ISSN 2710-1185 (Online)
ISSN 1813-1107 (Print)

EHBEK KbI3BLT TY OPJEH/II
«®. B. BEKTYPOB ATBIHJIAFBI

XUMMUS FBUIBIMJIAPBI MTHCTUTY ThI»
AKITMOHEPJIIK KOFAMBI

KA3AKCTAHHbBIH
XMms JKYPHAJTBI

XMMUUYECKUM JKYPHATI
KA3AXCTAHA

CHEMICAL JOURNAL
of KAZAKHSTAN

AKIIMOHEPHOE OBIIIECTBO
OPJIEHA TPYJIOBOI'O KPACHOI'O 3HAMEHU
«MHCTUTYT XUMHNYECKUX HAYK
uM. A. b. BEKTYPOBA»

2 (74)
ATIPEJIb — UIOHDB 2021 r.

WU3AETCSI C OKTSIBPSI 2003 TOJIA
BBIXOJIUT 4 PA3A B TOJ]

AJIMATBI
2021



XUMHYECKHH )KYPHAJI KA3AXCTAHA

XKXypunanney 6ac pegakTopsl

bac nupexrop
A. E. ®@uuep, X.F.K.

Pemaxnousg KeHeciHIH Mymexepi:

O.XK. Kycinéexos, npod., T.r.0., KP ¥YFA kopp.-mymeci (Kazakcran PecriyOnukachi);
B.H. AdcaabikoB, npod., T.F.1., KP ¥FA kopp.-mymeci (Kasakcran PecmyOiukachr);
A.P. Xoxaos, npod., ¢.-m.r.1., PFA akan. (Peceit); M.IL. Eropos, npod., x.r.1., PFA
akan., (Peceit); B.C. CoanmaroB, mpod., x.r.a., ¥FA (benapyce); M.JK. )KypbiHos,
mpod., x.r.0., KP ¥FA akagemuri (Kazakcran Pecnyoimkacsl); UK. Beiicem0eToB,
mpod., 3.r.4., KP ¥FA akanemuri (Kazakcran Pecrryonukacer); K.7K. Ilipasames, npoo.,
x.r.a., KP ¥YFA akanmemuri (Kazakcran PecrmyOnukacer); J.X. XaaukoB, npod., X.F.1.,
TPFA akagemuri (Toxikcran PecrryOmukacer); B.M. Jlem0unukuid, mpod., x.r.n., PXKFA
akazn. (Peceif); JI.LA. KawokoBa, npod., x.r.n. (Kazakcran PecmyOmmkacer); B.K. 1O,
mpo¢., x.r.a. (Kazakcran Pecrybnmkacer); E.®. IManapun, npod., x.r.n., PFA xopp.-
mymieci (Peceit); J.b. 3eiinanos, npod., x.F.n., O3sipOaibkan ¥FA kopp.-myiieci;
(Ozip6aitkan); bpaxum Emoynu, PhD, mpod., x.r.a., e Jla Pomens yHuBepcureri
(®pannus  PecnyOmukacel); X. Temean, mpod., [duxme yaumBepcureri (Typkus
Pecniyonukacer); B.C. 3akupoB, mpod., x.F.ja., ©O30ekcran Pecmybmukacer FA
(©306ekcran PecnybOnmkacer); I''A. Myn, x.r.n., npod. (Kaszakcran PecnyOmukacer);
K.b. Ep:xanos, x.r.11., npod. (Kazakcran Pecniyonukacsr); B.T. OTendaes, x.F.1., mpod.
(Kazakcran PecmyOmukacer); A.E. MaamakoBa, PhD nokroper (Ka3zakcran
Pecniybnukacsr); M.E.KacbiMoBa (0ac FbUIBIMH XaTILIBICHI).

«Ka3aKkCTaHHBIH XUMHS KYPHAJIBD
ISSN 2710-1185 (Online); ISSN 1813-1107 (Print)

Kypsurraiiie: En6ex Kpieur Ty opmenni ©.5. BekrypoB arbiHmarbl XUMHsL FhUIBIMIApPEI
HUHCTUTYTHI

Tipkey: Kazakcran PecyOnukaceiHBIH MoieHHUET, aKnapaT »oHE KOFaMIBIK KEeJIiciM
munucTpairigge Ne 3995-K 2003 »xputrbr 25-MayceIMIars!

2003 xbuibl KypbUtraH. JKbuibiHA 4 peT LIBbIFaIbI.
Penakuusiabig Meken-kaibl: 050010 (A26F3Y1), Kaszakcman Pecnyb6aukacel, Aimamo K.,

11 Yanuxanos koweci, 106. men. 8 (727) 291-24-64, 8 (727) 291-59-31.
ics_rk@mail.ru

© AK «O.B. BekTypOB aThIHIaFbI
XUMUsI FBUTBIMIAPBI HHCTHTYTH, 2021

«Kasnomray AK-HBIH razeT-KypHaigap KaTalorbIHa HEMECE OHbIH KOCHIMIIATapbIH/Ia
Kas3buly MHIeKci 75241,


mailto:ics_rk@mail.ru

ISSN 1813-1107 M2 2021

I'maBHBIY peagaxkTop

I'enepanbHbIil TUpEKTOP
J. E. ®uiep, K.X.H.

PengaknmuoHnHasgs KOJJIETUS:

