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Abstract. The preparation of matrices of zeolite-containing catalysts using acid-
treated (20% H2SO4) kaolinites from the Pavlodar region of Kazakhstan (NPK-
I, NPK-2 and NPK-3) with subsequent modification with aluminum hydroxo
complexes of different concentrations (2.5, 5.0 and 7.5 mmol Al3+/g) was studied.
and aluminum hydroxide gel prepared by the ammonia method for activity in
cracking residual petroleum feedstock.

In the experimental part of the article for kaolinites of the Pavlodar region of
Kazakhstan - PK-1, PK-2 and PK-3, the values of the Si02/A1203 molar ratios in
the original samples, the change in these ratios during acid activation and subsequent
modification with aluminum hydroxo complexes are considered. It has been shown
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that the criterion for choosing kaolinites as matrices for zeolite catalysts can be the
increased content of aluminum oxide in the original kaolinite. From the analysis of
data on the matrix activity of kaolinites in the cracking of vacuum gas oil, it follows
that in order to achieve optimal yields of gasoline and light gas oil for samples
with lower AI203 content, the introduction of a higher concentration of hydroxo
complex is required.

Using the example of the Al(2.5)NPK-1 sample, it is shown that the additional
introduction of aluminum hydroxide gel (5% Al203 by weight of the catalyst)
obtained by the ammonia method into the modified kaolinite matrix, followed by
drying and heat treatment leads to the production of a catalyst with high activity.
The catalyst was tested in the cracking of fuel oil, a mixture of vacuum gas oil (VG)
with fuel oil (30%).

For comparison, data on cracking of heavy vacuum gas oil are presented.
Gasoline yields for these types of raw materials at S00°C are 26.8; 31.9 and 39.1%;
respectively, with raw material conversion of 88.4% and 92.1%. Cracking gasolines
are characterized by a high content of iso-paraffin and aromatic hydrocarbons.
Al(2.5)NPK-1+AI203 can be an economically beneficial and environmentally
friendly catalyst and adsorbent.

Keywords: catalytic cracking, kaolinite, vacuum gas oil, modification.

J.JI. Boakosa',|H.A. 3akapuna ,'| O.K. Kuvm', A.K. Akypnekosa, '
A.B. TI'agapaxunos’ T.B.Xapiamona®

']1.B. CokonbCKHiA aThIHIAFBI )KaHApMai, KaTalHu3 KIHE HIEKTPOXHUMUS
unctutyThl AK, Anmarel, Kazakcran;

*FpITBIMH XHUMUKO-aHATUTHKAIIBIK OPTaNIBIK, AnMarel, KazakcraH;
3A.B.BekTypoB aTeiHmarsl XUMHs FUTbIMIAPl HHCTUTYTHI AK,
Anmatsl, Kazakcran.

E-mail: volkova ld@rambler.ru akurpekova@mail.ru

KAOJIMHUTTEPII AJJFOMUHUW OKCUJIIMEH TYPIEHIIPY/IIH
KAJJIBIK MYHA KOPBIMJIAPBIHBIH KPEKUHI TEI'T
BEJCEHAIVIIKKE 9CEPI

Boakosa JI.J1. - XuMus FeUTBIMIApBIHBIH KaHAUAATH, [1.B. CoKOIbCKHIT aThIHAAFHI KaHAPMAI,
KaTanu3 jkoHe a1ekTpoxumus HHCTHTYTHL. 050010. Anmarsr, Kasakcran, E-mail: volkova 1d@
rambler.ru, https://orcid.org/0000-0002-8017-5059;

3akapuna H.A. — XuMus FeUIBIMIapBIHBIH TOKTOPEI, ipodeccop, [.B. Cokonbckuil aTbIHIAFBI
YKaHapMaii, Katanus koHe dnekTpoxuMust nHCTuTyThl. 050010. Anmmarsl, Kazakcran, https://orcid.
org/0000-0002-5895-8110;

Kum O.K. - xumus FeUTBIMAAPBIHBIH KaHauaatel, J.B. CokonbCKuii aTbIHAAFBI )KaHApMak, KaTaan3
xKoHe mekTpoxuMust HHCTHTYTHL. 050010. Anmarsl, Kazakcran, E-mail: kimolya82(@mail.ru, https://
orcid.org/0000-0001-5110-2523;

AxypnekoBa A.K.- Xumus FeUTBIMAAPEIHBIH KaHIuIaThl, J{.B. COKONBCKMIA aThIHAAFBI JKaHApMAii,
KaTanu3 xoHe d1ekTpoxumust HHCTUTYTHL. 050010. Anmvarer, Kazakcran, E-mail: akurpekova@mail.
ru, https://orcid.org/0000-0002-8021-4644;

97



ISSN 2224-5227 3.2024

I'a6apakunos A.B. - XUMUs FBUIBIMIAPBIHBIH KaHAWAATHI, FBUTBIMU XUMUSUIBIK Taslgay
OpTaNBIFBIHBIH JUpekTopbl, Anmarsl, Kasakcran, E-mail: avgab@mail.ru https://orcid.org/0000-
0002-8016-4819;

Xapaamosa T.B. - xumust FeUIBIMIapbIHBIH KaHARAATH, A.B. BekTypoB aTbIHIaFEl XUMUS
FBUTBIMJIAPBIHBIH MHCTUTYTHI, Anmartel, Kazakcran, E-mail: kharlamovatv@mail.ru https://orcid.
org/0000-0001-6508-9104

Annoraunus. Kemmkeumven ernenrer (20% H2S04) Kazakcranusiy [laBmomap
obmpicel  kaommauTTepin (HIIK-1, HIIK-2 xone HIIK-3) maiimanansim, kediHHEH
KOMIPCYTEKTI IMKI3aTThIH KPEKUHTIHAET1 OCTICEHAUTITIH TYPITi KOHIICHTPAIIHSIIaFbI
AIFOMUHHHN THAPOKCOKemenaepimen (2.5; 5.0 sxone 7.5 Mmmons Al*/T) )xoHe aMMuaK
omiciMeH MalbIHAANFaH ATOMUHUA THAPOKCHII TeNiMEH TYPIEHAIPE OTBHIPHIII,
IIEOJIUTTI KaTaINu3aTOPJIapAblH MaTpUTIaIapblH JabIHIAY 3€PTTCIII.

