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Introduction

O
ne of the options for special-purpose treatment 

of lead reverts and semiproducts is a technology 

of blast concentrating smelting (BCS), which is 

used in Kazzinc LLC for a rather long time. The current 

state of the BCS technology does not ensure the attain-

ment of acceptable indicators for the extraction of cop-

per into matte (~83%), zinc into slag (less than 60%), 

lead into crude metal (no more than 60%), arsenic and 

antimony into dust (about 60 and 50%, respectively). 

Notwithstanding obvious disadvantages, the blast con-

centrating smelting technology continues to be used as a 

forced measure, at least partially solving the issue of 

processing a large volume of lead semiproducts and 

reverts [1].

Blast concentrating smelting is in need of an advanced 

improvement, both in the technology management and 

in the design of the proposed solutions. It is also relevant 

to adopt another, more promising solution for process-

ing the resulting lead semiproducts together with copper-

zinc concentrate with the use of modern continuous 

or batch furnace units (electric, combustion (for example, 

of a short drum-type), bubbling furnaces). An important 

argument in favor of simultaneous progress on these two, 

far from equivalent ways of solving the main task, namely, 

deep processing of lead semiproducts and reverts, is a re-

alization of manufacturing the high-sulfur copper-zinc 

concentrate at Nikolayevskoye deposit of the Eastern Ka-

zakhstan region.

Direct smelting of high-sulfur copper-zinc concentrate 

with its simultaneous use as a forming and sulfidizing agent 

in a BCS would allow a one-stage highest possible extrac-

tion of lead into crude metal, copper into matte, and zinc 

into slag from the processed charge materials, including 

the concentrate. From the practical point of view, this way 

of perfection of the lead semiproducts and reverts process-

ing means looks attractive due to the familiarity with BCS 

(availability of the accumulated operating experience) and 

minimum capital outlays for manufacturing application.

Application of modern processes of direct lead smelt-

ing is restrained by objective reasons: the composition 

complexity of the polymetallic charge to be processed, 
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from which it is necessary to extract maximum number of 

valuable components with great completeness [2–3], the 

complexity of instrumentation and technology manage-

ment [4–5]. The positive results of current bubbling tech-

nologies (Isasmelt, SKS, furnace with side blowing (VF), 

etc.) successfully used in lead production as applied to the 

processing of the main flow of natural lead raw materials 

are widely represented in the technical literature [6–8]. 

In spite of this, the behavior of accompanying metal s-

impurities (As, Sb, etc.) in the lead processes is not fully 

covered, whereas they are given a lot of attention in copper 

production [9–10].

The works [11–12] are concerned with individual 

melting of copper-zinc concentrates in oxidative bub-

bling processes; almost all the studies have there been 

performed in relation to copper production and have 

pursued the only goal — the elaboration of a direct one-

stage processing of copper-zinc concentrates. However, 

the results of [13] show the availability of not only direct 

processing of copper-zinc concentrate in converters, but 

also its simultaneous use as a sulfidizing agent which im-

proves the quality of the resulting products and rises the 

transition of arsenic and antimony to dust.

In our opinion, the development of the direct smelting 
technology for processing the lead semiproducts and 

reverts in a mixture with copper-zinc concentrate is of 

great practical interest.

The purpose of this work is to study the comelting of the 

lead production semiproducts and reverts with high-sulfur 

copper-zinc concentrate under equilibrium conditions, 

to determine the concentrate consumption influence on 

the distribution of parent and impurity metals between the 

melting products and, accordingly, on their quality.

Routine of experiments

To conduct experiments on reduction and sulfiding 

smelting, there have been used semiproducts and reverts 

of lead production at Kazzinc LLC (Table 1) and high-

sulfur copper-zinc concentrate of Nikolayevskoye deposit 

with the following composition, wt.%: 18.57 Cu; 2.3 Pb; 

12.5 Zn; 24.6 Fe; 33.4 S; 0.22 As; 0.25 Sb. Coke contain-

ing 87.9% carbon was used as a reducing agent.

Experiments were performed with the addition of 10, 

20 and 30% of copper-zinc concentrate to the initial mix-

ture of semiproducts and reverts (Table 1). Quantitative 

ratios of initial materials in all the experiments remained 

constant, which has corresponded to the factory practice 

[1]. The quartz flux and coke consumption was determined 

by calculation depending on the copper-zinc concentrate 

being dosed to the initial charge, from considerations of 

keeping up the ratio of iron and silica contents in the slag 

(Fe)/(SiO2) at the constant level of ~0.8. Temperature of 

the experiments was 1250 oC.

