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Abstract

The resource-oriented and comprehensive utilization of coal gangue plays an important role in
making coal gangue pollution under control and promoting the development of ecological civiliza-
tion. It is necessary to continuously explore new ways of utilization of coal gangue due to its large
products. In the present, the main innocuous disposals of coal gangue are electricity-generation
and production of fill materials and building materials like bricks and cement. In the future, the
upward trend is to make high value-added products out of it. In this paper, through a comprehen-
sive analysis of the current utilization of different categories and characteristics of coal gangue,
we give suggestions on the comprehensive utilization of coal gangue in the aspects of the products
with high value-added, including agricultural fertilizer, microbial fertilizer and chemical products,
such as sorptive materials. It is hoped to provide some new insight into comprehensive utilization
and resource-oriented treatment of coal gangue in the world.
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1. 518

BRERTARAE D T R R, SHOCENE AT, RBR TAL RN T #E b B A4 i R IR 54
Wgiit, RERATAHER S L) 106 hm?, HEFFEIT 4012 t, AMH S KRR, i B faR A A
WA, PR RO AT IR R R 2 16 B e B 1 R UK EE TR . IR K, AR
RG[1]. HE, BAFAEE MR MR VBB A28 HE il — 2 VA, SO BT At
1T G BA AT U BRI . BT R A MIZR S RIRT, — 5 AT LR ATy [l 1A R S5 T
KPR I RS S T A DASEBL BRI 2 SRS, R BT GK A A AR T
P AMEERT A 1 G2 (R 25 6 R L2 ARG B, AESRERT A R 23 M P 75 T A — 8RR, (B Tk = LA v B
IME R R TB R AEAAE AT A Ry O S5 R R S A S o ASSO R A7 A4 22 2 B
WAL R BLIR S AR SR RE A BRI A I 7 st AT A AR B AR 2, 6 TR A B R S At
S, 0T H R AR SO ORI B R E AR IR SE I S R E A

2. FEFANUER ST E R
2.1 BREFRHFER

BERT A E U AN BAT IR AL, HAb 7 i 22 Al Os. Si0,, 388 AEEHUE ) FeOs.
CaO. MgO. K,O SETLHMMBEKIFA &), HEBT A AR E 1.

RIEHAT AP ITCR S BAR, RPN WA AT A B E AT A B 2K
PR AR S R, BT SRR A R TR G, USSR A A 22 4 7 WA 2.
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Table 1. Chemical composition of coal gangue in China
= 1. PERTARLEEMK

W2ERSY EEI%
Sio, 51~65
Al,O; 16~36
Fe,O5 2.28~14.63
K,0 + Na,0 1.45~3.9
Tio, 0.9~4.0
MgO 0.44~2.41
Ca0 0.42~2.32
P20s 0.078~0.24
V,0s 0.008~0.01

Table 2. Chemical composition of different types of coal gangue
2. PEIXEBEFANLFEEAS

X% Sio, Al,0; Ca0 MgO Na;O K20 TiO, Fe,0;
[yriEawel 53~88 0.4~20 0.3~1 0.2~1.2 0.1~1 0.1~5 0.1~0.6 0.4~4
LA A 24~56 14~34 0.5~9 0.5~6 0.2~2 0.3~3 0.4~1 1~7
B E A 10~40 3~10 40~80 1~4 1~10
mBUET A 40~55 3~10 0.1~0.7 0.1~1 0.1~0.9 0.1~15 0.2~4

2.2. B AN AR

AT AR 2, FEBARE, FhA. THA. mIA. KA. &40, 2580, 55
W MR AL BB BRERT. GERAR A S A SAR[2]. VUSRI T AL R AT
AUEET AT, A EH KA A5, #aaEZhma Lo mam, nshesaa
S BRI LK B AN I O A RIR £R4% s S PUE AT A I EES R A s AT A, Hh
AN HPUA A RPN S & e e — 2R A, EEU-KPE A, KA M=
KEBAONE, EEESAARMAS A%,
3. WA R IR