Makaanbiy dKcriepuMeHTTIK Oemirinne Kaszakcranuwia [laBmomap oOmbICH —
[TK-1, ITIK-2 sxone T1K-3 kaonmmHUTTEpi YIIIH OacTamkel yATLIEpACTi SiOz/Ale3
MOJIb apaKaTBIHACKIHBIH IIaMacChl KHIIKBIIIB aKTHBTCHIIPTCHE KOHE KeHiHHCH
ATIOMUHUHN THIPOKCOKEIIECHIEPIMEH TYPICHIPY Ke3iH/e 0ChI apaKaThIHACTapABIH
e3repyl Kapanapl. KaoawmHUTTEpi MEONHUT KaTaJIu3aTOpiapbIHBIH MaTpHIIAIAPEI
peTiHAe TaHmay KpUTEpHii OacTamkel KAOTHMHHUTTETI ATIOMUHUN OKCHIIHIH
JKOFaphIIaybl OOJybl MYMKIH €KEHIIr KepceTinreH. MaiiMerTepi TainmaraHnaa
BaKyyMBIK Ta30MIb KPEKWHTIHIETI KAOMHMHUTTEPAIH MATPUIATBIK OCIICEHIIITI
OOUBIHIITA OCH3WH MEH JKEHIJT Ta30MIbIiH OHTAIIBI IIBIFEIMBIH ATy YIIiH Ale3
KYpaMBblI a3 YATUIEpTe alFOMIHUA KOHIICHTPAITUSACHI KOT THAPOKEIICHACPI] SHT13y
TaJarn eTUTeTIHIH KopeMis.

Al(2.5)HIIK-1 ynrici mpIcamblHIa aMMHAKTBl OMICTICH albIHFAH aTFOMUHUN
THAPOKCHUI TeJIHIH MonuuKaIUsITaHFaH KAOJIWHUTTI MaTpHUIlachiHA
(xaranuzaropibiH canMarbiHan 5% Al,O, KoChIMIIIA €HI'i311Ty1, COCBIH KENTIPY KIHE
TEPMUSIIBIK OHJCY apKbUIBI KPEKUHTTET1 OCJICEHIUTIrT OOWBIHIIA YITICIHE KaKBIH
aKTUBTUIIT] JKOFaphl KaTaIu3aTopAbl amyra OonaTeiHbl KepceeTiareH. Karammsarop
BI' masyrnien (30%) KOCHaCBIHBIH, Ma3yTTBIH >KOHE BaKyyMJBIK Ta30MIIbIbIH
KPEKHUHTIH]Ie CRIHAKATH OTKI3LIII.

500 °C kesiHge KepCeTUIreH MIMKI3aT TypJiepi YIniH OCH3WH MIbIFbIMBI 39.1;
31.9 xxone 26.8%, an mmKizaT KOHBEpCHCH THiciHIIe, 92.1 )oHe 88.4% Kypalbl.
Kpexunr 6ensunepi nzonapadui ’oHe apoOMaTThl KOMIPCYTEKTEPiH KONTIriMeH
epexureneneni. Al(2.5)HIIK-1+AL O, 5KOHOMHUKaIbIK THIMJII JKOHE IKOJOTHUSIIBIK
Kayimnci3 Karaau3aTop >KOHE aicOpOCHT 00TyBI MyMKIiH.

KinT ce3aep: karamusaik KPeKUHT, KAOJTUHUT, BAKYyMJIBIK Ta30HIb, TYPICHIIPY.
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AHHoTanms. VccnenoBaHO TPHUTOTOBICHWE MATPHUI] IEOIUTCOMEPIKAIINX
KaTaju3aTopoB C HMCIOIb30BAHHEM KHMCIOTHO-00paboTannbix (20% H,SO,)
kaonmuHUTOB [laBnomapckoit obmactm Kaszaxcrana (HIIK-1, HIIK-2 w HIIK-
3) ¢ mocienyrImuM MOIU(MUIIUPOBAHHEM THUIAPOKCOKOMIUIEKCAMU aTFOMUHUS
pasHbIX KoHueHtpauui (2.5; 5.0 u 7.5 mmons Al°/r) u renem ruapokcuaa
AITIOMUHUS, TIPUTOTOBICHHBIM aMMHUAYHBIM CITIOCOOOM, Ha aKTUBHOCTh B KPEKUHTE
YIJIEBOIOPOTHOTO CHIPHSL.

B skcrieprMeHTanbHOM YacTH cTaThy JUIs KaoMnHATOB [laBmomgapckoii obmacti
Kazaxcrana—IIK-1,1IK-2 u [1K-3 paccMOTpeHbI BETUUHHBI MOIbHBIX COOTHOILICHUN
Si0,/AlL O, B ucxonHbIX 00pa3Uax, M3MEHEHNE ITUX COOTHOLIEHUH NPU KUCIOTHON
AKTUBAIlMM W TOCIEAYIONIEM MOIU(GUIIMPOBAHUHA  T'HMJIPOKCOKOMILIEKCAMHU
amromunus. [lokazaHo, 9To KpUTEpHUEM BBHIOOpA KAOTHMHHUTOB B Ka4eCTBE MaTPHII
IIEOJTUTHBIX KaTaJIN3aTOPOB MOYKET CITYKHUTD ITOBBIIIIEHHOE CO/IEP’KaHUE B HCXOTHOM
KaOIIMHUTE OKCHAA alfOMUHUS. V3 aHamm3a MaHHBIX 110 MATPUYHON aKTHBHOCTH
KaOIIMHUTOB B KPEKWHTE BaKyyMHOTO Ta3OMIIA CIENyeT, YTO I JOCTHIKCHUS
ONTUMAJIBHBIX BBIXOJIOB OCH3MHA W JICTKOTO Ta30Wjs Ui 00pa3llioB ¢ MEHBIIUM
conepkanuem AlO, TpeOyeTcss BBeleHHE T'HIPOKCOKOMILIEKCA ¢ Oonbuien
KOHIICHTPAIIUECH.
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Hanpumepe Al (2.5) HITK-1 o6pa3ima moka3aHo, 4To IOTIOTHUTEIEHOE BBEICHUE
B MOJIUGUIIMPOBAHHYIO KAOJUHHUTOBYIO MATPUILy TeJs THUIAPOKCHIIA AJTFOMUHUS
(5% AlLO, or Beca karanusaropa), IOJYYEHHOIO AMMHMAYHBIM CIIOCOOOM, C
MOCJICAYIONIUM BBICYIIMBAaHUEM W TEPMHUYECKOW OOpaOOTKOH TPHUBOAUT K
MOJIyYEHUIO KaTajm3aropa C BBICOKOH aKTMBHOCTHIO. Karammsarop ucmbiTaH
B KPEKHWHTe Ma3yTa, cMecH BakyymHoro razoiis (BI') ¢ masyrom (30%). s
CpaBHEHUS PUBE/ICHBI JaHHBIC M0 KPEKUHTY YTSDKEIICHHOTO BAKyYMHOTO Ta30HIIs.
Boixoibt 6eH31MHA 7T YKa3aHHBIX BUIOB ChIphs ipu 500°C cocrasnsior 26.8;31.9u
39.1%; cooTBeTCcTBEHHO, ¢ KOHBepcHei chIpbsa 88.4% u 92.1%. beH3unb! KpekuHaTa
OTJIMYAIOTCSI TTOBBIIICHHBIM CONIEP)KaHUEM H30-TTapaUHOBBIX U apOMATHUYECKUX
yraeBooponos. Al (2.5) HITIK-1+AL O, MOKET ObITh 5KOHOMUYECKHU BBITOJHBIM U
AKOJIOTHIECKH O€30TTaCHBIM KaTaJIn3aTOPOM H aICOPOSHTOM.

