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Abstract: Developed efficient technology of significant copper content in converter slag using inexpensive and non-scarce industrial
waste - zinc clinker. The technology is new and makes a certain contribution to the development of science and technology for the
integrated use of raw materials, the creation of low-waste technologies while simultaneously solving the problem of environmental
protection. As a research hypothesis, it was established that the greatest influence on the copper content in the converter slag is
exerted by the magnetite present in it in significant quantities. Magnetite heterogenizes the melt, increases the viscosity and density
of the melt, as a result of which the reduction processes are very difficult. It is assumed that the carbon-thermal reduction of the melt
magnetite should contribute to the successful reduction of the copper concentration in industrial waste. The developed technology
of a significant reduction in the concentration of copper in the converter slag significantly increases the complexity of the use of raw
materials, helps to remove part of the metal from the work in progress, reduces the ballast turnover of metal in the reverberatory
furnace - converter cycle and can provide an economic effect of more than 10 million US dollars per year.
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1. INTRODUCTION

The results of the socio-economic development of Uzbekistan for the first quarter of 2021 testify to the effectiveness of the
measures taken to deepen the processes of economic reform and the implementation of the most important priorities of the country's
socio-economic development for 2021, determined by the President of the Republic of Uzbekistan [1].

As a result of the measures taken to continue deepening the structural transformations of the economy, accelerated modernization,
technical and technological renewal of production, the GDP growth rate in the first quarter of this year amounted to 7.6%. Economic
growth was ensured by an increase in industrial production by 6.2%, agricultural products - by 5.8%, etc [2].

Thanks to the implementation of comprehensive measures to increase the competitiveness and strengthen the position of
Uzbekistan in world markets, in the first quarter of this year, high economic activity was noted in the field of high-tech industries,
which had a positive effect on the growth of industrial production [3,4].

As part of the implementation of the Program on the priority of industrial development of the Republic of Uzbekistan in 2017-
2021, work continued to further deepen structural reforms in industry, aimed at the advanced development of such priority sectors
as energy, non-ferrous metallurgy, etc [5,6].

Achievement of such high indicators became possible due to the continuation and deepening of reforming, renewal and
modernization of the country, the unconditional implementation of the Anti-Crisis Program for 2017-2021 and, on this basis, ensuring
high and sustainable economic growth rates, its efficiency and macroeconomic balance [7,8,9].

Uzbekistan possesses significant explored reserves of non-ferrous metals: copper, lead, zinc, tungsten, etc. Copper ores are
accompanied by more than 15 types of non-ferrous metals, such as gold, silver, molybdenum and others.

The reserves of non-ferrous metal ores are mainly concentrated in the Almalyk ore field. Ore is processed at the Almalyk Mining
and Metallurgical Combine (AMMC), which is one of the largest enterprises in Uzbekistan [10].

Almalyk Mining and Metallurgical Combine, like most plants in the world, uses the classic pyrometallurgical scheme for the
production of blister copper, which includes:

- melting the charge for matte in a reverberatory furnace;

- melting the charge for matte in the oxygen-flame smelting furnace (OFSF);

- converting mattes.

With such a technological scheme, one of the by-products of production is man-made waste;

- slags of reverberatory melting;

- slags of oxygen-flare smelting;
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- converter slags.

Slags of copper production contain from 0.45 to 3.5 Cu and are not dump. Slags of OFSF and reflective smelting are partially
processed by flotation, and most of them are stored until an economically viable processing technology is developed. Converter slag,
containing up to 3.5% copper, is a recycle product and, for the most part, is processed in a reverberatory furnace. However, in this
case, almost all technical and economic indicators of reflective melting significantly deteriorate. In addition, with such a
technological scheme, a significant amount of copper is in work-in-progress in the form of ballast circulation between the converter
and the reverberatory furnace. In this regard, the topic of the master's thesis on reducing the copper content in the converter slag is
very relevant.

The processing of slags from copper smelting is dealt with in almost all countries and continents that have a corresponding
industry. Numerous technologies and recommendations have been developed in relation to specific production conditions. This is
due to the variety of composition, properties and mechanism of slag formation, requiring individual technological solutions for their
processing [11-20].

All known methods of processing slags from copper smelting production can be classified in the following main directions:
[21].

- hydrometallurgical;

- flotation;

- pyrometallurgical;

- combined.

Each direction has its own specific advantages and disadvantages. Their applicability is determined both by the composition of
the feedstock and fluxes, and by the specific conditions of enterprises [22-29].

The analysis of the developed technologies shows that none of them can be applied in AMMC conditions with acceptable
technical and economic indicators. Consequently, the development of an optimal slag processing technology in the AMMC
conditions based on the technology used and the operating equipment is necessary.