Y. K. Jdxycundexos, npod., n.1.H., wieH-kopp. HAH PK (Pecnybnmka Kazaxcran);
B.H. A6cagbixoB, npo¢., a.T.H., uieH-kopp. HAH PK (Pecny6nuka Kazaxcran);
A.P. Xoxa0B, npo¢., n1.¢.-M.H., akag. PAH (Poccus); MLII. Eropos, npod., 1.X.H., akaj,.
PAH (Poccus); B.C.CoanmatoB, mpod., mnx.H.,, akanx. HAH benapycu (bemapycs);
M.K. Kypunos, npod., ax.H., akanx. HAH PK (Pecnybomuka Ka3zaxcran);
HU.K. BeiicemgeroB, npod., a..H., akag. HAH PK (Pecnybnuka Ka3zaxcran);
K. 1. Hpamues, nmpod., 1.x.H., akax. HAH PK (Pecniyonuka Kazaxcran); 1.X. Xaaukos,
mpod., 1.x.H., akag. AH Pecnyonuku Tamkukucran (Tamxukucran); B.M. Jdemouukmii,
mpo¢., nx.H., akag. PAEH (Poccms); JI.A. KamwkoBa, mpod., n.x.H. (Pecmybmuka
Kazaxcran); B.K. IO, npod., a.x.H. (Pecyonuka Kaszaxcran); E.®. [lanapun, mpod.,
n.x.H., wieH-kopp. PAH (Poccus); 9.B. 3eitHanoB, npod., a.x.H., wieH-kopp. HAH
Asepbaiimkana (Asepbaiimkan); Bpaxum Eaxoynn, npod., 1.x.H., Ph.D, Yausepcurer [le
Jla Pomens (Ppaniry3ckas Pecnyonuka); X. Temean, mpod., YuuBepcuter Jlukie
(Typenkass PecnyOnuka);, Bb.C.3akmpoB, mnpod., ax.H., (PecnyOmuka Y30ekucran);
I'.A. Myn, npod., n.x.H. (Pecnmybnuka Kasaxcran); K.B. EpxaHoB, mpod., 1.X.H.
(Pecniyonuka Kasaxcran); B.T. Yrteas0aeB, mpod., n.x.H. (PecnyOnuka Kazaxcran);
A. E. MaamakoBa, gokrop PhD, A.E. MaamakoBa, nokrop Ph.D  (PecmyGuuka
Kazaxcran); M.E.KacsiMoBa (OTB. cekpeTapsb).

«Xumnyeckuii ;kypHaa Kazaxcrana».
ISSN 2710-1185 (Online); ISSN 1813-1107 (Print)

Vupenutens: Oppena Tpynosoro KpacHoro 3namenn MIHCTUTYT XUMUUECKHX HAyK
um. A.b. bekryposa.

Perucrpanums: MHHHCTEPCTBO KyJIbTYpbl, HHOOPMAIIMHU U OOIIECTBEHHOTO COracus PecmyOnuku
Kaszaxcran Ne 3995-K ot 25 urons 2003 r.

OcHosan B 2003 r. Beixonut 4 pasa B roa.
Anpec penakiuu: 050010 (A26F3Y1), . Anmamet, ya. Il Yanuxanosa, 106,

men. 8 (727) 291-24-64, 8 (727) 291-59-31.
ics_rk@mail.ru

© AO «MHCTUTYT XMMHYECKHX HAYK
uM. A. B. Bexryposay, 2021

IonnucHoit nuaeke 75241 B Karanore raser u xxypHanoB AO «Ka3noura» wiu B JIOMOJHEHHH K
HEMY.


mailto:ics_rk@mail.ru

XUMHYECKHH )KYPHAJI KA3AXCTAHA

Editor in Chief

General director
D.E. Fisher, Candidate of Chemical Sciences

Editorial board:

U.Zh. Dzhusipbekov, Prof., Doctor of Technical Sciences, Corr. Member of NAS RK
(Republic of Kazakhstan); B.N. Absadykov, Prof., Doctor of Technical Sciences, Corr.
Member of NAS RK (Republic of Kazakhstan); A.R. Khokhlov, Prof., Doctor of
Physical and Matematical Sciences, Academician of RAS (Russia), M.P. Egorov,
Prof., Doctor of Chemical Sciences, Academician of RAS (Russia), V.S. Soldatov,
Prof., Doctor of Chemical Sciences, Academician of NAS of Belarus (Belarus);
M.Zh. Zhurinov, Prof., Doctor of Chemical Sciences, Academician of NAS RK
(Republic of Kazakhstan); I.K. Beisembetov, Prof., Doctor of Economic Sciences,
Academician of NAS RK (Republic of Kazakhstan); K.D. Praliyev, Prof., Doctor of
Chemical Sciences, Academician of NAS RK (Republic of Kazakhstan);
D.Kh. Khalikov, Prof., Doctor of Chemical Sciences, Academician of ASRT (Tajikistan);
V.M. Dembitsky, Prof., Doctor of Chemical Sciences, Academician of the RANS;
L.A. Kayukova, Prof., Doctor of Chemical Sciences (Republic of Kazakhstan); V.K. Yu,
Prof., Doctor of Chemical Sciences (Republic of Kazakhstan); E.F.Panarin, Prof., Doctor
of Chemical Sciences, Corr. Member of RAS (Russia); E.B. Zeynalov, Prof., Doctor of
Chemical Sciences, Corr. Member of NAS of Azerbaijan (Azerbaijan); Brahim Elouadi,
PhD, Prof., De La Rochelle University (French Republic); H. Temel, Prof., Dicle
University (Republic of Turkey); B.S. Zakirov, Prof., Doctor of Chemical Sciences
(Republic of Uzbekistan); G.A. Moon, Prof., Doctor of Chemical Sciences (Republic of
Kazakhstan); K.B. Erzhanov, Prof., Doctor of Chemical Sciences (Republic of
Kazakhstan); B.T. Utelbaev, Prof., Doctor of Chemical Sciences (Republic of
Kazakhstan); A.E. Malmakova, Doctor PhD (Republic of Kazakhstan); M.S. Kassymova
(executive sekretary).

«Chemical Journal of Kazakhstan»
ISSN 2710-1185 (Online);
ISSN 1813-1107 (Print)

Founder: Order of the Red Banner of Labor Institute of Chemical Sciences named after
A.B. Bekturov.

Registration: Ministry of Culture, Information and Public Accord of the Republic of Kazakhstan
No. 3995-XK dated June 25, 2003 year.

«Chemical Journal of Kazakhstan» was founded in 2003 year, publishes four issues in a year.

Address of the Editorial board: 050010 (A26F3Y1), Republic of Kazakhstan, Almaty,
Sh. Ualikhanov str., 106, A.B. Bekturov Institute of chemical
sciences awarded by the Order of Red Banner of Labor,
Fax: 8(727)291-24-64.
ics_rk@mail.ru

© JSC «Institute of Chemical Sciences
named after A.B. Bekturov», 2021.


mailto:ics_rk@mail.ru

XUMHYECKHH )KYPHAJI KA3AXCTAHA

Chemical Journal of Kazakhstan
ISSN 1813-1107 https://doi.org/10.51580/2021-1/2710-1185.24
Volume 2, Number 74 (2021), 14 - 20

UDC 662.749.38

OBTAINING MESOPHASE PITCHES FROM COAL TAR
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Abstract: This article presents the results of research on mesophase pitch production
from coal tar. The preparation of mesophase pitch was carried out by heat treatment in an
argon atmosphere at temperatures of 300, 350, and 400 °C. The resulting carbon pitches
were analyzed by scanning electron microscopy, Raman spectroscopy, and energy-
dispersive analysis. An increase in the degree of surface degradation and the number of
mesophase centers per unit area was observed with an increase in the treatment
temperature to 300 °C. At 350 °C, a transition from an isotropic to an anisotropic structure
was observed, where the mesophase centers were about 2 pum in size. A similar aniso-
tropic structure was observed for a sample of coal tar obtained at 400 °C, and in some
areas, a layered structure was observed, which could be associated with an increase in the
graphitization degree of the samples. The particle size of the mesophase increases to 3.5-
5 microns. The results of energy dispersive analysis showed that an increase in tempera-
ture leads to a decrease in the sulfur content. At 400 °C, sulfur is completely removed
from the coal tar pitch composition. A correlation between the heat treatment temperature
and the structure of the obtained pitch was established.

