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Abstract. The article discusses the process of obtaining silicon carbide from the dust of siliceous grades of ferroalloys.
The results of crushing charge materials using a planetary centrifugal mill are presented, which made it possible to achieve
optimal particle dispersion and improve their reactivity. The crushed charge was subjected to high-temperature processing in
a resistance furnace, which contributed to the synthesis of silicon carbide with a high degree of purity. The article presents
images of the charge mixture obtained using a scanning electron microscope, which made it possible to study in detail the
morphology and structure of the resulting particles. Silicon carbide was studied by X-ray phase analysis, which made it
possible to determine its phase composition and confirm the presence of basic phases such as B-SiC and a-SiC. The parameters
affecting the synthesis efficiency, such as temperature, processing time, and the ratio of components in the charge, are also
considered. The revealed patterns will make it possible to optimize the process of obtaining silicon carbide and expand its use
in various industries such as electronics, metallurgy, as well as in the production of abrasive materials and refractory products.

Key words: silicon carbide; dust of siliceous grades; microsilicone; petroleum coke; phases; resistance furnace;
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Introduction

Currently, the Karaganda region is one of the largest in terms of industrial potential, rich in minerals
and raw materials. The region is mainly known for its reserves of the coal basin, and is also famous for
its reserves of quartz deposits. The largest and richest deposit is considered to be the «Aktas» deposit.
The «Tau-Ken Temir» LLP plant has been operating on the basis of quartz from this deposit since 2013
on German Thyssen Krupp equipment with an annual capacity of 25,000 tons per year of metallurgical
silicon. The quartz deposits of the region are also provided by the «Karaganda Ferroalloy Plant of YDD
company» with an annual capacity of 240,000 tons per year of high-quality ferrosilicon. At the same
time, the production of siliceous materials is accompanied by a large number of dust-like emissions, the
return of which to economic circulation is an important source of secondary raw materials. According to
the official websites of manufacturers, the smelting of 240,000 tons of ferrosilicon by YDD produces
18,000 tons of dust per year. The dust captured at dust and gas purification and aspiration plants is of
economic, environmental and social importance for the region [1, 1353].

Silicon dust, which is subject to return, reduces the cost of ore enrichment, and the availability of
raw materials increases as valuable components are extracted in the form of SiO.. The return of aspiration
dust from the silicon industry to metallurgical processing will provide a solution to environmental
protection measures, protection of human activity in the region. Currently, a huge amount of stored
pulverized waste packed in big bags has gathered on the territory of the enterprises. Efficient use of
resources, the development of new technologies and the search for alternative sources of raw materials
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will help make the metallurgical industry more competitive, sustainable and environmentally friendly.
For the region, it is important to solve the problems of recycling waste accumulated on the territory of

production facilities.

Dust-like waste generated during the production of silicon is also called microsilicon, microsilica,
or siliceous dust. The content of amorphous silicon dioxide - SiO2 in the form of finely dispersed
spherical particles in the composition of the specified metallurgical residual dust exceeds 92% [1, 67].

The dust yield varies widely and presents a difficult problem for manufacturing enterprises
smelting siliceous alloys. Dust emission control is an important aspect of production and requires
constant attention and monitoring. One of the most promising strategies is the development of methods
for the rational use of such types of waste as ore raw materials. This requires a deeper study of the
chemical composition and properties of dust waste, as well as the development of technologies and
processes for their reuse. It is necessary to pay attention not only to technological aspects, but also to
aspects of environmental safety and the economic feasibility of such approaches [3, 5].

The use of innovative methods and technologies can contribute not only to reducing the negative
impact on the environment, but also to creating new opportunities for sustainable industrial development.
It is also necessary to take into account the social aspects of introducing new practices into production,
including staff training, job creation and the development of infrastructure for processing dust waste.