KuiroueBble ci10Ba: KaTaTMTUUECKUNA KPEKUHT, KAOJTMHUT, BAKYYMHBIN T'a30MIb,
MoauduIpoBaHue.

INTRODUCTION

One of the main components of zeolite-containing cracking catalysts is a matrix
that provides thermal stability, bulk density and formability of the contact. Bentonite
and kaolinite clays are widely used as matrices for modern cracking catalysts [1-3].
For Kazakhstan, which has large reserves of clays, their use is an urgent task.

Clay mineral catalysts have been used commercially since the 1930s. Recent
years, an increasing number of studies have appeared on the use of kaolinite as
precursors for the synthesis of zeolites of the faujasite structure, high-silica
zeolites and adsorbents. The research carried out has become a breakthrough in the
technology of obtaining of catalysts in petrochemical processes. The availability,
efficiency and environmental safety of natural clays (Murray, 2000; Hettinger,
1991; Alaba, 2015) determine the attractiveness of this type of raw material. It was
calculated that the cost of catalysts based on natural clays is more than an order of
magnitude lower than the cost of catalysts based on synthetic aluminosilicates.

The widespread use of kaolinite is hampered by the presence of impurities, low
specific surface area and low acidity. Kaolinite is known to be a hard aluminosilicate.
It has a low cation exchange capacity. No noticeable isomorphic substitutions of
aluminum by atoms of other metals are observed in it. Changes in the properties of
kaolinite are promoted by activation and modification. Materials based on modified
kaolinite (Miranda-Trevino, 2003; Shapkin, 2016; Silva-Valenzuela, 2013) have
found practical application in the synthesis of microspherical cracking catalysts
(Zheng, 2005; Rong, 2002; Belver, 2002; Ribero, 2013; Panda, 2010), as adsorbents
in water treatment, in cosmetics (Silva-Valenzuela, 2013) and other fields.

There are a number of methods for enhancing of the activity of kaolinite:
mechanochemical activation, leading to particle fragmentation, with an increase
of surface area and pore volume, thermal heating, chemical (acid and alkaline)
activation. Thermal heating in the temperature range from 450 to 1200°C leads
to dehydroxylation of kaolinite with destruction of hydrogen bonds between
dioctahedral layers with the formation of metakaolin, which is more reactive than

100



Reports of the Academy of Sciences of the Republic of Kazakhstan

kaolin. This opens the way to increasing the efficiency of chemical activation of
natural raw materials. Treatment of kaolinite with acid, like sequential treatment
with acid and alkali, leads to dealumination of the material, disaggregation of
kaolinite particles, and dissolution of its outer layer. With such treatment, the
structure and composition of the kaolinite material change, the specific surface
area, acidity, and the ratio of acid sites increase with the formation of stronger acid
sites (Lenarda, 2007; Valaskova, 2011).

Based on the analysis of the physicochemical characteristics of modified
kaolinite with varying processing conditions, conclusions were made about the
possibility of synthesizing zeolites on their basis and methods were developed
for obtaining of zeolites of faujasite structure from kaolinite (Johnson, 2014;
Salahudeen, 2016; Novembro, 2011; Krishnandy, 2019; Melaningtyas, 2019)
and high-silica zeolites (Subagio, 2015; Hartanto, 2016; Mohiuddin, 2018). The
number of works on the synthesis of zeolites from kaolinite is constantly growing,
which indicates the attractiveness of the process. The synthesized zeolites can be
used in cracking reactions (Liu, 2016; Makaou 2021) and other catalytic processes
not only as carriers, but also as stand-alone catalysts.

In works (Liu, 2016; Makaou 2021) it is shown that kaolinite of different
geological places of occurrence differ in composition. Variations in the structure
and composition of kaolinite can affect its subsequent reactivity. One of the
fundamental principles of kaolinite modification is control over the SiO/AlLO,
molar ratio. Interesting data on the activity of catalysts for cracking residual
petroleum feedstock based on Nigerian kaolinites are given in (Makaou 2021).
Catalysts prepared included La,O, (1) and Cr,O, (2). In order to increase acidity,
the catalysts were prepared with addition of silica and subjected to acid treatment.
The authors managed to significantly increase surface area, porosity and acidity of
the catalysts. The degree of fuel oil conversion exceeded 74.5%. In (Liu, 2016),
the ability of kaolinites to undergo ion exchange due to the presence of various
impurities in them was noted. This possibility of kaolinite activation we used when
modifying kaolinite with hydroxo complexes of aluminum, iron and other metals
(Volkova, 2020; Volkova, 2014; Zakarina, 2010). One of the fundamental principles
for controlling changes in the characteristics of modified kaolinite is the Si02/
AI203 molar ratio. We took this characteristic of modified kaolinites into account
when synthesizing catalysts.

The aim of this work was to establish the regularities of changes in the chemical
composition of H-kaolinite at its modification with aluminum hydroxo complexes
to obtain effective matrixes for cracking catalysts and to determine the possibility
of additional activation of kaolinite in the cracking of petroleum feedstock with
the introduction of aluminum hydroxide gel obtained by the ammonia method (5%
AlLO,).

Experimental part

The objects of study were kaolinites of the Pavlodar region of Kazakhstan PK-1,

PK-2 and PK-3, differing in their chemical composition. The H-form of kaolinite
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was obtained by treating the initial kaolinite clays by boiling in 20% H,SO, solution
for 6 hours with following washing from SO,* ions, drying and calcination. Due
to decationation and dealumination, it is desirable to introduce additional amounts
of aluminum to increase the catalytic, adsorption, and acidic characteristics (Alaba,
2015; Liu, 2016). The loss of aluminum during acid treatment was compensated
by introducing additional amounts of aluminum in the form of aluminum hydroxo
complexes with concentrations of 2.5; 5.0 and 7.5 mmol Al3+/g according to the
methods described in (Volkova, 2020; Volkova, 2014; Zakarina, 2010).