LR, JE BT ZRE A BIRIUS T € MR, (ASShrRIR s a M R A . H
i BT Aok RIS AR 2 ST S R Te AR A R i A A A P i SR T T 4%

3.1 FEAEHEFEMH

T [BI3FE H AT BEARAT A7 A B RR 2 — o FERT AP AR R X, R R AT D A
2020 4F, Li ZE[STEANE L] f R4 AR AR dh B R GBS TR, 0 H 1 H R -8 56 2 S H AL
R, e A S B Ry 1:0.35, DUBH [T A, AT A A i Ak H% 1:0.35
MBI S AR AT A . TARTIER G, RAUT UL 170 mm. KR I EAMUA Bob R S AL T
AR FE DRI A R AR, Il R yTRE, TR AR S . N BUEAMBEAR 1 BT A
[E PR HERR (s, 0 HAE — R B 7R TNE, $Re VR ARE N, RIS D N % A AL
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HAT, 9 7 AERISRPREEAT — € IMPURSEZ, LN H] Fal 5 (8 R ERKYE . 2RI, ZKPERIZE R i
Bef, wpemd. EMRA BRI S FYIR, S AS R AR 2 AT S, kAt
it BT R BCHT  AMRAGEEARL, B AOUKVE R TR [BIH, A5 5. Guo SE[ATH A 5 5 Bk
MR - UTHE (MICPYBAR A A0 A 7 ity LB R T A WL (0 B2, 3 L T P 9IS B R A R IR DU ME R 2 IR
FFEE, H045 7 — M TR U BB S A0 A R AR, AZA0RE AT BLRIIN I %2 CG IR VAT IM
PRE, P CREAT A B AT S A R

FyAb, JERT AR VR RS BRI AR o B E Rubhr 23 9% v EAGER I A B L L 1 A B,
AR 105 EIEIKIG B G22 T = mIE A M), HCRAAT A AR R, S5l 1 Bk
PURIIR D, THER T AT A AN BB IR S

32. RitA%kE

FEAT A R R R AE TR AR e, LR EHEAT AR BOR s ih DUEAT A R R H, AT A R
AR BRI RIS 9 & ik B > 20%. #VE = T 6000 kd/kg AT £ . bitted 90 FEAALIK, BERA
RE] BNEE O MBI 5 JEF~6 JK FL & SIPLAE Y 300 JEFL[6]. (HIFAEFT A 28 I BERT A # 7T LA
IR H A R RGE, LA A, (L AT A PVE RIS, R HAGEHR, Mo Ea RE
VOB A A, T 12 328 43 FL At v PRI RO RT 4 25 6 R R T B [ 7]

3.3. B AEFEHAMN

AP BEAT A 2R 7 SRt SO RHE [ A AR DA 2] 7T Z N R VR Db FE /KU AR A& AL FELI
T (A RO 2 — 8] AREAT A A R AR NG - AT HORREEAT 1) 26 /K YR S5 AT ), 7T LA ) BRI
BRARKEAE . Bk MIPERE: DUERTAOUIERE, SRR G B ARIR SO T 2] % K e 2k, BAT ikt
SRR RSR RN ARE R BRI L AR A S, CERORR I RS TR g
R B EREE . DR, MRS AL N2k, AURA B GE
JZ 5 RBOR AT BB th i, B A KA R 9] -

4. BEFASMNER RARKER

B I SR ER S A DN TR BT Ao g RSSO B AR B . f TR A&
EOR, R EAW AT ORI A& . BRI AR ] = B O AR e, (ERERT A F s B
BRI AR g LR WIERT Al ke . RS, ZALMRSFEIRL, ARV IEEL WA
B G IRSOR S5 7 AT R 46, ARSI AR A TR A 3R