Keywords: coal tar, processing, heat treatment, mesophase pitch.

Introduction. Coal is widely used as a heating agent and in power
generation [1], and is also an initial material in the production of valuable
products. Coal coke is a product of coking coal processing, which has found its
application in industry, in the production of steel and cast iron, in the chemical
industry, etc. In the process of coal coking, coke oven gas, coal tar, and a mixture
of aromatics are released [2].

Coal tar is a complex mixture of aromatic hydrocarbons, heterocyclic sulfur-,
oxygen- and nitrogen-containing compounds. Tars, according to their chemical
properties, are divided into three groups: neutral, acidic, and basic [3]. According
to [4], the world coke production in 2019 amounted to about 700 million tons, at
which about 35 million tons of coal tar were produced and about 50% of which
was further processed. By further processing, such valuable products as benzene,
toluene, xylenes, etc., as well as impregnating oil, plastics, electrode pitches,
carbon fibers, binder pitch, etc. could be obtained.
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One of the possible ways to process coal tar is to produce pitch. There are
two main types of pitch: isotropic (non-mesophase) and anisotropic (mesophase).
Mesophase pitches are usually obtained by the heat treatment, as a result of
which chemical reactions occur with a change in structural characteristics - the
formation of mesophases. The heat treatment was carried out in a wide
temperature range in an inert atmosphere of nitrogen, argon, or helium [5]. The
formation of liquid crystal structures (mesophase) occurred in the temperature
range 300-500 °C [6]. Mesophase crystallites were composed of condensed high
molecular weight aromatic compounds with an interplanar spacing of 0.34 nm.
The course of mesophase transformations depends on the physicochemical
characteristics of the feedstock and the temperature regime of processing. An
important characteristic of pitch is the content of sulfur and insoluble residues,
which determine the quality of the pitch [7]. The preparation of mesophase
pitches with a high degree of aromaticity is described in [8]. In this work, the
results of studies on the production of polyaromatic resins by extraction of low-
temperature soot are presented. The quality of mesophase pitches and their fiber-
forming properties were determined by the degree of aromaticity of the original
resin, the presence of highly condensed structures in it [9]. The transition of
carbon pitch into the mesophase structure occurs through the stage of an
intermediate isotropic-mesophase structure formation, under the temperature
influence. The transition is accompanied by the removal of gaseous products and
a change in the H/C ratio [10].

In this work, coal tar obtained during the processing of coal from the
Shubrakol deposit (Kazakhstan) was used. The reserves of the Shubrakol deposit
are about 1.5 billion tons. The consumers of special coke produced from
Shubarkol coal are the largest enterprises of Kazakhstan: ferroalloy plants of
«KazChrome» JSC, «Kazphosphate» JSC, «KazZinc» JSC, Russia and Ukraine.
Some scientists [12] were conducting research on the extraction of hydrocarbon
products from coal tar, as well as the production of boiler coke fuel as an
alternative to fuel oil.

EXPERIMENTAL PART

Coal tar is a thick black liquid with a specific odor and a viscosity of
1.35 g/cm®. For the experiments, the mesophase pitch preparation was carried out
by heat treatment in an argon atmosphere at temperatures of 300, 350, and
400 °C. The argon flow rate was 90 cm*/min. Heat treatment was carried out in a
tubular furnace with a quartz reactor with a diameter of 3 cm. A pre-dried and
weighed porcelain boat was filled with initial coal tar, after which the boat was
placed in a quartz reactor and purged with argon to remove air from the reactor
and exclude contact with oxygen. Argon was passed for 5 minutes, after which
the reactor was heated to temperatures from 300 to 400 °C. The heating rate was
13 °C/min. The time of temperature treatment was 2 hours; after the end of the
heat treatment process, the heating of the reactor was stopped, the sample was
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cooled to room temperature without being removed from the reactor in an argon
atmosphere. After removing it from the reactor, the boat with the final product
was weighed to establish the weight loss.

After heat treatment, the initial coal tar from a viscous-flowing state goes
into a solid, with an increase in volume. The resulting coal tar pitch has a porous
structure, which occurs due to the removal of low-boiling fractions in the form of
vapors, which lead to the formation of loose and spongy material.

The resulting product was investigated by scanning electron microscopy
(SEM), EDAX analysis, and Raman spectroscopy.

RESULTS AND DISCUSSION

The samples of coal tar before and after the heat treatment at various
temperatures were weighed to determine the mass loss (Table 1).

Table 1 — Coal tar masses before and after the heat treatment

Heat treatment Mass of coal tar before Mass of coal tar after Mass loss value,
temperature, °C the heat treatment, g. the heat treatment, g. %

300 3,5 1,9 46

350 2,4 1,2 50

400 2,3 0,9 61

Based on the data in Table 1, it can be seen that the highest weight loss was
observed at a temperature of 400 °C and is 61% of the initial weight. The heat
treatment removed volatiles from the coal tar. After the heat treatment at different
temperatures, coal tar was examined to Quanta 200i 3D scanning electron
microscope (Figure 1a).

Figure la shows the scanning electron microscopy images. Analysis of the
images shows that at 300 °C, an increase in the degree of surface degradation is
observed. At a processing temperature of 350 °C, a transition from an isotropic to
anisotropic structure is also observed. For this sample, all volatile fractions were
removed. The sample surface was uniform, the size of the mesophase centers was
about 1.5 - 2 um. For a coal tar pitch sample obtained at 400 °C, a similar
anisotropic structure was observed; in some areas, a layered structure is observed
which is associated with an increase in the degree of graphitization of the sample.
The sizes of mesophase particles increased to 3.5 - 4.5 pm.

