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ABSTRACT 
 

 
In the past a lot of investigations were done to increase the current density (1,2,3) 

in copper electrolysis. At present the highest used current density is in the range of 330 – 
350 A/m². But current density figures of single cathodes in one cell can vary from lower 
than 200 A/m² to more than 600 A/m². The reasons for that are irregular geometrical 
conditions of the electrodes and bad electrical connections. 

 
Cathodic copper deposits were investigated as function of the distances between 

the electrodes. The standard experiment was done with parallel distance between anode 
and cathode. For further experiments the cathodes were canted, bent and different 
distances were chosen. Afterwards the current density distribution on the cathodes was 
calculated. 
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INTRODUCTION 
 
 
The pyrometallurgical copper production includes the smelting process and 

electrorefining process. In the last fifty years the smelting process has changed. The so-
called direct reduction process route – with the flash furnace as the most important 
example – became predominated. Nowadays more and more combined processes like 
Mitsubishi or the Outokumpu flash converter process are available.  

 
In the electrorefining process the most important developments are the use of 

permanent cathodes made of steel ( Mt-Isa or Kidd Greek) and the installation of 
polymer concrete cells. In electrorefining many investigations (5) have been made for 
finding improvements to save electrical power and energy consumption, and to save costs 
by decreasing manpower units.  

 
The electrochemical process can be optimized by a high current density and a low 

energy consumption by getting a smooth and pur cathode. The quality of the cathode is 
mainly influenced by the electrocrystallisation (6, 7). The crystal formation (nucleation) 
and crystal growth are competing processes but there are possibilities to influence both. 
An increase of current density favours the formation of new nuclei up to a certain level. 
Surpassing the limiting current density does not further improve. On the other hand, a 
copper concentration increase in the electrolyte favours more the growth of already 
existing crystals as well as more turbulent fluid dynamics and higher temperature. 
Cathodic polarization is decreased, overvoltage as well. So the structure of precipitate 
depends on the number of crystallites per area and their orientation. These will be 
influenced by following parameters: 

 
·  velocity of ion supply to the cathode 
·  mobility of cations on the cathode surface prior to their insertion into the 

lattice 
·  presence of other constituents in the electrolyte 
·  cathodic polarization 
·  parameters of the electrolysis 

 
The electrolyte conditions are influenced by the following parameters: 
 

·  anode quality 
·  current density 
·  inhibitors (kind, amount, ratio) 
·  flow conditions 
·  temperature 
·  electrolyte composition 
·  structure of the starting blank 
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To increase the productivity and the space-time-yield it is important to work with 
optimal electrolysis 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 current density distribution at the cathode. In 
the following work the influence of the geometrical conditions, the distance regularity 
and evenness between anode and cathode has been examined. 

 
In practise an inhomogeneous distance between anode and cathode can have 

many reasons. A decisive point for the later geometry of the anodes and their 
arrangement is the casting weight tolerance, which shows differences from 4 to 15 kg. In 
dependence of the dimensions this results in different thickness until to 4 mm more or 
less (4). In the cell house this leads to different distances anode-cathode with the 
consequence of various current distributions at the electrodes. In this case there exist 
different current densities, which on their part are a very important reason for an irregular 
crystal growth (dendrite formation). 

 
A further influence on to the cathodic precipitation has the anode surface with 

their roughness. At the Department of Nonferrous Metallurgy in Leoben measurements 
were done at the mould and the air sides of the anodes. An example for the results is 
given in figure 1. 

 
 

 
 

Figure 1 - Roughness mould side 
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The measurements show a minimum of – 5.13 mm and a maximum of 1.26 mm. 

This means that the anode surface has a distance difference up to 6.39 mm to the cathode, 
which will have an influence on the current density. At the same anode strip at the air 
side a minimum of – 1.87 mm and a maximum of 1.17 mm is shown, which means a 
difference of 3.04 mm. The roughness on the mould side is mostly bigger than on the air 
side. In summary it can be seen that there is a difference between air and mould side in 
roughness of the surface with the factor 2. This means a pronounced influence on current 
density and probably on buds and dendrite formation, too. 

 
A further influence are the geometrical conditions, e. 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), which has been examined. 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. 

