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ABSTRACT

The paper presents the theoretical basis and results of processing a mixture of complex types and
compositions, based on lead cake, obtained after the preliminary removal of arsenic from dust and
its subsequent leaching with sulfuric acid. The main goal of the technology is to involve the
processing of substandard intermediate products of lead production together with lead cake and
the selective extraction of non-ferrous metals into commercial products: copper into matte; lead
- into rough lead: zinc - into slag. Choice of the composition of the feed charge was carried out
taking into account the volumes obtained in production and is represented by the following
structure, %: lead cake - 50; copper-lead matte — 40; quartz flux — 10. It has been established that
the best results, ensuring high complex extraction of copper, lead, zinc and arsenic into the
targeted smelting products, are achieved with a consumption of natural gas 1.4 times higher than
its consumption from the stoichiometric required quantity (SRQ) for the reduction of lead
compounds to metal lead. The optimal time for blowing the melt with natural gas is 15 minutes.
The optimal oxygen consumption when blowing the intermediate matte obtained after the first
stage was 1.1 times higher than its stoichiometric required amount (SRQ) for the oxidation of zinc
and iron sulfide with their further transfer in the form of oxides to slag. The duration of matte
blowing is 10 minutes. With the optimal established parameters, high technological indicators of
the technology were achieved: extraction of lead into rough lead - 98.6%; copper in matte —98.5%;
zincin slag — 94.1%.

Keywords: lead cake, feed charge, intermediate products, reduction blowing, oxidation blowing,
copper, lead, zinc, extraction.
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Introduction

The dominant linear model in the production of
non-ferrous metals from primary low-quality sulfide
raw materials, although it no longer meets modern
requirements in terms of environmental safety,
nevertheless continues to function at its usual pace.
Today it is no longer a secret to anyone that the
pyrometallurgical production of copper, lead and
copper, using technologies of the last century, is
accompanied not only by low technological
indicators but also by increasing volumes of
substandard intermediate products and
technogenic waste produced along the way. Finding

rational, efficient technologies for their processing
has no particular interest to manufacturers of basic
products. The difficulty of processing this kind of raw
material lies in the increased content of toxic arsenic
in them, the presence of which determines the
critical level of their impact on the environment and
inhibits their further processing [[1], [2], [3], [4]].
Currently, the growth of substandard
intermediate products is the main problem for non-
ferrous metallurgy enterprises. Attempts to process
them using existing technologies led to a decrease in
technological, economic and environmental
indicators of production. As a result, the
compositions of technogenic waste of industry have
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become greatly complicated, which has led to their
significant accumulation, with all the ensuing
negative social, economic and environmental
consequences. The current situation at non-ferrous
metallurgy enterprises requires a radical approach
to solving these problems.

From this perspective, the circular economy
model has a great interest, widely spread in the
world economy, within the framework of the Zero
concept of waste [5]. This approach is not new. In
the practice of the economy of the Soviet Union,
special attention was previously paid to the
development of so-called “waste-free
technologies”, which essentially solved the same
problems as the circular economy model proposed
in the West, where solving the problems of
integrated use of raw materials and preserving a
clean environment was at the forefront [6]. In our
opinion, regardless of the nature of the use of these
solutions to maintain resource efficiency and
environmental safety, whether in the West or in the
economy of the post-Soviet countries, these tasks
today should determine the main trend in the
development of the economy, regardless of its
affiliation.

Materials characterized by a complex chemical
composition include fine dust from copper and lead
production. Their peculiarity is their
multicomponent nature, %: 35-50 Pb; 5-7 Cu; 6-9 Zn;
4-6 Fe; 5-13 As; others. Minor deviations in the
furnace operating conditions, the chemical
composition of the concentrate and other factors
from the specified parameters can significantly
change the quantitative ratio of metals in the dust
towards a deterioration in its composition [[7], [8],
[9], [10], [11], [12]].

The value of dust is enhanced by the fact that,
along with their high content of heavy non-ferrous
metals and arsenic, they concentrate a significant
amount of dual-use metals (Re, Os, Se, Sc, etc.), and
could be used well as an additional source for their
extraction. However, the high content of arsenic in
dust (5-13%) hinders the development of new highly
efficient technologies. A very simple solution for
enterprises was to sell them to third parties, which,
using not entirely rational technologies, in the
pursuit of profit, extracting one or two main base
metals, do not ensure the comprehensive extraction
of metals that are strategic for the economy of
Kazakhstan with high added value. This approach,
where dust is one of the key sources for the

production of Re, Sc, Os and other metals, does not
seem entirely rational.

The material composition of dust depends
mainly on the composition of the feedstock and
technological smelting conditions. The unique
polymetallic nature of the ores and concentrates of
Kazakhstan, and the multi-component substandard
intermediate products and technogenic wastes
obtained during their processing, containing a wide
range of valuable metals, inherently require the
development of new, separate technology for their
processing to ensure the complexity of the
extraction of valuable metals.

