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In the late 1980s, standard grade copper cathodes were produced by electrowinning from 
starter sheets directly from an impure leach solution in Democratic Republic of Congo. 
Anodes used at that time were of cast lead alloyed with 6% antimony. One major source 
of lead contamination of copper cathodes was by the destruction of the passivation layer 
of Pb–6%Sb anodes when the power was switched back on after a power failure. London 
Metal Exchange A Grade cathodes are currently electrodeposited on stainless steel 
cathodes blanks from a relatively pure electrolyte via the leach–solvent extraction–
electrowinning route at more than twenty sites in Democratic Republic of Congo using 
rolled lead anodes alloyed with 4% Ca. These give the following major differences: 
relatively higher stability of rolled Pb-Ca anodes in presence of power failures; higher 
quality electrolyte (high Cu content, much lower content of Pb species and other 
impurities), thus smoother and more dense cathodes; mechanical contact of cathodes 
with anodes may be a major source of lead contamination of cathodes. 

 
 

INTRODUCTION 
 
During the 1980s, the Democratic Republic of Congo (DRC; Zaire at that time) was the fifth-largest 
global copper producer and the state-owned Gécamines was the only copper-producing company. 
Annual production was just below 500 000 t copper. The following decade was characterised by 
political instability, during which the production of copper dropped dramatically below 50 000 t/a. A 
new mining convention was introduced in 2002, which attracted private investors who bought many 
former Gécamines assets. From 2008, many large, medium and small sized copper projects were 
commissioned. The DRC is back to the fifth position of world top copper producers, with over one 
million tons annually produced since 2014 (DRC Ministry of Mines, 2015). Eighty percent of this is as 
cathode produced at more than twenty sites via the leach–solvent extraction–electrowinning (leach–
SX–EW) route. At the time of writing, a new tax regime for mining in the DRC is under discussion. 
 
It is highly likely that the leach–SX–EW process will remain the preferred route for producing copper 
in the DRC for a long period, for the following main reasons: 
 

 relatively low cost of electric energy; 

 relatively large availability of easily acid-soluble oxides and secondary sulfide copper 
resources; 
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 the current process used for the recovery of copper by hydrometallurgy often includes well-
proven and economically viable cobalt beneficiation circuits. 

 
The principle of this process is relatively simple: copper is extracted by EW of copper-rich sulfate 
solutions, after acid leaching of relatively rich copper ore or concentrates. Oxygen evolves at the 
anode, along with a regeneration of sulfuric acid that is reused upstream for leaching. 
 
During the 1980s, and even later, copper cathodes were exclusively produced in the DRC from starter 
sheets directly from an impure leach solution. Inert anodes used at that time were made of cast lead 
alloyed with 6% antimony. After five days of plating at 220 to 240 A/m2, from a 4 kg starter sheet, the 
average mass of a cathode could easily reach 60 kg. Specific energy consumption was approximately 2 
to 2.2 kWh/kg Cu and current efficiency was relatively low (typically 85% in the main EW section of 
Gécamines Luilu refinery tank house). Copper cathodes were classified as Standard Grade when their 
lead content was below 10 ppm. 
 
The first DRC commercial copper SX plant was commissioned in 2008. In the SX process, the acid 
regenerated in copper EW is used in the SX, to strip copper from the loaded organic. The stripping–
EW loop is virtually separated from the “impure” leaching–extraction loop, limiting the amount of 
impurities transferred from the leach solution into the electrolyte. At many sites, 40 to 50 kg copper 
cathodes are plated for 5 to 7 days on both faces of stainless steel blanks. Current densities range from 
200 to over 400 A/m2, depending on sites, and relatively high current efficiencies are achieved (over 
90% in some cases). Anodes are now made from rolled Pb-Ca sheets. To be classified as London Metal 
Exchange (LME) A Grade cathodes, their lead content should not exceed 5 ppm and the total of all 
impurities (excluding oxygen) should be less than 65 ppm (Nicol, 2013). 
 
From a purely thermodynamic aspect, pure lead should be usable as electrolytic anode without 
significant corrosion at relatively high redox potentials because it is protected by a passivation layer of 
PbO2. However, the mechanical properties of pure lead are rather poor, compared with lead alloys. 
The main objective of adding alloys is to improve mechanical properties, especially resistance to 
creeping. In the past, antimony was the main alloying element (4 to 12%) and anodes were cast. 
Currently, much more stable rolled Pb-Ca anodes are used (Ellis, 2011). 
 
