5554 5 14
2026 4F 2 A

HEA IR 4
China Nonferrous Metallurgy

Vol. 55 No. 1
Feb. 2026

SIscags: mefEse WP, FAH 55 . S AR YR AR iR A B AL R0 T2 WF5E [T ], A I 42, 2026,55(1)

55-64.

ZHANG Jiahao, WU Zhenghui, WANG Meijun, et al. Process of synergistic bioleaching of copper sulfide tailings with
ethylene thiourea| J ]. China Nonferrous Metallurgy, 2026, 55(1): 55-64.

Z IR DA 3 AR LR 4 R T 5

FRR, FHE, IEE, R 50, M, R E R, RE R

CL ARG S 57 MR AL B 4 VR IR ZE A A H K BTS00 %, /e JEI] 361101;
QUENEET IR ARERAE, & E1T 361101; 3. ERFLLT RN, Hl Bk 746005)

[ ] AR I AR BT 3 R R AR LA T L& Futk £ 69 A8, KRBT R A S AR
W (ETU) W B £ FEBER S0k R P i sh S sh 3 Wi s B 5, R 40 28 ETU SRE 2k ab ] 57 R
B4R E B R e, IR R ETU 2 AR R QR T ik, 58 FR-w L5 F
Poo BREV ARNEZ B EM ETU REF & 2B aF R 2 K w42 A MA OR E IR m 48 & 5 £ ETU R
200 mg/L & R A E 20% pH=1.5 \ F iRiZ & 72 h ) FAFAF T, 4RiZ X 87.32%; Fe™  Cu™ RBE A2
Imik ETU 5 M, BRI IR 38 5 S R B B 40 T 45 2 ETU; 2 ik P 5% 8 ETU & F504A F I FE I 95% B £
38% B ARMARRAR L8, B A T ALtk ETU, IR 4 L6 %h . KBTI A KA kA

AR 0 B3 R B T R T E A S B R AR 3%,
[ AR ; AMiZd, R EFIE(ETU); PR iZ i, FR-b 4, B4 E

[E4r25%5] TF811; TF803.2
DOI:10.19612/j.cnki.cn11-5066/f.2026.01.007

0 55

TE ML PR 4 5 L5 A A T 2 A7
16 FE AL B B EL M I
7006 B 5 G R IRA E 25 AR L
(R 577 TR b B Bl TSR 5 T
B i 57 4 7 A 3 7 AL A o R
B AR

R B R EORMRT B . X ep
M55 B BB 17 SR R K A T 0 R, —
L T W S8 A & R R
IR T RS TR E , A 01 T REAE , 35 ¥ L
FREP= S T2, B, M T A R B
T SR N 2 7 O 4 10 ARG L 5 —

LR BB ] 2025-07-12 [fE1T HIH ] 2025-08-21

[ ] 2025-08-24 [ AR F 1] 2026-02-01

[BE—AEH ] k52 (1995—) TG HEM A -1 78 A, P TR
U, = DA S A4 A 4 R TR R e

[ckbr&m] A [CESS]

1672-6103(2026)01-0055-10

AT, KL MR 2RO B B A T UK SO, X BRI i
W E GG R 07 R T,
PR L TR AR AR LA RS2 ZR A, A 77 A B

PV B A PR BRI A 4 ERBAR AR |
A4 PR A S A A AR AT | DS R i A D
M Z BB Z B TES . Horb AR R AR A
PR R A 1 20 5, R R e 3. A= Wi i
2 M el A W A TR B 4 P & R LS T
AR AT T RN AR A, —
FBCAE Rl R R AT BEAT , JO5 6 B B0 e il e e i3
i, TR ARG 1 08 AR M RE IR #E . RIS, A=)
= O ERIEE R E A AL/ I T A E SRR i Y
HEHC A5G AT RE s R R S . A, A e
% b AL 2 7 v XE LA AL BRI S 2 52 200 47, A 8K
fem BRI AR Y SR, AT AR IR O ik
TE Tlb R JH AT T — SR AR o i, 3= 3
JERIR RS, IR AT A 7 JA A, SR 2R 7 R 5
TR MR PR S R E AT 21, Ak BE \pH {H 5,



£ 56 - i R I

BBEIZE

BT AT N AE T BE S I 3 B 1 0 e,
FEREGA BT, SRR R RCR X EE #
PR 1 L ICHUAS N FH o
T A A b B AR T 3 R R TR R B

[ 3. 46% , 125 A1 ik 3. 28% , FRik B9 A 1k ST (i 45
DLAE B AIF 58 B SR e DL B I o Bt IR A 4 R 2 1
J7 T2 FH A LG T2 020 R 16 O T A2 FH A X
/bt 2l PR AT DA 4 AR PR R e 4
Yy, B XA AR BT T I 20 S IR Pl )
AR A . i R R LA R
() B T2 00 — £ s B DR D3 5] 26 0% Hh - R -
Ul 4 T 20, DI b BRI G 2 R o fE it &
B TS BN AR | Bh I8 LU sl 76 52 55
[l WAr 56 1 [ ), G 348 1) 24 700 AR I A5 R B 2 W
HE T K 5% B 1) R, S B T Rk 25 N R B Ak 2R
A

