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Abstract: The treat ment of cadmium dust with a tworstage leaching process was investigated to replace the existing sul-

phation roast-leaching processes . The process parameters in the first stage leaching were basically similar to the neutral

leaching in zinc hydrometallurgy . The effects of process parameters in the second stage leaching on the extraction of zinc

and cadmium were mainly studied. The experimental results indicated that zinc and cad mium could be efficiently recovered

from the cadmium dust by two stage leaching process . The extraction percentages of zinc and cadmium in t wo stage leach-

ing reached 95 % and 88 % respectively under the optimum conditions. The total extraction percentage of Zn and Cd

reached 94 % .
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1 INTRODUCTION

Cadmium dust is produced from the secondary
roasting of roast dust of zinc sulphide concentrate in
Huludao Zinc Plant . According to the result of X ray
diffraction analysis , cadmium dust typically contains
zinc oxide , zinc ferrite and sulphides of zinc, cadmi-
um and lead. The existing technological process treat-
ing cadmium dust includes sulphation roasting and
water leaching . Thermodynamic analysis of the sul-
phation roast and che mical composition of the flue gas
from the roasting indicate that following reactions oc-
cur in the sulphation roast process of cadmium dust:

MeS + H,SO, = MeSO, + H,S 1 (1)
MeS +2H,SO, = MeSO, +0.5S, 1 +SO, 1 +
2H,01 (2)
Me O+ H,SO, = MeSO, + H,O 1 (3)
2H,S0,=2S0,t +0,1 +2H,01t (4)

It can be seen from reactions (1) ~ (4) that the
flue gas from the sulphation roast mainly consists of
hydrogen sulphide, sulphur, sulphur oxide and
steam. The flue gas, therefore, results in environ
ment pollution, bad operation condition and corrosion
of equip ments for dust syste m .

The purpose of the present study is to treat the
cadmium dust with two-stage leaching in place of the
existing sulphation roasting- water leaching process .
The main che mical reaction in the first stage leaching
is the dissolution of zinc oxide in the cadmium dust by
sulphuric acid :

ZnO+ H,SO,=ZnSO, + H,O (5)

According to the principle of hot acid leaching in
zinc hydrometallurgy[1 ~4] , the dissolution of zinc fer
rite in the cadmium dust occurs during the second
stage leaching :

ZnO° Fe,0; +4H,S0, = Fe,(S0O4)3 + ZnS O, +

4H,0 (6)
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Sulphides of zinc, cadmium and lead in the cad-
mium dust will be oxidated by ferric sulphate pro-
duced in the dissolution of zinc ferritel>¢1:

MeS + Fe,(SO,); = MeSO, +2FeSO, +S°  (7)
where Me represents Zn, Cd and Pb. Since iron in
the cadmium dust may be not enough for the oxida-
tion of MeS in Reaction (7) , the addition of man-
ganese oxide as an oxidant is required in the second
stage leaching . The oxidation process of MeS with
MnO, is slow but can be accelerated by the catalysis

of FeSO,l7 7! produced in Reaction (7) .

MnO, +2FeSO, +2H,SO, = MnSO, +2H, 0 +

Fe,(S04) 3 (8)

The two stage leaching process has a considerable
advantage over the existing sulphation roasting- water
leaching process because it eliminates environment
pollution , bad operation condition and equip ment cor-
rosion . The most satisfactory feature of the two stage
leaching process is the behaviour of iron in the second
stage leaching . Firstly, the dissolution of zinc ferrite
makes zinc and iron be leached simultaneously . Sec
ondly, Fe’ " from the dissolution of zinc ferrite can
oxidize MeS to Me?" and S° , and Fe3 "
Fe?* jon. Finally , Fe?™ ion can be used as catalyzer
of the oxidation of MeS by MnO, .

The first stage leaching in which the main reac
tion is the dissolution of zinc oxide is analogous to the

itself becomes

neutral leaching in zinc hydrometallurgy . E mphases
in this study were put on the second stage leaching .

2 EXPERI MENTAL

The cadmium dust used in this study was provid
ed by Huludao Zinc Plant. The che mical composition
of the cadmium dust is listed in Table 1 . The cad mi-
um dust size is smaller than 0.074 mm being up to
90 % . Reagent-grade sulphuric acid was used in all
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experiments . MnO, used in the second stage leaching
was added in the form of anode mud from zinc elec
trolysis process. The main composition of the anode
mud is listed in Table 2.

Table 1 Che mical composition of
cadmium dust ( %)
Zn Cd Pb Fe S
33 .14 4 .51 22 .57 4 .55 7 .89

Table 2  Che mical composition of

anode mud ( %)
Zn Pb Mn
0.58 7.63 41 .97

The leaching tests using 100 g cadmium dust
each run were carried out in a 500 mL beaker, which
was held in the thermostatted water bath in order to
control te mperature of leach solution ( The precision
of controlling te mperature is 1 C). Agitation of
leach solution was provided by a paddle stirrer, and
the stirring velocity was fixed at 400 r* min~ ' At the
end of the experiment, leach slurry was filtered and
the filter cake was washed with hot water and then
dried at 110 C prior to che mical analysis .