The overall metallographic structure of lead alloys, especially Pb–Sb, is such that they offer lower 
corrosion resistance in sulfuric acid solutions than pure lead. One field study carried out in the late 
1980s showed that one major source of lead contamination of copper cathodes was by the destruction 
of the passivation layer of Pb–6%Sb anodes when the power was switched back on after a power 
failure (Mitshabu, 1987). Copper cathodes growing in EW cells were exposed to contamination by lead 
species within the electrolyte. The main results of this field study carried out at Luilu refinery (direct 
EW of an impure leach solution) are presented in this paper and have been used as a background for a 
more recent field investigation carried out in the EW tank house of Ruashi Mining, where Pb–Ca 
anodes are used. The process at Ruashi Mining includes SX of the impure leach solution before EW. In 
addition to conditions promoting the plating of smooth and dense copper cathodes, good design and 
good maintenance of the EW tank house are major requirements to produce copper cathodes in 
accordance with LME standards, as far as Pb contamination is concerned. 

 
 
OPERATING RESULTS 
 
Method of Investigation 
A summary of the results of field research work carried out in late 1980s in the EW tank house of 
Gécamines Luilu refinery are presented. The electrical wiring of the cells allowed the short-circuiting 
of one cell that was used to simulate power failures while the electrolyte was still circulating through 
the cell. The same test cell was used for four consecutive days. The cell next to the test cell, fed from 
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the main electrolyte line in parallel, was taken as a reference cell. Power failures were simulated in the 
short-circuited cell for 2 h. Samples of electrolyte were collected in both the test and reference cells 
before the power failure, during the power failure, within the 2 h following the simulated power 
failure, and 22 h after the power failure. Lead contamination of the electrolyte and the cathodes of the 
test and reference cells were monitored. An actual power failure happened to occur once, which 
affected both the reference cell and the test cell, which was already short-circuited. 
 
Because of the different wiring arrangement, and for other evident reasons, power failures could not 
be simulated the same way for the recent investigation carried out at Ruashi. We mostly analysed 
available historical data for the Ruashi EW tank house. We also managed to collect electrolyte samples 
from cells during and within 2 h following rectifier shutdowns for power failures and other major 
maintenance shutdowns that affected the rectifier downtime.  We also sampled cathodes from cells 
with various refurbishment status to compare their lead content. 
 
Electrolyte Results  
Figures 1 and 2, taken from the study carried out at Luilu refinery, illustrate the trends of lead 
contamination of the electrolyte. Lead was analysed by atomic absorption spectrometry after the 
addition of 0.5 mL of concentrated perchloric acid to a sample of 10 mL of electrolyte and dilution to 
50 mL. The main conclusions were as follows: 
 

 On many days, a very slight increase of the lead concentration was noted in the unfiltered 
electrolyte sampled within the test cell just after it was short circuited (Figure 1). This trend was 
confirmed later when an actual power failure occurred during a sampling campaign, which also 
affected the reference cell (Figure 2). 

 The most significant increase of the lead concentration of the electrolyte occurred in the five 
minutes after the power was switched back on (end of short circuiting). 

 Following this, the lead concentration decreased progressively as the electrolyte in the cell was 
replaced by fresh electrolyte. It was assumed that some of the particles of lead sulfate 
progressively settled to the bottom of the test cell with time. 

 Lead concentrations of the unfiltered electrolyte were, in general, above the saturation limit 
established by our own measurement of the impure electrolyte (18 to 19 mg/L at 65 °C). 

 The more frequent the power failures, the higher the lead contamination of the electrolyte, and 
the longer the lead sulfate particles stayed in the cell. 
 

We thus understood that very small particles of lead sulfate could remain suspended in the electrolyte 
for a long period, increasing lead contamination in the cathodes, especially if the copper deposit was 
rough. 
 
At Ruashi, we did not simulate power failures in the EW tank houses due to practical limitations. 
Based on the results of the research work carried out in 1986, we managed to take samples of 
electrolyte within the cells when the power was switched back on after rectifier downtime. At the time 
of writing, a compromise was not yet reached as to whether lead in electrolyte could be analysed by 
inductively coupled plasma optical emission spectroscopy (ICP–OES) using the sample preparation 
procedure we used in 1986. First indicative results were all below 10 mg/L Pb. 
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Figure 1: Lead concentration of electrolyte during and after a simulation of power failure of 2 h repeated during 
four consecutive days (continuous line: test cell; dotted line: reference cell) (Luilu Refinery, 1986). 