The experiments were carried out on a specially de-

signed laboratory unit with a continuous supply to the 

reaction zone of a СО–CO2 gas mixture having given 

composition with a СО2/СО = 0.4 ratio, which has been 

corresponded to the oxygen partial pressure in a real blast 

concentrating furnace at the level of РО2 = 2.74·10–4 Pa. 

The СО–СО2 gas mixture consumption in all the  experi-

ments was constant and amounted to 1 l/h. The procedure 

of experiments is described in [14].

Preliminary experiments have shown that the com-

position of waste gases reaches stability when the melt is 

blown for 10–15 minutes regardless of the initial charge 

composition. The duration of the melt blowing with a 

СО–СО2 gas mixture in all experiments was assumed 

to be 15 minutes.

On completion of blowing, the melt was settled for 

20 minutes, after which the crucible was removed from 

the furnace and subjected to air quenching. The resulting 

products in a solid form were separated from each other, 

weighed and subjected to chemical analysis and minera-

logical studies. Each experiment was repeated three times 

to ensure reliability of the results. All the samples have 

demonstrated clearly visible separation of slag, matte and 

lead bullion.

The chemical composition of samples of slags, matte 

and lead bullion was determined using an inductively cou-

pled plasma mass spectrometer Agilent 7700 Series ICP-

MS (USA). Mineralogical studies of the polished surfaces 

of solid samples of slags and matte were performed on a 

Carl Zeiss Neofot microscope (Germany). The compo-

sition of waste gases during experiments has been peri-

odically monitored using a Crystall-2000 chromatograph 

(Russia).

The results of the chemical compositions analysis as 

well as quantitative data on the yield of melting products 

for each series of experiments provided the base for mak-

ing a balance sheet of materials with calculation of the el-

ement distribution in the source materials and produced 

products (Table 2).

Table 1.
Chemical composition of semiproducts, reverts and flux of lead production

Material
Content, wt.%

Cu Pb Zn Fe S As Sb SiO2 CaO Other

Copper slips 29 36 4 – 8.77 3.87 1.4 – – 16.96

Poor matte of shaft reduction smelting 20.85 19.5 11.4 16.7 11.1 1.1 0.56 – – 18.79

Converter slag 3.83 33.5 4.54 15 – 2.3 0.94 21.66 5.4 12.83

Alkaline fusion cake 0.08 61.7 24.1 – – 0.97 1.4 – – 11.75

Quartz flux – 0.62 – – – – – 74.8 15.7 8.9
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Results and discussion

The use of high-sulfur copper-zinc concentrate in-

stead of copper-zinc ore in the charge composition of a 

blast or another concentrating smelting requires ensuring 

fusibility and, accordingly, acceptable fluidity of slag. 

A distinctive feature of the slags of lead melts is the ability 

to dissolve (to slag) significant amounts of ZnO with keep-

ing the fluid state [15]. In case of excessive accumulation 

of ZnO in the slag, resulting in its heterogenization, it is 

necessary to adjust the slag composition. 

In the conditions of the copper-zinc concentrate and 

lead semiproducts comelting, key adjustment of the slag 

composition is carried out by picking up the approp riate 

consumption of copper-zinc concentrate, which to the 

point provides the slag base of a requires composition 

with the specified FeO:CaO:SiO2 ratio. The choice of 

the appropriate composition of the FeO – CaO – SiO2 

system slag is very important in the context of minimiz-

ing the concentrations of copper in it [16] combined with 

providing the highest possible solubility of ZnO while pre-

serving fusibility of the multicomponent slag of the final 

composition [17]. It was found that the CaO content in 

slags should not exceed 16% for maximum concentration 

of ZnO in them; ZnO in slags becomes practically insolu-

ble with the calcium oxide content of 24%. Lessening of 

the SiO2 content increases the ZnO solubility in slags [15].

Replacement of copper-zinc ore with high-sulfur cop-

per-zinc concentrate is associated with the need to ensure 

its controlled interaction in the conditions of blast smel-

ting. For this purpose, one can apply widely used methods 

and devices for local feeding of fine materials (an Inco 

process, ejection devices, etc.), the variety of which allows 

to choose the most suitable method for loading the con-

centrate into a shaft furnace.

