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Abstract - This paper presents a new method for extracting lead and other metals from lead-polymetallic concentrates. The 

method is based on sulfidic boiling of concentrate. After boiling other processes are done, such as cementation, electrolysis 

or elution, which help to almost fully extract lead, zinc, copper, iron etc. Suggested method is much less costly compared to 
other methods – agglomeration-drainage, electro melting, alkaline melting, reaction meltingetc. Based on experimental data, 

environmental effects are within internationally accepted safety standards. The method is scalable and can be used for other 

kinds of polymetallic concentrates.   

 

Keywords - Concentrate, Sulfidic Boiling, Cementation, Lead, Zync, Copper, Iron. 

 

I. INTRODUCTION 

 

Lead concentrates greatly vary from perspective of 

each elements proportion. Proportion of lead can vary 

from 8% to 60%. In case of low proportions lead 

concentrates usually come with copper, zinc, iron etc. 

For that kind of concentrates current methods of 

extraction do not provide results one would expect – 

extract all metals with reasonable cost and with 

minimal effects on environment. Considering current 

methods - agglomeration-drainage method is quite 

costly because it requires significant amount of 

energy as only 40% of generated energy is effectively 

consumed. In cases of sodic electro melting and 

alkaline melting the cost is again high due to sizable 

demand for deficit resources of soda and alkaline. 

Other methods: reaction melting, autogenous reaction 

melting, restorer electro melt ing are also ineffective 

due to different reasons such as low extortion 

percentage of lead, high costs or environmental 

issues. Purpose of this article is to describe a method 

that would allow to extract all elements from lead-

polymetallic concentrates with low cost and with 

minimal environmental impact. The method is based 

on sulfidic boiling of lead-polymetallic concentrates, 

sulfated byproducts dissolution, selection ripping of 

valuable metals from solutions and electrolyzes based 

on filtration principle.  

 

II. INVES TIGATION METHOD AND 

TECHNICAL INTRODUCTION TO INITIAL 

MATERIALS  

 

Main instruments used for conducting the research 

have been measurement and control devices, 

thermocouples, electrical converters, mixing devices, 

solution temperature measurement devices and 

acidity control devices, microscopes and various 

types of analyzers that provide necessary 

accuracy.Initial materials are chosen two lead 

concentrates (C1, C2) whose chemical composition is 

described in Table I. 

 
Table 1 - Chemical and mineralogical composition of lead 

concentrates 
 

III. SCHEME OF TECHNOLOGICAL 

PROCESS  

 

Depending on setting of problem, on necessity of 

extraction of precious metals from concentrates and 

most importantly based on results of previous 

scientific work and experimental researches aimed at 

solving these problems a scheme was developed 

(Figure 1). 

 

Sulfat ing boiling of concentrate is intended to be 

carried out in  a KC-type furnace, in which  

temperature is regulated by water injection from its 

head inlet. Water entering hot oven evaporates, 

thereby creating favorable conditions for sulfate 

gasification. Loading and unloading of furnace is 

carried out regularly. 

 

A priori optimal boiling temperature ranges 560-

570
o
C. The temperature of process is regulated 

throughout furnace with help of automatic devices by 

increasing or decreasing amount of water pouring 

from headway. 

 

Oxygen needed for oxidation reactions is pumped 

through furnace from its bottom through a CCH-40 

air pumper. Outgoing gases are frozen  in tubes of 

diameter 1.02m and from there the gases are pumped 

into dust catching system. Gases with a dust 

concentration of 15 g/m
3
 are given to the RION type 

electrolyte where the concentration decreases to 0.15 

- 0.2 g/m
3
. Gases containing 2 - 3,5% SO2 from the 

electrolyte are directed to the calx milk absorption 

site to obtain gypsum. The resulting grit, as well as 
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dust  captured in cyclones and electrolyte filters, is  

