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Preparation of Copper by Direct Electrolysis of Waste Cupronickel in
Deep Eutectic Solvent

LI Hongda,RU Juanjian, CHENG Mingqgiang
(Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract; Copper was recovered from waste cupronickel by electrolysis separation at 363 K in choline chloride-
ethylene glycol deep eutectic solvent (ChCI-EG DES). The waste cupronickel and titanium sheets were served as
anode and cathode respectively. The effects of temperature and the concentration of cuprous chloride(CuCl) on the
viscosity and conductivity of the DES were investigated systematically. Results showed that the viscosity of CuCl+
ChCI-EG DES decreased with the increase of temperature and increased as the raising of CuCl concentration, whereas
that of the conductivity was opposite. The anodic polarization curves showed that the potential difference between Cu
and Ni can be increased by increasing CuCl concentration, which was conducive to the separation of Cu and Ni, but
the anode dissolution rate can be slowed down with too high CuCl concentration. The electrolysis experiment showed
that the DC power consumption decreased firstly and then increased as the increasing of CuCl concentration, while
the current efficiency was opposite. When CuCl concentration was 1 mol/L, the current efficiency was as high as
99.1% during the electrolysis separation of waste cupronickel, and the DC power consumption was as low as
170. 2 kW « h/t. Highly pure Cu(99. 62%) can be obtained at cathode and the micromorphology was compact and flat.
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Table 1 Composition of the waste cupronickel BFel0-1-1 /%
Composition Cu Ni Sn Fe Pb Mn S Zn P
Content 86. 1 10. 7 0.3 1.3 0.02 1.0 0.02 0.5 0.02

1.2 RERBHNFHESRBEMESEHNE

B s A AL, 2 T E T s TR
H1,353 K N0 24 ho BB K 3. SRIGHEEEIR E ol
1 s 2 43 S FR B AL R AR A 20— F (8] A B AR iR &)
B IF R T A v T 343 KR #% 7 Ak 1 3
7%y T6 45, 37 B B9 AR L B ChCI-EG (1 ¢ 2) DES,
SR FRFR I — 7 1t i S A6 8 i A ChCLEG DES
IR B B TR PORB SR AE 343 KR
TR P 2 A I ] 4 L 1 B IR S B TR
&, B} CuCl+ChCI-EG DES Hi i ik .

A3 9% B &6 B 1 (SNB-2) #1 1 S %Y (DDBJ-
350F) i %E T CuCl+ ChCI-EG DES ¥ % i #il fi &
R R PR TR T A R A R AT A R D0 3R S
Rl 333 ~373 K, CuCl+ ChCI-EG DES Hi fif i
CuCl ¥ BEE M 0. 5~2.5 mol/L, K T #iff 52
50 0 B I L E R AT 0 I R B A T I e T
AR HFRBELE 20 % ~70 % . 1 7R B0k 58 5 i Bl
Bl }i% i F CuCl+ChClI-EG DES (% .

1.3 Bzt
TE B 2% TAE 3 (CHIZ60D) I, 5% J FH #% #% £k



36 4B T/’

514

Mk I 2 7 T AFE B (Cu Hil NiD 7E ChCI-EG DES
w1 BRI AT D TR 5 mV /s, SR X
DN BSCHE 647 40 3 5 AT A5 20 AH O 1Y 3 ) 24 S8 DA
PE AR 75 A 1) TR 6 R A5 20 AT
1.4 BEIBEXE

HL A% SEIRE 100 em’ 5 411 3% 365 FL AR AR rh iR A7, LA
Bk B E A A, R 1 mol/L CuCl+ ChCI-EG
DES Jy B3 it W, 76 0. 4 V M i N 47 4 h i e i
S, 43 A VAR EH (30 mm X 20 mm X 3 mm) Fl
£k (30 mm X 20 mm X 0.5 mm) {E 2k BH A% 1 FH
e s AR B9 A AT AL 6 em? , U (] BE K 1.5 em,
R LR G K AR ML E T KkE
WYEV, IF#E 333 K H s LA b T 1 h, - 47
#H
1.5 #FMmERIE

R FH LR A 55 B8 T 1R R SO AL (TICP-OES,
PE Avio 200) 85I FH A% 7 ¥ i A o & 1 . RT3 K
B 5 B F 8 i 55 (FE-SEM, Nova Nano SEM
A50) X A i B RO 285 44 1 AT R AE

