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THEORETICAL STUDY OF THE GLYCEROL ADSORPTION FROM THE
BIOFUEL OVER TiO, CATALYTIC SURFACE

Abstract. The traditional fuel such as petroleum, natural gas and others could
be partially replaced by biodiesel. At the same time, the main problem for the mass
production of biofuel is linked to the glycerol which is a by-product of biodiesel and leads
to many chemical and engineering challenges. In this regard, there are various methods
to extract glycerol from biofuel including implementation of solvents, catalysts, and
others. Herein, we performed quantum-chemical computational study on the titanium
(IV) oxide-based catalyst activity for the adsorption of glycerol from biofuel in the first
part of our work. Then, we performed quantum-chemical computational investigation
on the transformation of glycerol into valuable product acrolein. The result revealed the
presence of strong chemical interaction between titanium (IV) oxide and glycerol of
biofuel in the adsorption process.

Key words: titanium (IV) oxide, glycerol, biofuel, adsorption, quantum chemistry.
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TiO, KATAJIMTUKAJIBIK BETI APKbLJIbI BUOOTBIHHAH

INIMIOEPOJIABI AICOPBLUAJIAY TPOLHECCIH TEOPUSJIBIK TYPFBIJIA
3EPTTEY

AnHoTtanus. J[ocTypai OTBIH, MbIcajibl, MyHad, TaOufu ra3 skoHe T.0. imriHapa
OMOaM3eIbMEH ayBICTBIPBUTYbl MYMKiH. COHBIMEH KaTap, OMOOTBIHHBIH >Kamman
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OH/JIIPICIHIH Heri3ri mpoOiieMackl OMOAM3EINBIIH jKaHaMa eHiMi OOJBIN TaObUIATHIH
KOHE KOITETeH XUMUSIIBIK KOHE WH)KEHEPJIIK KUBIHABIKTapFa OKeJeTiH MIHLIEPUHMEH
OaiinmanpicTbl. OCbIFaH OaiyaHbICThl OMOOTHIHHAH TIMLEPUH AlyAbIH OpTYPIl oaicTepi
0ap, COHBIH iMIHAE epITKIITepai, Karanu3atopiaapasl xoHe T.0. JKyMbICTbIH OipiHIIi
Oeunirinae OWOOTHIHHAH TIULIEpPHHAI aacopOuusuiay ymin TtutaH (IV) oxcunaine
HETI3[eNTeH KaTalnu3aTop OeNCEHAITIriHe KBaHTTBIK XUMISUIBIK €CenTey KYpri3iimi.
OpnaH KeliiH MIUIIEPUHHIH aKpOJICMHHIH KYHJIbI OHIMIHE alfHaTybl OOMBIHINA KBAHTTHIK
XUMHSUTBIK, €cenTey Kypriziunai. Hotwke amcopOrust nmpoueciniae OMOOTHIHHBIH TUTaH
(IV) okcuai MEH MIMLIEPHUH apachlHa KYIITI XUMHUSUIBIK 9CepIIeCyiH OOIybIH KOPCETTI.

Tyiiin ce3nep: turan (IV) oxcuni, muuepuH, OHMOOTBHIH, ancopOLUs, KBAaHTTHIK
XUMUSL.

K.A. Caiiaay", H.2K. Aamacos?, K. Tomrraii', A.A. Asjionrapos’

'Kazaxckuii HalMOHAJIBHBIN YHUBEPCUTET MMEHH anb-Dapadu, Anmarel, Kazaxcran;
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*EBpaswuiickuii Haumonansueii Yausepcurer umenu JI.H. ['ymunesa,

