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Direct electrorefining of copper scrap using an
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This paper describes the application of an anode-support system (AS) to the direct electrorefining of
chopped copper scrap using the bipolar connection (series system). The authors have determined that
it is possible to utilize a specially designed basket made with sheet (cathodic face) and mesh (anodic
side) titanium, under the same operating conditions used for the industrial electrorefining of copper
with conventional cast anodes. Titanium material remains passive and acts only as electrical contact
between the anodic copper pieces and the external current source. Electrolysis of 72 h duration could
be carried out using the AS system loaded with scrap copper pieces, with a current efficiency in the
range 91-92% and a power requirement of 0.14 kWh (kg Cu)’l. The AS system involves less copper
inventory in the cell room in the order of 45—-55% compared with the traditional bipolar electrorefin-

ing process. In addition, no pyrometallurgical operations are necessary.

1. Introduction

Traditionally, copper scrap refining involves pyro-
metallurgical and electrolytic processes. The scrap is
subjected to smelting and pyrometallurgical refining
to produce cast copper anodes. The anodes are
refined by the conventional electrorefining process,
obtaining high-purity cathodes as the final product.
In the refining of scrap the pyrometallurgical pro-
cesses are a major component of the cost of the final
product because they consume nearly 50% of the
energy involved in the overall process.

In this paper a proposal is made for an alternative
to the conventional pyrometallurgical and electro-
lytic refining of copper scrap. It consists of replacing
in the electrolytic step the cast anodes (CA) by a
metallic anode-support (AS) in the form of a basket,
in which the previously chopped scrap (>95% Cu)
to be refined is placed. The authors have applied this
method industrially to the electrorefining of copper
scrap and blister copper granules [1-4] (Refineria La
Florida, Santiago, Chile), using the Walker system
(monopolar connection). In the electrolytic refining
proposed in the present work the bipolar connection
(series method) is employed. A general comparison
between the conventional and alternative processes
is shown in Fig. 1. In many industries copper wire
scrap (grade no. 1) does not require electrorefining
and is charged directly to the wire-bar furnace. How-
ever, the current trend is to produce copper cathodes
and not wire bars as final product, and in that case the
scrap must be charged in the anode furnace.

The AS acts only as the electrical contact between
the anode material to be refined (copper scrap) and
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the external current source. It is made of a material
that must have three basic characteristics: it must be
an electrical conductor, it must have adequate mech-
anical resistance, and particularly it must remain pass-
ive in the electrolyte under the operating conditions
used for the electrolysis.

The advantage of the AS system is that the metal to
be refined is in the form of small pieces, so that it
behaves as a ‘fluid” when compared to a cast anode.
The dissolution of the particulate metal anode in the
system allows it to be accommodated continually
within the basket, permitting its periodical replace-
ment without stopping the electrolysis. No anode
scrap is produced as in the traditional process, where
it is necessary to recycle between 15% and 25% of the
initial anode mass. In the proposed system, the infra-
structure needed to cast the traditional anodes is
replaced by a simple chopping operation of the scrap
metal. The ‘inventory’ of metal that is maintained in
the cell room during the electrorefining process is
reduced, because for an equal projected anode area
the AS contains a mass of copper pieces that can be
25-30% that of the CA, and the baskets are reloaded
periodically when the scrap level decreases.

During the course of the research aimed at the
electrorefining of copper using this technology, the
authors investigated both theoretically and practic-
ally various materials for the AS, finding that titan-
ium was very adequate for this application. The
theoretical feasibility of utilizing a titanium anode-
support for refining copper is based on the fact that
this metal remains passive between —225 and
+600mV (vs SCE) in sulphuric acid solution
(180gdm73) at 60°C. The copper dissolution
potential is +75mV (vs SCE) under the same operat-
ing conditions [5-7].
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Fig. 1. Refining of copper scrap by traditional and alternative pro-
cesses for scrap copper (> 95%).

Of course, the design of a titanium anode-support
system will be different if the electrorefining is carried
out using either the mono or the bipolar connection.