1 gy
L1 B ER R %

X 1SN KE A LV I R B AT IR )
BRI & T W AUR I OT S LA L AR 2, R
AP HT R LA 3 Iy A 4 TR

R IFET R RSO

Table 1 Composition analysis of floation tailings

(mass fraction) %
g Cu S Fe Ca0 MgO  Si0,
o 0.71 0.95 5.00 1.41 4.63 57.56
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Table 2 Analysis of copper—containing phase

composition
RN AARH R RUERRIEE A
J % 0.20 0.52 0.012 0.732
Sy H % 27.32 71.04 1.64 100.00
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Table 3 Quantitative analysis of mineral composition

of flotation tailings

TIRE wsms w00 gmst b
ot ik Bt i
B 0.14 Fap s 31.76
BEH 0.26 KA 37.61
PR 0.49 Hz=fk 931
Wy R
(1.12%) Bl 0.18 BAh) 1.93
flEn 0.02 g 6.98
MALEA 002 | meEph  BWA 0 0.66
F R4 0.01 || (89.15%) A  0.55
Hib4m W 0.98 HNG 057
ik I <0.01 WA 0.98
(0.98%) AT <0.01 aA 047
. PN 2.78 Wi 0.12
jﬁzj) Rk 0.10 MEA 0.03
Exava) 0.27 Lyl 0.04
BARER Jriwe 0.18 | Hphoty WEKA 023
(3.46%) Hzof 3.28 (0.24%)  HihH 0.05
At 100.00
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(1)
CuSiO; * 2H20 + H2804 — CuSO4 + HSi0; + 2H20
(2)
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Table 4 Detection methods and equipment
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Table 5 Experimental reagents
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Table 6 Experimental equipment
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Fig. 1 Effect of ETU on leaching of copper sulfide

tailings
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Fig.2 Effect of ETU concentration on synergistic

leaching
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Fig. 4 Effect of slurry concentration on ETU

synergistic bioleaching
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Table 7 Analysis results of the copper—bearing

phase composition in the leaching residue

EAPI A AR RAEmEE RAmMEE /It
FUR /% 0.000 47* 0.081 0.008 0.089 47
A % 0.53 90.53 8.94 100.00
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investigates the effects of different factors on

ETU concentration changes
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investigates the influence of different factors

on the potential change of the system
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Table 8 ETU leachate direct extraction experiment

bR SEPRBRCFETU  RHRR  FERWETUM PR ETUR  REFEWETUR S AVMPETU  FEARHPETU AP
28 WE/(mg L) FUmL J%/(mg-L™") FE/(mg-L7") J%/(mg-L™") HeJ¥/(mg-L7") % ETU 5 H/%
R 42.80 95 16.31 0.70 0.10 25.69 38.11 60.02

RO RHRAEETT FO H BB o3 i (23480

Table 9 Effect of leaching solution treatment on composition of electrowinning cathode copper(mass fraction) %

AbEE 7= Cu Fe As Sh Bi Pb
WS R AR - HL AR 99.85 <0.02 <0.02 <0.02 <0.08 <0.05
AR - 99.54 <0.02 <0.02 <0.02 <0.08 <0.05

QbR 5 5 Sn Ni Zn S Se Te
WS AR - H AR <0.02 <0.03 <0.03 <0.03 <0.02 <0.02
HZEAE R - <0.02 <0.03 <0.03 <0.03 <0.02 <0.02

7
Fig. 7 Electrodeposited Cathode Copper Plate After Treatment
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Fig. 8 Untreated electrodeposited cathode copper plate
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Process of synergistic bioleaching of copper sulfide tailings with ethylene thiourea
ZHANG Jiahao'?, WU Zhenghui’, WANG Meijun'?, XU Fang"*, XIE Hongzhen'?, XU Tangcan'?,
FAN Daoyan'~?
(1. State Key laboratory of Comprehensive Utilization of Low-Grade Refractory Gold Ores, Xiamen 361101, China;
2. Xiamen Zijin Mining and Technology Co. , Ltd. , Xiamen 361101, China;
3. Longnan Zijin Mining Co. , Ltd. , Longnan 746005, China)
Abstract: To address the problems of low leaching efficiency and poor adaptability of existing processes for low-
grade complex copper sulfide tailings, this study adopts ethylene thiourea (ETU) synergistically with
microorganisms for leaching flotation tailings from an overseas enterprise in a ferric sulfate system. The effects of
ETU concentration, leaching time, and pulp density on copper leaching efficiency were systematically
investigated, along with the decomposition law of ETU and treatment methods for its residues, aiming to eliminate
interference with subsequent solvent extraction-electrowinning (SX-EW) processes. The results show that the
copper leaching efficiency increases with the rise of ETU concentration and extension of leaching time, while
decreasing with the increase of pulp density. Under the optimal conditions (ETU concentration of 200 mg/L, pulp
density of 20%, pH=1.5, and leaching at room temperature for 72 h) , the copper leaching efficiency reaches
87.32%. Fe**, Cu®*, and aeration can accelerate ETU decomposition, whereas an acidic environment and sodium
hexametaphosphate can stabilize ETU. Residual ETU in the leachate reduces the copper extraction rate from 95%
to 38% and causes nodulation on electrodeposited cathode copper. Complete removal of ETU and elimination of its
impact on subsequent processes can be achieved through aeration treatment. This study provides key process
parameters and technical support for the efficient treatment of similar complex copper sulfide tailings.
Key words: copper sulfide tailings; bioleaching; ethylene thiourea (ETU) ; synergistic leaching; solvent

extraction-electrowinning (SX-EW ) ; aeration treatment
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