Acrana, Ka3axcras.
E-mail: sailau.online@gmail.com

TEOPETHYECKOE UCCIIEJOBAHUE AJICOPBIINU ITIMIHEPUHA U3
BUOTOIIJIMBA YEPE3 KATAJIMTUYECKYIO IOBEPXHOCTD TiO,

AnHoTtanus. TpaguIIHOHHOE TOTUTHBO, TAKOE KaK HE(Th, IPUPOIHBII ra3 u Apyrue
MOXET OBITh YAaCTUYHO 3aMEHEHO OmonmmseneM. B TO e Bpemsi OCHOBHas mpobiema
MacCOBOTO MPOW3BOJCTBA OHOTOIUTMBA CBA3aHA C TIUIICPHHOM, KOTOPBIA SIBISCTCS
MOOOYHBIM TMPOAYKTOM OHWOMU3ENss W MPUBOJAWT K MHOTOUHCICHHBIM XUMHYECCKHM
U WHKEHEPHBIM MpoOieMaM. B CBSI3M C 3THUM CYIIECTBYIOT Pa3UYHbIC CIOCOOBI
M3BJICUCHUS TIIUIIEPHHA U3 OMOTOIIMBA, B TOM YKCJIEC C IPUMEHEHHEM PACTBOPHUTEIIEH,
KaTaJu3aTopoB W Jp. 3/1€Ch MBI MPOBEIN KBAHTOBO-XHMUYECKOE BBIYHCIUTEILHOEC
HCCIIeIOBAHNE AKTHBHOCTH KaTaan3atopa Ha ocHOBe okcuaa tutana (1V) mis ancopOrum
[IHIepUHa U3 OWOTOTUTMBA B MEPBOIl yacTW Hamied paboThl. 3aTeM MbI TPOBEIH
KBAaHTOBO-XUMHUECKOE BBIYHCIUTEIBHOE HCCIICAOBAHNE TPEBPAIICHUS TIUIICPHHA B
[EHHBIA MPOIYKT aKpoJeHH. Pe3ysbTar npeanosarai HaTHuUe CHITbHOTO XUMHYECKOTO
B3auMOICUCTBHS MEXKAy okcuaoM Tutana (IV) u muieprHOM OMOTOIIIMBA B TPOIIECCe
aJIcOpOITHH.

KioueBble cioBa: okcun turana (IV), mimnepus, OHOTOIUTHBO, acopOIHsl, KBaH-
TOBAast XUMHSI.

Introduction. The generation of biodiesel is rising in the global market in order

to replace a traditional energy source including petroleum, natural gas and others.
At this level, there are many existing advantages of biofuel including decreasing in
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greenhouse gas emission, cheaper in contrast with petroleum and natural gas, less-
flammable, renewable and others (Liang et al., 2013:139-145; Ferrero et al., 2016:495-
503; Baroutian et al., 2013:911-916; Cheng et al., 2011:3541-3549). However, the
accumulated generation of glycerol as a by-product during the biofuel production is a
main challenge. The glycerol is an unwanted impurity in the biofuel content that leads
to 1) difficulty during the storage, ii) fouling of the injector, iii) durability problem of
engine and others (Chhabra et al., 2021:3381-3392; Taufiqurrahmi et al., 2011:10686-
10694; Long et al., 2022:109-119; Santana et al., 2021:9185). Herein, there are much
ongoing research related to the transformation of glycerol into high value product. In
this regard, there are exist various methods to convert a glycerol into high value product
such as 1) esterification process, ii) hydrogenolysis method, iii) polymerization, iv)
etherification method, and finally v) dehydration method (Bora et al., 2016:560-568; Li
et al., 2016:98-194; Yuvaraj et al., 2019:301-307).

Due to this, the dehydration of glycerol into acrolein is an important method for
nowadays. This process can be achieved by the presence of solid catalysts. The final
product which is named as an acrolein is a crucially important chemical materials that
could be implemented in the acrylic acid production (Bateni et al., 2017:668-690).
Herein, acrylic acid is an important compound to get various polymers and an important
starting material for the methionine synthesis. Moreover, the conversion of glycerol to
acrolein is achieved by the removal of two water molecules over titanium (IV) oxide
catalyst and others (Crossley et al., 2010:68-72; Liu et al., 2018:375-380).

The glycerol has adjacent three hydroxyl functional groups, and consequently, it
is the simplest chemical structure to study glucose and other types of sugars in the
computational world. Consequently, a lot of experimental works were performed to
study the transformation of glycerol to acrolein. For instance, the generation of acrolein
from glycerol by titanium oxide catalyst is studied in more details (Gueddida et al.,
2020:20262-20269; Chakrabortty et al., 2020:675-690; Gao et al., 2009:356-361; Lee
et al., 2013:6-11; Alonso et al., 2010:1493-1513). Titanium (IV) oxide has a three
crystalline phase such as 1) rutile, ii) anatase, and iii) brookite. Herein, titanium (IV)
oxide with anatase structure is an important compound in the field of catalysts. Moreover,
the anatase structured titanium (I'V) oxide is having different types of advantages such
as thermally stable, less expensive, safe, and can be reused (Jabraoui et al., 2019:882-
892; De lima et al., 2020:4124-4130; Huang et al., 2016:490-497).

In this work, we are going to investigate titanium (IV) oxide’s absorption property of
glycerol from biodiesel. Moreover, the conversion process of glycerol into high value
acrolein product by titanium (IV) oxide catalyst will be investigated computationally
as well. We will use HyperChem computational package and PM3 approach to explore
molecular details of adsorption and transformation processes. In general, the electronic
structures, electrostatic maps, orbitals, bond length, and interaction energies related to
the adsorption of glycerol from biodiesel by titanium (IV) oxide and transformation of
glycerol to acrolein will be explored in this work.

