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Table 1 Main chemical composition of polymetallic copper slag
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Fig. 1 XRD pattern of polymetallic copper slag

1.2 S&ERBRERE

Xof 22 4 SR AR JRURLHEA T T AU RRIR AL B,
A TR 2 4 Jm iR thilR . i T B
RN T 228, B RE T 28RBS SRR
IR R LIS, Fa B 5 T L . PIRIREE |
SN R E | ARG R B I st ) 45 S R DR B 4 L B
PR IR, G AR, e T 24 84
AR MR TS50 WE 1001, FIIRIR
JE135 gL, VIREE 140 °C, 43E0.6 MPa, ST
1] 120 min, =2 S BRI BAAREAEQR . I 5
L4 R 5 RIS N 135 o/ LI BRI TR ]
Fe A 10: 1985 5, B T FYXD K BEHERE b 5 28
W, AL, TR A, 5 RO I A
140 °C, PFVEIYEHN 0.6 MPa; 528 NIREE AR E
{ER TR, SR HC SR RN G, R )
PP R 400 v/ming 2R 120 minJ5 , (IR0, JF
JRERA I, FEEPIREEREZE 60 “Cln, CHIfEE . fild
W SRR TR, FRIREIERAE RN KA
B4 ER, R 65 °C. pH=2 Y35 RRTEVE Kk
G, BT THRANT . SRR BIHRE
M ARS , AT, HAsH .



JEAI PRSP 2 R AR A e I PR AR SR B T I

2026 4F45 414]

1.3 ZERERHKERER

R AL B A BRI BEAR 5 5 L AR P BE B
B BERSASHRA 5 o SRR sl s e —2, LA
GIBRIIBZ AR R 1 AR A i SRR R
R, BB ORI, AR TR (R
BB B BOE (. MR BIRIMERTT, AU
)it T CIWN R A0 (2 oSt AN A A 9
A DR R, R IR T, 2D T E e
W, Zbses, BURDIRBAN, S8l A g it
Ja, BTSN ST ES T ZLRCrE o>
Br, M SRR RRIR - et e AR S T 20 Tl iR
AR AR, et A i SRonREE, FIH]
i@t FEL R BN AR A TR L B A P R
2 Z4&JERr AR e R TR R
21 sEREBERERERIRZRE

i it B A R R AR 2 R . 22 46 T A
W 22 SR R RRIZ AL BRI , R T Cu™ Bk B2 29
75 /L, A HAl A Jm AR B R AR TR 1 eI
R T 20 5 A e s A LA o, ) HUR R
SEE DR RIS, P AR SO A e A A AL, A
RO IE SR TAEBUBCR . eAh, WAl TR AR,
T35, 5 BEVRRG R P A 52 7 385 P A

i S

Microscopic topography

Electrowinning solution

Copper cathode

The solution
* flows relatively |

K2 e i AR R s A

Fig. 2 Schematic diagram of cyclone electrowinning (CE ) process
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Table 2 Standard electrode potentials for metals

4 )m Cu”/Cu Fe"'/Fe™ Fe*'/Fe Zn’/Zn
A% 0.34 0.77 -0.44 -0.76
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Fig. 3 Eh-pH diagram of (a) Cu-Fe-H,0 system and (b ) In-H,0 system at 25 “C
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Table3 Parameter settings of stepwise depletion
electrowinning of acid extracted solution under

oxidation and pressure

ppppy PVEGCS RIS BRI
R /(g/l)  (A/m’) R 1%
I 40 600~700 99.99
It 20 600~700 99.95
I 10 400~600 99.90
v 2 300~360 99.90
£99.90% .
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Table 4 Composition of pre-electrowinning fluid of the four-stage cascade CE

JLE Cu”/(g/L) Zn™/(g/L) TFe/(g/L) In"/(mg/L) As"/(mg/L)  H,80/(g/L)  ClI'/(mg/L) Mn™/(g/L)
R 58.5 5.07 1.13 143 518 33.4 128 0.24
31 | BEiRBR I Bolie v i AR it BRI S8R 5. B4 TR

1) L BB P 12 52 )

T B v AR S B e o e A T kAT, SR AE
SE LA AR (600 A/m®), 3 1) 42 il H AR [ADHE2¢
S Cu™ Jot i VR B AR A 40 /L ZE AT, 43l 7E 800 L/h
F11 000 L/h (L BFGRAE PR 1 B FF i 1 X i
4

FLFE ] A BRIE PR i T H RO P Cu™ RTH Jii
VRS RLAE . AT URUR A R R, 4
WE 4 iR

H P 4(a) FTH, 7ETBCRER BT R, B
P Co™ M 2 th e %y, 1R Rk



JEAI PRSP 2 R AR A e I PR AR SR B T I

2026 4F45 414]

FRE DU ] 2 IEA G, g 5 ik A B 0K
Bl Y HE AL 2 I A 500 B DDA G . 2 L B A
T 800 L/h 3K 2 1 000 L/hiF, B o i 5%
WGP R, SCUR TR BT YT AN SO 2
FHE AN, o A R Y YR B A T R Cu™
Tia) B B8 3 T 19 A% o %8, AT A 00 kE B [ B BT 3 1A
BWEERR RIS ER Ak 2EZRIER S, HIf
RNV Cu™ JoT vl B 14 R AT DL R riL T8 80 %6 i
B R

