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L1 AR RS CuCly #0R NICl, F 5 FR e i 1 A

FH A bR v 2 T ARG (845 VersaSTAT4) ik

. - \ 2 PR
AT, R =R R, TAR AR ) bl oh
LA, RSP0 1 emX 1 em. 4.5 emX 5.5 cm, -0.4
N = s 73 L2
Zx MR A VIR T R Al s A A R 4 S v A A Biﬁ‘“é%gg//i
RV KTl s V=L . R \ s N cFCu
ARSI 5 min, BRI S H 28 5K =0:3F
e FARMI R CuCly %R NiCL 3, 4 <
BN 1 iR FARVEREY CuClL W H: —0.5~0.5 V(vs é -02} »
SCE), NiCl,%#i: —0.8~0.5 V(vs SCE); HiF [ 413d 3
i, FHEA 1 mVs, 0.1}
F 1 HERAS S 0 .
Table 1 Components of electrolytes 01‘4 0.|2 (') —0i2 _0'. 4 _0'. 6 ' —OI.8
Sample No.  pe/(gL™)  pa/(gL™h e/ Nior Cuy Potential (vs SCE)/V
L1 0 30 7 1 NiCl, #1 CuCl, % FI B A% Ak ith 2
Fig. 1 Cathodic polarization curves of NiCl, solution and
L2 20 0 7 .
CuCl, solution
L3 10 0 7
L4 5 0 7 04 F () L
High Cu?* concentration
5 1 ° 7 o3 LReece
L6 0.5 0 7 - L4 05 ol
L7 0.2 0 7 ‘QE) 02k
g
O
1.2 (AT IS AR stLn R -0.1t 13
SRR B ZAB R, TR R i
AR A AR IS 14.5 cm X 14.5 cm), HEAR AT ] AL BE 0 B
Jrd 5y 1 AR, B Rk [ A A B 04 02 0 -02 -04
HLAR T 715 A0V CuCly BT NiCly WA HH(N L Cu eteialiive SCEI
JiElt o 1.5, Cl. Cu E/RLLZ0h 7, pH=0), (K 35 s
il S NaCl+HCL JRA %l (NaCl EIRIKEE 2.5 3.0F ing Cu21+ C/oanentration
pe=lg
mol/L, pH=0). 25+t L6:pgu=0.5 g/L
< L7: pc,=0.2 g/L
g 20t
1.3 AR RIRIA LAY B E-1s) e
LA 45 T BB P AR Ll Py, » VAR ® a6l
X (DHPrR: 05k L7
il — PNi 0
PNi/Cu :M (1) i e 1 " i
Pew 0.4 0.2 0 -02 -04
e peyy T MU RIS BRI Hh FR 40 28 IR 52 Fotential (vsISCEMY

NF 245 B B
P BT G ORI p, Romitfip B2 AT CurikBiL ik .
I I A 25 055 Fig. 2 Cathodic polarization curves at different mass
h o

concentrations of Cu**
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Fig.3 Electrolytic cell structure and electrolysis principle
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Table 2 Pyjc, in catholyte after electrolysis

diem  ” C”l/l pCuE/l pN“,/l pNi%/l Pricu
eL) (L) (L) (L)
3 20 0.34 30 0.12 87.9
4 20 0.39 30 0.10 76.7
5 20 0.43 30 0.09 69.6
6 20 0.64 30 0.08 46.8
= —~g - d=3cm
2ol ©=0.55V, t=25C, -
par20gL, oy 30gl 2 drdem
15+
e
10t
3
Q
5 L
O C 1 1 1 1 ¢ 1
0 2 4 6 8 10

Time/h
4 HRPESHER S 2RO N R

Fig. 4 Effect of polar distance on separation of copper from

nickel
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0.12
9=0.55V, =25 C, 2ol 9=0.55V, d=4cm, —==25C
010k Pcur20g/L, py;=30g/L Peuim20g/L, pi=30g/L - 1=30TC
0.08 z By
5 E
@ 0.06 | é{) 10 -
¥ t g
<& I g
0.04 " -
——d=4cm St
0.02 - ——d=5cm
— d=6cm
i 1 1 1 1 0 C 1 1 1 i 1 1
0 2 4 6 8 10 0 2 4 6 8 10
Time/h Time/h