Research material and methods. HyperChem with PM3 method was implemented
for quantum-chemical calculations. It is possible to evaluate the interaction between

138



Volume 4, Number 453 (2022)

the titanium atom in TiO2 and the oxygen atoms in the glycerol molecule while the
glycerol was selected as an unwanted impurity of biodiesel, while the methyl linoleate
was a model for biodiesel. Moreover, acrolein was selected as a computation model
for high value product which was obtained during the transformation of glycerol. The
calculated parameters are electronic structures, electrostatic maps, orbitals, bond length,
and interaction energies. The 2D structures of above-mentioned compounds for titanium
oxide, glycerol, acrolein, and methyl linoleate are illustrated in Figure 1.

A) B)

O-‘.."chl;j \_,—f\.;-.:o

©  Ho ™y on . S ——

OH

Figure 1. The 2D chemical structures of A) titanium (IV) oxide, B) acrolein, C) glycerol, and D) methyl
linoleate.

Meanwhile, the adsorption and production energies were calculated using below
given formula:

adsorption B E(Ti02)+Glycerol+Biofuel)- (E(Glycerol)+E( Biofue1)+E(Ti02))

Production_ E(Ti02+Acrolein+Methyl linoleate) - (E(Acrolein)+E(Biofuel)+E(Ti02))
The models for computation were shown in Table 1.

Table 1 — The designed simulation system for study of glycerol adsorption from biofuel by titanium
(IV) oxide and a transformation of glycerol into acrolein

Titanium (IV) oxide Glycerol Methyl linoleate Acrolein

As found from table 1, the pure titanium oxide, glycerol, methyl linoleate, and an
acrolein as a catalyst, impurity, biofuel, and high value produces were simulated firstly.
Next, a mixture of titanium (I'V) oxide with glycerol, and methyl linoleate was simulated
as an impure biofuel purification process by titanium (IV) oxide catalyst. After that, the
mixture of titanium oxide catalyst with glycerol, methyl linoleate, and an acrolein was
simulated as a model for the acrolein synthesis process.

Results. The intermolecular interaction of absorption process of glycerol by titanium
(IV) oxide from biofuel. Firstly, we studied the adsorption of glycerol from biofuel
using a titanium (IV) oxide-based catalyst surface. The results were illustrated from
Figure 2 to Figure 4, and in Table 2.
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Figure 2. The electronic structures of titanium (IV) oxide, glycerol, and methyl linoleate.
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Figure 3. The molecular electrostatic maps of titanium (IV) oxide, glycerol, and methyl linoleate.
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(Methyl linoleate) L’I“M

Figure 4. The molecular orbitals of titanium (IV) oxide, glycerol, and methyl linoleate.

®

(Adsorption process)
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Table 2 — Energies for titanium (VI) oxide, glycerol, and methyl linoleate. Unit: kcal/mol
Glycerol Biofuel Titanium (IV) oxide + Glycerol + Biofuel
Energy (kcal/mol) -31376.50 -77595.70 -126605.00

The intermolecular interaction of transformation process of glycerol into acrolein by
titanium (IV) oxide from biofuel. Secondly, we studied the intermolecular interaction
of acrolein a produced high value product on the titanium (IV) oxide catalytic surface
in the presence of pure biofuel. The results were illustrated from Figure 5 to Figure 7,
and in Table 3.

[
{Methyl linoleate) «

+

"

{Titanium (IV) oxide catalyst) -"
- .’.‘.

?%“ (Acrolein production)

(Acrolein)

Figure 5. The electronic structures of titanium (IV) oxide, acrolein, and methyl linoleate.

+

(Titanium (IV) oxide catalyst)

Lg o

(Acrolein)

(Acrolein production)

Figure 6. The molecular electrostatic maps of titanium (IV) oxide, acrolein, and methyl linoleate.
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Figure 7. The molecular orbitals of titanium (IV) oxide, acrolein, and methyl linoleate.

Table 3 — Energies for titanium (VI) oxide, acrolein, and biofuel model (methyl linoleate). Unit: kcal/
mol

Acrolein Biofuel Titanium (IV) oxide + Acrolein + Methyl linoleate
Energy (kcal/mol) | -20502.60 -77595.70 -115576

Discussion. In the first part of our work, we studied the optimized structures for
adsorption process in detail as can be seen in Figure 3. From Figure 3, we can note that a
titanium metal is chemically interacting with an oxygen atom of glycerol in the presence
of methyl linoleate as a model biofuel. Herein, we can note that the connection between
oxygen atom of glycerol and titanium metal is a main driving force for the adsorption
process.

Next, we studied the distribution of molecular electrostatic maps over a titanium
oxide surface as can be seen in Figure 4. From Figure 4, we can note that the charges
are located around oxygen atoms of glycerol and a titanium (IV) oxide.

From Figure 5, the HOMO-LUMO orbital distribution for adsorption process of
glycerol from biofuel by titanium (IV) oxide is illustrated. From there, we can note that
the HOMO orbitals are distributed around biofuel part, while the LUMO energies are
localized around titanium (I'V) oxide and glycerol compounds.