Analysis of the yield of smelting products depending 

on the consumption of copper-zinc concentrate showed 

a modest increase in the yield of slag from 37.9 to 39.4% 

with an increase in the concentrate consumption from 20 

to 30%. This does not seem to be a matter of principle, 

since its maximum level remains below the output of the 

slag formed by the existing technology — 46.1%.

The revealed slight increase in the yield of matte along 

with an increase in the concentrate consumption seems 

quite natural: the introduction of copper-zinc concen-

trate into the charge adds an additional amount of copper, 

the transition of which to matte affects its output. On the 

other hand, the yield of matte will be under the opposite 

effect of reducing the lead content in it on rising the con-

sumption of copper-zinc concentrate.

Mutual compensation of these two trends provides al-

most constant yield of matte in the studied range of the 

copper-zinc concentrate consumption. This is confirmed 

by the dependence of a sharper decrease in the lead con-

tent in matte than the increase of the copper content in 

it depending on the concentrate consumption, shown in 

Fig. 1.

X-ray phase analysis and mineralogical studies of mat-

te samples obtained during charge melting in the experi-

ments with different consumption of copper-zinc concen-

Table 2.
Balance sheet of materials of laboratory smelting of the initial charge with a 30-percent consumption of copper-nickel

concentrate

Materials
Total Cu Pb Zn Fe As

g % I II III I II III I II III I II III I II III

                                                                                                                                                                                                                                             Fed

Charge 130.0 97.6 20.8 16.0 100.0 30.1 23.2 100.0 9.8 7.5 100.0 15.1 11.6 100.0 2.4 2.4 100.0

Coke 3.1 2.4 – – – – – – – – – – – – – – –

Total 133.1 100.0 20.8 – 100.0 30.1 – 100.0 9.8 – 100.0 15.1 – 100.0 2.4 – 100.0

                                                                                                                                                                                                                                               Produced

Lead bullion 29.3 22.0 0.9 3.1 4.3 28.2 96.2 93.6 – – – – – – – – –

Matte 40.9 30.7 19.7 48.3 94.8 1.6 3.8 5.2 0.6 1.5 6.4 6.8 16.6 45.0 0.2 0.5 8.5

Slag 51.8 38.9 0.1 0.3 0.7 0.3 0.5 0.9 9.1 17.5 92.7 8.2 15.8 54.5 0.01 0.02 0.5

Dust, gases 11.2 8.4 0.0 0.4 0.2 0.1 0.8 0.3 0.1 0.8 0.9 0.1 0.7 0.5 2.2 19.4 91.0

Total 133.1 100.0 20.8 – 100.0 30.1 – 100.0 9.8 – 93.6 15.1 – 55.0 2.4 – 100.0

I – amount, g; II – content, %; III – distribution, %.
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Fig. 1. Dependence of copper and lead content in the matte upon the 

copper-zinc concentrate consumption
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trate have showed the absence of intermetallics of copper 

and iron (Me3As-, Me3Sb-type compounds) and metallic 

copper and lead dissolved in matte, which are typical for 

the mattes of the existing technology [15]. This allows us 

to assert that even minimum consumption of copper-zinc 

concentrate (10% of the charge) excludes the possibility 

of the metallized matte formation. Low lead concentra-

tions are found in the matte obtained by melting with 

30% of copper-zinc concentrate. The lead content in 

them is ~8%, versus 22% corresponding to the existing 

technology.

The results of X-ray phase analysis of powder samples 

and mineralogical studies of solid samples of the slags ob-

tained in the melts with different concentrate consump-

tion have also confirmed the absence of copper and iron 

intermetallics in them. This indicates that smelting of lead 

semiproducts and reverts with copper-zinc concentrate in 

any amounts (from 10 to 30%) completely eliminates the 

losses of copper and lead in the mentioned forms. On the 

contrary, the presence of copper and lead in the slags of 

the widely applied BCS technology is so significant that 

their presence determines the final distribution of metals. 

