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Abstract

The electro-refining process was performed to recovery high purity copper from low grade copper containing sludge in sul-
furic acid. The surface morphologies and roughness of electro-refining copper were analyzed with variation of the type and con-
centration of organic additives, the best surface morphology was obtained 5 ppm of the gelatin type and 5 to 10 ppm of the thiol
type organic additive. The crude metal consisted of copper with 86.635, 94.969 and 99.917 wt.%, several impurity metals of iron,
nickel, cobalt and tin by pyro-metallurgical process. After electro-refining process, the purity of copper increases to 3N or 4N
grade. The impurity concentrations and copper purities of copper crude metals, electrolyte and electro-refining copper were ana-
lyzed using ICP-OES, the electro-refining time and purity of copper crude metal to recover 4N grade copper were deduced.
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Fig. 1. Surface morphology and roughness by organic additives concentration for copper electro-refining.
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Fig. 2. Plot of copper purity in electro-refining copper and
impurity element concentration in electrolyte against
electro-refining time; (a)low (b)middle (c)high purity
crude metal.
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Table 1. Quantitative analysis of impurity concentration in the low purity crude metal and electro-refined cathode by ICP-OES
(Wt.%)

Elements Fe Ni Co Sn Zn Ag Au Mn Cu
Cu Crude Metal 8.9582 43242 0.0496 0.0142 0.0097 0.0046 0.0034 0.0009 86.635
19 hours | 0.0016 0.0039 N /D 0.0030 0.0002 0.0005 0.0001 N /D 99.9907
EIC? 43 hours | 0.0017 0.0037 N/D 0.0046 0.0002 0.0004 N/D N/D 99.9894

ectro-

refining | 33 hours | 0.0040 0.0047 0.0001 0.0018 0.0002 0.0004 N/D N/D 99.9888
79 hours | 0.0042 0.0044 0.0001 0.0040 0.0002 0.0006 N/D N/D 99.9865

Table 2. Quantitative analysis of impurity concentration in the middle purity crude metal and electro-refined cathode by ICP-

OES
(wt.%)
Elements Fe Ni Co Sn Zn Ag Au Mn Cu
Cu Crude Metal 3.4776 1.5311 0.0063 0.0062 0.0033 0.0036 0.0016 0.0012 94.969

24 hours | 0.0014 0.0038 N/D 0.0006 0.0001 0.0019 0.0001 N/D 99.9921
lcu 48 hours | 0.0015 0.0045 N /D 0.0002 0.0001 0.0003 N /D N /D 99.9934

Electro-
refining 72 hours | 0.0005 0.0039 N/D 0.0015 0.0002 0.0008 N/D N/D 99.9931
96 hours | 0.0024 0.0045 N /D 0.0010 0.0003 0.0001 N /D N /D 99.9917

Table 3. Quantitative analysis of impurity concentration in the high purity crude metal and electro-refined cathode by ICP-OES

(Wt.%)
Elements Fe Ni Co Sn Zn Ag Au Mn Cu
Cu Crude Metal 0.0064 0.0716 0.0002 0.0018 0.0004 0.0031 N/D N/D 99.917

24 hours | 0.0002 0.0036 N/D N/D 0.0001 0.0002 N/D N/D 99.9959
Cu 48 hours | 0.0025 0.0039 N/D N /D 0.0007 0.0005 N/D N/D 99.9924

]rgelfei:ir;é 72 hours 0.0012 0.0036 N /D N /D 0.0001 N /D N /D N /D 99.9951
96 hours 0.0015 0.0047 N/D 0.0011 0.0003 0.0008 N/D N/D 99.9916

&2 wXA] S ¢ 4 Utk Table 390 UEPH, & 86.635 wt.% & Z=< g ol vla] dAsHA B
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2 gl B da F 7MY 2 HEE AFska of gL PXA g & F Ak &, T 2FEH
Atk SHAIRE kel 86.635 B 94.969 wt% & EFE  H(Fepd UANI) FHF wlEsAl el YA
o] Zgohs gl HFeHtt VAN ol B Nijo] AAHoE Fol o] US & F Ut
t}h. o218k 94.969 wt% £Eo T 2FES FFow
AREsle] Haigds dAAlsisle o, %—Xé 24, 48, 72 3.3. B(Cu) Mai¥H F 3= =&
BL96MIZE F B AN ool Arkql 99.9959 Fig. 3= 452= AHH 5 3ol okl met
99.9924, 99.9951 = 99.9916 wt% ANFHAFTS A ™ AP g ws =28ket a-o|th
< & AAJok E=FE Fig. 2(c)0lA HERE A3} 7o) 2 88 53 5 2EF5Y wx wE 9999
A Yo F8 B 94 AFe)d VAN WL%@NF) olde] AsAA TS 5T 5 A= Hdl
5 FABAZR] A met Frtshd, 1 vEe 8 AR dEs) B ¢ Aok AsR™E A dEoE

