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Fig. 1 Scrap copper coated iron needle used in experiments
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Table 1 Main metals contents in scrap copper coated iron

needle (mass fraction, %)

Cu Fe Al Ni Sn

4.01 95.48 0.15 0.023 0.21
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Fig. 2 Schematic diagram of copper recoveryvia membrane
electrolysis in NH;-(NH,4),SO4-H,N(CH,),NH,-H,O system:
1 —Titanium basket; 2—Raw material; 3— Anion-exchange

membrane; 4—Copper depositation; 5—Ti cathode
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Fig. 4 Optical morphologies of copper deposit at different ethylenediamine concentrations: (a) 0.3 mol/L; (b) 0.4 mol/L; (c) 0.5

mol/L; (d) 0.6 mol/L
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Fig. 3 Effect of ethylenediamine
concentration on membrane electrolytic
current

efficiency and cell voltage:

(a) Cathode; (b) Anode; (c) Cell voltage
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Fig. 5 Influence of ammonia concentration on current

efficiency and cell voltage: (a) Cathode; (b) Anode; (c) Cell

voltage
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Fig. 6 Morphologies of copper deposit at different ammonia concentrations: (a) 2.5 mol/L; (b) 3.5 mol/L; (c) 4.0 mol/L; (d) 4.5 mol/L

7 AR R R A B SEM &

Fig. 7 SEM images of copper deposits by electrowinning from electrolytes with different compositions: (a) 0.6 mol/L
HzN(CHz)zNHz, 2 mol/L NH3H20, (b) 0.4 mol/L HzN(CHz)zNHz, 4.5 mol/L NH3H20
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Fig. 8 Influence of agitation rate on
current efficiency and cell voltage:
(a) Cathode; (b) Anode; (c) Cell

voltage
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Fig. 9 Morphologies of copper deposit at different agitation rate: (a) 0; (b) 100 r/min; (c) 300 r/min; (d) 400 r/min
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Fig. 10 Influence of cathode current density on current
efficiency and cell voltage: (a) Cathode; (b) Anode; (c) Cell
voltage
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Fig. 11 Morphologies((a)—(d)) and SEM images((a")—(d")) of copper deposits at different cathode current densities: (a), (a) 200
A/m?; (b), (b") 300 A/m’; (¢), (¢') 350 A/m?; (d), (d') 400 A/m>
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Fig. 13 Morphologies of copper deposit at different Cu( II) concentrations: (a) 20 g/L; (b) 30 g/L; (c) 40 g/L; (d) 50 g/L
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Fig.14 Morphologies of copper deposit(a), XRD pattern of
Cu(b) and cell voltage variation of comprehensive condition

experiment(c)

B 15 B LR 12 h 5 BEARAE b s ket
Fig. 15 Iron needle after copper removal in anode frame after

12 h of diaphragm electrolysis

T2 FRAEHLE FHARAE ke 10 2R o &
Table 2  Main metals contents of iron needle (mass
fraction, %)

Cu Fe Al Ni Sn

0.03 99.3 0.01 0.03 0.09

HHE 14 AIA1, ZREG %A NELBEABME 12 h )5
AR BTSN R B . 28T, BT A3 BA Ak 4
MIZAERER 99.95%. BN HEIREN 106%, XAHT
HLAR P AR AE— 2 Cu( 1), 75 B B SRR (LA
B2 AN AR )T 100%; PFHIR SR &t
9 126%. HHIE 14(c) AT 50, 72 PR 620 e 5 F fi
TR AR U I — 8 1Bl . IR DR R L
FEFR A —Le4 55 . BREA S5 L KR I FR it R AR it V%
DA% i 55 B A FELVA AR AR T A ) R e ] P i
B AR — s A4k, BRI AS AR B 2 0 5

1) K NH;3-(NH4),SO,4-H,N(CH,),NH, {4 % [ i
HLAR AL PR PR AR EE, T — DBz Rl A R
53 8 v R E S H (4

2) NH;-(NH,),SO4-H,N(CH,),NH, 14 Z [ JI5 e fi#
Ab B PR AR LR BT AR T2 s IR IR
350 A/m®, BIRR SR A1 HEPEE % 200 r/min,  BIAR R
%A NH;-H,0 4.5 mol/L. (NH,),SO, 1 mol/L. Cu(1l)
WRE 30 g/L. &1 0.4 mol/L. 73 T2 %A% F i
HLAR IR ELRER 12 h, P AT BISR TG BU% Bk
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Copper recovery from scrap copper coated iron needle via
membrane electrolysis in NH;-(NH,4),SO4-H,N(CH,),NH, system

YANG Jian-guang, LI Shu-chao, LI Ling-chen, YAN Wan-peng, DING Long, NAN Tian-xiang

(School of Metallurgy and Environmental, Central South University, Changsha 410083, China)

Abstract: Using scrap copper coated iron needle as anode and stainless steel plate as cathode, the membrane electrolytic
recovery of copper from scrap copper coated iron needle viaNH;-(NH,),SO4-H,N(CH,),NH, system was optimized by
single factor test. The experimental results show that, when the catholyte composition is NH;-H,O 4.5 mol/L, (NH4),SO,
Imol/L, Cu (II) 30 g/L, ethylenediamine 0.4 mol/L, and the cathode current density is 350 A/m? a smooth cathode
copper plate can be obtained at the cathode for 12 h electrowinning, and the grade of resultant cathode copper is 99.95%.
The cathode current efficiency is 106% (calculated at +2 valence copper electrification equivalent), while the anode
current efficiency is 126%, because some anode copper dissolves in the electrolyte at +1 valence. The grade of iron
needle obtained after copper removal is 99.3%.

Key words: ammoniacal system; copper scraps treatment; membrane electrowinning; current efficiency; effluent recycle
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