There are several works in the scientific
literature devoted to dust processing, each of which
is distinguished by its originality in solving the
problem of arsenic removal [[13], [14], [15], [16],
[17], [18]].

When organizing a technology for processing
dust using a hydrometallurgical method, it seems
that the most acceptable way to remove arsenic
from dust is at the initial stage of the technology.
This will improve the technological performance of
the processes that form the basis of the overall
technology and reduce the consumption of reagents
spent on the removal and disposal of arsenic. At the
same time, high greening of the technology is
ensured due to a significant reduction in the
ecological influence on the environment and human
health caused by arsenic.

The purpose of this article is the extraction of
lead, copper and zinc from a feed composed of lead
cake from the leaching of dust obtained after
preliminary removal of arsenic by reduction roasting
with natural gas.

A distinctive feature of the research is the
development of a new technology for the complex
extraction of lead, copper and zinc into targeted
products from a charge composed of various
substandard materials based on arsenic-free lead
cake by sequentially blowing the melt with natural
gas, then with oxygen. The minimum arsenic content
in lead cake eliminates the need for complex, time-
consuming sequential blowing of the melt to
sublimate arsenic. This ensures maximum
sublimation of arsenic into dust in the form of
As203, complete oxidation of zinc and iron sulfides
with subsequent conversion of their oxides into slag
and the formation of matte with a high copper
content (more than 50% Cu), which is easily reduced
to blister copper.
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Materials and research methods

Cake with the addition of converter slag, copper-
lead matte and copper slips from lead production
was used as the core of the complex feed charge. To
calculate the rational composition of the charge, the
results of comprehensive studies of the material
composition of the feed materials and the forms of
metals in them were used, obtained using an
inductively coupled plasma mass spectrometer
Agilent 7700 Series ICP-MS (USA), electron probe
microanalyzer Superprobe 733 from JEOL (Japan)
[[2], [8], [19]].

Mineralogical studies aimed at studying the
surface structure of solid samples were carried out
using a microscope Neofot (Carl Zeiss AG, Germany).
Micro- and morphological analysis of the surface of
individual samples was carried out using a JEOL
scanning electron microscope EDS System (USA).

The compositions of the initial products forming
the feed charge are given in Table 1.

The main methodological principle of the
technology is a thermodynamic approach to
describe the reduction-oxidation smelting of a
balanced charge: lead cake and substandard sulfide
intermediates (Table 1). The key core of the
methodology is Big Data technology, which includes
an iterative approach to calculating the quantitative
ratios of the forming liquid phases: slag, matte and
rough lead, depending on the composition and
amount of source materials. The composition of the
charge from various materials was carried out
according to the sulfur content in the initial
products, taking into account the production of
matte with a high copper content. To obtain slag of
optimal composition, ensuring minimal solubility of
lead and copper in it, the required calculated
amount of quartz flux was added to the charge [20].

Theoretical basis of technology

The interaction of charge components with
natural gas and oxygen is based on a thermodynamic
approach, including the establishment of
guantitative ratios of the initial and resulting

Table 1 - Chemical composition of initial products

smelting products, the formation of liquid phases,
etc.

By sequentially blowing the melt with natural
gas to produce an intermediate matte, and then
blowing it with oxygen, favourable conditions are
created for the occurrence of basic physical and
chemical processes: the enlargement of small
particles of lead dissolved in the form of metal with
the precipitation of lead in the form of rough lead;
reduction of lead sulfide to metallic lead;
destruction of intermetallic compounds of copper
and iron (MeAs,, MesShb,) with maximum
sublimation of arsenic and antimony into dust;
oxidation of iron and zinc sulfides in the matte to
their oxides, converting the latter into slag. The
presence of residual lead sulfide in the melt inhibits
the reduction of copper sulfide and other metals.
This ensures the high quality of the resulting rough
lead in terms of impurity content.

Considering that the main matrix of the charge
is lead cake, consisting of lead, zinc and copper
sulfates when developing the technology, we
proceeded from the condition of ensuring their
complete recovery by blowing the melt with natural
gas at high temperatures (1200 °C).

During reductive blowing of the melt with
natural gas, favourable conditions are created for
the reduction of sulfates according to the reaction:

MeSO4+CHs = MeO+CO, + SO, + H.0,
Me — Pb, Cu, Zn (1)

The resulting metal oxides interact with the
components of sulfide materials (copper-lead matte,
copper slips) according to reactions (2), and (3) to
form liquid phases of rough lead and matte:

2PbO + PbS = 3Pb + SO, 1, (2)

Cu;0 + FeS = CusS + FeO, (3)

Iron and zinc oxides interact with the flux and
form a slag phase.