Next, we calculated the adsorption energy as below:

adsorption — ~1260605.00 — (- 31376.50 — 77595.70 - 15646 ) = -1986.80 kcal/mol,
which means a higher adsorption by titanium (IV) oxide.

In the second part of our work, we studied the optimized structures for conversion
process in detail as can be seen in Figure 5. From Figure 5, we can note that a titanium
metal is less chemically interacting with an acrolein in the presence of methyl linoleate
as a model biofuel. Herein, we can note that the result of conversion process is a
generation of acrolein.

Next, we studied the distribution of molecular electrostatic maps over a titanium
oxide surface as can be seen in Figure 6. From Figure 6, we can note that the charges are
located around entire biofuel, acrolein, and titanium (IV) oxide catalyst.
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From Figure 7, the HOMO-LUMO orbital distribution for adsorption process of
glycerol from biofuel by titanium (IV) oxide is illustrated. From there, we can note that
both HOMO and LUMO orbitals are located around titanium (IV) oxide.

Next, we calculated the product generation energy as below:

oroduction — ~113576.00 — (- 20502.60 — 77595.70 - 15646 ) = -1831.70 kcal/mol,
which means a generation of acrolein as a product.

Conclusion. In this study, the adsorption of glycerol from biodiesel by a titanium
(IV) oxide catalyst was investigated in the first part of our work, while the transformation
of glycerol into acrolein was studied in the second part of our work.

The result of our first computational study yielded that there were strong chemical
bond present between titanium cation of titanium (IV) oxide and an oxygen anion of
glycerol compound of biodiesel. This illustrated a strong absorption ability of glycerol
on titanium (IV) oxide catalyst surface in the presence of methyl linoleate as a biofuel
model.

The result of our second computational work yielded that there was a strong chemical
bonding between glycerol and titanium (IV) oxide, while the generated by-product was
acrolein.

This research might be useful to develop the catalysts for absorption of glycerol from
biofuel and conversion of glycerol into acrolein by a titanium (I'V) oxide.

Information about the authors:

Sailau Zhassulan—PhD student, Department of Chemistry and Chemical Technology,
Al-Farabi Kazakh National University, Almaty, Kazakhstan; sailau.online@gmail.com,
Has a H-index:1 (Scopus), https://orcid.org/0000-0001-5222-6827;

Almas Nurlan — PhD, International Science Complex Astana, Astana, Kazakhstan;
n.almas@astanait.edu.kz, Has a H-index: 1(Scopus), https://orcid.org/0000-0003-2183-
3389;

Tostay Kainaubek — PhD, Senior Lecturer, Department of Chemistry and Chemical
Technology, Al-Farabi Kazakh National University, Almaty, Kazakhstan; kainaubek.
toshtay(@gmail.com; https://orcid.org/0000-0003-1182-7460;

Aldongarov Anuar — PhD, Associated Professor, Department of Technical Physics,
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan; enu-2010@yandex.
kz, Has a H-index:5, https://orcid.org/0000-0001-7784-0524.

REFERENCES

Alonso D.M., Bond J.Q. & Dumesic J.A. (2010). Catalytic conversion of biomass to biofuels. Green
chemistry, 12(9), 1493-1513.

Baroutian S., Aroua M.K., Raman A.A.A., Shafie A., Ismail R.A. & Hamdan H. (2013). Blended
aviation biofuel from esterified Jatropha curcas and waste vegetable oils. Journal of the Taiwan Institute of
Chemical Engineers, 44(6), 911-916.

Bateni H., Saraecian A. & Able C. (2017). A comprehensive review on biodiesel purification and
upgrading. Biofuel Research Journal, 4(3), 668-690.

Bora P., Boro J., Konwar L.J. & Deka D. (2016). Formulation of microemulsion based hybrid biofuel

143



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

from waste cooking oil-A comparative study with biodiesel. Journal of the Energy Institute, 89(4), 560-
568.

Chakrabortty S., Nayak J., Pal P., Kumar R., Banerjee S., Mondal P.K. & Ruj B. (2020). Catalytic
conversion of CO2 to biofuel (methanol) and downstream separation in membrane-integrated photoreactor
system under suitable conditions. international journal of hydrogen energy, 45(1), 675-690.

Cheng J.J. & Timilsina G.R. (2011). Status and barriers of advanced biofuel technologies: a
review. Renewable Energy, 36(12), 3541-3549.

Chhabra M., Saini B.S. & Dwivedi G. (2021). Impact assessment of biofuel from waste neem oil. Energy
Sources, Part A: Recovery, Utilization, and Environmental Effects, 43(24), 3381-3392.

Crossley S., Faria J., Shen M. & Resasco D.E. (2010). Solid nanoparticles that catalyze biofuel upgrade
reactions at the water/oil interface. Science, 327(5961), 68-72.

