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Coupling leaching of sphalerite concentrate
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Abstract: Coupling process of sphalerite concentrate leaching in H,SO4;HNQO; and tetrachloroethylene extracting of sulfur was in-

vestigated. Effects of leaching temperature, leaching time, mass ratio of liquid to solid and tetrachloroethylene addition on zinc

leaching processes were examined separately. SEM images of sphalerite concentrate and residues were performed by using JEM-

6700F field emission scanning electron microscope. The relationship between the number of recycling and extraction ratio of zinc
was studied. The results indicate that 99. 6% zinc is obtained after leaching for 3 h at 85 ‘C and pressure of 0. 1 MPa O,, with 20
g sphalerite concentrate in 200 mL leaching solution containing 2. 0 mol/ L. HSO4 and 0. 2 mol/ L HNO3, in the presence of 10 mL

CyCly. The leaching time of zinc is 50% shorter than that in the common leaching. The coupling effect is distinct. The recycled

CyCl exerts little influence on extraction ratio of zinc.
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1 INTRODUCTION

With diminishing mineral resources and more strin-
gent policy on environmental protection, pyrometallurgy
has in many respects been giving way to hydrometallur-
gical processes especially for low-grade and complicated
sulfide ores. In hydrometallurgy, sulfur in the ore is con
verted to elemental sulfur, which remains in the solid
residue, rather than sulfur dioxide in the gaseous effluent
to pollute the atmosphere. However, the sulfur formed
during leaching usually covers the ore particles, thus pre-
venting effective contacting of the ore particles with the
leaching solution, and reducing the leaching rate of the
metal being extracted! "', To enhance the leaching ratio,
increasing the intensity of stirring, controlling the temper-
ature of leaching or adding catalytic agents has been re-
sorted * ! | but the results are by no means ideal. In this
paper, the leaching of sphalerite concentrate in HySOs
HNO; is coupled to the extraction of the sulfur layer on

the ore particles by the addition of tetrachloroethylene.
2 EXPERIMENTAL

2.1 Experimental materials

The sphalerite concentrate having the chemical com-
position shown in Table 1 was first dried and then ground
in a ball mill to less than 74 Pm. Sulphuric acid, nitric

acid and tetrachloroethylene were all analytical grade.

Table 1 Composition of sphalerite concentrate
( mass fraction, %)

Zn Fe Pb Cu Mg S Si0,  ALO;
50 7 3 0.8 0.35 31 2.65 0.62
Cd Ca As Ni Mn Co Ag Au

0.45 0.02 2.05 0.01 0.14 <0.001 500" 2.12°

* —gft

2.2 Principle of coupling leaching

The coupling of the leaching of sphalerite concentrate
and the extractive separation of the sulfur formed enables
the simultaneous completion of these two processes in the
same equipment. This operation was difficult to be real-
ized in traditional technology.

The reactions involved in coupling leaching processes

can be described by the following stoichimetric relation-

ships as
3ZnS+ 3H,S04+ 2HNO3=
37nS04+ 2NO 1 + 38°+ 4H,0 (1
2NO+ O,= 2NO, (2)
3NO2+ H>0= 2HNOs3+ NO (3)

The overall reactions can be given as

HNO;
2nS+ Or+ 2H,S0, —

27nS04+ 28%+ 2H,0 (4)
T+ CoCli= T8+ CoCly (5
0 Stripr extraction by |
S 'CQC]A(O) D+ C2C]4 (6)

changing temperature
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According to reactions (1) to (4), the NO formed
in the reaction (1) is oxidized into NO, by 02, and HNO3
formed in reaction (3) returns to the leaching solution,
thus maintaining the concentration of HNO3 constant, that
is, HNOsz is used as a catalyst. The elemental sulfur
formed in reaction (1) is extracted by tetrachloroethylene
in time as shown in reaction (5), thus reducing the resis-
tance of sulfur layer on the ore particles to leaching pro-
cess. Tetrachloroethylene is chosen as the organic solvent
for sulfur because of its high solubility for sulfur and its
stability in the leaching pulp thus facilitating recycling as
shown in reaction (6). The operational schematics of the

coupled process is shown in Fig. 1.