J. of Korean Inst. Resources Recycling Vol. 26, No. 6, 2017



AES 5 (Cu) T STRERE & APl A3 A+ 89

100.00

99.99

1 1 1
1 1
—_ | 1 1
X 99.98 1 |
< : : :
5 I 1 I
>, 9997 | 1 1 1
- 1 1 ]
f— 1 1 1
S 1 1 1
0. 9996 | 1 1 1
1 1 1
1 1
i = 86.685% Cu crude metal
99.95 |- ' o 94.949% Cu crude metal
] 4 99.997% Cu crude metal
99.94 e 'l Al i Il A 1 ' Ll L A L ra | A 1
0 20 40 60 80 100 120 140 160 180 200

Electro-refining Time (Hours)

Fig. 3. Plot of copper purity in electro-refining copper
against electro-refining time in different purity of
copper crude metal.

AM8-g 86.635, 94.969 H 99.917 wt% & FaE &
of wat 7+ <F 32, 107 2 159A17W7KK] AsAH
NSRS W £E 99.99 wt.% o]ike] HaA
AxT 5 okl dSEt. gk 3l ut
W B 94 H(Fe)dt YR NI =W}
skate] Fig. 2o YERIATE & 2545 &
9.99 wt.% ﬂsﬁzéad%g e+ de 4 A
} 34 AI7RE 71E (Fe)JJr 741(]\11),] 5
AT, 86.635 wtY% 5 ZFES o]&3le]
32X7F AAEIe o HaEl f H(Fe)el &
496 g/L, UANHY F=E 2.790 g/Lolt}.
wt% & ZFES o835k AAA 107A7F
< o Aae W FFe)d FEE 0932 g/L,
FLEE 0347 g/Lolth 99917 wt% &
ol g3te] A 15977 AA8IS Xd_
LH A(Fe)2] F=x 0.048 gL, UAN)? %
5 g/l olt}, uelA] HAHE A FFoZ ALE
01% % aE o2l wet Ho o 3 AR 7
T FFe)d YEANDY T=E TFOZH, 99.99
wt% ol R EES gy g M W A
(Feyzt YA N2 JM A T=E 4T F Uth
3HH 86.635 wt.% B 94969 wt% RO T XEE&
S FFo= AMES AP A, sl
(Cu) =7t Ak S ER1E ¢ 91913} mEbA] QFY
Al ANF M HF A= Al, A3y He] B¢ o
& Aloje} gEo] F(Cu) ¥= A7} F835H, olE
‘?BHH oo];;'L?l E =Zz140 ;‘q}\ o) 1:__ aﬂ%’é‘

et slnh Hd daigE +

oX
rulo

o (oot
Of
&
12

L)

‘El-rl 29

=
07@

f‘:’mlm g
W
rxﬂﬁ

s

fr

[oN
el

E > o

ol
Eﬁ 2
©

;E”

FW:"-‘:’I‘NLN*‘EW@I’HE
2 d

{0

N‘L‘

=
lo
oft J

24

100.000

I = 86.6% Cucrude metal
99995 o 94.9% Cucrude metal

I 4 99.9% Cucrude metal
90990 [~ =~ —m—m e e e m e mm o

99.985
99.980
99.975

99.970

99.965

Electro-refining Purity (wt.%)

1 1 1
80 85 90 95 100 105

99.960 " 1 . 1 2 ! ) L
75

Crude metal Purity (wt.%)

Fig. 4. Plot of copper purity in electro-refining copper
against copper crude metal in different purity of
copper crude metal.

