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YBAXKAEMBIE YYACTHUKHN KOH®EPEHIINN!

B stom rtomy wmbl mpoBoauMm X MexnyHapoanyto Poccuiicko-KazaxcraHckyio HaydHO-
MPAaKTHYECKYI0 KOH(EpEeHIHI0 «XHWMHYECKHE TEXHOJOTMH (YHKIHMOHAIBHBIX MaTEepHAJIOBY,
TPaIMIOHHO OpraHu3yemMyro HOBOCHOMPCKMM TrocynapCTBEHHBIM yHHBepcuTeToM M Kazaxckum
HallMOHAJIBHBIM YHHMBEpCUTETOM HM. Anb-Papabu. B kauecTBe coopraHnzaTopoB KOH(EpEHLUH
BeICTYIHI MHCTUTYT XuMuH TBepaoro Tena u mexanoxumuu CO PAH. DTy, yxe IeBATyIO 10 CUeTy,
KOH(epeHIMIO MBI TpoBoM B HoBocnOMpCKe, — KpYITHOM MPOMBIIUIEHHOM U KYJIBTYPHOM LIEHTpPE
Poccun, cronmme cubupckoit HayKu.

TemaTrka KOHQEPEHIIMH OXBATHIBACT MIMPOKHH KPYT NPOOIIeM, BKIIOYAIOIINX HaAYYHBIC OCHOBBI
MPOLIECCOB CHHTE3a, MOAU(MUKAIIMN M U3TOTOBIICHUST (YHKIMOHAIBLHBIX MaTEepUAIIOB, HCCIIEI0BAHUC
XapaKTePUCTUK HOBBIX (YHKIMOHAIBHBIX MAaTepHajoOB, AKOJOTHUECKHE aCIEKTBHl ITOIydCHHS
(YHKIMOHAIBHBIX MaTepHaloB, MPOLECCHl M anmaparbl XUMHYECKUX TEXHOJOTHH, (H3HUKO-
XMMHUYECKHE HCCIICAOBAHUS KaTAINTHYECKUX IPOLECCOB M KaTaIM3aTOpOB HeTEXHMHUHM M Hedre-
nepepaboTku. B mporpamMmy KOH(pEpEeHIINH BKIIOYESHBI IUIEHAPHBIC U KIIIOYEBbIC JOKJIA/Ibl N3BECTHBIX
CHELHATINCTOB W3 HAay4YHO-HCCIIENOBATEIbCKUX W 00pa3oBaTeNbHBIX yupexaeHuid Poccnn wu
Kazaxcrana, 3aHMMaiomuxcs MOpoOieMaMH, CBS3aHHBIMM C CHHTE30M, HCCIICIOBaHMEM CBOWMCTB
HOBBIX MaTE€PHAJIOB, a TAKXKE C Pa3pabOTKON HOBBIX XUMUYECKUX TEXHOJIOTHH.

Kondepennus sBisiercs yaoOHOW HaydyHOW IUIOMIAKOW IS TUCKYCCHil, OOMEHAa OINBITOM U
YCTaHOBJICHHS pabO4YMX KOHTAKTOB MEXIy BY30BCKOH Haykoi Poccumm m Kaszaxcrama B oGmactu
XUMHUUYECKO# TexHoJoruu. B pamkax koHdepeHIMH OyneT MpOBENEH KOHKYPC JIyYIIUX JOKJIAJIOB
CTYIECHTOB, aCIIMPAHTOB U MOJIOJBIX YYEHBIX.

B osroM roxmy mnpoBelneHHe KOH(GEPEHLMH OCJIOXHMIOCH HANpPSDKEHHOW MEXAYHAapOIHOU
00CTaHOBKOH, B KOTOpOH oOka3zanach Poccus. B cBsa3u ¢ 3tuM, koH(pepeHuns OyneT mpoBecHa B
CMEILIaHHOM OYHO-IMCTAaHIMOHHOM Qopmare. Haneemcs, uto B ciemyiomem roay HaMm yIacTcs
MIPOBECTH, CTABIIYIO YK€ TPATUIIMOHHOM, KOHPEepeHIHIO B OOBIYHOM (opmare.

