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Abstract: The leaching of lead from lead–zinc concentrates by iron(III) salt solutins
in the absence, as well as in the presence of mineral acids (HCl, H2SO4, HNO3) has
been investigated. It was shown that the leaching of lead by means of 0.3 M
Fe(NO3)3 at (22 ± 1) ºC leads to practically complete recovery of lead during 1 h.

This conclusion was confirmed by data obtained using chemical, thermographical

and X-ray photographical methods. A technological scheme for the synthesis of lead

salts and oxides without the production of metal lead has been developed as a result

of the present investigation.
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INTRODUCTION

Nowadays, the production of metallic lead and its salts is carried out using techno-
logical schemes based on different pyrometallurgical processes.1 The pyrometallurgy
of lead usually includes roasting and smelting of the initial raw materials in a stream of
oxygen (commercially pure grade), thermal melt reduction with coal, condensation of
the steam-gas mixture under with the liquating separation of lead and zinc, as well as
the purification of industrial gases.1 Such a technological scheme results in the forma-
tion of gases with a high SO2 content (up to 46–50 %) and the production of crude
lead, which is subsequently subjected to refining from copper, arsenic, antimony, tin,
silver, gold and bismuth.1

Hydrometallurgical methods can serve as an alternative for the pyrometallurgy of
lead. Their application in the production technology of lead salts is based on the oxida-
tion of sulfides of lead and zinc, which are present in the initial mineral raw materials –
lead–zinc ores.1 The iron(III) salts solutions can be used for the oxidation of sulfides in
tehcnological processes:2,3

PbS + 2FeCl3 � PbCl2 + 2FeCl2 + S0 (1)
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PbS + Fe2(SO4)3 � PbSO4 + 2FeSO4 + S0 (2)

PbS + 2Fe(NO3)3 � Pb(NO3)2 + 2Fe(NO3)2 + S0 (3)

The practical importance of lead sulfate is a point specially worthy of mention,

since it is widely used as a stabilizer in different branches of the chemical industry, as

well as in the production of accumulators.4

The hydrometallurgical schemes compare favorably with the pyrometallurgical

ones because they avoid the emission of gases and do not require high temperatures for

the processes. Moreover, higher degrees of recovery of lead and a diversified utiliza-

tion of raw materials are achieved.5

The present work was focused on physico-chemical investigation of the oxidation

of lead and zinc sulfides from lead concentrate, with the aim of a subsequent synthesis

of lead compounds.

EXPERIMENTAL

The sulfide lead concentrate was obtained from lead–zinc ores of the Gorevskiy deposit
(Krasnoyarsk Region).6 The main mineral componenets of this concentrate were PbS, PbSO4 (the

total lead content was 57.2 %), ZnS (the zinc content was � 2.7 %), FeCO3 (the iron content was on

the level of � 10 %) and aluminum silicates.
The requirement was to obtain a lead salt solution from this concentrate in order to carry out

the subsequent synthesis of solid lead compounds of the necessary composition. For this purpose,
quantities of the concentrate (0.1 – 0.5 g) were leached in a thermostated reactor (volume 100 cm3)
using reagent solutions (20.0 mL). Iron(III) salts, FeCl3, Fe2(SO4)3 and Fe(NO3)3 having an initial
concetration of 0.3 mol/L, were taken as the leaching reagents. The suspensions were stirred with a
magnetic mixer for a given time period (5 – 240 min). Subsequently, the liquid and solid phases were
separated by filtration or by centrifugation and the cakes were washed on filters with distilled water.
Then the solid phase and filtrate were analyzed individually. The contents of lead and zinc in the so-
lutions were determined by complexometric titration or by flame atom absorption spectroscopy
(spectrometer AAS-30, Germany).7,8 The solid residues were analyzed by chemical, thermo-
graphical and X-ray photographical (X-ray spectrograph DRON-3, Russia) methods to determine
the contents of lead, iron and mineral phases – PbS, PbSO4, S0, ZnS, FeCO3.

From the experimental data, the degrees of PbS decomposition and of lead transition into solu-
tion or into the precipitate PbSO4, as well as the degrees of sulfur transition into solution (in the form
of SO4

2- ions) or into the precipitate (elemental state) were calculated. Additionally various ways
for the synthesis of lead salts from the obtained solutions were considered.

The leaching of the lead concentrate was performed at temperatures of (22 � 1) ºC, (52 � 1) ºC,

(72 � 1) ºC and (92 � 1) ºC. All the results were processed statistically according to standard proce-
dures.9 The total average relative error did not exceed 6.5 % (for three parallel experiments and a
confidence level P = 0.95).

RESULTS AND DISCUSSION

It was shown in previous studies10–15 that the synthesis of lead salts is connected

with the equilibrium state of lead ions in salt solutions. During this investigation of

lead leaching from a lead–zinc concetrate, it has been shown that PbS oxidation in so-

lutions of iron(III) salts proceeds at a level of 97 – 98 %, but lead is precipitated from
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the solutions partly in the form of an insoluble residue. This fact was verified by X-ray

analysis data. In the sulfuric acid systems �Fe2(SO4)3 – H2SO4 – H2O�, the lead recov-

ery into solution proceeds in accordance with reaction (2) and decreases substantially

because a lead sulfate precipitate is formed after the partial oxidation of ZnS to ZnSO4.

