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In hydrometallurgical process of extracting cadmium as a by product, zinc dust
is added for separation of cadmium as cadmium sponge. High amounts of
zinc are quite often noticed in the cadmium electrolyte subjected for electrowin-
ning of the metal. This leads to poor quality of cadmium deposit and lower
current efficiencies. Study of cadmium sponge cementation process revealed
that zinc dust may be added to an acidic cadmium solution for precipitation of
cadmium sponge without neutralization of the free acidity present in the
system,

This fact is utilized for obtaining a high cadmium sponge with 75-80 per
cent cadmium and 5-10 per cent zinc with 98 per cent recovery of cadmium
from the solution as sponge. The suggested process is confirmed in a cadmium
production plant producing 11.0 MT of cadmium per month.
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INTRODUCTION

CapMIUM is a very valuable by product of zinc industry. Considering that the
entire output of the relatively rare element is as a by product during processing of
zinc bearing ores, every effort should be made to enhance the recovery efficiency of
this process. An important aspect of the hydrometallurgical process of recovering
cadmium is separation of cadmium from zinc. Large amounts of zinc are often
carried away through cadmium sponge resulting in poor quality of deposited cadmium
cathodes and lower current efficiencies in the electrowinning process. A good
separation of cadmium from zinc could be achieved by maintaining proper conditions
of acidity at the time of cementation of cadmium with zinc dust.

Severalreviews (Ananthraman, 1979; Painter 1980; Venkatesh 1980; and Tandon
1969) have appeared in the literature on the production of cadmium. The process
flow sheet for production of cadmium at Zinc Smelter Debari unit of Hindustan Zinc
Ltd. is given in Fig. 1. Several approaches for separation of zinc from cadmium
sponge were tried at the laboratory and the findings are summarized below.

1. Separation of zinc as sodium zincate leaving Cd(OH), was not found suitable
because of low solubility of zinc in sodium hydroxide solution (zinc in solution

*Paper presented at the Symposium on Role of Research and Development for Planned Utiliza-
tion of Mineral Resources held at INSA, New Delhi from 4-6 October, 1982,
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20 g/1 in 10 per cent NaOH), poor filtrability of the hydroxides and appreciable
coprecipitation of zinc hydroxide with cadmium hydroxide precipitate.

2. The sulphide route of zinc cadmium separation was not found suitable because
of low solubility of cadmium sulphide in sulphuric acid. Moreover, hydrogen
sulphide is an environmental pollutant.

3. Attempts to remove zinc by washing with ammonium salts e.g. ammonium
carbonate, ammonium sulphate etc. could not succeed due to poor selectivity

of these reagents.

The main source of zinc in cadmium sponge is the excess zinc dust added
during cementation process. In order to check the zinc contents of cadmium sponge,
cementation process was carried out in neutral as well as acidic (acidity 2—6 g/1)
tsoluions. Table I illustrates the neutralization of free acidity vis a vis cementation
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of cadmium sponge. 88 per cent of cadmium could be cemented as sponge without
neutralization of the free acid with the added zinc dust. At pH 2.0-2.5 highest
grade of cadmium sponge was achieved with minimum zinc and 98-99 per cent
recovery of cadmium as sponge.

TapLe I

Results of Cadmium Sponge Cementation Terminated at Different Acidities
(Analysis of cadmium solution subjected to cementation:

Ccd 18.8 g/l
Zn 134 gft
Cu 0.016 g/t
Acidity 52¢gM
Sr. No. Acidity/pH Cadmium in ZnSO, Analysis of
soln. after Cadmium sponge
sponge cementation
(in g/1) Cd Zn
1. 52g/ Cd 2,01 81.2 4.5
2. 2.0g/l Cd0.22 71.0 3.0
3. 0.5g/l(pH?2) Cd 0.04 86.0 2.6
4, Stirring continued Cd 0.04 89.2 1.2
for half an hour
after attaining
pHof 2 as in
Expt. No. 3
(7H 2.5 during
stirring).
EXPERIMENTAL

In order to utimately introduce the process in the cadmium production plant, the
experiments were repeated on different scales. The scale up factor during lab scale
experiments varied from two to twenty. Before conducting an experiment in the
plant, the process was first tested in the laboratory at gram scale in 250 ml to 5.0
litre capacity beakers followed by repeating the same process in a 40~50 litre capacity
vessels and finally in a semi commercial pilot plant at 200 litre capacity.

In all the experiments, samples of enriched cadmium residue from the
cadmium plant were used. In order the simulate the experimental conditions with
the production plant, plant grade sulphuric acid and return electrolyte from zinc
electrolysis cells were utilized.