2 RLitE

2.1 CuCl+ChCI-EG I EMBSXR

& 1) Bl CuCl %% CuCl4+-ChC-EG DES
R R E. B 1 ATLIE M4 0.5 mol/L
CuCl ¥R BE SR Bl & TR B A 333 K JH i 2] 373 K,
CuCl4ChCI-EG DES B M 21. 35 mPa » s F %
16.02 mPa « s, H 2 /NHE AT BE T & BT
(1) 2 2l e 7 2 TA) A RS K, 7 AR A s X
W2 RS A g 1 a5 g K, g Pk .
T REAR T &R B . Rl Th e R R T A S
(1)1 2l A, B8 0] 32 2l B g e/, R EE R B . 7
333 KR4 T . B CuCl #k B M 0. 5 mol/L T
B3 2.5 mol/L, BRI BB WM 21. 35 mPa « s
R F] 28.93 mPa « s, X &l T CuC )5 HL i K
Hii) CL B R A A S TR B T AR FR A8 KA T B
B F[CuCL 1™ AL CuCly 1M, 5 B0 5 0 i B2 Uik
AN SRR

& 1(b) 1 1 CuCl #e i % CuCl+ChCHEG DES
S Rgmm X 2K, NE 1L o LLAEWN, 7
0.5 mol/L CuCl ¥ JE T, BEEIRE M 333 K T3
373 K., Wi ff WA HL T 32 A 19. 28 mS/cem 3 K F|
28.83 mS/cm, Xk K T i i B L A B[R] 69 £
AR IRl T i B et B 9 | 7 N1 S M2 S o

WK, fE 333 K i JE T, i & CuCl ¥ B
0.5 mol/L_E 3 2.5 mol/L, H fif & 1Y H 5 M)
19. 28 mS/cm F & %] 15. 21 mS/cm, ER M H S
RA[ LR BT

_ eF N
k= &WZf | = %, (D

& g 3RS/ myy MIFIHFEL Pa » s3r
LIS sme g AL 1,602 2X10 VG F
DAL H B ¢ D LR BB JR MR B mol/m’ 5 [ = |
SRy LR T HL A 48w O R R L il 2 (D T AL
AR RS G R A B H LR R A
24 CuCl in A 3| ChCI-EG DES W, ¥ & 25 15 34 K,
T FEL AR A1) L T R S A R AR LU SR R I PR A
ALCuCL ]~ AL CuCly J* JE & 7 W 5 38 i » 95 3
7 RS TR RN o DRI T R R R T
7 PR TR /N B 3L RV T T R R T R
A& CuCl ¥k B TH g i A1

35

(a) —— 2.5 mol/LL
—w»— 2.0 mol/LL
30k —&— 1.5 mol/LL

—eo— 1.0 mol/LL

—a— 0.5 mol/LL

25

n/(mPa-s)

333 343 353 363 373
T/K
35
(b) —8— (.5 mol/LL
—®— 1.0 mol/LL
30+ —4— 1.5 mol/L

—v— 2.0 mol/LL
—&— 2.5 mol/LL n

/ .
P

H
E /./
g A
] ¢ /V
2ok /./A?:/Q
T
A/V/‘
v/‘/
15 C T/ 1 1 1 1
333 343 353 363 373

B 1 EEF CuCl ik E T3f CuCl4+ChCI-EG DES
B (a) REF (b) B SRR
Fig. 1 Influence of temperature and CuCl concentration
on the (a)viscosity and (b)electrical conductivity
of CuCl+ChCI-EG DES
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Fig. 2 Anodic polarization curves of (a)Cu electrode
and (b)Ni electrode in different concentrations of
CuCl in CuCl+ ChCI-EG DES
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Fig. 3 Effects of CuCl concentration on: (a)The purity of cathodic products obtained by electrolysis separation of waste

cupronickel at 363 K and 0. 4 V cell voltage; (b)Current efficiency and specific energy consumption
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Table 2 Effects of CuCl concentration on the composition of obtained products by electrorefining of waste cupronickel

Ceut/ Composition/ X 106
(mol + L") Cu P Fe Ni Pb Sn S Zn
0.5 99. 439 545 2 987 1013 158 6 752 162
1 99. 621 621 1 254 545 165 12 669 244
1.5 99. 584 703 1593 652 252 33 772 196
2 99. 578 811 1607 751 336 75 480 224
2.5 99. 566 878 1626 873 451 88 454 65
Note: the unit of * is % in weight.
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Fig. 4 SEM images of the cathodic products obtained at different CuCl concentrations by electrolysis separation of waste cupronickel
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