Ot nmenn OpraHu3allMOHHOTO KOMHUTETa OJarojapuM BCEX YYaCTHUKOB KOH(EPEHIMH 3a TO,
YTO HAlLIK BPeMsl U BO3MOXKHOCTh NPUHSTH ydacTHe B pabOTe KOH(PEPEHIUH, U BHECTH BKJIAJ B
Haie o0Iree AeJ0 Pa3BUTHS POCCHUICKOHN M Ka3aXCTaHCKOH HayKd. MBI 0c000 MpHU3HATEIBHBI HAIIINM
Ka3aXCTaHCKUM KOJUIETaM 3a IIOMOIIIb B OpPraHU3allluy U IPOBEJICHUU KOH(epeHIHu.

Kenaem ynauum cTyneHTaMm, aclMpaHTaM M MOJIOABIM YYEHBIM W HAJEeMCs, YTO ydacTHE B
KOH()EPEHIIMHU CTAaHET XOPOIel OCHOBON MX OYyAyLIMX HAYYHBIX YCIIEXOB.

3amecmumens Ilpedcedamens
Opeanusayuonnozo komumema H.@. Yeapoes



QUANTUM CHEMICAL STUDY OF THE BIOFUEL PURIFICATION
PROCESS USING NATURAL DEEP EUTECTIC SOLVENTS
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This work explores the use of Natural Deep Eutectic Solvents (NADES) for the purification of
biofuels, specifically the removal of excess glycerol from biodiesel. While traditional solvents such
as ethanol and methanol have been commonly used in the past, the emergence of NADES and Deep
Eutectic Solvents presents a new avenue for cleaner and more efficient extraction processes.

The study focuses on the formation of methyltriphenylphosphonium based NADESs through
Density Functional Theory (DFT) calculations and classical all-atom Molecular Dynamics (MD)
simulations. These methods enable the investigation of the molecular-level interactions between the
solvents and the glycerol impurity, shedding light on the efficacy of NADES in removing glycerol
from biofuels.

Extraction of glycerol from biodiesel is crucial for meeting international standards, and the use
of NADES offers a promising solution to this issue. The paper concludes with a discussion on the
potential applications of NADES in the wider field of biofuel purification, highlighting their role in
advancing sustainable energy production. Overall, this research contributes to the growing body of
knowledge on NADES and their potential in industrial processes, particularly in the biofuels sector.
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INSIGHT INTO HYDROGENATION OF SUNFLOWER
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1. Introduction

Nickel catalysts are employed by the petroleum industry for the purpose of hydrogenation.
Hydrogenation is executed under a hydrogen pressure ranging from 0.3-0.5 MPa and at a temperature
between 160 °C to 180 °C. However, due to the carcinogenic and allergenic nature of nickel
compounds, costly procedures are needed to isolate the compound after the hydrogenation process.
Additionally, products produced using nickel catalysts contain a significant proportion of trans fatty
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acid isomers (20% — 40%). This is of utmost concern as the World Health Organization advises the
restriction of trans fatty acid consumption to no more than 1.0% of daily energy intake.

Here, we study the hydrogenation of sunflower oil over a nickel catalyst, using quantum
chemical computation. We introduce quantum chemical calculations, the PM3 method, and the
HyperChem software. We investigate the optimized structures, molecular electrostatic maps,
molecular orbitals, and energies of nickel-catalyzed hydrogenation of sunflower oil.

2. Experimental

Quantum chemical calculations were performed with HyperChem software using the PM3
method to obtain optimized structures, molecular orbitals, molecular electrostatic maps, and
interaction energies.

/W\\\/\'/\/\/\/\)\OH

Figure 1 — 2D chemical structures of linoleic acid.

In this regard, linoleic acid was chosen as a model for calculating the fatty acid composition of
sunflower oil, and nickel (Ni) as a model for the catalyst. Initially, quantum chemical calculations
were performed for the pure form of linoleic acid and Ni, respectively. Then, the mixture of linoleic
acid with Ni was simulated by quantum chemical calculations to simulate the hydrogenation process
of sunflower oil by Ni catalyst. The stationary points were the true minima for their potential energy
surfaces for the second derivatives of the energy by analytical calculations.

3. Results and discussion
The structures initially optimized for linoleic acid, nickel, and the linoleic acid complex with a
nickel catalyst are depicted in Figure 2.