Chemical analysis of the composition of kaolinites was carried out by X-ray
fluorescence spectroscopy (Nitron XRF —analyzer of Thermo — Scientific company).

For cracking heavy and residual petroleum feedstocks, zeolite-free Al(2.5)
HPK-1 + Al203, obtained by mixing Al(2.5)HPK-1 with aluminum hydroxide gel,
was also prepared and tested. The gel was prepared by mixing AI(NO3)3 salt with
NH40H, followed by thermal decomposition to A1203.

The process was carried out in a flow-type installation with a fixed catalyst bed
according to the method described in (Volkova, 2014).

Three types of raw materials were used: fuel oil grade M-100, vacuum gas oil
(VG) from the Pavlodar petrochemical plant with a boiling point of 532°C and a
mixture of fuel oil (35%) with VG. The activity of the catalysts was assessed by
the yield of gasoline obtained from cracking in accordance with ASTM D3907-13.
We studied the change in process activity depending on the cracking temperature,
the volumetric feed rate of raw materials, and the catalyst: raw material ratio. It
should be noted that feeding fuel oil into the reactor is difficult due to its increased
viscosity, which is determined by the presence of paraffin hydrocarbons, resins, and
asphaltenes in it. To supply fuel oil, the temperature in the feed tank was maintained
within 60-70°C.

Reactors with a volume of40 and 100 cm3 of catalyst were used. Cracking of fuel
oil and mixtures of fuel oil with VG was carried out at 500 and 550°C, VG - at 470
and 500°C. The cracking products and feedstock were analyzed by chromatography.
To analyze gasoline and the gas phase in cracking products, a Chromos GC-100
chromatograph with a 100 m capillary column with a stationary phase HP-1 (ASTM
D 6729-04) was used. The carrier gas is helium. The hydrocarbon composition of
the cracked raw material was determined in accordance with ASTM D 2887-95
and ASTM D 3710-95 Auto-System XL SIMIDIS with a PE ELITE column 60 m
long at a helium feed rate of 1 ml/min with a programmable thermostat operating
temperature. X-ray fluorescence analysis data show that the mineral part of the
used M-100 fuel oil includes 2.5% sulfur, 0.07 vanadium and 0.02 nickel, 0.3 iron.
Certain elements include calcium, potassium, phosphorus, silicon, zinc.

Results and discussion
According to chromatographic analysis of the hydrocarbon composition of the
original gas oil, a mixture of gas oil with 30% fuel oil and M-100 fuel oil (Table 1)
VG contains the most paraffin, isoparaffin and
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Table 1 - Hydrocarbon composition of VG, mixture of VG with masut (30%) and masut aromatic
hydrocarbons, naphthenic hydrocarbons and heavy residues - fuel oil.

Hydrocarbon composition VG VG+Masut Masut
Paraffins 34.139 28.730 28.346
Isoparaffins 24.345 23.475 22.487
Olefins 3.727 4.632 5.445
Aromatic hydrocarbons 9.440 7.860 6.396
Naphthenic hydrocarbons 3.441 3.952 5.046
Oxygen containing compounds 1.902 2.197 2.459
Resins + coke 23.0 29.15 29.82

As follows from the data on the fractional composition of the raw material
(Table 2), vacuum gas oil contains lower-boiling fractions. At 200°C, for example,
6.984% of VG, 5.819 mixtures of VG with fuel oil and 5.775% of fuel oil are
distilled. In general, the difference between the three types of raw materials used
is the higher content of resins and asphaltenes in the fuel oil and the higher boiling
points of its components.

Table 2 - Fractional composition of VG, mixtures of VG + masut and masut

T,..»'C VG VG+Masut Masut
100 6.2 5.279 5.138
150 6.768 6.663 5.842
200 6.984 5.819 5.775
250 8.247 7.478 6.403
300 11.247 8.328 6.981
350 13.675 10.516 7.848
400 14.469 11.809 10.030
450 32.0 26.944 25.373

After the experiment the liquid phase was subjected to distillation. Fraction
n.c. - 205°C was attributed to gasoline, 205-350°C - to light gas oil, > 350°C - to
heavy gas oil. Previously, we [24-26] showed that modification of kaolinites with
aluminum hydroxo complexes leads to an increase in pore volume, the number of
mesopores, and an increase in acidity. The data obtained suggested that the AI203
content in the initial kaolinite is one of the factors of the possible initial (matrix)
activity of the contact.

The chemical composition of the initial kaolinites, H-forms, and samples of
modified kaolinites and so the calculation of the molar ratios of SiO,/Al O, are
given in the table 3.

Table 3 - Chemical composition of PK-1, PK-2, PK-3, their H- and aluminum-modified forms

Sample Amount, weight %

ALO, [SiO, MgO |[K O CaO |NaO |TiO, [Fe O, [SiO/AlLO,
PK-3 28.44 |57.4 0.83 |2.14 1.50 [0.70 |0.72 8.20 2.02
HPK-3 2722 |60.7 0.64 |2.10 0.69 [0.12 |0.70 |7.83 2.23
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Al(2.5HPK-3 [29.61 |58.84 0.42 |2.16 0.34 10.10 [0.78 7.75 1.99
Al(5.0)HPK-3 |31.36 |57.66 [0.36 |2.15 0.37 10.10 [0.78 7.28 1.84
Al(7.5HPK-3 |33.38 |[54.29 |0.81 [2.44 041 10.10 [0.88 7.69 1.63
PK-2 29.52 159.07 ]0.00 |1.58 0.71 10.84 [0.82 7.46 2.01
HPK-2 2846 [62.12  [0.00 |1.56 0.21 10.10 |0.71 6.84 2.19
Al(2.5HPK-2 |31.24 |59.34 |0.00 |[1.58 0.15 10.10 [0.75 6.84 1.90
Al(5.0)HPK-2 [32.62 |57.94 [0.00 |1.58 0.19 10.10 [0.76 6.85 1.78
Al(7.5HPK-2 |32.75 |[57.26 |0.00 |1.67 0.23 10.10 [0.79 7.20 1.75
PK-1 34.86 |59.52 [0.08 ]0.10 0.15 10.18 |1.25 3.83 1.71
HPK-1 32.81 [63.10 [0.03 ]0.08 0.10 10.03 |1.28 2.57 1.93
Al(2.5HPK-1 {35.00 |[59.80 |0.12 |0.14 0.14 10.12 [1.20 |4.50 1.71
Al(5.0)HPK-1 |35.80 [59.26 [0.10 |0.12 0.10 10.10 |1.25 3.27 1.66
Al(7.5)HPK-1 |36.10 [58.76 [0.10 |0.10 0.10 |0.10 |1.27 3.47 1.63

As follows from the data in the table, PK-1 - kaolinite - 34.86% with SiO, / AlL,O,
= 1.71 has the largest amount of aluminum in the initial sample. Acid activation
leads to decationation and dealumination of the samples. Subsequent modification
with aluminum leads to an increase in the AL,O, content, as a result of which the
Si0, / AL,O, molar ratios become close for all three studied samples.

