ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)

20203

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIBIM AKAJEMUSACBIHBIH

BASHIAAMAJIAPDBI

TTOKJIAIbI

HAIUOHAJIBHOM AKAJTEMUM HAVK
PECIIYBJIMKU KA3AXCTAH

REPORTS

OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

PUBLISHED SINCE 1944

ALMATY, NAS RK



KA3AKCTAH PECITYBJIMKACDI
YJITTBIK FbIUVILIM AKAJJEMUACBIHBIH

BASAHAAMAJIAPDBI 20203

bac pemakTtopsl
X.F.JI., mpod., KP ¥FA akanemuri
M.XK. KypbiHoB

Pemaxuusa ankach

AnexenoB C.M. npod., akanemuk (Kazakcran) (6ac pea. opsiHOacaphl)
Beanuxun B.HU. npod., kopp.-myueci (Peceii)
Boabaemap Byiinuk npod. (ITonpma)

I'onuapyk B.B. pod., akagemuk (YkpanHa)
T'opaunenko A.WU. npod., akanemuk (benopyc)

Hyxka I'. mpod., akanemuk (Moingoa)

Hanonos M.H. ipod., akagemuk (ToxkikcTaH)
Kpurep Bukrop npod. (I'epmanus)

Jlecka Borycnasa npod. (ITonbmia)

Jloxkmmn B.H. nipod., 4n.-kopp. (Kazakcran)
Hapaes B.H. npo¢. (Peceit)

Hexmonos .M. nipoo., akanemuk (YkpanHa)

Hyp U3ypa ¥Ya3up npod. (Manaiizus)

Iepuu Credano npod. (¥Ip10puTaHuU)

Moranos B.A. npod. (YkpauHna)

IpoxonoBuy Ioauna npod. (¥ieiOpuranus)
OmobaeB A.M. nipod., kopp.-mymeci (Kazakcran)
Otenbdae M.O. npod., akanemuk (Kazakcran)
CanpioexoB M.A. nipod., kopp.-mymieci (Kazakcran)
CaraeB ML.U. ipod., xopp.-mymieci (Kazakcran)
Cesepckuii U.B. poo., akanemuk (Kazaxkcran)
Cuxopcku Mapek nipod., (ITonbma)

Pama3zanoB T.C. npod., akagemuk (Kazakcran)
Taxuodae H.2K. npod., akanemuk (Kazakcran), 6ac pea. opsiHOacaps
Xapun C.H. npod., akagemuk (Kazakcran)

Yeuun JI.M. npod., kopp.-myteci (Kazakcran)
Xapyn [Mapaap npod. (I'epmanus)

IupkyH I'ao nmpod. (KpiTait)

IpkedaeB A.D. pod., akageMuk (KpIpFbicTaH)

«Ka3akcran Pecny0/iukachl YJITTBIK FHUIBIM aKa1eMHUSICHIHBIH 0asiHIaMaJIapbD)
ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)

Menurikrenymi: «Kaszakcran Pecry0mikachiHbIH ¥ITTHIK FAUTBIM aKaJeMISIChDy PecIyOniKkaibiK KoFaMIbIK Oipriectiri (AJMaTsl K. ).
Kazakcran pecmyOnukacsiHBIH MoeHHET MEH akKmapaT MHHUCTDJIriHIH AKnapar skoHe myparar xommreriHme 01.06.2006 x.
oepinren Ne5540-7K mep3imaik 6acbUIbIM TipKeyiHE KOHBUTY Typalibl KyoliK.

Mep3imMaiiiri: KeIIbIHA 6 PET.
Tupaxer: 500 nana.

Penakiusaeig mekemxkaiiel: 050010, Anmarsl K., IlleBuenko kerr., 28; 219, 220 6enr.; Ten.: 272-13-19, 272-13-18,
http://reports-science.kz/index.php/en/archive

© Kazakcran PecryOmukachiHblH ¥ ATTHIK FRUIBIM akanemMusichbl, 2020

Tunorpa¢usasiy Mexemxkaisl: «NurNaz GRACE», AnMatsl K., Peickyitos xemr., 103.



TOKJIAJIBI 2020 o 3
HAIIMOHAJIBHOU AKAJIEMUU HAYK

PECITYBJIMKU KA3AXCTAH

I'maBsHBIN pegakToOp

I.X.H., ipod., akanemuk HAH PK
M. K. Kypunos

PenmaxknmuoHHas KONJIETHS:

AnexenoB C.M. npod., akanemuk (Kazaxcran) (3am. 1. pea.)
Beanuxun B.H. npod., un.-kopp. (Poccus)
Boabaemap Byiinuk npod. (ITonsmra)
I'onuapyk B.B. po., akagemuk (YkpanHa)
T'opauenko A.M. npod., akagemuk (benapycs)
Hyxka I'. mpod., akanemuk (Moingoa)

Moo M.H. nipod., akagemuk (TamkukrcTan)
Kpurep Bukrop npod. (I'epmanus)

