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ABSTRACT 

The study examined the behavior of copper, lead, zinc, and arsenic during the reductive-oxidative 

processing of a balanced charge under scaled-up technology conditions. The optimal parameters 

for ensuring high comprehensive recovery of metals into targeted products were identified: lead 

into rough lead, copper into matte, and zinc into slag. The feasibility of conducting reductive-

oxidative smelting of a balanced charge was demonstrated. Optimal technology parameters were 

established: gas blowing time with natural gas – 20 minutes; with oxygen – 20 minutes; methane 

consumption – 1.7 times higher than that from the stoichiometric requirement for the reduction 

of lead compounds; oxygen consumption – 1.4 times higher than that from the stoichiometric 

requirement for the oxidation of zinc and iron sulfides; temperature – 1523 K. High rates of 

comprehensive selective recovery of metals into targeted products were achieved: lead into rough 

lead – 97.6%; copper into matte – 98.6%; zinc into slag – 56.8%, into matte – 1.7%, into dust and 

gases – 41.5%; arsenic and antimony into dust – up to 97.4% and 90%, respectively. A balanced 

charge processing technology has been developed for processing substandard intermediates of 

copper and lead production. 
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Introduction 

One of the important tasks of sustainable 
development of non-ferrous metallurgy in 
Kazakhstan is the organization of new productions 
(technologies) aimed at the complex processing of 
substandard intermediate products and recycled 
materials of copper and lead production with 
maximum extraction of non-ferrous and associated 
valuable metals. This is since the increase in the 
content of toxic and carcinogenic arsenic [[1], [2], 
[3], [4], [5], [6], [7], [8], [9]] in sulfide concentrates 
[[10], [11], [12], [13], [14], [15], [16]] significantly 
affected its distribution between the gas, slag and 
matte phase in smelting processes [16]. As a result, 
large volumes of substandard intermediate 
products, recycled materials and man-made waste 
with increased arsenic content were formed. On the 

one hand, this increased their negative impact on 
the environment and public health, which hinders 
their further processing. Serious pollution of the 
environment and significant harm to human health 
are caused by emissions of arsenic, especially As2O3. 
Arsenic control has become one of the important 
issues for all copper and lead smelters [17]. 

Based on the above, it can be stated that the 
dominant linear model of obtaining lead and copper 
from low-quality primary sulphide raw materials in 
the production of non-ferrous metals does not meet 
modern requirements of today. Industrial 
development of technologies for processing 
substandard copper-, lead-containing intermediate 
products and recycled materials of lead production 
is included in the number of the most important 
priorities for the innovative development of the 
mining and metallurgical industry of Kazakhstan. 
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In recent years, the circular economy model has 
been widely spread in the global economy within the 
framework of the concept of "zero waste". Systems 
for managing substandard multi-component 
intermediated products and man-made waste in 
many countries already meet the principles of a 
circular economy [18]. 

For the economy of Kazakhstan, the task of 
primary importance is to transfer the activities of the 
mining and metallurgical complex of the republic to 
a circular economy within the framework of the 
"zero waste" concept using resource-saving and 
energy-efficient technologies. The development and 
design of new technologies aimed at the complex 
processing of multi-component raw materials - 
substandard intermediate products and man-made 
waste from lead production, seems to be very 
relevant. 

The objective of the present research is to study 
the behavior of copper, lead, zinc and arsenic during 
the reductive-oxidative processing of balanced 
charge under conditions of technology scaling and to 
determine the optimal parameters that ensure high 
complex extraction of metals into targeted products: 
lead into the rough lead, copper into matte, zinc into 
slag. 

The main objective of the research is to evaluate 
the selective extraction of Pb, Cu and Zn into 
targeted products. 

Materials and research methods 

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

The composition of the charge from various 
materials was carried out based on 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 [19, 20], 
ensuring the minimum solubility of lead and copper 
in it, the required calculated amount of quartz flux 
(95% SiO2) was added to the charge.   

The following charge structure was adopted for 
calculating the average composition of the charge, 
%: lead cake – 30; copper-lead matte – 25; copper 

slips – 25; converter slag – 10; zinc cake – 5; quartz 
flux – 5.  

Calculated composition of the average balanced 
charge, % by weight: 13 Cu; 43.5 Pb; 5.6 Zn; 7.8 Fe; 
5.0 S; 1.6 As; 0.6 Sb; 6.0 SiO2, others. 

Experimental part: Installation diagram 
and procedure for conducting experiments 

The experiments were carried out using a 
Nabertherm GmbH RHTV 120-150/16 high-
temperature furnace, the general appearance of 
which is shown in Fig. 1. 

