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ABSTRACT

The Gol Zard lead and zinc mine is located in Aligudarz City, Lorestan province, and its ore contains
sphalerite and galena minerals with grades of about 28.2 and 5.4 percent. The direct leaching method with
ferric ion and sulfuric acid was used for sphalerite leaching due to its cheapness and simple implementation,
and the effects of operating parameters such as temperature, time, iron sulfate concentration, stirring speed,
and sulfuric acid concentration were investigated. The results showed that temperature, ferric ion
concentration, and time parameters had the most significant effect, respectively, and sulfuric acid
concentration and stirring speed had the least impact on zinc leaching recovery. Finally, under the optimal
conditions of stirring speed of 400 rpm, sulfuric acid concentration of 1.5 molar, time of 120 minutes, iron
sulfate concentration of 1 molar, and temperature of 75 degrees Celsius, zinc leaching recovery was about 86
percent. The possibilities of sulfur layer formation, iron hydroxide precipitation, and (Fe.Zn) [SO]
_4.XH_20 precipitation on the sphalerite surface could be the reason for the lack of 14% zinc dissolution in
the zinc hydrometallurgy process.
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1- INTRODUCTION

Zinc metal is the third most widely used non-ferrous metal in the world. This metal is used in the
steel, casting, rubber, and brass alloy industries (zinc and copper compounds), and its consumption
is increasing daily [1]. Sphalerite, Smithsonite, hemimorphite, hydrozincite, zincite, and willemite
are essential zinc minerals [2]. Sphalerite is an important source of zinc that is usually found
together with other metal sulfides, such as chalcopyrite, galena, and pyrite [3]. Recently, zinc has
been produced from sphalerite by flotation, roasting, leaching, and electrowinning. Roasting
(sulfide minerals) increases the cost of zinc extraction, and the production of sulfur dioxide gas also
creates environmental problems [4,5].

Hydrometallurgical methods such as bioleaching, pressure leaching, and leaching with ferric ions
and sulfuric acid can be a suitable alternative to flotation, roasting, and leaching methods to prevent
pollution caused by the production of sulfur dioxide gas in the roasting stage [6].

Given the reduction of zinc oxide reserves and the need to exploit sulfide reserves of this metal,
further studies have focused on suitable methods for recovering and extracting zinc by direct
leaching. One of the methods that has been successful in this field is the leaching of zinc sulfide
concentrate in sulfuric acid under a pressure (oxygen) of 700 kPa and a temperature of 150°C
according to reaction (1). This method was first used industrially by the Sherritt Gordon
Company[7].

ZnS + 2H' + 0.50, » Zn?** + S+ H,0 1

Research has shown that sulfide mineral concentrates such as sphalerite can be leached through
methods such as ferric ion and sulfuric acid leaching, hydrogen peroxide and sulfuric acid leaching,
roasting and sulfuric acid leaching, nitric acid direct leaching, and oxygen and sulfuric acid
pressurized leaching. In ferric ion and sulfuric acid leaching, lead is precipitated as lead sulfate and
zinc metal is dissolved in sulfuric acid and other metals. Ferric iron ions are reduced by electron
capture and cause the oxidation of zinc sulfide [8]. Leaching by ferric ions is an oxidation and
reduction reaction, and the overall response is obtained from the sum of the oxidation and reduction
of half-reactions according to reactions (2 to 4). Its low cost and feasibility have made this method
of great interest to researchers [9].