\l

o2 3 o, AsddE ¢=d wet 5 235
E =2gste] Fig 40 UYET ©1E B8 &
99.99 wt.% ol’de] AU FTS Ax3] FlEiA
Ha £E 99234 wi% ol T 2EES ¥F

o2 AJgaol Bria AlREL.

o l‘1F A=)
l-ri

4.8 =
AEN B G UARVE 1R AxE B 234
2 olgsle] Fakre] sl X*oﬁxé%l% afol

- %
ot :‘L
BN
fi

i)
rN it

J3] Y ol A gelatmﬁﬂ 2 thiold] 7]
ste] HdajAH S Falate] dalg=

A 22k g g A1 A4 5eg oY

&"om o

2. FFo= AEH T 2FELE H(Fe), UANI,
SEE(Co), T4 (Sn), °FA(Zn), =(Ag), T(Au) H &
ZHMn) 9 EEEe] FHEHA dlew, 7F 86.635,
94.969 B 99917 wt.%® & =5 eI, o|2
FE dfdde B3 Az HFE 5 £5E 99.9865,
99.9917 & 99, 9916 wt.% o]t}

3. % 225 50 WE % 99.99 wt% o)A

ams

a5 ﬂ?@‘}ﬂ g o) AsidH FPAI
7} 86.635, 94969 = 99917 wt%ol thall &k 324
ZJ’, 107/\]7L ol 159,\]71.0§ cq]za 2= oh:], tcfg]_, _%]
o) AsiAHE S 1508702 7|02 SIS ), %
SO AEEHE & 2FHY HA TEE 99234 wt%
Ql Ao =Z AsHr)

AdeelEd Al 26 A Al 6 5, 2017



90

=
E ATE 201795 AAEAAE R Aldeg
oA 71eH7FA(KETEP)] AYS whol 33+ &

?_

4

FA P EHNo. 20165010100810).

References

. Fernando Goémez, Juan Ignacio Guzman, and John E.

Tilton, 2007 : Copper recycling and scrap availability,
Resources Policy, 32, pp. 183-190.

. Younghee Ko Kim and Hyun Baek Ko, 2001 : A study of

the recovery of shape-controlled copper oxide from the
waste etchant of PCB industry, J. of. Kor. Inst. Resources
Recycling, 10(6), pp. 15-21.

. Elaine, Y. L. Sum, 1991 : The recovery of metal, The

Journal of The Minerals, Metals & Materials Society,
43(4), pp. 53-61.

. B. Greenderg, 1993 : Method and apparatus for recovering

. E. N. Ptekov, 1997 :

copper and regenerating ammonical etchant from spent
ammonical etchant, US Patent 5, 188, 703.

. K. S. Doh, et al., 1997 : A study on the recycling of cupric

oxide by using copper-containing wastewater, J. Korea
Solid Wastes Engineering Society, 14(7), pp. 667-672.

. Byung-Su Kim, Lee, Jae-Chun Lee, and Kwang-Ho Lee,

2007 : A novel process for extracting valuable metals from
waste electric and electronic scrap using waste copper slag
by a high temperature melting method, Journal of the
Korean Institute of Resources Recycling, 16(3), pp.27-33.

. Bong-Chan Ban, et al., 2002 : Recovery of precious metals

from waste PCB and auto catalyst using arc furnace, J. of
Korean Inst. Of Resources Recycling, 11(6), pp.3-11.
Mechanisms of floating slime
formation and its removal with the help of sulphur dioxide
during the electrorefining of anode copper, Hydrometallurgy,
46(3), pp. 277-286.

. V. Baltazar, P. L. Claessens, and J. Thiriar, 1987 :

Electrorefining and winning of copper, pp. 211, Tms,
Colorado.

of &

&

.

A F=NIEdTd A7

2
[

o

fol

A =LA AT
3 &3)#] A25W 43 HF=x

=13
=

d4

A BRAWIEAT A7
F sh)a) A5 4%

3o

A

A AP |EA T YA
(AR

72l 2
=

A A=A EATY AT
2 83)A] #2578 4% F=x

.

L2

[=)
=)

o

A A=A EATY A7
2 83)A] 257 4% Fx

o 2t &
« A Exoigha AaA)gete wg
«F g3 Al1d 1& =R

(=]

o 71 &

« JA) AdslolvgEF) A5
< 3137 A18d 55 Fx

J. of Korean Inst. Resources Recycling Vol. 26, No. 6, 2017



