ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)

ACADEMIC JOURNAL
OF PHYSICAL AND CHEMICAL SCIENCES




ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)

20254

@uu@

\%
CENTRAL ASIAN ACADEMIC

ACADEMIC JOURNAL
OF PHYSICAL AND
CHEMICAL SCIENCES

PUBLISHED SINCE JANUARY 1944

ALMATY, NAS RK



ACADEMIC JOURNALOF PHYSICAL AND 2025 ¢ 4
CHEMICAL SCIENCES

Editor-in-Chief:
ZHURINOYV Murat Zhurinovich, Doctor of Chemical Sciences, Professor, Academician of NAS RK, Acting President
of RPANAS RK, General Director of JSC "Institute of Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky"
(Almaty, Kazakhstan) https://www.scopus.com/authid/detail.uri?authorld=6602177960

Editorial Board:
KALIMOLDAYEYV Maksat Nuradilovich, Doctor of Physical and Mathematical Sciences, Professor, Academician of
NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=56153126500
ADEKENOY Sergazy Mynzhasarovich, Doctor of Chemical Sciences, Professor, Academician of NAS RK, Director
of the International Science and Production Holding "Phytochemistry" (Karaganda, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorld=7006153118
RAMAZANOV Tlekkabul Sabitovich, (Deputy Editor-in-Chief), Doctor of Physical and Mathematical
Sciences, Professor, Academician of NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6701328029
ABIEV Rufat, Doctor of Technical Sciences (Biochemistry), Professor, Head of the Department of Optimization of
Chemical and Biotechnological Equipment, St. Petersburg State Technological Institute (St. Petersburg, Russia) https://
www.scopus.com/authid/detail.uri?authorld=6602431781
OLIVIERO Rossi Cesare, PhD (Chemistry), Professor at the University of Calabria (Calabria, Italy), https://www.
scopus.com/authid/detail.uri?authorld=57221375979
TIGINYANU lon Mihailovich, Doctor of Physical and Mathematical Sciences, Academician, President of the Academy
of Sciences of Moldova, Technical University of Moldova (Chisinau, Moldova), https :// www . scopus . com / authid /
detail . uri ? authorld = 7006315935
SANG SU Kwak, PhD (Biochemistry, Agricultural Chemistry), Professor, Chief Scientist, Research Center for Plant
Systems Engineering, Korea Research Institute of Bioscience and Biotechnology (KRIBB), (Daecheon, Korea), https://
www.scopus.com/authid/detail.uri?authorld=59286321700
BERSIMBAYEV Rakhmetkazhi Iskenderovich, Doctor of Biological Sciences, Professor, Academician of NAS
RK, L.N. Gumilyov Eurasian National University (Astana, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=7004012398
CALANDRA Pietro, PhD (Physics), Professor, Institute for the Study of Nanostructured Materials ( Rome , Italy ) ,
https : // www.scopus.com/authid/detail.uri?authorld=7004303066
BOSHKAEY KuantaiAvgazyevich, PhD, Associate Professor, Department of Theoretical and Nuclear Physics, Al-Farabi
Kazakh National University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=54883880400
BURKITBAEV Mukhambetkali, Doctor of Chemical Sciences, Professor, Academician of NAS RK, (Almaty,
Kazakhstan) https://www.scopus.com/authid/detail.uri?authorld=8513885600
QUEVEDO Hernando, Professor, National Autonomous University of Mexico (UNAM), Institute of Nuclear Sciences
(Mexico City, Mexico), https://www.scopus.com/authid/detail.uri?authorld=55989741100
ZHUSUPOV Marat Abzhanovich, Doctor of Physical and Mathematical Sciences, Professor of the Department of
Theoretical and Nuclear Physics, Al-Farabi Kazakh National University (Almaty, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorld=6602166928
KOVALEV Alexander Mikhailovich, Doctor of Physical and Mathematical Sciences, Academician of NAS of
Ukraine, Institute of Applied Mathematics and Mechanics (Donetsk, Ukraine), https://www.scopus.com/authid/detail.
uri?authorld=7202799321
TAKIBAEV Nurgali Zhabagaevich, Doctor of Physical and Mathematical Sciences, Professor, Academician of
NAS RK, Al-Farabi Kazakh National University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=24077239000
KHARIN Stanislav Nikolaevich, Doctor of Physical and Mathematical Sciences, Professor, Academician of
NAS RK, Kazakh-British Technical University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6701353063
DAVLETOYV Askar Erbulanovich, Candidate of Physical and Mathematical Sciences, Associate Professor, Branch
of NRNU MEPhI Kazakh National University named after Al-Farabi (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=6602642543
ABISHEYV Medeu Erzhanovich, Doctor of Physical and Mathematical Sciences, Professor, Academician of NAS RK,
(Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=26530759900
ABILMAGZHANOY Arlan Zainutallaevich, PhD in Chemistry, First Deputy Director General of JSC “Institute of
Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky”, (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=57197468109

ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES.
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
Owner: «Central Asian Academic Research Center» LLP (Almaty).
The certificate of registration of a periodical printed publication in the Committee of Information of the Ministry of
Information and Social Development of the Republic of Kazakhstan Ne KZ93VPY 00121157 issued 05.06.2025
Thematic scope: physics and chemistry.
Periodicity: 4 times a year.
http://reports-science.kz/index.php/en/archive
© «Central Asian Academic Research Center» LLP, 2025



ACADEMIC JOURNALOF PHYSICAL AND
CHEMICAL SCIENCES 2025 ¢4

Bac pegakrop:

JK¥PBIHOB Mypar ’KypbIHyJIbl, XMMUS FBUIBIMIAPBIHBIH TOKTOpHI, podeccop, KP ¥FA akamemuri, KP ¥FA
PKB npesunenti m.a., AK «JI.B. Cokonbckuii arbinaarbl OTbIH, KaTalu3 XKOHE SJICKTPOXUMHUSI HHCTUTYTHIHBIHY» Oac
nupektops! (Anvarsl, Kasakcran) https://www.scopus.com/authid/detail.uri?authorld=6602177960

