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Abstract: Copper and cadmium ions were selectively separated from zinc sulphate aqueous solution or zinc ammonia/ammonium 
sulphate aqueous solution by low current density electrolysis. It was shown that the concentration of cadmium ion in zinc sulphate 
solution decreased from 4.56 g/L to 0.18 g/L in an electrolysis time of 8.5 h, whilst it decreased from 5.16 g/L to lower than 0.005 
g/L in zinc ammonia/ammonium sulphate aqueous solution. On the other hand, the deposition rate of copper was so low that it was 
difficult to separate copper and cadmium ions from the zinc ammonia/ammonium sulphate aqueous solution during electrolysis. But 
copper ion could be decreased to 0.002 g/L in this solution through solvent extraction by using kerosene diluted LIX984N as 
extractant. Therefore, it is favorable to recover cadmium ion from the zinc ammonia/ammonium sulphate solution by electrolysis 
after solvent extraction of copper. 
Key words: copper; cadmium; zinc solution; electrolysis 
                                                                                                             
 
 
1 Introduction 
 

Cadmium is used in paint, alloy, electroplating and 
battery. It is extracted from the by-products of zinc 
metallurgy among which copper-cadmium slag, 
cadmium-rich dust and spent Ni-Cd batteries are the 
main raw materials[1−6]. Pure cadmium can be 
recovered through solvent extraction, electrolysis 
refining or vacuum distillation[7−15]. The metal 
elements in copper-cadmium slag are zinc, cadmium, 
copper and their oxides with a little amount of As, Sb, Fe, 
Co and Ni. In the industrial treatment process of 
copper-cadmium slag, sulphuric acid is usually used as 
leaching agent and MnO2 is added to oxidize iron. The 
iron, arsenic and antimony ions in the sulphuric acid 
leaching solution are precipitated through neutralization 
of lime water. Sponge cadmium is produced by 
displacement of zinc powder after adjusting the pH value 
to 3−4. Finally, pure cadmium metal is deposited by 
electrolysis. The process for cadmium extraction is 
complicated and also needs a large quantity of zinc 
powder. Some studies have shown that copper and 
cadmium could be separated from zinc in sulphate 

solution by electrodeposition using special 
equipment[16−17]. Up to now, there is less research 
report on the separation of copper, cadmium and zinc in 
ammonia solution. 

The obvious advantage of ammonia leaching 
technology for zinc extraction is that the low grade zinc 
ores with high impurities can be treated[18−19]. Zinc is 
dissolved into the ammonia leaching solution while the 
impurities, such as arsenic, antimony and iron remain in 
the leached residue. Copper, cadmium, cobalt, nickel and 
silver are also dissolved[20]. As a result, a large amount 
of zinc powder is consumed to remove the copper and 
cadmium ions from the ammonia leaching solution when 
the ammonia leaching procedure is used to treat 
copper-cadmium slag. Therefore, new treatment method 
for the copper and cadmium containing materials should 
be developed. The present study reveals the results of 
selective separation of copper and cadmium from zinc 
solutions by low current density electrolysis. 
 
2 Experimental 
 
2.1 Solution preparation 

All chemical reagents, i.e. zinc sulfate, cadmium 
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oxide, copper sulfate, ammonium sulfate, sulphuric acid 
and ammonia were used in analytical purity. Four kinds 
of solutions with different concentrations of zinc, copper 
and cadmium ions were prepared, two of which 
contained only zinc and cadmium ions in aqueous 
sulphate solution or ammonia-ammonium sulphate 
solution while the other two had zinc, cadmium and 
copper ions in the different solutions, respectively. 

Cadmium oxide was dissolved in water by adding 
concentrated sulphuric acid dropwisely and then zinc 
sulphate was put into to form zinc-cadmium sulphate 
solution. Copper sulphate was further dissolved to 
prepare the zinc-copper-cadmium sulphate solution. 
Ammonia, ammonium sulphate and zinc sulphate were 
first dissolved in water to formulate the ammonia 
solution into which cadmium oxide was added at 
ambient temperature by stirring. The zinc-cadmium 
ammonia solution was then filtered. In the same way, the 
zinc-copper-cadmium ammonia solution was made by 
dissolving copper sulphate. The concentrations of zinc, 
copper and cadmium ions in the solutions were 30−55 
g/L, 6.0−6.3 g/L and 3.5−7.2 g/L, respectively. The pH 
value in the sulphate salt solution was adjusted to 6.5 by 
using 80 g/L NaOH solution. The concentrations of 
ammonia and ammonium sulphate in the ammonia 
solution were 15 g/L and 150 g/L, respectively. 
 