- Zn?t + S+ 2e 2
Fe3* + 2e — 2Fe?* 3
ZnS + 2Fe3t = Zn?* 4+ S + 2Fe?* 4

Peng et al. (2005) researched the pressure leaching of sphalerite concentrate by nitric and
sulfuric acid solutions. Finally, under the conditions of temperature (85 °C), time (3 h), sulfuric acid
concentration (2 mol/L) and nitric acid concentration (0.2 mol/L), pulp density percentage (10%),
and oxygen pressure of 0.1 MPa, the zinc leaching recovery percentage was 99.6% [10]. Souza et
al. (2007) researched the leaching kinetics of zinc sulfide concentrate by ferric sulfate in an acidic
environment. They found that the dissolution rate decreased with a gradual increase in the thickness
of the elemental sulfur layer on the solid surface [6]. Santos et al. (2009) researched the leaching of
sphalerite concentrate by ferric sulfate and sulfuric acid solution. They found that with a solid-to-
liquid ratio (5%), approximately 95% of zinc was leached in 2 hours by sulfuric acid and ferric
sulfate solution (0.5 M) at 80°C [11]. Aydogan (2006) conducted research on the dissolution rate of
sphalerite by hydrogen peroxide and sulfuric acid solution and concluded that increasing the
concentration of sulfuric acid and hydrogen peroxide has a positive effect on the dissolution rate of
sphalerite, but stirring has no impact on the dissolution rate of zinc. In general, the dissolution
reaction of sphalerite with the help of hydrogen peroxide and sulfuric acid is a reaction (5) [12].

+4H,0, + H* — 2Zn?* 4+ S0%~ + H., S + 40,0 5
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The sulfide ore of the Gol Zard mine in Aligudarz contains sphalerite and galena as the main
minerals, chalcopyrite as the secondary minerals, and pyrite, quartz, and calcite as gangue minerals.
This ore's sphalerite and galena grades are about 28.2 and 5.4 percent, respectively. Research has
shown that sphalerite leaching can be performed using sulfuric acid and different oxidants, and the
most critical parameters affecting the recovery of zinc leaching from sulfide ore can be temperature,
reaction time, oxidant concentration, oxidant type, solid-to-liquid ratio, ore type, and the presence
or absence of oxidant. Most of the research has been on zinc sulfide concentrates, and little has been
done on primary ore. Therefore, investigating the parameters affecting the direct leaching of
sphalerite by ferric ions and sulfuric acid on sulfide ore of the Yellow Lead and Zinc Mine is
considered one of the innovations of this research for the first time.

2- SAMPLE IDENTIFICATION
2-1- Sample Preparation and Sieve Analysis

The Gol Zard lead and zinc mine is located in Aligudarz City, Lorestan province, and the
average lead and zinc grades in this sulfide ore are 4.68 and 15.88%, respectively. About 200 kg of
primary samples were sampled from the Gol Zard mine for testing. After the initial crushing of the
samples using jaw and cone crushers, the entire sample was homogenized and then divided into
one-kilogram samples using a riffle divider through successive divisions. 5 packages of the split
samples were randomly selected and ground using a ball mill until the entire sample passed through
a 125-micron sieve. After homogenization and sample division of the crushed sample, a sample was
selected for sieve analysis and passed through 106, 90, 75, 60, 54, 45, and 38-micron sieves
available in the laboratory. The sieve analysis results show that the d80 of the sample after grinding
by a mill is about 94 microns.

2-2- XRD Analysis

XRD studies of the sulfide sample of the Gol Zard mine show that sphalerite and galena are the
main minerals, and chalcopyrite is a minor valuable mineral in the sample in question. Pyrite,
quartz, calcite, chlorite, and illite are the main minerals in the tailings of this ore.

2-3- XRF analysis

The XRF analysis results show that silica, zinc sulfide, lead sulfide, and iron oxides constitute
the highest weight percentage of this ore, respectively.

2-4- Microscopic studies:

A study of polished sections of the representative sample was previously conducted by Khodayi
(2019), and its results (distribution and inclusion) are shown in Figure (1). The results of the degree
of freedom study showed that in the dimensional range of -75+105 microns, 98 percent of the
sphalerite mineral is released, and this mineral has a suitable degree of freedom in dimensions of
about 80 microns. This study also showed that 97 percent of the galena mineral is released in the
dimensional range of -149+297 microns [13].
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Figure (1): shows the distribution and inclusion of free sphalerite (Sp), galena (Gn), and chalcopyrite (Cpy)
grains at a magnification of 1000, along with several gangue grains with low reflectance in different
fractions, marked in gray. (The field of view is 500 microns in diameter) [13].