The figure 1 shows data on the yield of the main products of the cracking of
vacuum gas oil - gasoline and the sum of light products(of gasoline and light gas oil).

Q\QRIQ\ \ﬂ\ué*/x\ Q*Q‘*Z*
’\/\Q\'\%\ ,»{9\0)0\/\0,\ ’\«\\
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Figure 1 - The yields of gasoline and light products in an amount cracking of VG on kaolinites
modified with aluminum depending on the concentration of aluminum hydroxocomplexes at 500°C

Modified by aluminum kaolinites exhibit a fairly close matrix activity. The
highest yields of gasoline (9.1%) and the amount of light products (54.3%) are
obtained on the Al(2.5)HPK-1 sample with the maximum initial A1,O, content. The
maximum yields of gasoline and light gas oil are observed on Al(5.0)HPK-2 and
Al (5.0)HPK-3 contacts.

Previously (Volkova, 2020; Volkova, 2014; Zakarina, 2010) it was shown by
us that the modification of kaolinites by aluminum hydroxocomplexes leads to an
increase of pore volume, the number of mesopores and an increase of acidity. The
data obtained suggest that the Al,O, content in the initial kaolinite is one of the
factors of the possible matrix activity of the sample.
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As noted above, an additional modification of the Al (2.5) HPK-1 sample was
carried out with an aluminum hydroxide gel. Table 4 shows data on the cracking
of vacuum gas oil, a mixture of VG with 30% fuel oil and fuel oil on the Al(2.5)
HPK-1 + Al,O3 (5%) catalyst.

Table 4 - Cracking of masut, mixtures of masut with VG and VG on the Al(2.5)HPK-1 + AL O,
catalyst

Name of products Masut Masut + VG VG
500°C 550°C 500°C 550°C 470°C 500°C

Gas 28.1 28.0 234 26.4 15.2 17.0
Gasoline (to 205°C) 23.8 26.8 29.6 31.9 36.7 39.1
Coke 15.1 13.3 10.0 9.0 8.5 7.8
Light gas oil (205°—350°C) | 19.3 20.3 25.7 21.1 28.3 28.2
Heavy gas oil 13.7 9.6 9.4 9.6 9.3 5.9
Losses 2.0 2.0 2.0 2.0 2.0 2.0
Conversion 84.3 88.4 88.7 88.4 82.7 92.1
Sum of light products 43.1 47.1 55.3 53.0 65.0 67.3
Octane number 78 78 78 78 78 78
Total 100 100 100 100 100 100

In the cracking of VG on this modified contact at 500°C, the gasoline yield
is 39.1% at 500°C. In the cracking of masut the yield of gasoline was 26.8% at
550°C, in the cracking of a mixture of masut with VG - 31.9%. The conversion of
raw materials is the highest (92.1%) in VG cracking at 500°C, in masut cracking
- 88.4% at 550°C. Thus, there is an economic feasibility of using a zeolite-free
activated Al(2.5)HPK-1+AlLO, contact in the cracking of all three types of raw
materials.

Table 5 - Hydrocarbon compositions of the gasoline fraction on the Al(2.5)HPK-1 +Al,O, catalyst

Raw T, °C | Paraffins | Isoparaffins | Aromatic hydrocarbons | Naphthenes Olefins
VG 470 | 14.1 26.8 29.4 11.0 17.7
VG 500 | 12.6 27.9 33.6 8.7 17.3
VG+M | 500 | 12.1 25.9 27.5 10.6 23.7
VG+M | 550 | 13.2 34.1 38.1 6.1 8.5
Masut | 500 | 12.4 25.6 30.7 8.3 23.0
Masut | 550 | 12.5 27.3 38.3 5.6 16.3

The gasolines of cracking are characterized by a significant content of
isoparaffinic and aromatic hydrocarbons, the content of which increases with
increasing temperature(table 5). Cracking on the matrix by comparison with zeolite
contacts proceeds with the release of significant amounts of dry gas(table 6), which
is optimal in the cracking of masut, the ratio of ethylene and propylene is close to
1.0 at the cracking of mixture and masut. In VG cracking, the propylene: ethylene
ratio is 1.33. A significant amount of butylenes is formed on this catalyst (up to
13.1% in VG cracking).
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Table 6 - Hydrocarbon composition of the gas phase in the cracking of masut, a mixture of masut
with VG and VG on the Al(2.5)HPK-1 + Al O, catalyst at 500°C

Name of products VG VG+Masut Masut
500°C 500°C 500°C
Dry gas: 35.0 40.5 43.7
methane 15.9 25.2 26.3
ethane 19.1 15.3 17.4
Ethylene 15.1 15.9 18.1
Propane 10.1 9.8 7.0
Propylene 20.2 18.3 19.4
Iso-butane 3.5 2.9 2.5
Butane 3.0 3.5 2.7
Butylenes 13.1 9.1 6.6
X C, + C,-alkenes 353 342 37.5
2C, + C, —alkenes 48.4 433 441
CONCLUSION

On the obtained experimental data, the following conclusions are made:
1 The optimal activity in cracking is showed on Pavlodar kaolinite with the
highest AL,O, content and the lowest SiO,/AL O, ratio.
2 Acid activation leads to decationing and dealumination of contacts and the
convergence of Si0,/AlO, values.
Thus, aluminum-modified acid-activated kaolinites having an initial matrix
activity can be proposed as catalysts and components of cracking catalysts.

Acknowledgment
This work was supported by a grant of the Ministry of Education and Science of
the Republic of Kazakhstan (project no. AP05132064).

References

Murray HH (2000) Traditional and new applications for Kaolin, smectite, and polyqorskite: a
general overview, Appl. Clay Sci., 17:207-221. DOI: 10.1016/S0169-1317(00)00016-8 (in Eng.).