Pegakuus y:KbIMbI:
KAJIUMOJIZAEB Makcatr Hypoaiayiabl, (usrka-MareMaTrka FhUIBIMAAPBIHBIH JOKTOPBI, npodeccop, KP ¥FA
akagemuri (Anmarsl, Kazakcran) https:/www.scopus.com/authid/detail.uri?authorld=56153126500
9JAEKEHOB Cepra3pl MplHKacapyJibl, XHUMUsS FhUIBIMIAPBIHBIH TOKTOpHI, Tpodeccop, KP ¥FA akamemuri,
«DUTOXUMHSD) XaJIBIKAPAJIBIK FhUIBIMU-OHIPICTIK XoyauHriHiH aupekropbl (Kaparanael, Kasakcran) https:/www.
scopus.com/authid/detail.uri?authorld=7006153118
PAMA3AHOB Tinekkaopu1 Codouryibl, (usnka-MaTeMarika FhUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
akangemuri, on-®Papabu arbiHmarsl Ka3ak YITTBIK YHHBEPCHUTETIHIH FBUIBIMH-HHHOBAIMSUIBIK KBI3MET JKOHIHZETi
popekTopsl, (Anmarsl, Kazakcran) https://www.scopus.com/authid/detail.uri?authorld=6701328029
OBUEB Pydar, TexHuka FhUIBIMAAPBIHBIH JOKTOpBl (Omoxumusi), mnpodeccop, Cankr-IleTepOypr MemIeKeTTiK
TEXHOJIOTHSUIBIK MHCTUTYTHI « XUMUSIIBIK JKOHE OMOTEXHOJOTHSUIBIK allapaTypaHbl OHTAMIAHABIPY» KaeapachIHbIH
menrepyurici, (Caukt-IlerepOypr, Peceit) https://www.scopus.com/authid/detail.uri?authorld=6602431781
OJIUBBEPO Poccu Cesape, PhD (xumust), Kanabpust yausepcurerinin mpodeccopsr (Kanadpust, Uranus) https://
www.scopus.com/authid/detail.uri?authorld=57221375979
TUTUHSAHY Hon MuxaiijioBuy, (Gu3nKa-MareMaTnka FBUIBIMIAPBIHBIH TOKTOPBI, akaaeMuk, MomnmoBa Fouibiv
AxaJleMUSICBIHBIH Tpe3uieHTi, MonaoBa TexHUKanblK yHuBepcuteTi (Kummues, Monmoa) https://www.scopus.com/
authid/detail.uri?authorld=7006315935
CAHTI'-CY KBak, PhD (6uoxumus, arpoxumust), npopeccop, Kopeit BHOFbLIBIM koHE OMOTEXHOIOTUS FHUIBIMU-3€PTTEY
uHctuTyThl (KRIBB), ociMIiKTepaiH HHXSHEPITIK )KYHenepl FhUIBIMU-3EPTTEY OPTAJIbIFBIHBIH 0aC FhUIBIMU KBI3METKEPI,
(»puoH, Kopest) https://www.scopus.com/authid/detail.uri?authorld=59286321700
BEPCIMBAEB Paxmerkaxbl Eckenaipy/ibl, 61omorust FhUTBIMIAPBIHBIH T0KTOPBI, podeccop, KP ¥FA akamemuri,
JL.H. I'ymunes atsiagarsl Eypasus ynTTsIK yHuBepceuteTi. (Actana, Kasakcran) https:/www.scopus.com/authid/detail.
uri?authorld=7004012398
KAJIAHJPA Iserpo, PhD (du3nka), HAHOKYPBUIBIMIBI MaTepHAIAAPABI 3€PTTEY HHCTUTYTHIHBIH podeccopsl (Pum,
Wranus) https://www.scopus.com/authid/detail.uri?authorld=7004303066
BOHLIKAEB Kyantaii ABra3elyibl, Ph.D. Teopusuiblk xoHE sApOJNBIK (u3MKa KadempachblHBIH JOLEHTI, ol-
ODapabuareinnarsl  Kazak yiarteik  yHuBepcurteri (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=54883880400
BypkiT6aes MyxamM0eTKaaH, XUMUs FbUIBIMAAPBIHBIH JOKTOpEL, mpodeccop, KP ¥YFA axamemuri, (Anmarsl,
Kasakcran) https://www.scopus.com/authid/detail.uri?authorld=8513885600
QUEVEDO Hernando, npodeccop, Mekcuka yITTHIK aBTOHOMUSIIBIK, YHUBepcHTeTi (UNAM), SIApomblk FRUIBIMAAp
nHCTUTYTH (Mexuko, Mekcuka), https://www.scopus.com/authid/detail.uri?authorld=55989741100
JKYCIIIOB Mapar A6:kaHyJibl, QU3HKa-MaTeMaTHKa FBUTBIMIAPBIHBIH TOKTOPBI, TEOPHSIIBIK HKIHE SIIPONBIK (hH3UKA
KadenpaceHbIH npodeccopsl, on-Dapadu areigarsl Kazak yiarTeIk yauBepeuteti (Anmarsl, Kazakcran), https://www.
scopus.com/authid/detail.uri?authorld=6602166928
KOBAJIEB Auexcannp MuxaiiioBuy, Gpusrka-MaTreMaTika FhUTBIMAAPBIHBIH JOKTOpbI, YkpanHa YFA akamemuri,
Konpmanbansl MaremaTnka >koHE MexaHuMKa HMHCTHTYTHI ([loHenk, Ykpauna), https:/www.scopus.com/authid/detail.
uri?authorld=7202799321
TAKUBAEB Hypramu 7KaGarayibl, ¢u3nka-MareMaTtHka FbUIBIMAAPBIHBIH TOKTOpPBI, mpodeccop, KP ¥FA
akazemuri, an-Mapadu areigars! Kazak ynTTeik yHuBepeuTeTi (Anmarsl, Kasakcran), https://www.scopus.com/authid/
detail.uri?authorld=24077239000
XAPHH Cranuciaas HukosaeBuy, $husnka-MareMaTika FRUTBIMAAPBIHBIH TOKTOPBI, podeccop, KP ¥YFA akamemuri,
(Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=6701353063
JABJIETOB Ackap EpOymnaHoBu4, (usnka-mareMaTvka FbUIBIMIAPBIHBIH KaHIWIAThl, JoueHT, ¥SA3Y MUDOU
on-dapabu  arpiHparel Kasak yiarTeik ynuBepeuteti (Anmars, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=6602642543
OBIIIEB Meney Ep:xanyiabl, ¢u3nka-MareMaTnka FbUIBIMAAPBIHEIH JOKTOPBL, Hpodeccop, KP ¥YFA akanemuri,
(Anmarsl, Kazakcran) https://www.scopus.com/authid/detail.uri?authorld=26530759900
OBIVIMAF/)KAHOB Apaan 3aiinyraiaiyiibl, XMMHs FbUIBIMIAPBIHBIH KaHauaatel, [1.B. COKoNbCKHU aThIHIAFbI
"OTBbIH, KaTaJIN3 )KoHe AeKTpoxuMus HHCTUTYTEI" AK Bac nqupexropsIHbIH Oipinnn opeiH6acapsl, (Anmarsl, Kazakcran),
https://www.scopus.com/authid/detail.uri?authorld=57197468109

ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)

Memmikreymii: «Opranblk A3ust akaJeMUsUIbIK FhUTBIME OpTasibiEbby XKILIC (Anmars! K.).

AKrnapar areHTTIriHiH Mep3iMai Oacriace3 OachbUIBIMBIH, aKMaparT arcHTTIrH JKOHE JKEeJIUTK OachUIBIMIbI KaiiTa ecerke
Koto Typansl KP Monenuer xoHe AKHapaT MUHHCTpIIT «AKHapaT KOMHTET» PecryOnmKaibIK MEeMIEKeTTIK MeKeMeci
05.06.2025 :x. 6epren Ne KZ93VPY 00121157 Kyomix.

TaKbIPBINTHIK OAFBITHL: uU3UKA, XUMUA.

Mep3imziniri: )KbpUTbIHA 4 peT.

http://reports-science.kz/index.php/en/archive

© «Optanblk A3ust akaJeMUsUIBIK FhUTBIME opTanbirbny JKIIC, 2025



ACADEMIC JOURNALOF PHYSICAL AND 2025 ¢ 4
CHEMICAL SCIENCES

I'maBpHbBIl pegakToOp:

KYPUHOB Mypar KypnHoBHu4, T0KTOp XMMHYeCKHX Hayk, npodeccop, akagemuk HAH PK, u.o. mpesuznenra
POO HAH PK, I'enepanbusbiii qupexktop AO «HCTUTYT TomMBa, Katanusa u saekrpoxumun um. J1.B. Cokonbckoro»
(Anmartsr, Kazaxcran) https://www.scopus.com/authid/detail.uri?authorld=6602177960

PenaknuuoHHAas KOJAJETHUS:
KAJTUMOJIJAEB Makcar HypaauioBuy, 10KTop (PU3HKO-MaTeMaTHYECKUX Hayk, npodeccop, akagemuk HAH PK
(Anmatsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=56153126500
AJIEKEHOB Cepra3sl MpIH:kacapoBH4, JOKTOp XMMHUYECKHX HaykK, mpodeccop, akagemuk HAH PK, mupexrop
Mex1yHapOIHOTO HayYHO-IIPOU3BOACTBEHHOTO XouHra « Duroxumus» (Kaparanaa, Kazaxcran), https://www.scopus.
com/authid/detail.uri?authorld=7006153118
PAMA3AHOB Tiekkadya CadénToBud, (3aMeCTHTENb INIABHOTO PEJAKTOPa), IOKTOP (PU3MKO-MATEMaTHYECKUX HayK,
npodeccop, akanemuk HAH PK (Anmarsr, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=6701328029
ABUEB Pydart, noxrtop TexHHYeCKHX Hayk (Omoxmmus), mpodeccop, 3aBenyrommii kadenpoil «OnTumumsars
XUMHYECKOHl M OMOoTexHonornueckoi armaparyps», CaHkr-IlerepOyprckuii rocynapcTBEHHBIH TEXHOIOTHYECKHI
uHctutyT (Cankr-IlerepOypr, Poccus), https://www.scopus.com/authid/detail.uri?authorld=6602431781
OJIUBBEPO Poccu Yesape, noxrop ¢unocopun (PhD, xumus), npodeccop Yuusepcurera Kamabpuu (Kamabpus,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=57221375979
TUTUHSAHY Hon MuxaiiyioBu4, TOKTOp (PU3MKO-MATEMaTHUECKUX HAyK, aKaJeMHK, NMPE3UICHT AKaJeMHH HayK
MongoBsl, Texuuueckuii ynuBepcuteT Momnosel (Kummnues, Momngosa), https://www.scopus.com/authid/detail.
uri?authorld=7006315935
CAHI'-CY Kgak, nokrop ¢unocoduu (PhD, Guoxumus, arpoxumus), npodeccop, IIaBHbIM HAyuHBIH COTPYIHHUK,
HayuHo-uccnenoBaTenbCkuii LIEHTp HHXKEHEPHBIX CHCTeM pacTeHuil, Kopelickuif Hay4HO-HCCIIE10BATENbCKHHA
uHCTUTYT Ounonaykn wu Ouorexnonorun (KRIBB), (puon, Kopes), https://www.scopus.com/authid/detail.
uri?authorld=59286321700
BEPCUMBAEB Paxmerkaxn MckeHaHpoBHY, JOKTOp OHOIOTHYECKHX Hayk, mpodeccop, axamemux HAH PK,
EBpasuiickuii HaumonaneHelil yausepeuter um. JLH. I'ymunena (Acrana, Kasaxcran), https://www.scopus.com/authid/
detail.uri?authorld=7004012398
KAJIAHJAPA IIverpo, pokrop ¢uimocopun (PhD, ¢msuka), mnpodeccop MuCTUTyTa 1O  UIYUCHHIO
HAaHOCTPYKTYpHUpPOBaHHbIX MaTepuanos (Pum, Uramus), https://www.scopus.com/authid/detail.uri?authorld=7004303066
BOIIUKAEB Kyanraii Ara3ssieBu4, PhD, npernonasarenb, 10oUeHT Kadeapbl TEOPETHYESCKON U saepHOU (usukw,
Ka3zaxckuil HaruoHanbHBIH yHHBepcuTeT HM. anb-Dapabu (Anmarel, Kaszaxcram), https:/www.scopus.com/authid/
detail.uri?authorld=54883880400
BYPKUTBAEB Myxam6eTkaJiu, JOKTOp XMMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK, (Anmarsi, Kazaxcran)
https://www.scopus.com/authid/detail.uri?authorld=8513885600
QUEVEDO Hernando, npodeccop, Haumonanbueiii aBroHoMublli yHHBepcuteT Mekcukun (UNAM), UuctuTyT
siepHbIX Hayk (Mexuko, Mekcuka), https://www.scopus.com/authid/detail.uri?authorld=55989741100
KYCYIIOB Mapar AG:kaHOBHY, JOKTOp (DH3MKO-MaTeMaTHYECKHX HayK, Hpodeccop Kadeapsl TeopeTHUECKOH
n saepHoit Gusuky, Kasaxcknii HaumoHanbHbI yHuBepcuteT uM. anb-Dapabu (Anmarsl, Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6602166928
KOBAJIEB Aunexcanap MuxaiiioBu4, IOKTOp (U3UKO-MaTeMaTHUeCKUX Hayk, axageMuk HAH VYkpawussl,
WuctutyT npukiaagHoil Maremaruku M MexaHukd ([omeuk, VYkpauna), https://www.scopus.com/authid/detail.
uri?authorld=7202799321
TAKUBAEB Hypramu ’Ka6araeBu4, JOKTOp (HU3UKO-MaTeMaTHUeCKHX Hayk, mpodeccop, axagemux HAH PK,
Kaszaxckuil HanuoHanbHbIH yHHBepcuteT uM. anb-DPapabu (Anmarel, Kasaxcran), https:/www.scopus.com/authid/
detail.uri?authorld=24077239000
XAPHH Cranunciaas HukonaeBud, 10KTop (pU3NKO-MaTeMaTHIECKUX Hayk, mpodeccop, akanemuk HAH PK (Anmarsr,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6701353063
JABJIETOB Ackap EpéynanoBuy, xaHauaar (U3MKO-MaTeMaTH4eCKUX Hayk, noueHt, ®wmman HUAY MUOU
Ka3zaxckuil HaruoHanbHBIM yHHBepcuTeT uM. anb-DPapabu (Anmarel, Kaszaxcram), https:/www.scopus.com/authid/
detail.uri?authorld=6602642543
ABUIIEB Meney Ep:xanoBuy, 10KkTop (HH3MKO-MaTeMaTHYECKUX Hayk, npodeccop, akanemuk HAH PK, (Anmarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=26530759900
ABWJIBMATI')KAHOB Apuan 3aiiHyTa/uiaeBuY, KaHAUAAT XMMUYECKUX HayK, I1E€PBbIi 3aMECTUTEIb I€HEPAJIbHOTO
nmupekropa AO «HCTUTYT TomMBa, Katanusa u s1ekrpoxumun um. J[.B. Cokonbckoroy», (Anmarsl, Kazaxcran), https://
www.scopus.comy/authid/detail.uri?authorld=57197468109

ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
CobcerBennnk: TOO «lleHTpanbHO-a3UaTCKUIA aKaJeMUYECKUI HAyYHBIN HEHTP» (. AJIMaTsI).
CauzerensctBo Ne KZ93VPY00121157 0 noBTOpHO# perucTparin IeproMdecKoro Me4aTHoro W3/iaHus HH(POPMAIIMOHHOTO
areHTCTBa, MH(POPMAIMOHHOTO areHTCTBA M CETEBOTO M3/JaHMsT, BhIIAaHHOE PecIyOHKaHCKIM TOCYIapCTBEHHBIM yUPE/KICHAEM
«Kommrer nndopmarn MuHncTepeTBa KyasTyps! 1 HHbopmanuy PecrryOmiku Kasaxcran 05.06.2025
Temartnueckasi HaNPaBICHHOCTb: PU3UKA, XUMUSL.
IMeproan4grocTs: 4 pasa B Tof.
http://reports-science.kz/index.php/en/archive
© TOO «lleHTpanbHO-a3UaTCKHUI aKaAeMHYECKUIl HayYHBIH LEHTpY», 2025




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

CONTENTS
PHYSICS
U.A. Ualikhanova, Y.Y. Kurban, A.M. Syzdykova, A.B. Altaibayeva, G.S. Altayeva
Dynamical systems analysis of the Starobinsky cosmological model.......................... 11

M.B. Zhassybayeva, Z. Myrzakulova, M. Abeuova
Darboux transformation for the two-layer M-LXXII equation.............ccceevververvenennne. 24

G.K. Beketova, N.N. Zhanturina, Z.K. Aimaganbetova
Cs,AgBiBrg double halide perovskites as advanced materials for high-efficiency
SOLAT COIIS. ¢ttt ettt ettt sttt a e en et et s enean 38

L.I. Shestakova, R.R. Spassyuk
Spectral studies of the k—f corona interface at 5000—6000 A..............ccccoovevereveveeennne. 52

A.Khazhidinova, A. Khazhidinov
On the issue of fuel consumption of a thermal power plant...........cccccevvevververienneennen. 66

T.B. Koshtybayev, K.K. Zhantleuov, M.E. Aliyeva
Greens function in the theory of quantum fluids...........cccovvevieriinieniiniceeee, 77

A.V. Serebryanskiy, Ch.B. Akniyazov, Ch.T. Omarov, S. Sittykova, D. Kadyrova
Analysis of lunar impact flashes StatiStiCs.........ccvvcverciiriiriiieiieriesierie e 91

G.T. Omarova, Zh.T. Omarova
The Lagrange - Jacobi equation and its application to the N - body problem............. 105

Zh. Muratkhan, M. Khassanov
Methods for estimation of stellar wind parameters in high-mass X-ray binary systems
WILh NEULTON SEATS. ...ttt sttt ettt e e e 113

V. Mukamedenkyzy, A. Izbasar, A. Aqikat
Investigation of structured flows induced by concentration-driven convection in
tETNATY  ZASES SYSTEIMS. .eeeutieeereeiereeriieenreesteeeteeeteeesseeenseeessseeanseesnsaeenseeanseessssesssseennnes 127

K. Saurova, S. Nysanbaeva, G. Turlybekova
Modeling of the optical system of a star tracker for accurate spacecraft attitude
AEtEIMINATION. ...ttt ettt sttt et e b et e b eee e beenee e 140




ISSN 2224-5227 4.2025

CHEMISTRY

B.S. Serikbayeva, M.S. Satayev, N.K. Sarypbekova
Study of the electroplating process on polypropylene using a conductive layer........ 157

A.P. Auyeshov, Ch.Z. Yeskibayeva, A.K. Dikanbayeva
Resource-efficient utilization of serpentinite waste for magnesium
SUITALE PrOAUCHION.....cuviieiieiiieiiieiie ettt e e ebeeebeesbe e b e esbeesbeesseesseesseesseasseans 172

A.K. Kozybaev, Zh.D. Alimkulova, S.O. Abilkasova
Kinetic and thermodynamic studies of heavy metal adsorption onto water-washed
Ca-montMOTIlIONItE ClAY......ccveiviiiiieeiieiieiieie et ete et e e ebeebe b e esbeebeesaeens 184

A.Abdrakhmanova, V. Krivchenko, A. Sabitoval, B. Kuderina
DOL-enhanced electrolytes as a route to stable anodes in Li—V,0Os systems................. 196

B.K. Massalimova, A.S. Shayakhmetova, A.S.Darmenbayeva
Water resources of Northern Kazakhstan: environmental monitoring and
SUStAINADIE ANAZEIMENL........cccviiiieieeiieiiete et ereereeteebeebeebeesbeesbeebeesseesseesseesseesseans 208

A. Rakhimov, N. Zhanikulov, B. Taimasov, E. Potapova, A.K. Sviderskiy
Investigation of lead slag processing waste as raw material for cement industry.......227

L.M. Kalimoldina, K.Zh. Zhalgasbayev, A.S. Dauletbayev
Comparative study of industrial wastewater treatment methods...........c.cccvevvveviiennns 241

A. Nurlan, S.R. Konuspayev, T.S. Abildin, K. Toshtay
Transformations of hydrocarbons during the hydrogenation of gasoline
CONtAINING DENZENE. ... .ccviieiiieiiiiiieie ettt ete e ereebeesbeesbeesbeesbeasbeesbeesseesseesseesseasseans 256

G.J. Baisalova, B.K. Yertay, A.A. Taltenov, P. Kuzhatova, G. Saspugayeva
A quantitative determination of the phenol compounds sum in the thallus of
Parmelian SUICAIA. ............cccoeecueeeiiiecii ettt te e st essaestaeenaae e 274

B.E. Myrzabekov, A.B. Makhanbetov, T.E. Gaipov, B.S. Abzhalov, N.N. Nurgaliyev
Electrochemical reduction of manganese (I1) ions on titanium and lead electrodes......286

A.S. Darmenbayeva, G.M. Zhussipnazarova, R. Reshmy, Zh.B. Mukazhanova,
V.A. Rube
Biocoatings based on flax stem cellulose and their properties..........cocvevververeerieennen. 298




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

MA3MYHbI

OU3UKA
VY.A.Yanuxanona, E.E. Kypoaun, A.M. Coi3ab1k0Ba, A.b. AntaiioaeBa, [.C. AnraeBa
CTapOoOMHCKHIATIH KOCMOJIOTUSUIBIK MOJICIIH TUHAMUKAIBIK XKYHeIep apKbLIbI
TAIITIAY. e e vveeenteeanereesnseeenueeesnseesseeesnseesnseeesseesnsseeasseeanseesanseesnseesnseeesnsaessseesnseesnseeesnseennns 11