To establish the effect of the heat treatment on the composition of the initial
coal tar, elemental analysis was carried out for coal tar pitch obtained at different
temperatures (Figure 1b). For samples of coal tar pitch obtained at temperatures
equal to 300 and 350 °C, the sulfur content was observed from 0.24 to 0.26 wt.%.
An increase in the processing temperature to 400 °C leads to the complete
removal of sulfur from the composition of coal tar pitch. Sulfur is contained in
coal tar in the form of sulfur-containing heterocyclic aromatic compounds.
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Figure 1 — Images of scanning electron microscopy (a), EDAX analysis (b), Raman spectra
(c) of coal tar after the heat treatment at different temperatures: 300 °C, 350 °C, and 400 °C

Figure 1c shows the Raman spectra of coal tar pitch obtained by processing
the initial coal tar at different temperatures. Raman spectroscopy analysis was
carried out under excitation by unpolarized radiation of a semiconductor diode
laser at a wavelength of Aexe = 473 nm. The interpretation of the Raman spectra
was carried out on the basis of the analysis of the review article [13]. Figure 1
shows a graph of the combined spectra.

Analysis of Raman spectra allows one to evaluate the effect of the heat
treatment on the degree of graphitization of the initial coal tar. For pure graphite,
two main first-order peaks were observed at a wavelength of 1356 cm™ (D-peak,
Defective Raman zone) and 1575-1582 cm™ (G-peak due to the presence of
carbon atoms in the sp? state and located in planes of graphite grids), spectral
lines of the second order in the region of ~ 2710 cm™. While interpreting Raman
spectra, the following indicators are important: AD, AG - the values of
wavelengths for D and G peaks, respectively, in cm™; ID, IG — the intensity of D
and G peaks in relative units; R — the ratio of intensities of D and G peaks
(ID/1G). While graphite nanocrystallites appear in the sample, the G peak shifts
from 1575-1582 cm™ to higher values of ~1600 cm™. In the sample treated at 300
°C, a shift of the G peak to the region of higher frequencies ~ 1405-1428 cm™ was
observed, this could be explained by the fact that the samples contain clusters
with a small number of aromatic rings. The generalized data on the wavelengths

17



XUMHYECKHH )KYPHAJI KA3AXCTAHA

of the G and D peaks, their intensities, and the R index are presented in Table 2.
For the sample treated to 350 °C, a significant change in the intensities and
positions of the G and D peaks was observed, characterized by the removal of all
volatile fractions and the beginning of the transition from a disordered structure to
a more ordered structure with the formation of mesophase centers. For the
samples treated to 400 °C, a shift of the D peak to the range of 1600-1610 cm™
was observed, which is explained by the formation of nanocrystalline mesophase
centers.

Table 2 — Characteristics of G and D peaks for coal tar samples treated at different
temperatures

Sample AG, cm? AD, cm™ I I R (Ip/lg)
300 °C 1406 1605 792 1042

350 °C 1356 1600 1103 1606 0,6867
400 °C 1362 1610 395 638 0,7215

Based on the data in Table 1, an estimated calculation of the degree of
graphitization can be made using the equation [14]:

9 %) =[1-%]-100 (1)

where g is the degree of graphitization, %; R is the ID/IG ratio; n is the maximum
value of R obtained during the study (in this case, 0.7215).

Thus, the calculation showed that for the 350 °C sample the degree of
graphitization was about 5%. For the 400 °C sample, this indicator could not be
determined, since the R value was taken as the maximum value (n).

Conclusion. Based on the conducted research, a correlation between the heat
treatment temperature and the structure of the resulting coal tar pitch was
established. The results of scanning electron microscopy showed that with an
increase in the heat treatment temperature, the number of mesophase centers per
unit volume of the final pitch increases. The diameters of mesophase particles
range from 3 to 15 um. The highest number of mesophase particles was observed
for pitch obtained at a temperature of 400 °C. The results of the energy-dispersive
analysis showed that heat treatment at a temperature of 400 °C leads to the
complete removal of sulfur. On the basis of Raman spectroscopy data, the
calculated graphitization values of coal tar pitch obtained at 350 °C were about
5%.

I would like to express my gratitude to Smagulova Gaukhar and Kaidar
Bayan (al-Farabi Kazakh National University, Almaty, Kazakhstan) for their help
in providing this research and discussing its results. Also, |1 would like to thank
Renata Nemkayeva (National Nanotechnology Laboratory, Almaty, Kazakhstan)
for the provided microscopic and spectroscopic analysis of the samples obtained
in this research.
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Tyiingeme
KOMIP IHANBIPBIHAH ME3O®A3AJIBI ITAWUBIP ATTY
A.M. Hmanzaszwt

Byn makamaga kewmip maipIpblHaH Me3o¢a3anbl MIaWblp aly >KOHIHAETi 3epTTey-
JIEpAiH HOTHXKeNepi KenTipinreH. Me3odasa kagaMblH gaiibiHIay aproH arMocepacbiHaa
300, 350 xone 400 °C Temnepatypajnap/a TEPMUSIIBIK OHJCY apKbUIbI )KY3€Tre aChIPbUIJIBI.
TepMUsIIBIK OHAEY TeMIepaTrypachl MeH allblHFaH [IaWbIPAbIH KYpPbUIBIMBI apachlHZa
e3apa OaiinaHblc OpHATHULABL. AJIBIHFaH KOMIpPTETi KabaTTapblH 3JIEKTPOHJBI CKaHepIey
MHUKPOCKOTIHSCHI, PaMaH CHEKTPOCKONMACHI JKOHE SHEPTHsl AUCIIEPCUSUIBIK aHAIN31 apKbl-
7Bl 3epTTenai. Onney TemneparypackiablH 300 °C neifiH korapbulaybIMeH O€TTiH Jerpa-
Jalns TOPEXKECiHIH KOHE aynmaH OipiiriHe MmakKKaHIarsl Me3o¢a3a OpTaIBIKTapPBIHBIH
CaHBIHBIH apTybl Oaiikanapl. 350 °C TemmeparypacklHAa H30TPONTHIIAH aHWU30TPOITHI
KYpbUIbIMFa ©Ty OaiKamansl, MyHIa Me30(a3a OpTaJbIKTapBIHBIH MeJIIepi IamMaMeH
2 MKM Kypaiael. ¥Kkcac aHu30TponThl KypsuisiM 400 °C TeMriepaTypana ajaslHFaH KeMip
MIaWBIPBIHBIH YIITIiC] YImiH Oaifkamnsl, an keiOip aymaHmapaa Kabarrap KYpBUIBIMBI Oaii-
Kanapl, Oy ynrinepai rpaduTTey AOpEKECiHIH KOFapbUIayBIMEH OaillaHBICTHI OOIyBI
MYMKiH. Me3oda3ansiH OemnexTep Mediepi 3.5-5 MUKpOHFa JieiiH apTajpl. DHEPreTH-
KaJIbIK JUCTIEPCHSIIBIK TaJIay IblH HOTIDKENEepl TeMIepaTypaHblH JKOFapblIaybl KYKIpT-
TiH TeMeHneyiHe okeneTiHiH kepcerti. 400 °C Temmneparypaga KYKipT KeMip HIaldbIPbI
LIaHBIPBIHBIH KYPaMbIHAH TOJIBIFBIMEH aJIbIHAIBI.