Hettinger IWP (1991) Contribution to catalytic cracking in the petroleum industry, Appl. Clay
Sci., 5: 445-468. DOI: 10.1016/0169-1317(91)90017-4 (in Eng.).

Alaba PA, Sani GM, Daud WMA (2015) Kaolinite properties and advances for solid acid and
basic catalyst synthesis, RSC Advances, 5:101127-101147. DOI: 10.1039/C5RA18884A (In Eng.).

Miranda-Trevino JC, Coles CA (2003) Kaolinite properties, structure and influence retention on
pH, Appl. Clay Sci., 23(1):133-139. DOI: 10.1016/SO169-1317(03)00095-4 (in Eng.).

Shapkin NP, Razov VI, Mayorov VI, Khalchenko IG, Shkuratov AL, Korochentsev VV
(2016) Study of natural kaolinite and its modified forms [Zh. neorg. ximii] 61: 1519-1528. DOI:
1078681S0044457X17090124. (In Russ.)

Silva-Valenzuela M G, Matos Z M, Shach L A, Carvalho F M C,Sayeg L J, Diaz-Valenzuela F R
(2013) Engineering Properties of Kaolinite Clay with potencial Use in Drugs Cosmetics, Int. Journ.
of Modern Engineering Research (IJMER), 3: 163-165 (in Eng.).

Zheng ShQ, Sun ShH, Wang ZhF, Gao XH, Xu XL(2005) Suzhou kaolin as a FCC catalyst, Clay
minerals, 40:303-310. DOI:10.1180/0009855054030175 (in Eng.).

Rong TJ, Xiao J (2002). The catalytic cracking activity of the kaolin-group minerals, Mater. Lett.,
57:297-301. DOI: 10.1016/S0167-577X(02)00781-4 (in Eng.)

106



Reports of the Academy of Sciences of the Republic of Kazakhstan

Belver C, Munor MA, Vicente MA (2002) Chemical Activation of a Kaolinite under Acid and
Alkaline Conditions, Chemistry of Materials, 14: 2033-2043. DOI: 10.1021/cm0111736 (in Eng.).

Ribero AM, Machado JHF, Costa DA (2013) Kaolin and commercial FCC catalysts in the cracking
of loads of polypropylene under refinery conditions, Brazilian J. of Chemical Engineering, 3: 825-
834. DOI 10.1590/SO104-66322013000400014. (in Eng.).

Panda AK, Mishra BG, Mishra DK, Singh RK (2010) Effect of sulphuric acid treatment on
the physic-chemical characteristcs of kaolin clay, Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 363: 98-104. DOI: 10.1016/j.colsurfa 2010.04.22. (in Eng.).

Lenarda M, Storaro L, Talona A, Moretti E, Riello P (2007) Solid Acid Catalysts from Clays:
Preparation of Mesoporous Catalysts by Chemical activation of Metakaolin under Acid Conditions, J.
of Colloids and Interface Science, 311:537-543. DOI: 10.1016/.jcis.2007.03.015. (in Eng.).

Valaskova M, Barabaszova K, Hundakova M, Ritz M, Plevova E (2011) Effects of Brief Milling
and Acid Treatment on Two Ordered and Disordered Kaolinite Structures, Appl. Clay Sci., 54:70-76.
DOI: 10.1016/j.clay.2011.07.014. (in Eng.).

Johnson EBG, Arshad SE.B, Asik J (2014) Hydrothermal Synthesis of Zeolite A Using Natural
Kaolin from KG Gading Bongawan Sabah, J. Appl. Sciences, 14(23):3282-3287. DOI: 10.3923/
jas,2014,3282-3287. (in Eng.).

Salahudeen N, Ahmed SA(2016) Synthesis of hexagonal zeolite Y from Kankara Kaolin using a
split technique, J. of Inclusion Phenomena and macrociclic chemistry, 87(1). DOI: 10.1007/s 10847-
016-0686-0. (in Eng.).

Novembro D, Sabatino B, Gimeno D, Pace C (2011) Synthesis and characterization of NaX,
NaA and NaP zeolites and hudroxysodalite from metacaolinite, Clay Minerals, 46(3):339-354. DOL:
10180/Clay min.2011.046.339. (in Eng.).

Krishnandy YK, Saragi JR, Sihombing R, Ekananda R, Sari IP, Griffits BE, Hanna JV (2019)
Synthesis and characterization of Crystalline NaY zeolite from Belitung Kaolin as Catalyst for
n-Hexadecane Cracking, Crystals, 9(8):404. DOI: 10.3390/cryst 9080404. (in Eng.).

Melaningtyas GSA, Ekananda R, Krishnandy YK (2019) Synthesis and characterization of HY
zeolte from Natural Aluminosilikate for n-Hexadecan Cracking, Mater. Today Proc., 13: 76-81. DOI:
10.1016/j.matpr.2019.03.191 (in Eng.).

Subagio S, Samadhi T, Gunavan M, Rahay ES (2015) Synthesis of NaY Zeolite using Mixed
Calcined Kaolins, J. Engineering and Technology Sciences, 47(6):633-639. DOI:10/5614/j.eng.
technol.sci 2015.47-64. (in Eng.).

Hartanto D (2016) Synthesis of ZSM-5 directly from Kaolin without organic Template, Asian
Journal Chemistry, 28(1): 211-215. DOI: 10.14233/j.chem. 2016.19348. (in Eng.).

Mohiuddin EI Yu M, Mdleny MM, Key D (2018) Synthesis and Application of Porous
Kaolin Based ZSM-5 in the Petrochemical Industry, Flow in Porous media, 1-25.Doi: 10.5772/
intechopen.81375. (in Eng.).

Liu Zh, Shi Ch, Wu D, He Sh, Ren B (2016) A simple Preparative of High Silica Zeolite Y
and its Performance in the Catalytic Cracking of Cumene, J. of Nanotechnology, 2016: 1- 6. DOI:
10.1155/2016/1486107 (in Eng.).

Makaou O. A. Dan, Gueu S., Gourouza M. ,Yao K. B.(2021) Development of semi-synthetic
catalyst based on clay and their use in catalytic cracking of petroleum residue, Applied Petrochemical
Research, 2021 11:147-154. DOI: 10.1007/s13203-021-00268-w(in Eng.).

Volkova LD, Zakarina NA, Kim OK, Akurpekova AK, Zhumadullaev DA, Yaskevich VI,
Grigorjeva VP, Gabdrakipov AV (2020) Kaolinite modified by aluminum in the cracking of
vacuum gasoil and its mixture with fuel oil, News of NAS RK, Chemical Series, 2:107-114. DOI:
10.32014/2020.2518-1491.31. (in Eng.).