2.2 Experimental set-up and procedure 

Two lead-silver alloy anode plates with an efficient 
area of 68 cm2 were used as the anode between which a 
aluminium cathode of 46.1 cm2 was inserted with a 
interpolar distance of 35 mm. A beaker with 2 000 mL 
volume as an electrolytic cell was put on a magnetic 
stirrer (IKA RET basic C) in which the electrolytic 
solution was agitated. The cathode current density was 
50 A/cm2 and a DC regulated power supply (WYK−3010) 
was employed for current supply. Experimental samples 
of 20 mL were taken for analysis each time at intervals. 
Efficiency of electrolytic separation was calculated from 
the concentrations of the metal ions in the electrolyte 
solutions. 

35% (volume fraction) LIX984N diluted by 
sulfonated kerosene was used as an extractant to separate 
copper ion from cadmium ion in the ammonia solution in 
a 250 mL separatory funnel. 100 mL ammonia solution 
and 50 mL organic phase were mixed each time at 21׃ 

(A/O) phase ratio. The ammonia solution and the organic 
phase were mixed on an electric oscillator with 5 min of 
contact time and 3 min of standing time. The organic 
phase was separated and subsequently mixed with water 
for 3 min. The phase ratio of the washing water to the 
organic was 12׃ (A/O). The washed organic was then 
stripped using 25 mL of 200 g/L sulphuric acid in a 
separatory funnel on an electric oscillator for 8 min and 
demixed after standing for 5 min. 
 
3 Results and discussion 
 
3.1 Concentration variation of copper and cadmium 

All tests were conducted at room temperature with 
the four types of electrolyte solutions. The results 
showed that the deposited cadmium was uniform and 
compact in the Zn-Cd sulphate solution while the pH 
value of the solution decreased to 1.5. In the Zn-Cu-Cd 
sulphate solution, the rosy copper was first deposited on 
the surface of aluminium plate and then the deposited 
product became grey after a period of electrolysis. The 
blue colour of copper sulphate became light gradually 
until transparent at the final electrolysis stage, indicating 
that almost all the copper ions were removed from the 
solution. In the Zn-Cd ammonia-ammonium sulphate 
solution, a loose spongy powder product with black 
colour was obtained, and can be easily detached from the 
aluminium cathode during electrolysis. In contrast, 
although rosy copper appeared first in the Zn-Cu-Cd 
ammonia-ammonium sulphate solution, the electrolyte 
solution was still in dark blue colour at the end of 8.5 h 
of electrolysis. What is more, the electrolytic product 
was combined closely with the aluminium cathode, 
resulting in great difficulty in separating the deposited 
product. 

The concentration variations of Zn, Cu and Cd ions 
before and after electrolysis in the four electrolyte 
solutions are presented in Table 1. It can be seen that zinc 
ion concentrations showed almost no change after 8.5 h 
of electrolysis in different solutions. In Zn2+ and Cd2+ 
containing solutions, the Cd ion concentration decreased 
to a low level. Especially, it was only about 0.005 g/L 
after electrolysis in Zn-Cd ammonia-ammonium sulphate 
solution. The depositing rates of copper and cadmium 
were all low from the Zn-Cu-Cd ammonia-ammonium 
sulphate solution. About 53.7% copper was deposited 

 
Table 1 Concentrations of zinc, copper and cadmium ions before and after electrolysis 

ρ(Zn ion)/(g·L−1) ρ(Cu ion)/(g·L−1) ρ(Cd ion)/(g·L−1) 
Solution type 

Before After Before After Before After 
Zn-Cd, sulfate 44.75 44.57 − − 4.56 0.18 

Zn-Cu-Cd, sulfate 33.53 33.47 6.24 0.19 7.15 6.08 
Zn-Cd, ammonia 53.44 53.12 − − 5.16 ＜0.005 

Zn-Cu-Cd, ammonia 45.61 45.53 5.98 2.77 5.57 5.45  
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preferentially from the Zn-Cu-Cd sulphate solution. 
As the standard electrode potentials of copper 