Tyiiin ce3nep: keMip HMIANHBIPEL, OHJICY, TEPMUSUIBIK OHICY, Me30()a3aibl HIaHbIp.

Pe3iome

MOJYUYEHUE ME30®A3HBIX TEKOB U3 KAMEHHOYTI'OJIBHOMU CMOJIbI
A.M. Umanzazot

B nanHOl cTaThe mpeacTaBieHbl Pe3yNbTaThl UCCIIEIOBAaHUN MO MOJXYYEHHIO ME30-
(a3HOTO TeKa U3 KaMEeHHOYTOJbHOH cMoubl. [lomyuerne mMe3oda3HOro neka MmpoBOAMIN
IMyTeM TepMUYeckoil o0paboTku B atMmocdepe aproHa mpu temmeparypax 300, 350 u
400 °C. brura ycTaHOBJICHA KOPPEISIINS MEKIY TEMIIEPaTypoil TepMOOOpadOTKU M CTPYK-
Typo#l moiydeHHOro neka. [lomydeHHbIe yriepoaHble MEeKbl ObUTH HCCIEJOBAaHbI METOIa-
MU CKaHHUPYIOLIEW 3JEKTPOHHOM MHUKPOCKOIMM, PaMaH-CIEKTPOCKONUM, U HEPro-auc-
MIEPCHOHHOTO aHalIM3a. YBENIWYEHHE CTENCHU AErpajallidl MOBEPXHOCTH M KOJINYECTBA
Me30()a3HbIX IICHTPOB HA CIMHHIY IUIOMAAXd HaOIIOAANIOCh NMPH TOBBIIICHAH TEMIIE-
patypsl 06paboTku 10 300 °C. IIpu 350 °C yke HaOMOgACTCSA TIEPEXO] OT U30TPOITHOU
CTPYKTYpE K aHU30TPOIHOM, Iie pa3Mep Me30(a3HbIX LIEHTPOB COCTABIISET OKOJIO 2 MKM.
AHanorn4Hasi aHM30TpPOITHAs CTPYKTypa HaOitojanach Juisi oOpasia KaMEeHHOYTOJIbHOM
cmoubl, nosydeHHoro npu 400 °C, a Ha HEKOTOPBIX y4acTKax HaOJIO/alIach CIIOUCTast
CTPYKTYpa, YTO MOTJIO OBITH CBSI3aHO C YBEJIMYECHHEM CTENEHH I'paduTH3annui o0pasIoB.
Pa3mep wactui me3ohassl yBenuauBaercs 10 3,5-5 MkM. Pe3ynpTaTs! 3HEproancnepcuoH-
HOTO aHaJM3a MOKAa3aJIM, YTO ITOBBIIICHUE TEMIEpaTypsl IPUBOANUT K CHI)KEHHIO COJEp-
xkaaus cepbl. [Ipu temneparype 400 °C cepa MONHOCTBIO yHANSIeTCs M3 COCTaBa KaMeH-
HOYTOJBHOTO TIEKa.

KiaioueBble ci10Ba: KaMEHHOYTONBHAs CMOJIa, HepepaboTka, TepMooOpaboTKa,
Me30(]a3HbIi TeK.
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Foinvimu srcapuananvimoaposly ImuKacsl

Pepakuusiiiblk anka skoHe "Ka3zakcTaHHBIH XUMHUS KYPHAJbl'" FHUIBIMH KYyp-
HaNbIHBIH (OyaaH opi — XKypnan) O6ac pepakrtopsl '"JKapusiianbiMaap skeHiHaeri
ITHKA KomuTeTi" (Committee on Publication Ethics - COPE)
(http://publicationethics.org/about), "Eyponaibik FHUIBIMH peaaKkTopiap KaybIMaac-
Teirpl" (European Association of Science Editors — EASE) (http://www.ease.org.uk)
JKIHE "FpLIbIMHA JKapUsiJIaHbIMIAP 1edi JKOHIHAeri KOMHTETTIH"
(http://publicet.org/code/) KaGbLIAAHFAH XAABIKAPAJIBIK CTAHAAPTTAPABLI YCTAHAIbI.

bacna kpi3MmeriHzeri ofinerciz TaxipubeHi OonabplpmMay MakcarbiHaa (IUiaruar,
JKaJIFaH aKIaparThl YCBbIHY JXOHE T.0.) KOHE FBUIBIMH JKapHSJIaHBIMAAPIBIH KOFaphl
carachblH KaMTaMachl3 €Ty, aBTOPJIbIH aJlFaH FhUIBIMUA HOTHO)KENEPiH XKYPTIIBUIBIKIIEH TaHy
MaKcaThIH/a PeNaKIHSIIBIK KEHECTiH apOip MYIIeci, aBTOp, peleH3eHT, COHai-aKk bacrma
IIPOLIECiHE KATBICATBIH MEKEMeJIEp STUKANBIK CTaHIapTTap/bl, HOpMaJap MEH epexesepai
CaKTayFa YKoHE OJIApIBIH OY3BUTYBIH OONIBIpMay VINiH OapIbIK IIapajapisl KaObuImayra
MiHgerTi. Ochl MpoLecKe KaThICYIIbUIAPABIH OapiIbIFBIHBIH FBUIBIMH JKapUsUIAHBIM STH-
Kachl epekeliepiH cakTaybl aBTOPIAPIbIH 3UATKEPIIK MEHIUIK KYKBIKTAPbIH KaMTaMachl3
eTyre, OacbUIBIM CallaChlH apTTHIPYFa JKOHE aBTOPJIBIK MaTepHalapibl JKeKe TyJIFaiap-
JIbIH MY/JJIeC] YIIIIH 3aHChI3 Maijanany MYMKIHAICIH OOJIABIpMayFa bIKIAJ eTe/Il.