Volkova LD, Zakarina NA, Akurpekova AK (2014) Cracking of heavy gas oils over (HCeY)
zeolite containing aluminum pillared montmorillonite and activated caolinite clays, Petroleum
Chemistry, 54:37-41. DOI:10.1134/S096554411404010113.(in Eng.).

Zakarina NA,Volkova LD, Kim OK, Akulova GV, Chanysheva IS, Latypov IF,Grigor'eva VP
(2010) Physicochemical study of layered silicates of Kazakhstan [Promyshlennost' Kazahstana] 6:
83-85.(in Russ.).

107



Reports of the Academy of Sciences of the Republic of Kazakhstan

CONTENTS

PHYSICAL
B.Zh. Abdikarimov, A.Zh. Seitmuratov, Z.A. Ergalauova
MATHEMATICAL MODELS OF RELAXATION TIMES OF
INHOMOGENEOUS LIQUIDS ALONG CRITICAL DIRECTIONS................... 5

E.A. Dmitriyeva, E.A. Bondar, L.A. Lebedev, K.K. Yelemessov,
A.E.Kemelbekova
ANTI-REFLECTIVE COATINGS BASED ON TIN OXIDE........cc..ccooveeveennen. 16

A.A. Zhadyranova, U. Ismail, Zh. Beisekeyeva, G. Bekova, U. Ualikhanova,
STUDY OF THE FREEZING QUINTESSENCE OF LATE-TIME SPACE

N. Ussipov, A. Akhmetali, M. Zaidyn, A. Akniyazova, A. Sakan,
G. Subebekova
ENTROPY OF GRAVITATIONAL WAVES......c.oooiiieieeeeeeee e 47

CHEMISTRY
A.Z. Abilmagzhanov, N.S. Ivanov, L. E. Adelbayev, O.S. Kholkin
DEVELOPMENT OF AN AUTOMATED SYSTEM FOR THE PURIFICATION
OF ALKANOLAMINE SOLUTIONS......ccoeiiterienieriie ettt sene e es 57

A. Auyeshov, K. Arynov, A. Dikanbayeva, A. Tasboltayeva
INTERACTION OF SERPENTINITE FROM THE ZHITIKARA DEPOSIT
WITH STOICHIOMETRIC AMOUNT OF SULFURIC ACID.........cccccccveuvuenne. 70

A.S. Dauletbayev, K.A. Kadirbekov, S.O. Abilkasova, L.M. Kalimoldina,
Zh.S. Mukhatayeva

PURIFICATION OF WASTE SOLUTIONS GENERATED DURING
URANIUM PRODUCTION WITH POLYMER FLOCCULANTS.........cceeveeee. 83

L.D. Volkova,|N.A. Zakarina,|O.K. Kim, A.K. Akurpekova, A.V.
Gabdrakipov, T.V.Kharlamova

INFLUENCE OF MODIFICATION OF KAOLINITES BY ALUMINUM
OXIDE ON THE CRACKING ACTIVITY OF PETROLEUM RESIDUE.........96

Zh. Kairbekov, T.Z. Akhmetov, M.Z. Esenalieva, .M. Dzheldybaeva,

S.M. Suimbayeva, M.Zh. Zhomart

SELECTIVE HYDROGENATION OF ISOPRENE, PIPERYLENE AND THEIR
MIXTURES ON SKELETAL NICKEL CATALYSTS.....oooiieiieeieeeeeeeeen 108

137



ISSN 2224-5227 3.2024

A.K. Toktabayeva, R.K. Rakhmetullaeva, G.S. Irmukhamedova,

G.O. Rvaidarova, G.D. Issenova

STUDY OF THE PHYSIC-CHEMICAL PROPERTIES OF
THERMOSENSITIVE COPOLYMERS BASED ON POLYETHYLENE

GLY COL...c ettt ettt st e et e et e e nee e naeennseennee 122

138



Reports of the Academy of Sciences of the Republic of Kazakhstan

MA3MYHbI

OU3UKA
B.K. Aoauxapumos, A.2K. Ceiitmypartos, 3.A. Eprasayosa
BIPTEKTI EMEC CYUBIKTAP/IbIH KPUTUKAJIBIK BAFBITTAP
BOUBIHAFbI PEJTAKCALIVS YAKBITBI BOMBIHIIIA MATEMATHUKAJIBIK,
MOIEJIBIEPT.....cviiiiiiiiee et 5

E.A. Imutpuesa, E.A. bounaps, U.A. Jledenes, K.K. Esemecos,

A.E. Kemen6exoBa

KAJIAVBI OKCUJII HET'I3IHJIEI'T IIAFBIIBICTBIPYFA KAPChI
HKABBIHIIARP.......oooiiiiiiiieeeeee ettt 16

A.A. Kagbipanosa, ¥. Ucmauni, /K. M. BeiicexeeBa, I.T. bexoBa,

Y.A. YajguxaHoBa

F (R, L ) TPABUTALIUAJIATBI KEIL FAPBIIITBIK KEHEIOIIH
MY3JIATBIIFAH KBUHTECCEHIUACBHIH 3EPTTEV....covviiiiieeieee 26

H. Ycunos, A. AxmeTtaui, M. 3aiiabiH, A. AkHusizoBa, A. CakaH,
I. Cy0ebGexoBa
I'PABUTALIAJIBIK TOJIKBIHAAPABIH SHTPOIIUACHL..............coceene 47

XUMMS
A.3. Adbuabmar:kanos, H.C. UBanos, U.E. Aneab6aeB, O.C. X0JakuH
AJIKAHOJIAMUH EPITIHAIJIEPI TA3AJIAY/IbIH
ABTOMATTAH/IBIPBUTFAH XXYUECIH O3IPIIEY.....ooeoveeeeeeeeeeeeeeeeeen. 57

A. AyemioB, K. ApbinoB, A. /IlukanbaeBa, A. TacOosiTaeBa

«KITIKAPA» KEHOPHBIHbBIH CEPIIEHTUHUTIHIH KYKIPT
KbIIIKbUIBIHBIH CTEXMOMETPUSJIBIK MOJIIIEPIMEH

OPEKETTECY L.ttt 70

9.C. Jlayaeroaes, K.A. Kagupoekon, C.O. AOuikacoBa,
JI.M. Kammmonnmuna, 7K.C. MykaraeBa
YPAH ©HJIIPY BAPBICBIHJA TY3UIETIH KAUTAPBIM/IbI