This research work was carried out in accordance with the State Budgetary Research Topic of the Department of Metallurgy:
"Improving the technology of processing ores and concentrates of ferrous and non-ferrous metals, aimed at increasing the complexity
of the use of raw materials, environmental protection and environmental issues”, as well as in within the framework of the
fundamental grant: OT-F 6 - 008 "Development of the fundamental foundations of a fundamentally new technology for the processing
of sulfide copper concentrates, aimed at increasing the complexity of the use of raw materials and environmental protection in 2017-
2021" [30-35].

The purpose of this dissertation work is to develop an effective technology for converting copper mattes, aimed at reducing metal
losses with man-made waste.

Within the framework of this goal, the following scientific and technical tasks were solved:

- various methods of matte production during sulphide copper concentrate smelting in reflective, electric and autogenous furnaces
are considered,;

- it is shown that the only way to obtain blister copper from mattes is to convert them;

- selected objects and determined the conduct of research;

- studies were carried out to reduce the copper content in converter slags;

- studied the reduction processes in the converter slag - clinker scheme;

- the processes of interaction of liquid slag and solid carbon have been studied,;

- determination of electrical conductivity of liquid slag and mattes in converting;

- development of an effective technology for reducing the copper content in converter slags when they are discharged from the
furnace.

The subject of the study is to establish the possibility of a significant reduction in the copper content in the converter slag by
means of coal-thermal reduction of slag magnetite with added clinker from zinc production, as well as to study the reduction of metal
losses with industrial waste when the melt is drained from the furnace [36-47].

2. MATERIALS AND METHODS

The object of research was the current technology, processed matte and converting products. The materials of the research work
were the same charge materials that are used in reflective smelting and an oxygen-flare furnace of the Almalyk Mining and
Metallurgical Combine. To study the processes occurring in the layer of charge materials during heating, the change in the electrical
resistance of the sample prepared from the initial components was determined. The electrical resistance was measured using a
voltmeter-ammeter circuit, which makes it possible to measure the resistance of the circuit continuously and with great accuracy.
The setup diagram is shown in Fig.1. The circuit was powered from an alternating current network through a GZ-7A signal generator.
The generator allows you to adjust the output voltage from 100 uV to 30V, and the frequency in the range from 20 Hz to 10 MHz
[48-53].
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The generator output voltage was monitored with a VV3-5 tube millivoltmeter. The range of measured voltages varies from 10 uV
to 1 V. If it was necessary to establish a voltage in the circuit above 1 V, the millivoltmeter was turned off and the output voltage
was set using a millivoltmeter mounted in the generator [54].

The current in the circuit was measured using an F-58 electronic milliammeter. If it was necessary to measure smaller effective
values of the current, an F-58 milliammeter was used, which makes it possible to make measurements with 0.001 mA [55].

To measure the electrical resistance, electrodes were introduced into the sample. The introduction of electrodes separately into
the core and into the shell made it possible to control the processes in the entire volume of the sample. The core and shell of the
sample, in order to study the processes of their interaction during heating and melting, were made from various initial materials. The
introduction of both electrodes into the core of the sample makes it possible to obtain information on the parameters of chemical
interaction and melting in the center of the materials under study in conditions of their protection from the influence of the external
environment [56].
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Fig.1. Installation for determining the electrical resistance of materials
and a diagram of the introduction of electrodes into the sample

Particular attention was paid to the choice of material for the electrodes. The following requirements were presented to him:

a) low value of its own electrical resistance;

b) weak influence on the characteristics of the material of temperature and composition of the gas phase;

c) low reactivity with respect to the materials that make up the charge.

Platinum meets these requirements most of all. Platinum electrodes were inserted into the sample in quartz sheaths, and only the
ends of the electrodes were not protected.

Evseev N.V., Yaskin V.N., Tokovoy O.K. and others Used a similar method to determine the stages of melting the charge in the
smelting furnace [57].

Thermographic analysis was performed using well-known and widely used techniques.

Thermograms were taken of both pure substances Ca0O, SiO», Fe;0s3, Fes04, and various compositions of the initial components
of the depletion mixture. In necessary cases, we also used X-ray phase analysis [58].

3. RESULTS AND DISCUSSION

The main circulating products of copper-smelting production are converter slags. With their traditional processing by pouring into a reflective furnace,
the extraction of copper from them is ~ 70%. They are also the main source of magnetite entering the melting unit, which significantly worsens the melting
performance. Recovery of converter slags in order to reduce the content of magnetite and copper in them has a positive effect on the process of their
subsequent processing. Itis of interest to evaluate the possibility of using one of the wastes of zinc production - the Waelz clinker for the recovery of converter
slags. As you know, up to 30 - 35% of the clinker mass is made up of highly effective reducing agents - finely dispersed solid carbon, cast iron carbon and
metallic iron [59].