De Lima G.F., Mavrandonakis A., De Abreu H.A., Duarte H.A. & Heine T. (2013). Mechanism of
alcohol-water separation in metal-organic frameworks. The Journal of Physical Chemistry C, 117(8),
4124-4130.

Ferrero G.O., Rojas H.J., Argarana C.E. & Eimer G.A. (2016). Towards sustainable biofuel production:
design of a new biocatalyst to biodiesel synthesis from waste oil and commercial ethanol. Journal of cleaner
production, 139, 495-503.

Gao F., Courjean O. & Mano N. (2009). An improved glucose/O2 membrane-less biofuel cell through
glucose oxidase purification. Biosensors and Bioelectronics, 25(2), 356-361.

Gueddida S., Lebegue S. & Badawi M. (2020). Assessing the potential of amorphous silica surfaces
for the removal of phenol from biofuel: a density functional theory investigation. The Journal of Physical
Chemistry C, 124(37), 20262-20269.

Huang X., Cheng D.G., Chen F. & Zhan X. (2016). Reaction pathways of hemicellulose and mechanism
of biomass pyrolysis in hydrogen plasma: A density functional theory study. Renewable Energy, 96, 490-497.

Jabraoui H., Khalil 1., Lebégue S. & Badawi M. (2019). Ab initio screening of cation-exchanged
zeolites for biofuel purification. Molecular Systems Design & Engineering, 4(4), 882-892.

Khalil I., Jabraoui H., Lebégue S., Kim W.J., Aguilera L.J., Thomas K. & Badawi M. (2020). Biofuel
purification: Coupling experimental and theoretical investigations for efficient separation of phenol from
aromatics by zeolites. Chemical Engineering Journal, 402, 126264.

Lee R.A. & Lavoie J.M. (2013). From first-to third-generation biofuels: Challenges of producing a
commodity from a biomass of increasing complexity. Animal Frontiers, 3(2), 6-11.

Li H., Fang Z., Smith Jr R.L. & Yang S. (2016). Efficient valorization of biomass to biofuels with
bifunctional solid catalytic materials. Progress in Energy and Combustion Science, 55, 98-194.

Liang S., Liu Z., Xu M. & Zhang T. (2013). Waste oil derived biofuels in China bring brightness for
global GHG mitigation. Bioresource technology, 131, 139-145.

Liu H., Tang X., Hao W., Zeng X., Sun Y., Lei T. & Lin L. (2018). One-pot tandem conversion of
fructose into biofuel components with in-situ generated catalyst system. Journal of energy chemistry, 27(2),
375-380.

Long F., Cao X., Jiang X., Zhai Q., Zhao J., Yu S. & Xu J. (2022). An effective strategy for waste
oil deoxygenation and upgrading for hydrocarbon biofuels production: A computational and experimental
investigation. Journal of the Energy Institute, 100, 109-119.

Makos$ P., Stupek E. & Gebicki J. (2020). Extractive detoxification of feedstocks for the production of
biofuels using new hydrophobic deep eutectic solvents—Experimental and theoretical studies. Journal of
Molecular Liquids, 308, 113101.

Santana J.C.C., Miranda A.C., Souza L., Yamamura C.L.K., Coelho D.D.F., Tambourgi E.B. & Ho L.L.
(2021). Clean production of biofuel from waste cooking oil to reduce emissions, fuel cost, and respiratory
disease hospitalizations. Sustainability, 13(16), 9185.

Taufiqurrahmi N., Mohamed A.R. & Bhatia S. (2011). Production of biofuel from waste cooking palm
oil using nanocrystalline zeolite as catalyst: process optimization studies. Bioresource technology, 102(22),
10686-10694.

Yuvaraj D., Bharathiraja B., Rithika J., Dhanasree S., Ezhilarasi V., Lavanya A. & Praveenkumar R.

(2019). Production of biofuels from fish wastes: an overview. Biofuels, 10(3), 301-307.

144



Volume 4, Number 453 (2022)

MA3MYHbI

K.T. bucemb6aeBa, A.C. XagueBa, E.H. Mammanos, I.C. CabbipbaeBa,

B.M. HypaunoaeBa

KYPIEJI TEOJIOI MSUJIBIK )KAFJAWIA TTIOJIMMEPJIIK EPITIHAIMEH
MYHAM/IBI BIFBICTBIPY YIEPICTHIH 3EPTTEIIY ..o, 5

b. Kakpin, b. AckanoBa, A. bakeIT, K. Myca0ekoB
KA3AKCTAH MOHTMOPUJIJIOHUTI HET'T3IHAE ®U3NOJIOTI'MAJIBIK
BEJICEH/II BUOHAHOKOMITIO3UTTEPIL AJIY..oovviiiiiieieeeeeeeeeeeeeeece 14