To substantiate the theory that the use of microsilicon to produce silicon carbide, research was
conducted to replace quartz with man-made waste. In accordance with this goal, microsilicon produced
by «Tau-Ken Temir» LLP was used for the experiment. The object of the study is a by-product of the
production of metallurgical silicon, which is formed during the reduction of quartz with carbon in an
electric furnace. The process of melting crystalline silicon and ferrosilicon in electric furnaces, although
it is a key stage in the production of ferroalloys, during the smelting of steel and semiconductor materials,
is accompanied by the formation of a significant amount of dust and gas emissions. The main reason for
active gas formation is the incomplete use of the initial quartzite. During smelting, up to 10-15% of the
silica (SiO2) contained in quartzite does not participate in the reaction and is carried away from the
furnace in the form of dust mixed with gases. In the process of reducing silicon with carbon, an
intermediate product is formed - silicon monoxide (SiO). Part of this SiO rises with the furnace gases
upwards, where it is oxidized to SiO», forming a fine silica dust. Silica dust, like any industrial dust,
poses a serious threat to the environment. In order to minimize the negative impact of dust and gas
emissions, it is necessary to apply an integrated approach [4, 333].

Trapping and cleaning: special gas cleaning plants, such as bag filters, electrofilters, scrubbers,
allow you to effectively capture dust from furnace gases.

Rational disposal: the captured dust, instead of ending up in landfills, can be recycled and used in
other industries. For example, silica dust can be used as an additive in concrete, the manufacture of glass,
ceramics and other composite materials, as well as in the production of silicon carbide. Reducing dust
and gas emissions from silicon production is an important task, the solution of which requires innovative
technologies and a responsible approach to environmental safety. The use of modern gas purification
plants and the rational disposal of silica dust can reduce the negative impact on the environment. In this
work, the basic object of the ore part of the charge is microsilicon, which is shown in Figure 1.

Materials and methods

The accumulated silica based on the enterprises of «Tau-Ken Temir» LLP and «Karaganda
Ferroalloy Plant of YDD company» are labeled MKU-95, MKU85 and MK-80 according to GOST R
58894-2020. On an industrial scale, finished products are obtained by high-temperature reduction of
silica from raw materials with a high content of SiO2 carbon in electric arc furnaces. The charge for
melting consists of lumpy raw materials of a certain granulometric composition. According to the results
of electric arc melting, finished products and dust trapped in electric filters are obtained. The phase
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composition of the dust is mainly represented by the crystalline modification of silica - B-cristobalite, as
well as magnetite and hematite, a-quartz and silicon carbide (a-CiC and B-SiC).The grate gases have a
dust content from 10 to 100 g/m?, the dust is a finely dispersed material with a bulk mass of 0.18-0.23
t/m3 with a particle size of up to 5 microns. The chemical compositions of the resulting pulverized waste

products of the region are shown below [5, 24].

a) general view 0) type of particles

Figure 1 - Microsilicon formed during the smelting of technical silicon or ferrosilicon

To solve the problem of recycling the dust of siliceous alloys, experimental work was carried out
to obtain silicon carbide using microsilicon and petroleum coke. A sample of microsilicon was selected
for experimental work.

Petroleum coke is a porous, solid material from dark gray to black in color, obtained by coking
petroleum raw materials. The elemental composition of crude or non-calcined petroleum coke (in %):
91-99.5 C, 0.035-4 N, 0.5-8 S, 1.3-3.8 (N+0), the rest are metals. Petroleum coke is labeled according
to GOST 22898-78 [6, 173].

v
@

a) general view 0) appearance after abrasion
Figure 2 - Petroleum coke

Silicon carbide is one of the most important inorganic materials, which is widely used for the
production of abrasive tools, high-temperature heaters, refractory ceramics and metallurgy. Most of the
silicon carbide produced by the global industry is obtained by the method proposed by Acheson at the
end of the last century. The essence of the method consists in the carbon-thermal reduction of silica due
to the Joule heat released when an electric current passes through the core of the furnace.

The SiC production process is very laborious and requires high energy costs amounting to 7300-
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7600 kWh/t. The share of electric energy in the cost structure of silicon carbide of abrasive quality is 50-
60%, when loading charge materials 60-70 tons, the yield of marketable products is 10.5-11.5 tons (15-
19%). Therefore, ensuring maximum product yield with rational consumption of electrical energy is an
important production task. The main criterion for controlling the energy regime is the characteristic of
the charge materials and the type of silicon carbide obtained [7, 380]. The dynamics of the thermal state
of the furnace bath is influenced by the following factors: energy released on the core of the furnace,
energy consumption due to endothermic reactions, the presence of a significant amount of exhaust gases,
heat transfer to the environment. Taking into account the location of the core along the entire length of
the furnace, the assumption is made about the uniform release of energy from the core surface. When
assessing the dynamics of the thermal state of the furnace lining, it was assumed that the heat flows are

directed only in the axial direction.