Laboratory experiments of the authors and previously published data have shown that the addition of clinker in an amount of 10 - 30% of the matte
mass does not reduce the copper content in the slag from 2.95 - 3.25 to 0.5-1.0% with a decrease the content of magnetite in the slag is from 20 to 3 - 5%.
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Pilot tests on the supply of clinker to an industrial converter were carried out at one of the copper smelters. During the tests, 420 tons of clinker of the
following composition,%, were processed: 2.6 Cu; 0.9 Zn; 37.6 Fe; 8.2 S; 18.9 Si02; 5.0 Ca0; 12.0 C; 48 g/t Au; 250 g/ t Ag. The clinker was fed into
the converter together with quartz flux during the entire blowdown. The amount of supplied clinker is 5 - 15% of the amount of processed matte.

During pilot industrial tests, it was established:

when loading clinker, the temperature in the converter rises by 50-100 ° C, which makes it possible to process an additional amount of recycled materials
(Table 1). Over the entire testing period, the volume of recycled recycled materials amounted to 22% of the matte mass instead of 10% in the previous
month.

Cu, %

1] . ! I
10 20 30

clinker . %

Fig.2. Dependence of the copper content in the converter slag on the amount of contaminated clinker

Additionally, 300 tons of previously accumulated recycled materials were processed;

the copper content in the converter slag ranged from 1.2 to 2.3% and averaged 1.8% with a reported grade of 3.5%;

- no decrease in the efficiency of the converters, additional wear of the lining and changes in the composition of the exhaust gases
in terms of SO2 were not observed [60].

The second stage of pilot testing was carried out on all working converters of the plant; 993 tons of clinker were processed. The
copper content in the converter slag during clinker loading was 1.4-2.5%.

Table 1. The effect of adding clinker to matte on the amount of recycled materials
processed (the ratio of the amount of matte to the amount of clinker is 9: 1)

Blast _ Recycled materials
103 nm Matte Clinker % by
g/h g/h t/h weight of

a/h
matte
30 38,64 7,13 18,4
30 30,0 3,3 7,7 25,6
36 46,09 9,53 20,7
36 36,70 4,0 10,2 28,4
42 53,45 11,9 22,26
42 41,50 4,6 12,7 30,3
48 60,92 14,3 23,47
48 47,35 5.3 15,2 32,3

It should be noted that in addition to a significant decrease in the content of copper in converter slags, there is also a sharp decrease
in the content of noble metals in them.

When converting without supplying the clinker, the content of gold and silver in the slags ranged from 2.5-9.0 and 12-43 g / t,
respectively. When loading clinker, the content of gold and silver in slags was at the level of 0.4-1.3 and 2.8-7.6 g / t, respectively.
The heat balances of the process showed that the heat input from the combustion of coke and the oxidation of the metallic iron of the
clinker in general, the heat input is ~ 14%, i.e. the introduction of clinker into the conversion process makes it possible to significantly
increase the amount of recycled materials processed [61].
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Table 2. Composition of the obtained converter slags, %

Cu [Augit [ Ag gt [ SiO, [ S | Fe
Without clinker feed
3.0 2.8 12.2 19.2 1.2 60.3
3.4 9.0 43.2 21.3 1.0 59.1
3.2 2.5 22.8 23.6 0.8 58.1
3.4 3.2 17.6 19.5 1.8 56.8
3.4 3.2 17.6 19.0 1.8 61.5
With clinker feed

2.4 1.0 4.8 19.1 1.9 66.6
2.0 1.2 6.0 24.2 1.8 60.6
1.9 0.8 5.0 21.0 1.0 64.3
1.2 0.4 6.2 24.8 0.4 61.2
1.4 0.4 4.8 26.0 0.9 63.0

The result of industrial tests showed the technological feasibility and high efficiency of continuous processing of clinker in
converters due to the additional extraction of copper, gold and silver.

The present method makes it possible, without adding fuel, to process rich mattes of autogenous smelting processes and to obtain
reduced converter slags, which are relatively poor in the content of copper and noble metals, suitable for deep depletion in a
reverberatory furnace.

At present, the processing of clinker in converters has been introduced at two plants in the industry.

4, CONCLUSION

Large-scale laboratory tests using the developed effective technology for reducing the copper content in the converter slag were
carried out on a unit mounted in the laboratory of the Metallurgy Department. Tashkent State Technical University together with
employees of the Navoi State Mining Institute. The developed technology can be implemented in the copper-smelting plant AMMC.

Key points: - chemical reactions in a heterogeneous system for the reduction of magnetite of converter slag with solid carbon,
which is part of the clinker of zinc production;

- influence and choice of optimal parameters of coal-thermal reduction in the converter slag - clinker system;

- developed technology for reducing the concentration of copper in the converter slag by reducing the melt magnetite;

- change in the technology of discharging the converter slag in order to reduce the ballast turnover of metal in the reverberatory
furnace - converter system.