Pepakuysira xenin TyckeH OapiibIK FBUIBIMH Makajanap MiHAETTI TYple €Ki jKaKThl
nronyaal eteni. JKypHasl peAakiMschl MaKaJIaHBIH JKypHaJI HpoQuiiHe, pecimaey Ta-
JlanTapelHa COWKECTIriH Oenrijielai jkoHe OHbl KOJDKa30aHbIH FBUIBIMH KYHIIBUIBIFBIH
AMKBIHIAWTBIH JKOHE MaKala TaKbIphIObIHA HEFYpJIbIM JKaKblH FBUIBIMM MaMaHJaH-
JbIpysapel 0ap €Ki Toyenci3 peneH3eHT — MaMaHIapAbl TaraibIHIAWTBIH JKYPHAIIBIH
JKayarnTbl XaTIIBICBIHBIH OipiHIN KapayblHa >xiOepemi. Makanagapisl peneH3HsIIay bl
pemaKuMsIIBIK KEeHEeC XOHE PEHaKIHMIBIK alKa MYIIelepi, COHmal-ak Oacka enmepHiH
IIaKBIPBUTFAH PELEH3CHTTEPI JKy3ere acblpaabl. Makanara capanrama XKyprizy ymIiH Oen-
rim Oip pemeH3eHTTi TaHAay Typaisl memiMai bac penakrop KaOsuinainbel. Penensusiiay
Mep3iMi 2-4 anTaHbl Kypaijabl, OipaK peUeH3eHTTIH OTiHilIl OOMbIHIIA OJI y3apThUIYbI
MYMKIH.

Penakumsi MeH peleH3eHT Kapayra KiOepuireH kapusiianOaraH MaTepualiiapIbly
KYNUSUTBIIBIFBIH CaKTayFa Kenuiiik Oepeni. XKapusiiay Typayibl MICMIIMAL KypHAJIBIH
pelaKIMsIIbIK ANKAChl pelieH3MsIayiaH KeiliH kaObuinaiapl. Kaxer OonraH karnaiijna
KOJDKa30a aBTOpJapra pElEH3SHTTEp MEH peAaKkTOpJap/AblH ecKepTyliepi OoifbIHIIa
IIBICBIKTaYFa JKi0episienti, colaH KeliH o Kaiita pereH3usulanapl. Pegakiust sTuka epe-
XKeJlepiH Oy3raH jkardalija MakajJaHbl JKapusulaylaH Oac TapTyra Kykpuibl. Erep akrma-
paTTHI IJIaruaT Jer caHayFa KEeTKUTIKTI HeTi3 0oJica, jKayarnThl peJaKTop KapusuiayFa KOl
Oepmeyi Kepek.

ABTOpJIAp peIakLUsAFa YCHIHBUIFAaH MaTepUuaiapAblH jKaHa, OYphIH KapusiaHOaraH
JKOHE TYITHYCKA CKCHIITHE KUK Oepeai. ABTOpIIAp FhUIBIMH HOTHXKEICPIIH CEeHIMIi-
Jiri MeH MaHbBI3IBUIBIFbIHA, COHJAH-aK FBUIBIMHM 3THKA KarMIaTTapblH CaKTayra, artar
aiiTkaH/a, FRUIBIMU ATHKaHbI Oy3y (akxTtijepine xon Oepmeyre (FBUIBIMH JEpEKTEp.i Ty-
KBIPBIMAAY, 3€pTTEY JePEKTEepiH OypManayra oKeJeTiH OypMmaiay, Ilaruar KoHe KajFaH
TEH aBTOPJIBIK, KalTanay, 6acka ajgamaap/blH HOTHKEJIEpiH HEMJIEHY KaHe T. 0.) kayan-
ThI OOJIA/IBL.

MakasaHsl peakuusFa xidepy aBTopiapblH MaKaJaHbl (TYITHYCKala HeMece 0acka
TUIIepre Hemece Oacka Tinaepre aynapbiiFaH) Oacka sKypHanra(kKypHainapra) Oepme-
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TeHiH JXoHe OyJ1 MaTepuall OYpbHIH JKaprsutaHOaFaHBIH OUTipesni. OWTece, Makaia aBTop-
Japra aBTOPJBIK KYKBIKTHI OY3FaHbl YIIIH MaKajgaHbl KaObLigamay Typajibl YCHIHBICIICH
nepey Kaitapeuiaabl. backa aBTop >XyMbICBIHBIH 10 maiibI3bIHaH acTaMblH OHBIH aBTOP-
JIBIFBIH JKOHE JIEPEeKKe3re ciaremecis ce30e-ce3 Keurpyre xoi Oepinimeiii. AbIHFaH
(hparMeHTTEep HEMECe MAIiMIEMENIep aBTOp MEH 0acTanKel KO3/l MIHAETTI Typae KepceTe
OTBIpBIN acanybl kepek. lllamaman Thic Kemripy, COHIai-aK Ke3-KeIreH HbICAHIaFbl
IUTArHAT, OHBIH 1IITHIE PACIMICIMETeH AOUEKCO3Iep, 63repTy HeMece Oacka ajaaMaapablH
3epPTTEYJICPiHIH HOTH)KEJICPIHE KYKBIKTAp HEMJCHY O3THKAIBIK €MEC JKOHE KOJAKChI3.
3eprTey OapbichiHa KaHmad nma Oip Typlae ocep STKeH OapiiblK agaMaapiblH YJICCiH
MOMBIH/AY KaXKeT, aTall aiiTKaHIa, MaKajiajia 3epTTey JKYPri3y KesiHae MaHbI3Ibl OOJIFaH
KYMBICTapFa ClITeMelNep YChIHBLTYbI Kepek. Kocalkpl aBTOpIapblH apachlHaa 3epTTeyre
KaTbICIIaFaH afaMIapasl KepceTy OoIMaiIbl.

Erep xymbicTa Kate TabblUIca, peJakTopra Te3 apana xabapiay Kepek jkoHe Oipre
TY3€Ty TypaJbl meniM KaObliaay Kepek.

Komxkasbansl xapusiiayiad 0ac TapTy Typaibl IIEIIM PEUEH3EHTTEP/IH YChIHBIM-
JlapblHa COWKEC PEeJaKIMSUIBIK aJIKa OTHIPBICHIHIA KaObUIIaHabl. PeIaKIUsIIbIK allKaHbIH
memiMiMeH JKapusilayFa YCHIHBUIMaraH Makana Kaiita Kapayra KaObUimaHOanmbl.
Kapusinaynan Oac Tapry Typasibl xabapiama aBTOpPFa AIIEKTPOHABIK IOIITA aPKbUIbI
xibepineni.