Extractive Leaching Sphalerite
reagent reagents  concentrate
Coupling leaching|
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Fig. 1 Operational schematics of coupling process

2.3 Leaching procedure

The leaching procedure was followed throughout the
study. All experiments were carried out in a 500 mlL tita-
nium lining autoclave, which was equipped with control of
temperature, agitation frequency and gas injection. The
reactor was charged with 200 mL leaching solution con-
taining 2. 0 mol/ L. H2SO4 and 0. 2 mol/ L. HNO3, and in-
troduced sphalerite concentrate varying from 10 g to 200 g
and CoCly varying from zero to 30 mL, then heated to the
desired temperature varying from 45 C to 85 C. Then
seal the autoclave, open the stirrer and temperature- con
trolling equipment. The oxygen was admitted into the au-
toclave by means of a specially designed injection unit
when the pulp was heated to the desired temperature. The
oxygen pressure was controlled about 0. 1 MPa through a
gas flow meter. Take a sample to analyze once every half
an hour. The zinc contents in the raw material, leaching
liquor and residue were analyzed by EDTA titration
method.

3 RESULTS AND DISCUSSION

3.1 Effect of leaching temperature on zinc extraction

Leaching experiments were carried out with 20 g
sphalerite concentrate in 200 mL solution containing 2. 0
mol/ L. H,SO4 and 0. 2 mol/ L HNO3 at 0. 1 MPa O, and
temperature varying from 45 C to 85 C for 2 h. The re-
lationship between the leaching temperature and extraction
ratio of zinc is shown in Fig. 2. The extraction ratio of
zinc increased proportionally with the increase in the
leaching temperature. The results indicate that the en-
hancement of leaching temperature accelerates not only the
rate of leaching solution diffusing to the surface of ore par-

ticles, but also the leaching reaction.
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Fig. 2 Effect of leaching temperature on
zinc extraction

3.2 Effect of mass ratio of liquid to solid on zinc ex-
traction
These series of experiments were carried out in the
solution containing 2.0 mol/ L. H>SO4 and 0.2 mol/ L
HNOs at 85 C and 0. 1 MPa O,, leach- ing time 2 h.
The relationship between the mass ratio of liquid to solid
and extraction ratio of zine is

shown in Fig.3. It indicates that the mass ratio of
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Fig. 3 Effect of mass ratio of liquid to solid on
zinc extraction



Vol.14 Ne 6

Coupling leaching of sphalerite concentrate

* 1229 -

liquid to solid exerts obvious influence on zinc extraction.
When the mass ratio of liquid to solid is too small, the
material has poor mobility, the viscosity of leaching solu-
tion increased, the motion rate of molecular goes down,
which affects the rate of leaching reaction. When the mass
ratio of liquid to solid is too large, the rate of zinc extrac
tion increases a little. But the system loading increases
evidently, the energy consumption goes up, the produc
tivity comes down. So it is important to choose an appro-
priate ratio of liquid to solid. In this experiments, the

mass ratio of liquid to solid is 10: 1.

3.3 Effect of leaching time on zinc extraction

These experiments were carried out in the solution
containing 2. 0 mol/ L. H»S04 and 0. 2 mol/ L. HNO3 at 85
‘C and 0. 1 MPa O, the mass ratio of liquid to solid be-
ing 100 1. Fig. 4 shows the relationship between the
leaching time and extraction ratio of zinc. The extraction
ratio of zinc increases as the increasing leaching time. Af-
ter the sphalerite concentrate was leached 2 h, the leach-
ing rate of zinc increases slowly. It increases from 86. 1%
to 99. 2% as the leaching time increases from 2 h to 6 h.
The elemental sulfur layer formed on the surface of ore
particles became thicker and thicker as the leaching pro-
cess ran. Thus the resistance of the leaching solution dif-
fusing to the surface of ore particles increases, leading to
the result that the rate of leaching in later stage is much

slower than that in earlier stage.

>

Fig. 4 Effect of leaching time on zinc extraction

3.4 Effect of tetrachloroethylene on zinc extraction
These experiments were carried out with 20 g spha-

lerite concentrate in 200 mL leaching solution containing
2. 0 mol/ L H»S04 and 0. 2 mol/L. HNO3 at 85 C, 0.1
MPa O,, in the presence of zero to 30 ml. CyCly, leach-
ing time being 1 h. Fig. 5 shows the relationship between

the adding volume of C,Cly and extraction ratio of zinc.

The zinc extraction increases as the adding volume of
CoCly increases. It indicates that CoCly extracts and sepa
rates the elemental sulfur layer covering the ore particles
and the new surface of ore particles is then exposed,
which increases the contact chance of the ore particle sur-
face and leaching solution, thus accelerating the leaching
reaction. The leaching rate of zinc is enhanced evidently.
When the adding volume of C>Cly in 200 mL leaching so-
lution was more than 10 mL, the zinc extraction increases
slowly. It increases from 88. 1% to 89.9% as the adding
volume of CoCly increases from 10 to 20 mL. While the
adding volume of C,Clsy in 200 mL leaching solution was
more than 20 mL, the extraction ratio of zinc began to re-
duce because the viscosity of CoCly is large, which in-
creases the resistance of the leaching solution diffusing to
the surface of ore particles and reduces the leaching reac-

tion.