Jlecka Borycaasa npod. (ITonbma)

Jlokmmu B.H. nipod., un.-kopp. (Kazaxcran)
Hapaes B.H. npod. (Poccust)

Hexmonos .M. npoo., akanemuk (YkpanHa)
Hyp U3ypa ¥Ya3up npod. (Manaiizus)

epuu Credano npod. (BenukodbpuTanws)
Mortanos B.A. npod. (YkpauHna)

IIpoxonosny Ilosmua npo¢. (BennkoOpuranus)
OmobaeB A.M. nipod., wi.-kopp. (Kazaxcran)
Orendaes M.O. npod., akanemuk (Kazaxcran)
Caapi0exoB M.A. nipod., 4i.-kopp. (Kazaxcran)
CaraeB ML.H. nipod., uin.-kopp. (Kazaxcran)
Cesepckuii U.B. pod., akanemuk (Kazaxcran)
Cuxopcku Mapek nipod., (ITonbma)

Pama3zanoB T.C. npod., akagemuk (Kazaxcran)
Taxuobaes H.2K. npod., akanemuk (Kasaxcran), 3am. II. pejl.
Xapun C.H. npod., akagemuk (Kazaxcran)
Yeuun JI.M. npod., wn.-kopp. (Kazaxcran)
Xapyn [Mapaap npod. (I'epmanus)

IupkyH I'ao mpod. (Kurait)

IpkedaeB A.J. pod., akageMuk (Kelpreizcran)

Joxnansl HanmonanbHol akagemuu Hayk Pecnyosimku Kazaxcran»

ISSN 2518-1483 (Online),

ISSN 2224-5227 (Print)

CobctBeHHuK: PecnyOnukanckoe oOmiectBeHHOoe oObenuHenue «HammonanbHas axagemuss Hayk PecnyOmuku Kazaxcran»
(r. AmaTh).

CBUZETENBCTBO O IIOCTAHOBKE Ha Yy4eT IepHOIUYECKOro IedyaTtHoro wu3manHuss B Komurere wnHdopManuu u apxuBOB
MuHuctepceTBa Ky nbTypsl 1 HHpopmanuu Pecnyonunku Kazaxcran Ne5540-2K, seiganHoe 01.06.2006 r.

IlepuoauunocTs: 6 pa3 B roxl.
Tupax: 500 sx3eMIIIIPOB

Anpec penakuuu: 050010, r.Anmarsl, yi.llleBuenko, 28; koM. 219, 220; Ten. 272-13-19, 272-13-18,
http://reports-science.kz/index.php/en/archive

© HauunonaneHas akagemus Hayk PecryOnuku Kaszaxcran, 2020 r.

Anpec tunorpadun: «NurNaz GRACEy, r. Anmarsl, yi. Peickynosa, 103.



REPORTS 20203
OF NATIONAL ACADEMY OF SCIENCES OF THE

REPUBLIC OF KAZAKHSTAN

Editorin chief
doctor of chemistry, professor, academician of NAS RK
M.Zh. Zhurinov

Editorial board:

Adekenov S.M. prof., academician (Kazakhstan) (deputy editor in chief)
Velichkin V.I. prof., corr. member (Russia)
Voitsik Valdemar prof. (Poland)

Goncharuk V.V. prof., academician (Ukraine)
Gordiyenko A.IL prof., academician (Belarus)
Duka G. prof., academician (Moldova)

Ilolov MLI. prof., academician (Tadjikistan)
Krieger Viktor prof. (Germany)

Leska Boguslava prof. (Poland)

Lokshin V.N. prof., corr. member (Kazakhstan)
Narayev V.N. prof. (Russia)

Nekludov I.M. prof., academician (Ukraine)

Nur Izura Udzir prof. (Malaysia)

Perni Stephano prof. (Great Britain)

Potapov V.A. prof. (Ukraine)

Prokopovich Polina prof. (Great Britain)
Ombayev A.M. prof., corr. member (Kazakhstan)
Otelbayv M.O. prof., academician (Kazakhstan)
Sadybekov M.A. prof., corr. member (Kazakhstan)
Satayev MLI. prof., corr. member (Kazakhstan)
Severskyi I.V. prof., academician (Kazakhstan)
Sikorski Marek prof., (Poland)

Ramazanov T.S. prof., academician (Kazakhstan)
Takibayev N.Zh. prof., academician (Kazakhstan), deputy editor in chief
Kharin S.N. prof., academician (Kazakhstan)
Chechin L.M. prof., corr. member (Kazakhstan)
Kharun Parlar prof. (Germany)

Endzhun Gao prof. (China)

Erkebayev A.Ye. prof., academician (Kyrgyzstan)

Reports of the National Academy of Sciences of the Republic of Kazakhstan.
ISSN 2224-5227

ISSN 2518-1483 (Online),

ISSN 2224-5227 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty).
The certificate of registration of a periodic printed publication in the Committee of Information and Archives of the Ministry of
Culture and Information of the Republic of Kazakhstan N 5540-K, issued 01.06.2006.

