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Abstract

Despite functioning without major operational problems—copper electro-refining does not allow
complete use of copper anodes, peaking at 85% of the copper anode in weight. Consequently, the
remaining 15% of scrap copper must be recirculated into the copper smelting. The use of reactive
electrodyalysis is a system capable of continuously electro-refining scrap, by using a stainless
steel basket and a cationic exchanging membrane in order to increase production of copper ca-
thodes at the same percentage; it currently today returns to the copper smelter. In terms of spe-
cific energy consumption, this process would use between 3 and 4 times the value of normal elec-
tro-refining.
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1. Introduction

Copper electro-refining is the electrochemical dissolution of an anode of the same material of the smelting process,
which contains 99.5% copper weight, and then is deposited onto a stainless steel sheet with 99.99% pure copper [1]
[2]. The fundamental process is illustrated in Figure 1.

In Figure 1 it is noted that the electro-refining requires a steady electrical supply, a positive electrode (anode), a
negative electrode (cathode), and a conducting electrolyte to transport the ions in order to close the electrical
circuit.

To decrease the electricity consumption of the system, the electrolyte has a high concentration of copper sul-
phate and sulfuric acid. The ions of both types in the solution increase the electrolytes’ conductivity.

As observed in Figure 2, the remaining scrap copper anodes must be removed from the electro-refining cell
without being completely dissolved for 2 reasons:
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Figure 2. Scrap copper anode returned to the smelting process.

In the first place, the anode section that is dissolved is only the one immersed in the electrolyte. The anode
cannot be completely immersed due to the electrical connection with the power source. If the latter is immersed, it
would dissolve along with the anode and the process would stop.

The second reason preventing the scrap from dissolving is the quality of the copper deposit: if the cathode is not
morphologically regular, its mechanical properties (hardness, resistance, etc.) would be low and therefore it would
be unfit to continue the following processes. To obtain a high-quality cathode, the anode’s surface must be as
homogeneous as possible in order not to produce preferential deposits on the cathode. Because the scrap copper
anode is not morphologically regular, the cathode resulting of this process would have a bad quality surface.

Consequently, the result of an eventual electro-refining using scrap would result in a cathode unfit for the fol-
lowing stages. In practical terms, this problem represents a percentage of copper which cannot leave the circuit,
that is, a circulating charge within the process.

In overall, despite functioning without major operational problems, the copper electrorefining process in actu-
ality does not allow complete use of copper anodes, only peaking at 85% of the copper anode in weight. Conse-
quently, the remaining 15% of scrap copper must be recirculated into the copper smelting. The use of reactive
electrodyalysis is a system capable of continuously electrorefining scrap, by using a stainless steel basket and a
cation exchanging membrane in order to increase production of copper cathodes at the same percentage; it cur-
rently today returns to the copper smelter.

If a system capable of producing copper cathodes from scrap was implemented, the electro-refining plants
productive capacity would increase the same 15% of the copper which at present re-circulates in the smelting
process.

In other side, electroplating [3]-[5] objectives are coating a metal piece by dissolving one metal followed by the
electro-deposition on the surface of the piece to coating. It is common practice to use stainless steel baskets as
supporting electrodes to provide electrical connection to additional metal parts to the baskets system because, as in
the case of scrap copper anodes, morphologically irregular metals are usually used input. Using a basket results in
high-quality surface, regardless of the morphology of the metal put inside. Therefore, this electrode support shall

be used to dissolve scrap pieces copper anode.
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Additionally, electro-dialysis [6]-[11] is the procedure of purifying or concentrating solutions by applying a
potential difference and separating the compartments by an ion exchange membrane (see Figure 3). These
membranes have the quality of being selective to the transfer of ions through them: anionic and cationic. This
system in this study uses a cationic exchange membrane for copper ion transfer from the anode to the cathode. The
reason for this is the constant generation of the anode slime inside the stainless steel basket. The accumulation of
slime decreases the electrical contact inside the anode, gradually increasing the potential system consumption to
the point of corroding the stainless steel and stopping the process. In this case, the slime shall be removed by the
localized electrolyte flow inside and removed from the system using a sediment tank. The function of the cationic
membrane is to prevent the anode slime from contaminating the catholyte and consequently the resulting copper
cathode after being removed from the basket.

The authors [12] [13] have worked with similar system but without membrane; these studies showed that the
problematic parameters were: the anodic pasivation, the accumulation of anodic slimes inside the cell, the im-
possibility of high stirring of the electrolyte and others.

To solve all of these problematics of operation above-mentioned, it proposes the reactive electrodialysis as a
new alternative that this work shows.

2. Experiment Development

To perform the tests, the first step is to treat the surface pieces (1 x 1 cm?) of scrap copper to remove any product
adhering to the surface. For this, it is immersed in a 10% nitric acid solution which is capable of stripping the
entire working surface (see Figure 4).

The cell used in this work (Figure 5) is made up of two compartments separated by a cationic IONAC MC-3480
membrane (Figure 6)

The cathode (Figure 7) of stainless steel 316L (5 x 3 cm?) is located in the left compartment of the cell (see
Figure 5), and the basket with scrap copper (Figure 8) to the right.