A) 

B) 

1 – crucible with charge; 2 – alundum tube for blowing 
the melt; 3 – quartz reactor; 4 – plug; 5 – gas outlet hose 

Fig. 1 - General view of the high-temperature furnace (A) 

and the design of the assembled installation (B) 

Table 1 - Chemical composition of initial products 

Product Name Cu Pb Zn As Sb Fe S O 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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The use of a large-capacity furnace made it 

possible to conduct experiments with the maximum 

amount of the initial charge, which was constant in 

all experiments – 500 g. 

Technological experiments were carried out in 

two stages: the first was the reduction smelting of 

the charge by blowing with natural gas to obtain 

rough lead, slag and intermediate matte, and the 

second was the oxidizing blowing of the matte with 

atmospheric oxygen to obtain commercial copper 

matte and slag. 

The experiments determined the influence of the 

consumption of natural gas, oxygen and the 

duration of melt blowing on the technological 

parameters of smelting. 

Preliminary experiments have shown that at a 

charge melting temperature of 1473 K, the 

production of a fluid slag that would ensure the 

complete flow of physical and chemical processes of 

product formation and separation is not achieved. 

For complete homogenization of the melt, it was 

necessary to increase the holding time of the 

melting temperature regime to 20 minutes. From a 

practical point of view, an increase in the melting 

time leads to a decrease in the productivity of the 

technology as a whole, therefore, to optimize the 

process, all experiments were carried out at a higher 

temperature - 1523 K. 

In the first stage, upon reaching the set 

temperature (1523 K), the melt was held for 10 

minutes to obtain a homogeneous melt, after which 

the melt was blown with natural gas for a set time. 

The natural gas consumption varied within the range 

from 1 to 1.7, in fractions of the stoichiometric 

required amount (SRA) for the complete reduction 

of lead and zinc compounds (sulfates, sulfides, 

ferrites) to oxides with their subsequent conversion 

to slag. The melt blowing time was 5, 10, 15, 20 

minutes. Upon completion of the melt blowing for a 

set time, the tube was raised (position above 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 resulting smelting products: rough 

lead, matte and slag were separated from each 

other and each product was subjected to elemental 

analysis for metal content. 

The intermediate mattes contained increased 

levels of lead, zinc and iron sulphides. In order to 

reduce their content in the mattes and obtain a high-

copper matte, the intermediate matte was purged 

with oxygen in the second stage. The procedure for 

conducting the experiments was the same as in the 

case of blowing the melt with natural gas. The 

temperature of the experiments was 1523 K. 

The dust yield in all experiments 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. After 

the experiments, the products were subjected to 

elemental analysis. The results of parallel 

experiments on the metal content showed good 

convergence (error +/- 0.5% abs.). Based on the 

averaged results of the product yield and the metal 

content in them, the material balances of the 

reducing and oxidizing smelting of the charge, as 

well as the consolidated material balance of the 

general technology for processing the balanced 

charge, were calculated. 

Results and discussion 

The results of the conducted technological 

experiments on the reduction smelting of the charge 

are presented in Fig. 2-5. 

It should be noted that the consumption of 

natural gas and the duration of the melt blowing 

process are complementary. Research could focus 

solely on the influence of natural gas consumption, 

leading to the establishment of its optimal value. 

However, determining the time dependence of 

metal extraction allows for a qualitative assessment 

of the kinetic patterns of the interaction between 

the charge components and natural gas. 

It has been established that the extraction of 

copper into the matte demonstrates a high recovery 

rate of over 98% at a natural gas consumption level 

of 1.0 times its stoichiometric requirement for the 

reduction of lead compounds (see Fig. 2). 

Further increasing the consumption of natural 

gas for copper extraction into the matte has only a 

minor effect. This established pattern aligns well 

with the theory of the process. In the context of 

reductive smelting of the charge with natural gas, 

the reduction of lead sulfates and sulfides appears 

to be more advantageous. 
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Figure 2 – Impact of natural gas consumption CH4 (ratio of SRA) 
and the melt blowing time (τ, min) on the extraction of copper into smelting products 

Figure 3 – Impact of natural gas consumption CH4 (ratio of SRA) 
and the melt blowing time (τ, min) on the extraction of lead into the smelting products 
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Figure 4 – Impact of natural gas consumption CH4 (share of SRA) 
and the melt blowing time (τ, min) on the extraction of zinc into the smelting products 

Figure 5 – Impact of natural gas consumption CH4 (ratio of SRA) 
and the melt blowing time (τ, min) on the extraction of arsenic into the melt products 

Considering that the main matrix of the charge 
is a lead cake consisting of lead, zinc and copper 
sulfates when developing the technology, we 
proceeded from the condition of ensuring their 
complete recovery by purging the melt with natural 
gas at high temperatures (1200 ° C). This approach is 
a fundamental difference from previous studies, 
where during the processing of a charge consisting 
of various lead production materials with a high 
arsenic   content, the melt was first subjected to  
oxidative purging to maximize its removal, and only 
then to reductive purging to form liquid phases: 
rough lead, matte and slag. 