 

 
Figure 2: Lead concentration of electrolyte in reference cell during and after an actual power failure that also 

affected the reference cell (Luilu refinery, 1986). 
 
Cathode Results 
Table I, taken from the Luilu refinery study, shows lead analysis of samples of cathodes from the test 
cell statistically compared with those of cathodes sampled in the reference cell using the t-Student 
decision test. Cathodes taken from the test cell had 69% higher lead content than those taken from the 
reference cell. The difference was highly significant (at 99.5%). 
 
Average lead concentrations of samples of cathodes taken in the entire Luilu commercial EW tank 
house over a period of three months are displayed in Table II, as a function of the number of power 
failures that occurred during the deposition cycle. The trend is shown in Figure 3. There was a clear 
correlation between the level of contamination of copper cathodes and the number of power failures 
during the plating cycle over that period of three months.  
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Table I: Lead contamination of cathodes test cell compared with reference cell and entire electrowinning tank 

house (Luilu refinery, 1986). 

Day (1986) 

Pb in cathodes (ppm) 

Test cell Reference cell 
Average of 

commercial cells 

20 Sep 
9 Oct 

10 Oct 
11 Oct 
22 Oct 
23 Oct 
24 Oct 
25 Oct 
26 Oct 
30 Oct 
31 Oct 
01 Nov 
02 Nov 
11 Nov 
12 Nov 
13 Nov 
14 Nov 
19 Nov 
20 Nov 
21 Nov 
22 Nov  

11 
14 
17 
14 
19 
62 
93 
93 

178 
27 
45 
66 
– 

53 
58 

110 
58 
19 
13 
15 
19 

8 
9 
5 
5 

11 
13 
12 
40 
5 
8 

12 
11 
– 

33 
17 
21 
17 
15 
23 
27 
13 

5 
7 
6 
7 
4 
3 
6 
5 
4 
6 
4 
4 
6 
6 
5 
6 
6 
7 

11 
9 
9 

Number of cases 20 20 21 

Average 49.2 15.3 6.0 

Standard deviation 42.1 9.2 1.9 

 
Table II: Lead contamination of cathodes as a function of the number of power failures  

across the entire electrowinning tank house (Luilu refinery, 1986). 

Number of power failures during plating cycle Average Pb in cathodes (ppm) 

0 13.3 

1 16.9 

2 39.0 

3 59.6 

4 56.7 
5 178 

 
Table III compares lead analysis of cathodes plated with at least one power failure during the plating 
cycle with those plated without any power failure during the deposition cycle for the entire EW tank 
house. Copper cathodes plated with at least one power failure of no longer than 20 min had 30% more 
lead than those that were not significantly affected by power failure. 
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Figure 3: Lead contamination of cathodes as a function of the number of power failures during the deposition 

cycle (Luilu refinery, 1986). 
 

Table III: Lead contamination of cathodes with and without power failures  
for entire electrowinning tank house (Luilu refinery, 1986). 

 Pb in cathode (ppm) 

 With at least 1 power failure 
of ≥ 20 min 

Without any power failure 

Average 10.5 7.29 
Standard deviation 4.43 2.68 

Number of cases 85 118 

 
 

Finally, we found a significant correlation (r = 0.96) between the analysis of lead and cobalt in 
cathodes (Table IV). The only way for cobalt to contaminate cathodes is by the occlusion of electrolyte 
in the cathode structure. The strong correlation indicates that the occlusion of electrolyte containing 
particles of lead sulfate was a major cause of cathode contamination in this case. 
 

Table IV: Correlation between lead contamination and cobalt contamination of cathodes 
for entire electrowinning tank house (Luilu refinery, 1986). 

Month (1986) Co in cathodes (ppm) Pb in cathodes (ppm) 

Jan 40 29 
Feb 20 14 
Mar 19 13 
Apr 22 12 
May 23 13 
Jun 18 14 
Jul 13 8.6 

Aug 12 7.6 
Sep 13 5.8 
Oct  14 6 

 
We could not afford to carry out a similarly detailed investigation in the new EW tank house at 
Ruashi. Figure 4 shows average monthly lead concentrations of cathodes compared with the total 
rectifier down time for power failures over a period of three years ending on December 2017. There is 
no evidence of a clear relationship between the level of cathode contamination and rectifier down 
time. 
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Figure 4: Average monthly lead contamination of cathodes as a function of total rectifier downtime  

during the month (Ruashi Mining, 2015 to 2017). 
 