 
 

EXPERIMENTS 
 
 
In the first step investigations were made in a laboratory scale cell with a capacity 

of 6 l. 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 /4/. The target of this work was to identify the influence of the 
electrode distances and geometries on the cathodic current density distribution by using 
anodes with different chemical qualities. Investigations with six different geometries and 
three different anode compositions were made. 

 
The different geometries between anode and cathode are shown in figure 2 to 7. 

 
Figure 2: Anode and cathode are in parallel and have same distance geometry, PS 
Figure 3: Anode and cathode are in parallel and have a different distance: PD 
Figure 4: The cathode is canted top to bottom: CT 
Figure 5: The cathode is canted left to right: CL 
Figure 6: The cathode is bent left to right: BL 
Figure 7 :The cathode is bent top to bottom: BT 
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Figure 2: PS   Figure 3: PD   Figure 4 : CT 
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Figure 5: CL   Figure 6: BL    Figure 7 : BT 
 

 
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. 

 

 
Figure 8: Current density distribution comparison 
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By changing the distance between anode and cathode and not varying the 

parallelism of the electrodes the deviation in current density is about 12 % of the 
standardized value. The highest influence seen in figure 8 could be shown by bent 
cathodes. Here the current density distribution varies between 31 and 19 % of 
standardized value. With these experiments it could be also shown that the influence of 
the anode quality on the cathodic precipitation and current efficiency is quiet low even if 
different geometrical conditions appear in the electrolytic system. 

 
For getting comparable results with the technical practise it was necessary to 

make these investigations in a near technical scale cell, figure 9. The cell is built from 
Macrolon® of 1 cm thickness and has the following dimensions: length 40 cm, width 16 
cm, height 100 cm, all inside measures. The whole cell is sticked with glue. 

 
 

 
Figure 9 - Near technical scale cell 
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It can be seen from figure 9 that the cells consists of three parts: inlet box (right), 
the electrolysis cell (middle), and an outlet box (left). The electrolyte stream enters the 
cell by an opening between inlet box and cell, 4 cm above the bottom and 2 cm wide over 
the total width. The same opening exists for the outlet 4 cm under the upper surface, so 
that the electrolyte has to flow through the cell diagonally. The contacting of the two 
anodes was done in parallel with a copper bus-bar with three cores for exact symmetrical 
current supply. 

 
The three current streams from the cathodes are conducted over an equilateral 

copper triangle. The precise current symmetry was guaranteed by a control resistor. The 
two cells were connected in series. 

 
Temperature measuring was done at three spots in each cell: In the lower part of 

the cell between anode and cathode and in the bottom zone of inlet and outlet box. By 
these temperatures the heating was regulated. There were four voltage measuring points 
per cell: Between the two anodes and the cathode in the middle and the polarization 
voltage on each side of the cathode. 

 
Our standard experimental parameters up till now have been: 
 
Temperature:  65°C ±2°C 
Current density: 350 A/m² 
Electrolyte:  H2SO4 :  165 ±5 g/l  Glue:  53 g/t 
   Cu2+ :  45±2 g/l  Thiourea: 31g/t 
   Ni2+ :  10 g/l   Chloride: 50 mg/l 
Duration:   6 days = 144 hours 
 
 

Table 1: Anode quality [ppm] 
Quality  Pb Ag As Se Sn Bi Sb Te Ni Au O 

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

 
 
In these cells investigations to determine the different precipitations took place. 

The various parameters are the geometry conditions described in figure 2 - 7. After the 
experimental work the current density was calculated and the influence of the 
geometrical conditions on current efficiency became evident.  

 
The used stainless steel cathodes had a size of 130 x 950 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 a 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 alcohol. Anodes and 
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cathodes were hung into the cell following the geometrical guideline. Finally all 
measuring and control units were assembled. After that the cells could be filled and the 
heating-up of the electrolyte in the tank was started until the electrolyte had reached 
65°C. 24 hours before 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. 

 
These experiments were all done with a current density of 350 A/m². At the end 

of the six days electrolysis time the electric current was shut off, the inhibitor supply was 
stopped. The cathodes were 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: Current efficiency and specific energy consumption 

Experiment Geometry 
h [%] 

Espec. [kWh/tCu] 

1 PS 91,18 195,10 
2 PD 86,89 214,32 
3 CT 93,86 216,18 
4 CL 96,36 197,76 
5 BT 94,32 302,7 
6 BL n.a. n.a. 

 
 

 
As a next step 24 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 water jet. At eight different heights, 15 mm, 85 mm, 255 
mm, 415 mm, 515 mm , 615 mm, 765 mm, 820 mm and at three different widths, 23 
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.  