Scientific novelty:

- the chemical reactions of reduction of magnetite of converter slag by clinker of zinc production have been studied,;

- it was found that the reduction processes in the heterogeneous system melt - solid carbon flow in both direct and indirect
mechanisms in two stages;

- an effective technology has been developed to significantly reduce the copper content in the converter slag and reduce the ballast
turnover of metal in the reverberatory furnace-converter cycle;

- a developed system for automatic detection of the end of the scale discharge and prevention of the discharge of the rich mass
into the slag.

5. REFERENCES

[1] Developed and approved under the leadership of the President of the Republic of Uzbekistan "Action Strategy for the five priority
areas of development of Uzbekistan in 2017-2021" 07.02.2017.

[2] Decree of the President of the Republic of Uzbekistan dated October 29, 2020 No PF-6097 "On approval of the Concept of
development of science until 2030."

[3] Yusupxodjayev A.A., Hojiyev Sh.T., Ochildiyev Q.T. Gidrometallurgiya jarayonlari nazariyasi: amaliy mashg‘ulotlar uchun
uslubiy ko‘rsatmalar. —Toshkent: ToshDTU, 2020. -132 b.

[4] Kapumosa T.I1., Camanos A.Y., Caunosa M.C., FOcynxomkaeB A.A., Xoxues LII.T. Pa3paboTka 3(HEeKTHBHON TEXHOIOTHUH
CHWIKCHHUS IMOTCPU MEAU CO HUIAKaMH METOJOM aBTOMATH3allUU HpoOLECCa pa3jiMBa KOHBCPTCPHBLIX MIIJIAKOB IIPpU CJ'[I/IBC//

Proceedings of the III International Scientific and Practical Conference “Scientific and Practical Results in 2016. Prospects for
their Development” (December 27 — 28, 2016, Abu-Dhabi, UAE). Ajman, 2017, Ne 1(17), Vol. 1, c. 40 — 43.

www.ijeais.org
19


http://www.ijeais.org/

International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 5 Issue 5, May — 2021, Pages: 15-22

[5] A.A. Yusupkhodjayev, Sh.T. Khojiyev. Methods of decreasing of Copper loss with Slag in Smelting Processes// International
Academy Journal Web of Scholar. Kiev, March 2017, Ne 2(11), Vol. 1, PP. 5 - 8.

[6] M.M. Yakubov, A.A. Yusupxodjayev, Sh.T. Hojiyev. Eritish jarayonida misning shlak bilan isrofini kamaytirish yo’llari //
Kompozitsion materiallar. Toshkent, 2017, Nel. 18 —19 b.

[7] Yusupkhodjaev A.A., Khojiev Sh.T., Valiev X.R., Saidova M.S., Omonkhonov O.X. Application of Physical and Chemical
Methods for Processing Slags of Copper Production // International Journal of Advanced Research in Science, Engineering and
Technology. Vol. 6, Issue 1, January 2019. pp. 7957 — 7963.

[8] Khojiev Sh.T. Pyrometallurgical Processing of Copper Slags into the Metallurgical Ladle // International Journal of Advanced
Research in Science, Engineering and Technology. Vol. 6, Issue 2, February 2019. pp. 8094 — 8099.

[9] Khojiev Sh. T., Safarov A. X., Mashokirov A. A., Imomberdiyev S. F., Khusanov S. U., Umarov B. O. New method for recycling

of copper melting slags// MexayHapoausiii HayuHbldl skypHan “Monomoit Yuéuprii”, Ne 18 (256), yacts II. -Kasams:
usgarenbeTBa «Momooi yueHsiii», 2019. C. 133 — 135.

[10] Abjalova H.T., Hojiyev Sh.T. Metallning shlak bilan isrofi va uni kamaytirish yo’llari // akademik T.M. Mirkomilovning 80
yilligiga bag’ishlangan universitet miqyosidagi talaba va yosh olimlarning ilmiy tadqiqot ishlarida “Innovatsion g’oyalar va
texnologiyalar” mavzusidagi ilmiy-amaliy anjumanining ma’ruzalar to’plami / Toshkent: ToshDTU, 17-18- may, 2019. 95 — 97

[11] A.A. Yusupkhodjaev, Sh.T. Khojiev, B.T. Berdiyarov, D.O. Yavkochiva, J.B. Ismailov. Technology of Processing Slags of
Copper Production using Local Secondary Technogenic Formations// International Journal of Innovative Technology and
Exploring Engineering, Volume-9, Issue-1, November 2019. P. 5461 — 5472.