M.B. Kacei0aeBa, 7K. MbIp3akyJsioBa, M. AdGeyoBa
Koc kabartet M-LXXII TeHaeyi YiIiH Aap0y TYPICHIIPYLeeuverrerrerrerrrerrrernenenereneens 24

I'K. Bekerosa, H.H. Kantypuna, 3.K. Aiimaran0eroBa
Cs,AgBiBr, Koc ranouarsl NepoBCKUTTEDP: KYH OaTapesiapbiHa apHajFaH
TUIMIUTIT] 5KOFAPBI )KAHA O3BIK MATCPHAIIIAPBL. ....e.vveeereeereeereaereesresssesssesssessesssenssesssenns 38

JI.U. lllectakoBa, P.P. Cnacrwok
5000-6000 A nuanasonsinna k- xoHe f-kopoHanap apachlHIarbl OTHEN
AMMAKTBI CHIEKTPIIIK 3EPTTEY....eeuvvireeenreneeteeueteeesteteesessesseseestesessesseseesesseesessenseneenessens 52

A. XaxxuauHoBa, A. Xa:KuauHOB
JKbuTy 37IEKTP CTAHIUSACHIHBIH OTBIH TYTBIHY MOCEICCI.eeuverrerererererererreererenenenenesenenens 66

T.b. Komrrbi6aes, K.K. Kantiaeyos, M.E. AuineBa
KBaHTTBIK CYHBIKTAp TEOPUACHIHIAFBI [ PUH (QYHKIHSIIADDL ....vvevveenveenveenreeveeseenseeneens 77

A.B. Cepeopanckuii, U.b. Axnuszos, U.T. OmapoB, C. CUTTBHIKOBA,

. KaasipoBa

ATipIH OeTKi KabaTbIHa METEOPUIATAPABIH COKTBIFBICYBIH CTATHCTUKAIIBIK
TYPEBITIABEPTTEY. c..ecvveeteeuteeutenttesute ettt sitesateeateeetesutesatesatesateemteeatesaeesatesatesateemteeatesaeeennenas 91

I.T. Omapoga, 7K.T. OmapoBa
Jlarpanx — SlkoOu TyHAEYi %oHE OHBI N -JIC€HEINT €CEMKE KOMTAHY. ... cveevremrevereeaneens 105

K. Myparxan, M. Xacanos
Heiitpon sxynapI3napbl 6ap MacCHBTI PEHTTEHIIK eKUTIK KyHenepaeri Ky IbI3IbIK
HKEJT TTAPAMETPIICPIH OAFATIAY OICTEP 1. eeuvrerrrereereeriesreeteesseeseeseeseeseeseesseesessennnes 113

B. Mykamenenkbi3bl, A. I30acap, A. AKUKar
Y IIKOMITIOHEHTTI T'a3 )KyHelepiHeri KOHIEHTPALUsIIBIK KOHBEKIIUSHBIH
OCEpIHEH KYPBUIBIMJIBIK aFbIHAAPIBIH MaHIa OOYBIH 3EPTTEY...ccveereerreaereanreanvenaenns 127

K. Cayposa, C. HeicanbaeBa, I'. TypabioexoBa
Fapeimn anmaparrapbIiHBIH OPHEHTAIUSCHIH HAKTHI aHBIKTAY YIIIH JKYJIIBI3
CEHCOPBIHBIH ONTHKAIIBIK HKYHECIH MOJICITBIICY. . e.vveerveerreeereasreassenssesseasessessesssenssenns 140




ISSN 2224-5227 4.2025

XUMUA
B.C. Cepuxbaena, M.C. Caraes, H.K. CapbinéexoBa
DJIEKTPOTKI3IIII Ka0aTThl KOJJIAHBIII, MTOJIUITPOITUIICHTE raJIbBAHUKAJIBIK KariTaMma
AITY TIPOIICCIH BEPTTECY.c.uveeereerreerreasreesseesseeseasseasseasseesseasseassesssessseassesssesssesssesssesssessseans 157

A.IlL. Ayemos, 4.3. EckuoaeBa, A.K. luxan6aena
CeprieHTHHUT KalIbIFbIHAaH MarHui CyNb(aThlH aTyIbIH
TEXHUKATIBIK-IKOHOMUKAIIBIK 3CPTTCY 1.evveervierriesreereesseesseesseesseesseesseessessseesseesseessesssees 172

A.K. Ko3bioaen, K./, 9aimkyioBa, C.0O. 9b6iikacoBa
CyMeH KybUIFaH Ca-MOHTMOPHWUIOHUT Ca3bIH/Ia ayblp METAJIapIbIH
COPOITUSACHIHBIH KUHETUKACHI MEH TEPMOIIMHAMUKACHL. ......cervveeereerereerereensreenseennseens 184

A. A6apaxmaHnoBa, B. KpuBuenko, A. CaduroBa, b. Kynepuna
Li— V,0, xy¥#eciHeri TypaKkThl aHOATapFa KOJI XKETKi3yre apHaFaH
DOL-MeH MOAU(UKAIMSIAHFAH SICKTPOIIUTTED ..eeuveereerrrereeseeseesseesseesseesseesseessees 196

B.K. MacaaunmoBa, A.C. lllaaxmeToBa, A.C. /lapmendaeBa
Counrycrik KazakcTaHHBIH Cy peCcypcTaphl: 3KOJOTHSUIBIK MOHUTOPHHT
HKOHE YTBIMIIBI OACKADY. . veeuveerreeeriarreesseesseeseesseesseesseesseessessseesseesseessesssesssesssesssesssesssens 208

A. Paxumos, H. Kanukyuos, b. Taiimacos, E. [loranosa, A.K. CBunepckuii
IlemeHT eHepKkaciOl YIIIiH MIUKI3AT PETIHAEC KOPFAChIH KOXKBIH OHJICY
KAJTIBIKTAPBIH 3EPTTEY..eeeuvveenereeereensreessseesseessseeensseessseessseesssessssesssssesssesessssssssesssseensnes 227

JL.M. Kanumonnuuna, K.7K. Kanracoaes, A.C. [laysieT0aeB
OHEPKOCINTIK CApKBIH/IBI CyJap/Ibl TA3apTYIbIH SICTEPiH CaBICTHIPMAIIbI
001 (TS o ') AP TS 241

O. Hypaan, C.P. Konycnaes, T.C. A6uabaun, K. Tomrraii
Kypambinia 6eH301 6ap OCH3MHII THAPIICY Ke3iHAe KOMIPCYTEKTEep/IiH 03repyi.......256

IK. baiicasoBa, b.K. Epraii, A.A.Tantenos, IlI. Ky:karoBa, I[.E. Cacnyraesa
PARMELIA SULCATA TannoMbIHIaFbl (PEHOIIBI KOCHUIBICTAP IBIH HKHUBIHTHIK
MOJIIICPIH CAHIIBIK AHBIKTAY. ... veeuveesveesseesseesseesseesseessesssesssessseessssssesssesssesssesssesssesssesssens 274

B.2.Mbip3a6exoB, A.b. Maxan6eros, T.J. I'aunos, b.C. Ad:xasos, H.H. Hypranues
Mapranet (1) HOHBIHBIH TUTAH XOHE KOPFACKIH JEKTPOABIHIA dTEKTPOXUMUSITBIK
TOTBIKCBIBTIAHYBL. ....eevvveeuereeereesssreensseeasseesssseessseessseesssessnsssesssessnsssessseesnsssenssesssseesnssees 286

A.C. lapmenoaeBa, I.M. XKycunnaszaposa, P. Pemumu, 7K.b. Myka:xanosa, B.A. PyGe
3bIFBIp cabarblHAH AJBIHFAH [EJUTI0N032a Heri3iHaeri OnokaObIHIap JKOHE OJIapIbiH
KACHICTTCP N c1veeuvvevreeureesreesseesseesseessseseseasseesseesseesssessseasseasseessesssessssesssesssessseesseesseesssessses 298




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

COLEPKAHUE

DOU3UKA
Y.A. Yaauxanona, E.E. Kyp6an, A.M. Cei31b1k0Ba, A.B. AnraiioaeBa, [.C. AntaeBa
AHaM3 KOCMOJIOTHUECKOM MOJIEIIA CTAPOOUHCKOTO C MTOMOIIBI0 TUHAMHYECKUX
CHICTEM..eneteuteenteenteenteesueeeuteeateeab e e bt e sbeesae e e at e ea bt eab e e bt e sbeeeheeeat e ea bt e bt e sbeesbeeeabeeabeenbeenbeenaee 11

M.b. Kacbi6aeBa, 7K. Mbip3akynoBa, M. AGeyoBa
[IpeobpazoBanue [lapOy ans aByxcioiHoro ypaBHeHUS M-LXXIL.......cocoviiniinnnne. 24

I''K. BekeroBa, H.H. Kantypuna, 3.K. Aiimaran0eroBa
Cs,AgBiBr : 1BoliHbBIE ralON/IHBIE IEPOBCKUTHI KAK MEPEIOBBIE MaTEPHAIbI
JUIs. BBICOKOI(D(EKTHUBHBIX CONHEUHBIX AIEMEHTOB ...cveveeueeeereeseaneeeeaseaneeneesseaneennas 38