5 MR NiZhBIEH R (15200

Fig. 5 Effect of polar distance on permeation rate of Ni**

HE 4. B 5 K&K 2 vTLUEH, AR sk,
B = Hh Cu [ FLURLE R N R8BSR 84 B
T, CUBRER 6 em J8/NE 3 em I, 10 h 5 BRI
T A (LS Cu™ F1 Cu®, IR 0.64 /L BRI
% 0.34 g/L, Pyico b 46.8 B K% 87.9, TiBHARE T
NI JE H 0.08 g/L THE 0.12 g/Lo 4 /AT FIF¥%
L BELIRTBEAES, T 280535 B A 98 (R e R 20 9 2
R, AR[HI T ARERSR DN, AR HE LG R, IR
Jy¥EsE, ARG NPT BiE Rk, s
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Table 3  Pyjc, in catholyte after electrolysis

A
25 20 0.39 30 0.10 76.7
30 20 0.30 30 0.11 99.6
35 20 0.26 30 0.12 114.9
40 20 0.21 30 0.13 142.2
45 20 0.20 30 0.13 149.4

6 P AR RO BT R 73 B ORIV 5 R
Fig. 6 Effect of electrolyte temperature on separation of

copper from nickel

0.14
?=0.55V, d=4cm,
0.12F  pe=20g/L, pri=30g/L
0.10 |
; 0.08 |
0
= 006
QU
0.04 |
—A =35C
0.02 v t=40C
— t=45°C
0 2 4 6 8 10

Time/h
7 RO R N2 B 8 ) 5

Fig. 7 Effect of electrolyte temperature on permeation rate of
Ni2+

FERARY EOiAR s 2 e S th 25 “CTH@E & 40 “CHY,
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g/L, Puic, LLHH 76.7 K5 1422, b 0¥ i m
£ 45 CHE, HARY 40 CIHAMZEAR K. Hob, Hfg
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W, 8.3143 J/(Kmol); T H#SZHRSE, Ky Z A
W S SRR I R PR F ORI 3G 00/or AR
A AS A S A 1) LU AR

o=@ +RTln 2)

ZF



2132 PR R AR

20174E10 A

223 R 2

R e R 2 128 0 R K NP YBIB R I S i
8 9 7n. ML I, BRI Payc, WK 4.
255 8. B9 RIS 4 W LLE Y, BEAEAE i ) T
BB % Cu f) FEL R 3R N> (1388 R 4

BT, HRE il 048 V FHE A 058 VIS, 10h 5
AR
T4 LRGSR BRI B L
Table 4 Py, in catholyte after electrolysis
pcur/ pow/ pnit/ i/
QO/V _ _ — — P, i/Cu
@ (@eLh  @Lh (@Lh M
0.48 20 3.30 30 0.11 9.1
0.50 20 1.32 30 0.12 22.6
0.53 20 0.23 30 0.12 129.9
0.55 20 0.21 30 0.13 142.2
0.58 20 0.21 30 0.14 142.2
20 t=40 'C, d=4 cm,
I Peu=20 /L, py;=30 g/L
=+ p=0.48V
15t —-9=0.50V
—4-9=0.53V
-+ @=0.55V

—-9=0.58V

Time/h
8 R NS B 23 B ORS00
Fig. 8 Effect of cell voltage on separation of copper from nickel

0.14F  4—40°C, d=4cm,
012k Peur=20 g/L, pri=30 g/L
_odor <
T 0.08} .
60 A
= 0.06} .
& = 0=048V
0.04 - —— 9=0.50V
- =053V
| —~+ 9=0.55V
0.02 - 0=0.58V
0 2 4 6 8 10
Time/h

9 RN NI V535 T A (1 5 )

Fig. 9 Effect of cell voltage on permeation rate of Ni**

HR AR HIR B 3.30 /L FEMIKAE 0.21 g/L, Pyyca L HH
9.1 H KA 142.2, M PHAIB H Ni* ¥R 0.11 g/L T
2 0.14 g/L. $m R iR AR T H7E IR iR,
T e B AR T A R0 B VR S o (HLH AR L s o 330
BB NP s b, (L o B 2 A e
R N B AW 2 R B AR N> TR, T B A e
B T B S BURAE AR LT Rk, T SRR
AR AR 4 88 1 ) B S D BRI P N R8O
ARSI PR L 0.53 Ve
22.4  WIURH A IR