For quite a long time, the needs of metallurgy, refractory and ceramic production in silicon carbide
were met by grinding abrasive materials, which unreasonably increased the cost of refractories and
ceramics, and in metallurgy in some cases made the use of silicon carbide technologically and
economically impractical. The situation was aggravated by the constant increase in electricity prices and
the tightening of the requirements of national environmental legislation. In this regard, the main
manufacturers of silicon carbide - the companies Saint - Gobian (France), Exolon - ESK (USA),
Carborundum Co (USA) - and others have developed and mastered the technological processes for the
production of so-called non-grinding silicon carbide, obtained, as a rule, from highly dispersed charges
by furnace synthesis in the form of micro-powders with their subsequent chemical enrichment [8, 57].

According to traditional technology, silicon carbide is produced in electric furnaces in which the
working resistance is a layer of coke (the so-called core), as well as directly a charge consisting of a
carbonaceous reducing agent and quartz sand. Pay attention to the harmful effects of alumina in quartz
sand. Therefore, quartz sands are thoroughly washed. The unit capacity of the resistance furnace is 4000-
4500kVA. The furnace is a self-propelled platform, at the ends of which there are current-carrying carbon
electrodes. A return, quartz sand is poured onto the bottom of the platform, and then a core is laid out
from a lump of petroleum coke, which is the working resistance in the initial period of the process. A
reaction charge is poured on top of the core. Quartz sand should be used pure in impurities (99.6% SiO;
0.3% FeO; 0.07% Al>03; 0.04% CaO; 0.03% Mg0; 0.02% TiOz). Only low-ash carbonaceous materials
can be used as a reducing agent: anthracite (3% ash, 93% Ssolid); petroleum coke (0.8% ash, 94% Ssolid,
5% volatile substances, 3% moisture). 50-65 tons of charge and 3200-4500 kg of core are loaded into the
furnace, then it is connected to a furnace transformer. The process of obtaining silicon carbide is
controlled mainly by the consumption of electricity [9, 19].

According to the recommended technology, replacing quartz with silica will not affect the quality
of silicon carbide. All hardware circuits used in the world for the production of silicon carbide are united
by the fact that the process takes place in resistance furnaces of various designs, where a horizontal heater
(core) lined with carbon graphite material is surrounded by a reaction and filling charge. The type,
volume and capacity of the furnaces used are selected based on the volume of output, the method of
obtaining silicon carbide and the technical level of the enterprise. According to the existing methods of
obtaining carbide in the laboratory, high-temperature equipment with a long exposure of the charge under
the influence of high temperature is used. In order to reduce the time to obtain the product, the charge
materials for the production of silicon carbide were finely and superfine ground in a high-speed ball mill
to increase the specific surface area of the materials. For grinding, a Retsch Emax mill with a drum rotation
speed of up to 2,000 rpm was used for ultra-fast grinding of samples, with an integrated liquid cooling
system for grinding without overheating the material and cooling stops of the grinding set, with a narrow
particle size distribution due to the special design of the grinding cups, which improves sample mixing.

Efficient grinding in the high-speed Emax ball mill is carried out due to high-frequency impact,
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intense friction and controlled circular movements of the grinding cup [10, 144].

Grinding cups with a volume of 50, 80 and 125 ml are offered made of materials such as stainless
steel, tungsten carbide and zirconium oxide, which prevent cross-contamination of the sample. Grinding
balls, depending on the material, have sizes from 0.1 mm to 25 mm.

Two oval-shaped grinding cups are mounted on two discs, giving them circular movements in one
direction. The combination of the shape of the grinding cup and vibration creates strong friction between
the grinding balls, the material and the walls of the glass, as well as the acceleration with which the balls
hit the walls of the glass, crushing the material. All this makes it possible to achieve high-quality mixing
and a high degree of fineness, as well as a narrower particle size distribution compared to traditional ball
mills.