Pepakuysiiblk ajika MakajgaHbl JKapusuiayFa xiOepy Typalisl menriM KaObliiaraHHaH
KeHiH peakuust OyJ1 Typajibl aBTOpFa Xadapiai/pl JKoHe >Kapusiiay Mep3iMiH KepceTesi.
PereH3usuapipIH TYMHYCKaIaphl )KypPHAIbIH PEJaKIMsACHIHA 3 KbUT OOWBI caKTanaipl.
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ImuKa HayuHbIX RYOIUKAUUL

PenakuuoHHAs KOJUIErHsl M TJIABHBI PEIaKTOp HAYYHOIo KypHajia «XuMH-
geckmii skypHaa Kasaxcrama» (mamee — 7KypHain) Npuaep:KHBAOTCH TPHHATHIX
MEKIYHAPOAHBIX cranaapToB «Komurera 3THKH mo nyGaumxamusam» (Committee on
Publication  Ethics — COPE)  (http://publicationethics.org/about), «kEBpomeiickoit
accouMaluy HAyYHbIX pegakrTopos» (European Association of Science Editors — EASE)
(http://www.ease.org.uk) u «KomuTera mo JTHKe HAyYHBIX MyOJHKAIMIA»
(http://publicet.org/code/).

Bo usbexaHue HeTOOpPOCOBECTHOW MPAKTUKKA B IMyOJIMKANMOHHOW ESTEIBHOCTH
(HHaFl/IaT, H3JI0OKCHUEC HEJOCTOBCPHBIX CBeJIeHI/lﬁ u le) " B ICJIAX 06ecnequMﬂ BBICOKOI'O
Ka4yecTBa HAay4YHBIX ITyOJIMKAlWH, PU3HAHUS OOLIECTBEHHOCTHIO, MOJYYEHHBIX aBTOPOM
HaYYHBIX Pe3yJIbTaTOB, KaXKbIi WIEH pelaKIIMOHHOTO COBETa, aBTOP, PELIEH3EHT, a TAKXKE
YUPEXKICHHUS], yJacTBYIONINE B U3ATEIILCKOM IpoIiecce, 00sI3aHbl COOI0NATh ATHYECKHUE
CTAHIAapThl, HOPMBI M TpaBWIA M IPHHHUMATh BCE MEpBl JUIA NPEIOTBPAILCHUS HX
Hapywenuid. CoOloieHne NpaBWJl STUKH HAay4HBIX ITyOJIIMKAMHd BCEMH YYaCTHHUKAMH
3TOTO IpOIIecca CIIOCOOCTBYET OOECIIEUSHUIO IPaB aBTOPOB Ha MHTEIUIEKTYaTbHYIO CO0-
CTBEHHOCTb, NOBBIIICHUIO Ka4yeCTBa W3JAHMUSA U HCKIIOYECHHIO BO3MOXKHOCTH HEIPaBO-
MEPHOTO HCIIOJIb30BAHMUS aBTOPCKUX MaTEPHAIOB B HHTEPECaX OTIEIbHBIX JIUII.

Bce HayuHble cTaThbu, NOCTYNHMBIIME B PEAAKIHIO, IOUIEKAT 00s13aTEIBHOMY
JBOMHOMY cllerioMy perieH3upoBaHuio. Penakuus XXypHana ycTaHaBIMBaeT COOTBETCTBHE
crathu npodunto JKypHana, TpeOoBaHUSAM K O(QOPMIICHHIO U HAINpPaBJsIET €€ Ha MepBOe
paccMOTpeHHE OTBETCTBEHHOMY cekperapio JKypHayia, KOTOpPBIH ompenensier Hay4dHYIo
LICHHOCTh PYKOIMCH ¥ Ha3HAa4YaeT JBYX HE3aBHCHMBIX PELEH3CHTOB — CIICIMAINCTOB,
UMeoLIMX Hanboliee OIM3KKME K TEME CTaTbU HaydHBIE CIIelMaIn3alii. PerieH3upoBanue
cTaTeil OCYLIECTBIISCTCS WICHAMU PEJaKIHOHHOTO COBETA M PENAKUMOHHOW KOJUICTHH, a
TaKKe MPUIJIAIICHHBIMA PELEH3CHTaMH JAPYTHX CcTpaH. PemieHue o BBIOOpE TOro WIIH
WHOTO PeleH3EHTa VISl MPOBEACHHS SKCIIEPTH3bl CTaThU NMPUHUMACT TJIaBHBIH PENaKTop.
Cpox pelieH3upOBaHMs COCTaBiIsAeT 2-4 HeNenHu, HO MO MPOChOe peleH3eHTa OH MOXKET
OBITH TIPOJICH.

Pepakuusi M peneH3eHT rapaHTUPYIOT COXPAaHEHHE KOH(QHAECHIMAIbHOCTH He-
oIy 0JIMKOBaHHBIX MaTepUaJIOB IIPUCIIAHHBIX Ha paccMOTpeHue pabot. Pemienue o myomu-
KalMd TPUHAMAETCs pelakiMOHHOW Kojuteruei JKypHana mocie peneH3MpOBaHMUS.
B ciryyae He00X0IMMOCTH PYKOIIMCh HAINpaBIsIeTCsl aBTOpaM Ha JOpadOTKy IO 3ame-
YaHUSIM PELCH3EHTOB M PEJAaKTOpOB, IOCIIE YEro OHa MOBTOPHO peleHsupyercs. Penax-
LUl OCTaBIISIET 3a COOOW NMPaBO OTKJIOHWUTH IyOJIMKAIMIO CTAaThU B CIIydae HapyIICHHS
npaBmiI STUKH. OTBETCTBEHHBIH PEIaKTOp He JOJDKEH JOMYCKaTh K IyOJMKanuu HHOOp-
MaLUIo, €CIIM UMEETCs JOCTaTOYHO OCHOBAHHH 110J1araTh, YTO OHA SIBJISCTCS IUIATHATOM.