JI.LA. IlllecrakoBa, P.P. Cnaciok
CrniekTpanibHble UCClIeIoBaHus obnactu nepexonaa mexay K u F koponoi
B iuanazoHe 5000—6000A.............coooviiiiiiieieiieee e s 52

A. XaxuauHoBa, A. Xa:KUJIUHOB
K Bompocy o pacxoze TOIIMBa Ha TEMIOBOM JEKTPOCTAHIIM . c..vvvveeernerreernrreeenereeanns 66

T.b. Komtsi6aes, K.K. Kantieyos, M.E. AiiueBa
@yHkiuu [pUHA B TEOPUU KBAHTOBBIX KUJKOCTEH ..cvvveuiieeiieeiiieniieeniieeniieesieeeneeenne 77

A.B. Cepeopanckuii, U.b. Axknusazon, U.T. OmapoB, C. CUTTBHIKOBA,
J. KaabipoBa
HccnenoBanue CTaTUCTHKU YIAPOB METCOPOUIOB O MTOBEPXHOCTD JIYHEI .........eveen.... 91

I.T. Omapoga, 7K.T. OmapoBa
VYpapuenue Jlarpanxa — SIkoOu ¥ €ro IpUMEHEHHE K 3a1a49€ N ~TCM.......ccverveerveennenn 105

7K. Myparxan, M. XacaHoB
MeToibl OIICHKH IMapaMeTPOB 3BE3HOIO BETPa B MACCUBHBIX JIBOMHBIX
PEHTTE€HOBCKUX CUCTEMAX C HEHTPOHHBIMU 3BE3IIAMH. .....c.vveeereernreeenreeeereensreensseenneens 113

B. Mykamenenksi3bl, A. M36acap, A. Akukar

HccnenoBanre BOZHUKHOBEHUS CTPYKTYPHUPOBAHHBIX TEUCHHM, 00YCIIOBICHHBIX
KOHLIEHTPALIMOHHOM KOHBEKLIMEN B TPEXKOMIIOHEHTHBIX Ta30BbIX

10} (08 N1 - b SRR 127

K. Caypoga, C. HoicanbaeBa, I. TypabioexoBa
MonenupoBaHHU€e ONITUYECKOW CUCTEMBI 3BE3HOTO IATYMKA JIJ11 TOUHOTO
OTIPENIETICHNUS OPUEHTAIIMH KOCMUYECKUX ATTAPATOB. ...cuverurerurernrermrenireaireseesneneenas 140




ISSN 2224-5227 4.2025

XUMMUS
B.C. Cepuxbaena, M.C. Caraes, H.K. CapbinéexoBa
HccnenoBanue npoiiecca rajibBaHOIOKPBITHS HA TTOTUIIPOITHIICHE
C UCIIOJIb30BAHUEM DIIEKTPOIPOBOTHOTO CIIOS...eeeurrreeenerreeraurreeesnnreeessnnneessnnneeesnneeesns 157

A.IlL. Ayemos, 4.3. EckuoaeBa, A.K. luxan6aena
TeXHUKO-IKOHOMHUYECKOE HCCIICAOBAHNE TTOTyUeHHUsI Cyab(ara MarHus
U3 CEPIICHTUHUTOBOTO OTXOII@. . veeuvveenereenereersseessseessseessseesnseesnssesssseessseesssesssseesssessnsees 172

A.K. Ko3bi0aeB, 7K.[I. AnumkynoBa, C.O. AdGuikacoBa
KuHeTnka 1 TepMOIMHAMUKA COPOIMH TSKEIBIX METAIOB HA TPOMBITON
BOJION KaJIbIIUEBO-MOHTMOPIIITIOHUTOBOM TITHHE. .....ccuvveeerreenereeereenereensreessseennseennseens 184

A. A6apaxmaHnoBa, B. KpuBuenko, A. CaduroBa, b. Kynepuna
DOL — Monn¢uIupoBaHHbIE IIEKTPOIUTHI KaK IMyTh K CTAOMIBHBIM aHOJIaM
B CHCTEMAX Li=V, Ot 196

B.K. MacaaunmoBa, A.C. lllaaxmeTtoBa, A.C. /lapmenbaeBa
Bognsie pecypcrr CeBepHoro Kazaxcrana: SKOJIOTHYECKHI MOHUTOPUHT
U YCTOWIUBOEC YITPABIICHIIC. .....eeuvveeereessreesnreeaseeeesseessseessseessseessseesssseessesensssssssesssseensnes 208

A. Paxumos, H. 7KanukyuoB, b. Taiimacos, E. [loranoBa, A.K. CBuaepckuii
HccnenoBanue 0TX0/10B MepepabOTKH CBHHIIOBOTO IIIJIaka B KAYECTBE ChIPhS
JUTST TIEMCHTHON TTPOMBIIIITICHHOCT . ... vveevreesereesereesreensseessseesnseessssesssesenssessssesssseensnes 227

JL.M. Kanumonnuuna, K.7K. Kanracéaes, A.C. [[pyjieroaeB
CpaBHHUTETHHOE MCCIICIOBAHIE METOIOB OYUCTKU MPOMBIIIJICHHBIX CTOYHBIX BOA24 1

A. Hypaan, C.P. Konycnaes, T.C. Aounbaun, K. Tomrraii
[IpeBpartieHus yrieBo0POAOB IIPU THIPUPOBAHNN OCH3MHA, COMIEPIKAIICTO
Q1532 01 OSSP 256

IK. baiicasoBa, b.K. Epraii, A.A. Tantenos, IlI. Ky:karoBa, I.E. Cacnyraesa
KonmnyectBeHHOE —ompeneneHue CyMMbl (EHOJBHBIX COCIMHEHHWH B  TaJIOMe
PARMELIA SULCATA ..ottt ettt 274

B.2. Mbip3at6exoB, A.b. Maxau6eros, T.J. I'aiinos, b.C. A0:xano0B,

H.H. Hypranues

ONeKTpOXUMHUYECKOe BOoCcCTaHOBIeHHEe HOHOB Mapranua (II) Ha TuranoBom

U CBUHITOBOM DITCKTPOAX .. uvveenereeereensreesnseesssseessssessseessseesssesssessseesssesssssessssesssseensnes 286

A.C. lapmenobaeBa, I.M. 7Kycunnazaposa, P. Petumu, 7K.b. MykaskanoBa, B.A. Pyoe
BronokpeITHa Ha OCHOBE LIEJUTIONO3bI U3 CTEOIS IbHA M UX CBOMCTBA....ccvveeuveeneeenee. 298

10




ISSN 2224-5227 4.2025

ACADEMIC JOURNAL

OF PHYSICAL AND CHEMICAL SCIENCES
ISSN 2224-5227

Volume 4.

Number 356 (2025), 196-207

https://doi.org/10.32014/2025.2518-1483.394

©A.Abdrakhmanova'*, V. Krivchenko?, A. Sabitova', B. Kuderina3, 2025.
'NJSC «Shakarim University», Semey, Kazakhstan;

’The Scientific Research, Design, and Technological Center for Electrochemical
Engineering, Dubna State University, Moscow Region, Dubna,
Russian Federation;

SNJSC «Kokshetau University named after Sh.Ualikhanov»,
Kokshetau, Kazakhstan.

*E-mail: zzzk2014@mail.ru

DOL-ENHANCED ELECTROLYTES AS A ROUTE TO STABLE
ANODES IN Li—V,05; SYSTEMS

Abdrakhmanova Azhar — PhD student, Chemistry and ecology department, NJSC «Shakarim
University», Semey, Kazakhstan,

E-mail: zzzk2014@mail.com; ORCID: https://orcid.org/0000-0003-1196-6081;

Krivchenko Victor — Candidate of Physical and Mathematical Sciences, The Scientific Research, Design,
and Technological Center for Electrochemical Engineering, Dubna State University, Moscow Region,
Dubna, Russian Federation,

E-mail: victi81@mail.ru; ORCID: https://orcid.org/0000-0002-8909-9021;

Sabitova Alfira — PhD, Head of Chemical technologies and Ecology department, NJSC «Shakarim
University», Semey, Kazakhstan,

E-mail: alfa-1983@mail.ru; ORCID: https://orcid.org/0000-0002-3360-7998;

Kuderina Balken — PhD, Senior Lecturer, Department of Morphology, Physiology, and General
Pathology, Sh. Ualikhanov Kokshetau University, Kokshetau, Kazakhstan,

E-mail: b.kuderina@shokan.edu.kz; ORCID: https://orcid.org/0009-0001-4602-8194.

Abstract. The development of stable anodes based on metallic lithium remains one
of the key and most urgent challenges in creating lithium batteries with high specific
energy and long cycle life. Increasing requirements for safety, efficiency, and durability
make it important to study the interfacial processes that determine lithium-anode stability
under various operating conditions and external influences. In this regard, the aim of the
work is a comprehensive evaluation of the influence of electrolyte composition on the
interfacial stability and electrochemical characteristics of the lithium anode in the Li—
V.05 system, as well as the identification of the most practical electrolyte formulation.
The study analyzed four electrolytes based on a mixture of propylene carbonate and
1,2-dimethoxyethane (3:7): 1 M lithium difluoro(oxalato)borate (LiDFOB) and 1 M
lithium bis(trifluoromethanesulfonyl)imide (LiTFSI), each tested with and without the
addition of 15% 1,3-dioxolane (DOL). The applied methods included galvanostatic
cycling at different current densities, recording of discharge curves, and impedance
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spectroscopy for evaluating interfacial resistance and SEI-layer dynamics. Experimental
results showed that the introduction of DOL significantly improves electrode processes
by reducing interfacial resistance, increasing Coulombic efficiency, and ensuring more
stable anode behavior. The best performance was demonstrated by the LiTFSI + 15%
DOL electrolyte, which retained approximately 75% of its initial capacity near 300
cycles. The practical significance of the study lies in the fact that the identified patterns
enable targeted optimization of electrolyte systems to create more reliable, energy-
dense, long-lasting lithium batteries of the next generation.