P e

(Linoleic acid) q &%%%ﬁ?%ﬂtﬁ‘\

.+.
© (Hydrogenation process of
sunflower oil on nickel catalyst)
(nickel catalyst)

Figure 2 — Optimized structures of linoleic acid, nickel and the complex of linoleic acid with nickel.
Color key: gray: hydrogen; gray: carbon; red: oxygen; green: nickel.

It can be clearly seen that nickel acts as a coordinating agent with the unsaturated (double bond)
side of linoleic acid. Moreover, the short distances between nickel and linoleic acid were 3.74 A and
3.49 A, respectively.Second, molecular electrostatic maps of the optimized geometrical structures of
pure linoleic acid, nickel, and the complex of linoleic acid with nickel were studied in detail. Figure 3
shows the results of molecular electrostatic maps of linoleic acid, nickel and the complex of linoleic
acid with nickel. It can be noted that the charges are localized around linoleic acid and nickel.
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Figure 3 —Molecular electrostatic maps of linoleic acid, nickel and the complex of linoleic acid with nickel.

Third, the HOMO and LUMO molecular orbitals were illustrated for the optimized structures of
linoleic acid, nickel, and the nickel complex with linoleic acid. Figure 4 shows the HOMO-LUMO
results of linoleic acid, nickel and the complex of linoleic acid with nickel. It can be noted from
Figure 4 that the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) are located around the unsaturated double bond group of linoleic acid bonded to
nickel. Moreover, the HOMO energy was -9.42 eV, while the LUMO energy was 0.66 eV. Therefore,
the difference between HOMO energy and LUMO energy is high, which can prevent the catalyst
from chemically reacting and increase the rate of hydrogenation reaction of sunflower oil.

HOMO LUMO
s B & x & - T
(Linoleic acid) 3 et ;A&)?_’L# L&"&’%"*&%ﬂt}\!’%ﬁ‘
(nickel catalyst) ?3 ®

(Hydrogenation
process of sunflower
oil on nickel catalyst)

Figure 4 —Highest Occupied Molecular Orbitals (HOMO) and Lowest Unoccupied Molecular Orbitals (LUMO)
of Linoleic Acid, Nickel Catalyst, and Complex of Linoleic Acid with Nickel Catalyst.

4. Conclusion

In this work, we investigated the hydrogenation mechanism of sunflower oil in the presence of
nickel catalyst by applying quantum chemical calculations and HyperChem software.

In conclusion, the process of hydrogenation of sunflower oil using a nickel catalyst was
modeled by quantum chemical calculations. The complex of linoleic acid with nickel was chosen as
the calculation model of the sunflower oil hydrogenation process. The result of quantum chemical
calculation showed that nickel linoleic acid has a low coordinate bond energy and a high HOMO-
LUMO energy difference with the unsaturated double bond side. The present work of the
computational study may help to design and improve the hydrogenation reaction of sunflower oil
using nickel catalyst.

The present work can help in the rational design and improvement of the nickel catalyst
hydrogenation process of sunflower oil.
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KATAJIMTHYECKUE XAPAKTEPUCTHKHA U OIITUMU3ALUSA ITPOIECCA
I'mIPOAJEAPOMATU3AIIMU MOJAEJBHOT'O COEJJUHEHUSA
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Kaszaxcxuiit Hayuonanvhulii ynusepcumem umenu anv-Dapabu
albina06.07@mail.ru
Hayunwiii pyxosooumens: Bacununa I'.K.

B macrosmiee Bpemsi, MCIONB30BaHHE MPOAYKTOB HE(PTEXMMUUIECKONIPOMBIIUIEHHOCTH M HX
paclpoCTpaHEHHE HETaTHBHO BIUSIOT HAa OKPYXKAIOUIYI0 Cpely U 3H0pOBbE ueloBeKa. BaxkHo
OTMETUTb, YTO KAUYECTBO TOIUINBA, KOTOPOE HCIIOIB3YETCs, SIBISIETCS TJIaBHBIM (DaKTOPOM, KOTOPBIH
BJIMSICT Ha 3arpsisHEHUE aTMOC(hEpEbI.

