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ABSTRACT

Important aspects of increasing the competitiveness of domestic metallurgy and mechanical
engineering are increasing the durability of thermal units and involving non-traditional, cheaper
energy resources in production. One of these resources is carbon waste from the aluminum
industry - electrode scrap and waste from the carbon lining of electrolyzers. The problem with
their use as substitutes for solid fuels (coke coal) in the metallurgical, engineering, and energy
industries is fluorine- and alkali-containing salts that impregnate them, destroying the traditional
lining of thermal units. The development of effective refractories resistant to fluorine- and alkali-
containing corrodents (melts and gases) makes it possible to increase the competitiveness and
efficiency of thermal units both through the use of cheaper energy carriers and by increasing the
duration of their campaign. An important aspect is the simultaneous disposal of hazardous
industrial waste and the reduction of the environmental burden on the ecosphere of the
Republic of Kazakhstan. The basis for the development of new refractory materials resistant to
fluorine- and alkali-containing corrodents is the analysis of the existing raw material base of the
Republic of Kazakhstan and the choice of materials that make it possible to obtain
aluminosilicate refractories with increased chemical resistance. In the work, the phase and
chemical composition of refractory clays and kaolins of the Republic of Kazakhstan were studied,
and their rheological and thermophysical properties were investigated. Selected raw materials
for the development of technology for the production of dense aluminosilicate refractory
products.

Keywords: aluminosilicate refractories, refractory clays, kaolins, chamotte, plasticity, sintering,
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Introduction

The most important task of the metallurgical
of the Republic of

and energy complexes

mechanical engineering (12.3% of GDP) [[1], [2]].,
while the metallurgical and machine-building
complex remains energy- and resource-intensive,

Kazakhstan is to increase the competitiveness of
products and industries, with the maximum
possible combination of interests of the Republic,
its regions, and specific joint-stock companies.
Among the main manufacturing industries of
the Republic of Kazakhstan, an important place is
occupied by metallurgy (43.7% of GDP) and

where at least 15% of primary fuel, 35% of
electricity, 40% of fossil raw materials are used.
Reducing costs through the involvement of
secondary resources in the production, and waste
disposal is the most urgent task for the
development of the industry of the Republic of
Kazakhstan.
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Currently, the cost of coke fluctuates around
$550-600/t, and the cost of anthracite is at the level
of $412-418/t at the shipping station [[3], [4]].
Replacing coke with cheaper fuel will improve the
technical and economic performance of thermal
units.

It should also be considered that the expansion
of the use of secondary raw materials, including
carbon-containing ones, is an important factor in
the efficiency of the entire industry of the Republic
of Kazakhstan [[4], [5]]. On the other hand, JSC
"Kazakhstan Electrolysis Plant" (KEP), which is part
of ENRC (Eurasian Natural Resources Corporation)
(Pavlodar), annually generates up to 1,500 tons of
waste carbon refractory lining and up to 25,000
tons of cinders of baked anodes [[6], [7]]. with a
minimum carbon content of 85 wt. % contaminated
with harmful substances from cryolite-alumina
melt. The presence of alkaline cations (Na +, K +)
and fluorine in the waste do not allow storing them
in sludge fields to avoid a negative impact on the
environment. The simplest and most efficient way
to dispose of such wastes is to use them as fuel
instead of expensive and scarce coke in the
metallurgical, engineering, or energy industries,
where fluorine and alkaline salts will also help to
liquefy the slag, saving more on use fluorite slag
modifiers [[8], [9]].

At the same time, the presence of alkali cations
and fluorine anions in the composition of the
melting charge significantly complicates the service
conditions of the aluminosilicate lining of thermal
units.

The solution to this problem can be the
development of the densest (non-porous)
aluminosilicate  refractories, which  requires
researching the raw  material base of
aluminosilicate refractories of the Republic of
Kazakhstan, choosing the most promising raw
materials, and developing technology for dense
refractory products with a maximum mullite
content with high chemical resistance.

The production of aluminosilicate should
include the production of a dense, durable mullite-
containing aggregate (chamotte) with water
absorption of no more than 1%, the preparation of
a binder of plastic clay, and the production of
actually dense products with an open porosity of no
more than 5%.