Keywords: lithium anode; V,Os; electrolyte; LiDFOB; LiTFSI; 1,3-dioxolane;
Coulombic efficiency; impedance spectroscopy
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AHHoOTanus. MeTaIsIIUTHH HET131HeT1 TYpaKThlaHOATap Ikl Kacay KOFapbl MEHIITIKT1
SHEPTUACH KOHE Y3aK KBI3MET €Ty Mep3iMi Oap JUTHH-WOHABI aKKyMYJISITOPIAP.IbI
o3ipreyaeri aca e3eKTi KOHE MaHBI3IbI FRUTBIMUA MIHACTTEPAiH Oipi OOIBIT TaOBLTA B
Kayincizmikke, THIMAUTIKKE JKOHE Y3aKMEP3iMIIi )KYMBICKAa KOWBIIATHIH TaJlanTap.IbIH
APTYBUIATHH AHOBIHBIHOPTY PIT1 AKYMBIC PEKUMICPIMEH CBIPTKBIOCEPIICP KAF TalbIH/TaF bI
TYPAKTBUIBIFBIH aHBIKTAUTBIH MEXK(a3aliblK YIAEpICTEpIi TEPEeH 3epTTEydl KaxkeT
eteni. OcbiFaH OalIaHbICTBI OYJI )KYMBICTBIH MaKcaThl — Li—V205 JKyHeciHaeri TuTui
AHOZBIHBIH MK (Da3aliblK TYPAKThUIBIFbIHA YKOHE DJICKTPOXUMHUSIIBIK CHUITaTTaMallapblHa
AIEKTPOJIAT KYPAMBIHBIH 9CEPiH KEIMICH I1 TYpae Oaranay, COHIaii-aK eH MepCIeKTUBAIBI
JKOHE TIPAKTUKAJIBIK TYPFBIIAH MaHBI3IBI JIEKTPOJIUT KYPaMBIH alKBIHIAY. 3epTTCYae
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MPOMWICHKapOoHaT TieH 1,2-IMMEeTOKCHUATaH Kocmackl (3:7) HerisiHae AaiblHAaIFaH
TOPT DJIEKTPOIUT KapacThlpsuiael: 1 M mutuii audrop(okcanaro)oopar (LiDFOB)
xoHe 1 M nmutuii ouc(tpudropmerancynbdonnn)umun (LiTFSI), onapasiy opkaiichich
15% 1,3-guokconan (DOL) KocburFaH jXoHE KOCBUIMaraH HYyCKajapaa 3€pTTei.
Konnmaneiiran  oficrepre opTypii TOK THIFBI3IABIKTAPBIHAA TajlbBaHOCTATHKAIBIK
LUKJIZICY, Pa3psIThIK KUCBHIKTAPIbl TIpKEYy kKoHE Mex(a3alblK KeJepriHi, coHmah-aK
SEI kabaThIHBIH KaJIbIIITaCy TUHAMUKACHIH TAJJIAy YIIIiH UMITEAHCThIK CIIEKTPOCKOIIHS
Kipzi. DKCIePUMEHTTIK HoTHXKeep pyHKImoHAIbIK Kocna JJOJI eHrizy aieKTpoaAThIK
MPOTIECTEeP Il alTapBIKTall JKaKCapTAThIHBIH, (ha3aapajblK KeACpriHi TOMEHICTETIHIH,
KYJIOH/IBIK THIMIITIKTI apTTHIPAThIHBIH )KOHE aHOTHIH TYPAKThI )KYMBICHIH KAMTaMachI3
eTeTiHiH KepceTTi. EH sxoraps! HaTmwkenepai 15% J1OJI kocsuiran LiTFSI anextpomnuti
kepcerin, 300 1UKINaH KeHiH OacTankbl CHIABIMIBLUIBIKTEIH IIaMaMeH 75%-bIH
cakTajpl. 3epTTEYiH NPAKTUKAIBIK MaHbBI3bl — aJIbIHFAH 3aHJBUIBIKTAp JINTUH-HUOH
AKKyMYJIATOPJIAPBIHBIH JKaHa OYBIHBI YIIIH HEFYPJIBIM CEHIMJIi, SHEPrUsIChl JKOFaphI
JKOHE Y3aKMEp3iMIi DIIEKTPOJIUTTIK JKYHelepai MaKcaTThl Typle OHTalIaHABIpyFa
MYMKIHIIK Oepei.
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AnHoTauus. Pa3paboTka CTaOWIBHBIX aHOAOB HAa OCHOBE METALTHYECKOTO
JIATUS OCTa&TCS OMHON W3 KJIFOUEBBIX M aKTyalbHBIX 3aJad MPHU CO3MAaHUH JTUTHEBBIX
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AKKYMYJIATOPOB C BBICOKOH YIEIbHOW SHEPrHEel U JUIUTEIBHBIM CPOKOM CITY>KOBI.
[loBbimenHple TpeOoOBaHUS K 0e30macHOCTH, A((EKTUBHOCTH U JIOJATOBEYHOCTH
JICJIAl0T 0COOCHHO Ba)KHBIM HCCIJICJIOBaHUE MEXK(a3HBIX MPOIECCOB, OMPEHACIISIONIINX
YCTOHYMBOCTh JIMTHEBOIO aHOAA IPH Pa3IMUYHBIX PEKUMAaX pPadOThl M BHEUTHHX
BO3ICHCTBUSAX. [[enblo JNaHHOW pPabOThI SIBISETCS KOMIUICKCHAsT OICHKA BIIMSHUS
coCTaBa »JJIEKTpOJIUTa Ha MeX(}a3Hy0 CTaOWIBHOCTh M DIEKTPOXUMHUYECKHUE
XapaKTEPUCTUKH JINTUEBOTO aHoja B cucteMe Li—V,0s, a Takxke BBISBICHUE HaubOoIiee
MEPCIIEKTUBHOTO M MPAKTHYECKH 3HAYMMOI0 COCTaBa JJIEKTponuTa. B mcciemoBanun
AHAIM3UPOBAIIUCH YETHIPE IJICKTPOJIUTA HAa OCHOBE CMECH MPONUIICHKapOOHATa M
1,2-qumetokcuatana (3:7): 1 M nutuii gudrop(okcanaro)oopara (LiDFOB) u 1
M nutuit O6uc(rpudropmerancyabponun)umuaa (LiTFSI), kaxapiii — B BapuaHte
¢ nobamnenuem 15% 1,3-muokcomana (DOL) u 0e3 Hero. Memoow: BKItOYaIu
raJIbBaHOCTAaTUYECKOE IUKIOBAHUE TIPU Pa3HBIX TUIOTHOCTSIX TOKA, aHAIIU3 Pa3psiIHbIX
KPUBBIX U UMIIEIAHCHYIO CIIEKTPOCKOITUIO I OI[CHKH MEX()a3HOro CONMPOTHUBICHUS
u auHaMuKH GopmupoBanust SEI-crosi. Ixcnepumenmanvhvie pe3yrvmamst MoKa3aiy,
4TO BBeJeHUE (QYHKIMOHAIBHOU 100aBku DOL 3HAYMTENBHO YIydlIaeT IeKTPOIHBIC
MPOLIECChI: YMEHBIIACT MEK(a3HOE COIMPOTHBICHUE, TIOBBINIACT KYJIOHOBCKYIO
3¢ dekTUBHOCTh U oO0OecreurBaeT Ooliee CTAOWILHOE MOBEJCHHE JIMTUEBOTO aHOJA.
Haunyumme xapakrepuctuku npogemonctpuposan snekrponut LiTFSI + 15% DOL,
COXpaHMBIIHM 0K0JI0 75% nepBoHauanbHOU éMKocTU K 300-My nukiy. [lpakmuyeckas
3HAUUMOCMb UCCICOBAHUS 3aKIIIOUACTCS B TOM, YTO BBISBICHHBIC 3aKOHOMEPHOCTH
MO3BOJISIIOT ~ ICJICHATIPABIICHHO ONTUMHU3UPOBATh 3JICKTPOJIUTHBIE CUCTEMBI ISt
pa3pabotku Oosiee HaIEKHBIX, FHEPTOEMKHUX U JIOJITOBEYHBIX JINTHEBBIX AKKYMYJISITOPOB
HOBOTO TIOKOJICHHSI.