discharged into bunkers and directed to disintegration 

site. For the extract ion of zinc and copper from the 

resulting solution, the method of regular acid  

decomposition isselected (with 10% H2SO4 liquid  

solution). The process is carried out inacid-resistant 

brick of 60 m
3
 capacity with mechanical mixing. 80% 

of bricks capacity is filled with pulp. The process 

lasts from 5 – 6 hours. After the acid decomposition 

phase, pulp is moved to thickeners from where the 

simplified solution is directed to the iron and then to 

the copper residues. After each sedimentation, the 

sediment is separated from the parent solution by 

thickening and filtrat ion, and the latter is sent to the 

electrolysis site for zinc extraction. Diluted solution is 

regenerated, then reintroduced into the dissolution 

cycle. So lid residue of acid (mold I: Pb, Au, Ag, Se, 

Te metals and residual Fe) decomposition is pushed 

to PbSO4 chloride decomposition (saturated with 

NaCl) and lead cement slabs, where after continuous 

mixing for 8 hours (under 70
o
C) lead sponge is 

settled on solution slivers. The latter is separated 

from the solid unbranched residue (mold II) by 

trimming. After th ickening, mold II is directed to the 

gold and silver extraction site for cyanidation, carbon 

sorption - desorption and electrification. In the 

solution simplification process, the copper solution is 

treated with aqueous Na2CO3 solution and zinc 

solution with zinc dust. The processes are carried out 

in cylindrical slabs coated with concrete or sour 

brick, topped with sodium bicarbonate and zinc dust 

controllers. For the separation of solid and liquid  

parts, periodic action filters are used - pressers.

 

 
Figure 1.Technological flowchart of acquisition of lead dust from lead-polymetallic concentrates 

 

IV. INVES TIGATION OF LEAD 

CONCENTRATE BOILING PROCESS  

 

The mineral composition of raw material-concentrate 

is important for the selection of the technological 

method of extraction with minimal loss of precious 

metals in the processed concentrate. According to 

earlier studies, lead in the concentrate is represented 

as galenite (PbS), zync as sphalerite (ZnS), iron as 

pyrite (FeS2), copper with iron as chalcopyrite 

(CuFeS2). A ll these sulphide minerals must be 

converted into easily soluble sulphates in concentrate 

boiling process. As an example, galen ite is very 

resistant to sulfuric acid solutions, but it is soluble in 

aqueous salt solution, that is, sodium ch loride saturate 

solution. All other sulphates, including bivalent and 

trivalent iron sulfates, coppers and zincs bivalent 

sulphates are soluble even in pure water, producing 
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sulfate solutions from which extraction of the 

corresponding metals is not a difficulty. For that 

purpose cementation, extract ion, hydrolysis, electrical 

rehabilitation and other methods are used.  

 

Oxidizat ion boiling of concentrate is convenient to 

carry out in SNOL-1,6.2,5,1/11 - I2 brand muffle 

oven under conditions of free charges and concentrate 

mixing. For temperature measurement, the chromo-

aluminum thermoset is selected. The rate of sulfur 

removal from sample is used as an indicator of the 

boiling process evaluation. 

q =
Sout − Sleft

Sout

100%  

 

Sout  - sulfurs content in the concentrate, Sleft  - residual 

sulfur content in boiled concentrate 

 

The temperature relationship of sulfide phase 

conversion was studied in the range of 500 - 700
0
C. 

Storage at each temperature was 4, 6 and 8 hours, 

respectively. The probability of PbS → PbSO4 

conversion during the process was evaluated by 

comparing mass change with output data and 

solubility of byproducts (ZnSO4, CuSO4) in weak 

aqueous solutions of sulfuric acid.  

 

Concentrate boiling was excluded at temperatures 

above the specified range to prevent formation of a 

liquid phase by the following reactions. 