(a) 60

om Cu itk o m H Fihdif &

% W 300 L/h
@® 1000 L/h

1 1 1 1 O.
0 30 60 90 120 150 180
FLUR ] /min

x5 | RERBERBFGERRERASE R
Table 5 Technical parameters of circulating flow rate of

CE solution in stage [

a2 /(L/h) 800 1 000
W14 Cu™ R B /(o/1) 58.53 58.53
245 Cu™ IR / (/1) 40.30 39.85
WA H BRI / (/1) 0.68 0.68
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HliER R /V 3.00 3.00
HLIRCR 1% 97.71 97.83
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Fig. 4 Effects of stage | circulating flow rate on (a) concentrations of Cu* and H" in electrowinning fluid and

(b) Cu deposition rate and current efficiency
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Table 6 Technical parameters of CE current density in

stage |
L2 /(A/m’) 600 700
Wit Cu™ T e /(g/L) 58.53 58.53
L8 Cu™ T e /(g/L) 40.30 40.64
Wi H R /(g/1) 0.68 0.68
L H e /(g/1) 1.26 1.28
Ui EVIAY 3.00 3.20
HLTAACR 1% 97.71 97.65
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Fig. 5 Effects of stage I current density on (a) concentrations of Cu® and H" in electrowinning fluid and

(b) Cu deposition rate and current efficiency
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Table 7 Technical parameters of circulating flow rate of

CE solution in stage Il
PEFRL AL /(L/h) 800 1000
WIth Cu™ T e /(g/L) 40.30 39.85
245 Cu™ R /(¢/1) 18.10 18.60
Wi H B /(g/1) 1.26 1.29
2L H BRI (/L) 1.94 1.98
iV IAY 3.00 3.00
HL TR 1% 97.75 97.53
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Fig. 6 Effects of stage Il circulating flow rate on (a) concentrations of Cu® and H' in electrowinning fluid and

(b) Cu deposition rate and current efficiency
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Table 8 Technical parameters of CE current density in
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LT /(A/m’) 600 700
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Fig. 7 Effects of stage II current density on (a) concentrations of Cu®™ and H' in electrowinning fluid and

(b) Cu deposition rate and current efficiency
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Table 9 Technical parameters of circulating flow rate of

CE solution in stage Tl

T T B B T Bt S A EF L /(L) 800 1000
Xﬁ}z(}lLEEi\%/L‘L ﬂ:j'ho Xﬁ}E(}ILEEjF/\%f\_‘L 1 B Cu® T /( g/L) 18.10 18.60
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Fig. 8 Effects of stage Il circulating flow rate on (a) concentrations of Cu™ and H' in electrowinning fluid and

(b) Cu deposition rate and current efficiency
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Table 11 Technical parameters of circulating flow rate of

CE solution in stage IV
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Fig. 10  Effects of stage IV circulating flow rate on (a) concentrations of Cu* and H' in electrowinning fluid and

(b) Cu deposition rate and current efficiency
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Table 12 Technical parameters of CE current density in

stage IV
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Fig. 11 Effects of stage IV current density on (a) concentrations of Cu* and H" in electrowinning fluid and

(b) Cu deposition rate and current efficiency
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Fig. 12 Morphology of CE cathode copper products from stage
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Short-Flow High-Efficiency Copper Extraction from Zinc Smelting Polymetallic
Copper Slag via Cyclone Electrowinning Process

Zhou Zhonghua', Luo Jinsong' ™, Zhang Shaobo', Cheng Zhen', Wang Zhiyi', Li Cunxiong'

(1. School of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming
650093, China; 2. Yunnan Yuntong Zinc Industry Co., Lid., Kunming 650102, China; 3. Zhongtong Southeast
Copper Co. , Ltd., Ningde 352106, China)

Abstract: Conventional treatment methods for complex copper slags originating from zinc smelting are often constrained by high energy
consumption, intricate workflows, and low metal recovery efficiencies. To address these challenges, a streamlined, high-efficiency technology
based on cyclone electrowinning was developed. This novel process enabled the synergistic leaching of copper, zinc, and indium while
selectively extracting copper, effectively obviating the need for solvent extraction and its associated organic pollution risks. This study
specifically investigated electrolytic migration behavior of metal ions— predominantly Cu*—during direct cyclone electrowinning of
polymetallic leachates. Utilizing a four-stage stepwise depletion protocol, the process yielded cathode copper with a purity exceeding 99.97%
and a current efficiency greater than 97.83%. By significantly simplifying the traditional "leaching-purification-electrowinning" circuit, this
technology provided a green, cost-effective pathway for the circular utilization of copper resources from complex polymetallic slags.

Key words: zinc smelting system; polymetallic complex copper slag; cyclone electrowinning; electrolytic copper removal; stepwise
depletion process; green recycling
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