Periodicity: 6 times a year.
Circulation: 500 copies.

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://reports-science.kz/index.php/en/archive

© National Academy of Sciences of the Republic of Kazakhstan, 2020
Address of printing house: «NurNaz GRACE», 103, Ryskulov str, Almaty.



Metallurgy

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES

OF THE REPUBLIC OF KAZAKHSTAN

ISSN 2224-5227 https://doi.org/10.32014/2020.2518-1483.50
Volume 3, Number 331 (2020), 12— 19

UDC 669.15 - 198:543.422.8:552.121:552.574:552.574.6

Ye. K. Mukhambetgaliyev

Zh. Abishev Institute of Chemistry and Metallurgy, Karaganda, Kazakhstan.
E-mail: yerbolmk@mail.ru

HIGH-ASH COALS - POTENTIAL RESOURCES
FOR FERROALLOY PRODUCTION

Abstract. The paper provides a brief overview of data on the structure of electricity generation in the Republic
of Kazakhstan according to the proven world reserves of coal, the annual volume of coal production and its
distribution by industry in the Republic of Kazakhstan. Based on the comparative analysis of qualitative and
technological characteristics of the carbonaceous raw materials of various coal deposits of Kazakhstan, selected were
the high-ash deposits most attractive in terms of being put into production of complex ferroalloys. Represented are
the results of the proximate analysis and chemical composition of the representative samples of high-ash coals of
Borly and Saryadyr deposits of Karaganda and Teniz-Korzhunkol coal basins, respectively. Based on the results of
X-ray diffraction (XRD), established were the base minerals in the representative samples of high-ash coals.
Presented are the physicochemical properties and processing characteristics, the aggregate thickness of commercial
seams, the quantitative estimation of reserves of coal deposits, as well as the primary consumers. Presented also are
the results of studies of the mineral and petrographic composition of the high-ash coals of Borly and Saryadyr
deposits showing increased content of leaning microcomponents in pure carbon (21-24% fusinite, 22-35% semi-
fusinite), which, in addition to the low content of fusible components (5-10% leptynite, 15-36% vitrinite) will
substantially exclude the caking of these types of carbonaceous raw materials at high temperatures.

Key words: high-ash coal, qualitative characteristics, X-ray diffraction (XRD), petrographic composition,
complex ferroalloy.

Introduction. Today, the energy industry is one of the important constituents of the global economic
progress. This being said, the electric energy industry is of particular importance for the economy of
Kazakhstan, since the key sectors of the country, such as metallurgy and oil and gas production require
high energy consumption. Accordingly, the competitiveness of the heavy industry of Kazakhstan and the
quality of life of people in many respects depend on the reliable and high-quality energy supply.

In the structure of energy production in Kazakhstan, the coal generation dominates, accounting for
70.4% of the total production of electricity in the country [1-3]. The gas power plants produce 19.4% of
electricity, the hydroelectric plants produce 9.7%, while the wind and solar power plants produce 0.4%
and 0.1% of electricity in the country, respectively [4,5].

In the fight against climate change, in many countries there is a tendency to switch to renewable
energy sources and the government of Kazakhstan is not an exception here, setting ambitious goals for the
transition to alternative energy sources [6,7].

However, the cost of coal as a fuel for power generation in many countries remain competitive, and
its share of the global heat and power generation account for over 40% of the power supply (and 38% of
generation) [8-10].

Total proven coal reserves in the world as at the beginning of 2018, amount to 1,035.0 billion tonnes.
At the current level of annual coal production in the world, this amount of coal reserves is sufficient for
about 150 years, but given the wide spread of renewable energy sources application in developed
countries, the developing countries may be supplied with coal for a much longer period [11-14].
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The Republic of Kazakhstan is one of the largest energy producers, which ensures it a significant
international presence. Undoubtedly, one of the most crucial tasks for most raw stuff exporting countries,
including Kazakhstan, is the wide diversification of the economy. In this regard, global companies are
paying more attention not to the increase of reserves, but to the introduction of modern high-performance
technologies in the field of processing, improvement of economic efficiency, and rational use of non-
renewable energy sources.

In terms of coal extraction, Kazakhstan ranks second among the CIS countries. The coal reserves
amount to 162 bln. tonnes. To date, 10 basins are found and more than 300 of coal and lignite deposits are
explored.

The annual volume of coal production in the country amounts to over 100 million tonnes. Of these,
about 51% is consumed by coal heat and power plants, 31% is exported outside of the country, 13% goes
to heating needs of budgetary organizations and the population, and 5% is for industrial enterprises.

Most of the coal deposits are located in Karaganda, Pavlodar, Kostanay, and Akmola regions.

More than half the world's coal reserves are of high-ash.

The consumption of mineral and energy resources inevitably leads to the generation of enormous
waste accumulated in dumps of overburden rock, slag, ash residues, etc. The man-made formations carry a
very aggressive impact on the natural environment, therefore, the interest in its recycling is not only due to
commercial objectives, but also to the increased environmental requirements.