[12] Sh.T. Khojiev, A.A. Yusupkhodjaev, D.Y. Aribjonova, G.B. Beknazarova, D.N. Abdullaev. Depletion of Slag from Almalyk
Copper Plant with Aluminum Containing Waste // International Journal of Innovative Technology and Exploring Engineering,
Volume-9, Issue-2, December 2019. P. 2831 — 2837. doi: 10.35940/ijitee.B7200.129219

[13] Hojiyev Sh.T., Norqgobilov Y.F., Raxmataliyev Sh.A., Suyunova M.N. Yosh metallurg [Matn]: savol-javoblar, gizigarli
ma’lumotlar va metallar ishlab chigarish texnologik jarayonlari. — Toshkent: “Tafakkur” nashriyoti, 2019 . - 140 b. ISBN 978-
9943-24-273-9

[14] Yusupxodjayev A.A., Mirzajonova S.B., Hojiyev Sh.T. Pirometallurgiya jarayonlari nazariyasi [Matn]: darslik. — Toshkent:
“Tafakkur” nashriyoti, 2020. — 300 b. ISBN 978-9943-24-295-1

[15] Khojiev Sh.T., Abjalova H.T., Erkinov A.A., Nurmatov M.N. Study of methods for preventing copper loss with slags //
“CryneHuecKril BeCTHUK : Hay4dHbIN xkypHaI1, Ne 6(104). Yacts 4. MockBa, 13x. «uTepuaykay, @espans 2020 r. C. 71 — 74.

[16] Khojiev Sh.T., Erkinov A.A., Abjalova H.T., Abdikarimov M.Z. Improvement of the hydrodynamic model of the bubbling
depletion of slag in the ladle / “CtyneHueckuii BeCTHUK : HaydHBIN )KypHaI, Ne 6(104). Yacts 4. Mocksa, U3x. «HTEpHAYKaY,
®espanp 2020 1. C. 75 - 77.

[17] Raxmataliyev Sh.A., Hojiyev Sh.T. Xo’jalik chiqindilaridan toza kumushni ajratib olish usullari // Texnika yulduzlari, Ne 1,
Toshkent: “ToshDTU”, Mart, 2019. 104 — 107 b.

[18] FOcynxomkaes A.A., BepmuspoB b.T., Xoxwues II.T. Hcmouno JK.B. TexHONOTHS TMOBBILEHHS KOMIJIEKCHOCTH
UCIIOJIb30BaHMsl CTPATETHUECKH Ba)XKHOTO CHIPSl B LIBETHOW MeTaJulypruu Y30ekucrtana // HaydHo-mpakTHUeCKMH >KypHa
«be30macHOCTh TEXHUYECKUX U COIMANBHBIX cucteM», Ne 1, Tamkent, U3x. «Taml TY», lekadps, 2019. C. 12 — 21.

[19] Yusupxodjayev A.A., Hojiyev Sh.T., Ochildiyev Q.T. Gidrometallurgiya jarayonlari nazariyasi: amaliy mashg‘ulotlar uchun
uslubiy ko‘rsatmalar. —Toshkent: ToshDTU, 2020. -132 b.

[20] Yusupxodjayev A.A., Hojiyev Sh.T., Ochildiyev Q.T. Gidrometallurgiya jarayonlari nazariyasi: laboratoriya ishlari uchun
uslubiy ko‘rsatmalar. —Toshkent: ToshDTU, 2020. -36 b.

[21] Abjalova Kh.T., Khojiev Sh.T. Intensification of the process of depletion the converter slag // Texnika yulduzlari, Ne 4,
Toshkent: “ToshDTU”, Dekabr, 2019. 59 — 63 b.

[22] S.T. Matkarimov, A.A. Yusupkhodjaev, Sh.T. Khojiev, B.T. Berdiyarov, Z.T. Matkarimov. Technology for the Complex
Recycling Slags of Copper Production // Journal of Critical Reviews, Volume 7, Issue 5, April 2020. P. 214 — 220.
http://dx.doi.org/10.31838/jcr.07.05.38

[23] FOcymxomkaes A.A., Xoxues 1I1.T., Mup3axonoBa C.b. AHain3 cOCTOSIHHS CHCTEMbI B MeTaiuTyprun. Monorpadwus. — Beau
Bassin (Mauritius): LAP LAMBERT Academic Publishing, 2020. P. 189. ISBN 978-620-2-52763-7

[24] Shokhrukh Khojiev (Ed.). Modern Scientific Researches in Metallurgy: from Theory to Practice: monograph / Beau Bassin
(Mauritius): LAP LAMBERT Academic Publishing, 2020. P. 154. ISBN 978-613-9-47121-8

[25] Xosxuer L1I.T. Pa3paboTka 3 peKTHBHOM TEXHOIOTUH U3BJICUYCHUS MEAU U3 KOHBEpTOpHBIX 1utakos// Journal of Advances in
Engineering Technology, VVol.1(1), Sept, 2020. P. 50 — 56.

www.ijeais.org
20


http://www.ijeais.org/
http://dx.doi.org/10.31838/jcr.07.05.38

International Journal of Engineering and Information Systems (IJEAIS)

ISSN: 2643-640X

Vol. 5 Issue 5, May — 2021, Pages: 15-22

[26] Sh.T. Khojiev, A.A. Yusupkhodjaev, M. Rakhmonaliev, O.0’. Imomnazarov. Research for Reduction of Magnetite after
Converting // Kompozitsion materiallar, Toshkent, 2019, Ne4. P. 54 — 55.

