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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



KAWMBIFBIMABIABIK, KOFPBI
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CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIICHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH OesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMsS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30BaHuI0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha COoOelCTBHE MajoMy OHM3HECY HIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TadaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HA 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4eOHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKUX ILKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«Xanplk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIHMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX/1aH CTPaHBI.

Heob6xonumyto momors @oHx «Xanbk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesunenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibiMu xaTmisl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIPOTEOJIOTHS 5KOHE T€0IKONIOTHSI HHCTUTYTHIHBIHY AupeKTopsl (AnmMarsl, Kazakcran) H =2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Iaunen, Ph.D, kaysiMaacteipeutran npogeccop, Hebpacka yausepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH JqupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MypaxxailbIHbIH JKep Typajibl FBUIBIMIAp OediMiHze
MIeTPOJIOTHS XKSHE Taiiiaibl Ka30aiap KeH OpBbIHAPBI CalachIHAAFbl 3epTTeyiiepain kerekurici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBu4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPEI, HaHcn yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH ITun, Ph.D, KpITaii reoorusuiblk KOFaMbIHBIH Tay T€0JIOTHSICH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAIIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3sen TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPbUIFAH IPOPECcCOphI
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii OMHIbeBUY, TI'COJNOIHMS-MUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBI,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H =19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana matepuaniap XUMHUSICbI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3neH TeXHUKaNIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBLUIFAH PO eCCOphI
([pe3nen, bepiun) H =20

CEMTMYPATOBA Dieonopa FOcynoBHA, reoiorns-MHHEPANOT s FHUIBIMAAPBIHBIE IOKTOPBI,
mpodeccop, KP ¥FA koppecnionaent-myteci, K.M. Carnaes arbinarbl [ €0n0orust FoUIbIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimagacteipsuiran npogeccop, Haszapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU MMaono, Ph.D, bukokk Munan yHUBepCHTETI KaybIMIACTBIpBbUIFaH podeccops! (MuiaH,
Wramus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJTiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl A1y HCIHE OAAPObIH KOCLIHObLIAPHIHbIY MEeXHOIOSUACHL.
Mep3iMAimiri: xKpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbsHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and
technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (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 No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2023

7




NEWS of the National Academy of Sciences of the Republic of Kazakhstan

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 5. Number 461 (2023), 22-34
https://doi.org/10.32014/2023.2518-170X.328

IRSTI: 44.09.03; 81.09.03

© 1.0. Aimbetova', O.S. Baigenzhenov?, A.V. Kuzmin?, E.O. Aimbetova®,
B.S. Abzhalov', A.T. Dagubayeva’, 2023
'Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan;
2Satbayev University, Almaty, Kazakhstan;
*Institute of Engineering Thermophysics of NAS of Ukraine, Kyiv, Ukraine;
4Science Service LLP, Turkistan, Kazakhstan;
> RSE NC CPMRM RK, Almaty, Kazakhstan.
E-mail: science@ayu.edu.kz

DEVELOPMENT OF A NEW ENERGY-INTENSIVE VANADIUM
ELECTROLYTE COMPOSITION AND INVESTIGATION OF REVERSIBLE
CHARGE TRANSFER MECHANISMS FOR USE OF HIGH-EFFICIENCY
ENERGY STORAGE DEVICES

Aimbetova Indira — Candidate of Technical Sciences, Associate Professor of the International Kazakh-
Turkish University named after Khoja Ahmed Yasawi, Turkestan, Kazakhstan

E-mail: science@ayu.edu.kz, https.//orcid.org/0000-0002-9060-0813;

Baigenzhenov Omirserik — PhD, Associate professor of the department of metallurgical engineering,
Satbayev University, Almaty, Kazakhstan

E-mail: o.baigenzhenov@satbayev.university.kz, https://orcid.org/0000-0001-5803-7680;

Kuzmin Andrey — Candidate of Technical Sciences, Senior Researcher at the Institute of Engineering
Thermophysics of National Academy of Sciences of Ukraine, Kyiv, Ukraine

E-mail: andrey.kuzmin@triacon.org, https://orcid.org/0000-0003-4091-4416;

Aimbetova Elmira — PhD, Science Service LLP, Turkistan, Kazakhstan

E-mail: de7482@mail.ru, https://orcid.org/0000-0003-4514-4289;

Abzhalov Bagdat — Candidate of Technical Sciences, Associate Professor of the International Kazakh-
Turkish University named after Khoja Ahmed Yasawi, Turkestan, Kazakhstan

E-mail: bagdat.abzhalov@ayu.edu.kz, https://orcid.org/0000-0001-7983-2392;

Dagubayeva Asel — Master of Technical Sciences, junior researcher, RSE «National Center on complex
processing of mineral raw materials of the Republic of Kazakhstan», Almaty, Kazakhstan
E-mail:omir_asel 88@mail.ru, https://orcid.org/0000-0002-2675-0577.