B

=2

Figure 3 - Retsch Emax high-speed ball mill, grinding cup and grinding balls

Results and discussions

The grinding of the charge mixture was carried out carefully and accurately. After preparing the
materials for grinding, the necessary operating modes were set (rotation speed, grinding time, etc.). The
rotation speed was selected at 1500 rpm, the grinding time was 3 minutes, the cooling pause was 1.5
minutes, the grinding duration was 30 minutes. Based on the literature, the estimated grinding time was
established, which was 10 hours. Below is an image of the SEM morphology of the charge particles.

Figure 4 - SEM image of the morphology of the charge mixture particles at magnification a)*100,
b)*1000
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The resulting charge mixture, due to the peculiarities of the technology of further processing, was
subjected to pelletizing by briquetting. The need for fumigation is due to the fact that pyrometallurgical
processing of small materials is impossible under the conditions of technology and is accompanied by
high dust removal. The charge mixture consisting of silica and petroleum coke was connected by a binder
in the form of liquid glass and formed under a press. According to the ratio of microsilica and petroleum
coke, the following briquettes were obtained.

After that, the resulting briquettes were placed in a drying cabinet to remove excess moisture and
harden the material. The temperature for drying briquettes is 125°C and the holding time is 120 minutes.

To carry out the work, a basic laboratory furnace for the production of silicon carbide was designed.
The body of a high-temperature Tamman furnace with a coal tube was used for the construction of the
furnace. The Tamman furnace was converted to an electric arc furnace with a graphite electrode. The
current was supplied through a current guide to the graphite electrode through it to the charge layer.

The silicon carbide furnace is a research facility used to simulate carbidization processes. This high
temperature unit is equipped with a carbon piping workspace and a graphite electrode. The temperature
is measured using a tungsten-rhenium thermocouple BP-5/20, the place of hot welding of which on a
reinforced corundum lid is brought to the bottom of the charge layer.

The resulting briquettes were cut into pieces and placed in a laboratory oven. Heating was
performed linearly at a rate of 15°C per minute. The holding temperature was set to 50-100°C above the
theoretical one, which is explained by the fact that the heating was carried out indirectly. The temperature
of silicon carbide production in a high-temperature laboratory furnace was 1800°C.

When the set temperature was reached in the furnace, an isothermal exposure was carried out,
which amounted to 80 minutes. High mass loss rates at temperatures above 1400°C is associated with
the transition of part of SiO2 to the gas phase in the form of silicon monoxide (SiO). The formation of
silicon carbide occurs in the temperature range above 1700 °C.

Thus, the grinding of the charge mixture in a high-speed ball mill and the pelletizing of the charge
mixture made it possible to carry out a high-temperature experiment and clarify the formation
temperatures of silicon carbide.

The samples obtained were transferred for chemical analysis. The following is an X-ray
diffractometric analysis of the resulting product after a high-temperature experiment. The phase
composition of the materials was studied by X-ray phase analysis on an Empyrean Malvern Panalytical
X-ray diffractometer located at the Abylkas Saginov Karaganda Technical University. The
diffractometer is equipped with an X-ray tube, the anode material is Cu (Kal= 1.541874 A). The
measurements were carried out at room temperature in the range of angles 2°, in the range from 0° to 90°
in step-by-step scanning mode with a step of 0.013 degrees.
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Figure 8 - X-ray of the obtained silicon carbide

According to the X-ray data, when the charge mixture is heated at high temperatures with
isothermal exposure, peaks are observed related to the main characteristic diffraction maxima of silicon
dioxide in the form of cristobolite. The peaks forming on the X-ray have characteristic reflexes of the o
SiC phase in the form of moissanite.Also, the X-ray image shows the formation of a new peak, which
indicates the beginning of the formation of the crystalline phase of carbon-graphite. The X-ray image
shows the formation of a new peak, which indicates the beginning of the formation of the crystalline
phase of carbon-graphite. The peaks forming on the X-ray have characteristic reflexes of the Si phase.
The percentage of peaks formed on the RFA is shown in Table 5.

