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Abstract

|
In the past a lot of investigations were done to increase the current density [1,2,3] in copper elec-

trolysis. At present the highest used average current density is in the range of 330 — 350 A/m2. But
current density figures of single cathodes in one cell are from lower than 200 A/m? to more than 600
A/m?, The reasons for that are irregular geometrical conditions of the electrodes and bad electrical
connections.

Cathodic copper deposits were measured in dependence of the distances between the electrodes. The
standard experiment was done with parallel distance between anode and cathode. For further ex-
periments the cathodes were canted, bent and different distances were chosen. Afterwards the cur-
rent density distribution on the cathodes was calculated.

1 Introduction

In 1998, 10.5 million tons of copper were produced from ores, thereof 1.8 million tons (~17 %) by
solvent-extraction/winning electrolysis (SX/EW) and the rest had to go through a copper refining
electrolysis. The whole production of refined copper in 1998 was 14.2 million tones, of this 3.7 mil-
lion tones or about 26 % were made of secondary material [4]. This means that independent of the
starting material and the route of the process the whole copper production has included the process
step of ELECTROLYSIS.

To increase the productivity and the space-time-yield it is important to work with optimal electroly-
sis parameters: chemical and physical quality of the anodes, electrolyte composition and process
conditions. One of the influence factors on the current efficiency in a refining electrolysis is the cur-
rent density distribution at the cathode. In the following work the influence of the geometrical condi-
tions, the distance regularity and evenness between anode and cathode had to be examined. In prac-
tise an inhomogeneous distance between anode and cathode can have many reasons, €. g. the
cathodes are hanged into the bath in a not correct way (so that the cathodes could be out of the
straight in vertical and horizontal direction). A further influence is a bad anode surface with high
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roughness inducing irregular distances with more than 8 mm deviation and finally an irregular cath-
ode shape (bent or canted).

To get to know the influence of these parameters and to give figures of the variation of the current
density distribution on the cathode the following experiments have been done.

2 Experiments

In the first step investigations were made in a laboratory scale cell with a holding capacity of 6 1. The
cell has an inlet box at the right hand side with a bottom slit over the total width to ensure a uniform
flow of the electrolyte into the cell. The inhibitor is transferred into the inlet box, too. The cell has
three thermocouples: one at the electrolyte inlet, one in the middle of the cell and one at the outlet.
The temperatures are registered by measured data logging [5].
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30 I standard electrolyte are prepared and fed into the tank. The mixture of destilled water, glue and
thiourea is filled afterwards into a measuring flask and added to the cells continuously within 24
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hours. To compensate for evaporation losses and to keep the liquid level constant both tanks are
equipped with Boyle-Marriott bottles and are covered with Macrolon plates.

In this cell investigations to determine the different precipitations took place. The various parameters
are the geometry conditions described in figure 2. After the experimental work the current density
was calculated and the influence of the geometrical conditions on current efficiency became evident.
For the investigations three different anode qualities, A, B, and for reference pure cathode copper C,
were taken.

Table 1: Anode qualities [ppm]

Quality | Pb Ag As Se Sn Bi Sb Te Ni Au 0

A 1390 | 1008 | 1401 | 434 | 442 | 138 | 1185 157 | 1405 | 60 | 1800

B 200 | 280 | 550 20 100 | 100 | 1100 | 60 | 4100 | n.a. | 1600

C 14 | 93 1.3 | 04 1.2 { 09 | 05 0.1 29 | na 6

The used stainless steel cathodes had a size of 160 x 100 mm. To ensure uniform surfaces these
cathode pieces were brushed with a stainless steel brush and then polished. This was necessary to
guarantee, especially for repeated application, a surface free from copper rests or other impurities.
Thereafter, the lateral edges were insulated with an cut open plastic pipe and the lower end with a
wax layer, about 10 mm high. Then it was fitted on the suspension and cleaned with distilled water
and alcobol. Anodes and cathodes were hung into the cell following the geometrical guideline. Fi-
nally all measuring and control units were assembled. After that the cells could be filled and the heat-
ing-up of the electrolyte in the tank was started till the electrolyte had reached 65°C. One hour be-
fore the experimental start-up the inhibitor input was started to guarantee an even distribution in the
cell and at the anode and cathode surfaces.

At the beginning a synthetic electrolyte was used and nickel was added in order to get a dynamic
equilibrium with the anode dissolution. Chloride ions were doped at the beginning of each cathode
crop and glue and thiourea were added continuously with a pump.

The electrolyte composition was chosen as following :

H,SO, : 165 £5 g/1 Glue: 53 git
Cu** : 4542 g/l Thiourea: 31g/t
Ni** 10 g/l Chloride: 50 mg/1
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For the investigations anodes and cathodes with the dimension as shown in figure 2 were used.
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Figure 2: Anode and cathode dimensions

The various parameters were different geometries between anode and cathode as shown in figure 3.