JL.J1. BosikoBa,|H.A. 3akapuna,| O.K. Kum, A.K. Akypnekosa,

A.B. I'adnpaxunos T.B.XapiamoBa

KAOJIMHUTTEPII AJTFTOMUHUA OKCUJIIMEH TYPJIEHIIPYIIH,
KAJIABIK MYHAU KOPBIMJIAPBIHBIH KPEKMHI TEI'T

BEJICEHIJIIKKE OCEPT.......cooiiiiiie e 96




ISSN 2224-5227 3.2024

K. Kanp0Oekos, T.3.AxmeTtoB, M.3. EcenanunenBa, U.M. [Ixenabi0aeBa,

C. M. CyiimbaeBa, M.7K. ’KomapTt

WU3OIMPEH/II, ITUITEPWMJIEH/I X KOHE OJIAPbIH, KOCITAJIAPBIH
KAHKAJIbI HUKEJIb KATAJIM3ATOPJIAPBIH/IA TAJIF AMITIA3/bI
THAZIPIIEY ...ttt et ettt et e e st e e nbe e e nbaeenaeesnnreeenes 108

A.K. Tokradaesa, P.K. Paxmeryinaena, I.C. UpmyxameToBa,

I.O. Praiinaposa, I.I. UcenoBa

T[TOJINDTUIIEHIJTIMKOJIb HETI3IHAET'T COITOJIMMEPIIH
OU3UKA-XUMUAIIBIK KACUETTEPL.......coooiiiiiiiieeeeeee e 122

140



Reports of the Academy of Sciences of the Republic of Kazakhstan

COJIEP)KAHUE

DPU3UKA
B.7K. Aoauxapumos, A.2K. Ceiitmypartos, 3.A. Eprasayosa
MATEMATUYECKHE MO/IEJIM BPEMEH PEJIAKCALIMN
HEOJIHOPOJIHBIX XXUJIKOCTEM BIOJIb KPUTUUYECKHUX
HATIPABIIEHHI.......oviomrienriinieseieeeieseie it 5

E.A. Imutpuesa, E.A. bonnaps, U.A. Jledenes, K.K. Esnemecos,
A.E. Kemenb6exoBa
AHTHUOTPAXAIOIIME ITOKPBITHUA HA OCHOBE OKCHUJIA OJIOBA....... 16

A.A. KanbipanoBa, Y. Ucmaui, 7K. M. BeiicexeeBa, I.T. bexoBa, Y.A.
Yanuxanona

UCCJIEJJOBAHME 3AMOPOXEHHOM KBUHTACCEHIIUU I[TO3HEI'O
KOCMHUYECKOI'O PACIHMPEHHA B F (R, L) TPABUTALUM.................... 26

H. Ycunos, A. AxmeTtauti, M. 3aiiabiH, A. AkHusizoBa*, A. CakaH,
I. Cy0ebGexoBa
SOHTPOIINSA TPABUTALIMOHHBIX BOJIH.......cccviieiiieiieee e 47

XUMMS
A.3. Adunbmar:kanos, H.C. UBanos, U.E. Aneab6aeB, O.C. X0aKkuH
PABPABOTKA ABTOMATHU3MPOBAHHOW CUCTEMbI OYUCTKU
PACTBOPOB AJIKAHOJIAMUHOB..........coooiiiiiiieieeeeceeeee e 57

A. AyemioB, K. ApbinoB, A. /Ilukan6aeBa, A. TacOosTaeBa
B3AUMOJIEMCTBUE CEPIIEHTUHUTA MECTOPOX/IEHW I
"XUTUKAPA" CO CTEXMOMETPUYECKUM KOJIMYECTBOM

CEPHOM KHCIIOTDBL.....oovouieriireiseiiesisesissisesesses st 70

A.C. ayaeroaeB, K.A. Kagup6exos, C.O. Aduikacosa, JI.M. Kaaumosaauna,
K.C.MykaraeBa

OUMCTKA OBOPOTHLIX PACTBOPOB, OBPA3YIOIIMUXCA ITPU
[MPOM3BOJCTBE YPAHA ITOJIMMEPHBIMU ®JIOKVJISSHTAMMN............... 83

JIL. BOJIKOBa,|H.A. 3aRaana,| 0.K. Kum, A.K. AkypnekoBa,

A.B. I'adnpaxunos, T.B.Xapiaamosa

BIIMAHUE MOANDUILIMPOBAHUA KAOJIMHUTOB OKCUAOM
AJIIOMUHUA HA AKTUBHOCTD B KPEKMHI'E OCTATOYHOTI' O
HEODOTAHOI'O CBIPDBS.......cciiiiiiiee ettt 96

141



ISSN 2224-5227 3.2024

K. Kanp0Oekos, T.3. AxmetoB, M.3. Ecenanuena, U. M. /Ixxeanbioaena,

C.M. CyiimbaeBa*, M.2K. ZKomapt

CEJIEKTUBHOE T'MIPUPOBAHUE U3O0OIIPEHA, IIUIIEPUJIEHA U X
CMECEU HA CKEJIETHBIX HUKEJIEBBIX KATAJIM3ATOPAX........... 108

A.K. Tokrabaesa, P.K.Paxmeryiaesa, I.C. UpmyxametoBa, I.O. PBaiinapoBa,
I.J1. UcenoBa

N3YUYEHUE ®U3UKO-XUMUYECKUX CBOMCTB COIIOJIMMEPOB

HA OCHOBE HOJIMOTUJIEHTTIMKOJIA. ..ot 122

142



Publication Ethics and Publication Malpractice in the journals of the
National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the work described has not been published previously (except in the form of an abstract or
as part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by
the originality detection service Cross Check http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
onh accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance
of a paper automatically implies the copyright transfer to the National Academy of sciences of the
Republic of Kazakhstan.

The Editorial Board of the National Academy of sciences of the Republic of Kazakhstan will
monitor and safeguard publishing ethics.

[TpaBmta oopmiteHHs CTaThU JUTS MyONMKAIMK B XKypHaJle CMOTPETh Ha caiTe:
www:nauka-nanrk.kz
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
http://reports-science.kz/index.php/en/archive

Hupexrop otnena uznanus Hayunbix xkypHasioB HAH PK A. bomankwizel
Penaxropsr: /].C. Anenos, JK.III. Ooen
Bepctka Ha xommsiotepe 1./]. JKaowiparosot

IMoxamucano B meuars 12.12.2023.
®opmar 60x88'/,. Bymara odcernas. [Teuars - pusorpad.
9,0 .. Tupax 300. 3aka3 3.

POO «Hayuonanvuas akademus nayx PKy» 050010,
Anmameot, yn. lesuenxo, 28, m. 272-13-19