Table 5 — X-ray of the obtained silicon crab

Formula Name of phases Content, %
SiC Moissanite 35,3
SiO» Cristobalite 25,2

Si Free silicon 0,8
C Graphite 38,8

Conclusion

According to the results of the study, the optimal technological parameters of the process of
obtaining silicon carbide from silica were determined. High temperature heat treatment at 1800°C with
an isothermal exposure of 80 minutes, it was shown that the resulting final material is a valuable product
of silicon carbide. Based on the conducted research, the possibility of obtaining silicon carbide from
man-made waste has been established.

It is important to note that effective dust waste management in silicon production not only
contributes to improving the environmental situation in the region, but can also become an example of
innovative approaches to sustainable production in other industries. Thus, the integration of new waste
disposal methods can lead to a reduction in the negative impact on the environment and contribute to the
development of environmentally friendly technologies in industry.

231



K.)Ky0aHoB aTbiHmarsl AKTeO€ OHIpIIK yHUBEpCHTETiHIH Xabapuibichkl, Nel (79), Haypsi3 2025
MeTauryprusuibIK poIecTep MEH TEXHOJIOTHsIap-MeTamtyprudeckue nporeccs u texuonoruu-Metallurgical
processes and technologies

References

1. Serikkanov, A., Pavlov, A., Mukashev, B., Turmagambetov, T., Kantarbayeva, D.,
Zholdybayev, K. The Possibility of Silicon Purification by Metallurgical Methods. — 2022. - Ne 10.

2. Chovancova, M., Zeman, S. Study of initiation reactivity of some plastic explosives by vacuum
stability test and nonisothermal differential thermal analysis. Thermochimica acta. —2017. Ne 1-2.

3. V.E. Sitnikova., A.A. Ponomareva, M.V. Uspenskaya. Metody termicheskogo analiza praktikum
[Methods of thermal analysis practical course] [Text] Sankt-Peterburg: Universitet ITMO, 2021. (In
Russian)

4. S.M. Fomenko, A. Akishev, S. Tolendiuly, N.T. Rahym, B.A. Nuradinov. Issledovanie
termicheskih svojstv uglerodsoderzhashchih ogneupornyh materialov, poluchennyh iz othodov
metallurgicheskih proizvodstv v rezhime SVS. Gorenie i plazmohimiya [Investigation of the thermal
properties of carbon-containing refractory materials obtained from metallurgical waste in the SHS
regime.] [Text]. — 2022. — Ne20. (In Russian)

5. Khojiev, Sh.T., Saidova, M.S., Mirzajonova, S.B., Ibrokhimov, H.X., Ismatov, Sh.O’.
Development of Technology for Processing Zinc Cakes Based on the Use of Petroleum Coke.
International Journal of Academic Engineering Research (IJAER) Vol. 6 — Ne6 — 2022,

6. K. Askaruly, S. Azat, M. Eleuov, A.R.Kerimkulova, U.N. Zhantikeev , A.E. Berdihanov.
Poluchenie oksida kremniya iz risovoj sheluhi metodom termicheskoj obrabotki [Production of silicon
oxide from rice husks by heat treatment. Gorenje and plasmochemistry] [Text]. Gorenie i plazmohimiya.
2019. — Ne17. (In Russian)

7. B.M. Abdurahmanov, M.Sh. Kurbanov, U.M. Nuraliev. Oblasti primeneniya mikrokremnezema,
obrazuyushchegosya pri proizvodstve kremniya i kremnistyh splavov [Areas of application of
microsilicon formed during the production of silicon and siliceous alloys.] [Text]. Uzbekskij fizicheskij
zhurnal. — 2019. — Ne21(6) — P.380-385. (In Russian)

8. S. M. Frolov, A. Smetanyuki, A. Sadykov, O. Inozemcev. Gazifikaciya nefteshlamov i
neftekoksa metodom detonacionnoj pushki [Gasification of oil sludge and petroleum coke by detonation
cannon method] [Text]. Gorenie i vzryv (Moskva) - Com bustion and Explosion. 2024. — Ne17(2). (In
Russian)