3- MATERIALS AND METHODES

A 100 ml Erlenmeyer flask and a magnetic stirrer with adjustable temperature and speed were
used to perform the leaching experiments. In these experiments, sulfuric acid, with a purity of 98%,
was used to adjust the pH, and iron(l11) sulfate manufactured by Merck, Germany, was also used as
an oxidizer. Sphalerite leaching experiments were performed using the scenario method (univariate)
on 10 g samples with a dimensional specification of d80 94 microns (via sieve analysis) using a
sulfuric acid and ferric ion system directly. A vacuum filtration system was used for pulp filtration.
An atomic absorption spectrometer (model 240FS AA) was used to analyze the zinc element in the
leaching solution and tailings samples.

4- RESULS AND ANALYSIS OF EXPERIMENTS

The scenario method (univariate) has been used to optimize the parameters of direct sphalerite
leaching, and parameters such as stirring speed, time, sulfuric acid concentration, oxidant
concentration (ferric ion), and temperature were investigated as effective parameters in the leaching
operation. In this method, different experiments are carried out under constant conditions of other
parameters to optimize each parameter, and each parameter is optimized based on the percentage of
zinc leaching recovery.

4-1- Determination of the optimal stirring speed

To optimize the stirring speed parameter, experiments were conducted with different speeds of
300, 400, 500, 600, and 700 rpm under constant conditions of other parameters such as sulfuric acid
concentration of 0.5 M, iron sulfate concentration of 0.5 M, temperature of 40 ° C, pulp density
percentage of 10% and time of 90 minutes. The results show that increasing the stirring speed from
300 to 400 rpm increases the recovery rate by about 2%. By increasing the speed above 400 rpm, no
significant changes are observed in the increase in zinc leaching recovery. For this reason, the
optimal stirring speed of 400 rpm was considered for subsequent experiments. Since the sphalerite
dissolution rate did not change much with increasing the stirring speed, this process is independent
penetration at a low pulp density percentage.
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4-2- Optimization of leaching time

To optimize the leaching time, 5 different experiments were conducted at times of 60, 90, 120,
180, and 210 minutes under constant conditions of other parameters such as sulfuric acid
concentration (0.5 M), iron sulfate concentration (0.5 M), temperature (50 °C), stirring speed (400
rpm) and pulp density percentage (10%). With increasing time from 60 to 120 minutes, the
percentage of zinc leaching recovery from sphalerite rises from 52.3% to 65.1%. From 120 minutes
to 210 minutes, the percentage of zinc leaching recovery decreases from 65.1% to 62.7%. Since the
highest percentage of leaching recovery was obtained in 120 minutes, the optimal time for
conducting subsequent experiments was considered 120 minutes. After 120 minutes of zinc
leaching, due to the increase in the concentration of zinc ions and iron ions in the leaching solution,
the probability of formation and precipitation of the compound (Fe.Zn)S0,.XH,O on sphalerite
increases, which could be one of the factors reducing the leaching recovery percentage with
increasing time [5].

4-3- Optimization of Sulfuric Acid Concentration

To optimize the sulfuric acid concentration, 5 different experiments were conducted with
concentrations of 0.5, 1, 1.5, 2, and 2.5 M under constant conditions of other parameters such as
iron sulfate concentration (0.5 M), temperature (50 °C), stirring speed (400 rpm), time (120 min)
and pulp density percentage (10%) and the results are presented in the form of graph (5). The results
show that increasing sulfuric acid concentration from 0.5 to 1.5 M increases the recovery
percentage from 65.1% to 73.2%. Since the highest zinc leaching recovery was obtained at a
concentration of 1.5 M. This concentration was used as the optimal concentration for subsequent
experiments. At high sulfuric acid concentrations, a decrease in the rate and percentage of zinc
leaching recovery is observed due to the formation of a passive sulfur layer on the sphalerite surface
[2, 13].

