG- - A pH=5.0 Cr( VI) Wy
RS) A b Kt RIS 9.2 meg’

R R R IR = R T

[87]

TE AT R 2 ALEGH, 42755

; 4 AT A7 FE e 2 F LR - . 43.39%—381.28%, (e Dt RifLE:
) ‘Eﬁ“ %4, - ~ ) K 28 /rul.‘\ VAT NI
N IRA 5% LA ES00 °C (MPCG) PR A LR AR A AL FR S ECH R B (A i, 58]

JBhe2 h fEH R T R

WAl 5 AsHICITTTE

UTAER, AT A7 HEZ2 LA 1 S AL A 10 T 32 2 (] A b 38 (0 S T . 3t ™) il Bl 17 K - BT 7 BN
i R Z2 4103 A IS EEA V- R A A e AT S, P A R SRR R RS L ROK B B I | R R
i PRIELVERE RAF . FLB AR AL ARG s K Je-BERT 7 H A3 38 o5 L 20% FIZ2 20 53 A IR BE R 1A - 1
B i N3 88 1 EE 60% B AR B 43R B4 000 T B el P R 9K 1 8 SRS A Y R B R K e it
Bk A, SRR BRI ZALARL, FES IR FEA NG TS U | 5 BRI 2 1 — 2 LU BlTR &, &k
B DUAl . R G205 5 AR AR FC R WERE T L, s T RS H . ST T RIS fe it
T PR B R AR A H ATEEAT A7 25 2 LA RHME B G 15 e i 52 24 P Ak i, 1 e
HEJE BT B = . L, W5 TR £ SR 2 AL AR R G R B =t —
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4 JEREA LB BB N AR 1) 85 % 58 (Problems and countermeasures of coal gangue in soil
remediation and improvement)

4.1 A7
4.1.1  Blogn)

(1) by I P 22 5 R XA RS 1) ) 5 BORE AT A 8 R 1 o 2 S MR AT A A B AR B 56 42
FHEL | E, TR1I 3 28 AN R oA Ji 300 1 T LA ) P ke PR

(2) FFE BT B AR R A Z D, VU2 R B R, 7 T A PR A K SRR X
JERYILIVE | BRPE . Y SE BT SR TR A S ) R RN AR A D, R T R, AR TR, B
3z i AR TR 29 1 B A ) BT IR A A .

(3) BT AT A T R OCR S BIR LIRS, RIS BN R A B B AT SR HEEOR,
SAFTETE & R R R B KUK

(4) k= 58— BB PPN AR, 78 5 4 8 15 e AR S XU PPAN v, [ Y Ah 223 e B bR HE(E 45 A
AATR], A Ge— B RO HR e, PEAL 45 R 22 S ok
412 FOR[A)E

(1) BERF A 7E £ 52 O R R SRR R AR 8 2, (HAL B BOARKF R TR, A, R 215
FATESEB 2 B B, St 5, 7 Ml A TR 3.

(2) JET A B BT A R TC bE L) | s AR B | ek it MOt AT B Dy T pIE A /L, HLR TS g B, ok
PRAEAL, AN RE N HAE T AR HEROR SCRF. A1, BT A B B R AR I S0 R A Rt B AT JR) BR 4.

(3) 1EAF D - SERCARLAIA HLE R TR A HOAR RN R, B = 235 RORBTIE. bR T S A0 - e 4 A
T AN TS W S 4 R 25 B, 30 O R A ) o R R R .
42 XI5

(1) AR DCIRR A, 0T >4 b B F A7 00 5% 5 kA B Re PR A 4 T 40 B, 8 ST b s A R S B
PR Z 8] B O 2R TRABIEFEAS [R] 2R B B AT A7 2555 R T2, S AN [ s D7 ) PR Y e it
PSR [, N7 A A B PR AL D™ b, IR BRAR R 28 57 5 PR A7 i A1 O =X

(2) "R UYLy BRI | AR P Ak PR AR s M AT £ o 5 i X B AR A%, S A i 5
< J AR B B Y KU DAl 5 38 B A A

(3) Je S s AT A7 L S0 A9 BRI DT 50, F G S TE RN A MU T 94 3 7 v B Dl 1, A3 i v A
B 5 AR R P 1 [ s Bl 0 e s I R S RURERF A7 (s L 00 & AR ) 7E e Y, 48
e BT AT 1 o BT 5 B BT N S 30 3 S o) Tl MR 5 7%, 7 B AIUAS O T4 R 4R R A LS
FARZAE T B AR RCR.

5 %51&(Conclusions)

(1) MERFAT B 2 %o 0 Ak A1) HH A 1 5 i AR 2. A () it DX 9 3 1 o3 A A 25 5, BRI
Xof RRERT A P Bl B B 20 R AT T AR ARG 2 G E

(2) W TR A Ay ), e R S o R b nT B ], BRI AR Sy 3R 2 T W AR
Nl R A N . A B X AT T ks, TR, R R UK 2 . B A E S
J& FA BTG G5, ATOAFAEXT T 3 e R OR 25 B - 438 v i 4 Ja AR R 1 UG

(3) ST BTG AP AT 3G e, 2 — 20 2 m Ao A =R,

(4) PePESERE A AR IR f A R i . 2 AL A DL R I T 3 A v R i A AR R
o 1 L, (EN T IR Oy T AT AN B AR, BT VR T R OPE JrUR  BE , E—  ERH
BT AT A VE FBLBE, HE AL S A RE, W58t RCR A AR A i JE 205 SOt b T i # A  o
PRAGAFVE AN AE DR PE O T R R 1, X s AT A Bl A B B, {85 220 — 254 FE A AT
B X RN s R I IO AT A0 B 22 AL MBS 4 3 4 T i AF R
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