544 B 2 WICEEE 200 WD
2025 4F 4 H

k6 4
Hydrometallurgy of China

Vol. 44 No. 2(Sum. 200)
Apr. 2025

PO b AL Eh BRIR IR b g PR G M 52

OIS £ S

G R AR

(LR BRI 2 B LR BRI B, 530 N3k 5530045

2. N KIS BE s SR TR 2

BE, M ALK 553004)

FEE HEIE T R AN A58 AL Eh MR TR 1 v DA o B 680 HU v R A o JBLBR kL 5 4% TR BRI IR B e D L R
PR R VIR MR B VAR T B L L3R I TR X R R A S Ol E S IR A T 2 AR . SRR
TESBBRIRIE 500 °C JERPSHFA] 1 h Eh AR MR BE 2026 (3R i AFIR] 3 ho i IR 90 °C R R BT Lb 4/1 mOL b 5 1
o Fe B E Ny 94. 2596 . %8 Rl i BUB BR AT 41 rh B £k, RN E Siy AL TR 73 26 808 58, Iy JBEAT 41 %88

TR AR —E AR S %,

KR AT A IR BB T s B R

hE 45 %S . TF803. 21; TF641 XERARIRED A
DOI: 10. 13355 /j. cnki. sfyj. 2025. 02. 013

WRF VRN E & SiO, VAL O, i R 91, W
B AR 7= 45 280 A LB R I A5 T RE AL R Y
JEAE R, BRI A DL Fe, O, o0 32 19 45 Fh 4%
JB 2R 3 W K M R ) 3K 2 i 3 A R Y A R 5 Pk
fiE » DT BELAS B 0 1 P2 Tl H Al DA
e N T U B s NI S SR R S R - SR
PRI BEA AR L R SR R R ) I ) T
B VE FH S 2 k™ 4 I DA A v 43 8 O 5 77
R AT ) 36 T 04 S K Ve R K M 25 S L 8
RIS AT ABERT A7 vh 43 8 R 5 3k 1k U2 A
AT A T AS [R]85 1) 4 53 4 3 D B O 1 AT
A BERT A7 43 8 ok . 3 B T AR S B B
AT AL A T B AR ORI S5 AN 7 N OR
bli e ST IE s N 5

N T 5 4R R A R R Y SRR
T SEAEF T A B st N IWR R AL AL B T £
Fp 7, Horb A A AR ik R Ak 2 R R R
5% 2 WA 76 32t i 20 A7 0 AR AT 5 s o Vi 4t e Tl b
B B0 X PR 2 A AT WAL B L 2 R
HEATR I M BR R R T A L X R B R R AT B

Y75 B #:2024-11-05

XERS:1009-2617(2025)02-0238-09

Al BT S /N AT A ) JORE RO 38 B L ol
AT 45 A o DT 3 R A7 5 TR 52 77) ) 422 f BE %%
B v IR 3 5 v R AR R RE IR O3 A HE BT A v R
I3 A B AR R TG R B 2% RO (AT
A FURE RS E— 28 /) | [ B 3 g 25 BRIREAT 41 A
A LB

T LUKE o R B0 L v B A SO AT T
SR AR 5k A R ¥ ¥k MR A R B RISk 4R
BEL BT PR R R A VR AL T
AAEXTBRIR AR AR IR TR A IR f 5
AT BRAILT] LU 0 T S MERT A7 1 95 P 88 25 s B o
{EA R IR A IR S AP it —E RS

1 REEB S

1.1 REERRFIREE

BRI AT A A B A S B K R A
i, B REAR L L R v SRR AR . BT A Ak
SN L 1 REAR Rk 2.5 DL B L REAR AL A R
A BT 62, 2 %0, AT AR O A 7 B s 5 ik A
B JE A L

ELTB . AMNELETHE BHH[2024]157 5, B HH[2024]152 %) s N MK T BHE B FHE R R H (52020-2024-0-2-8) 5 N &
FK TG 27 6 E S 2E R 0 H (LPSSYZDXK2022001) 5 54 45 K2 22 15 Il 2k R 51 B (S202310977119)

FE—EHE B A KIS 1994, BBt PRI, 32 B FE 05 1 o Tl B A % 3 IR

BEEEE N DEICA988—), B 1 4%, EEAFH Iy 1 4 B E R IR LA A . E-mail: may_kmust11@163. com,



95 44 B 2 ) g BB L 45 AT Al o AL R RR IR Hh BT A v Y R 5 E Y .+ 239 .
F1 ETAEBNLFER

Table 1 Chemical composition of coal gangue %

Sl()z Alz ()2 Fez ()3 Tl()z CaO Kz O Mg() Pz ()5 Zr()z Crz Og

44,8 17. 4 20.6 6. 64 3.54 3.11 1. 14 0. 27 0.218 0.106
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Fig. 1 XRD pattern of coal gangue
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Fig. 2 SEM-EDS characterization results of coal gangue
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Fig.3 Effect of calcination time on Fe leaching rate

at different calcination temperatures

2.1.2 HMEHUBEEFANRILE

R ST BT A PGS A s AR B R AL L X iR
WBRE I AT A1 19 XRD, SEM. K ki B 43 A 9F 47 %
fiE S 3BT T HB R TG A6 KERT A1 0 A L SEOUL T 35 45
KR FE AR AL 52 e, S5 R AN E 4~6 FR

Q—AK,Si0,

K—# & F,AL,Si,0,(OH),
S—2E A", FeCO,
C—REM 1, FeSiO,
M—747" Fe,0,
A—HLELH",TiO,

BB

4 BWEFABEEN XRD Bif

Fig.4 XRD pattern of coal gangue calcined samples
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Fig.5 SEM photos of coal gangue and coal gangue calcined samples
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Fig. 6 SEM-EDS characterization results of coal gangue calcined samples
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Fig. 7 Particle size distribution diagrams of coal gangue (a) and coal gangue calcined samples (b)
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Fig. 8 Effect of HCI concentration on

leaching rate of Fe
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Fig. 11 Effect of leaching time on leaching rate of Fe
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Table 4 Chemical composition of leaching residue %
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Fig. 12 XRD pattern of coal gangue leaching residue
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Removal of Iron from Coal Gangue by Thermally Activated Enhancement—

Hydrochloric Acid Leaching Process
ZHANG Mingxian', YUAN Fugqin®’ ,MA Aiyuan®,DU Jinsong®

(1. School of Civil Engineering and Urban Planning s Liupanshui Normal University ,

Liupanshui 553004,China;
2.School o f Chemistry and Materials Engineering ,Liupanshui Normal University ,
Liupanshui 553004 ,China)

Abstract; Removal of iron from high silicon-aluminum ratio and high iron coal gangue using thermally

activated enhanced—hydrochloric acid leaching process was studied. The effects of calcination

temperature, calcination time, hydrochloric acid concentration, leaching temperature, liquid-to-solid

mass ratio,and leaching time on the iron leaching rate were examined,and the process conditions were

optimized through orthogonal experiments. The results show that under the optimized conditions of

calcination temperature of 500 °C, calcination time of 1 h, hydrochloric acid concentration of 20%,

leaching time of 3 h,leaching temperature of 90 °C ,and liquid-to-solid mass ratio of 4/1,leaching rate

of Fe can reach 94. 25%. The method can efficiently remove iron from coal gangue while effectively

enriching Si and Al elements, providing technical reference for the resource utilization of coal gangue.

Key words: coal gangue;iron;leaching;calcination;activation; hydrochloric acid