4-4- Optimization of Ferrous Sulfate Concentration

To optimize the concentration of ferrous sulfate, experiments were conducted with
concentrations of 0.25, 0.5, 1, 1.5, and 2 molars of trivalent ferrous sulfate as a sphalerite oxidizing
agent under constant conditions of other parameters such as sulfuric acid concentration (1.5
molars), temperature (50 °C), stirring speed (400 rpm), time (120 minutes), and pulp density
percentage (10%). The results of the experiments show that increasing the concentration of ferrous
sulfate from 0.25 to 1 molar lead to an increase in the percentage of zinc leaching recovery from
57.7 percent to 75.5 percent, and increasing the concentration of ferrous sulfate from 1 to 2 molar
leads to a decrease in the percentage of zinc leaching recovery from 75.5 percent to 63.4 percent.
For this reason, a concentration of 1 molar was determined as the optimal concentration of ferrous
sulfate. The concentration of iron sulfate in zinc leaching is critical as an oxidizer. With increasing
iron sulfate concentration, the percentage of zinc leaching recovery and the amount of elemental
sulfur in the leaching waste increase, and this elemental sulfur precipitates on sphalerite, and its
thickness is constantly increased so that the greater the thickness of this passive sulfur layer on
sphalerite, the more the phenomenon of penetration, oxidation, and dissolution of sphalerite by
ferric ions decreases. In other words, the percentage of leaching recovery decreases with the
formation of a sulfur layer on sphalerite.
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4-5- Temperature optimization

To optimize the leaching temperature, 5 different experiments were conducted with temperatures
of 30, 45, 60, 75, and 90 °C under constant conditions of other parameters such as ferrous sulfate
concentration (1.5 M), ferrous sulfate concentration (1 M), stirring speed (400 rpm), time (120 min)
and pulp density percentage (10%). The results of the graph show that with increasing temperature
from 30 to 75 °C, the percentage of zinc leaching recovery rises from 64.44% to 86.23%, and
increasing temperature from 75 to 90 °C leads to a decrease in recovery from 86.23% to 77.41%.
With increasing temperature, the hydrolysis of ferric ions is faster, and the precipitation of iron
hydroxide on sphalerite can be one of the reasons for the decrease in the percentage of zinc leaching
recovery. Also, according to reaction (4), the amount of elemental sulfur in the leaching waste also
increases. The increase in the amount and coverage of elemental sulfur at high temperatures on
sphalerite can be another reason for the decrease in the percentage of zinc leaching recovery.

5- CONCLUSION

The sulfide ore of the lead and zinc mine of the Yellow Gold Mine consists of galena and
sphalerite minerals, and the grades of these two minerals in the ore are 5.4 and 28.2, respectively.
The results of XRD analysis showed that this ore consists of sphalerite and galena minerals, pyrite
and quartz, calcite, chlorite, and illite, and XRF studies showed that silica oxide, zinc sulfide, lead
sulfide, and iron oxides constitute the highest weight-percentage of this ore, respectively. In order to
achieve the best conditions and the highest amount of zinc leaching recovery through the direct
leaching process of the sulfide ore of the Yellow Gold Mine using a sulfuric acid and ferric ion
system, parameters such as stirring period, time, temperature, iron sulfate concentration, and
sulfuric acid concentration were optimized using the scenario method. The results showed that
temperature, ferrous sulfate concentration, and time had the most significant effect, and stirring
speed had the least effect on zinc leaching. Finally, under the optimal conditions of stirring speed of
400 rpm, sulfuric acid concentration of 1.5 molar, time of 120 minutes, ferrous sulfate concentration
of 1 molar, and temperature of 75 degrees Celsius, zinc leaching recovery was about 86.23%.
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