Harvey et al. [8] studied copper electrorefining
using the bipolar system. The operational parameters
were: clectrolyte composition HZSO4(154gdm’3),
Cu(46gdm‘3), 2.2cm electrode spacing, tempera-
ture 60° C, solution flow rate 11.3 dm® min ' and air
sparging below the electrodes. At a current density
of 9Adm™> the energy consumption was
0.5kWh(kg Cu)~".

The bipolar system has not been adopted by the
industry [9], although starting sheets are not required
and the cell voltage is 33% lower than that in normal
refining operations. In conventional electrorefining
these advantages are offset by the need to align the
electrodes carefully and by the loss of current effi-

Table 1. General characteristics and operational parameters in copper
electrorefining with mono and bipolar systems [10]

Bipolar ~ Monopolar

Electrolyte volume per cell (m*) 12.35 4.96
Copper busbar, conductors and starting

sheets, per t/day of cathodes (kg) 233 2219
Anodes and cathodes used per t/day of

cathodes (kg) 10050 24107
Electrolyte per t/day of cathodes (kg) 10442 14029
Tank-house area per t/day of cathodes

(m%) 18.12 41.06
Cathodic current density (A m™2) 190-290 150-350
Current efficiency (%) 70-75 90-97
Cell voltage (V) 17 0.2-0.8
Current per cell (A) 76 7000—-10 000
Energy consumption per kg of refined

copper (kWh) 0.21 0.14-0.53

ciency. Nevertheless, it is of interest to know if the
use of the AS system instead of CA can minimize
these problems

General characteristics and industrial operating
parameters for both types of processes are shown in
Table 1 [10].

2. Experimental details

Electrolyses were carried out in a 12dm? acrylic cell
having interior dimensions 78c¢m x 17cm x 20cm
high and 1cm thick walls, with seven intermediate
AS bipolar electrodes, one initial cathode made of
I mm thick AISI-316 stainless steel and one final
anode made of 3mm thick electrolytic tough pitch
(ETP) copper (Fig. 2).

The AS system had the form of a basket with a
20mm wide mouth (Fig. 3). The cathode face
(130mm x 100 mm) and the bottom of the basket
(20mm x 100mm) were made of L-shaped unper-
forated 0.3 mm thick titanium sheet. The anode side
was made with 1 mm thick titanium mesh having a
form with elongated horizontal perforations to pre-
vent the scrap copper pieces from falling to the bot-
tom of the cell. The mesh and the titanium sheet
were joined by means of two lateral PVC grooved
pieces. The system was supported by a Smm thick
acrylic piece. It was possible to use an acrylic piston
to exert pressure on the copper scrap mass, the press-
ure being controlled by means of lead pieces placed on
the upper part of the piston.

The copper scrap mass was obtained by chopping
wire (1.5-5.0 mm diameter) to 7-10mm long pieces.
The chopped scrap was previously subjected to
pickling in concentrated sulphuric acid to eliminate
the superficial copper oxide, and then washed with
tap water, distilled water and 95% ethanol, and dried
for 1h in a vacuum oven.

The electrolyte was recirculated by the bottom-top
system and heated externally to keep the temperature
constant. The water lost by evaporation was replen-
ished continuously with distilled water. The standard
electrolyte composition and the operating parameters
are given in Table 2.

Recirculation of the electrolyte was provided by a
Cole—Parmer peristaltic pump, and the flow was con-
trolled with a Lab-Crest Century rotameter. The sol-
ution was heated externally in a 4dm® Pyrex glass
vessel by means of a 1.5kW quartz heater Clepco
with thermoregulator. A Hewlett—Packard Leader
682 stabilized power supply was used (1-24V,
2.4 A). The circulated charge was measured with an
LYP-Electronica Digital Coulometer, model CD-02.

3. Results and discussion

Measurements of the working potential of titanium
and copper in the AS system were made with a Lug-
gin probe (vs SCE) after 1h electrolyses with stan-
dard electrolyte and operating conditions: 2Adm™2,
60° C, without agitation. The measurements were
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Fig. 2. Laboratory cell and ancillary systems for the electrorefining of copper scrap using the bipolar system with the AS electrodes: (1)
12dm? acrylic cell; (2) initial AISI-316 cathode; (3) first titanium AS system; (4) final ETP copper anode; (5) quartz heater; (6) stirrer; (7)

peristaltic pump; (8) rotameter; (9) glass tube.

