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Abstract: Cuprous chloride hydrochloric acid solutions were electrolysed in a two compartments cell without agita-

tion for copper extraction. It is found that the current density affects the colour and the size of copper deposits. Dur-

ing electrodeposition of copper from cuprous solution in the presence of various concentrations of lead, zinc or iron

ions at different current densities, it is observed that lead is codeposited with copper by increasing current density.

In all experiments, the current efficiency for the copper deposition reaction fluctuates between 88.50% and

95.50% .
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1 INTRODUCTION

The electrodeposition of copper was largely

studied from cupric solutions in sulphate electro-
151 Some studies were carried out in chloride
5]

lyte
electrolyte' ™ For hydrometallurgical chloride
processes for treating copper ores, the others insist
to leach the sulphides such as chalcopyrite, galena
or blend by cupric chloride solution and the leac
hing solution resulted containing cuprous chloride
and several impurities such as lead, zinc or iron at
various concentrations can be electrolysed for the
recovery of copper'™ . Some authors indicated
that cuprous solutions electrolysis is advantageous
because the energy required can be decreased by a
factor of two compared to conventional cupric solu-
tion electrodeposition'” .

However, many precautions were taken to avoid
the oxidation of cuprous to cupric ions. Before electroly-
sis, all cuprous chloride solutions were treated by metal-
lic copper for reducing cupric to cuprous ion and the feed
of electrolytic cell by cuprous solution was carried out
under the nitrogen. The solutions were then analysed
before and after electrolysis to determine the quantity of

each metal deposited.
2 EXPERIMENTAL

2.1 Electrolyte composition

The electrolvte prepared with laboratory rea-
gents contained CuCl 0.5 mol/L, NaCl 3.5 mol/L
and HCl 1 mol/L. The other electrolytes for co-
deposition study contained CuCl 0.5 mol/ L, NaCl
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3.5 mol/L, HCl 1 mol/L and PbCl,, ZnCl or
(NH4)2Fe (SO4)2 * 6H20 in the concentration
range of 10">7 10" ' mol/ L.

To avoid the oxidation of cuprous to cupric
ions, the system used for electrolyte preparation
contained:

1) The reservoir containing cuprous chloride
solution, the stirring bar and metallic copper to re-
duce cupric ion according to the reaction

Cu™ + Cu—2Cu" (1)

2) The magnetic stirrer;

3) The system of passage of nitrogen to main-
tain copper in the cuprous state.

After the disappearance of the colour indica
ting complete cupric ion consumption, the feed of
electrolytic was carried out in electrolyte by gravity

(Fig. 1).

2.2 Electrical system and electrolytic cell

All experiments were carried out using an in-
tentiostatic system with the electrical system con-
taining:

1) The tension generator to impose the elec
trolysis current density;

2) The electronic millivoltmeter to measure
the work electrode potential Exr/er;

3) The multimeter to measure the potential in
the electrolysis circuit Eer/ce;

4) The milliampermeter to measure the elec
trolvsis current densitv:

5) The electrolytic cell ( Fig. 2).

T he electrolytic cell was a cylindrical form,
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Fig.1 System for reduction of
cupric ions and feed of electrolytic cell
1 —Gas; 2 —Permuted water; 3 —Cotton wool;
4 —Cuprous chloride solution containing metallic copper;
5 —Electrolytic cell
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Fig.2 Electrical system for

cuprous chloride solution electrolysis
mV —M illivoltmeter; mA —M illiam permeter;
G —Generator; ET —Work electrode;

ER —Reference electrode; CE —Counter electrode

constructed with the Plexiglas and consisted of two
compartments that were separated by a diaphragm.
The anodic and cathodic compartments were as-
sembled by screwing with toric join.

In each compartment of the electrolytic cell
there is placed:

1) low, atap with three ways to allow the fill-
ing or to empty the compartment;

2) up, an orifice for the gas discharge.

The cathode is constituted by a copper disk of
3 ¢cm diameter and the anode is a carbon disk of the
same diameter.