Fig. 5 Effect of C,Cls addition volume on

zinc extraction

3.5 Coupling leaching of sphalerite concentrate
Coupling leaching experiments were investigated at
85 C, 0.1 MPa O,, in 200 mL solution of 2. 0 mol/L
H»S04 and 0. 2 mol/ L. HNO3, in the presence of 10 mL
C2Cly, the ratio of liquid and solid being 102 1. Fig. 6
shows the comparison of effect on sphalerite concentrate
leaching with or without CoCls. From Fig. 6, the extrac
tion ratio of zinc increases evidently after adding 10 mL
CoCly. The leaching ratio of zinc amounted to 88. 2% af-
ter leaching 1 h. However, under the same condition
when without C,Cls, the extraction ratio of zinc is only
70. 1% . After leaching 3 h under the coupling condi-
tions, the extraction ratio of zinc reaches 99. 6% . But
the leaching rate of zinc is 99. 2% after leaching 6 h un-
der the common leaching conditions. As a result, the
coupling leaching time of zinc is 50% shorter than that of

the common leaching. The coupling effect is distinct.
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When the leaching of sphalerite concentrate and the ex-
tracting of elemental sulfur were coupled, the new surface
of ore particles exposed which increased the contact
chance of the sphalerite surface and leaching solution,
thus reducing the resistance of the leaching solution dif-
fusing to the surface of ore particles, and accelerating the
leaching reaction. The leaching rate of zinc is enhanced

evidently, and the leaching time is reduced enormously.
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Fig. 6 Leaching effect of C2Cls on sphalerite
concentrate with and without CoCly

3.6 Morphology of sphalerite concentrate surface
In order to analyze the effect of CoCly during the
leaching of sphalerite concentrate, the SEM images of
sphalerite concentrate and residues were performed by us-
ing JEM-6700F field emission scanning electron micro
scope. The results shown in Fig. 7 indicates that a sulfur
layer is formed on sphalerite concentrate particles during
the leaching without CyCls( shown in Fig. 7(b)) and the
sulfur layer is dissolved and removed from ore particles
surface obviously by adding C,Cls( shown in Fig. 7(c)).
The disappearance of the sulfur layer reduces the leaching

resistance and accelerates the leaching rate notably.

3.7 Recycling and loss of C,(Cly

The organic phase containing sulfur was obtained by
separating the organic and aqueous phase from the leach-
ing solution in the hot. High quality sulfur and the recy-
cled C,Cly were recovered by cooling the organic phase.
The recovery rate of sulfur was 86. 4% . Table 2 shows
the relationship between the number of recycling and ex-
traction ratio of zinc. The results indicates that the recy-
cled CyCly exerts little influence on extraction ratio of

Table 2 Effect of recvcled CoCly on zine extraction
Number of cycle 0 1 2 3 4 5

Extraction ratio g5 3 99 o 991 98.7 99.0 98.2

of zine/ %

Fig.7 SEM images of sphalerite

concentrate surface

(a) —Before leaching; (b) —Residue leached without C>Cly;
(¢) —Residue leached with C,Cly

zinc.

During the leaching reaction, C,Cls adhered to the
surface of ore particles while it extracted and separated
the sulfur layer on the ore particles. Stirring the leaching
solution might separate the greater part of C,Cly from ore
particles, but there was still a little C,Cly on the surface
of ore particles which resulted in the loss of 15% C,Cls.
The loss percentage of C,Cly has been reduced to 5% by

adding a small amount of surfactant sodium ligno-
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sulphonate which reduced surface tension of leaching solu-
tion and altered the hydrophilicity of ore particles, result-
ing in welldispersion of ore particles in the leaching solu-

tion.
4 CONCLUSIONS

1) The leaching rate of zinc was considerably en-
hanced while coupling the leaching of sphalerite concen-
trate in HoSO4~HNOs to the extracting of elemental sulfur
formed during extraction, result- ing in a leaching fraction
of zinc as high as 88.2% in 1 h, as compared to 18. 1%
for conventional leaching.

2) The appropriate conditions for leaching are as fol-
lows: concentration of H,SO4 2. 0 mol/ L., concentration of
HNO3 0. 2 mol/ L, ratio of leaching solution to sphalerite
concentrate 10: 1, temperature of leaching 85 C, process
pressure of oxygen 0. 1 MPa, ratio of organic solvent to
leaching solution 1: 20.

3) It is convenient to operate the coupled leaching

technology and sampling during reaction is easy.
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