M. Kymaoek, C.A. Tynraraposa, I.H. Kaymenoa, A. Manataesa, C.0O. Koros
TABUTU I'A31bI KOMITO3UTTI Ni-Co-Zr KATAJIN3ATOPJIAPBIHJIA
ITAPIIAJIZIBI TOTBIKTDBIPY......couiiiiiiiiiiiiinieeeenecese e 26

HI.C. Ucnam, X.C. Papuxosa, C.b. PricnaeBa, A.2K. KepumkyJioBa,

ML.A. KoxkailicakoBa

MOTOP OTBIHBIHAH KYKIPT KOCBUJIBICTAPBIH TEPEH, DBTEKTUKAJIBIK
EPITKILLITEPMEH BOJIIT AJTY....ccciiiiiieeiie ettt ettt ve e snnee s 37

I'H. KaamaraeBa, I.®. CarutoBa, C.A. Cakubaena, /I./I. Acbli10exoBa,

K.K. lllyxanosa

LIIMHA PETEHEPATBI OH/IPICIHJE MAU OHEPKOCIBIHIH IECIIE
OHIMIEPTH TTAVTATIAHY. ..ot eee s eeseeesees 46

7K. Kacenoga, C. Ko:xkabekoB, 9. ’Kybanos, A. Fanbimikan
AJIKNJI ®DYMAPATTAP MEH OKTAJIELIEH-1-HIH, COITIOJIMMEPJIEPIH
CUHTES3JIEY JKOHE BEPTTEV ..ottt 58

P.M. Kynaiioeprenosa, H.C. Myp3akacsimoBa, C.M. Kantap6aeBa,
J.T. Antein0exoBa, I.K. CyrypoexoBa
I'PA®EH, T'O, TTO PAMAH/IBIK CITIEKTPOCKOITUSCHI.........ccveieiieeeee 69

A. Kanbip0aesa, JI. Ypa3skeaauesa, P. Tonipoeprenos, I'. lllalimepaenoBa

KA3AKCTAH PECITYBJIMKACBIHIAAFBI «TACTBI T¥3» KEH OPHBIH/IAFBI

AK.H. Kopran6exoB, A.A. OredaeB, P.M. Myxamenos
«TOIIBIPAK-OCIMIIK» ) KYUECIHAE AYBIP METAJIAAPABIH X XUHAJIYbBI
HKOHE TAPATIVDBL. ...ttt e 88

K.M. Maxaun6etoBa, J.K. AcembaeBa, /I.E. Hypmyxan6etoBa, E.JK. 'adoayinuna,
M. LnusicKbI3bI

145



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

B.K. Myana6exoBa, A.M. TokrapoBa, P.A. U3tenueBa, M.b. ATbIxaHoBa,

A. A. CeliniMmxanoBa

KOMITO3UTTIK ¥HJIAPbIH CAITACBI MEH KAYITICI3AII'TH

BAKBITIAY.....c. ettt ettt sttt et e et e et e et eessseessseesnbaesnseesnseenn 107

H.C. Myp3akacbimoBa, M.A. I'aBpuiienko, H.A. bexkTeHnos,

P.M. Kynaiioeprenosa, I A. CeiiTOexoBa

MOANOUKAIUAITIAHFAH KOMIPIE AYBIP METAJIJIAPIbIH
COPBLUSICBIH BEPTTEVY....iiiiiiiiiiiietee e 118

A.A. Ortebaes, /K.H. Kopranoexos, P.M. Myxameaon
KOKOHIC JAKbUIJAPBIHAAFBI AYBIP METEJIJIAP/bI
BUOTECTIIIEY....iiiiiiiie sttt ettt ettt eeva e s veesvaesabe e asessvaessseasnnesnnaens 126

KA. Caiinay, H.2K. Aamac, K. Tomrraii, A.A. AnioHrapon

TiO, KATAJIMTUKAJIBIK BETI APKbIJIbI BUOOTBIHHAH TJIMIEPOJI/IbI
AZICOPBIUAJIAY ITPOLIECCIH TEOPUAJIBIK T¥PEFBIJAA 3EPTTEV.............. 136

146



Volume 4, Number 453 (2022)

COLEPKAHUE

K.T. Bucem6aeBa, A.C. XanueBa , E.H. Mammausos, I.C. Ca6bip0aeBa,

b.M. Hypan6aeBa

HUCCIIEJOBAHUME IMTPOLIECCA BBITECHEHU A HE®TU [TOJIUMEPHBIMUA
PACTBOPAMMU B CJIOXKHBIX TEOJIOTMYECKUX YCJIIOBUSMX...........cceuveean. 5

b. Kakpin, b. AckanoBa, A. bakbiT, K. MycabekoB

PASBPABOTKA ®U3NOJIOTUYECKN AKTHBHbBIX BUOHAHOKOMIIO3MTOB
HA OCHOBE KA3ZAXCTAHCKOI'O MOHTMOPHUJIUIOHUTA........ccccoviiiinnne. 14