KaroueBbie caoBa: nutueBblii anom; V,0s; anekrponut; LiDFOB; LiTFSI;
1,3-nmuokcosaH; KylnoHOBCKast 3()()eKTUBHOCTb; UMIIEIAHCHAS CIIEKTPOCKOTIHSI

Introduction. Lithium-ion batteries (LIBs) have transformed the landscape of
energy storage, underpinning the rapid expansion of portable electronics, electric
vehicles, and grid-scale storage systems due to their high energy density and extended
cycle life (Tarascon & Armand, 2001, Goodenough & Park, 2013, Zhang et al., 2018).
Yet, the growing demand for batteries with even higher energy densities and enhanced
safety characteristics has revealed the limitations of conventional graphite anodes.
In this context, lithium metal has emerged as a promising alternative anode material,
owing to its exceptionally high theoretical specific capacity (3860 mAh-g*) and the
lowest redox potential among known electrode materials (—3.04 V vs. SHE) (Xu, 2014,
Lin et al., 2017, Bruce et al., 2012).

Despite its advantages, the practical application of lithium metal anodes (LMAs)
is hampered by several critical issues, including the formation of lithium dendrites,
continuous parasitic reactions with electrolyte components, and the development of an
unstable and resistive solid electrolyte interphase (SEI) (Zhang, 2013, Liu et al., 2019,
Chen et al., 2021a). These phenomena contribute to rapid capacity fading, reduced
Coulombic efficiency, and severe safety hazards. Therefore, stabilizing the lithium—
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electrolyte interface is a key prerequisite for the successful deployment of lithium metal
batteries in commercial applications (Wang et al., 2022).

Recent progress has shown that ether-based electrolytes, particularly those comprising
dimethoxyethane (DME) and 1,3-dioxolane (DOL), exhibit improved compatibility
with lithium metal due to their low viscosity and ability to form flexible and uniform
SEI layers (Hong et al., 2025, Ren et al., 2020, Chen et al., 2021b). In parallel, the
use of advanced lithium salts such as lithium difluoro (oxalato)borate (LIDFOB) has
proven effective in constructing SEI layers rich in inorganic components like LiF, which
reduce interfacial resistance and improve passivation stability (Wang et al., 2020, Li
et al., 2019). Lithium bis(trifluoromethanesulfonyl)imide (LiTFSI), known for its
superior ionic conductivity and electrochemical stability, is another widely explored
salt, although it often requires additives or co-solvents to mitigate corrosion and side
reactions (Li et al., 2024, Song et al., 2022).

The design of mixed-solvent systems combining high-permittivity components such
as propylene carbonate (PC) with low-viscosity ethers offers a rational approach to
balance ion transport, SEI formation, and chemical stability. Moreover, the choice of
cathode material plays a crucial role in defining electrolyte requirements. Vanadium
pentoxide (V,0s) stands out for its high theoretical capacity and layered structure
enabling multivalent redox reactions, but it is also highly sensitive to electrolyte-
induced degradation, especially in the presence of aggressive solvents or decomposition
products (Hu et al., 2023, Kim et al., 2025).

To address these challenges, this study focuses on evaluating the electrochemical
performance of lithium metal electrodes in Li—V,0s systems using ether-based
electrolytes with and without DOL co-solvent and two different lithium salts (LiDFOB
and LiTFSI). The results provide new insights into the role of electrolyte formulation
in stabilizing lithium metal interfaces and enabling long-term cycling in high-energy
battery systems.

Materials and methods. All chemicals and materials were used as received without
further purification. Lithium difluoro(oxalato)borate (LiDFOB, >99.5%, Solvionic) and
lithium bis(trifluoromethanesulfonyl)imide (LiTFSI, >99.9%, Sigma-Aldrich) were
used as lithium salts. The solvents propylene carbonate (PC, 99.7%, Sigma-Aldrich),
1,2-dimethoxyethane (DME, 99.5%, Sigma-Aldrich), and 1,3-dioxolane (DOL, 99.8%,
TCI) were dried over 3 A molecular sieves and handled under an inert atmosphere.

Vanadium pentoxide (V,0s, 99.2%, Alfa Aesar) was used as the active cathode
material. Conductive additives included multi-walled carbon nanotubes (MWCNTs,
>95%, CheapTubes Inc.) and Super C45 carbon black. The binder was polyvinylidene
fluoride (PVDF, Solef 5130), dissolved in N-methyl-2-pyrrolidone (NMP, 99.5%,
Merck). Aluminum foil (20 um thick, MTI Corp.) served as the current collector, and
lithium metal foil (150 pm thick, @15.6 mm, China Energy Lithium Co.) was used as
the anode.

Cathode Preparation

The cathode slurry was composed of V,0s (91 wt%), MWCNTs (1 wt%), Super
C45 carbon black (3 wt%), and PVDF (5 wt%) dispersed in NMP. The mixture was
magnetically stirred at room temperature for 12 hours to obtain a homogeneous paste.
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The slurry was cast onto aluminum foil using a Doctor Blade Coater (MTI AFA-
I1-V), with the blade height set to 200 pm to ensure uniform film thickness. The coated
electrodes were dried at 100 °C under vacuum for 12 hours. After drying, the electrodes
were calendered using a hot rolled to a final thickness of 100—120 pm and punched into
14 mm diameter discs. Prior to cell assembly, the discs were additionally dried under
vacuum at 110 °C for 6 hours to remove residual moisture.

Electrolyte Preparation

Four electrolyte formulations were prepared based on a PC: DME solvent mixture
(3:7 by volume) with 1 mol-L* concentration of either LIDFOB or LiTFSI. Two of the
formulations included 15 vol% of DOL as a co-solvent:

1. 1 M LiDFOB in PC: DME (3:7);

2. 1 M LiDFOB in PC: DME (3:7) + 15% DOL,;

3. 1 M LiTFSI in PC: DME (3:7);

4. 1 M LiTFSI in PC: DME (3:7) + 15% DOL.

Each solution was stirred for 12 hours, filtered through a 0.22 um PTFE syringe
filter, and stored in sealed glass vials under argon.

Cell Assembly

CR2032-type coin cells were assembled in an argon-filled glovebox (SPECS
GBO02M, Russia) equipped with oxygen and moisture sensors. The glovebox-maintained
oxygen levels below 1.0 ppm and moisture content below 0.1 ppm, which was essential
for handling lithium metal and ether-based electrolytes. Celgard 2325 microporous
polypropylene membranes were used as separators. Approximately 100 pL of electrolyte
was added to each cell. Cells were sealed using a hydraulic crimper and allowed to rest
for 12 hours prior to testing to ensure proper electrolyte wetting. For each electrolyte
formulation, 2—3 cells were assembled to verify reproducibility.

Electrochemical Testing

Galvanostatic cycling was performed using a BioLogic VMP-300 multichannel
potentiostat in the voltage range of 2.2-3.8 V. Rate capability tests were carried out at
C/2, C, 2C, and 5C, followed by a return to C/2 to assess capacity recovery. Long-term
cycling was conducted at C/2 for 300 cycles. Coulombic efficiency was calculated as
the ratio of discharge to charge capacity in each cycle.

Electrochemical Impedance Spectroscopy (EILS)

EIS measurements were performed before and after the first three formation cycles.
The frequency range was from 100 kHz to 10 mHz with an amplitude of 10 mV. All
impedance measurements were conducted at room temperature (25 + 1 °C). Data were
analyzed using equivalent circuit models in EC-Lab software.

Results and discussion. The primary objective of this study was to investigate the
impact of electrolyte composition on the stability of the lithium metal electrode in Li—
V,0s systems under varying discharge rates and extended cycling conditions. Four
electrolyte systems were evaluated:

1. 1 M LiDFOB in PC: DME (3:7);

2. 1 M LiDFOB in PC: DME (3:7) + 15% DOL;

3. 1 M LiTFSI in PC: DME (3:7);

4.1 M LiTFSI in PC: DME (3:7) + 15% DOL.
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Figure 1 - Discharge voltage profiles of Li—V,0s cells with different electrolytes at varying
discharge rates: (a) 1 M LiDFOB in PC:DME (3:7); (b) 1 M LiDFOB in PC:DME (3:7) + 15% DOL,;
(¢) 1 M LiTFSI in PC:DME (3:7) + 15% DOL; (d) 1 M LiTFSI in PC:DME (3:7)

Figure 1 presents the discharge voltage profiles at current densities of C/2, 1C, 2C,
and 5C for the different electrolytes. While all systems demonstrated similar specific
capacities at low discharge rates (C/2), significant differences emerged under higher
current loads. The LiTFSI-based electrolyte without DOL exhibited the most rapid
performance degradation with increasing current, showing pronounced polarization
and capacity drop, especially at 2C and 5C. In contrast, electrolytes containing DOL-
particularly the LiDFOB + DOL formulation-retained higher capacities and flatter
voltage plateaus, indicating improved lithium-ion conductivity and lower interfacial
resistance at elevated rates.

These results suggest that DOL plays a critical role in facilitating lithium-ion transport
and suppressing interfacial polarization at high rates, likely due to its low viscosity and
ability to form an elastic, ion-conductive SEI layer. The superior performance of the
LiDFOB + DOL electrolyte can be attributed to the synergistic effects of the borate salt,
which promotes the formation of a stable SEI enriched with LiF and boron species, and
DOL, which enhances the mechanical integrity of the interphase. Together, these factors
enable more uniform lithium deposition and reduce charge-transfer resistance, thereby
improving voltage stability under dynamic conditions.
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Figure 2 - Cycling performance of Li—V, 0O, cells with different electrolyte compositions: variation of
specific discharge capacity versus cycle number

Figure 2 displays the long-term cycling performance up to 300 cycles. The results
clearly show that DOL-containing electrolytes exhibited superior capacity retention.
The LiTFSI + DOL system retained ~85% of its initial capacity after 300 cycles, while
LiDFOB + DOL retained ~75%. In contrast, systems without DOL showed significant
capacity degradation: LiDFOB retained less than 50%, and LiTFSI about 60%. Figure 2
presents the long-term cycling performance of Li- V,O, cells with different electrolyte
compositions over 300 cycles. Among the four tested systems, the 1 M LiTFSI in
PC: DME (3:7) with 15% DOL exhibited the most stable cycling behavior, retaining
approximately 75% of its initial specific capacity after 300 cycles. This result indicates
that the combination of LiTFSI with DOL effectively stabilizes the lithium metal anode,
likely due to the formation of a uniform, elastic, and ion-conductive SEI layer supported
by the synergistic effects of the high-ionic-conductivity TFSIX anion and DOL-derived
polymeric interface.