Abstract. The article provides a scientific analysis of the methods of creating
electrolytes in international patent offices, scientometric databases in order to determine
the optimal composition of the vanadium electrolyte composition with the ability to
control the main parameters of electrolytic effects and the redox potential of vanadium
compounds, to compile the basic material for creating the composition of electrolytes
in energy-intensive storage, since energy—intensive storage with low cost is an actual
material at the moment, in energy-saving technologies and energy issues of the industry.
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The methodological and theoretical basis of the research is the work of domestic and
foreign scientists devoted to the development of composite materials based on vanadium
oxide materials and is based on elements of system analysis and modern generally
accepted scientific methods, the choice of types and methods of evaluation.The forms
of vanadium polynuclearity and kinetic characteristics of mutual transformations of
vanadium ionic forms based on the charge transfer to the surface of a suspended polymer
particle of vanadium-oxygen framework are studied. The processes of formation of the
polynuclear forms of vanadium and the vanadium-oxygen framework are investigated,
as well as the regularities and the relationship between the structure of the polynuclear
ionic forms in solution are studied and the redox potential between vanadium ions with
four possible degrees of oxidation, characterized by a variety of vanadium structures,
is determined. Isomorphic substances consisting of trivalent vanadium, which are
crosslinked into a vanadium oxygen framework, and are characterized by high resistance
and strength of structures, have been identified. The results of the scientific analysis of
the production of energy-intensive electrolytes based on vanadium oxide contribute to
the disclosure of the practical potential of the use of vanadium electrolytes used in the
production of batteries.

Keywords: vanadium oxide, energy intensity, electrolyte, energy storage, redox
potential, vanadium-oxygen frame
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AnHoTanus. Maxkanajga 31eKTpoluTTiK 3(hGdeKTiNepaiH Heri3ri napamerplepiH,
BaHAJWH KOCBUIBICTAPBIHBIH TOTHIKCHI3IAHY oJIEyeTiH Oackapy MyMKIiHZIITiMeH
BaHAJMI SJICKTPOJIUTIHIH OHTAMIbI KYpaMblH aHBIKTAy MAaKCaThIHAA XaJbIKapabIK
MaTeHTTIK BEJIOMCTBOJIAp/a, FHUIBIMOMETPHUSIIBIK Oa3ajiapja 3JICKTPOJUTTEPAl KYpy
omicTeMenepiHe FBUIBIMHU Tajiay >KYPri3iii, SHEPTOCHIMBIMABI KUHAKTAFbIIITApIA
KOJIJIAaHBLIATHIH 3JICKTPOJIUTTEPAIH KYpaMmblH jKacay VIIH HETI3r Marephaliibl
KYpaMJIaCTBIPYIbIH ~ HETi3nepl JadbIHIaNbl, ce0e0i, 3HEPIrUsHbl YHEMJICUTIH
TEXHOJIOTHSUTADMEH OHEPKACINTIH JHEPTeTHKANBIK MJIceleNepiHae Kas3ipri yakpITTa
TOMEH KYHBI 0ap DHEPrHsiHbl KON KaXKET eTETIH JKUHAKTarbIlITap ©3CKTI Marepuall
OoJbIT TaObLIAIbl. 3EPTTEYIIIH 9/IiICHAMAJIBIK JKOHE TCOPHUSUIBIK HETi31 BaHAJUN OKCHI
Marepuanapbl Heri3iHe KOMIO3UIMSITBIK MaTepUaNIap/Ibl dKacayFa apHaJIFaH OTaH IbIK,
JKOHE IICTENIIK FaabIMIAApAbIH SHOCKTEP1 KOHE JKYHEIK Talay JIEMEHTTEPIHE JKOHE
Ka3ipri 3aMaHFbl JKalnbl KaObUIaHFaH FBUIBIMU ojlicTepre, Oaranay Typiepi MeH
TEXHOJIOTHSUTBIK 9/IICTEPIH TaH/ayFa HeTi3/IelreH FhUIBIMU 9JIiCTep OOIBIN TaObLIA B
BanamuiiniH kel SIpOJIBUIBIFBIHBIH (opMasiapbl, BaHAJAWWIIH UIHICH MOJIUMEpIi
OeJIieri-oTTeri KaHKaChIHBIH OCTIHE 3aps/AThIH aybICYbl HET131H/IC BaHAIUNIIH HOH/IBIK
(hopmamapelHEIH ©3apa TYpJCHYIHIH KHHETHKaJbIK CHUIATTaMaiapbl 3epTTEeNiHII.
Banamuiinin ken sapoibl (hopManiapbiMEH BaHAJAUN-OTTErl KAHKACHIHBIH KaJbIITacy
MPOLIECTEPl  3€PTTENiH/l, COHBIMEH Karap epITIHAIErT KOIl sApOJibl  MOHJBIK
(hopmaapIbIH KYPBUTBIMBI apachIHAFbl 3aHIBUTBIKTAPMEH KAThIHACTADP AHBIKTATBIH/IBI
YKOHE BaHA/IUU KYPBUIBIMIAPBIHBIH OPTYPIIUIIT. MEH €PEKIICICHETIH MYMKIH TOPT TOTBIFY
Jopexeci Oap BaHaMI HOH/API ApaChIHIaFbl TOTHIFY-TOTHIKCHI3IaHy MOTCHIINAIAPbI
AHBIKTAIBIH/BI. Y1II BAJICHTT] BAHAJIMH/ICH TYPAThIH H30MOP(THI 3aTTap aHBIKTAIBIH/IBI,
BaHAMIi-0TTET1 KAHKACHI JKOHE KYPBUIBIMIAP/IbIH XKOFaPbI KATTHUIBIFBI MEH OCPIKTIriMEH
CpeKILeICHeTIHI JanesieHal. BaHaauii oKcHi HEri3iHaeri SHEPrHsiHbl KOl KaKeT
€TETIH ANIEKTPOIUTTEP/II aTyJbIH FHUIBIMH TAJAAYbIHBIH HOTHXKENIEPl aKKyMYJIsITOpIiap
OH/IIPICIHJIC KOJIJAHBUIATHIH BaHAIUN JICKTPOIIUTTEPIH MaiiiaJaHy/bIH PAKTHKAIBIK
QJICYETIH allyFa bIKIAaa eTe/l.