The share of the revealed copper and lead sulfide inclu-

sions in all slag samples can be ignored, due to their mini-

mal concentrations. Therefore, the losses of copper and 

lead in the slags during comelting of the lead charge with 

copper-zinc concentrate are mainly determined by an ox-

ide form. The pronounced character of the dependence of 

the copper and lead content in the slag on the copper-zinc 

concentrate consumption, shown in Fig. 2, confirms the 

stated assumption.

The dust amount in each melt was determined by the 

difference between the amount of metals in the initial 

charge and their amount in the resulting melting prod-

ucts: in slag, matte and lead bullion (Table 2). Dusts are 

the smallest (less than 1 μm) solid particles (sublimates) 

formed as a result of condensation of volatile metal com-

pounds from the vapor-gas phase when its temperature 

decreases. The dust yield decreases slightly with an in-

crease of the copper-zinc concentrate consumption: from 

6.7% according to the existing technology to 5.6% when 

melting with a 30% concentrate consumption.

The best process indicators are achieved in case fo a 

melt with the copper-zinc concentrate consumption of 

30%. A comparative analysis of the balance sheets of ma-

terials of the existing BCS technology and test smelting 

with the copper-zinc concentrate consumption of 30%, 

shown in Fig. 3, clearly demonstrates the significant im-

provement in the main process indexes.

At the same time, attention is drawn to the more 

than the two-fold decrease of the quartz flux consump-

tion: from 12.5% (according to the existing technology) 

to 4.7% when melting the initial charge with copper-zinc 

concentrate.

A detailed analysis of the quartz flux consumption 

dependence on that needed for obtaining the slag of the 

required composition is considered in [10]. It was found 

that the excess amount of silica is ~40% of its total con-

tent in factory slags. Mineralogical studies of solid sam-

Sb S O2 SiO2 CaO C Other

I II III I II III I II III I II III I II III I II III I II III

1.0 1.0 100.0 15.2 15.2 100.0 4.4 4.4 100.0 14.9 14.9 100.0 5.4 5.4 100.0 – – – 11.0 8.5 96.7

– – – – – – – – – – – – – – – 2.8 88.0 100.0 0.4 12.0 3.3

1.0 – 100.0 15.2 – 100.0 4.4 – 100.0 14.9 – 100.0 5.4 – 100.0 2.8 – 100.0 11.4 – 100.0

0.1 0.2 6.6 – – – – – – – – – – – – – – – 0.2 0.6 1.5

0.01 0.02 0.9 10.6 26.0 70.0 – – – – – – – – – – – – 1.3 3.2 11.6

0.002 0.004 0.2 – – – 4.3 8.3 99.0 14.8 28.6 99.4 5.4 10.3 99.4 – – – 9.6 18.6 84.5

0.9 8.5 92.3 4.6 40.8 30.0 0.04 0.4 1.0 0.1 0.8 0.6 0.03 0.3 0.6 2.8 24.8 100.0 0.3 2.5 2.4

1.0 – 100.0 15.2 – 100.0 4.4 – 100.0 14.9 – 100.0 5.4 – 100.0 2.8 – 100.0 11.4 – 100.0

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0 5 10 15 20 25 30

Cu

Pb

Consumption of concentrate, % of the charge weight

Content of Me in slag, %

Fig. 2. Dependence of copper and lead content in the slag upon the 

copper-zinc concentrate consumption
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ples of factory slags, along with fayalite, have found the 

clearly distinguished inclusions of relic quartz belonging 

to the original flux and not participating in the formation 

of a homogeneous slag phase of a given composition. This 

attested to the “non-assimilation” of a part of the flux, 

which causes a heterogenization of the slag melt, the vis-

cosity rise and significant decrease of its fluidity (mobil-

ity), which renewal will require an increased coke con-

sumption amounted 6.7% of the charge weight to increase 

a temperature in the operating zone of the BCS furnace.

The generalized results of the analysis of the chemical 

compositions of the melting products (by main elements), 

shown in Table 3, and the distribution of metals between 

the melting products (Table 4), show a significant quality 

improvement when smelting using copper-zinc concen-

trate compared to the existing BCS technology.

The dependences of copper, lead, zinc, arsenic and 

antimony extractions into target products on the copper-

zinc concentrate consumption for the entire array of test 

melts are shown in Fig. 4.