U R AR P A5 B R B NP 1B TR 1)
MNP 10 111 s WARL S, DI Paica
W% 5. 455K 100 B 11 f1k s afLEH, 4 pew
20 H125 /L IsF, A TR AL, HRSS IS
AR A AR AR IR BEAR ZE AR, 430000 0.23 i 0.24
/L, Pyica 23900 129.9 1 155.7, A8 50 B 2 R 4
™ pew M 30 F1 40 g/L B, HIRPIBUERRNE, Znt
15 h Hifil, BRI P ok B AR FE TSR 12.14 F11 26.26
g/L, Pyco (KA 3.7 R 2.3, B8URE 2, X
F L BT SN T P MBI Cut R

&S5 HUMRES A BIAGE R B L

Table 5 Pyjc, in catholyte after electrolysis

peur/ pew! it/ i/

@) @)  @Lh @Lh e
20 0.23 30 0.12 129.9
25 0.24 37.5 0.13 155.7
30 12.14 45 0.24 3.7
40 26.25 60 0.28 2.3

9=0.53V, —apoy =20 g/L, pr=30 /L
40t =40°C, —e-pey=25g/L, pny=37 /L
d=dem —a-poy=30g/L, pri=45 g/L
¥ Ocul =40 g/L, pNi1=60 g/L
30
o
W 20}
\L): A 4
Q
10 -
4
0r L L L 1 L L
0 3 6 9 12 15
Time/h

10 AR Cu™ R BEXHHHR 5 2 OR (K 52 1
Fig. 10 Effect of initial Cu*" concentration on separation of

copper from nickel



o 27 B4 10 ) i VE, A BT HUIRE ) B SR T W b AR

2133

0.30
©=0.53V, t=40 C, d=4cm
0.24
= 018F
al
50 7§
:z' 0.12 v
) Zapeu =20 /L, pri=30g/L
0.06F Y oD =25 g/L, pri=37 g/L
——pc,1 T30 g/L, pni=45 g/L
¥ Dcu =40 g/L, pn; =60 g/L
0 3 6 9 12 15

Time/h

11 AR Ni*' R Ni* 23 2 (1 5
Fig. 11  Effect of initial Ni*" concentration on permeation rate

of NiZ*

BRI, 2 SUURLEIRE b IH A st )BT
2% i

Cu?'+Cu+2Cl =2CuCl (3)

24T FE P 0 Co® SRR T B4R
IoF A2 2 T PRV S el T ASAIE 9 R B I 1K) B AR
n(CY/n(Cu)lGZARFEAE 7 7oAy, Hohi cl Ko &,
it CU Y CuCl A28 T P [ CuCL ),
FRUURAAE B4R b i e A s SN B, 5
|7 B A . NIk, FEARRETE T
n(C/n(Cu)HTHE N, A T S G A A o0 29 8
H B 95 i IR B R BRI 25 g/L L RN EL

1) B A B LR B B v s A DL )
(MR, St T SR B B 1 AT 4 Mo R A i A T 2
PR, DI A g L], TRk, &
AR AR R BL R, NiTH Cu” A
TERBER IR Ay 22, 383 r A7 14 T DA SE I i
BRI AR B

2) BHAT THIER S B0 TS, MR Cu® 25
g/L Ni*" 37.5 g/L i, fEMRER 4 em. BB E 40 °C .
FEHL 0.53 V IR, % 10 h, BRI P A
BIRERRRE 024 g/L, S84 IAT B DTTE
RO T A R FE TR SR
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Separation of macro amounts copper from nickel in
chloride leaching solution by anion membrane electrolysis

HE Yang', TANG Zhong-yang', LIU Xu-heng', CHEN Xing-yu'2

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Hunan Key Laboratory for Metallurgy and Material Processing of Rare Metals, Central South University,
Changsha 410083, China)

Abstract: Nickel sulfide ore always accompanies by a large amount of copper, and copper can be often leached
simultaneously into the nickel leaching solution. However, because of their similar chemical properties, it is difficult to
separate. Here, anion exchange membrane electrolysis was provided to separate copper from solution by controlling the
cell voltage. The effects of polar distance, electrolyte temperature, cell voltage and concentrations of copper and nickel on
separation of copper-nickel were studied and the optimal operation conditions were obtained. The results show that, for
solution containing 25 g/L Cu®*" and 37.5 g/L Ni** the total residual Cu concentration in catholyte is depressed to 0.24 g/L
and the ratio of Py;c, reaches 155.7 under the optimal conditions of polar distance 4 cm, electrolyte temperature 40 C,
cell voltage 0.53 'V, electrolysis time 10 h. A satisfied effect of separation of copper from nickel is obtained.

Key words: anion membrane electrolysis; separation of copper from nickel; nickel sulfide ore; leaching solution
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