[27] Hojiyev Sh.T., Mirsaotov S.U. Innovatsion texnologiya orgali metallurgiya sanoati chiqindisini qayta ishlash// “Ishlab
chiqarishga innovatsion texnologiyalarni joriy etish va qayta tiklanadigan energiya manbalaridan foydalanish muammolari”
mavzusidagi Respublika migyosidagi ilmiy-texnik anjumanining materiallari to‘plami, Jizzax, 18-oktabr, 2020. 329 — 336 b.

[28] Xosxkuer II.T. DxoHOMHYECKast 3)(HEKTHBHOCTD HUCIIONB30BAHUS MECTHBIX M albTEPHATHBHBIX YHEPIETHYCCKHUX PECYPCOB s
CHIDKCHHMsI pacxoja MPUPOJHOTO ra3a Ha METALTyprHYecKHX Mpeanpustusx // Marepuansl pecmyONHKaHCKOH HaydHO-
TEXHUYECKOH KoH(epeHIH «/HHOBaIMOHHBIE DPa3paboTKH B cdepe Haykw, oOpa3oBaHHWS W MPOHW3BOJACTBA — OCHOBA
WHBECTUIIMOHHON IPUBINKATEIFHOCTH He(Tera30Bol oTpacim» B T. TamkeHT, 3 Hos10ps 2020 r. C. 413 — 416.

[29] Khojiev Sh.T., Matkarimov S.T., Narkulova E.T., Matkarimov Z.T., Yuldasheva N.S. The Technology for the Reduction of
Metal Oxides Using Waste Polyethylene Materials / Conference proceedings of “Metal 2020 29™" International Conference on
Metallurgy and  Materials”, May 20 - 22, 2020, Brno, Czech Republic, EU. P. 971-978.
https://doi.org/10.37904/metal.2020.3592

[30] Hojiyev Sh.T., Berdiyarov B.T., Mirsaotov S.U. Mis ishlab chigarishning chigindisiz texnologiyasini ishlab chigish
muammolari // “Zamonaviy kimyoning dolzarb muammolari” mavzusidagi Respublika miqyosidagi xorijiy olimlar ishtirokidagi
onlayn ilmiy-amaliy anjumani to‘plami, Buxoro, 4-5 dekabr, 2020. 26 — 28 b.

[31] Berdiyarov B.T., Hojiyev Sh.T., Mirsaotov S.U. Rangli metallurgiya chigindilarini qayta ishlashning dolzarbligi // “Zamonaviy
kimyoning dolzarb muammolari” mavzusidagi Respublika miqyosidagi xorijiy olimlar ishtirokidagi onlayn ilmiy-amaliy
anjumani to‘plami, Buxoro, 4-5 dekabr, 2020. 61 — 62 b.

[32] Khojiev Shokhrukh, Berdiyarov Bakhriddin, Mirsaotov Suxrob. Reduction of Copper and Iron Oxide Mixture with Local
Reducing Gases. Acta of Turin Polytechnic University in Tashkent, 2020, Vol.10, Iss.4. P. 7-17.

[33] Alamova G.Kh., Khojiev Sh.T., Okhunova R.Kh. Current State Of Copper Smelting Slags And Their Processing: A Review.
Central Asian Journal of Literature, Philosophy and Culture, 2021, 02(02). P. 49-55.

[34] Alamova G.Kh., Khojiev Sh.T., Okhunova R.Kh. Comparative Estimation of the Efficiency of Various Materials in the
Reduction of Magnetite in Slag Melt. International Journal for Innovative Engineering and Management Research, 2021, 10(3).
P. 191-196.

[35] Anamomra T'.X., Xoxuer II.T., Oxynosa P.X. W3yuenue nepBonpuuunsl motepu Memu co nuiakaMma. OBPABOBAHUE U
HAVYKA B XXI BEKE, 2021, 11(2). C. 328-332.

[36] Anamora T'.X., Xoxwues III.T., OxynoBa P.X. UccnenoBanue HopMbl HAXOKICHHS [[BETHBIX METAUIOB B MPOMBIILICHHBIX
utakax. OGPASOBAHUE U HAYKA B XXI BEKE, 2021, 11(2). C. 333-340.

[37] Anamosa I'.X., Xoxwues LII.T., OxynoBa P.X. M3yuenne quarpaMMbl COCTOSIHUSI MHOTOKOMIIOHEHTHOU IIIAKOBOM CHCTEMBI.
OBPA3BOBAHUE U HAVKA B XXI BEKE, 2021, 11(2). C. 341-350.