Table 2. Standard electrolyte composition and operating parameters
in the electrorefining of copper scrap with bipolar connection using
the AS system

Standard electrolyte*

CuSQ, - SH,0 180 gdm™?
H,S0, 200gdm™>
Operational parameters

Projected anode—cathode area 1.0dm?
Apparent current density 2.0Adm™
Electrode spacing (face-to-face) 3.0em
Temperature 60£2°C
Electrolyte flow 0.6 dm’ min™!
Pressure on the anodic mass 0.05kgem™

*No additives.
The mesh side of the basket is considered in the case of the anode.

unlllilllm-

TSI

made at four points on the mesh walls and at three
points on the copper scrap, inserting the probe
through the openings in the rolled metal.

The working potential values so obtained were
between +125 and +130mV for titanium and
between +130 and +135mV for copper. It is interest-
ing to note that the potential for titanium was outside
the active corrosion zone.

In the titanium basket with copper scrap pieces
under standard conditions and zero current, the exist-
ence of an electrochemical cell consisting of (4) Ti/
Ti,O,|standard electrolyteiCu (—) was detected with
an e.m.f. in the range of 250-260mV. The system
was allowed to stand under these conditions for
240 h, and no corrosion was observed on the titanium.
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F.ig. 3. Bipolar AS electrode: (a) without frame, (b) with frame. (1) Titanium sheet; (2) titanium mesh; (3) titanium bottom; (4) PVC grooved
piece; (5) acrylic piece; (6) acrylic piston; (7) lead weight; (8) non-conductor frame.
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Fig. 4. Anode—cathode pair voltage variation as a function of the pressure exerted on the particulate copper mass, using the AS system in the

electroreﬁnin% process with bipolar connection. Electrolyte: Cu

*: 45gdm’3, H,S0,: 180%dm‘3, c.d.: 2Adm™2, 60° C, solution flow:

0.6dm > min~', electrode spacing: 3 cm. (A) Without pressure, ([5]) with pressure 0.05kgem™.,

Three-hour electrolyses were carried out in the
laboratory cell with the AS system using standard
electrolyte, in order to study the cell voltage and the
current efficiency variations when the values of some
operating parameters were modified. The measure-
ments were made at the end of the experiments.

The electrolyte flow in the cell was varied between
0.25 and 0.60 dm> min~" using a bottom inlet below
the final anode and a top outlet behind the initial cath-
ode. The influence of the solution flow on the voltage
was not important in the range studied, not more than
2-3% for the same pair of AS electrodes, the best
results being obtained with the highest flow rate.
The slight change in the results may be attributed to
a decrease in the thickness of the cathodic and anodic
diffusion layer, specially the latter, since part of the
solution flows through the copper pieces.

Figure 4 indicates that an adequate system to main-
tain the pair voltage constant during the electrolysis is
to exert a mechanical pressure on the particulate
anodic mass. In fact, the pressure exerted by the
copper pieces on the bottom and sides of the titanium
basket must contribute to improving the electrical
contact in the AS system, because it breaks the thin
layer of titanium oxide. These experiments were
carried out for 8 h, without reloading the basket.

Figure 5 shows the anode—cathode pair voltage and
the average current efficiency variation when the elec-
trode spacing was varied in the range from 2.0 to
5.0cm (face-to-face). The electrode spacing has the
greatest effect on the cell voltage, something that is
well-known in industry, the variation being linear in
the range studied. The IR drop is the major com-
ponent of the cell voltage under the existing con-
ditions of strong depolarization of the electrode

reactions. The pair voltage rose more than 65% of
the initial value when the electrode spacing was
increased from 2 to 5cm. The values in all pairs of
adjacent electrodes were similar, independent of its
type (not more than 2.5%). However, the current
efficiency was higher in the initial AISI-316 cathode:
first AS electrode pair than in the case where two
adjacent AS electrodes were used. The main reason
for this difference is in the initial cell position of the
AISI-316 cathode which avoided the electrolytic by-
pass current because no anode was located behind it.