3 RESULTS AND DISCUSSION

3.1 The first stage leaching

The purpose of the first stage leaching is to leach
zinc oxide in the cadmium dust. The process parame-
ters in the first stage leaching , with reference to neu-
tral leach in zinc hydrometallurgy , were selected as
follows :

Concentration of H,SO, 110g/ L
Operation te mperature 60 C
L/S 41
Retention time 1h

The experimental results showed that the extrac
tion percentage of zinc and cadmium reached 79 %
under the above test conditions . Also, the extraction
percentage of iron reached 65 % . This illustrated
some of zinc ferrite and sulphides in the cadmium dust
dissolved in the first stage leaching .

3.2 The second stage leaching

The leaching residue of the first stage was treat-
ed in the second stage leaching for dissolution of zinc
ferrite and sulphides in cadmium dust. It has been
de monstrated in zinc hydrometallurgy that the disso
lution of zinc ferrite must be conducted at more than
85 CI'%) Therefore , the leaching te mperature of the
second stage was controlled at 90 C as a fixed param-
eter. The effects of the other operation conditions,
including concentration of H,SO,, addition of oxidant

and retention time , on the leaching of zinc and cad-
mium were studied in the second stage leaching .
3.2.1 Effect of anode mud addition

The effect of anode mud addition was examined
over the range of anode mud amount 0 ~40 g. Fig.1
illustrates that the anode mud addition has a very im-
portant effect on the leaching of zinc and cadmium .
The extraction percentage of zinc and cadmium is
lower, only 6 .5 %, without addition of anode mud,
but increases with increasing anode mud amount .

25 55
R A Zn+Cd
3 20[ M Residue {50 §
+ 4
5 15 S g
3 g
_g 10 40 g
< ]
1 K]
IS‘ S 35

) . . 30
0 10 20 30 40
Amount of anode mud/g

Fig.1 Effects of anode mud amount on

leaching of zinc and cad mium
(,deSO4) =200g/L; 90 T, L/S=4.1;t=2h)

The extraction percentage of zinc and cadmium
reaches 13 .5 % when 10 g anode mud were added.
However, further increasing anode mud amount only
slightly increases the extraction percentage of zinc and
cadmium. On the other hand, it can be seen from
Fig .1 that the residue percentage of leaching decreas-
es as anode mud addition being less than 10 g but in-
creases as anode mud addition being more than 10 g.
The above results de monstrate that iron in cadmium
dust is not enough for oxidation of MeS in accordance
with Reaction (7) and MnO, in anode mud can oxi-
dize MeS in cadmium dust in the presence of Fe2* and
Fe*" . For 100 g cadmium dust, 10 g anode mud is e-
nough and further increasing anode mud amount can
only increase residue percentage of leaching .

3.2.2 Effects of H,SO, concentration

The concentration of sulphuric acid is one of the
important control parameters in dissolution of zinc
ferrite . Fig .2 shows that the extraction percentage of
zinc and cadmium increases with the increase of
H,S O, concentration in leach solution over range of 80
~200 g/ L, and do not increase beyond 200 g/ L. On
the other hand, the residue percentage of leaching de-
creases with the increase of H,S O, concentration .

The reason for the strong effect of H,SO, con-
centration on leaching of zinc and cadmium is that the
rate of zinc ferrite dissolution increases with the in-
crease of H,S O, concentration . It has been reported[4]
that the dissolution rate of zinc ferrite in sulphuric
acid solution can be written as follows .
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Fig.2 Effect of H,SO, concentration on

leaching of zinc and cadmium
(10 g anode mud; 90 C; L/S=4:1; t=2h)

For[ Fe* " 1<0.216 mol* L™ ':
v=3.8x10%exp( - 63.6/ RT)(ay )"’

For[ Fe>*1>0.216 mol* L™ !:

(ay)"?

[ FeS+ ]0.5

It is quite evident that the dissolution rate of zinc

v=1.16x10*exp( - 69.2/ RT)

ferrite depends on the value of hydrogen ion activity
in leach solution.
3.2.3 Effect of retention time

Fig .3 shows the leaching as a function of reten-
tion time . The extraction percentage of zinc and cad-
mium increases and the corresponding residue per
centage of leaching decreases as leaching proceeds .
The extraction percentage of zinc and cadmium in the
second leaching stage is 15 % as leaching for 3 h, after
which no evident change is observed. The results in-
dicate that Reactions (6) ~(8) are more rapid under
the conditions of high te mperature, high acidity and
the presence of oxidant .

It should be noted that the extraction percentage
of zinc and cadmium mentioned in results and discus-
sion means the extraction percentage of Zn+ Cd. Un-
der the optimum conditions , the total extraction per
centages of zinc and cadmium in two stage leaching
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Fig.3 Effect of retention time on leaching of

zinc and cadmium
(10 g anode mud; 90 T, L/S=41; /1 H,S0O,) =200¢/L)

reach 95 % and 88 % respectively if they are calculat-
ed respectively .

4 CONCLUSIONS

A two stage leaching process is proposed for
treat ment of cadmium dust. The first stage basically
similar to the neutral leaching in zinc hydrometallurgy
is followed by hot acid leaching with the addition of
anode mud as an oxidant for dissolution of zinc ferrite
and sulphides of cadmium dust .

Experimental results indicate that the two stage
leaching process is feasible . The extraction percent-
ages of Zn + Cd in the first stage and the second stage
reach 79 % and 15 % respectively and the total extrac
tion percentage of Zn + Cd is 94 % under the optimum
conditions. If the extraction percentages of zinc and
cadmium are calculated respectively , they reach 95 %
and 88 % respectively in two stage leaching . This re-
sult shows that the leaching of cadmium sulphide is
more difficult than that of zinc sulphide under the
conditions used in the present study .
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