M. Kymaoek, C.A. Tynraraposa, I.H. Kaymenosa, A. Manataesa, C.O. Koros
Ni-Co-Zr KOMITO3UTHBIE KATAJIU3ATOPBI ITAPLIMAJIBHOI'O
OKUCJIEHWSA ITPUPOJHOTI'O TABA ..o 26

HI.C. Ucnam, X.C. PapukoBa, C.b. PeicnmaeBa, A.7K. KepumkyJioa,

M.A. KoxkaiicakoBa

WU3BJIEYEHUE COEJJUHEHWI CEPBI '3 MOTOPHOI'O TOITJIUBA
[TTYBOKUMMU OBTEKTUUYECKHNMU PACTBOPUTEIAMMU. ..o 37

I'H. KanamaraeBa, I.®. CarutoBa, C.A. Cakubaena, /I./I. Acbli10exoBa,

AK.K. lyxanoBa

UCIIOJIL30BAHUE COITY TCTBYIOIIUX ITPOAYKTOB MACJIOXKUPOBOI
ITPOMBIIIIJIEHHOCTH B ITPOM3BOACTBE ILIMHHOI'O PET'EHEPATA........... 46

7K. Kacenoga, C. Ko:xka0ekos, 9. ’Kybanos, A. Fanbimikan
CHUHTE3 U UCCJIEAJOBAHUE 'PEBHEOBPA3HBLIX COITOJIMMEPOB
AJIKNJT ®YMAPATOB C OKTAIELIEHOM-1.....oooiiiiiiiiiiicceeeeee e 58

P.M. Kynaiioeprenosa, H.C. Myp3akacsimoBa, C.M. Kantap0aesna,
A.T. Aarbin0exoBa, I.K. Cyryp0exoBa
PAMAHOBCKAS CITEKTPOCKOIIUSA 'PA®EHA, T'O, BI'O......ccceevvieieiienee. 69

A. KaabipOaeBa, /I. YpaskenaueBa, P. Tanup0Oeprenos, I'. [llaiimepaenoBa
OUUCTKA TEXHUYECKOI'O XJIOPUJIA HATPUA MECTOPOXIEHU A
«TACTBI T¥3» PECITYBJIMKM KABAXCTAH....c.eiiiiieieeeeeeeeeeeeeeeeee 80

K.H. KyprantekoB, A.A. Yredaes, P.C. Myxamenos

HAKOIUIEHUME U1 PACITPEJIEJIEHUE TSKEJIBIX METAJIJIOB B CUCTEME
CTTOUBA-PACTEHHED ...ttt 88

147



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

K.M. Maxan6eroBa, J.K. Acembaesa, /I.E. Hypmyxan6erosa, E.JK. I'a0nyinna
M. LiusicKbI3bI
KO3bE MOJIOKO - ITOJIHOHEHHOE BUOJIOTMYECKOE CBIPLE..................... 96

B.K. Myana6exoBa, A.M. TokrapoBa, P.A. U3tenueBa, M.b. ATbIxaHoBa,
A.A. CeiigiMmxanoBa
KOHTPOJIb KAYUECTBA U BE3OITACHOCTU KOMITO3UTHOU MVYKH......... 107

H.C. Myp3akacbimoBa, M.A. I'aBpuiienko, H.A. bexkTeHnos,

P.M. Kynaiioeprenosa, I.A. CeiiTOexoBa

NCCIEAOBAHUE COPBIIUHN TSXKEJBIX METAJIJIOB

HA MOAVOUIHUPOBAHHOM VYITIE.......cooiiiiiiiiiiiieeeceeeeeeee e 118

A.A.YT1ebaeB, )K.H.Kypranoexon, P.C.Myxamenaon
BUOTECTUPOBAHMUE TSKEJIBIX METAJIJIOB B OBOILIIHbBIX
KVYTIBTYPAX ...ttt et ettt ettt et et et e eneeenee e ennean 126

KA. Caiinay, H.7K. Aamacos, K. Tomraii, A.A. AJITOHrapoB

TEOPETUYECKOE MCCIEAOBAHUE AJICOPBLIMN ITIMLIEPUHA
13 BUOTOIIMBA YEPE3 KATAJIMTUYECKYIO ITOBEPXHOCTH TiO,......... 136

148



Volume 4, Number 453 (2022)

CONTENTS

K. Bissembayeva, A. Khadiyeva, E. Mamalov, G. Sabyrbayeva, B. Nuranbayeva
RESEARCH OF THE PROCESS OF OIL DISPLACEMENT BY POLYMER
SOLUTION IN COMPLICATED GEOLOGICAL CONDITIONS.........ccceoiiieirnene 5