The disposal of high-ash coal and overburden, unused in energy production, with the minimized loss
of all elements and, moreover, the production of merchantable metallurgical products out of them is a
prospective and timely technological challenge. In this regard, relevant is the development of new
sustainable technology of complex processing of natural and man-made raw materials leading to obtaining
effective complex alloys.

Currently, in the Karaganda and Tengiz-Korzhunkol coal basins, different types and grades of coal
are produced. Some of the deposits feature a high ash content; such coal with up to 35% ash content can
be used in the electric power industry and national economy and; whereas the higher ash content coal
practically does not find application and are stored in dumps.

However, a favorable technical composition (50-65% ash, 18-25% volatiles, up to 20-30% solid
carbon) of high-ash coals will allow drawing them into the metallurgical treatment for the production of
complex alloys. In this regard, the high-ash coals are the potential resource able to expand the raw
materials base.

The carbothermic silicon and aluminum recovery processes are accompanied by formation of
considerable amounts of suboxides. Therefore, to prevent the transition of silicon and aluminum suboxides
to the gas phase, and to increase the yield of metal in the technology of smelting of complex alloys, it is
necessary to pay attention to the physicochemical properties of the furnace burden and processes occurring
in the upper layers of the furnace, i.e. on the furnace throat.

In this connection, to obtain an objective picture of the complex use of raw materials, it is necessary
to study in detail their material composition and technological properties. To identify the suitability of
application of high-ash coals, it is necessary to proceed from their physicochemical and technological
characteristics. In this regard, the original raw materials were examined to determine their principal
physical and chemical properties.

The study of the mineral composition of raw materials for solving technological problems involves
the identification of all the minerals of the sample with a quantitative assessment of their ratio and the
characteristic of intergrowth using a complex of methods [15,16].

Experimental part. Therefore, to conduct the mineralogical and petrographic studies, we used the
representative samples of high-ash coals of Borly and Saryadyr deposits.

The preliminary preparation of each sample included operations of averaging, reduction, and
selection of representative samples for mineralogical, complete chemical, and X-ray analysis.

The results of the proximate analysis and chemical composition of the representative samples of high-
ash coals are shown in table 1.
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Table 1 — Chemical composition and proximate analysis of high-ash coals

Content, % wt
Field -
A° A \%% 8102 A1203 CaO MgO Femal Ptotal
Borly 48,90- 53,43| 17,01 - 18,50 | 0,44 - 1,50 | 50,75 - 62,10 | 34,50 -39,50 | 1,50 0,54 |1,17-1,70| 0,01 - 0,03
Saryadyr 44,20 20,70 1,80 61,30 28,70 1,40 1,0 4,60 0,02

In the representative sample of high-ash coal of Borly deposit, according to X-ray analysis conducted
by X-ray diffractometer DRON-2,0 (Fe K, - radiation), the following minerals were found: kaolinite
(Al,S1,05(0OH),) and quartz (o - Si0,) (figure).

Q-3.353

2.293
K_
2.194 k-
Q- 2.345 g -
1.821 K- Q- 2'5331{—
1.986 2 137 2 564

XRD pattern of high-ash coal of Borly deposit. k - kaolinite, Q - quartz

Results and discussion. The comparative analysis of the properties of carbonaceous raw materials of
different coal deposits having respective chemical composition of ash for the smelting of complex alloys
showed that the most attractive are the high-ash coals (carbonaceous rocks) of Borly and Saryadyr coal
deposits of Karaganda and Teniz-Korzhunkol coal basins, respectively. The high-ash coals of these
deposits have a high ash fusion temperature, reduced tendency to cake, and relatively low electrical
conductivity value [17].

Borly deposit is located in the Karaganda region, 110 km north of the city of Karaganda and 60 km
north-east of the railway Karaganda-Nur-Sultan. The deposit represents a gently sloping brachysyncline
structure (6.5x2.5 km), the flanks of which are layered by carbonate formations of Famennian Tournasian
tiers, while the central portion is a thick stratum sandy-argillaceous rocks of Visean-Serpukhovian age, by
analogy with the Karaganda basin, is divided into series (from bottom to top).

1. Ashlyarik (C;V;) 450 m thick;

2. Karaganda (C,V3;) 200 m thick;

3. Nadkaraganda (Upper Karaganda) (C's-C5) 100 m thick.

The commercial coal-bearing capacity is attributed to the lower part of the Karaganda series section,
where three contiguous carbon formations are identified, comprising of 11 coal seams, including
5 commercial seams. The total thickness of the commercial seams is 37.4 m on average.

The coals of the deposit are bituminous; humic by material composition. The ash content of bulk of
coal is 31-44%, of run-of-mine coal is 39-47% (45.4% on average). The ash is refractory and has high
abrasive properties. The coals are low-sulfur (0.4-1.1%) and low-phosphor (0.01-0.02%). The coals of
seams are attributed to «K» rank; the volatile content is 26-36%, the thickness of the plastic layer is
11-16 mm [18-20].