The electrolyte volume in each compartment is

22 mL (Fig. 3).
3 RESULTS AND DISCUSSION
3.1 Influence of current density on quality of de

posits obtained from solution of cuprous chlo
ride

61 74 6} 7}

Fig. 3 Electrolytic cell for electrolysis of
cuprous chloride solution
1 —Diaphragm; 2 —Torie join; 3 —Screwing ring;
4 —Contact with counter electrode;
5 —Outing and admission of gas;
6 —Orifice of filling; 7 —Orifice of empty;
CE —Counter electrode; ET —Work electrode;

ER —Reference electrode

The electrodeposition of metals is influenced
by some factors as current density, solution com-
position, presence of additives or others ions, pH

7 To prevent interference dur

and temperature
ing electrolysis, no additives were used in the elec
trolyte preparation. To avoid secondary reactions,
it was found that cuprous concentration in the so-
lution do not go down a certain degree of transfor-
mation; accordingly, all experiments were carried
out with the charge of 225 C which corresponds to
the deposition of the quarter of the total quantity
of the copper in the solution. This charge was ob-
tained by circulation of a current / during a time ¢.
The current efficiency for the copper deposition re-
action was determined by the relation:

R= number of equivalent of copper deposited/
number of faradays of electricity used

According to the charge and the characteristics
of electrolytic cell, the values of current densities
used were 17.7, 35.4 and 70. 7 mA/cm’, the cor
responding electrolysis duration was respectively
30, 15 and 7.5 min.

When the electrolysis begins, in the cathodic
compartment, the solution remains colourless, a
variable colour deposit is formed on the electrode,
a gas is discharged for the high value of current
density. The electrochemical reactions can be writ-

ten as
Cu" + e—4Hu (2)
2H;0" + 2e —H .+ 2H-»0 (3)

In the anodic compartment, the colour of the
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solution changes to green, a gas is discharged for
the high value of current density. The electro-
chemical reactions can be written as

Cu" =Cu™ + 2e (4)

2C1IT =—Cla+ 2e (5)

It was observed that the quality of copper de-
posits changes with the value of current density.

1) For J= 17.7 mA/em?, the copper deposit
was smooth, colour orange and adhered on the e
lectrode. This deposit can not be detached.

2) For J= 35.4 mA/cm’, the copper deposit
was large grains, colour orange, very brilliant and
easily detached on the electrode. This deposit was
recovered by filtration.

3) For J= 70.7 mA/cm®, the copper deposit
was very fine grains, colour dark, and easily de
tached on the electrode, but in filtration, the de-
posit move in the pore of the filter and total recov-
ery of copper was difficult.

This observation on the current density influ-
ence on the quality of metals deposits confirms
those of Olsen et al' ',

In order to make clear the current density lim-
it that the adherent deposits become no adherents,
some experiments were carried out with the inter-
mediate values of current density from 20 to 33
mA/cm’. Those experiments indicated that the
limit current density to obtain the deposits which
can be easily detached is 30 mA/cm®.

Table 1 lists the results of same experiments
carried out at different values of current density.
Each solution was analysed before and after elec
trolysis by pulse polarography and by flame ab-
sorption spectrometry to determine the quantity of

copper in the solution.
3.2 Electrolysis of cuprous chloride solutions in
presence of lead, zinc or iron ions
The cuprous chloride solutions containing
lead, zinc or iron ions in the concentration range
107 ° to 107" mol/L were electrolysed at different
current densities to know that which metals were
deposited with copper. After treating the solution
by copper metallic for reducing cupric to cuprous i-
ons, each solution was analysed before and after e
lectrolysis by pulse polarography and by flame a-
tomic spectrometry. The difference of the concen-
tration of a metal allows to conclude the codeposi-
tion of this metal with copper. It was found that
the lead was the same metal whose concentration
decreased, only if the current density was 70. 7
mA/em®. Since the result was obtained by differ-
ence of two numbers near enough, the conclusion
is not accurate. The acceptable method to confirm
that the metal is codeposited with copper consisted
of dissolving the no adherent deposits with nitric
acid and analysis of the resulting solution by pulse
polarography and by flame atomic spectrometry.
Tables 2, 3 and 4 show the results obtained
when the current density was 70. 7 mA/cm’.
Those results are indicated that the concentration
of lead is lightly decreased after electrolysis of a
solution containing CuCl and PbCl» at 70. 7 mA/
em’.
Figs. 4 and 5 show the polarogram of solution
of dissolution of deposit obtained respectively from

CuCl+ PbCl, and CuCl+ ZnClL solutions.

Fig. 4 indicates clearly the presence of lead

Table 1 Copper electrodeposition from cuprous chloride solution

[Cu" ]/ (moles L")

J/ Exerier/ Exrice/ m( Cu)/ R/
(mA * cm™?) Before After vV Vv g %
electrolysis electrolysis
17.7 0.581 0. 340 - 0.36 - 2.05 0. 140 91.20
35.4 0.587 0.339 - 0.61 - 2.65 0.137 89.70
70.7 0.590 0.350 - 1.05 - 3.52 0.136 88. 60

Table 2 Copper electrodepositon from solution containing CuCl and PbCl at 70. 7 mA/ cm?