During the reduction purge of the melt with 
natural gas, favorable conditions are created for the 
reduction of sulfates by reaction: 

MeSО4+CH4 = MeО+CО2↑ + SО2↑ + H2О↑, 
Ме – Pb, Cu, Zn.       (1) 

The resulting metal oxides, interact with the 
components of sulfide materials (copper-lead matte, 
copper slips), by reactions (2), (3): 

2PbО + PbS = 3Pb + SО2↑,    (2) 
Cu2О + FeS = Cu2S + FeO,       (3) 
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The liquid phases of rough lead and matte are 
formed. 

At the temperatures involved in the process, 
while lead sulfide is present in the melt, other 
sulfides are not reduced by natural gas. 

Under conditions of intensive bubbling of the 
melt with natural gas, lead compounds are reduced 
to metal, resulting in the formation of a liquid phase 
of raw lead. The completeness of raw lead formation 
depends on the amount of natural gas used for the 
reduction of lead compounds. 

In the smelting of a balanced charge, the main 
losses of lead are related to its solubility in the 
matte. Experiments have shown that the minimum 
lead content in the matte is achieved when the 
resulting final copper matte contains the least 
amount of lead and iron sulfide. In Cu2S-MeS alloys 
with a high content of copper sulfide, the solubility 
of lead is minimal and is primarily determined by its 
physical solubility. As the content of PbS and FeS in 
the sulfide alloy increases, the solubility of lead in 
them rises, with the proportion of chemical losses of 
lead dominating due to the reactions between lead 
and iron sulfide [21]. 

The final extraction of copper into matte is 
affected by the distribution of copper between 
matte and rough lead. Under conditions of reductive 
smelting of a balanced charge with natural gas, an 
intermediate matte with a copper content of 55.3% 
was obtained. With further oxidative smelting of 
matte with air, due to the creation of conditions for 
the complete oxidation of iron and zinc sulfides, the 
copper content in the matte increased to 76.3%. 

Based on the results of large-scale laboratory 
melts, the following optimal technological 
parameters are recommended for practical 
application: 

– melt blowing time: with natural gas – 20 min;
with oxygen – 20 min; 

– gas consumption: CH4 – 1.7 times exceeding its
consumption from the SRA for the reduction of lead 
compounds; oxygen – 1.4 times exceeding its 
consumption from SRA for the oxidation of zinc and 
iron sulfide; 

– melting temperature – 1250 °C.
With optimal technological parameters, the 

following technological indicators were achieved: 
– yield of smelting products, % of the total

charge: 

• rough lead – 38.3;

• copper matte – 15;

• slag – 31.2;

• dust, gases – 15.5.

– composition of melting products, % by weight:
▪ rough lead – 99.34 Pb; 0.18 Cu; 0.08 Sb;

others. 
▪ copper matte – 76.3 Cu; 0.93 Pb; 0.52 Zn;

0.23 Fe; 20.4 S; 0.05 As; 0.03 Sb; other. 
▪ slag – 22.03 Fe; 20.2 SiO2; 4.0 CaO; 9.12 Zn;

0.19 Cu; 0.55 Pb; other. 
– extraction of metals into targeted products:

• lead into rough lead – 97.6%;

• copper into matte – 98.6%;

• zinc into slag – 56.8%; into matte – 1.7; into
dust, gases – 41.5. 

• arsenic and antimony into dust - 97.4% and
90%, respectively. 

Conclusions 

The possibility of implementing reductive-
oxidative smelting of a balanced charge is 
demonstrated. The optimal parameters of the 
technology are established: time of blowing the melt 
with natural gas – 20 min; with oxygen – 20 min; CH4 
consumption – 1.7 times exceeding its consumption 
from the SRA for reduction of lead compounds; 
oxygen consumption – 1.4 times exceeding its 
consumption from the SRA for oxidizing zinc and iron 
sulfide; temperature – 1523 K. 