Metallic lead formed by reaction (2) will settle in
the bottom phase. The main contribution to the

Product Name Cu Pb Zn As Sb Fe S (¢} SiO2 Others
Lead cake 0.41 87.53 | 0.11 | 0.05 0.58 | 0.78 | 8.24 2.3
Copper-lead matte 20.85 19.5 11.4 1.1 0.56 | 16.7 | 11.1 | 3.81 14.98
Converter slag 3.83 33.5 4.54 2.3 0.94 | 15.0 10.3 | 21.66 7.93
Copper slips 29.0 36.0 4.00 | 3.87 1.4 8.77 16.96
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formation of metallic lead and the formation of the
bottom phase will be made by reaction (2), the high
rates of which are ensured by intense bubbling of
the melt. Due to the absence of arsenic in lead cake,
the need for long-term blowing of the melt with
natural gas and oxygen is eliminated, which
significantly increases the productivity of the
technology as a whole.

Experimental part

For laboratory studies, the composition of the
charge based on lead cake was calculated and
prepared, %: lead cake — 50; copper-lead matte — 40;
quartz flux — 10.

The choice and justification of the composition
of the charge were carried out based on solving the
problem of maximum involvement in the processing
of substandard materials from lead production,
taking into account the volumes obtained in
production and the organization of their
independent, separate smelting for high complex
selective extraction of copper, lead and zinc from
them.

The average composition of the charge was
calculated taking into account the rational
compositions of each product and the form of
metals in them, is given in Table 2.

Experiments of reduction-oxidation melting of

Table 2 - Rational composition of the average charge

the charge were carried out at different flow rates of
natural gas, oxygen and melt blowing time.

Installation diagram and experimental
procedure. The experiments were carried out on a
laboratory setup, the diagram of which is shown in
Fig. 1.

It was not possible to organize continuous
production of rough lead in laboratory conditions
with sequential blowing of the melt with natural gas
and oxygen, so the experiments were carried out in
two stages.

Experimental methodology. All experiments
were carried out at a constant temperature of 1200
°C. Initial sample — 200 g.

After thorough mixing, the initial mixture was
loaded into an alundum crucible (9), which was
placed in a quartz reactor (7) located in a tubular
furnace (8). The reactor was plugged with a plug (6),
cooled with water and equipped with two holes for
the input and output of gases. The exhaust gases
from the furnace entered the Drexel vessel with
water (10). The temperature in the furnace was set
and controlled by an automatic control and
measuring unit (11). After the complete melting of
the charge, the melt was blown through the tube (5),
first with natural gas, then with oxygen, which was
supplied from cylinders (1), and (2), respectively.
The sequential supply of gases was carried out by a
2-way valve (4). The gas flow was regulated by
rotameters (3).

Compounds Cu Pb Zn Fe S As Sb SiO2 02 Others Total:
CusS 2.54 0.64 3.18
CuSO4 0.21 0.10 0.21 0.51
Cu 5.80 5.80
PbS 2.59 0.40 2.99
PbSO4 0.60 0.09 0.19 0.88
PbO 43.23 3.34 46.57
Pb 5.21 5.21
ZnS 4.56 2.24 6.80
ZnS04 0.06 0.03 0.05 0.14
As20s 0.03 0.01 0.04
FeS 2.03 | 1.16 3.19
FeSO4 0.29 0.17 0.33 0.79
FesO4 4.00 1.52 5.52
FesAs; 0.49 0.44 0.93
FesSbz 0.16 0.22 0.38
SiO2 7.48 7.48
Others 9.60 9.60
Total: 8.55 | 51.63 |4.61 | 697 |4.66 | 063 | 0.22 | 7.48 | 565 | 9.60 100.0
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Figure 1 — Installation diagram for studying the
distribution of Cu, Pb, Zn, and As during
reduction-oxidation melting of the charge:

1 — natural gas cylinder; 2 — oxygen cylinder;
3 —rotameters RM-GS 004 KL4; 4 — 2-way valve;
5 —alundum tube for blowing the melt; 6 — plug with
water cooling; 7 — quartz reactor; 8 — electric furnace
Nabertherm 50/250/12 with temperature controller B
410; 9 — crucible with a sample; 10 — Drexel vessel ;
11 - control and measuring unit.

In the experiments, the influence of the
consumption of natural gas, oxygen and the
duration of blowing on the technological parameters
of the smelting charge was determined. Natural gas
consumption varied from 1 to 1.7, in fractions of the
stoichiometric required amount (SRQ) for the
complete reduction of lead from its sulfates and
oxides. Melt blowing time — 5, 10, 15, 20 minutes.

At the first stage, upon reaching the required
temperature, the melt was kept for 5 minutes to
obtain a homogeneous melt, then the blowing tube
was inserted and the melt was purged with natural
gas for a specified time. Upon completion of the
purging, the tube was removed from the melt, and
the furnace was cooled in a stream of natural gas.
After the furnace cooled, the crucible with the
sample was removed from the quartz reactor, the
smelting products were broken and separated:
rough lead, matte and slag.