 

PbS + O2Pbliq + SO2 

PbS + 2PbO23Pbliq + SO2  

 

It can be seen from kinetic curves constructed 

fromexperimental data (Figure 2) that during 

concentrate boiling at temperatures up to 500 ° C lead 

sulphide is likely oxidized by PbS, PbSO4 Ē PbO 

scheme which determines the min imal change in 

sample mass. The change in sample mass at 

temperatures of 500 - 575
0
C is proportional to boiling 

duration and remains almost unchanged as 

temperature increases. That is explained by the fact 

that during boiling at those temperatures sulfide 

oxidation occurs main ly via sulfidation mechanism 

according to the following reaction 

 

PbSs + 2O2PbS Os ,GT
0 = −820,9 + 0,3T Kj/mol 

 

Rather negative value of free energy change of 

reaction temperature indicate a high probability of its 

occurrence. The lower temperature is, the higher is 

likelihood of a reaction to occur due to large negative 

value of its enthalpy.  

 

It is likely that at higher temperatures the sulfide 

phase instability causes a complete oxidation of 

sulfide with the following reaction 

PbS + 1,5O2PbO + SO2 , 

GT
0 = −416,1 + 0,084TKj /mol 

 

as a result of which an oxide not a sulfate is created, 

which is unacceptable in terms of our prob lem.  

The sulphate, formed from the reaction at the initial 

heating stage, decomposes to oxide at h igh 

temperatures according to the following chain of 

reactions 

 

PbSO4 → PbO + SO3 

SO3 → SO2 + 0,5O2  

of its enthalpy. 

 

Equations of free energy change are as following 

 

GT
0 = 305,7 − 0,17T Kj/mol 

GT
0 = 99 − 0,09T Kj/mol 

 

These reactions are endothermic. Parallel to 

temperature increase the dissolution of sulfate and 

SO3 gas, created from sulfates dissection, fastens. As 

a conclusion the optimal mode of sulfat ing boiling 

are: temperature – 560-570
o
C, duration 6-8 hours. 

 

V. INVES TIGATION OF ACID DISSOLUTION 

OF LEAD CONTAINING BOILED 

CONCENTRATE 

 

The purpose of acid decomposition is to completely  

extract copper and zinc along with cadmium and 

sulfate iron leaving lead in the aqueous solution of 

H2SO4. The high probability of this process to occur 

is due to the fact that copper and zinc in the studied 

boiled concentrate are main ly in the form of CuSO4 

and ZnSO4, and to some extent in the form of CuO 

and ZnO. Latter elements are also well soluble in 

aqueous solutions of H2SO4, which means that there 

will be no technological problems in decomposition 
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of these two metals. Trivalent ferrous sulfate, 

Fe2(SO4)3, is dissolved without hydrolysis at low pH 

values of solution. However, at pH = 5.5 - 6.0 (this 

may occur when H2SO4 is dissolved in the solution), 

hydrolysis of iron sulfate begins according to the 

following well known reaction: 

 

Fe2
 S O4

 
3 + 6H2O = 2Fe OH 

3 + 3H2SO4 

 

Copper and zync can be found in the form of their 

ferrites (CuFe2O4, ZnFe2O4) in boiled concentrate 

which are nearly  not dissolved in sulfuric acid  

aqueous solutions. That fact may cause some 

problems (from the perspective of losing copper and 

zync), however, boiling at low temperatures will 

exclude format ion of ferrites. Taking into account 

that oxide components present in boiled concentrate 

(SiO2, Al2O3, MgO, CaO, FeO, Fe2O3) and also Au, 

Ag, Se, Te and PbSO4 are not dissolved in aqueous 

solution of sulfuric acid, then liquid byproduct of acid 

dissolution: sulfate, becomes a very convenient 

intermediate to selectively  and effectively ext ract 

dissolved copper, zinc and iron in the boiled 

concentrate. As a result, high levels of copper and 

zync are obtained. The optimal mode of acid 

decomposition of boiled concentrate is chosen: 

sulfuric acid concentrate – 10%, solution temperature 

– 70
o
C, d issolution duration with continuous mixture 

– 5 – 6 hours. 