(0.337 V) and cadmium (−0.44 V) are more positive than 
that of zinc (−0.76 V) and hydrogen over-voltage on 
cadmium is high, cadmium could be deposited from 
Zn-Cd sulphate solution. Cadmium can also be 
co-deposited when the copper ion concentration is low 
enough, while the concentration of zinc ion keeps 
unchanged in the solutions after electrolysis. In ammonia 
solution, Zn, Cu and Cd ions will form complexes with 
NH3 or OH− anions, and the free ion concentrations of 
Zn, Cu and Cd will then be reduced, decreasing their 
electrode potentials: 

]Mln[ 2
/MM /M2M2

+Θ += ++
nF
RTϕϕ                   (1) 

There is a great difference among the standard 
electrode potentials of Zn, Cu and Cd. So, the priority 
order for electrodeposition of the metals will not change. 

The concentrations of Cu and Cd ions as a function 
of electrolysis time are shown in Figs.1−4. As seen in 
Fig.1 and Fig.2, cadmium or copper could be removed 
easily from zinc sulphate solution. Fig.3 shows that the  
 

 
Fig.1 Concentration of Cd ion in Zn-Cd sulphate solution 
versus electrolysis time 
 

 
Fig.2 Concentration of Cu and Cd ions in Zn-Cu-Cd sulphate 
solution versus electrolysis time 

 

 
Fig.3 Concentration of Cd ion in Zn-Cd ammonia-ammonium 
sulphate solution versus electrolysis time 
 

 
Fig.4 Concentration of Cu and Cd ions in Zn-Cu-Cd 
ammonia-ammonium sulphate solution versus electrolysis time 
 
concentration of Cd ion decreased linearly within 4.5 h 
of electrolysis in Zn-Cd ammonia-ammonium sulphate 
solution and then its change became gentle. Compared 
with the electrodeposition rates in zinc sulphate solutions, 
Fig.4 demonstrates that it was unfavourable for copper or 
cadmium to be separated effectively from the zinc 
containing ammonia solution. That is to say, copper and 
cadmium could not be removed simultaneously by 
electrolysis from the ammonia solution. The copper ion 
must be removed before Cd electrodeposition. So, other 
methods should be developed for copper separation from 
cadmium from zinc containing ammonia solution. 
 
3.2 Solvent extraction of copper in ammonia solution 

From the above experimental results, it can be seen 
that the separation of Zn, Cu and Cd was difficult owing 
to the low deposition rates of Cu and Cd in Zn-Cu-Cd 
ammonia-ammonium sulphate solution. In contrary, the 
deposition rate of Cd ion from Zn-Cd 
ammonia-ammonium sulphate solution was very high. 
Thus, the separation of Zn and Cd would be favored by 
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preferential removal of Cu from the Zn-Cu-Cd 
ammonia-ammonium sulphate solution. 

35% LIX984N (volume fraction) was used to 
extract copper from the waste Zn-Cu-Cd 
ammonia-ammonium sulphate solution with 1.02 g/L 
Cu2+ and 5.18 g/L Cd2+ after electrolysis. It was shown 
that the copper ion concentration in the extraction 
raffinate was only 0.002 g/L after one-stage extraction 
while the cadmium ion concentration was 5.10 g/L. 
Namely, the extraction rates of copper and cadmium 
were 99.8% and 1.54%, respectively. The copper-loaded 
organic phase was stripped for one time with 200 g/L 
sulphuric acid. The stripping rate of copper was 99.5% 
and the cadmium ion concentration was 0.025 g/L in the 
stripping solution. The results indicate that copper could 
effectively be separated through solvent extraction from 
the Zn-Cu-Cd ammonia-ammonium sulphate solution 
with high zinc and cadmium ion concentrations. 
Subsequently, cadmium was then deposited by 
electrolysis from the copper-free ammonia solution, 
producing a impurity-removed zinc ammonia solution. If 
necessary, only a small amount of zinc powder is 
consumed for further purification of the zinc ammonia 
solution. 
 
4 Conclusions 
 

1) The separation of Zn, Cu, and Cd in solutions 
was feasible by low current density electrolysis 
combined with solvent extraction. 

2) The electrodeposition rate of cadmium in Zn-Cd 
sulphate solution was higher than in Zn-Cd 
ammonia-ammonium sulphate solution. 

3) Copper should be removed by solvent extraction 
before Cd electrodeposition, and a zinc 
ammonia-ammonium sulphate solution was possibly 
produced with less than 0.002 g/L Cu2+ and 0.005 g/L 
Cd2+ for zinc recovery. 
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