 
In figure 10 to 15 different current density distributions are shown. In experiment 

1 anode and cathode with the same and parallel distance were used. The current density 
distribution of one of the produced cathodes is shown in figure 10. The decrease of the 
current density from top to bottom is about 128 A/m². The average current density varies 
between left and right cathode about 10 A/m².  
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Figure 10: Experiment 1, PS height distribution 

 
In figure 11 the anode and cathode have parallel and different distances. The current 
density distribution at the right cathode ( distance anode – cathode 15 mm) is similar but 
with higher variations of current density than the cathode at the left side ( distance anode 
– cathode 25 mm). The difference of the current density average of the right and left side 
is about 50 A/m². This more irregular current density distribution influences the current 
efficiency too, at experiment 2 it was 86 %. The precipitation at these cathodes have 
some small nodules.  
 

Figure 11 - Experiment 2, PD height distribution  
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Figure 12: Experiment 3, CT height distribution 

 
In figure 12 and 13 current density distributions of canted cathodes are shown. 

The value of the current density is here between 60 and 140 %. The absolute current 
density difference is about 230 A/m². In both figures the variation of current density 
distribution onto the complete cathode (height and width) is shown. This high current 
density variation forced dendrite growing at the whole cathode surfaces and also some 
long dendrites are presented. 

 

Figure 13 - Experiment 3, CT width distribution  
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Figure 14 – Experiment 5, BT height distribution 

 
 

 
Figure 15 - Experiment 5, BT width distribution 
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In the first days of electrolysis some small dendrites started to grow at the whole area of 
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the dendrites away the electrolysis worked further and new dendrites started to grow 
(table 6). 
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In table 3 the current density variation of experiments 1-6 are shown. The highest 

difference between minimum and maximum of the current density value was 395 A/m². 
The lowest value 113 A/m² difference. 

 
 

 
Table 3: Current density distribution 
 1  2  3  4  5  6  

Current 
density 

PS  PD  CT  CL  BT  BL  

[A/m²] r l r l r l r l r l r l 
imax 302 330 332 270 412 388 432 260 480 467 402 274 
imin 174 170 196 157 179 156 170 145 144 72 90 122 

 
 
 

SUMMARY 
 

The target of the described two experimental works, in the laboratory cell // and 
in the near technical scale cell was to quantify the influence of the electrode distances 
and geometries on the cathodic current density distribution and further on the dendrite 
growing behaviour. Investigations with six different geometries in a near technical scale 
cell by using standard electrolysis parameters were carried out.  

 
It is of big interest to know the influence of the electrolyte parameters due to the 

cathodic current density and to the cathodic precipitation like anode quality, inhibitors, 
flow conditions, temperature, electrolyte composition, structure of the starting blank and 
the current density it will be of interest to know these parameters which have an big 
influence due to the process.  

 
In the laboratory cell investigations it could be shown that the influence of the 

anode quality on the cathodic precipitation and current efficiency is quite low. The 
influence of the geometrical conditions however causes current density distributions of 
more than 30 %.  

 
In the near technical scale cell experiments one anode quality and six different 

geometries between anode and cathode were used. With these experiments it could be 
shown that the influence of an irregular current density distribution between cathode – 
anode – cathode by parallel distances causes small nodules and the difference (max. – 
min.) of the current density on both cathodes is about 175 A/m² or 50 %. 

 
It the experiments with canted cathodes the absolute current density difference is 

about 230 A/m² or 66 % and at bent cathodes it varies about 395 A/m² or 113 %. 
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It was also possible to show that the cathodic precipitation is worse at bigger 
current density differences.  

 
Finally it is shown that for getting smooth cathodes without dendrites it is 

necessary to have a regular current density distribution on the whole cathode. To reach 
these target it is important to guarantee good geometrical conditions between anode and 
cathode. And it also may be necessary to control these during all cathode crops and in 
regular time intervals. 
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