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NEW METHOD OF RICH OXIDIZED ZINC ORE SULFURIC ACID LEACHING 
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Shaimerden oxidized zinc ore containing more than 21% wt.% zinc is studied in this work.  When the 
first research on hydrometallurgical processing of this ore was conducted the authors of this research de-
termined the following parameters for ore leaching: the size of ore reduction, sulfuric acid concentration, 
temperature, and leaching duration.  These tests serve as a basis for zinc recovery from the given ore 
with a size of – 2.5 mm and a regime is recommended providing zinc recovery into solution at the level 
93.5%.  However, the production regime proposed for sulfuric-acid leaching of this zinc ore requires 
further development as this process is characterized by inadequate production, high energy consumption 
for heating leaching pulp, and considerable sulfuric acid consumption.  In order to avoid these disad-
vantages the authors develop a production regime of four-stage sulfuric-acid leaching of Shaimerden ore 
– 1.0 mm in size.  The regime developed in this article provides zinc recovery from ore into solution at 
the level 94.65% compared with the regime of sulfuric-acid leaching developed previously.  At the same 
time, consumption of sulfuric acid for leaching is reduced by 22%, the leaching period is six times 
shorter, and energy consumed for heating leaching pulp is lower by approximately a factor of three. 

Keywords: oxidized zinc ore, ore reduction, sulfuric acid, zinc hydrometallurgy, ore leaching, zinc sul-
fate.   

Currently quite a large number of rich oxidized zinc ore deposits are known in the world.  However, only 
a small part of these deposits is involved in hydrometallurgical treatment, which limits the raw material base for 
zinc production. 

Oxidized zinc ore deposits, which are currently under industrial treatment, are provided in Table 1.  For in-
dustrial processing of these ores Waelz treatment or sulfuric acid leaching are used.  More detailed information 
about industrial processing of these ores has been provided in [1–4]. 

In order to develop the raw material base for zinc the authors of the work have selected for a study object 
oxidized zinc ore of the Shaimerden deposit (Kostanai region, North Kazakhstan) containing calamine 
(Zn4[Si2O7 ](OH)2 ⋅H2O) and smithsonite (ZnCO3).  The starting materials used was that employed in exper-
imental research [23] aimed at studying the possibility of sulfuric acid leaching of zinc from ore of this Ka-
zakhstan deposit.  The object studied in [23] was a sample of ore from the Shaimerden deposit, containing, %: 
21.30 Zn, 0.55 Pb, 0.027 Cu, 3.9 Al, 2.75 Fe, 7.4 CaO, 30.0 SiO2.  This deposit has been worked by a quarry 
method since the middle of the 1990s.  Zinc reserves in this deposit are estimated at 1.26 million tons [4].   
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Table 1 
Oxidized Zinc Ores Involved in Industrial Processing 

Deposit Ore Zn content, wt.% Source 

Pante-Nossa (Italy) 47.70 [1] 

Iranian deposit 53.40 ± 3.40 [1] 

Scorpion Zinc (Namibia) 25.00 ± 15.00 [2] 

Belton (Australia) < 25.00 [3] 

Shaimerden (Kazakhstan) 24.00 ± 3.00 [4] 

Mei-Sot (Thailand) 24.20 ± 5.80 [3] 

Broken Hill (Rhodesia) < 24.00 [3] 

Achisai (Kazakhstan) 15.50 [1] 

Ore of this deposit is treated in a Waelz process of the Ridder Metallurgical Complex TOO Kaztsink (Rid-
der, west-Kazakhstan region) where the main raw material is sphalerite concentrate obtained from local ores.  
Waelz zinc oxide extracted in this process is subjected to sulfuric acid leaching within the scope of traditional 
technology.  However, as follows from results of exploratory studies direct use of this ore in the sulfuric acid 
leaching stage, including use of the expensive Waelz process, is more economically expedient. 

In [23] a sulfuric acid regime was selected for repulping leaching of ore with sulfuric acid solution of con-
centration 180–200 g/liter followed by washing the insoluble residue with hot water on a filter (an ore sam-
ple weighing 250 g was used in studies).  This regime provided zinc extraction from ore into solution at the level 
of 93.5%.  The treatment regime selected involves: use in this process of ore with a size of – 2.5 mm, a leaching 
temperature of 70–95°C for 4 h; specific sulfuric acid solution consumption for ore selective dissolution of 
0.72 g per 1 g of ore.  Therefore, sulfuric acid leaching of oxidized zinc ore containing not less than 20% zinc 
and represented by zinc minerals that are opened up by acid, provides thorough zinc extraction from ore into 
sulfate solution at the level of 93.5%.  In addition, complete extraction of zinc from sulfide ore into sphalerite 
concentrate and then from this concentrate into zinc sulfate solution in contemporary zinc technology hydromet-
allurgy comprises ≈ 75%. 

