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Abstract
The recovery of copper metal from waste hydrochloric acid with cupric ions was
electrochemically demonstrated by the use of a polymer electrolyte fuel cell system. The
electrochemical cell used in this study consists of two baths for gas and liquid. Hydrogen gas was
fed to a Pt/C anode electrode assembled on the cation exchange membrane (MEA), and Pt mesh for
a cathode electrode was immersed in CuSO, / HCI (1 M / 1 M) solution as a model solution of waste
acid with cupric ions. Copper metal was electrochemically recovered on the cathode electrode
without chlorine gas evolution on the anode electrode. However, copper deposition on the anode
electrode was observed because of penetration of cupric ions through the cation exchange membrane.
While this phenomenon damaged the MEA, the electrochemical cell with two baths was improved to
that with three baths separated by a cation and anion exchange membrane, which successfully

prevented copper deposition on the MEA.
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Fig.1. Schematic diagram of (a) the fuel cell system, (b) the system
using this study and (c) the electro-winning system.

2
Fig.1c
[1.2]
Fig.1la
Fig.1b
Fig.2a 1
Nafion 1
2 Fig.2b

54



(a) % i cathode electrode (b) —) HZ-3000

Current collector

~ T L aae

Selecmion
. . Pt mesh
Hydrogen gasﬁ} % Carbon felt

Current collector
Fig.2. Detailes for the electrochemical cell with (a) two and (b) three baths.
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Fig.3. Relationship between deposition
mass of Cu on the cathode electrode and
the current.

MEA

MEA

Fig.6a

Fig.2b

Nafion

2 Fig.6b

Fig.4. Photograph of the cathode electrode before and
after deposition.
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Fig.5. Photograph of the MEA
in the electrochemical cell with
two bath after using.
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Fig.6. llustration of the reaction mechanism in the cell with (a) two and (b) three baths.

200}
>
e
= 0
&
Fig.7 S -200¢
E
-400
_600 1 1 1 1
0 10 20 30 40
time / min.
50 mV Fig.7. Time dependence of the cell voltage
with three baths.
5 -185 mV
15 1
15 -550 mV -465 mV
1
XRD CuCl 2
CuCl 3,4
1 2 2 3
Cu* +2ClI'+e - CuCly 2
CuCl, +e - Cu+2CI 3
5-7 2 2a 2b

57



Cu*+Cl+e - CuCl 2a

CuCl+CI' - cuCly 2b
1 cucl 2
Ccucl 2a 2 3
1
2
1. , , 42, 2-23 (2003)

2. C.W.Won, Y. Kang, H. Y. Sohn, Metallurgical Transactions B, 24B, 192-197 (1993)

3. J.J. Lingane, Analytica Chimica Acta., 19, 394-401 (1958)

4. D. G Peters, S. A. Cruser, Journal of Electroanalytical Chemistry, 9, 27-40 (1965)

5. L. M. Abrantes, L. V. Araujo, M. D. Levi, Minerals Engineering, 8, 1467-1475 (1995)

6. H. K. Lin, X.J. Wuand P. D. Rao, The Journal of the Minerals, 43, 60-65 (1991)

7. D. M. Soares, S. Wasle, K. G. Weil, K. Doblhofer, Journal of Electroanalytical Chemistry,
532, 353-358 (2002)

58