Raw materials for the production of mullite-
containing refractories can be [[10], [11]]: clays and
kaolin, natural high-alumina raw materials
(bauxites, aluminosilicates), and synthetic materials

(commercial alumina, tabular alumina, fused
corundum, reactive alumina).

At present, deposits of refractory clays, kaolin,
and bauxites are known in the Republic of
Kazakhstan, and it also has the production of
technical alumina [[12], [13]].

The objects of study in this work are three
types of refractory clay raw materials: clays of the
Arkalyk (AG) and Berinsky (BG) deposits and kaolin
of the Alekseevsky (AK) deposits, selected on the
basis of an analysis of the physicochemical and
technological properties of refractory raw materials
the Republic of Kazakhstan.

The Akralyk deposit of refractory clays is
located in the Arkalyk district of the Torgai region,
in the suburbs of the city of Arkalyk. The
characteristic features of the deposit are the
unsustainable thickness of the layers, a sharp
transition from one variety to another, as well as a
predominantly dry type of clay products. Refers to
highly basic raw materials with Al,O3 content up to
48 wt. % per calcined substance and an average
content of coloring oxides (Fe,0s + TiO;) of 4.6 wt.
%. According to the mineral composition, clay is a
polymineral raw material with a predominant
content of kaolinite and gibbsite. The coarsely
dispersed part contains quartz and hematite. Part
of the iron is associated with clayey rocks (mainly
with gibbsite). The deposit is actively developed
and used to produce lumpy refractory chamotte.

The Berlin deposit of refractory clays is located
on the border of the Komsomolsky district of the
Kostanay region and the Troitsky district of the
Chelyabinsk region, 22 km west of the Buskol
railway station. A characteristic feature of the
deposit is a horizontal reservoir deposit of
kaolinite-hydromicaceous  clays of  variable
thickness from 0 to 9 m. It belongs to the main raw
material with an Al203 content of up to 32 wt. %
and an average content of coloring oxides (Fe;Os +
TiO;) of 2.9 wt. %. According to the mineral
composition, clay belongs to the monomineralic
kaolinite-hydromicaceous raw material. Quartz is
presented as an impurity. The birthplace is actively
developed and used to produce both fired fireclay
and plastic binder clays [[14], [15]].

The Alekseevskoye kaolin deposit is located in
the Kokshetau district of the North Kazakhstan
region, 33 km north of the city of Kokshetau,
southeast of the village of Alekseyevka. A
characteristic feature of the deposit is the variable
power of the lenses lying in at various levels, a
smooth transition of color from white to grayish-
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yellowish, as well as a predominantly harsh type of
rocks. Along with crackers, there are also loose
varieties. Refers to a highly basic raw material with
an Al;Os content of up to 44 wt. % and an average
content of coloring oxides (Fe;0s3 + TiOz) 1.1 wt. %.
According to the mineral composition, the raw
material is represented by kaolin, quartz, and
feldspar impurities. The deposit is being developed
and used to obtain enriched kaolin, quartz-kaolinite
mixtures and quartz-feldspar concentrate [[16],
[17]].

The experimental part

The results of assessing the granulometric
composition of clay raw materials by the
sedimentation method according to GOST 21216-
2014 are given in Table 1 and in (figure 1), allow us
to classify Berlin clay as a highly dispersed raw
material with a particle content <0.001 mm of more
than 99%, and Arkalyk clay and Alekseevsky kaolin
as a medium-disperse raw material with a particle
content <0.001 mm of less than 60%.

According to the Okhotin diagram, clay from
the Berlin deposit belongs to the group of plastic
raw materials, clay from the Arkalyk deposit and
kaolin from the Alekseevsky deposit belong to the
group of low-plastic clay raw materials.

Table 1 - Granulometric composition of the studied raw
materials

Raw Content of particles, wt. %, size, mm

material 960" 0.25- | 0.06- | 0.01- | 0.005 <
0.25 0.06 0.01 0.005 0.001 0.001

Arkalyk 7.0 1.8 23.2 9.6 17.7 31.6

clay

Berlinsk 0 0 12.0 5.2 12.4 70.3

clay

Aleksee 5.5 14.5 31.6 7.5 24.4 16.5

vskiy

kaolin

The mineralogical composition of the clay raw
material was evaluated by X-ray phase analysis
performed on a Miniflrex 600 diffractometer (CuKa
radiation, A=1.541862 A, survey interval — 3.00-
60.00°, scanning step — 0.02°). The samples were
taken without heating in an air atmosphere at a
counter speed of 1 deg/min.