4.1. BRETAH &K

LA, BT A AR 7K Tl A R N A5 21 e 2 AL S DR % R [10] 0 A FBERT A7 A b TE K e A4k
BN FE AL BT A 10 RORemE 22—, Forp i & SRS 0 R R B — RIE R KK A= A kL 2R 1T
AT A O S N PR, AL SR SRR, 7 B S T AR SR A IR S i . (H el T
KRR A (0 S S A, PR RN o O T 3R T A (R S B 1, BEAT JRERT A 1 etk 2 H i
E AR B a0, AT A AT IR B A P e 2 2 ORI T A R, AR B
BEREHSCMSs) (i A IR (1 S RS AN [11] o SRRt S Ja (R AR S AR RME Y, T B 2 I DR & 1 ke
MR R . SR PR . BRI R EBAK. Zhang S [12]I0 0, E AT RIE m BT AE e ol
RO AT 735, T DME /KR AN 7e AR B4R 10~20 wioe 7K. Qin S5[131IA N,  FEANATA%: % FE 1) Hip
T, 20% AR A7 mT LAEIA A IR AR IE -
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JEAT A1 5 A Gub BHEZK YR JEUREH I el s mi 5 /K e il i D Re i . T & Gae 1, Yi%%
[L41CNIRINE ALO, A B /K JE ML AT LAAS [ RE 2 3th 42 e s Ak /K e 2 1 &AL 45 & e Ja . AT 32 R B 1755
TREE AR I AN, ZGSiRaiE, A RS B 20%~30% (8], KSRy 40%.

IKVEAE AR T RE, FREAR, DA R A i R 7K Ve A% 4 1 Z5ilid 1) 7K e 5 R R Bl
PPE S AN, SEEUBRERT A A PR A UR B AR AT LY AT A 6 BRI S AR AN R SR, R SR IR R
BRI A J&T7 1

42, FEraflEREL

TEIUAR Tl AR ARSI Tt Ve - A 7 v, e SR FH 28V AV« A HES A IR S ORI L, 9
AT S A BRHESC, R I A AT A A ) A e e [15]

Wang S5 [16]3ER B AR 1 S b 78 Ji b )i B AR 1) & S R Bt 1, A B IR R )
Al T DR S AR EM L B IR TT, T BRARFLBR A i B SR B, BRI PR, S B i A PR 2
BE. MK SR A IR L 40060 I, SRETREEHIIBEEB KT N 20%, H et fpra s
FBEME R LAy il 4.5%H1 5%.

H AT, X 1) BE 7 R VR e L, 1T VR LR AN e LR VR L SR AR Y 8 F P . Gao
SE[LTTR AT A 1 s R R R A R B AR . Meng 5[ 18] F R (VA A (NACG) R B 4 4t
R 2 T TR &L

EHANERIRA E, Liu 25[19] AR s S oB R AT 47 BV Ry B R AR B RN R,
FME T TR AW ARG R, B SRR R, M A RTR A HR LN 30%~50%0 H
DUEEHT R, DU S AN B R0 h s B VR & L A B 0 58 TR K. ORSE M AR B, s P A TR st
TR RE R SRR R R G B2 FLEE M AR DL R L TR AW 5 B AR R AT R S5 e 1%

4.3. B AHIEZILRE

1) ZILFRARE

TOkAZ I ER AT iR SRARBUNEFR A, Z—MIRTE R K. Liu 55 [20] URERTA R &
BRI K B R PR SR R JERE, SR A B 59, 7E 18300°C A T FHIERAZA 1 um MERRZR AR
A, MBI BEEIRR 45 21 T SR M RE o A2 FLAh N FH T 1T, Liu Z52[21] B AIOH)s AT 4 8 = 221K
LA MoOz NN, meThiill 4% T F T AC B LAk 25 PR 7K I e FL SR A it 20 P S A

2) BIEMIE

Huang %5 [22] 8 FRERD A NV FIERT A B il 7 — FhERORBLE /K M B o 1 BIF FE 5230 1 5% [ 4k
TR PR BN, BT ) JEORE AR B [ A BR 72 4R, 7R AR RS IR, B3 T R AP Z 5 30