In the hydrochloric acid solutions �FeCl3 – H2O� or �FeCl3 – HCl – H2O�, PbCl2 is

present as an insoluble residue, i.e., the complete transition of lead into solution after

PbS oxidation according to reaction (1) is also not achieved in this case.

Adifferent pattern is observed during the leaching of lead by iron(III) nitrate solu-

tions. In this case degree of the leaching of lead completely depends on the quantity of

Fe3+ ions relative to PbS, according to reaction (3) (see Table I). X-Ray analysis of the

insoluble residue from the leaching corroborates the absence of PbS (Fig. 1, spectrum

2) and reveals the formation of a PbSO4 precipitate (this is possible because of ZnS ox-

idation). In the presence of HNO3 and with increasing temperature, PbSO4 is formed

to a greater extent (Fig. 1, spectra 3 and 4).

TABLE I. Effect of Fe3+ concentration on the recovery of lead from the lead concentrate

Concentration of Fe(III)/g I-1 28.3 29.2 31.2 34.1 37.5

Lead degree of recovery/% 78.4 88.1 96.0 98.1 98.2

Leaching time was 60 min

Kinetic curves of the degree of PbS oxidation, of lead recovery into solution, as

well as into the PbSO4 precipitate during leaching with 1 M HNO3 and 0.3 M
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Fig. 1. X-Ray defractograms of the initial lead–zinc concentrate (1) and insoluble residues after its leach-

ing into solutions of Fe(NO3)3 (2) and Fe(NO3)3 – HNO3 (3,4) at (22 � 1) ºC (3) and (72 � 1) ºC (4).



Fe(NO3)3 solution are shown in Figure 2. Table II contains data on the leaching of lead

and of accompanying non-ferrous metal ions from a lead concentrate using a nitric

acid Fe(NO3)3 solution. The comparison of these data allows the conclusion that salt

dissolution of lead from its sulfide concentrate is advantageous.

TABLE II. Leaching of lead and accompanying non-ferrous metal ions from a lead sulfide concentrate in

dependence on the process temperature. The leaching reagent was 0.3 M Fe(NO3)3 in 0.3 M HNO3

Process temperatrue
ºC

Composition of the solutions after leaching
Composition of the

insoluble residue after
leaching

g/L mg/L

Pb Zn Cu Ni Co

22 �1 67.0 0.12 1.3 9.0 1.8 PbS, SiO2, ZnS

42 � 1 69.0 0.20 1.3 9.0 1.8 PbS, SiO2, ZnS

72 � 1 53.0 2.4 7.7 16.2 1.9 PbSO4, SiO2, PbS, ZnS

92 � 1 7.4 5.3 22.5 17.2 2.3 PbSO4, SiO2

The leaching time was 60 min
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Fig. 2. Kinetic curves of the change of the

degree of PbS oxidation (1,4,7), degree of Pb

recovery into solution (2,5,8) and into the

PbSO4 pricipitate (3,6,9) at (22 � 1) ºC (1–3),

(52 � 1) ºC (4–6) and (92 � 1) ºC (7–9). The

leaching of lead was carried out in 1 M

HNO3 (1–9) and in 0.3 M Fe(NO3)3 solution

(10).



The oxidation of lead and zinc sulfides by Fe(NO3)3 or HNO3 solutions was stud-

ied at different temperatures. The results are summarized in Table III. It can be seen

from these data that the recovery of zinc increases in the salt system with increasing

temperature up to � 72 – 75 ºC. However, this process is incomplete in comparison

with the case when an HNO3 solution was employed.

TABLE III. Salt and acid leaching of lead and zinc from lead–zinc sulfide concentrate

Process
temperature/ºC

Reagent for leaching/mol L-1 Degree of recovery into
solution/%

Composition of the in-
soluble residue after

leachingFe(NO3)3 HNO3 Zn Pb

22 � 1 0.3 – – > 99 ZnS, SiO2

72 � 1 0.3 – 40.1 69.6 ZnS, PbS, SiO2, jarosite

22 � 1 – 0.3 0.1 0.1 ZnS, SiO2, PbS

72 � 1 – 0.3 96.2 0.3 S0, PbS, jarosite

Leaching time is 60 min.

The X-ray patterns concerning the oxidation of ZnS and PbS in concentrate are

shown in Fig. 3. It can be seen from spectrum 2 that ZnS is retained in the insoluble

residue (after leaching with Fe(NO3)3 solution). During the leaching by nitric acid

Fe(NO3)3 solutions, the oxidation process is completed at the elevated temperatures

with the formation of jarosite Fe3(SO4)2(OH)5.2H2O. The complete oxidation of ZnS

occurs at temperatures higher than 80 ºC (Fig. 3, spectrum 4).
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Fig. 3. X-Ray defractograms of the initial concentrate (1) and the insoluble residues after its leaching

with Fe(NO3)3 (2) and Fe(NO3)3 – HNO3 (3,4) solutions at (72 � 1) ºC (3) and (92 � 1) ºC (4).