In the second stage, the intermediate matte
obtained in the first stage was purged with oxygen.
The procedure for conducting the experiments was
the same as in the case of blowing the melt with
natural gas. The experimental temperature of 1200
°C ensured the production of liquid slag with a
minimum content of lead, copper and high, up to
16%, zinc. During the experiments, the optimal
oxygen consumption was determined to ensure high

extraction of lead, copper, zinc and arsenic into the
targeted products.

The dust yield was calculated based on the
difference between the amount of the initial sample
and the sum of the amount of obtained smelting
products.

Each experiment was repeated three times. The
smelting products obtained after the experiments
were subjected to comprehensive studies. The
established results for the metal content in each
product showed good agreement (error +/-0.81%
abs.). Based on the results of averaged data on the
yield of smelting products and the content of
elements in each obtained product, the material
balances of the reduction and oxidation stages of the
melting of the charge, and then, the final material
balance of the smelting of the charge under the
conditions of reduction-oxidation blowing were
calculated.

Laboratory experiments of reduction-oxidation
smelting of the charge. The first stage of research
included determining the optimal technological
parameters for the reduction-oxidation melting of
the charge.

The results of the experiments are presented in
Fig. 2, 3, and 4 in the form of the dependence of the
influence of natural gas consumption and blowing
time on the extraction of copper, lead, zinc and
arsenic.

The best results, ensuring high complex
extraction of copper, lead, zinc and arsenic into the
targeted smelting products, are achieved at a
natural gas consumption 1.4 times higher than its
consumption from the stoichiometric required
quantity (SRQ) for the reduction of lead compounds
to metallic lead. The optimal time for purging the
melt with natural gas is 15 minutes.

The optimal oxygen consumption when blowing
the intermediate matte obtained after the first stage
was 1.1 times higher than its stoichiometric required
amount (SRQ) for the oxidation of zinc and iron
sulfide with their further transfer in the form of
oxides to slag. The duration of matte purging is 10
minutes.

The results of the material balances of the
reduction-oxidation melts of the charge, calculated
based on the results of experiments performed at
optimal parameters of blowing with natural gas and
oxygen, are shown in Tables 3 and 4.

The final material balance of the charge
processing technology is presented in Table 5.

During reduction smelting of the charge with
natural gas, the yield of products was, % (of the total
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charge): rough lead - 44.23; matte — 20.7; slag —
26.78; dust, gases — 2.1. Optimal slag composition,
wt.%: 17 Fe; 27.41 SiO,; 5.75 Ca0, ensures minimal
solubility of copper and lead in it, which significantly
increases their extraction into matte and rough lead,
respectively.

Mineralogical studies of the forms of copper and
lead in the resulting slags showed their insignificant
presence in the form of small inclusions of dissolved
oxides. The established low copper contents in the
slag (0.16%) and rough lead (0.12%) ensured the
production of high quality rough lead - with a lead
content of 99.52%. The recovery of lead into rough
lead was 98.1%. At the same time, a high extraction
of copper into matte was achieved —98.5%. Despite
the high performance, the resulting matte is
characterized by a high content of zinc ~22% and
iron — up to 11%. Studies of their forms in matte
showed their presence in the form of sulfides.
Although the resulting matte in terms of copper

composition of factory mattes, the presence of zinc
and iron sulfides in it deteriorates its quality. It
should be expected that with further conversion of
such mattes to blister copper, the costs of the
process will increase significantly.

The obtained results indicate that it is not
possible to obtain high-quality copper matte in one
step of blowing the melt with natural gas. The fact is
fully consistent with the thermodynamic laws of the
physical and chemical processes mentioned above:
when blowing the melt with natural gas, the
thermodynamic probability of the reduction of lead
compounds (sulfates, sulfides, oxides) with natural
gas with the formation of rough lead is significantly
higher than the reduction of zinc and iron sulfides.
While lead compounds (sulfates, oxides, sulfides)
are present in the melt, zinc and iron sulfides are not
reduced by natural gas. As a result, those metals are
concentrated in the obtained matte, which is fully
confirmed by the results of the experiments (Table
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Table 3 - Material balance for reduction smelting of the charge with natural gas at optimal parameters: consumption of
CHasis 1.4 times higher than its consumption from the SRQ for the reduction of lead compounds; blowing time — 15
minutes; T= 1200 °C

Name of the Qty Cu Pb Zn Fe As
products g. ‘ % | ‘ ] ‘ 1l | ‘ ] ‘ n | ‘ ] ‘ n | ‘ Il ‘ n | ‘ Il ‘ n
Inlet:

Charge (feed) |200.00{99.10/17.09| 8.54 {100.0{103.25|51,63|100.0| 9.23 | 4.61 |100.0|13.94| 6.97 |100.0|0.93| 0.93 |100.0
Natural gas 1.82 | 0.90
Total: 201.82|100.0|17.09 100.0{103.25 100.0| 9.23 100.0{13.94 100.0/0.93 100.0
Outlet
Rough lead |101.78(44.23| 0.12 | 0.12 | 0.70 |101.29|99.52|98.10
Matte 41.80 |20.71|16.86|40,34|98.89| 0.72 | 1.73|0.70|9,12 |21.81|98.77| 4.64 |11,11| 33.3 |0.03| 0.07 | 3.0
Slag 54.01 |26.76| 0.05 | 0.03 | 0.11 | 0.83 | 1.53|0.80|0.02 | 0.04 | 0.23 | 9.19 (17.01| 65.9 |0.02| 0.03 | 2.0
Dust, gases 4.23 |2.10/0.05|1.21|0.30| 0.41 |9.77 | 0.40 |0.092|2.18 | 1.0 | 0.11|2.64| 0.8 |0.88(20.89| 95.0
Total: 201.82|100.0|17.09 100.0{103.25 100.0| 9.23 100.0{13.94 100.0/0.93 100.0
Sb S o SiO: Cao CH 4 Others Total:
| ‘ Il ‘III | ‘ Il ‘ 1 | ‘ 1l ‘ ]l | ‘ 1l ‘ n | ‘ I ‘ m | 1 ‘ I ‘ n | ‘ ] ‘ n
Inlet:
0.5 | 0.5 {100(9.7|9.7 | 100 |11.3|11.3| 100 |14.9|14.9| 100 | 3.1 |3.1| 100 16.1|8.02| 100 |200.0
1.8 100 | 100 1.8
0.5 100(9.7 100 [11.3 100 [14.9 100 | 3.1 100 (1.8 100 |16.1 100 |201.8
Outlet:
0.03|0.03|6.0 0.2 {0.33| 2.1 |101.8
0.00|/0.01|1.0(9.7| 23 | 100 0.8 [1.84| 4.8 | 41.8
0.01{0.02|3.0 11.2|20.7|99.0{14.8|27.4(99.0| 3.1 | 5.8 [99.0 14.827.4192.1| 54.0
0.40|9.54| 90 0.11| 2.7 | 10| 0.1 |3.54| 1.0 0.7| 1.0 1.8 |43.0(1000| 0.2 |3.80| 1.0 | 4.2
0.45 100(9.7 100 [11.3 100 [14.9 100 | 3.1 100 (1.8 100 |16.1 100 |201.8
| = quantity, g; Il = content, %; lll — extraction, %.

Table 4 - Material balance of oxidative smelting of intermediate matte with oxygen at optimal parameters: oxygen
consumption - 1.1 times higher than its consumption from SRQ for the oxidation of FeS and ZnS ; purge time — 10
minutes; T=1200 °C

Name of the Qty Cu Pb Zn Fe As
products G low [ v [wlm o lwlm v lulw[o]luwlw][ v [u]mw
Inlet:

Matte 41.80(59.64(16.86|40.34(100.0{0.72|1.73|100.0(9.11{21.81{100.0|4.64(11.11{100.0|0.028{0.07{100.0

Air 28.29140.36

Total: 70.09(100.0{16.86 100.0|0.72 100.0(9.11 100.0|4.64 100.0/0.028 100.0
Outlet:

Matte 29.96142.74|16.83|56.18|99.80({0.220.72| 30.0 |0.45| 1.52 | 5.0 |4.50|15.03| 97.0 {0.028|0.09(100.0