[38] Alamova G.Kh., Jo’raev Sh.Sh., Rakhimov N.S., Khojiev Sh.T. Kinetics of Carbon-Thermal Reduction of Magnetite.
CryeHYecKuii BECTHHK: JIEKTPOH. Hay4H. XypH., Hacts 3, 2021, 8(153). C. 60-62.

[39] Alamova G.Kh., Rakhimov N.S., Jo’raev Sh.Sh., Khojiev Sh.T. Use of Waste Automobile Tires as a Reducing Agent in
Metallurgy. Ctymendeckuii BECTHHK: 3JIEKTPOH. Hay4H. )ypH., Yacts 3, 2021, 8(153). C. 63-65.

[40] Alamova G.Kh., Rakhimov N.S., Jo’raev Sh.Sh., Khojiev Sh.T. Reduction of Volatile Metal Oxides. CtyaeH4eCcKuil BECTHHK:
ANIEKTPOH. Hay4H. XypH., Yacts 3, 2021, 8(153). C. 69-71.

[41] Alamova G.Kh., Nazarova Z.S., Khojiev Sh.T., Okhunova R.Kh. Advantages of the Sulfide Concentrate Smelting Process in a
Liquid Bath. Ctynenueckuii BECTHHK: 3JIEKTPOH. HAY4H. )ypH., Yacts 3, 2021, 8(153). C. 66-68.

[42] Hojiyev Sh.T., Mirsaotov S.U., Ergasheva M.S. Metall oksidlarini amminotermik tiklashning ba’zi termodinamik jihatlari //
UzACADEMIA: scientific-methodical journal, Vol. 2, Issue 1(12), 2021. P. 6-16.

[43] Khojiev S.T., Nuraliev O.U., Berdiyarov B.T., Matkarimov S.T., Akramov O‘.A. Some thermodynamic aspects of the reduction
of magnetite in the presence of carbon // Universum: TeXHU9eCKHe HAyKH: 3JEKTPOH. HAy4H. )KypH., Yacts 3, 2021. 3(84). P.
60-64. DOI - 10.32743/UniTech.2021.84.3-4

[44] Khojiev Sh.T., Berdiyarov B.T., Alamova G.X., Abjalova H.T. Application of Energy-Saving Technology in The Smelting of
Copper Sulfide Concentrates in Autogenous Processes // International Journal of Academic and Applied Research, 5(3), 2021.
P. 30-33.

[45] Shokhrukh Khojiev, Bakhriddin Berdiyarov, Dilfuza Yavkochiva, Jahongir Abduraimov. Study of the Factors Influencing the
Decoppering Process of Non-Ferrous Metallurgy Slags: A Review // International Journal of Academic and Applied Research,
5(3), 2021.P. 84-93.

www.ijeais.org
21


http://www.ijeais.org/
https://doi.org/10.37904/metal.2020.3592

International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 5 Issue 5, May — 2021, Pages: 15-22

[46] Ergasheva M.S., Mirsaotov S.U., Khojiev Sh.T. Use of Zinc Plant Clinker as a Reducing Agent in The Processing of Copper
Slags // European Scholar Journal, Vol. 2, Issue 3, 2021. P. 218-222.

[47] Shokhrukh Khojiev, Mirzaabdulla Nurmatov. Methods of Using Secondary Energy Resources in Industry // International
Journal of Academic and Applied Research, 5(4), 2021. P. 87-96.

[48] Shokhrukh Khojiev, Bakhriddin Berdiyarov, Alisher Samadov, E’tibor Narkulova. New Technology for Decreasing Copper
Content in Dump Slags: A Review // International Journal of Academic and Applied Research, 5(4), 2021. P. 212-220.

[49] Khasanov A.S., Berdiyarov B.T., Khojiev Sh.T., Abdullaev D.N., Ergashev J.K. New Technological Solutions to Reduce the
Copper Content in the Slags of the Oxygen-Flare Smelting of Sulfide Copper Concentrates // International Journal of Academic
and Applied Research, 5(4), 2021. P. 206-211.

[50] Shokhrukh Khojiev, Dilnoza Fayzieva, Sukhrob Mirsaotov, E’tibor Narkulova. New The Main Trends in the Integrated
Processing of Waste from Mining and Metallurgical Industries // International Journal of Engineering and Information Systems,
5(4), 2021. P. 182-188.

[51] Shokhrukh Khojiev, Bakhriddin Berdiyarov, lbrokhim Gulomov, Mukhammadali Mamatov. The Current State and
Development of the Integrated Use of Technogenic Waste // International Journal of Engineering and Information Systems, 5(4),
2021. P. 189-194.