TABLE IV. Composition of �Fe(NO3)2 – HNO3 – H2O� solutions after lead isolation in the form of PbSO4

Composition of solution

Elemental composition

g/L mg/L

Pb Fe Zn Cu Ni Co

After leaching 63.2 41.1 02 6.2 11.3 1.2

After PbSO4 precipitation 0.9 40.9 0.2 6.2 11.3 1.2

Composition of water af-

ter

One-fold PbSO4 washing 3.2 3.3 0.02 – – –

Two-fold PbSO4 washing 0.01 0.03 0.005 – – –

After the leaching of sulfide lead–zinc concentrate under the optimal conditions

(0.3 M Fe(NO3)3, (22 � 1) ºC during 1 h), the average composition of the solution is as

follows: 65–68 g/L Pb, 0.1–0.2 g/L Zn, 43–45 g/L Fe and 5 – 7 g/L HNO3.

An experimental precipitation of PbSO4 was carried out from a �Pb(NO3)2 –

Fe(NO3)2 – Me(NO3)2 – H2O� solution (Me is a non-ferrous metal ion) according to

the following reaction:

Pb(NO3)2 + H2SO4 � PbSO4 � + 2HNO3 (4)

It should be noted that the process of PbSO4 precipitation is kinetically rapid

(only 3–5 min) and the rate of pulp filtration is satisfactory. The consumption of sulfu-

ric acid is stoichiometric in accordance with reaction (4). After the lead sulfate precipi-

tation, the solution was regenerated (as a result, Fe2+ ions are oxidized to Fe3+) and re-

cycled to the stage of breakdown of the initial lead concentrate.

The composition of the solutions after PbSO4 precipitation are presented in Table

IV. It can be seen from these data that the non-ferrous metal ions remain in the liquid

phase after PbSO4 precipitation. The chemical coprecipitation of these ions with

PbSO4 (by means of analytical methods)16 was not determined. The isolated precipi-

tate in terms of its physico-chemical structure conforms completely to the structure of

PbSO4 (Fig. 4).

Also, the synthesis of lead carbonate from lead sulfate was carried out in a carbon-

ate-salt solution:

PbSO4 + �Na2CO3 + H2O + CO2� � PbCO3 � + Na2SO4 + H2O + CO2 (5)

Lead oxide compounds were synthesized by the thermal decomposition of lead

carbonate.

PbCO3
760 680� �

	 �				
C

PbO + CO2 
 (6)

3PbO + 1/2 O2 � Pb3O4 (7)
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The latter reaction proceeds in a stream of oxygen.

Thus, the results of this investigation allowed a technological scheme for the syn-

thesis of lead compounds from sulfide lead concentrate without the production of me-

tallic lead to be proposed.
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Fig. 4. X-Ray difractogram (a) and thermogram (b) of PbSO4 after its precipitation from

�Pb(NO3)2 –Fe(NO3)2Me(NO3)2 – H2O� solution. The lead leaching was carried out from a sul-

fide concentrate using 0.3 M Fe(NO3)3 at (22 � 1) ºC. The leaching time was 20 min.



I Z V O D

FIZI^KOHEMIJSKO ISPITIVAWE SINTEZE OLOVNIH SOLI IZ

OLOVO SULFIDNIH KONCENTRATA

ALEXANDER G. KHOLMOGOROV,1 OLGA N. KONONOVA2, LARISSA V. SHASINA1, OKSANA A. STREKATOVA1,

TATIANA V. KADETOVA1, ALEXANDER A. SABETSKY2

1

Institute of Chemistry and Chemical Technology, Siberian Department of the Russian Academy of Science, Karl Marx Pr.

42, 660049 Krasnoyarsk, Russia and
2

Department of Chemistry, Krasnoyarsk State University, 660041 Krasnoyarsk,

Svobodny Pr., 79, Russia

Ispitivano je izlu`ivawe olova iz olovo–cinkanih koncentrata rastovima Fe(III)

soli u odsustvu i prisustvu miniralnih kiselina (HCl, H2SO4, HNO3). Pokazano je da

se izlu~ivawem olova pomo}u 0,3 M Fe(NO3)3 rastvora na (22 � 1) ºC tokom 1 ~asa posti-

`e prakti~no potpuno izlu`ivawe. Ovaj zakqu~ak potvr|en je primenom hemijskih,

termografskih i rendgenskih metoda. Kao rezultat ovih istra`ivawa razvijene su

tehnolo{ke {eme za sinteze olovnih soli i oksida bez prethodnog dobijawa metalnog

olova.

(Primqeno 9. jula 2004)
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