Figure 3: a.) Anode and cathode are in parallel and have same distance geometry: PS
b.)  Anode and cathode are in parallel and have a different distance: PD
c.) The cathode is canted top to bottom: CT
d.) The cathode is canted left to right: CL
e.) The cathode is canted left to right with different distance: CLD
f) The cathode is bent left to right: BL
g) The cathode is canted top to bottom with different distance: CTD
h.)  The cathode is bent top to bottom: BT
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Figure 3: Anode—Cathode geometrical conditions

For getting different cathode geometries the cathodes had to be bent and canted. After the slope was
measured in horizontal and vertical direction and noticed the cathodes were hung into the cell and

the distances were controlled by special self made distance holder to guarantee an exact and correct
distance between anode and cathode.

These experiments were all done with a current density of 350 A/m?, At the end of the six days elec-
trolysis time the electric current was shut off, the inhibitor supply was stopped. The cathodes were
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taken out of the cell, washed with distilled water, dried, and stripped. The copper deposited was
weighed and the current yield was calculated (table 2).

Table 2:  Parameters of experiments

Experiment | Anode quality | Geometry | n [%] Egpec- [kWh/tcy]
1 A PS 97.4 171
2 A PD 97.5 182
3 A CL 99.8 154
4 A CT 98.9 140
5 A CLD 98.7 180
6 A CTD 98.6 171
7 A BL 100.0 191
8 A BT 100.0 103
9/10 C PS/PD 98.6 161
11/12 C CL/CT 99.1 167
13/14 C BL/BT 95.6 124
15 B PS 96.4 175
16 B BL 96.2 167

The variation of the current efficiency is explainable with the growing of the build up copper precipi-
tation at the edges of the cathodes. For calculating the current efficiency the total weight of the cath-
odes were taken.

As a next step 18 pieces of 10 x 10 mm were cut out from each cathode for determination of the
current density distribution over the cathode surface. The cutting was done with a high pressure wa-

ter jet. At six different heights, 5.5 mm, 20.5 mm, 46 mm, 66 mm, 86 mm and 106 mm and at three
different widths, 25 mm, 53 mm and 93 mm measured from the left bottom corner of the cathode.

After calculating the current density distribution dependant on the geometrical conditions between
anode and cathode the influence of the anode quality was also investigated. To compare singular
cathode surfaces it was necessary to calculate the standardized current density distribution. This

means that the current density of 350 A/m? was taken as 100 % and the decrease and increase of
current density were calculated.

6 Proceedings of EMC 2003




N

® Current density distribution in a Cu-refining electrolysis
3 Cathodic current density distribution

3.1 Anode- Cathode with the same and parallel distance

In this case the cathodic precipitation was smooth and without noodles and dendrites. The calculated
current density distribution is shown in figure 4.

It can be seen from figure 4 that the variation of the current density distribution is about 6.1 %. This
means a efficient current density of 22 A/m? These experiments were done with all three anodé
qualities and the variation of current density was between 4.5 and 9.9, at average 7.2 or 25 A/m?.
The results of these investigations show that there is no significant influence of the chemical anode
composition on the current density distribution at the cathodes by having parallel anodes and cath-
odes and guarantee a constant equal distance of 20 mm.
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Figure 4: Current density distribution of experiment 1, PS (a)
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3.2 Anode- Cathode with different and parallel distance

The produced cathodes have a similar, regular and smooth cathodic precipitation of copper. The
current density varies between 10 and 27.7 %, or 315 to 450 A/m?. During these investigations no
influence of the anode chemical composition was recognizable.
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Figure 5: Current density distribution of experiment 2, PD (b)

3.3 Anode- Cathode canted top to bottom

After the cathode periods of these experiments the surface looked quiet smooth but also some singu-
lar dendrites had grown. In figure 6 the current density distribution shows that at the top of the cath-
ode with the highest distance to the anode (25 mm) the current density is about 77 % and at the
other side of the bottom it is about 108 %. Calculated in ampere this is between 270 A/m? and 378

A/m?. The average of all these investigations concerning anode quality is about 18 % not influenced
of the chemical anode composition.

At the experiments with CTD (g) the influence due to the current density distribution is similar to the
shown curves in figure 6.
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Figure 6: Current density distribution of experiment 4, CT (c)

3.4 Cathode canted left to right

The cathodes were rougher and some small dendrites existed. Like shown in figure 8 the current
density varies about 23 % or 80.5 A/m?. After finishing all experiments an average current density
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Figure 8: Current density distribution of experiment 3, CL (d)
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deviation of 25 % was reached. No differences in the current density distribution in combination with
different anode compositions could be recognized and the results of CLD geometry is similar, too.

3.5 Cathode bent left to right

For these investigations the cathodes were bent equal from the right to the left side. The produced
cathodes were not free of dendrites.
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Figure 9: Current density distribution of experiment 7, BL ®

Like calculated in figure 9 the current density varies about 45 % or 157.5 A/m?. Once more, no in-
fluence of anode chemical composition can be seen.

3.6 Cathode bent top to bottom

After calculating the current density distribution at this cathode the variation of it is about 40 %.
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