Analysis of the obtained data shows that the
phase composition of the Arkalyk clay is
represented mainly by kaolinite, with an admixture
of gibbsite, and quartz and hematite are present as

non-plastic impurities; Berlin clay - kaolinite; quartz,
hydromica, and montmorillonite; Alekseevsky
kaolin - kaolinite; quartz, hydromica and calcium
feldspar.
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Figure 1 — Histogram of distribution of particles by
fractions and raw materials under study
The main technological properties of
aluminosilicate raw  materials to produce

refractories include plasticity, sintering, air and fire
shrinkage, and fire resistance [[18], [19]].

The plastic properties of the studied raw
materials were evaluated by the Atterberg plasticity
number (GOST 21216-2014), which is the difference
in the percentage of water at the upper and lower
limits of plasticity, i.e., at the boundaries of the
transition of clay paste from plastic to fluid and
semi-solid condition. The plastic properties of the
studied clays are given in Table. 2.

Table 2 - Plasticity of the investigated raw materials

Raw Limit The Number | Classification
material fluidity, | border | plasticity | according to
% rolling, GOST 9169-
% 2021
AC 3333 | 2000 | 1333 | Mmoderately
plastic
BC 3341 | 1535 | 1806 | Medium
plastic
AK 2534 | 1201 | 1327 | Moderately
plastic
AC - Arkalyk clay BC — Berlin clay; AK -

Alekseevskiy kaolin

From the analysis of the data in Table 2, it can
be seen that Berlin clay belongs to plastic raw
materials, and Arkalyk clay and Alekseevsky kaolin
belong to moderately plastic raw material.
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In the production of products based on clay raw
materials, drying is the most important
technological factor. The choice of the drying mode
is largely determined by the properties of the mass,
the shapes, and the sizes of the products.

The determination of the sintering properties of
the studied clays was carried out according to GOST
21216-2014. From an average test sample with a
particle size of less than 1 mm, mixed with water to
the state of a working dough, samples were made
in the form of tiles 50 x 50 mm and cubes 25 x 25
mm in a plastic way, dried to an air-dry state, after
which they were fired in a laboratory furnace with
silicate heaters from 1000 to 1550 C with an
interval of 50 C and holding at the final firing
temperature for 2 hours.

Table 3 - Technological properties of the investigated
aluminosilicate raw materials

Properties AC BC AK

Number 14 24 5.0
plasticity
Connectivity, MPa 5.0 5.6 3.5
Binding capacity (%
standard sand) 45 65 -
Sensitivity to drying, Kch 1.95 34 0.55
Air shrinkage, % 14 2.5 0.3
Sintering start temperature, 1350 1200 1350
C
Fire resistance,°C >1720 | 1630 | >1720

In addition, one of the most important

indicators of the quality of refractory clays is fire
resistance, and technological properties - binding
capacity, sensitivity to drying, and air shrinkage
[[20], [21]].

Under certain test conditions, refractoriness
depends only on the chemical composition and

partly on the mineralogical composition, that is, it
characterizes the purity of the raw material under
study. The results of calculating the refractoriness
and some technological properties of the studied
clay raw materials are given in Table. 3.

Conclusions

Features of granulometric (high content of fine
particles), chemical and mineralogical
compositions, as well as the state of the structure
(a disorder of kaolinite) will favorably affect the
sintering of the studied aluminosilicate raw
materials. At the same time, Arkalyk clay can be
recognized as the most promising in the technology
of superdense aluminosilicate refractories as a raw
material to produce fireclay, the monomineral
composition of which and the disorder of kaolinite
will favorably affect both its rheological and
ceramic properties. The high plasticity of Berlin clay
allows it to be used as raw material, both to
produce fireclay and for use as a binder clay.