9. N.G. Prihod'ko, M.A. Eleuov, ©.0. Obdisattar, K. Askaruly, A.B. Tolynbekov, A.T. Taurbekov.
Issledovanie svojstv uglerodnyh materialov, poluchennyh iz rastitel'noj biomassy metodom
gidrotermal'noj karbonizacii, kak iskhodnyh prekursorov dlya polucheniya grafenopodobnyh struktur.
[Investigation of the properties of carbon materials obtained from plant biomass by hydrothermal
carbonation as initial precursors for the production of graphene-like structures] [Text]. Gorenie i
plazmohimiya. — 2024. — Ne22. (In Russian)

10. N.R. Vorobkalo, E.N. Makhambetov, A.S. Baisanov, A. Abdirashit, Ye.B. Tazhiyev.
Investigation of thermal properties of charged materials for ferroalloy with titanium by the carbothermal
method smelting. Engineering Journal of Satbayev University. — 2022. — Ne22.

Cnmcok Jiureparypbl
1. Serikkanov, A., Pavlov, A., Mukashev, B., Turmagambetov, T., Kantarbayeva, D.,
Zholdybayev, K. The Possibility of Silicon Purification by Metallurgical Methods // 2022. — Ne10.
2. Chovancova, M., Zeman, S. Study of initiation reactivity of some plastic explosives by vacuum
stability test and nonisothermal differential thermal analysis. Thermochimica acta. 2017. 460 — Nel-2.
3. B.E. CurnukoBa, A.A. [lonamapesa, M.B. Ycnenckas. MeTo el TepMaIMHAMUYECKOTO aHAIIM3A.
/I Yuusepcurer UTMO. Canxrt-Ilerepoypr. 2021.

232



K.)Ky0aHoB aTbiHmarsl AKTeO€ OHIpIIK yHUBEpCHTETiHIH Xabapuibichkl, Nel (79), Haypsi3 2025
MeTauryprusuibIK poIecTep MEH TEXHOJIOTHsIap-MeTamtyprudeckue nporeccs u texuonoruu-Metallurgical
processes and technologies

4. C.M. ®omenko, A. Axues, C. Tonenasryinsl, H.T. Paxsim, b.A. Hypanunos. MccnenoBanue
TEPMOJMHAMUYECKUX CBOMCTB YIJIEPOJACOACPKAIIUX OTHEYIMOPHBIX MaTepHUANIOB, MOJYYEHHBIX U3
OTXOJI0B META/UTYprudecKux mpou3BoacTB B peskume CBC. I'openne u mnasmoxumus // 2022, — Ne20.

5. Khojiev, Sh.T., Saidova, M.S., Mirzajonova, S.B., Ibrokhimov, H.X. , Ismatov, Sh.O’.
Development of Technology for Processing Zinc Cakes Based on the Use of Petroleum Coke //
International Journal of Academic Engineering Research (IJAER) Vol. 6 — Ne6 — 2022,

6. K. Ackapymnsl, C. Azaar, M. Eneyos, A.P. Kepumkynora, ¥Y.H. XXantukees, A.E. bepauxanos.
[Tony4yenune okcuaa KpeMHHUS U3 PHUCOBOM ILEIyXHM METOJOM TepMudeckod oOpaborku. ['openue u
wiazmoxumus // 2019. — Nel7.

7. B.M. A6gpaxmanoB, M.II. Kyp6anos,Y.M. HypamueB. OO0nactu mnpuUMeHEHHS
MHKpPOKpEMHE3eMa, 00pa3yIoIierocs mpu MpOU3BOACTBE KPEMHHUSI i KDEMHHCTBIX CIIaBoB // Y30eKcKuit
¢uznueckuit sxypHai 2019. — Ne21(6).

8. C.M. ®ponos, A. Cmerantoku, A. CanpikoB, O. MHo3zemriieB. ['azudukanus HedrenmiaMoB u
He(TEKOKCa METOI0M JieTaHalmonHo nymiku // 'openne u B3pbiBel (MockBa) 2024, — Ne17(2).