 

The liquid phase of acid decomposition, after 

separation from the solid cell, undergoes iron, copper 

and zinc extraction stages. In the first stage, iron is 

settled with NaOH. 

 

Fe2
 SO4

 
3 + 6NaOH = 2Fe OH 

3 + 3Na2 SO4  

 

Exposed hydroxide is filtered off from mother 

solution, washed with warm water, dried at 110 –  

120
o
C and used for the production of pure iron 

trioxide. For this purpose Fe(OH)3 is exposed to 

cooling air at temperatures of 1100 – 1150
o
C, as a 

result of which it loses bound hydroxide ion by the 

following reaction 

 

2Fe OH 
3 → Fe2O3 + 3H2O 

 

The displaced iron oxide (> 99,7% Fe2O3) is used to 

obtain iron from it through gas resuscitation, which is 

in high demand in powder metallurgy. Copper is 

removed from solution through iron slivers or by 

cementing with iron sponge according to the 

following reaction 

 

CuSO4 + Fe = FeSO4 + Cu  

 

The cemented copper is then processed with a slightly 

acidified copper-containing solution for one hour. 

After such treatment, the residue is dried in a neutral 

protective environment. The dry sediment contains 98 

- 98.5% Cu. The third most important element of 

lead-polymetallic concentrate, zync is ext racted from 

solution through electrolysis, with Pb - Ag unsolvable 

anodes and zync cathodes. Zync sulfate is used as 

electrolysis. 

 

VI. DISSOLUTION OF LEAD CONTAINING 

MOLD WITH NATRIUM CHLORIDE 

SATURATED AQUEOUS SOLUTION AND 

METALLIC LEAD CEMENTATION WITH 

IRON 

 

Solid byproduct of acid decomposition process: lead 

mold, was subjected to redecomposed with NaCl 

saturated aqueous solution. The process was based on 

reaction of lead sulphate and sodium chloride in  

aquatic environment: 

 

PbS O4 + 2NaCl = PbCl2 + Na2SO4 

GT
0 = −5 + 0,007T kJ/mol 

 

Due to the reaction lead passes from solid phase to a 

water-soluble byproduct in solution. Tests show that 

after mixing fo r 6 - 8 hours at 70
o
C lead in mold is 

passed to solution as a water-soluble chloride 

compound. 

 

However, the equilib rium of dissolution reaction may 

get disturbed to the left due to the increase of SO4 

ions. To avoid this, an appropriate amount of CaCl2 

salt was added to the solution which binds sulfate-

ions to water-insoluble calcium sulfate by following 

reaction: 

 

PbSO4 + CaCl2 = PbC l2 + CaS O4  

 

Lead chloride solution is cemented after separation 

from solid residue by filtration. The cementation is 

done with iron trifles for 2, 4, 6, 8 hours at 30-70
o
C. 

Moreover, the higher temperature is, the higher is 

lead recovery with following exchange reaction: 

 

3PbC l2 + Fe = Pb + FeCl2  

GT
0 = 740,7 + 0,25T kJ/mol  

 

This reaction occurs on surface of iron rods. First 

recovered and crystallized lead particles then grow to 

form sponge-shaped grains of 0.2 - 1.1 mm and 

slightly adhered to cementitious foundations. Due to 

constant mixing of solution, these particles reach a 

certain size and then detach from the rods and sink to 

the bottom of solution. 

 

Optimal mode of lead extraction and powder 

extraction with NaCl saturated solution is as follows: 

technological principle – combined scheme of 

disintegration and cementation processes, continuous 

mixing, durat ion – 8 hours, temperature – 70
o
C. 
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VII. CONCLUS ION 

 

A technological scheme for production of lead 

powder from lead sulfide-metal concentrate has been 

developed. In addition, optimal technological states 

are chosen for processes of lead-polymetallic 

concentrate sulfate boiling, acid decomposition of 

boiled concentrate and lead extraction. Most 

importantly, the suggested method for lead and other 

elements extractions is far more environmentally  

friendly than current widely popular methods.  
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