Thus, according to the totality of the
considered properties, Arkalyk and Berlin clays, as
well as Alekseevsky kaolin, are of practical interest
for the production technologies of aluminosilicate
refractory materials. At the same time, Arkalyk clay
and Alekseevsky kaolin are promising in the
technology of aluminosilicate refractory products
as a raw material to produce fireclay, and Berlin
clay can be wused in the technology of
aluminosilicate refractories as a binder.
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TYAIHAEME

OTaHAbIK MeTanayprua MeH mallmHa »KacayablH 6acekere KabineTTiniriH apTTbipyAblH, MaHbI3Abl
acneKTiNepi ¥blay KOHAbIPFbIAAPbIHbIH, Y3aK Mep3iMAiniriH apTTbipy KaHe eHAipicke gacTyphi
emec, ap3aHblpaK 3Heprua pecypcrapbiH TapTy 6onbin Tabbinagbl. Ocbl pecypcrapAbiH, 6ipi
ANIOMUHUIA  BHEPKaCiBiHiH,  KeMIpTeKTi  KanablKTapbl —  3/EKTPOA  CbIHbIKTapbl  MeH
3NEKTPONU3EPNEPAiH, KOMIPTEKTI KanTamacbiHbIH, KanablkTapbl. Onapabl MeTannyprua, MawmHa
)Kacay JKoHe 3HepreTMKa cananapbliHAA KaTTbl OTbIHHbIH, (KOKC KeMipi) asmacTbipfbiwTapsl
peTiHae naiganaHy maceneci TEPMUANbIK KOHAbIPFbINAPAbIH, ASCTYpAI TecemaepiH 6y3aTbiH,
onapfabl CiHipeTiH ¢Top KaHe cinTi 6ap Ty3gap 6onbin Tabbinaabl. KypambiHaa ¢Top xaHe cinTi
6ap Kopposuafa (6ankbimanap MeH rasgap) Tesimgi, TMimai, OTKa Tesimai maTepuangapabl
93ipney apsaHbipaK 3Heprua TacbiMangaylwbinapgpl nakganaHy apKkblibl 43, ONapablH,
HayKaHbIHbIH, Y3aKTbIFbIH YFAWTy apKblibl 43 Kby KOHAbIPFbINAPbIHLIH, 6acekere KabinerTiniri
MeH TUIMZINIriH apTTbipyFa MYMKIHAIK 6epeai. KayinTi eHAipicTiK KanabikTapabl 6ip mesringe
Kemy »kaHe KasakctaH PecnybnukacbiHblH, 3KocdepacbiHa 3KONOTUANBIK KYKTEMEHi a3auTy
MaHpI34bl acnekT 6osbin Tabblnagbl. KypambiHaa ¢Top XaHe cinTi 6ap KopposuaFra Tesimai KaHa
OTKa TesiMmai matepuangapabl a3ipaeyaiH Herisi KasakcraH PecnybamnKacbiHbIH, KOAAaHbICTafbI
LUMKI3aT 6a3acblH Tangay *KaHe XMMUANbIK TYPAKTbI/bIFbl YKOFAPb! a/IlOMOCUIMKATTbI OTKA Te3imaj
maTepuangapabl anyfa  MyMKiHAIK 6epeTiH MmaTepuangapgbl TaHgay 6onbin  Tabblnagpl.
*ymbicTa KasakctaH PecnybamnkacbiHbIH, OTKa TO3iMAj ca3aapbl MEH KaoAUHAEPiHIH, da3acbl meH
XUMUANBIK Kypambl 3epTTenin, onapAblH, PEeoNoruanblk KaHe TepMoOU3MKanbiK KacueTTepi
3epTTengi. Tbifbl3 aNtOMOCUIMKATTLI OTKA Te3iMmai Bylibimaapapl any TeXHONOMMACHIH »Kacay YLWiH
ipikTenreH wwkisar.