However, the production regime provided above for sulfuric acid leaching of oxidized zinc ore from this 
deposit requires development since is has inadequate productivity, high energy consumption for leaching pulp 
heating, and high sulfuric acid consumption. 

The authors in [25–27] also studied the possibility of sulfuric acid leaching of zinc from ore of this Kazakh-
stan deposit.  In particular, in [25] ore of different fractions (including – 1 mm) was subjected to sulfuric acid 
leaching for 60 min at 60°C.  However, this discontinuous and low-temperature leaching regime only made it 
possible to extract from ore onto sulfate solution less than 81% zinc. 

It may be suggested that stagewise leaching of ore is limited by the rate of sulfuric acid molecule diffusion 
into the depth of calamine particles through a layer of silica formed upon them considering its low solubility.  
Therefore, subsequently it was expedient to study the possibility of leaching the test ore in several stages with 
the aim of renewing the calamine reaction surface in each stage. 

In subsequent studies the authors attempted to develop a production regime of stepwise sulfuric acid leach-
ing of the test oxidized zinc ore free from the disadvantages indicated above.   
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Fig. 1. Diagram of four stage direct flow sulfuric acid leaching of sampled ore (under production conditions for leaching pulp filtra-
tion it is economically expedient to replace decantation separation of these pulps by solid and liquid phases in a counter leaching 
regime). 

The Shaimerden deposit was used during performance of experimental studies ore, refined in a ball mill to 
a size of ‒1 mm of the following composition, %: 21.07 Zn, 0.55 Pb, 0.012 Cu, 3.0 Al, 1.56 Fe, 18.6 CaO, 
20.7 SiO2. 

In order to shorten the leaching duration and reduce expenditure on leaching pulp heating, and sulfuric acid 
consumption in this process experiments were conducted using sulfuric acid solution of different concentrations.  
A study was also made of the effect of number of leaching stages on zinc extraction into solution.  Results of 
these studies made it possible to optimize the leaching stages for the test ore and stagewise concentration of sul-
furic acid solution. 

Four series of tests (three tests in each) using single-, two, three- and four stage sulfuric acid leaching 
(see Fig. 1) were performed in the work.  Experiments were conducted in chemical vessels with a volume 
of 0.5 dm3 . 

During the single-stage process refined ore in an amount of 25 g was charged into 01 dm3  of sulfuric acid 
solution of concentration 98 g/dm3 .  The vessel with the pulp obtained was installed on an electric plate after 
which ore leaching was conducted with pulp mixing by a magnetic stirrer at 40°C for 10 min (stirrer rotation 
rate was 220 rpm, temperature recorded with a alcohol thermometer with a measurement error ± 1.0°C).  At the 
end of leaching the pulp was filtered in a funnel 13 cm in diameter through a “red ribbon” filter.  The zinc sul-
fate solution obtained was analyzed for zinc content by a spectral method.  Insoluble residue (cake) remaining 
after filtration was dried in a drying cabinet at 105°C to constant weight and the zinc content was analyzed by 
a spectral method (an ICP-MSAgilent 5700 cx mass spectrometer with an inductively coupled plasma produced 
by Agilent Technologies, USA, was used).   

Two- and three-stage leaching differed with respect to the single-stage method solely by the fact that the 
moist cake from the preceding stage of the process was supplied to the next stage.  In the this case in the second 
and third leaching stages sulfuric acid solution of concentration 28 and 14 g/dm3  respectively was used. 

In a four-stage leaching process moist cake from the third stage of the process was subjected to repulping 
(washing) in distilled water with a volume 0.2 dm3  at room temperature for 10 min.  The original sulfuric acid 
concentration in the liquid phase for pulp of the forth leaching stage was of the order to 1 g/dm3 , which is ex-
plained by use of acid cake in this stage, 

Results obtained in this work are provided in Tables 2 and 3.  As is seen from the data provided, the pro-
cess studied of ore four-stage leaching provided zinc extraction into solution at the level of 94.65% (see Table 2).   
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Table 2 
Sampling Results for Single-, Two-, Three-, and Four-Stage Sulfuric Acid Leaching  

of Oxidized Zinc Ore (Data for Three Parallel Tests) 