Analysis of cadmium, zinc, copper and other metal jons was carried out on 2
Pye Unicam SP 1900 atomic absorption spectrophotometer. The instrumental
settings were kept as reported in the literature (Price, 1978; Whiteside, 1975).
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Gram Scale Experiments

After leaching of enriched cadmium residue to an acidity of 5 g/1, an approxi-
mately calculatedamount of zinc dust was added intermittantly to a definite volume of
clear cadmium solution and acidity and pH monitored from time to time. The reac-
tion lasted for about half an hour at 45-55°C. Zinc dust addition was stopped at pH

2 and sterring continued for another half an hour. Final pH of the solution was
2.0-2.5.

The sponge was then allowed to settle, the clear zinc sulphate solution was
decanted and most of the adhered zinc sulphate with cadmium sponge was washed
with water. Results of gram scale experiments are depicted in Table IL

TasBLE IT

Resulrs of Gram-Scale Experiments on Cd Sponge Cementation

Temp. 40-50°C
Final pH <20
Sl. No. Vol of Analysis of Cd Analysis Cd in ZnSO,
Cd sol. sol. g/l of Cd slon. after
taken sponge sponge
cementa-
tion g/}
1. 250 mi Cd 44.3 Cd 80.7 0.12
Acidity 4.1 Zn 3.5
Zn 70
Cu 1.8
2. 500 mi Cd 34.0 Cd 87.5 0.07
Acidity 8.1 Zn 3.7
Zn 93.0
Cu 0.011
3. 2000 m} Cd 10.0 Cd 84.0 0.04
Acidity 5.8 Zn 10.0*
Zn 175
Cu 0.002
4, 5000 mi Cd 18.8 Cd 86.0 0.04
Acidity 59 Zn 2.6
Zn 134
Cu 0.016

*High zinc in sponge is attributed to incomplete washing of adsorbed zinc sulphate.

Kg Scale Experiments

After enriched cadmium residue leaching, clear 30-40 litre of cadmium solution
was decanted and subjected for cadmium cementation. Zinc dust was added till acidity
dropped to 0.5 g/1. The reaction lasted for about one hour. Stirring was continued
for another half an hour. Final pH of the solution was below 2.5. The clear zinc
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sulphate solution was decanted and the sponge was washed. Results of Kg scale
experiments are given in Table III.

TasLE II1
Results of Kg Scale Experiments on Cd Sponge Cementation

S. No. Anal of Cd soln. Ana] of Cd Anatl of ZnSO, Anal of 1st Anal of 2nd
(vol. 3040 Its) sponge soln. after Cd water water washing
g/l cementation g/l washing g/l g/l
1. cd 22.8 Cd 85.0 Cdo.s Cd 0,09 cd 0.16
Acidity 2.9
Zn 158 Zn 2.8 Zn172 Zn 49 Zn 157
Cu 0.05 Cu 0.045
Co 0.568 Co 0.046 Co 0.552 Co 0.16 Co 0.048
Sb 0.08 Sb 0.23 Sb 0.024
Fe 0.018
2. Cd 120 Cd 76.25 Cd 0.11 Cd 0.02 Cd 0.08
Acidity 2.7
Zn 108 Zn 17.0* Zn 120 Zn 48.5 Zn 19.3
Cu 0.025 Cu 0.02 .
Co 0.16 Co 0.01 Co 0.15 Co 0.069 Co 0.027
Sb 0.015 Sb 0.015 Sb 0.009
Fe 0.015
3. Cd 11.7 Cd81.2 Cd 0.04 Ccd 0.05 Cd 0.08
Acidity 3.5
Zn 94 Zn 473 Zn 102 Zn 66 Zn 43
Cu 0.045 Cu 0.04
Co 0.23 Co 0.01 Co 0.21 Co 0.13 : Co 0.08
Sb 0.014 Sb 0.011 Sb 0.007
Fe 0.05

*Higher zinc in sponge is attributed to incomplete washing of adhered zinc sulphate.

CONCLUSION

It was observed that upto 98 per cent of cadmium present in the solution could be
cemented by terminating cementation process at 2.0-2.5 pH. Total cadmium in the
zine sulphate solution after removal of cadmium and in two water washings accounted
for less than 2 per cent. The grade of sponge under such condition was 75-80 per
cent Cd and 5~10 per cent zinc.

Incidently the distribution of two major impurities accompanying cadmium
residue viz. Cobalt and antimony was also studies. While most of the cobalt
(80-90 per cent) remained in the decanted Zinc sulphate solution and water washings;
most of the antimony (60-70 per cent of the original leached solution) reported with
the cadmium sponge.

The results obtained on gm scale were first confirmed on Kg scale and then
in a semi commercial pilot plant. Finally the process was demonstrated in the
regular cadmium production plant producing 11.0 MT of cadmium metal per month.
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