TyiliiH ce30ep: antOMOCUNMKATTbI OTKA TE3iMAi 3aTTap, OTKA Te3iMmAi casfap MeH KaoauHaep,
LIAMOT, NNACTUKANbIK, arIOMepaLLma, albIK KeYeKTINiK, cyapl CiHipy,.
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AHHOTAUMA

BaKHbIMM acneKkTamu MOBbILWEHUA KOHKYPEHTOCMOCOBGHOCTU OTEYECTBEHHOW METannyprun wu
MaLUMHOCTPOEHUSA ABNAETCA MOBbILIEHWE CTOMKOCTM TEMNNOBbIX arperatos M BOBJEYEHWE B
NPOV3BOACTBO HETPAAMLIMOHHBIX, bonee AelwéBbIX aHepropecypcoB. OAHUM U3 TaKUX PECYpcoB
ABNAIOTCA YrNEPOAMCTbIE OTXOAbl aNOMWMHMEBON MNPOMBIWAEHHOCTU — 3/EKTPOAHbIN 60 1
oTX0A4p!l yrnepoaucToli GyTepoBKM 3N1EKTPOM3epoB. Mpobaemoit UX NPUMEHEHWUA B KayecTse
3aMeHuTeNel TBEPAOIO TOM/MBA (YrAs KOKca) B METaiypravyeckoi, MaluMHOCTPOUTENBHON K
JHepreTUyecKom NPOMBILWNEHHOCTAX  ABAAIOTCA nponutbiBatowme  uUx  ¢Top- M
Lweso4ecoaep Kalume Conun, paspyluialowme TPagUUMOHHYIO GyTepoBKY Ten/OoBbIX arperaTos.
Pa3paboTka 3dpdeKTUBHbBIX OrHEYNOpOB, CTOMKUX K BO3AENCTBUIO GTOP- U LLEI0YeCcoaepKaLLMX
KOpPPOAMEHTOB (pacnnaBoB M ra3oB) MO3BOAAET MOBbICUTb KOHKYPEHTOCMOCOBHOCTb K
SKOHOMMYHOCTb TEMIOBbIX arperatoB Kak 3a CY4éT ucnonb3osaHus 6onee Aeluesbix
3HEProHocUTENEN, TaK M 33 CYET MOBLILEHUA ANUTENBHOCTU WX KamnaHuW. HemanosaskHbIM
aCMeKTOM ABNAETCA OAHOBPEMEHHAA YTUAM3AUMA BPELHbIX NPOMBIWIEHHbIX OTXOA40B W
CHUMKEHME 3KOI0rMYECcKoM Harpyskmu Ha akocdepy Pecnybamku KasaxcraH. OcHoBoM pa3paboTku
HOBbIX OFHEYMOPHbIX MaTepUanoB CTOMKUX K BO3AEMCTBUMIO OTOP- W LLENEYECOLEPHKALLMX
KOPPOAMEHTOB, ABAAETCA aHaNM3 CyLeCTBYIOWeEN cbipbeBoi 6asbl Pecnybimkm KasaxctaH u
BbIGOP MaTepuanos, MO3BONAIOWMX MNOAYYUTb ASOMOCUAMKATHLIE OTHEYNOPbl C MOBbILWEHHOM
XMMUYECKOM CTOMKOCTbIO. B paboTe nccnenosaHbl $asoBbiit U XMMUYECKUI COCTaB OFHEYNOPHbIX
TNVH 1M KaonnHoB PK, nccnefnoBaHbl Mx peosiornyeckue v Tenodpusnyeckne cBoncTea. BoibpaHbl
CblpbeBble MaTepuanbl 4NA Pa3paboTKM TEXHONOTUM NPOU3BOACTBA MAOTHBLIX aIFOMOCUIMKATHBIX
OrHEeymnopHbIX U3LENNNA.

— 26


mailto:elena.sidorina.78@mail.ru
mailto:aristotel@kstu.kz
mailto:mukhammedrakhym@mail.ru

KomnneKkcHoe Ucnonb3oBaHne MuHepanbHoro Cbipbs. No2(325), 2023  ISSN-L 2616-6445, ISSN 2224-5243

Kniouesble cnoea: antoMOCUNNKATHbIE OrHEYmnopbl, OFHEYMNOPHbIE FAWUHbI U KaO/UHbI, LWAMOT,
NNaCTUYHOCTb, CMNEKaeMOCTb, OTKPbITaA NOPUCTOCTb, BOAONOr/IOWEHNE.