Furthermore, Figure 5 shows that the average monthly lead concentration in Ruashi cathodes has 
decreased dramatically from 2015 to 2017. This is clearly a consequence of an intensive progressive 
refurbishment programme in the tank house, which included replacement of old cathodes blanks, 
capping blocks, and anode design, mainly in Section B of the tank house. 
 

 
Figure 5: Average monthly lead contamination of cathodes with time (Ruashi Mining, 2015 to 2017). 

 
Lead analysis of cathodes sampled in February and March 2018 in some Ruashi EW cells are 
summarised in Table V relative to the refurbishment status of the tank house section in which they 
were sampled.  These results indicate that the refurbishment carried out in Section C was beneficial to 
copper cathode quality. More data are required to confirm this trend. 
 
Figures 6 to 8 show Ruashi average monthly copper quality relative to the number of power failures of 
longer than 20 min that occurred in the same month.  In Figure 6, all data from May 2015 to December 
2017 were included. Data points on the graph are randomly distributed. In Figure 7, all data for the 
year 2015 were removed: an upward trend is observed, which is not really confirmed by Figure 8, in 
which data for the year 2017 were also omitted. There is no clear evidence that the rectifier downtime 
was the main cause of cathode contamination.  
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Table V: Lead analysis of cathodes from the four sections of Ruashi electrowinning tank house (2018). 

 Lead in cathodes (ppm) 

Section B Section C Section D Section A 

Refurbishment status Good Average Poor Bad 

 4 10 29 3 

3 10 29 3 

8 2 23 29 

8 2 23 29 

4   14 

4   14 

   14 

Average 5 7 27 13 

Standard deviation 2 4 3 15 

Number 3 2 2 12 

 

 
Figure 6: Average monthly lead contamination of as a function of the number of power failures  

(Ruashi Mining, May 2015 to December 2017). 
 

 
Figure 7: Average monthly lead contamination of as a function of the number of power failures 

(Ruashi Mining, January 2016 to December 2017). 
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Figure 8: Average monthly lead contamination of as a function of the number of power failures 

(Ruashi Mining, January 2017 to December 2017). 
 
 
DISCUSSION 
 
All concentrations of lead measured in the impure leach solution (electrolyte) at Luilu refinery in 1986 
were above 8 mg/L Pb, which was reported as the solubility limit for PbSO4 at 50°C (Tshula, 1986). At 
that time, we managed to add directly PbSO4 to the impure electrolyte and found a solubility of 19 
mg/L at 65°C and a free acid concentration between 17 and 57 g/L H2SO4. We have explained the 
high solubility of PbSO4 by the presence of certain ions like Na+ and Ca2+ within the electrolyte and its 
relatively high temperature (65°C).  
 
The study carried out in 1986 at Luilu in the EW tank house without SX has shown that lead species 
(PbSO4) from the anodes were released into the electrolyte, mostly when the power was switched back 
after a power failure. In many cases, lead concentration measured on samples of non-filtered 
electrolyte was above 19 mg/L Pb, which indicates that Luilu electrolyte was polluted by the presence 
of suspended solids of lead species (lead sulfate). Growing cathodes were thus contaminated by 
entrapping dissolved and undissolved PbSO4 in the pores. This is confirmed in another research work 
(Cifuentes et al, 1999) 
 
The analysis of Ruashi electrolyte samples has so far revealed relatively low quantities of lead in the 
electrolyte. If these results are confirmed, this would mean that most of the lead that contaminates 
Ruashi cathodes originates from other sources than power failures, including unwanted physical 
contacts between anodes and cathodes. These can occur in many instances, including by poor 
insulation of anodes, poor anode–cathode alignment, various shorts, warped anodes or cathodes, 
worn-out capping blocks, and imprecise pulling of cathodes. 
 
 
CONCLUSION 
 
Electrowinning will most likely remain the most preferred method for the beneficiation of copper via 
the hydrometallurgy route in the DRC for a long time. Based on their better resistance (mechanical 
and corrosion), rolled lead–calcium anodes have replaced cast lead–antimony as the anode material, 
with an expected reduction of lead contamination of cathodes after power failures. The level of 
contamination of the electrolyte by lead species must be confirmed by reliable analytical results. 
Depending on the design and maintenance status of the tank house, physical contacts of anodes and 
cathodes could be a major contributor to the pollution of copper cathodes by lead. To minimise this, 
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cathode sampling policies should be reviewed to allow closer tracking of impurities like lead, not only 
for the entire tank house, taken globally, but also per section and when required—even per cell. 
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