Slag 8.83 |112.60( 0.03 | 0.38 | 0.20 8.66(98.04| 95.0 (0.14| 1.58 | 3.0

Dust, gases 31.30|44.65 0.50(1.62| 70.0

Total: 70.09(100.0{16.86 100.0|0.72 100.0(9.11 100.0|4.64 100.0/0.028 100.0
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Sb S 0 N2 Others
I \ I \ n I \ I \ n | \ I \ n I \ I \ n I \ Il \ I |Total:
0.004 | 0.01 | 100.0 | 9.66 | 23,10 | 100.0 0.77 | 1.84 | 100.0 | 41.80
594 21.0 | 100.0 |22,35| 79,0 | 100.0 28.29
0.004 100.0 | 9.66 100.0 | 5.94 100.0 | 22,35 100.0 | 0.77 100.0 | 70.09
0.004 |0.01 | 100.0 | 7.24 |24.17| 75.0 0.68 | 2.26 | 88.0 |29.96
8.83
241 7.71 | 25.0 [5.94|18.98| 100.0 |22.35|71.40| 100.0 |0.09(0.30| 12.0 |31.30
0.004 100.0 | 9.66 100.0 | 5.94 100.0 | 22.35 100.0 | 0.77 100.0 | 70.09
| = quantity, g; Il = content, %; Ill — extraction, %.
Table 5 — Summary material balance of reduction-oxidation smelting of the charge
Name Qty Cu Pb Zn Fe As Sb
products G [ v Jufm | v [wfw] o uwfm] o fuwfw[o]ufm]v]ufm
Inlet:
In charge 200.0(86.9/17.1|8.5| 100 |103.3|51.6(100(| 9.2 |4.61| 100 |13.9(6.97|100(0.9|0.9|100| 0.5 [ 0.5| 100
Air 28.29|12.3
Natural gas | 1.81 |0.79
Total: 230.1/100|17.1 100 (103.3 100| 9.2 100 [13.9 100 | 0.9 100| 0.5 100
Outlet:
Rough lead |101.8|44.2/0.12|0.1| 0.7 |101.3|99.5| 98 0.1(0.1| 6.0
Matte 29.96(13.0|16.8| 56 |{98.5| 0.22 |0.72|0.2 |{0.46|1.52|4.94|4.50|15.0{32.3|(0.1|0.1|3.0|0.00|0.0| 1.0
Slag 62.62(27.2|10.09|/0.1| 0.5 | 0.61 |0.97|0.6 |8.68]|13.8/94.0|/9.33|14.8(66.9 2.0/0.01|0.0| 3.0
Dust, gases |35.74|15.5(0.05|0.1| 0.3 | 1.14 ({3.18|1.1|0.09|0.26| 1.0 |0.11{0.31| 0.8 |0.8|2.5| 97 |0.40| 1.1 |94.0
Total: 230.1{100(17.1 100 [103.2 100(9.23 100 [13.9 100 | 0.9 100|0.45 100
S (0] N2 Sio2 Cao CHa Others
o e o e e e e e o e o e fotal
Inlet:
9.66 9.66 [100.0{11.30[11.3 |65.55 14.96(14.96100.03.14 3.14 (100.0 16.058.02 [100.0[200.0
5.94 21.0 [34.4522.35[79.0 [100.0 28.29
1.82 |100.0{100.0 1.82
9.66 100.0(17.24, 100.0{22.35 100.0(14.96| 100.03.14 100.0/1.82 100.0{16.05| 100.0[230.11
Outlet:
0.34 [0.33 .10 [101.78
7.24 24.17(75.0 0.68 2.26 #4.22 [29.96
11.19(17.87164.9 14.8123.65/99.0 [3.11 14.96 [99.0 14.7823.60192.10(62.62
2.416.75 [25.0 [6.05 [16.9335.1 [22.35/62.52(100.0/0.15 [0.42 1.0 0.030.09 1.0 [1.82|5.09 (100.0/0.25 [0.71 [1.58 B5.74
9.66 100.0(17.24 100.022.35 100.0(14.96 100.03.14 100.0/1.82 100.0(16.05 100.0230.11
I = quantity, g; Il = content, %; Ill — extraction, %.




KomnnekcHoe Ucnonb3oBaHne MuHepanbHoro Coipba. No3(334), 2025

ISSN-L 2616-6445, ISSN 2224-5243

Commercial, copper-rich matte is obtained in
the second stage - by blowing the intermediate
matte with oxygen, where the main amount of zinc
and iron sulfides are oxidized to their oxides and
turned into slag. In this case, the copper content in
the matte increases from 40% to ~57% and zinc-rich
slag is formed (Table 3).

From the results of the final material balance
(Table 4) it is clear that when melting a charge using
reduction-oxidation blowing, the yield of products
is, % (of the total charge): rough lead - 44.5; copper
matte — 13.0; slag — 27.2; dust and gases — 15.3.

Results of laboratory studies on joint smelting of
lead cake with various substandard lead production
materials fully confirm the provisions established in
the theoretical part of the technology.

Based on the conducted research, technological
regimes and optimal parameters for the joint
processing of lead cake and copper-lead matte by
two-stage reduction-oxidation blowing of the melt
were recommended for practical application: with
natural gas, then with oxygen:

— melt blowing time:

e natural gas — 15 minutes;

e oxygen—10min.

— gas consumption:

e (CHy — 1.4 times, its consumption from the
stoichiometric required amount (SRQ) for the
reduction of lead compounds;

e oxygen — 1.1 times, its consumption from
the stoichiometric required amount (SRQ) for the
oxidation of zinc and iron sulfide.

—temperature — 1200 °C.

With the established optimal parameters, high
technological indicators were achieved (Table 4):

— composition of rough lead, wt.%: 99.53 Pb;
0.12 Cu; 0.03 Sh.

— matte composition, wt.%: 56.2 Cu; 0.72 Pb;
1.52 Zn; 15.03 Fe; 24.17 S; 0.09 As.

— slag composition, wt.%: 14.89 Fe; 23.65 SiO2;
13.86 Zn; 0.14 Cu; 0.97 Pb.