Figure 6 shows the effect of temperature and cur-
rent density on the pair voltage. In relation to the tem-
perature, the system behaviour was similar to that
reported by Rouse and Aubel [11] for the copper
electrorefining using the conventional series system.
The difference between 40 and 60°C is important
(almost 90%), as a consequence of changes in the
anode and cathode polarization and in the electrolyte
resistance drop. The increase at 70° C had only a slight
effect on the voltage drop.

The pair voltage variation (average) is practically
linear with current density changes between 1.5 and
40Adm™2. A good crystallization of copper was
obtained in the current density range of 1.5 to
2.5Adm™2, with neither nodular nor dendritic
growth on the deposits.

In these experients the average current efficiency
was always better for the pair AISI-316 cathode: first
AS anode (97-98%) than for two adjacent AS electro-
des (89-90%).

With the aim of increasing the process current
efficiency, U-shaped acrylic frames, 30 mm wide and
2 mm thick were placed in each AS electrode, in front
of the cathode sheet (Fig. 3(b)). The use of these non-
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Fig. 5. Anode—cathode pair voltage and average current efficiency variation as a function of the electrode

acing in copper electrorefining

5
with bipolar system, using AS electrodes. Electrolyte Cu?*: 45 g dm™3, H,S0,: 180 gdm_3 ,edo2A de), 60° C, pressure on the anodic
mass: 0.05kg em™2, and electrolyte flow: 0.60 dm* min~'. (@) Initial AISI-316 cathode, first AS anode, (x) two adjacent AS electrodes

(average).

conductor frames permitted an increase in the current
efficiency for the adjacent AS electrodes to 91.3—
92.6%, working for 24 h under standard conditions,
because the by-pass current between the anodic and
cathodic faces of the AS electrodes was minimized.
In order to determine the AS system behaviour in a
longer time experiment, a 72 h electrolysis under stan-
dard conditions using non-conductor cathodic frames
was carried out. It was not necessary to reload the an-
ode mass in the basket. The average current efficiency
was 91% and the range of the voltage pair between
adjacent AS electrodes was 108-112mV. The total la-

boratory cell voltage fluctuated between 8.8 and 9.1V
and the electrical power consumption was
0.14kWhkg ' of refined copper. Stripped cathodes
containing >99.98% Cu were obtained in this
experient. This result was expected since the raw
material was copper wire scrap.

The concentration change at the end of the electro-
lysis was an increase of 3.3 x 10> gdm ™ (Ah)™! for
the Cu”™ and a decrease of 5.21x 1073 gdm™
(Ah)'1 for the H,SO,. The molar rate variation
H,S0,/Cu®* was 1.08, which is close to the theoreti-
cal value 1. A continuous increase in copper concen-
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tration with time during the electrorefining process
was realized because the anode current efficiency
was always greater than the cathode efficiency. The
trend towards decreasing sulphuric acid concentra-
tion is due to a small consumption of acid by reaction
with oxide copper (the scrap was previously pickled)
and by the general copper corrosion reaction
(Cu+2H"+ 10, — Cu”" + H,0). To detect any
possible attack on the titanium, four 0.5-0.6 g sam-
ples of the metal sheet were connected electrically
both outside and inside the basket of the central AS
electrode. After the circulation of 1344 Ah by the sys-
tem under standard operating conditions, only a small
weight loss of 0.22 to 0.38 mg Ti(kg Cu)™" was ob-
served, without any relation to the location of the
samples. No pitting of the titanium could be seen.

4. Conclusions

In this study the feasibility of using a special titanium
anode-support system (AS) for the electrorefining of
high purity copper scrap with the bipolar connection
(series system) was determined. When the electrolysis
was carried out, titanium remained passive, acting
only as an electrical contact between the copper
pieces and the external current source.

To obtain an average current efficiency in the range
91-92%, it was necessary to use a non-conductor
U-shaped frame in front of each AS cathodic face.

Under operating conditions similar to those em-
ployed in the industrial electrorefining process, it
was possible to achieve good quality copper cathodes
with a low pair voltage between adjacent electrodes
(108-112mV) and a power requirement of
0.14kWh(kg Cu) '

At the laboratory level, the AS system with period-

ical scrap copper reloading requires less copper to be
maintained in the cell, in the order of 45-55%, com-
pared with the conventional bipolar electrorefining
process.
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