B. Zhakyp, B. Askapova, A. Bakyt, K. Musabekov
DEVELOPMENT OF PHYSIOLOGICALLY ACTIVE BIONANOCOMPOSITES
BASED ON KAZAKHSTAN MONTMORILLONITE.........ccccoceeiieiiininieieieneeenen 14

M. Zhumabek, S.A. Tungatarova, G.N. Kaumenova, A. Manabayeva, S.0. Kotov
Ni-Co-Zr COMPOSITE CATALYSTS FOR PARTIAL OXIDATION
OF NATURAL GAS ...ttt e e e e e 26

Sh.S. Islam, Kh.S. Rafikova, S.B. Ryspaeva, A.Zh. Kerimkulova,

ML.A. Kozhaisakova

EXTRACTION OF SULFUR COMPOUNDS FROM MOTOR FUEL WITH

DEEP EUTECTIC SOLVENTS ... 37

G.N. Kalmatayeva, G.F. Sagitova, S.A. Sakibayeva, D.D. Asylbekova,

Zh.K. Shukhanova

THE USE OF RELATED PRODUCTS OF THE FAT AND OIL INDUSTRY

IN THE PRODUCTION OF TIRE REGENERATE.........c..ccceevviiiiiiniecieeieerene 46

Zh. Kassenova, S. Kozhabekov, A. Zhubanov, A. Galymzhan
SYNTHESIS AND CHARACTERIZATION OF COMB-LIKE ALKYL
FUMARATE — OCTADECEN-1 COPOLYMERS.........ooooiiiiieeeeeee e 58

R. Kudaibergenova, N. Murzakassymova, S. Kantarbaeva, D. Altynbekova,
G. Sugurbekova
RAMAN SPECTROSCOPY OF GRAPHENE, GO, RGO.........cccceeeveiiriereene 69

A. Kadirbayeva, D. Urazkeldiyeva, R. Tanirbergenov, G. Shaimerdenova
PURIFICATION OF TECHNICAL SODIUM CHLORIDE FROM THE TASTY
TUZ DEPOSIT OF THE REPUBLIC OF KAZAKHSTAN.....cociiiiiiieeeeee 80

ZH.N. Kurganbekov, A.A. Utebaev, R.S. Muhamedov
ACCUMULATION AND DISTRIBUTION OF HEAVY METALS IN THE
SOIL-PLANT SYSTEM. ...ttt ettt et 88

K.M. Makhanbetova, E.K. Assembayeva, D.E. Nurmukhanbetova,

E.Zh. Gabdullina, M. Iliyaskyzy
GOAT'S MILK — WHOLE BIOLOGICAL RAW MATERIAL........ccoccoveiiinininnns 96

149



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

B. Muldabekova, A. Toktarova, R. Iztelieva, M. Atykhanova, A. Seidimkhanova
QUALITY AND SAFETY CONTROL OF COMPOSITE FLOUR.........cccocvvene... 107

N.S. Murzakassymova, M.A. Gavrilenko, N.A. Bektenov, R.M.Kudaibergenova,
G.A. Seitbekova'

INVESTIGATION OF THE SORPTION OF HEAVY METALS

ON MODIFIED COAL.....oooitiieeeee ettt e 118

A.A. Utebaev, Zh.N. Kurganbekov, R.S. Muhamedov
BIOTESTING OF HEAVY METALS IN VEGETABLE CROPS.........ccccccevvernnnen. 126

Zh.A. Sailau, N.Zh. Almas, K. Toshtay, A.A. Aldongarov

THEORETICAL STUDY OF THE GLYCEROL ADSORPTION FROM
THE BIOFUEL OVER TiO, CATALYTIC SURFACE..........cccooiiiiiiiiiiine, 136

150



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 described work 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 Cross Check originality detection service 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
only 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.

HpaBHna Od)OpMJTeHI/ISI CTaTbu JJIsd l'[y6J'lPIKaI_[I/II/I B XYpHaJIC CMOTPETH Ha caifrax:

www:nauka-nanrk.kz
http://chemistry-technology.kz/index.php/en/arhiv
ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Jupexrop otaena nu3ganus HayuHbIx xkypHasoB HAH PK 4. bomanxwvize
3aMecTuTeNb AUPEKTOP OTAENA U3aHus Hay4dHbIX )KypHaioB HAH PK P, JKoauxuiser
Penaxropsr: M.C. Axmemosa, /].C. Anenos
Bepctka Ha kommwrotepe /] JKaovipanosoti

ITonnucano B meuats 05.12.2022.
®opmar 60x88'/,. Bymara odcernas. Ileuars — pusorpag.
9,0 m.a. Tupax 300. 3aka3 4.

Hayuonanvnas axaoemus nayx PK
050010, Anmameot, yn. Lllesuenxo, 28, m. 272-13-19