The following diagram (Figure 9) represents the method of working used in this study:

The working conditions tested were 25°C, 30°C, 35°C and 40°C of temperature and cathode current densities of
166.6; 200; 233 and 266.6 A/m?, equivalent to a current of 0.25; 0.30; 0.35 and 0.40 A. The used anolyte and
catholyte had a copper concentration of 30 g/L and 150 g/L of sulfuric acid.

Electrolytes were re-circulated in both compartments using a 1.8 mL/s flow. However, in the case of the anodic
half cell (Figure 9), a hose was placed in the basket to apply localized injection of electrolyte to constantly stir the
anode slime formed inside and remove it from the circuit using the sediment tank.

3. Results

First of all, the importance of the existing flux inside the basket and the temperature of the system must be eva-
luated. For this, voltammetry curves were drawn for different working conditions. The results are shown in Figure
10.

Figure 10 shows the importance of stirring and temperature: the importance of the former is seen compared to
the voltammetry at 25°C with (red curve) and without stirring (black curve). It is deduced that, if the system is not
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Figure 3. General scheme of the reactive electro-dialysis.
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Figure 4. Scrap copper anode 1 x 1 cm? in surface and treated
with HNOj; at 10%.

Figure 6. Cationic exchange membrane IONAC MC-3480.
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Figure 7. Stainless steel cathode of 5 x 3 cm?.

Figure 8. Stainless steel basket.
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Figure 9. Diagram of the system used.
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Figure 10. Voltammetry drawn for the system in different working conditions.
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Figure 11. Efficiency of cathodic current v/s current intensity.

stirred, the scrap copper inside the basket would become passive due to the accumulation of copper ions in the
copper/solution interface, in addition to the accumulation of anode slime which obstructs the electrical contact
between the stainless steel and the copper.

In the same way, by increasing the temperature to 35°C and 40°C (green and blue curves), Figure 10 shows the
effect on the electrode, that is, increasing the passivation critical current in all the cases. This means that the higher
the temperature, the harder it is for the scrap copper to become passive inside the basket. The reason for this
phenomenon is due to the increase of the solubility in the system. As the latter increases, more copper ions are
capable of maintaining the solution in the system before the first copper sulphate precipitates.

Table 1 presents a summary of the working conditions in which the tests electro-refining tests of scrap were
conducted using reactive electro-dialysis.

Graphing the data presented in Table 1, we can analyze the influence of the intensity of the current and the
temperature on the results obtained in the studied system. This is shown in Figure 11.

Figure 11 shows that as temperature rises, the current efficiency of the process increases, and the highest effect
is observed for current intensity of 0.4 A. This is explained using the schematic Evans diagram (Figure 12), where
it is observed that as the temperature rises, anode and cathode over potential (7, Y7, ) decreases due to the increase
in the kinetics of the process. As a consequence, the deposition of copper on the cathode is more selective, because
the occurrence of parasite reactions is the system are obstructed, for example, such as the evolution of hydrogen in
the cathode.

Figure 12 and Figure 13 show the synergistic effect of temperature and current density on the energy con-
sumption of the system: at low levels of current intensity, the temperature rise is not seen as a relevant condition;
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Table 1. Scrap electro-refining test results.

No  Current intensity (A)  Temperature (°C)  Current efficiency (%) Specific consumption (Wh/Kg-Cu)

1 0.25 26 96.53 619
2 03 27 97.01 757
3 0.35 26.1 97.1 961
4 0.4 25 85.28 1397
5 0.25 30 98.64 544
6 03 30 98.32 734
7 0.35 30 97.28 725
8 0.4 30 97.94 801
9 0.25 35 98.34 569
10 0.3 35 98.72 658
1 03 40 99.02 674
12 0.35 40 98.46 703
13 0.4 40 97.91 744
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Figure 12. Evans diagram for the main electro-refining reactions.
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Figure 13. Specific energy consumption v/s current intensity.
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besides, best deposit quality and copper recovery are also obtained. However, this directly affects the production
rate, which is fundamental for the economic assessment of the process. The increase in temperature enables an
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increase in current density without affecting the current efficiency and specific energy consumption. This effect
will be more pronounces at a higher current intensity.

To compare the specific energy consumption in this particular system with electro-refining used at an industrial
level [14], this parameter for different conditions of current densities and temperatures was plotted. The normal
electro-refining process has a specific consumption of 200 Wh/Kg-Cu. Figure 13 shows that the results for this
system vary between 600 and 800 Wh/Kg-Cu, that is, in terms of energy, this process would cost between 3 and 4
times the value of normal electro-refining. However, its implementation would enable the production of copper
cathodes of 15% of the total weight of the copper anode which is returned to the conversion process, while in-
creasing the smelting production capacity by not treating the circulating charge of anode scrap copper.

4. Conclusions

From this work it can be concluded that it is possible to electro-refine scrap copper anode under working condi-
tions similar to those used industrially.

Temperature also plays a key role in the proposed system because it is the parameter which enables improve-
ment of all operational parameters such as critical current passivation, current efficiency and specific energy
consumption.
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