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ABSTRACT

The acid leaching of sphalerite with sulphuric acid has been investigated. It was found
that the leaching efficiency of zinc increased with temperature and, acid concentration
and attains a maximum of 93.69 at 200 °C using dilute acid. This method avoids zine ferrite
and silicate formation provides accomplishment of the process in a single stage, and is eco-
nomie.

PE3IOME

B padore npoBomi0ch HCCACAOBAHIE KHUCIOTHOIT 00padoTKI chasiepura ¢ NOMOILBLIO
cepHoil KHCAOTHL, Bbi1o HaliieHo, uT0 CMOCOOHOCTH 1UIHKA K 1IeI0ueHII0 VBCJHYHBACTCS
C TMOBLIUIEHHEM TEMIEPATYPLI M KOHIECHTPAIMI KHCIOTL 1 JIOCTHIaeT MakclimMyMma npn
93.6% KonnenTpai i npu remneparype B 200°C. ITOT METO He BIANSICT Ha IWHHKOBBII
Qeppir 1 Ha 06pa30BaHIe CHIMKATOB, 4 0CYIICCTBCHIIC nponecca npocTo 1 HSKOHOMHYHO,

Introduction

Sphalerite is present in economic amounts in many localities of the
Eastern Desert of Egypt. Here, zinc depesits include polymetallic sulphide
deposits (zine and copper sulphides, and, to a lesser extent, lead and iron)
and lead-zinc mineralization (composed mainly of galena and sphalerite
with some pyrite). Oxidation and alteration products of the sulphides
include smithsonite, cerussite, hemimerphite, zine sulphate and limenitie
and hematitic ochres. Studies on extraction processes of zinc received
little attention (Amin 1955; Barakat — El-Shazly 1956; El-
Shazly 1957; El-Shazly — Afia 1958; Hume 1934; Said 1962).

Technological processing methods of sphalerite for extraction of zinc
from it includes the following stages: reasting of the concentrate, leaching
of the roasted mass with sulphuric acid and then electrolysis. The main
disadvantages of roasting of sphalerite concentrate are the formation of
zine ferrite, especially when the concentrate contains high amount of iron,
and also the formation of some silicates. The zinc ferrite is insoluble during
acid leaching and caunses considerable less of zine. As a result of silicate
formation. the obtained solutions contain considerable amcunt of silicic
acid, which greatly influences their settling and filteration. Also, these
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metheds include twe stages, roasting ¢ f the cre and acidic leaching, which is
uneconomic in industry (Forward — Veltman 1959; Plaksin
1963: Ralston 1941; Yaroslavtsev — Smirnov 1964).
The direct acid leacling of sphalerite cencentrate with sulphuric acid
is mere suitable. This process is carried cut in varicus ways under cxidi-
zing conditicns at atmcspheric pressire ¢r in auteclaves (Bjorling
1954: Ellis 1959: Forward 1933; Forward Veltman 1939;

Forward — Halpern 1956/57) Forward — Mackiw 1955
Plaksin 1963; Ralston 1941, Snurmikov et. al. 196%:
Tronev — Baudin 1939; Yaroslavtsev —Smirnov 1964).

The present werk represents a study of a single stage leaching of spha-
lerite concentrate with sulphuvric acid cf different cencentraticns in air
current at different temperatures.

Experimental wwork:

This research was carried out with sphalerite concentrate, having
mineralogical and chemical compesition as given in Tables I and II res-
pectively.

Table I.

Mineralogical composition of zinc concentrate

Mineral Content 9%
Sphalerite . ...iveiveiiiastiiiiiniinees 71.6
Galens: jswve s SR R R e 6.4
PYTITE oo sirsamsn stssars mint 0500 O R O 8.3
ChalCoPYLite:  ov s ssmsmmmmmmismmnseiemams o 2.2
Hematite: 5w vmvevmisesss oo @ s 2.4
Others (carbonates, silicates,) ........... 9.1

Table 1.

Chemical composition of zinc concentrate

Chemical component | Percentage, %

¥4 o el R T et ‘ 47.64
i 5.80
8.52
0.81
30.45
1.12
1.40
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From table . the sphalerite content in the concentrate is 71.69,, while
the other subordinate minerals are galena, pyrite, chalcopyrite, quartz
and some carbonates and other minerals. These mineral impurities are
genetically connected with the formation of sphalerite.

Techniques of work:

The initial sphalerite concentrate used is of grain size 989, — 200 mesh.
The weight of the cencentrate ranges from 5 —10 gm. The sphalerite was
mixed with sulphuric acid ef particular amcunt and concentration and
heated in electric furnace to a fixed temperature in dried air current.

The temperature was regulated automatically with accuracy +3 °C.
Leaching experiments were carried cut at different temperatuwb and
times. Dissolution of the sulphate mass with water was carried out in a
beaker with magnetic stirrer at room temperature. The solution was filte-
red under vacuum and the cbtained cake was washed with water. Filterate
and washed water were combined together and analysed for the total
zine content & then the leaching efficiency of zince was calculated.

Results and Discussion

A series of experiments were carried out to study the essential factors
acting upon leaching of sphalerite (amount and concentration of sulphuric
acid, tepperature and time) and to determine its optimum conditions of
acid leaching.

1 - Effccl of acid concentration:

Experiments were carried out at amount of sulphuric acid 1209, «f
theoretical amount for dissolution of concentrate and oxidation of hydroe-
gen sulphide, at temperatures 125°—200 °C, duration of one hour and at
different concentrations of acid.