Due to difficult washability, they are not suitable for carbonization, and high ash coals can only be
used as power fuel. The ash has a high content of alumina (26.8% on average).

—— |4 ——
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All coal reserves can be mined using open-pit method at the overburden ratio of 1.7 cu.m./tonne. The
coal seams are unhazardous in terms of coal and gas outburst (the methane concentration is 0.03 to
0.1 cu.m/tonne), whereas the coal dust is explosive. The coals are prone to spontaneous ignition. The
increased content of ALLOs (38-39%) is in particular peculiar to coals and intermediate rocks of the Lower
coal formation.

When quantifying the deposit reserves, the coal seams with a minimum thickness of 1.0 m and a
maximum ash content of 55% were allocated to the booked reserves. The primary consumers of coal are
the power plants of Karaganda and Akmola regions. As of January 1, 2015, the reserves amount to
342708.0 (thousand tonnes) by category A+B+C; [21].

The Saryadyr deposit is located in the south-eastern part of the Tengiz-Korzhunkol basin (in
Yereimentau district of Akmola region, 30 km from the town of Yereimentau) and is a relatively large
depression [18-20].

According to the position in the section, lithological composition, fauna, coal-bearing character, they
are classified into three series (from bottom to top):

1. Akkuduk (C; V; ak) 100 m thick;

2. Ashlyarik (C; V., ash) up to 220 m thick;

3. Karaganda (C; V; - s krg) 400 m thick.

The series are composed of gray-colored sandstone, siltstone, mudstone with sparse and thin
interbedded marl and coal seams. The coal-bearing capacity is attributed to Ashlyarik and Karaganda
series containing in total 7 coal seams, of which three are commercial. The aggregate thickness of all the
commercial seams is 18.3 m.

The seams of Karaganda series Nadyozhniy and Sputnik-II have a very complex structure and
relatively volatile. The Pyatimetroviy seam is stable and simply structured.

The coals of the deposit in terms of its quality are the best in the basin, especially the coals of
Pyatimetroviy seam, which ash content for run-of-mine coal is 25%. On average, the ash content at the
deposit ranges from 30 to 40%, sulfur content 0.6-0.8%, phosphorus 0.62-0.03%, volatile content on dry
ash free basis is 38-45%.

The coals are humic, bituminous, hard-cleaning, ranked «G» (gas), unsuitable for carbonization and
may be used as power fuel.

The environmental conditions are favorable for open-pit mining at the overburden ratio of
7.3 cu.m/tonne, and 4.9 cu.m/tonne at the site of primary development. The coal seams are classified as
unhazardous in terms of sudden coal and gas outbursts. The coal dust is explosive.

As of January 1, 2015, the reserves amount to 164727.0 (thousand tonnes) by category A+B-+C,, and
94799.0 (thousand tonnes) by category C,.

The principal consumers of coals are power plants are and the population [21].

As is known, during the extraction, the coal seams are accompanied with rock layers (carbonaceous
rocks) with high ash content of more than 40%, which does not always find use and are stored in dumps.
The carbonaceous rocks have unstable chemical composition. The composition varies sharply from layer
to layer and even within one layer, whereas for the production of complex alloys it is important that the
carbonaceous materials have uniform chemical and mineralogical composition. The problem of their
unstable composition can be solved by stacking and fractionation.

Accordingly, the representative samples of high-ash coals of Borly and Saryadyr deposits were
subjected to mineralogical and petrographic studies.

High-ash coal of Borly deposit is classified as humic coal, bituminous (K.,) (humolites are a group of
coals formed due to transformation of higher plants residues in bog conditions). The color is gray to black.
The lustre is matt to mirror.

The petrographic composition of high-ash varieties of coals and coal-bearing rocks is shown in table
2. The petrographic composition of coals of Borly and Saryadyr deposits shows the increased content of
leaning microcomponents in pure carbon (21-24% fusinite, 22-35% semi-fusinite) which, in addition to
the low content of fusible components (5-10% leptynite, 15-36% vitrinite) will substantially exclude the
caking of these types of carbonaceous raw materials at high temperatures.

The material and petrographic composition shows the significant presence of mineral impurities,
consisting primarily of fine mica-clay materials closely interrelated with the organic portion of coal.




Reports of the National Academy of sciences of the Republic of Kazakhstan

Table 2 — Petrographic composition of coals of Borly and Saryadyr deposits
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Conclusions. The results of study of the mineralogical and petrographic composition of high-ash
coals of Borly and Saryadyr deposits show an increased content of leaning microcomponents in pure
carbon (21-24% fusinite, 22-35% semi-fusinite) which, in addition to the low content of fusible
components (5-10% leptynite, 15-36% vitrinite) will substantially exclude the caking of these types of
carbonaceous raw materials at high temperatures. These high-ash coals have a high fusion point, a
favorable petrographic composition, low tendency to caking and a relatively low value of electric
conductivity. In general, high-ash coals of Borly and Saryadyr deposits by their physical and chemical
properties and qualitative indicators are the complex metallurgical raw materials and meet the
requirements for the smelting of complex aluminum-, silicon-, manganese-containing alloys.