Tyiiin ce3mgep: BaHAIUN OKCHII, DHEPTHS CHIMBIMIBLUIBIFI, DJICKTPOIUT, YHEPTHUS
cakTay, TOTBIFY-TOTBIKChI3ZIaHy MOTSHIINANbI, BAHAIH-0TTET1 KAHKACHI
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AHHoOTanms. B cTaree npoBeieH Hay4HbI aHaIM3 METOIMK CO3AaHUS JIEKTPOIUTOB
B MEXIYHapOJHBIX MAaTEHTHBIX BEIOMCTBAX, HAyKOMETPHYECKHX 0a3ax C LeNblo
OIIpEJeNICHUs] ONTUMAJIBHOIO COCTaBa KOMIIO3UIMM BaHAJIMEBOIO 3JIEKTPOIUTA C
BO3MOXHOCTBIO YHpaBJICHUA OCHOBHBIMHN nmapamMeTrpamMun DJICKTPOJIUTUYCCKUX
3¢ EKTOB 1 peroKC-IOTEHLIUAIOM COSIMHEHNI BaHaUs, U1 COCTaBJICHHUS OCHOBHOTO
Marepuana Ajs CO31aHHusI KOMIIO3UIMH SJICKTPOIUTOB B JHEPTOEMKHE HAKOIUTENH, TaK
KaK, YHEPrOEMKHE HAKOIMTENIN C HU3KOH ceOECTOMMOCTBIO — aKTyalIbHBIH Marepua
Ha JaHHBI MOMEHT B 9HEprocOeperalonfx TeXHOJIOTUAX U SHEPreTHUECKUX BOMIPOCax
MPOMBIIUICHHOCTH. METOONIOTHUECKOH M TeopeTHUecKol 0a3ol  HccieqoBaHus
SBJISTIOTCS] Pa0OTHI OTEYECTBEHHBIX M 3apYOEKHBIX YUCHBIX, TOCBSIIEHHBIE pa3padoTke
KOMITO3MIMOHHBIX MAaTr€puajioB Ha OCHOBC OKCHJHBLIX BaHAaJIMCBBIX MaTCpuaoB, U
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6331/IpyeTC$I Ha 3JIEMCHTAaxX CHUCTCMHOIO aHajiu3a U COBPEMCHHBIX O6H.[el'[pI/IH$ITI:IX
HAay4YHBIX METOAAX, BLI60pe BUI0B U METOJ0B OLICHKH. HSy‘lCHLI q)OpMLI NOJIUAACPHOCTU
BaHagusd, KUHCTUYCCKUC XAPAKTCPUCTUKU B3aMMHBIX npeBpameHHﬁ HMOHHBIX (bOpM
BaHaJgusd Ha OCHOBE IICpeXoda 3apsi/ia Ha IMOBECPXHOCTb B3BCIIICHHOM HOHHMCpHOﬁ
HaCcTUIbI BaHa)_II/II\/'I—KI/ICHOpO)IHOI‘O Kapkaca. I/ICCJ'ICI[OBB.HLI MMpoOUCCChbl CTAHOBJICHUS
NOJIUAACPHBIX q)OpM BaHaausa U BaHaﬂHﬁ-KHCHOpOZ{HOFO Kapkaca, a TakKK€ H3y4YCHbI
3aKOHOMCPHOCTH M B3aUMOCBA3b MCKAY CTPOCHUCM IMOJUAACPHBIX HWOHHBIX (1)OpM
B paCTBOpPE M OIPEACJICH OKHUCIIMTEIIbHO-BOCCTAHOBUTEIBHOM MOTCHUHA MCKAY
HOHaMHU BaHaus C YCTbIPbMA BO3MOXHBIMU CTCICHAMU OKHCJICHUS, OTIINYAOIITUMUCS
pa3H006pa3MeM CTPYKTYPp BaHaausl. BrisiBiens1 I/I30M0p(1)HI>Ie BC€IICCTBA, COCTOAIINE U3
TPEXBAJICHTHOTO BaHaJausl, KOTOPLIC CIIMBAIOTCA B BaHa,I[I/Iﬁ KI/ICJ'IOI)O,I[HI)II\/'I Kapkac, u
OTJIMYAIOTCS BBICOKOM CTOMKOCTBIO U MMPOYHOCTBIO CTPYKTYP. Pe3yJ'II>TaTI:I HAay4HOro
aHaJIn3a MOJYYCHHS OSHCPrOCMKUX DJIICKTPOJMTOB Ha OCHOBC OKCHIAa BaHalusd,
CHOCO6CTByIOT PACKPLITUIO MPAKTUYCCKOT0 MOTCHIIMAJIa UCITIOJIb30BaHUs BaHAJIUCBBIX
DJICKTPOJIMTOB HCIIOJIB3YyCEMbIX B IPOU3BOACTBC aKKYMYJIAATOPOB.