— extraction of metals into targeted products:

e lead into rough lead — 98.6%;

e copper in matte —98.5%;

e zinctoslag—94.1%;

® arsenic and antimony in dust - up to 97 and

94%, respectively.

Conclusions

Based on the results of studies on the forms of
metals in lead cake and substandard intermediate
products of lead production, technological
calculations were carried out for the layout of a
charge of a new composition and laboratory
experiments on its smelting under conditions of
reduction-oxidation blowing. New data have been
obtained on the complex selective extraction of Cu,
Pb, Zn and As into the targeted smelting products.

Optimal conditions for melting the charge have
been established: temperature — 1200 °C; blowing
the melt with CHs — 15 min., oxygen — 10 min. High
extraction of lead into rough lead was achieved —
98.6%; copper in matte — 98.5%; zinc to slag — 94.1%;
arsenic and antimony into dust - up to 95 and 90%,
respectively.

High-quality rough lead, matte and slag were
obtained, which can easily be processed to produce
commercial lead, copper and zinc using known
technologies at minimal cost. The high copper
content in the matte, more than 70%, will
significantly reduce the costs of subsequent fire
refining and electrolysis operations to obtain
commercial copper cathodes.
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LLaHAab! WaiimanayaaH anblHFaH KOPFacbiH KOKbIMbl Heri3iHAeri LWWMKiKypaMHaH
6anKbIMaHbl TOTbIKCbI3A4AHAbIPbIN-TOTLIKTbIPbLIN Ypaey apKbi/ibl

Pb, Cu, Zn 6enin any TexHONOrUACDI

Nocmyxamepos H.K., 2Konaac6aii E.E., 2ApsbiH A.D., 2WUuesa 10.5., 'Knbiwbekosa XK.E.

1Cam6aes yHusepcumemi, Aamamel, KazakcmaH

26.A. balikoHblpos ameiHOaFbI He3Ka3raH yHusepcumemi, *e3kasraH, Kazakcma

Makana kengi: 21 mamelp 2024
CapanTtamagaH eTTi: 25 mayceim 2024
KabbingaHapl: 16 winde 2024

TYWIHAEME

KyMbICTa WaAHHAH MbIWbLAKTbI anfblH ana anbif TacTan XaHe OHbl KYKIPT KbIWKbUIbIMEH
LWaliManafaHHaH KeriH anblHFaH KOPFacbiH KOKbIMbI HEFi3iHAEr WMKIKYPaMHbIH, TYpi MeH Kypambl
6oibIHWa Kypaeni eHaeyaiH TeopuabiK 6a3acbl MeH HaTUXKenepi KenTipinreH. TeXHONOMUAHDBIH,
Heri3ri MakcaTbl — KOPFacblH KOKbIMbIMEH bipre KOpfacblH OHAiPIiCiHIH, KOHAMUMANBIK emec
apTblNail eHiMAepiH eHAeyre TapTy aHe TYCTi MeTanaapabl TayapAblk, eHIMAEPre CeNeKTUBTI
6enin any: MbICTbl — LWITENHre; KOPFacbiHAbl — Kapa KOpPFfacblHFa: MbIPbIWTbl — KOXfa.
LLIMKiKypamMHbIH, KypamMblH TaHAAy ONapAblH OHAIPICTe WbIFaTblH KOIEMIH eCKepe OTbIpbIM Ky3ere
acbIpbINApbl KaHE MbIHAAAN KypblnbiMA@ YCbIHbIABI, %: KOPFacblH KOKbIMbl — 50; Mbic-
KOpFacbiHAb! WTenH — 40; kBapuTbl datoc — 10. BenrineHreH 6ankbiTy eHiMAEPiHE MbIC, KOPFACbIH,
MbIPbIL X3HE MbILbAK KOFapbl KeleHAi anblHaTblH €H XaKCbl H3TWXKenepre KOpFacbiH
KOCbINIbICTaPbIHbIH, METaN KOPFacbiHFa AeliH TOTbIKCbI3AAHYbIH KAMTamachl3 eTeTiH Tabusu rasgbl
CTEXMOMETPUANBIK KaxkeTTi menwepaeH (CHK) TyTbiHyaaH 1,4 ece sofapbl TYTbIHY apKblabl KON
JKETKI3iNeTiHi aHbIKTanabl. banKbiMaHbl Tabufn rasbeH ypneyaiH OHTalbl yakbiTbl - 15 MUHYT.
BipiHWi Ke3eHHEH KeliH anblHFaH apanblK WTEWHA] ypaey KesiHAeri OTTEriHiH, OHTalbI WbIFbIHbI
MbIPbIW NeH Temip cyNbdUAiHIH TOTbIFYbl YLWiH OHbIH, CTEXMOMETPUABIK KAXKeTTi MeswepiHeH
(CHK) 1,1 ece »ofapbl 6014bl, 0ONap 0faH api oKcuATep TypiHAe KOKFa Kewegi. LUTelHai ypaey
y3aKTbifbl — 10 MUHYT. BenrineHreH OHTalAbl NapameTpiepae TEXHONOTUAHbIH, MKOoFapbl
TEXHONOTUANBIK, KOPCETKILUTEPIHE KON KETKI3iNAi: KOPFAacbIHHbIH, Kapa KopfacbiHfa GeniHyi —
98,6%; MbICTbIH, WTeiHre — 98,5%; MbIpbIWTbIH, KOXFa — 94,1%.