With optimal process parameters, the following 
product yield was obtained, % of the total charge: 
rough lead – 38.3; copper matte – 15; slag – 31.2; 
dust, gases – 15.5. Copper matte with a high copper 
content (more than 76%) and a minimum impurity 
content were obtained: 0.93 Pb; 0.52 Zn; 0.23 Fe; 
0.05 As; 0.03 Sb. 

High rates of complex selective extraction of 
metals into target products have been achieved: 
lead in the rough lead – 97.6%; copper in matte – 
98.6%; zinc in slag – 56.8%, in matte – 1.7%, in dust, 
gases – 41.5%; arsenic and antimony in the dust – up 
to 97.4% and 90%, respectively.  

The developed technology for processing 
balanced charge can be used for processing 
substandard intermediates of copper and lead 
production. 
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Құрамында мыс, қорғасын бар өнімдер негізінде теңдестірілген шихтаны 
қайта өңдеу технологиясы 

1Досмухамедов Н.К., 2Жолдасбай Е.Е., 2Арғын А.Ә., 2Ичева Ю.Б., 1Кұрмансейтов М.Б. 

1Сәтбаев университеті, Алматы, Қазақстан 
2Ө.А. Байқоңыров атындағы Жезқазған университеті, Жезқазған, Қазақстан 

Мақала келді: 12 қараша 2024 
Сараптамадан өтті: 26 қараша 2024 
Қабылданды: 17 желтоқсан 2024 

ТҮЙІНДЕМЕ 

Жұмыста технологияны масштабтау жағдайында теңдестірілген шихтаны тотықсыздандыру-

тотықтыру кезінде мыс, қорғасын, мырыш және мышьяктың бөлініп таралуы зерттеліп, 

металдарды мақсатты өнімдерге: қорғасынды – қаралы қорғасынға, мысты – штейнге, 

мырышты – шлакқа жоғары кешенді бөліп алуды қамтамасыз ететін оңтайлы параметрлер 

анықталды. Теңдестірілген шихтаны тотықсыздандырып-тотықтыра балқытуды жүзеге 

асыру мүмкіндігі көрсетілген. Технологияның оңтайлы параметрлері белгіленді: балқыманы 

табиғи газбен үрлеу уақыты – 20 мин; оттегімен - 20 мин; қорғасын қосылыстарын 

тотықсыздандыру үшін СҚМ шығынынан 1,7 есе асатын СН4 шығыны; мырыш пен темір 

сульфидін тотықтыру үшін СНК шығынынан 1,4 есе асатын оттегі шығыны; температура – 

1523 К. Нысаналы өнімдерге металдарды кешенді селективті бөліп алу бойынша жоғары 

көрсеткіштерге қол жеткізілді: қорғасын қаралы қорғасынға– 97,6%; мыс штейнге– 98,6%; 

мырыш шлакқа– 56,8%, штейнге – 1,7%, шаңға, газдарға – 41,5%; мышьяк пен сурьма шаңға 

– 97,4% және 90% дейін, тиісінше. Мыс және қорғасын өндірісінің кондициялық емес

жартылай өнімдерін қайта өңдеуге арналған теңдестірілген шихтаны қайта өңдеу 

технологиясы әзірленді. 

Түйін сөздер: мыс, қорғасын, мырыш, табиғи газ, балқыту, алу, қайта өңдеу. 
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АННОТАЦИЯ  

В работе изучены поведения меди, свинца, цинка и мышьяка при восстановительно-

окислительной переработке сбалансированной шихты в условиях масштабирования 

технологии и определены оптимальные параметры, обеспечивающих высокое комплексное 

извлечение металлов в целевые продукты: свинца – в черновой свинец, меди – в штейн, 

цинка – в шлак. Показана возможность осуществления восстановительно-окислительной 

плавки сбалансированной шихты. Установлены оптимальные параметры технологии: время 

продувки расплава природным газом – 20 мин; кислородом – 20 мин; расход СН4 – 1,7 раза 

превышающий его расход от СНК для восстановления соединений свинца; расход кислорода 

– 1,4 раза превышающий его расход от СНК для окисления сульфида цинка и железа; 

температура – 1523 К. Достигнуты высокие показатели по комплексному селективному 

извлечению металлов в целевые продукты: свинца в черновой свинец – 97,6%; меди в штейн 

– 98,6%; цинка в шлак – 56,8%, в штейн – 1,7%, в пыль, газы – 41,5%; мышьяка и сурьмы в 

пыль – до 97,4% и 90%, соответственно. Разработана технология переработки 

сбалансированной шихты для переработки некондиционных полупродуктов медного и 

свинцового производства. 
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