In the future, they are a potential source of raw materials for the sustainable development of not just
the fuel and energy sector, but also the expanded mass production of complex ferroalloys. The
development of technology of producing complex ferroalloys using high-ash coals will define the role of
coal deposits of Kazakhstan as a long-term (for centuries) resource base of ferroalloy production in
Kazakhstan.

The industrial commissioning of complex ferroalloys production will ensure:

- the involvement of dump high-ash coals — of little use in the energy sector — in production, with
simultaneous solution to the problem of their disposal and, as a consequence, improvement of the
environmental conditions of communities of coal mining regions of Kazakhstan;

- the involvement of unsuitable manganese ores in metallurgical conversion to produce standard
grades of manganese ferroalloys, such as ferromanganese and silicomanganese without additional and
complex enrichment operations;

- the complete exclusion of the use of expensive carbonization in the process flow;

- ensure the competitiveness of output products and increase the export potential.

The involvement of high-ash coals in the production of complex ferroalloys is an adequate response
to the global and domestic challenges of the time and in the foreseeable future will allow balanced and
sustainable development of the ferroalloy industry in Kazakhstan.
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E. K. MyxambeTrajanen
K. O0imeB arbiHAarel XUMHsA-METaUTyprust nHCTUTYThI, Kaparausl, Kazakcran
KOFAPBI KYJIAI KOMIPJIEP — ®EPPOKOPBITIIA OHAIPICIHIH 9JIEYETTI HIUKI3AT BA3ACHI

AnHoraunusa. JKympicta KaszakcTaHmarbl 3J€KTp SHEPTHACHIHBIH OHAIPIC KYpbUIBIMBIHA KBICKAIIA IOy
xacanraH. Kemip renepanusicel 0achiM pelire HMe, OHBIH YJIECIiHE eJJeri AJIEKTP SHEPrHUsiChIH OHIIPYIIH JKaJbl
kenemiHiH 70,4%-b1 Keneni. Onemue xoHe Kazakcranaa JonenieHreH KOMip KOpbl, KOMip ©HAIPYAiH KBULABIK
kesieMi koHe OHbI Kaszakcran PecnyOnukachiHmarbl canaigap OoifbiHIIA 06Ny Typasibl MOJIIMETTEp KENTIpUIreH.
Enperi Heri3ri keMip KeH OpbIHAAPbIHBIH OPHAJIACKAH JKePi Typallbl aKmapaT KeNATipijreH.

Kemip kxabatTapblH Ka3bIll Ty Ke3iHJE dpAaiibiM KOJNIaHBUIMAWTBIH JKOHE YiiHUIepae cakranateiH 40% -m1aH
actaM KyJ MeJmiepi Oap Tay XbIHBICTAphl (KOMIPTEKTI JKbIHBICTap) *Xypeai. MyHIalh KOMIpTEKTi Tay >KbIHBICTA-
PBIHBIH TEpiC XKaFrbl — TYPAKCHI3 XUMISUIBIK KypaM. MyHBI )KUHAY KoHE 06Ty apKbUIbI Ienryre 60Jaibl.

Kasipri yakerrta Kaparaunsr sxxone TeHi3-Kopskanken kemip OaccedHaepiHIe KOMIpIiH opTYpii Typiepi MeH
copTTapsl eHAipinin xatelp. Keibip keH opeIHAApbIHIA KYJI MJIIIEpi )KOFapsl, MbIcaibl, 35% neiliH KeMipai JeKTp
SHEPreTUKAchl MEH XalbIK HIApyallbUIBIFBIHIA KOJIIaHyFa Oosazbl, al KyJl MeJepi kel OOoJFaH JKargaiaa onap ic
KY31HIe naiifalaHbUIMaiIbl XKOHE KOKBICTapia CaKTasa bl

CoHIBIKTaH PHEPreTHKANBIK cajajga MaiajaHbUIMaraH KYJIAi KeMip MEH apTBIK KYKTEMEHi Kofere j>kapary
0apJIbIK AJIEMEHTTEP/IIH IIBIFBIHAAPBIH a3aiThINl, COHBIMEH KaTap OJlap/iaH HapbIKTHIK CYpaHbICKa M€ METaJLTyprus
OHIMJIEPIH WLIbIFapy MEPCHEKTUBAIBI JKOHE YaKThUIbI FhUIBIMU-TEXHUKAIBIK MiHAET Oouibil TaObutanbl. OcbiFaH
OalnaHbICTBl THIMAI KEIIeHJ KOpBITIANap[bl aly YIUIH TaOWFH JKOHE TEXHOTSHIIK LIMKI3aTThl KEHIeHHI Typjae
OHJICY/IIH JKaHa PECypPCTapbIH YHEMICHTIH TEXHOJIOTHSLIAPIBI 931pIIey ©3€KTi OOJIBIT TaOBLIAIEL.