[52] Shokhrukh Khojiev, Sukhrob Mirsaotov, Javokhir Khamroev, Shamshod Khamroqulov. Development of Promising
Technologies in the Production of Non-Ferrous Metals and Improvement of Existing Technologies // International Journal of
Academic Multidisciplinary Research, 5(4), 2021. P. 356-361.

[53] 3asBka Ha uzobperenue Ne IAP 2017 0257. A.A. FOcynxomxkaes, III.T. XoxueB. Criocod mnepepabOTKH MEIHBIX MUIAKOB C
UCIIONb30BAaHUEM OTXOJOB aBTOMOOWIbHBIX IUH. O¢uiuaneHelii OrOUIeTeHh ATEHTCTBA 10  HMHTEIUICKTYalbHOM
cobctBerHOCTH Pecrybmmkn Y30ekuctan. Ne 1(213). Tamxkent, 2019. C. 24-25 (B skcnepTH3e M0 CyITHOCTH).

[54] 3asBka Ha nzobperenue Ne IAP 2018 0095. A.A. IOcynxomkaes, I11.T. Xoxues, O.X. Omouxonos, B.X. Xoramkynos. Crioco6
nepepaboTKu  CyNbOUIAHBIX MEIHBIX KOHIEHTpaToB. OduilnanbHblii OMOJUIETCHh ATEHTCTBA II0 HHTEJUICKTYaJIbHOM
cobctBenHocTH Pecy6muiku Y36ekucran. Ne 9(221). Tamkent, 2019. C. 22 (B 9KkcriepTH3e MO CYHIHOCTH).

[55] Basieka Ha u3o6pererne Ne IAP 2019 0014. B.M. O6umnos, I1.T. Xoxwuen. Crocob mepepaboTKU [IHHKCOACPIKAIIX OTXOI0B
METaJUTypruIecKoro mpou3soacTea. OduimansHbIi Or0IUIeTeHh ATSHTCTBA [0 HHTSIUICKTYJIbHOU COOCTBEHHOCTH PecmyOnnku
V36ekuctan. Ne 2(214). Tamxkent, 2019. C. 27-28 (B sxcniepTH3e MO CYIIHOCTH).

[56] 3asBka Ha u3obperenne Ne IAP 2019 0523. A.A. FOcynxomxkaes, III.T. Xoxues, Y.A. AxkpamoB. Croco0 mnomyudeHus
METaJUIM3UPOBAaHHBIX OKaThimei. OdunnansHbelil Oro/uIeTeHbh ATEHTCTBA 0 MHTEIUIEKTyaj bHOW coOcTBeHHOCTH PecmyOinku
V36ekuctan. Ne 2(226). Tamkenr, 2020. C. 29-30 (B 9KCrepTH3E MO CYIIHOCTH).

[57] Abjalova H.T., Hojiyev Sh.T. Tarkibida uglerod saglagan texnogen chiqindilarni metallurgiya sanoatiga magsadli yo‘naltirish

// “Fan va Texnika taraqqiyotida intellektual yoshlarning o‘rni” nomli Respublika online ilmiy-amaliy anjumanining ma’ruzalar
to‘plami, Toshkent, 23-aprel, 2021, ToshDTU. 318 — 319 b.

[58] Alamova G.X., Hojiyev Sh.T. Mis boyitmalarining issiqlik berish xususiyatini oshirish // “Fan va Texnika taraqqiyotida
intellektual yoshlarning o‘rni” nomli Respublika online ilmiy-amaliy anjumanining ma’ruzalar to‘plami, Toshkent, 23-aprel,
2021, ToshDTU. 312 — 313 b.

[59] Mirsaotov S.U., Hojiyev Sh.T. Mis ishlab chigarishning kam chiqindili texnologiyasini ishlab chiqish // “Fan va Texnika
taraqqiyotida intellektual yoshlarning o‘rni” nomli Respublika online ilmiy-amaliy anjumanining ma’ruzalar to‘plami, Toshkent,
23-aprel, 2021, ToshDTU. 314 — 315 b.

[60] Yusupkhodjaev A.A., Khojiev Sh.T., Khayrullayev P.A. Technology for the complex processing of wastes of non-ferrous
metallurgy // Proceedings of International Conference on Integrated Innovative Development of Zarafshan Region:
Achievements, Challenges and Prospects, Navoi, November 28, 2019. P. 129 — 135.

[61] A.A. IOcynxomkaes, III.T. Xoxues, Y.A. AkpamoB. Vcnosp30BaHne HETPAJUIMOHHBIX BOCCTAHOBHUTENEH ISl PACIIUPEHHS

pecypcroii  6a3pt OAO «VY3merkomOunat» // Uepnsie Mmetamsl, anpens 2021, Ne 4 (1072). C. 4 — 8. DOl
10.17580/chm.2021.04.01

www.ijeais.org
22


http://www.ijeais.org/