Surprisingly, the electrolyte with 1 M LiDFOB + 15% DOL, which had demonstrated
excellent rate capability in Figure 1, showed the most rapid capacity fading during
extended cycling. The capacity dropped sharply after ~50 cycles and approached zero
by the 300th cycle. This suggests that while the initial SEI formed by LiDFOB and
DOL may be effective, it lacks long-term mechanical or chemical stability, potentially
leading to SEI breakdown, increased resistance, or parasitic reactions over time.

The electrolyte 1 M LiDFOB without DOL maintained moderate cycling
performance, retaining about 60% of its initial capacity, suggesting that LIDFOB alone
forms a somewhat stable SEI, albeit less effective under extended stress. The electrolyte
1 M LiTFSI without DOL, showed around 50% capacity retention, highlighting that
while TFSI provides good ionic conductivity, the absence of a co-solvent like DOL
results in unstable interphase growth and gradual degradation.

Overall, these results emphasize that the combination of TFSIT] with DOL is more
favorable for long-term cycling performance than DFOB[] with DOL, despite the
latter showing better initial rate capability. This finding underlines the importance of
compatibility between the lithium salt and co-solvent in designing electrolytes for high-
energy lithium metal batteries.

203




ISSN 2224-5227 4.2025

1207 120
100 e - M T \
o\l I T e s iy "m“ N lip M R 100 4 [ W -""‘rﬁ“w‘j‘(\h“\"y\’* AWV WA
= V = I
= 2
g 80+ 1 M LiDFOB in PC:DME 3:7 ] 2 80+
.g = 1 M LiDFOB in PC:DME 3:7 + 15% DOL
g 1 3
o 2 60+
2 S
5 i
32 401 8 40
3 o
o
20 204
o T T T T T T o
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Cycle number Cycle number
120 4 120
100 + () M, yH‘A‘\\"M\“ 100
“ e T MW I \‘ ‘U‘ | \ “ . o Y Ty
Ll
N ‘ \,‘ ‘f‘ ' B ‘
80 - 804 - -
5 z 80 [1M LiTFSI in PC:DME (3:7) + 15 % DOL]
c
o 1M LiTFSI in PC:DME (3:7) .g
S 60 £ 60
= @
o o
Q 2
2 €
£ 40+ 5 40
2 3
3 o
3 o
O 594
20 20 4
0 : 0

T T T T T
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Cycle number Cycle number

Figure 3 - Coulombic efficiency of Li—V,0s cells over cycling for different electrolyte compositions:
(a) 1 M LiDFOB in PC: DME (3:7); (b) 1 M LiDFOB in PC: DME (3:7) + 15% DOL; (c) 1 M LiTFSI
in PC: DME (3:7) + 15% DOL; (d) 1 M LiTFSI in PC: DME (3:7)

Figure 3 presents the evolution of Coulombic efficiency (CE) in Li—V,0Os cells with
different electrolytes over 300 cycles. All systems achieved CE values close to or above
98%, but important differences in stability and fluctuation patterns were observed.

Electrolytes containing DOL initially reached higher CE values (approaching
99—100%) within the first few cycles. However, over prolonged cycling, both DOL-
containing systems exhibited increased fluctuations in CE, especially after 200 cycles.
This behavior may indicate evolving interfacial instability or progressive degradation of
the SEI formed in the presence of DOL, possibly due to mechanical stress or electrolyte
depletion.

In contrast, DOL-free electrolytes demonstrated lower absolute CE values,
particularly in the early cycles, but maintained more stable and consistent CE behavior
throughout the entire test. This suggests that although the SEI formed without DOL may
be less protective or conductive, it remains chemically more uniform and structurally
stable over time, minimizing cycle-to-cycle variability.

Thus, the use of DOL improves initial CE and SEI formation, but its long-term benefits
may be limited by mechanical or chemical degradation of the polymer-rich interfacial
layer. The lower fluctuation in CE observed in DOL-free systems highlights the trade-
off between initial interfacial activation and long-term electrochemical stability.
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Figure 4 - Nyquist plots of Li—V,Os cells before and after initial formation cycles for different
electrolyte formulations: (a) 1 M LiDFOB in PC: DME (3:7); (b) 1 M LiDFOB in PC: DME (3:7) +
15% DOL; (c¢) 1 M LiTFSI in PC: DME (3:7) + 15% DOL; (d) 1 M LiTFSI in PC: DME (3:7)

Figure 4 presents the results of electrochemical impedance spectroscopy (EIS) for
Li—V,0s cells with different electrolyte compositions, measured before and after initial
formation cycles. In all cases, the Nyquist plots exhibit characteristic semicircles in the
high-to-mid frequency range, which correspond to charge-transfer resistance (R _ct) and
interfacial impedance associated with the formation and properties of the solid electrolyte
interphase (SEI) on the lithium metal anode. After formation, all systems demonstrate
a decrease in semicircle diameter, indicating improved electrode—electrolyte contact
due to SEI development. However, the extent and stability of this improvement differ
markedly depending on the electrolyte formulation.

The electrolyte based on 1 M LiTFSI in PC: DME (3:7) + 15% DOL (Figure 4c)
exhibited the lowest interfacial resistance and minimal increase in R_ct after formation,
suggesting the formation of a highly conductive and mechanically robust SEI. These
findings are consistent with earlier results shown in Figure 2 (superior capacity retention)
and Figure 3 (high and stable Coulombic efficiency), confirming that the combination
of LiTFSI and DOL leads to an interfacial structure favorable for long-term cycling and
fast lithium-ion transport.

In contrast, the LiDFOB + DOL system (Figure 4b), while initially promising
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in high-rate discharge tests (Figure 1), showed a pronounced increase in impedance
after formation. This may be attributed to the gradual accumulation of decomposition
products or instability of the polymer-rich SEI formed from DOL, leading to higher
resistance and unstable performance in prolonged cycling (Figure 2) and fluctuating
CE (Figure 3). Additionally, the LiTFSI-only electrolyte (Figure 4d) maintained
moderately low impedance, further supporting the known electrochemical stability of
the TFSI" anion. This agrees with prior, which emphasize the benefits of LiTFSI in
high-performance lithium battery systems due to its weak coordination strength and
favorable SEI chemistry.

In summary, this EIS investigation confirms that LiTFSI-based electrolytes,
particularly in combination with DOL, yield more stable, conductive, and low-resistance
interphases, which directly contribute to enhanced electrochemical performance and
durability of Li— V,O, cells.

Conclusion. The growing demand for high-energy and long-life lithium-metal
batteries requires the development of advanced electrolyte systems capable of stabilizing
the lithium anode and ensuring compatibility with high-voltage cathode materials. This
study addresses this challenge by systematically evaluating the impact of different
electrolyte compositions - based on LiDFOB and LiTFSI salts in PC: DME solvent
mixtures, with and without the addition of 1,3-dioxolane (DOL) - on the electrochemical
performance of Li— V,O, cells.

The research confirmed that electrolyte composition plays a decisive role in governing
the cycling stability, Coulombic efficiency, and interfacial resistance of lithium-metal
batteries. Electrolytes containing DOL showed superior rate performance, particularly
LiDFOB + DOL, due to improved ionic conductivity and reduced polarization. Notably,
the LIDFOB + DOL electrolyte demonstrated excellent performance at high current
densities, maintaining stable operation under increased rate conditions. However,
long-term cycling tests revealed that LiTFSI + DOL offers the best combination of
capacity retention (~75% after 300 cycles) and high Coulombic efficiency, which
remained consistently close to 99%. Electrochemical impedance spectroscopy further
demonstrated that this formulation yields the lowest charge-transfer resistance after
formation, highlighting the formation of a stable and conductive SEI.

The use of LiTFSI, a salt known for its high ionic mobility and chemical stability,
together with DOL, which enables the formation of an elastic polymer-rich SEI, proved
to be particularly effective. The synergy between these two components led to improved
interfacial stability, suppressed parasitic reactions, and reduced degradation over time.

By contrast, while the LIDFOB + DOL system provided excellent initial performance,
its stability under extended cycling was limited. This underlines the importance of not
only additive selection but also salt—solvent compatibility in tailoring electrolyte
formulations for specific battery chemistries.

In conclusion, the 1 M LiTFSIin PC: DME (3:7) +15% DOL electrolyte demonstrated
the most promising overall performance and can be considered a viable candidate for
further scaling and integration into advanced lithium-metal battery systems. Future
work may focus on optimizing DOL concentration, incorporating additional additives,
or extending the approach to other cathode materials to further enhance performance.
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