Kazakcranmarbsl op TYpJli KeMip K€H OpBIHIapbIHIAFbl KOMIPTEKTI IIMKI3aTTHIH CAIlaJIbIK JKOHE TEXHOJIOTHSUIBIK
CHUIaTTaMalapblH CaJIICTHIPMAJIbI TaJIay HETi3iHJe JKOFaphl KYJIi KeMipiH €H TapThIMIbI KEH OpBbIHIAphl KYpesi
(beppOoKOpEITIIa OHAIpICiHE TAPTy TYPFHICHIHAH TAHIAIIBL.
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TexHUKANBIK Tannay HOTIDKeNepl jkoHe coiikecinme Kaparannsl xoHe TeHiz-Kopxkanken kemip OacceiiH-
nepiniy bopier xone Capblanblp KeH OPBIHIAPBIHIAFHI )KOFAPHI KYJI1 KOMIpIIepAiH XUMUSITBIK KYPaMbl KENTipiIreH.

PenTrenmik ¢a3anbik TangayabH HoToKeepi OolisraIIa (POT) sKoFapsl Kyl KeMipaiH OKIIIK yATiIepinaeri
HEeri3ri MuHepanaap aHbIKTangbl. PU3HKa-XUMHSIBIK KacHeTTepi MEH TEXHOJOTHSJIBIK CHIIaTTaMalapbl, >KYMBIC
KaOaTTapbIHBIH KAIIBl CHIMBIMIBUIBIFEL, KOMIp KEH OPBIHIAPHIHBIH KOPJAapblH CaHIBIK Oaranay >XOHE Herisri
TYTBHIHYIIBUIAP Typajbl MAJIMETTep KenTipinreH. bopnbl skoHe Capblafplp KeH OpBIHAAPBIHIAFBI JKOFAapbl KYJAi
KOMIpJIEpAIH MHHEPAIOTHIIBIK KOHE IMeTporpausIblK KYpaMblH 3€pTTey HOTIDKeNepl Ta3a KeMipleri yka
MUKpPOKOMITIOHEHTTepAiH (21-24% ¢rozunut, 22-35% ceMuIO3UHNT) KOFapbLIaFaHblH KOPCETTi, OJ epirim
KOMITOHEHTTep/iH a3 KypambiMeH (5-10% neintunut, 15-36% BUTPUHHT) ic KY3iHOE KOMIp IIUKI3aThIHBIH OCHI
TYPJIEPiH KOFaphl TEMIIEPaTypasia )KeHTEKTeY i 00 IbIpMaii IbL.

Tyiiin ce3aep: >xorapbl KyJai KeMip, cara KepceTkimrepi, perreHdasansik tanaay (POT), nerporpadusibik
Kypam, KemeHi GpeppokopsITia.

E. K. Myxam0eTraJjines
XuMuKO-MeTaJuTyprudeckuii ”HCTUTYT UM. JK. Abumesa, Kaparanga, Kazaxcran

BbICOKO3OJIBHBIE YIJIN - NOTEHIIUAJIBHAS CBIPBEBAS BA3A
DEPPOCILVTIABHOI'O ITPOU3BOACTBA

AHHoTanusi. B paboTe npuBeneH kpaTkuii 0030p M0 CTPYKType NPOU3BOJCTBA deKTpodHeprun B Kazaxcrane.
JIOMUHHPYIONIYIO PO 3aHMMAET YroJbHAs TeHepalus, Ha Aomo KoTtopod nmpuxoautcs 70,4% ot obmero o0péma
MIPOU3BOJICTBA AIIEKTPOIHEPTUH B CcTpaHe. Tarxke NMpUBENEHBI JaHHBIE MO JOKa3aHHBIM 3alacaM YIJii B MUpPE W B
Kazaxcrane, exerosmHoMy o0bEMY J0OBIUM YIVIS W €ro pachpejeneHus no orpacisiM B PecnyOnuke Kasaxcras.
[IpuBeneHs! cBeCHNS IO PACHIOIOKESHNUIO OCHOBHBIX MECTOPOKACHNI KAMEHHOTO YTJIS B CTPaHe.

[Ipu moObrue mracTaMm yIiisi COMYTCTBYIOT MOPOIHBIE CIOM (YITHCTBIE IMOPOJBI) C MOBBIIICHHON 30JbHOCTHIO
6o1ee 40%, KOTOpBIE HE BCETa HAXOIAT MPIMEHEHHE U CKIaTUPYIOTCS B OTBaJIBL. OTpUIIATENBHON CTOPOHOM TaKUX
YIJIUCTBIX TOPOJ| SIBISIETCS] HECTAOMJIbHBI XMMHUYECKHH COCTaB. DTO MOXHO PELIMTh MyTEM IITAOENUPOBAHUS U
(bpakuroHUpPOBAHUS.