9. H.I'. IIpuxoxpko, M.A. Eneyo, ©.0. Oo6micarrap, K. Ackapynsi, A.b. TonsiHOekoB, A.T.
TaypOekoB. HccrnemoBanue CBOWMCTB YIJIEpOAHBIX MaTepuanoB, MOIYYaeMbIX W3 PaCTUTEIbHOU
OMOMacChl METOJOM THAPOTEPMATHHON KapOOHHM3AINH, KaK WCXOJHBIX MPEKYPCOPOB IS MOJYUICHUS
rpadeHonoo0HbIX cTpyKTYp // 'openue u mnasmoxumus 2024.

10. N.R. Vorobkalo, E.N. Makhambetov, A.S. Baisanov, A. Abdirashit, Ye.B. Tazhiyev.
Investigation of thermal properties of charged materials for ferroalloy with titanium by the carbothermal
method smelting. Engineering Journal of Satbayev University // 2022. — Ne22.

BO3MOXHOCTHU UCITOJIb30BAHUA ITBIVIEBUJHBIX OTXO10B ®EPPOCIIJIABOB C
BBICOKUM COAEPKAHUEM KPEMHMUA B ITPOU3BOACTBE KAPBUJIA KPEMHUSA

BYPYMBAEB A.I.''™""', KABBIJIKAHOB C.K.>, JKAKAH A.M.2"| CAJIBIK K.0.*

“Bypymb6aes Asamar Iaamvokanopud® — moxTopaT, KaparaHmuHCKWH HHIYCTpHANBHBIA YHHBEPCHTET, I. TeMupray,
Kazaxcran

E-mail: burumbayev.azamat@mail.ru, https://orcid.org/0000-0001-5276-2259

Kaébuikanoe Cynran KaiipdekoBua? — jokropant, Bocrouno-Kazaxcranckuii TexHuueckuit ynusepcurerT um. JI.
Cepuxbaesa, r. Ycrb-Kamenoropek, Kazaxcran

E-mail: kabyl_96@mail.ru, https://orcid.org/0000-0002-1272-2065

Kakan Apmat Megeryanr® — noktopant, Topaiirslpos Yuusepcurert., T. Ilapnoaap, Kaszaxcran

E-mail: armat.01.01@mail.ru, https://orcid.org/0009-0002-3810-0528

Canpik Komirep OpbicOaiiyibl* - mmkenep nabopaTopur «DeppoCIUIaBEl U IIPOLECCH BOCCTAHOBIEHHS» XHMHKO-
METaJUTyprHYecKoro HHCTUTyTa uM. JK. AGumresa, r. Kaparanna, Kasaxcran