ABTOPBI TAPaHTUPYIOT, YTO NPEACTABICHHBIC B PENAKIUIO MaTepPHUAIIbl SBISIOTCS
HOBBIMH, paHee HEOIyOJMKOBaHHBIMH M OPHIMHAJIBHBIMH. ABTOPHI HECYT OTBETCT-
BEHHOCTb 3@ JOCTOBEPHOCTh U 3HAYMMOCTb HAyUYHBIX PE3yJIbTaTOB, a TAKXKe COOJIIOICHHUE
NPUHIMIIOB HAYYHOH 3THKH, B YaCTHOCTH, HeIOMyLleHHe (PaKTOB HapyLIeHWs Hay4HOMH
oTuKK ((pabpukanusi HAy4HBIX AaHHBIX, (Qanbcudukaiys, Beaylas K HCKaKeHUIO HCClle-
JIOBaTEJIbCKUX JIAHHBIX, IJIarMaT W JI0)KHOE COaBTOPCTBO, AyOJMpOBaHUE, MPHCBOCHUE
qyKHX Pe3yJIbTaTOB U Ap.)

HamnpaBnenune craTby B peakLUIO O3HAYAET, YTO aBTOPHI HE MEPEAaBaln CTaThio (B
OpHTHHAJIE WK B NIEPEBOIE HA APYTHE SA3BIKH WM C APYTUX SA3BIKOB) B APYTOM *KypHau(bl)
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W 4TO 3TOT MaTepuan He OblI paHee OMyOJMKOBaH. B NMpOTMBHOM ciydae cTaThs He-
MEJICHHO BO3BPAIAeTCsl aBTOPAaM C PEKOMEHJAIMEl OTKJIOHUTh CTAaThl0 32 HapyILICHHUE
aBTOPCKUX MpaB. He momyckaeTcst mocimoBHOE KomupoBaHue 6osee 10 mporeHToB padoTh
JIpyroro aBTopa 0e3 yKa3aHHS €ro aBTOPCTBA U CCHIJIOK Ha MCTOYHHK. 3aMMCTBOBAHHBIC
(parMeHTHl WIN YTBEPXKICHUS MOJDKHBI OBITH O(QOPMIIEHBI C 00sA3aTeNIbHBIM yKa3aHUEM
aBTOpa M IEPBOMCTOYHMKA. Upe3aMepHble 3aMMCTBOBAHUS, a TAKXKE IUIArMaT B JIIOOBIX
¢dopmax, BkIroYas Heo()OPMIICHHBIE IIMTATHI, NepedpaspoBaHUe WM IIPUCBOCHUE IIPaB
Ha pE3YyJbTAaTbl YYXKHUX HCCJ’IC}IOBaHHﬁ, HEOTUYHBI U HCTIPUCMIICMBI. HCO6XO[I,I/IMO npu-
3HaBaTh BKJIaJl BCCX JIMI], TaK WJIK HHA4YC IIOBJIHABIIMX Ha XOJ HUCCJICAOBAHUA, B 4aCT-
HOCTH, B CTaThe JOJDKHBI OBITh IPEICTABIEHBI CCHUIKM Ha pabOThl, KOTOPHIE HMEIH
3Ha4YeHHEe NP NPOBEACHUH HccienoBaHus. Cpeayu coaBTOPOB HEJOIYCTHMO YKa3bIBaTh
JIMILI, HE Y4aCTBOBABIIMX B NCCJIEJOBAHHH.

Ecmu obHapykeHa omuOka B paboTe, HEOOXOAUMO CPOYHO YBEAOMHTDH PEIaKTOpa
BMeECTE NPHUHATH PEIIeHHEe 00 UCTIPABICHUH.

Pemenne 00 oTkasze B ImyOnMKanyuy pyKONWCH NMPHHUMAETCS HAa 3acCEJaHWH PElaK-
LIMOHHOM KOJUIETUH B COOTBETCTBHU C PEKOMEHIAIMAMH PELEeH3eHTOB. CTaTbs, HE PEKO-
MEH/JIOBaHHAsl PEIICHUEM PEIAKIHOHHOM KOJUIETMH K MyOJHKanud, K IOBTOPHOMY
paccMotpernto He mpuHHMaetca. Coobmierne 00 OTKasze B IyOJHKAIMH HaIpaBiIIeTCs
aBTOPY I10 3JIEKTPOHHOH 110YTE.

ITocne mpunsTUA penkosuiernei XKypHana pelieHus o JIONMycKe CTaThbM K IyOuu-
KallK peAakuust ”HPOPMHUPYET 00 ATOM aBTOpa M YKa3bIBaeT CPOKH ImyOnukannu. Opuru-
HaJIBI peLeH3Uil XpaHsTcst B pepakiyy JKypHaia B TedeHue 3 JIeT.
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Ethics of scientific publications

The editorial board and editor-in-chief of the scientific journal “Chemical
Journal of Kazakhstan” (hereinafter - the Journal) adhere to the accepted
international standards of “the Committee on Publication Ethics” (COPE)
(http://publicationethics.org/about), “European Association of Science Editors -
EASE” (http://www.ease.org.uk) and “Committee on the Ethics of Scientific
Publications” (http://publicet.org/code/).

Public recognition of the scientific results obtained by the author, each member of
the editorial board, author, reviewer, as well as institutions involved in the publishing
process is obliged to comply with ethical standards, norms, and rules and take all
measures to prevent violations thereof. This is needed to avoid unfair practice in
publishing activities (plagiarism, presentation of false information, etc.) and to ensure the
high quality of scientific publications. Compliance with the rules of ethics of scientific
publications by all participants in this process contributes to ensuring the rights of authors
to intellectual property, improving the quality of the publication, and excluding the
possibility of illegal use of copyright materials in the interests of individuals.

All scientific articles submitted to the editorial office are subject to mandatory
double-blind review. The editorial board of the Journal establishes the correspondence of
the article to the profile of the Journal, the requirements for registration and sends it for
the first consideration to the executive secretary of the Journal, who determines the
scientific value of the manuscript and appoints two independent reviewers - specialists
who have scientific specializations closest to the topic of the article. Reviewing of articles
is carried out by members of the editorial board and editorial board, as well as invited
reviewers from other countries. The decision on choosing a reviewer for the examination
of the article is made by the editor-in-chief. The review period is 2-4 weeks, but it can be
extended at the request of the reviewer.

The editorial board and the reviewer guarantee the confidentiality of unpublished
materials sent for consideration. The decision on publication is made by the editorial
board of the Journal after reviewing. The manuscript is sent to the authors for revision
based on the comments of reviewers and editors if necessary. After which, it is re-
reviewed. The editors reserve the right to reject the publication of an article in case of a
violation of the rules of ethics. The executive editor should not allow information to be
published if there are sufficient grounds to believe that it is plagiarism.

The authors guarantee that the submitted materials to the editorial office are new,
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