[Cu" ]/(mols L™

[Pb* /(10" *mol = L™ ")

Exr/er/ Exerice/ m( Cu)/ R/
Before After Before After Vv vV g %
electrolysis electrolysis electrolysis electrolysis
0.567 0.434 0.95 0.93 - 1.06 - 3.56 0.1335 90. 11
0.589 0.451 2.45 2.39 -1.12 - 3.60 0.1343 90. 65
0. 600 0. 460 4.73 4.60 -1.20 - 3.60 0.1356 91.52
0.611 0.468 5.62 5.61 - 1.30 -3.65 0.1394 94. 09




Vol 15 Ne3

Copper electrodeposition from cuprous chloride solutions . 709 -

Table 3 Copper electrodeposition from solution containing CuCl and ZnCl, at 70. 7 mA/ cm”

[Cu* ]/(mol* L™

[Zn® ]/(10" > mol= L")

Berrer/ Cersce/ m( Cu)/ R/
Before After Before After vV vV g %
electrolysis electrolysis electrolysis electrolysis
0.570 0.430 1.00 1.0 -1.05 -4.6 0.1341 90. 51
0.575 0.441 2.49 2.5 -0.94 -3.9 0.1316 88. 82
0.580 0. 449 5.00 5.0 - 0.97 - 3.8 0.136 8 92.33
0.595 0. 460 10.0 10.0 -0.95 -39 0.1413 95.37

Table 4 Copper electrodeposition from solution containing CuCl and
(NH4)>Fe(S04)> * 6H-0 at 70.7 mA/ cm’

[Cu" ]/(mols L™

[Fe™ ]/(107> mol= L™ ")

Berrer/ Cersce/ m( Cu)/ R/
Before After Before After Vv vV g %
electrolysis electrolysis electrolysis electrolysis
0.550 0.415 0.99 0.995 - 1.030 - 4.50 0.1348 90. 98
0.560 0.428 2.49 2.49 - 1.010 -4.15 0.1359 91.73
0.579 0. 440 5.00 5.00 - 1.032 -4.10 0.1376 92.87
0.595 0.476 10.0 10.0 - 1.030 - 4.60 0.1375 92.81
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Fig.4 Polarogram of solution of dissolution of
deposit obtained from CuCl and
PbClz solution at 70. 7 mA/ cm?

in the deposit while Fig. 5 shows that zinc is not
present in the deposit. We then determined the
quantity of lead in the deposit when increasing the
initial concentration of Pb* in the solution, and
the duration of electrolysis at 70. 7 mA/cm®. The
corresponding Figs. 6 and 7 indicate that the lead is
deposited even at the low initial concentration of
Pb* in the solution, and that this deposit is not u-
niform but its quantity is increased with the dura-
tion of electrolysis.

For the experiments carried out at 70. 7 mA/
cm’, we determined the fraction of lead effectively
deposited, and the content of lead in the deposit as
function of the initial concentration of Pb*" .

Fig. 5 Polarogram of solution of
dissolution of deposit obtained from

CuCl and ZnCls solution at 70. 7 mA/ cm”

T he results obtained show that the content of
lead in the deposit increases while the fraction of
lead effectively used for the deposit decreases when
the initial concentration of Pb* in the solution in-
creases.

T his observation can be explained by the rela-
tive decreasing of the concentration of Cu” which
is more important than that of Pb™ .

For the adherent deposits, the examination of
the cathode by the CASTAING microprobe indica-
ted that lead, zinc, or iron was not codeposited
with copper.

Muresan et al'"” indicated that the zinc is not
deposited with copper during the study of the
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6 2) The lead content in the deposit increases
with the initial concentration of Pb* in the solu-

sk tion and with the duration of electrolysis.
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Fig. 6 Content of lead in deposit as
function of initial concentration of

Pb** at 70. 7 mA/ cm?
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Fig.7 Content of lead in deposit as

function of duration of electrolysis
([ Pb* ]= 5.61x10"* mol/L, J= 70.7 mA/cm?)

effect of the zinc ion on the copper electrolysis in
sulphuric media.

4 CONCLUSIONS

1) The electrolysis of cuprous chloride solu-
tions at different current densities shows that the
deposits have different morphologies and adherence
quality. In the presence of various concentration of
lead, zinc or iron ions, it is found that the same
metal which is codeposited with copper is the lead,

when the current density becomes superior to 45
mA/cm’.

3) In all experiences, the current efficiency for
the copper deposition reaction is high and varies

from 88% to 95%.
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