E-mail: sadzhad03@gmail.com, https://orcid.org/0009-0006-8557-1532

AHHoTanusi. B cratbe paccmaTpuBaeTcs Mpollecc MOJMydeHHUs KapOuja KPEeMHUS M3 TMBUIM KPEMHHCTBIX MapoK
deppocruiaBoB. [IpuBeAeHB pe3ynbTaThl HW3MENBUEHUS IMUXTOBBIX MATEPHANIOB C HKCIOJB30BAHUEM IUIAaHETAPHO-
LHEHTPOOCIKHOW MENBHUIIBI, YTO MO3BOIMIO JOCTHYh ONTHMAJIBHON MUCIIEPCHOCTH YACTHUIl U YIYYLIUTh UX PCAKIIHOHHYIO
crocoOHOCTh. M3MenpuyeHHasT MIMXTa MOJBEprajach BBICOKOTEMIICPATYPHOHW IepepaOOTKe B TNEYU COMPOTUBIICHUS, UTO
CcrocoOCTBOBAJIO CHHTE3y KapOHga KPEMHHs C BBHICOKOW CTCIIEHBIO YHCTOTHL. B CTaThe MpeACcTaBICHBI CHUMKH ITUXTOBOMN
CMecCH, TMOJIyYE€HHbIE C MOMOUIbI0 CKAHUPYIOIIErO 3JEKTPOHHOTO MHUKPOCKOIA, KOTOpbIE MO3BOJWIM JAETalbHO H3YYUTh
MOP(hOJIOTHIO M CTPYKTYPY MoJTydaeMbIX yacTuil. KapOum kpeMHust ObLI HCCIeI0BAaH METOJIOM PEHTIeHO()a30BOr0 aHAIIN3a,
YTO TO3BOJIMIIO OMPEACIUTE €ro (pa30BbIil COCTAB U MOATBEPIUTH HAIMYHE OCHOBHBIX (ha3, Takux kak B-SiC u a-SiC. Taxxke
paccMOTpeHBl TMapaMeTphl, BIHSIOMHE HAa 3PQPEKTUBHOCTh CHHTE3a, TaKWE KaK TeMIleparypa, BpeMs oO0pabOTKH u
COOTHOIIIEHUE KOMITOHEHTOB B IIMXTE. BBISIBICHHBIE 3aKOHOMEPHOCTH IMO3BOJIAT ONTHMHU3UPOBATH MPOIECC MOTYyUSHUS
KapOuIa KPeMHHMSI U paCIIUPUTH €r0 MCIIOIb30BAHKE B PA3TUYHBIX OTPACIIAX, TAKUX KaK JIEKTPOHUKA, METAJLTYPTHsI, a TAKKE
B IIPOU3BOJICTBE aOpa3WBHBIX MAaTEPHUAJIOB U OTHEYTIOPHBIX U3JIEIIHH.
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Anpnarna. Makanaga KpeMHHH KapOuaiH (GeppOKOpBITIANTAP/IbIH KPEMHUH MapKaJlapbIHBIH IIaHBIHAH aly YpAici
KapacThIpbUIaAbl. bemmeKTepaiH OHTaMIbl AUCTIEPCHSCHIHA KOJI JKETKI3yre XOHE OJIapAbIH PEAaKTUBTLIITIH JKaKcapTyra
MYMKIHZIK O€peTiH IUIaHeTaJbIK-IeHTPU(YraublK AWIPMEHIl KOJIIaHa OTBIPHIN, MIMKIKYpaM MaTepHalJapblH YHTaKTay
HOTWOKEJIEpl KEeNTIpiAreH. YHTAaKTalIfaH INUXTa KapChUIBIK IELIIHIE J>KOFapbl TeMIIepaTypaja eHAENI, Oyl »KOrapsl
Ta3aJIBIKTarbl KPEeMHHH KapOWIIHIH CHHTe3iHe BbIKman ereni. Makanana ajblHFaH OeNIIeKTepIiH MOPQOJIOTHACH MeH
KYPBUIBIMBIH €IKeH-Ter keIl 3epTTeyre MyMKIiH/IK OepeTiH CKaHepeyIli JJIEKTPOHABI MUKPOCKOINITHIH KOMETIMEeH allbIHFaH
LIMXTa KOCIACBIHBIH cypeTTepi KenTipinreH. Kpemuuii kapOuni peHTrenaik (asansik Tajaay 9iciMeH 3epTTeii, Oy OHbIH
(azanbIK KypambIH aHBIKTayFa xoHe [-SiC xoHe 0-SiC cHAKTHI Heri3ri (aszamapapiH OOMYBIH pacTayFa MYMKIHAIK Oepi.
Temmepatypa, eHAEY yaKbIThI )KOHE MIMKIKYpaM/IaFbl KOMIIOHEHTTEP/IiH KaThIHACH CHSIKTBI CHHTE3 THIMIIUIITIHE 9cep eTeTiH
rapaMeTpIIep A€ KapacThIpbliaibl. AHBIKTaIFaH 3aHIBIIBIKTAD KPEMHHUH KapOWaiH eHIIpy YPAICIH OHTalIaHABIpYFa JKoHE
OHBI 3JIEKTPOHMKA, METAJUTypTHsl CHSAKTBI SpTYPJi cajajmapia, COHpaif-ak abpasuBTi MaTepHalgap MEH OTKa Te3iMaIi
OyitpIMIap eHIipiciHIe Maiinadany el KeHEHTyTe MYMKIHIIK Oeperi.

Tyiiin ce3mep: kpeMHHI KapOumi, KpeMHHIII MapKaibl [IaH, MUKPOKPEMHE3eM, MYHai KOKCHI, (a3anap, KapChUIBIK
TeI, TIAaHeTaPJIbIK EHTPU(YTraIbIK AHIPMEH.
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