As shown in Fig. 1, at 125° and 150 °C, leaching of sphalerite is rapidly
increased, as the acid concentration increases. Maximum leaching of sphale-
rite (91.5%) at 150 °C reaches only using concentrated acid, while at 125 °C
complete leaching of sphalerite does not take place.

At 200 °C, sharp increase of leaching is observed at low acid concen-
trations, then there is a gradual increase. In general, as the acid concen-
tration and temperature increase, dissolution of sphalerite increases.

The suitable acid concentration was selected, taking into considera
tion the possibility of using the return zine elcctml\ te soluticn is the leac 11-
ing process. This may be considered as 209, the nearest one to free
acid content in the return zine electrolyte and at which nearly complete
leaching of sphalerite (~93.69,) is reac ‘hed at 200 °C.
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Fig. 1. Relation between the leaching efficiency of sphalerite
and concentration of sulphurie acid at different temperatures.
L20& 3 at 125, 150 & 200 °C respectively.

2 — Effect of acid amonnt:

It is necessary to carry out leaching of sphalerite with some excess
of sulphurie acid, as lead sulphide reacts more rapidly than zine sulphide
(Forward — Veltman 1959). Experiments were carried out using
different amounts of sulphuric acid, ranging from 100 to 1509, of theo-
retical value and at different acid concentrations and temperatures.

From the obtained results (Fig. 2) it is observed that the conversion
of zine sulphide to zine sulphate is sharply increased, as the amount of
acid increased from 100 to 120%, then it is slightly increased especially at
higher temperature. The leaching efficiency of sphalerite is low at tempera-
tures 125 —150 °C, even at acid expense 1509, of theoretical amount.
This may be due to the low velocity of sulphatization at low temperature.
On the other hand, at 200 °C, high leaching efficiency of sphalerite was
obtained at acid amount 1209, which can be considered as suitable
amount for leaching. Thus, the extent of dissclution of sphalerite is di-
rectly proportional to the amount of sulphuric acid added.

3 — Effect of temperature and time:

To study the action of hoth temperature and time on leaching of
sphalerite. experiments were carried out a fixed amcunt of acid 1209, of
thecretical amcunt and its concentration 20.50%, of ccencentrated acid
and at different temperatures 125 — 300 °C, and time from 5 to 75 min.
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Fig. 2. Relation between leaching efficiency of sphalerite
& amount of sulphuric acid at different concentrations & temperatures.
1,3,6 — 509, sulphurie acid at 125,150 & 200 °C
2,5 — 209, sulphuric,ncid at 150 & 200 °C
4.7 — concentrated ncid at 125 & 200 °C

From the obtained results (Fig. 3). the following conclusicns have
been drawn:

a) Ingeneral, as the temperature increases, the dissclution of sphalerite
increases with time, except at 250 —300 °C, where it decreases after a
particular time of leaching.

b) At 125 °C it was found that the ccnversion cf sphalerite to zine
sulphate though rapid initially in the first half hcur, after that is slowly
increased. At this temperature, ccmplete leaching of sphalerite dces nct
take place even at long time.

¢) At 150 °C, sharp increase in dissolution of sphalerite with time was
observed, and the higher the acid concentration. the greager weuld be the
leaching efficiency. At this temperature, nearly complete leaching of sphale-
rite was reached using concentrated sulphuric acid. .

d) At 200 °C, leaching efficiency of sphalerite is thcugh very sharp
during the first half hour for all acid cencentrations, but after that it is
gradual. At this temperature, complete leaching of sphalerite (98.7%)
was reached during one hour using concentrated acid.

e) At 250—300 °C, high ccnversien of sphalerite to zine sulphate
was observed during the first twenty min. and ccmplete lcaching was re-
ached after 30 —20 min. respectively. At these temperatures, after rca-
ching maximum and after particular time, the leaching efficiency cf-
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Fig. 3. Relation between leaching efficiency of sphalerite
& time at different temperatures.
1.2 & 3- 209 sulphurie acid, at 125,150 & 200 °C
4.5 & 6509 sulphuric aeid, at 125,150 & 200 °C
7,8,9 & 10 —coneentrated acid at 150, 200, 250 and 300 °C respectively.

sphalerite decreases with time at different rates, depending upon the tem-
perature of leaching. The higher the temperature, the more decrease of
leaching efficiency of zine will be observed. This decrease may be due to
to not only the evaperation of water from reaction pulp, but also due to
the increase of volatilization ot sulphuric acid.

Conclusions

1 —The possibility of acid leaching of sphalerite with sulphuric acid
has been studied, from which it was found that as the acid concentraticn
and temperature increase, the leaching efficiency of sphalerite increases
with time. At high temperatures, after reaching complete dissolution and
after a particular time of leaching, it decreases at different rates, depen-
ding upon the temperature.

2— Sphalerite can be leached by dilute sulphuric acid solutions of
amount 120%, of theoretical value, at 200 °C' and time 1 hcur. At these
conditions, nearly complete leaching of sphalerite (93.6%) was reached.

3— The main advantages of the direct acid leaching of sphalerite
are the following:
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@ — Avoiding of zinc loss due to zine ferrite fermation during roasting
of sphalerite concentrate. Also, avoiding of the fermation of some silicates
and consequent difficulty of settling and filteration of the obtained sol:-
tions.

b— Accomplishment of the process in a single stage.

¢— High extraction of zine regardless of the iron content of the con-
centrate.

d — The process is simple and economic.
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