TyiiiH ce30ep: KOPFacbiH KOKbIMbI, LMKIKYPaM, ¥KapTblaai eHimaep, TOTbIKCbI3AaHABIPbIN Ypaey,
TOTbIKTbIPbIN YP/IEY, MbIC, KOPFACbIH, MbIpbIL, 6ein any.
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TexHonorua ussneyenus Pb, Cu, Zn u3 WKXTbl Ha OCHOBE CBUHLLOBOrO KeKa oT
BbILL,E/IAYNBAHMUA NbIIN NyTEM BOCCTAaHOBUTE/IbHO-OKUCUTENbHOM

NPoAyBKM pacnnasa
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AHHOTALUMUA

B pabote npeacTasieHbl TeopeTuyeckan 6asa U pesynbTaTbl NepepaboTKU CAOKHOMO Mo TURY U
COCTaBYy LWMXTbl, COCTaBJEHHOM Ha OCHOBE CBMHLOBOTO KeKa, MOJIyYeHHOro nocne
npeABapuUTENbHOTO YAANEHUA U3 NbIIM MblLUbAKA U NOC/EAYIOLLETO ee BblleauYnBaHUA CEPHON
Kucnotoi. OCHOBHas LeNb TEXHONOTMW — BOB/EYEHWE Ha nepepaboTKy HEeKOHAMLMOHHbIX
NoNYNPOAYKTOB CBMHLIOBOTO MPOM3BOACTBA COBMECTHO CO CBMHLIOBbIM KEKOM U CeNeKTUBHOE
u3B/NeYeHMe LIBETHbIX METa/I/IOB B TOBApPHble MPOAYKTbI: Men — B WTEMH; CBMHLA — B YEPHOBOW
CBMHeL;: LUMHKa — B LWNaK. BbI6Op KOMMNOHOBKM LWWXTbI OCYLLECTB/IEH C YYETOM MOJTyHaeMbIX WX
06bEMOB Ha NPOW3BOACTBE U MpPeACTaBNeHa CeAytole CTPYKTYpoit, %: CBUHLOBbIN Kek — 50;
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MeAHO-CBMHL0BbIM WwTeiH — 40; KBapuesblit ¢ntoc — 10. YCTaHOBAEHO, 4YTO Hauaydwwue
pe3ynbTaThl, obecneymBaloliMe BbICOKOE KOMMIEKCHOE M3B/eYEHWE MeaM, CBUHLA, UMHKA U
MbILWbAKA B LieseBble NPOAYKTbI NIaBKMU AOCTUIAOTCA NPU pacxode NpupogHoro rasa B 1,4 pasa
NPEBLILIAIOWEM €ro Pacxos, OT CTEXMOMETPUYECKOro Heobxogumoro ero konuuectsa (CHK) ans
BOCCTAHOB/IEHUA COEAMHEHWI CBMHLA [0 METa//IMYecKoro cBuHUA. OnTumasbHOe Bpems
NpoAyBKM pacniasBa NpuMpoAHbIM rasom — 15 MUHYT. ONTUManbHbIA Pacxos KUcnopoga npu
NpoAyBKe NPOMEKYTOYHOrO LUTEHHA, NOAYYeHHOro nocne nepsoi ctaguu, 8 1,1 pasa npesbiwan
ero crexmometpuuyeckoe Heobxoanmoe Konmuectso (CHK) ana okucneHus cynbduaa LMHKa u
Kenesa ¢ AanbHenlnm NepeBogom X B BUAE OKCMA0B B WAK. MPOA0IKUTENBHOCTL NPOAYBKMN
wreHa — 10 mMUHYT. MpW yCTaHOBAEHHbIX ONTUMA/bHbLIX NapameTpax AOCTUTHYTblI BbICOKME
TEXHO/IOTUYECKMEe MOKasaTeNn TEXHONOMMU: U3BNeYeHWe CBUHLA B YepHOBOWN cBuHel, — 98,6%;
meau B WreinH — 98,5%; unHKa B wnak — 94,1%.

Kniouesnblie cnosa: CBMHLI,OBbIﬁ KeK, WnxTa, NonynpoayKTbl, BOCCTaHOBUTE/IbHAA NPOAYBKa,
OKUCAUTENbHAA NPOAYBKA, me[b, CBUHEL, UMHK, U3B/ieYeHune.
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