F4b, FIRHEAT A& 2 FLET A WE. p-SIC MRS M INER 2L &S, ME—efEE FEH
RIff R R, AHAR TZERR AR, MECAERIA A R T Tl A=,

4.4, BREFAEZRIAER

BT A R A = R AR, EESN AR IZ R . SEE R 528 AR/ b R A
TR A B IR R A A N, S5 RIE7 T 7%~10%; 5% R RBHE T4 2 18 76 20 40 4 [l 1) - 492 1 78
T BT, MR R 10%~15%, 3 PH LA 1) AR X SR AT [23] . Long FE[241IA N, HE R
WFA S, AR A R

MR 2 TR ER AN A 77 T2 RN, R A R P AV AR B A2 AT A G HLE A AR AT
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AWAEDCE . W TAEIE AR, B — S A KRR U, b A LR & & — BT
15%~25%, A FEMNEDNHERETLR, WHEhREEEL 2~10 4 S TREWIEE, St ash
EHRERENY, AT RE AT — e A A A A DhREI A T A
Wang %5 [25]9 1 fif o S i A 05 0 R IR i IR B R AT BRI e, SR — 2B ] oy i, e AN R0 okt
AR 4% 1 — PO R B R R EMORL, IR A A BORT RABR 25 BOK AR I BERR £, 38 AT DR N R
VIR HAT, REBRRAGA 2 A MEIER) T, DU AR IRRL, i X SR R AN
BESEHIALEL, BERTE IR RHOR, BRI B i A 815 4L [26] -

4.5. BRETF A E R

45.1. %A

HAl, Q2] LLUEE A [F 5 3R A A s A0 . SSZ-13 b7 i T B R AP A7k #vkase M A FLBR
GERY, TURET 2 N TR AR B A, 2 kT TR 2 PR 1) L M S FH ) 2 EEHERR . Hain S5 [ 2717 AR
R R U TA B A A K E KL G R T SSZ-13 WA, S AR IRI4RRE A 18h, LU L AE G R TR I
M4 I 1) A6 50 T 12 h A A5 o BRAL, & BRI EL R T AT 620 mPlg, AL R i 95%.

R R A AT 40 2 A B A2 Pt 2 B AT ST AR . Sahaya 55 [28]5% 7K #iil i 4v2% i 2 il
7% 1 4hdn e 87.56% 131 NaA . Bu 25 [29]42 1 —Flud i Bits AR #ak N E & A s A & e NaY
WA TTE. Zhou FE[301X /K G UL G B AT T — RAVM G A0, SCIah SR, Gtk Aok A
Je AL ER R RAR & T AT A ) 4 1 2 A FLk A W B PERE o B I 8 P R B 9o A 4 e ST R R B
S AR Z R, B R EAT A AR PRI PR A 1 T2 AR R, m R mERE . (R
ARMEF T 2R SLI = B A 2ISE . [RItk, AT A A = W B 6 207 i e S v B
FIF i 7

45.2. WM

1) &5

HT, AR A& S P T2 EEG: KRG BE%. SR a ik, sz,
Tolb EAEF= o F i AR, R R g A RE, o SRR A AT SOt T AR AR A 7= A, SEEERT
FIEAFIH o

PR A P RS & B LU, T 419 2 B8 1 A8 B e J0 35 K 4> 10 . Mohammadi %5 [31] FH 42U fk 2k
FIEER Eh 0 BERF A HEAT ek, RVESEANAR I 77 . Shang £ [32] 1 (3-37 2k 74 46) = FR AR Sk ek be i ME e
(CG), il #& TARBAS ISR L AT (CG-SH), AT LAFIE 7K 23 B B 4 J BH 5 -1 1 RO WAL

UEAN, SO AT A 3 AT VR R B A R A B P2 7K [33] B Ab B 11 3P SR IR 7K [34] 0 % H5Em™ ] AT
RIERT A 1) 400 000 H » S2I X = BRI A B, (R A R el SRR RT A 0 72 5 43107 I8 B AS
TR 570 E ek RO T A s R0, B HH T R EE, ks X LR .