Test  
number 

Final ZnSO4  
solution pH 

Dump cake 
weight (dry), g 

Zn content in dump 
cake (dry), % 

Zn extraction into solu-
tion (for cake), % 

Average Zn extrac-
tion into solution, % 

Ore relative leaching 

1 2.2 17.75 12.85 56.68 
56.68 2 2.1 17.50 12.91 57.19 

3 2.3 17.25 13.33 56.18 

Ore two-stage leaching 

4 1.5 17.00 6.18 80.03 
80.03 5 1.4 17.13 6.01 80.43 

6 1.3 17.25 6.20 79.62 

Ore three-stage leaching 

7 1.4 16.63 2.71 91.38 
91.68 8 1.3 16.75 2.51 91.98 

9 1.5 16.88 2.61 91.68 

Ore four-stage leaching 

10 1.9 16.00 1.81 94.44 
94.65 11 2.1 16.25 1.72 94.65 

12 2.0 16.50 1.64 94.85 

According to Table 3 (tests 1–3) the final zinc sulfate solution had an inadequate concentration of this com-
pound (40–45 g/dm3 in terms of zinc); for classical zinc hydrometallurgy with processing of sphalerite the solu-
tion should contain more than 100 g/dm3 of zinc [28], for use of this of this solution during electrolysis.  In ad-
dition, in the first ore leaching stage (tests 1–3) silica solubility, formed as  a result of calamine with sulfuric 
acid, is low under conditions of this stage of the process (1.3–1.7 g/dm3 in terms of silicon) and answers the 
specifications of zinc hydrometallurgy.   

Comparable characteristics are given in Table 4 for leaching the test ore and washing cake by the process 
proposed in this work, and also by the method proposed in [23]. 

As is seen from data provided in Table 4 due to the method developed the duration of the ore leaching pro-
cess  (30 + 10 = 40 min)  is reduced by more than a factor of six compared with the traditional method (more 
than 240 min).  This situation makes the method developed much more productive.  Also, the new process occurs 
at half the known temperature (25–40°C against 70–95°C).  In spite of the fact that in the method proposed  
the  pulp  volume  is  greater  by  approximately  a  factor  of  four  than  in  the known method, this shorter duration and  
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Table 3 
Zn and Si* Content in ZnSO4  Solution for Ore Leaching Stages, g/dm3  

Test number Zn Si* 

In solution after first ore leaching stage 

1 45.0 1.3 
2 40.0 1.7 
3 42.1 1.5 

In solution after second ore leaching stage 

4 14.0 1.0 
5 16.0 1.0 
6 12.3 1.0 

In solution after third ore leaching stage 

7 5.7 0.2 
8 7.0 0.2 
9 6.3 0.2 

In solution after fourth ore leaching stage 

10 0.7 0.1 
11 0.9 0.1 
12 1.1 0.1 

Comments:  * Silicon content in solution determined by chemical analysis method. 

Table 4 
Comparative Process Characteristics During Treatment of 250 g of Ore 

Ore leaching and cake washing process induces 
Process implementation method 

proposed in this work provided in work [23] 

Sulfuric acid consumption for leaching, g/g ore 0.56 0.72 
Leaching temperature, °С 40 70–95 
Leaching duration, min 30 240 

Washing water leaching, dm3  3.00 0.85 

Washing temperature, °С 25 Hot 
Washing duration, min 10 Not determined 

Washing water consumption, dm3  2.00 0.30 
Zinc extraction from ore into solution, % 94.65 92.00–95.00 (average 93.50) 



174 R. А. RAMAZANOVA,  N. V. SERAYA,  V. I. SAMOILOV,  G. K. DAUMOVA,  AND  E. M. AZBANBAYEV 

lower temperature for the new method made it possible to reduce by approximately a factor of three the energy 
consumed for leaching pulp heating and washing.  In addition, the new method compared with known pro-
cedures provides a reduction in sulfuric acid consumption by 22% (from 0.72 to 0.56 g/g ore).  Therefore,  
the method proposed based on renewing the calamine reaction surface during ore leaching makes it possible to 
avoid the disadvantages indicated above for the known method. 

In addition, as is well known, the method developed is specified by a low zinc content in finished sulfate so-
lution with a ore leaching stage, comprising correspondingly 50–60 g/dm3 [23] and 40–45 g/dm3 (see Tables 2 
and 3, tests 1–3). 

In order to increase the zinc content in final sulfate solution from the ore leaching stage it is possible to rec-
ommend a counter four-stage leaching regime.  An additional increase in zinc concentration in the final solution 
to that required for zinc electrolysis (more than 100 g/liter) may be provided by using a final solution strength-
ened with respect to zinc for leaching sphalerite cinder within the scope of classical sphalerite treatment tech-
nology.  The recommended four-stage counter process will make it possible to reduce water consumption con-
siderably for ore leaching (from 3 dm3  to 1 dm3  for 250 g of ore), and therefore to reduce an addition energy 
consumed for leaching pulp heating, and also to reduce sulfuric acid consumption. 

CONCLUSIONS 

1.  The new method of sulfuric acid four-stage leaching of rich oxide zinc ores compared with classical 
treatment of sulfide zinc ores will make it possible to increase the thorough extraction of zinc from ore into sul-
fate solution from ≈ 75.00 to ≈ 94.65%. 

2.  The method proposed is more effective compared with the well-known method [23], since it will make it 
possible to reduce sulfuric acid consumption by 22%, duration by a factor of six, and temperature of the process 
by approximately a factor of two, and also to reduce the energy expended in leaching pulp heating by approxi-
mately a factor of three. 

Work was carried out with financial support of a Kazakhstan Republic Ministry of Education and science 
grant No. 0538/GS4. 
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