UHdopmayus o6 aemopax:

M.m.H., 0oKmopaHm 8mopozo Kypca Kagedpbl HTM Kapa2zaHOUHCKO20 MexHU4YecKozo
CudopuHa Enera AHamonbesHa yHusepcumema, np. Hypcyamana Hasap6aesa, 56, 100027, Kapazanda, KazaxcmaH, e-mail:

elena.sidorina.78@mail.ru

A.m.H., npogeccop, Kagedpsl HTM KapazaHOUHCKO20 MmexHU4ecKo2o yHusepcumema, np.

Ucazynos Apucmomens 3eliHynauHoeu4 Hypcynmara Hazap6aesa, 56, 100027, KapazaHda, KazaxcmaH. e-mail: aristotel@kstu.kz

JAokmop PhD, cmapwuli npenodasamens Kagedps! «Pazpabomyu mecmopoxdeHuli nonesHsix
Pa6amynawi Myxammedpaxeim uckonaemoix» KapaeaHOUHCKO20 mexHuUYecKozo yHusepcumema, np. Hypcyamaxa Hasapbaesa,
56, 100027, KapazaHda, KazaxcmaH. e-mail: mukhammedrakhym@mail.ru

[.m.H., npogheccop Kvipabi3cKo20 20cydapcmeeHH020 yHU8epcumema 2eos02uu, 20pHO20 0ena U
0C80€eHUsA MPUPOOHbIX Pecypcos UumMmeHU akademuKka YceHeasel XacaHanu, np. Yyd, 215, 720001,

H K A60
ozaesa Kynxaman A6dpaumosHa buwkek, KoipabiacmaH. e-mail: nogayeva.kulzhamal@bk.ru

References

[1] Industria manufacturera de la Republica de Kazajstan 2020 [Manufacturing industry of the Republic of Kazakhstan 2020].
(Electronic resource) Access mode: https://kase.kz/files/presentations/ru-/kase_-manufacturing_industry_june_2020.pdf. (in
Russ).

[2] Metallurgicheskiy vestnik. [Metallurgical Bulletin] (Electronic resource) Access mode:
https://www.metaltorg.ru/metal_catalog/metallurgicheskoye_syrye i -polufabrikaty/koks/coke/. Date of visit 01.09.2021.
(in Russ).

[3] Metallurgicheskiy vestnik [Metallurgical Bulletin]. (Electronic resource) Access mode:
https://www.metaltorg.ru/metal_catalog/metallurgicheskoye_syrye_i_-polufabrikaty/koksuyushchiisya_ugol
/koksuyushchiisya_ugol/. Date of visit 04/21/2022.(in Russ).

[4] LuY, Cao R, Huang D, Wang Y, Zhang Y. Investigation on the ash characteristics and AAEM migration during co-combustion of
Zhundong coal and shale char in a fixed bed. Fuel. 2022;327:125214. DOI 10.1016/j.fuel.2022.125214

[5] Collins WJ, Murphy JB, Blereau E, Huang H-Q. Water availability controls crustal melting temperatures. Lithos.
2021;402-403:106351. DOI 10.1016/j.lithos.2021.106351

[6] Aubakirov D, Issagulov A, Kvon S, Chsherbakova Y, Arinova S. Modifying Effect of a New Boron-Barium Ferroalloy on the Wear
Resistance of Low-Chromium Cast Iron. Metals. 2022;12(7):1153. DOI 10.3390/met12071153

[7] Romero M, Padilla I, Contreras M, Ldépez-delgado A. Mullite-based ceramics from mining waste: A review. Minerals.
2021;11(3):332. DOI 10.3390/min11030332

[8] Ibraev IK, Ibraeva OT. Ispol'zovaniye otkhodov obogashcheniya uglya v metallurgicheskom proizvodstve Materialy Kongressa s
mezhdunarodnym uchastiyem i elementy shkoly molodykh uchenykh «Fundamental'nyye issledovaniya i prikladnyye
razrabotki protsessov pererabotki i utilizatsii tekhnogennykh obrazovaniy» [The use of coal enrichment waste in metallurgical
production Proceedings of the Congress with international participation and elements of the school of young scientists
"Fundamental research and applied development of processes for the processing and disposal of technogenic formations"].
Technogen. 2014. Yekaterinburg. 2014;359-362. (in Russ).