19.5
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22.5

24.1

27.8

22.3

39.6

33.8

4.3

5.66.7

6.8
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2.5

4.7

25.3

29.2

19.4
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Fluxing ore 
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Produced
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Lead bullion
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Matte

Slag

Slag

Dust

Dust
Lead bullion

а

b

Fig. 3. Balance sheets of materials of the melts:

 a — an existing technology of blast concentrating smelting; b — smelting of the charge with copper-zinc concentrate

Table 3.
Chemical compositions of the lead semiproducts, reverts and copper-zinc concentrate comelting products

Product
Content*, wt%

Cu Pb Zn Fe S As Sb SiO2 CaO

Lead bullion
5.73
  ———
3.02

91.09
  ———
96.28

– – – –
2.34
———
0.23

– –

Matte
40.78
———
49.81

22.58
———

4.0
2.34
———
1.08

12.6
———
16.92

15.15 
———
26.25

2.92
———
0.52

0.87
———
0.02

– –

Slag
0.46
———
0.3

1.15
———
0.57

9.81
———
19.23

10.26
———
16.94

–
0.16

———
0.03

0.06
———

–
19.69
———
23.1

8.74
———
5.39

Dust
2.36
———
0.9

5.84
———
1.98

3.66
———
1.9

1.51
———
1.62

–
37.19
———
47.45

19.55
———
20.67

3.2
———
1.45

0.73
———
0.34

*Numerator — an existing smelting technology (BCS).
  Denominator — charge smelting with copper-zinc conсentrate.
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The revealed dependences are fully correlated with the 

results of thermodynamic analysis of the main reactions of 

interaction of slag components (oxide systems) with high-

sulfur copper-zinc concentrate in [18].

Based on the results of experimental laboratory studies, 

there were determined the preferred process parameters of 

the semiproducts, reverts and copper-zinc concentrate 

comelting at a temperature of 1250 oC under reducing 

conditions that can serve as a basis for the development of 

a new direct smelting technology:

– consumption of high-sulfur copper-zinc concen-

trate is 30% of the charge weight, including lead produc-

tion semiproducts and reverts, quartz flux;

– the duration of blowing the melt in a periodic duty 

is 15 minutes, the settling time for separating the melting 

products after blowing is 20 minutes;

– consumption of coke (or coal) as a reducing agent is 

2.5% of the charge weight.

Conclusions

1. There has been shown an opportunity to improve 

the existing technology of blast concentrating smelting 

by co-processing of semiproducts and reverts with high-
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Table 4.
Metal distribution among the lead semiproducts, reverts 

and copper-zinc concentrate comelting products 

Product
Metal distribution*, %

Cu Pb Zn As Sb

Lead bullion
8.5
———
4.3

70.0
———
90.7 – –

25.0
———
3.1

Matte
85.0
———
93.3

25.0
———
10.9

12.5
———
4.4

32.0
———
8.5

9.0
———
4.2

Slag
3.5
———
1.4

3.5
———
1.2

83.7
———
93.5

5.0
———
1.4

6.0
———
1.6

Dust
1.0
———
1.0

1.5
———
1.2

3.8
———
2.1

63.0
———
94.1

60.0
———
88.1

*Numerator — an existing smelting technology (BCS).
  Denominator — charge smelting with copper-zinc conсentrate.

Fig. 4. Distribution of Сu, Pb, Zn, As and Sb by target products of 

comelting of lead semiproducts, reverts and copper-zinc 

concentrate depending on the consumption of the latter:

 1 — lead bullion; 2 — matte; 3 — slag; 4 — dust
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sulfur copper-zinc concentrate. The best results that en-

sure high extraction of copper, lead, zinc, arsenic and 

antimony into the target products of melting are achieved 

at the concentrate consumption is equal to 30% of the 

charge weight.

2. It is established that comelting provides a one-stage 

high selective extraction of copper  into matte and zinc 

into slag from the copper-zinc concentrate. At the same 

time, the simultaneous use of copper-zinc concentrate as 

a sulfidizing agent reduces the content of copper and lead 

in the slag, increases the arsenic and antimony extraction 

into dust. Compared to the existing technology, the coke 

and quartz flux consumption is reduced (from 6.7 to 2.5% 

and from 12.5 to 4.7% of the charge weight, respectively), 

which significantly reduces the spending for processing.

3. There have been determined the preferred process 

parameters of the semiproducts, reverts and copper-zinc 

concentrate comelting, which can form the basis for the 

development of a new engineering process.
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