2) TUERGRHIR PR 5]

SRR AT AT e B, B AR T R A N T, AT DLAE AR B R, T ke 4 R B
PN 7N

Yan ZF[351E W % TR T2 HIE TR A Z &0k, SRRSO S R Sk}
(MB) (1115 B &E 3 75 THI 35 2 B IZA80R W7 AE Sy B W SRR a8 A o (B ae Aok, 78 T S o (1 e bt b 2
HORYESEBR N, JF BZE SRk B A RIFrInT ek, AEr= i s . Zhou %5[36] LKA N k],
SR WSS 55 T A RN 4 1] 46 1 I A 110 P S B R R B 751
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3) AR

I T i SR BRI R R A R . BRI R, A A 2 R R e 2 1]

Wu S [37]i5d /K BILHIE T 4 P BUEERR SEFE G RAORE, oy, WA o I 1 Si0; 72 et
A TR LAE R 77.69%, IXEERIERILH L5 EAPERE, XF COL MIEFME T No» & FMIRSA,
e IR SRR TR P 71

FEBARAM A R RE A, AT AT 227 R B 7 9310 S8 X A P AR IZ T B AT, A4S AR A 1)
v BT AEL R ISR R M A SZ BT R A AT RE o M PR B e B B 7R A BT €8 R K 2 Uk A% R A L)
SETT OB VARG R B0 H B, BRIk, TR ARERT AR BRI A R R B 28 5% S e MR B R, BT il 14
JS2FH AT 5t

4.6. BREFARKET

46.1. HETARENMELS

AT A S A E AR TR, 2 —FEE R BER[38]. Han S5 [3914& T — Rl (1vE AR T
F(CG)HEEL Si Al Al (97735, SEIeas FRW], 35HE CG o AP I S RIS IR 23 7 ik 78.9%F1 69.2%.
SiO, Fl Al,O3 7= & (R4 £ 43731 4 96.2%F1 99.3%. H |, “F¥HREATSZBl 7 AT A AL SR I FR L, R
6] A e 42 1) 2%t H Y B8 00 BRI i B EAT TR RIS, SE R TR A R R AN R 23D B AL

462 BIEFREEREELE

REEAEB(PAC) L5 /K TALEEp B2 AR5, B R . SRSUR TR &, BUA 4%
TNEAFE R EAFRE - BA = R ) R, ] 46 5 8 R eSdE[40]. TR ZE[41]. XIER[42]5 % LU AN
BB = PAC #EAT T 221K, RUFIRSF[43] AT AN BB 1 PAC, JEAT A (1) ALOg ¥ H 22 4210T 80%.
DRI, DARERT A 9 SR AR 7= s AR AN 1) PAC AT A 255 I Ly 1) o

5. &5

BARERT AR ESR e RE R RS ER & R T I BOR SRR e, (AT B B v
IME IR R Bl ASCE & H AT A 43 R W FCRERE AR LR A vt BT ELA P A e B 1
Ji, Bl H &P 0TI GR, fls RIm R R AT, f SRR S 2 LR R AR
FORE B RAEINEE AILE S ICRESR I TR R, BT A SR R 5 SR AR B R A 1
W .

X RERT AT B x5 A D5 ST I T B 122 H AT R A AR R S R R BRI BUIR, AR
15 A SRR E5 5 A ORI FU SR AT P S TR R, Rt BT A iR R EA s, &
BEEAAEL T [ e Y

E&WmE

L PE 48 BT BT 78 18150 H (201901D111004); 111 P45 48 B IA] S2 06 25 R & % s 1LpE K21
JUAARERFINZGTE .
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