Ju3enpHOE TOIIMBO sIBIIsieTCs Hanbojee OIMacHBIM MCTOYHHWKOM 3arps3HEHHs Bo3ayxa. Ero
BBIXJIOITHBIC Ta3bl COJACPKAT B 5 pa3s 0O0JIBIIIE TOKCUYHBIX BCIICCTB, UEM 6eH3I/IH, COOTBCTCTByIOH_II/Iﬁ
craamapty EBpo-5, 6 [1]. KommdectBo apoMaTHUeCKHMX YIIEBOJAOPOAOB H CEPHl B TOIUINBE
ompenensieT €ro TOKCHYHOCTh npu cropanmu. Crammapt EBpo-5 ycTaHaBimBaeT MakCHMaiIbHO
JOITYCTUMOEC COACPKAHNUE CEPBI B 10 Mr/kr n TOJIMIUKINYCCKUX apOMATHYCCKUX YTITICBOJAOPOJIOB HE
6onee 11 %.

Jis yiydnieHusT KadecTBa IHW3CIBHOTO TOIDIMBA M €r0 CBOMCTB IMPOBOIATCS pa3IHYHBIC
mporecchl ruapooyuctku. Kartamutmueckas ruapoaeapoMatmsamus (HDA) sBisercs omHuM u3
OCHOBHBIX TIPOLECCOB, KOTOPBIA MPUMEHSETCS IS yIydIIeHHs KadecTBa AM3EIBHOTO TOIIHMBa [2].
[Iporrecc HDA HampaBieH Ha CHW)KCHHE COJCPKAHUS apOMATHYCCKHX YTICBOAOPOIOB, YTO TOBHI-
I1aeT [IeTaHOBOE YHCIIO U YIIydIlaeT Ka4eCTBO AU3EIHHOTO TOILUIHBA.

B cBs3M ¢ 3TUM LenbIO IaHHOI PabOTHI SIBISIETCS M3Y4YeHHE aKTHBHOCTH OM(YHKIMOHAIBHBIX
KaTaJIn3aTOPOB HAa OCHOBE ME30IOPHUCTOrO aJIOMOCHIIMKATa B MpOIecCce THAPOACapOMaTH3alNU
MOJIEIBHOM cMecH.

ABTOpamMu OBLTIO CHHTE3MPOBAHO CEpUS ME30MOPHCTHIX amoMocmimkatoB (MAS) u Ou-
(YHKIMOHAJBHBIX KaTalM3aTOPOB HAa UX OCHOBE, MPOMOTHPOBAHHBIX METaJUIAMU HHKEINS U MOJHO-
neHa. [loxHOE onmcaHue METOMKH CHHTE3a MPEICTaBICHO B clemyromei myomukanuu [3].

BmsyanpHass MOpQOIOTHS CHHTE3WPOBAHHBIX ME30IOPHUCTHIX aJFOMOCHIMKATOB H3ydanach
METOJIOM CKaHHMPYIOIIETO 3JEKTpOHHOrO MHuKpockoma (SEM). Uzobpaxenus SEM moka3siBaroT
YHOPAAOYCHHBIC I'CKCArOHAJIbHBIE MaCCUBBI ME30TI0P C OJTHOPOAHBIMU TTOPAMHU.

H3oTepmbl aicopOuu-1ecopOIun a30Ta CHHTE3UPOBaHHBIX 00pa3iioB 1o cranaapTam UHOIMAK
knaccupumpyroTes kak taun [V ¢ 6onee 3amMeTHOH neTiiel rucrepesuca oimke k H4. M3orepmer IV
TUIA IEMOHCTPUPYIOT Y3KOE pacIlpeleieHne op 1o pasMepaM B nuanaszoHe oT 2 1o 50 um. Kpome
TOTO, METISI THCTEPE3HCca MPU OTHOCHUTEIBHOM JaBJIeHHH, npeBbimatomeM P/Py = 0,4, yka3biBaeT Ha
Hajuuue me3onop [4].

Kpome Toro, cuHTE3upOBaHHBIE MaTEPHUAIBI PA3IMYAIOTCS 10 yACIBHOM IUTOLIAIH MOBEPXHOC-
TH, CpeAHEMY JAuWaMeTpy mnop M o0beMy mnop. Hanpumep, Me30MOPHCTBHIH aNIOMOCHIIMKAT,
Ni-MAS-H-6ertornt 1 Mo-MAS-H-GeHTOHUT MMEIOT YIEAbHYIO IUIOIIaAb HOBEpXHOCTH 375,1 n
214,9 1 161,6 M%/r, COOTBETCTBEHHO. Y MEHBIICHHE Y/ICIBHOI ILIOMAIN [IOBEPXHOCTH H 00BEMa T10p
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