[9] Patrin RK, Sizyakov VM, Bazhin VYu. Prospects for pyrometallurgical processing of technogenic wastes of aluminum
production. Izvestiya vuzov. Non-ferrous metallurgy. 2013;6:61-63.

[10] Ivankov SI. Patented technological solutions for the processing and disposal of large-tonnage wastes of aluminum production.
Ivankov S I, Troitsky A V. Scientific and technical aspects of environmental protection. 2020; 3:38-102

[11] Golovnykh N V. Hardening of technological materials and recycling of lining waste for aluminum production electrolyzers. NV
Golovnykh. Ecology of industrial production. 2010;4:47-52.

[12] Ermienko AV. Problemy otkhodov proizvodstva i potrebleniya na Kazakhstanskom elektroliznom zavode (Pavlodar) [Problems
of production and consumption waste at the Kazakhstan electrolysis plant (Pavlodar)]. Agrarnyy vestnik Urala=Agrarian
Bulletin of the Urals. 2009;3(57):95-97. (in Russ).

[13] Baranov AN, Nemchinova NV, Anikin VV et al. Pererabotka i utilizatsiya ftoruglerodsoderzhashchikh otkhodov alyuminiyevogo
proizvodstva [Recycling and utilization of fluorocarbon-containing wastes of aluminum production. Bulletin of ISTU.
2012;2(61):63-70. (in Russ).

[14] Terentiev VG, Shkolnikov RM. Aluminum production. Grinberg et al. SPb.:Publishing House of MANEB. 2001.348 p.

[15] Kashcheev | D, Zemlyanoy K G. Proizvodstvo ogneuporov [Production of refractories]. St. Petersburg: Doe. 2021. - 344 p. (in
Russ).

[16] Allenstein J et al. ed. Pen G, Wutenau H. Ogneupornyye materialy: struktura, svoystva, ispytaniya: spravochnik [Refractory
materials: Structure, properties, tests: reference book]. M.: Intermet Engineering. 2010. 392 p. (in Russ).



mailto:elena.sidorina.78@mail.ru
mailto:aristotel@kstu.kz
mailto:mukhammedrakhym@mail.ru
https://www.metaltorg.ru/metal_catalog/
https://www.metaltorg.ru/metal_catalog/metallurgicheskoye_syrye_i_-polufabrikaty/koksuyushchiisya_ugol

Complex Use of Mineral Resources. 2023; 325(2):22-28 ISSN-L 2616-6445, ISSN 2224-5243

[17] Kalytka VA, Bashirov AV, Taranov AV, Neshina YG, Sidorina YA. Methods of theoretical researches the properties of
electrotechnical materials class of dielectrics with hydrogen bonds. Journal of Computational and Theoretical Nanoscience.
2019;16(7):2799-2804. DOI 10.1166/jctn.2019.8130

[18] Satbaev BN, Koketaev Al, Aimbetova EO, Shalabaev NT, Satbaev AB. Production of Chemically Resistant Refractory Concrete
Mixes from Metallurgical Waste and Their Physical and Chemical Properties. Refractories and Industrial Ceramics.
2021;61(5):484-486. DOI 10.1007/s11148-021-00507-6

[19] Vakalova TV, Devyashina LP, Burihina MA, Kisner AS, Pashenko NV. Alumosilicate ceramic proppants based on natural
refractory raw materials. IOP Conference Series: Materials Science and Engineering. 2018;286(1):012012. DOI 10.1088/1757-
899X/286/1/012012

[20] Barandehfard F, Aluha J, Hekmat-Ardakan A, Gitzhofer F. Improving corrosion resistance of aluminosilicate refractories
towards molten Al-Mg alloy using non-wetting additives: A short review. Materials. 2020; 13(18):4078. DOI
10.3390/ma13184078

[21] Rumi MK, Urazaeva EM, Mansurova EP, Zufarov MA, Arushanov GM. Preparation of Highly Porous Materials based on
Refractory Clays. Glass and Ceramics. 2020;77(3-4):87-93. 10.1007/s10717-020-00246-z