B macrosimee Bpemst B Kaparanmmackom n Tenu3-Kop)KyHKOIBCKOM YTOJNBHBIX OacceifHax TOOBIBAIOTCS
pa3nuyHBIe BHIBI W copTa yriied. HekoTopble MeCcTOpPOXKIEHHS COXep>KaT BBICOKYIO 30JBHOCTB, TaKHE YIIH
30JIHOCTHIO /10 35% MOTYT OBITH MCIIOJIB30BAHBI B 3JIEKTPOIHEPTETUKE U HAPOIHOM XO3SICTBE, a ¢ 60iiee BEICOKUM
COJIEPKAHHUEM 30JIbI IPAKTUYECKN HE HAXOIAT MPUMEHEHHS U CKIaJUPYIOTCS B OTBAJIBI.

[HosToMy yTmIM3alusi HEWCIIONB3yEMBIX B SHEPreTHKE BBICOKO30JBHBIX YII€W W BCKPBIIIHBIX MOPOJ C
MUHIMH3ALUEH TOTeph BCEX AJIEMEHTOB M 0Ooliee TOr0 MPOU3BOJICTBO W3 HUX METALTYPTHYECKON NPOLYKIHNH
oOyamaromeil ppIHOYHBIM CIPOCOM SIBJISIETCS MIEPCIIEKTUBHON M CBOCBPEMEHHOM HAyYHO-TEXHHYECKOH 3amaueil. B
9TOM CBSI3M aKTyaJbHBIM SIBJISIETCS pa3paboTKa HOBBIX PECYpCOCOEpEeraroIinXx TEXHOJIOTHH KOMILICKCHOW
nepepabOTKU MPUPOIAHOTO M TEXHOTEHHOTO ChIPhS C TOTydeHneM 3P PEKTUBHBIX KOMIUIEKCHBIX CILIABOB.

Ha ocHOBe CpaBHHTEIBHOTO aHANHM3a KAUYECTBCHHBIX M TEXHOJIOTWYECKHX XapPaKTEPHCTHUK YTIMCTOTO CHIPBS
pa3MYHBIX YTONBHBIX MecTopokiaeHni Kaszaxcrana BreIOpaHbl HamOojiee NPHUBIEKATENBHBIE C TOYKH 3PEHUS
BOBJICUCHHSI B [IPOU3BOICTBO KOMILIEKCHBIX (DepPOCIIIIABOB MECTOPOIKICHHUS BHICOKO30JIbHBIX YIJICH.

[IpeacraBnenbl pe3yNbTaThl TEXHUYECKOTO aHAIM3a U XUMUYECKOTO COCTaBa MPE/ICTABUTENbHBIX ITPOO BBICOKO-
30JbHBIX yried mectopoxaeHnid bopner n Capslagplp Kaparanmmackoro n Tern3-KopKyHKOIBCKOTO YTONBHBIX
0acceliHOB, COOTBETCTBEHHO.

Ha ocHoBe pesynapraToB peHTreHodazoBoro anamm3a (P®A) ycTaHOBICHBI OCHOBHBIE MHUHEpAIbl B
MIPEICTaBUTEIFHBIX MPOOaxX BRICOKO30JIBHBIX yriieil. [IpuBeneHs! GHU3NKO-XMMUIECKHE CBOWCTBA M TEXHOJIOTHYECKUE
XapaKTepUCTHKH, CYMMapHbIE MOITHOCTH Pab0UYnX IIACTOB, KOJIMYECTBEHHAS OLIEHKA 3a1IaCOB YTOJIBHBIX MECTOPOXK-
JIEHWA ¥ CBEJCHHSA IO OCHOBHBIM IMOTpeOuTensiM. Takke MPHUBEINCHBI Pe3yJbTaThl HCCICIOBAHMNA MHHEPAJIOro-
neTporpauueckoro CocTaBa BBICOKO30JIBHBIX yriied mectopokiaeHuit bopnel u Capblajplp Moka3aBlIMe Ha
MOBBILICHHOE CO/IEPKAHUE OTOIIAIOIIMX MUKPOKOMIIOHEHTOB B yicTOM yrie (21-24% ¢ro3unuTta, 22-35% cemudro-
3MHATA), 9TO HapALy C HHU3KHM COJIEpKAHWEM IUIaBKUX KOMIOHEHTOB (5-10% neiintunuta, 15-36% BuTpuHHUTA)
MPAaKTUIECKH OyAeT UCKIIFOYaTh CIIEKaHNWE TaHHBIX BUIOB YTIIUCTOTO CHIPhS IPU BBICOKHX TEMIEpaTypax.

KioueBble ciioBa: BBICOKO30JIbHBIM yrojib, KaueCTBEHHbIE MOKa3aresd, peHTreHo¢asosbiii ananus (PDOA),
neTporpaduIecKuii COCTaB, KOMILICKCHBIN (heppociiias.
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