KiioueBbie cjioBa: OKCHJ BaHaausd, DOHEPTOCMKOCTb, 3JICKTPOJIUT, HAKOIMMUTEIIN SHEP-
FI/II>'I, OKHCIIUTEIbHO-BOCCTaHOBUTEIIBHBIN IIOTCHIIMA, BaHaZ[I/II;'I—KI/ICJlOpOZ[HLII;'I Kapkac

Introduction

An analysis of available technologies for obtaining vanadium electrolyte shows that
at the moment vanadium flow batteries with vanadium electrolyte are used as energy
storage devices, however, a number of scientists in the industrial and civil industries
have modeled energy storage systems based on vanadium electrolytes, and in the short
term of vanadium electrolyte production, energy storage sources represent a promising
and inexpensive energy storage technology in on a large scale in various sectors of
the economy (Aimbetova et al., 2023; Skyllas-Kazacos, 2022; Baeet al., 2020; Zhao
et al., 2015). All this is due to the physicochemical properties of vanadium oxide:
electrochemical activity, stability of the vanadium ion, a wide redox potential between
different degrees of vanadium oxidation.

The creation of a new vanadium-containing electrolyte composition from industrial
waste with energy-efficient properties, multicyclicity, high energy density and with a
stable structure used in energy storage of traditional and alternative sources is becoming
particularly relevant. The establishment of the charging/discharging mechanism of the
obtained electrolytes and the scientific substantiation of methods for controlling the
composition and electrochemical properties of a vanadium electrolyte by integrating
charges into the vanadium-oxygen framework of a sulfuric acid solution is a scientific
dilemma in a number of countries whose scientists are developing vanadium energy
storage devices (Yang et al., 2017; Loktionovet al., 2022; Bahman et al., 2022). The
most important economic indicator determined by the use of vanadium electrolyte in
the civil and industrial sectors of the economy is its cost, but the duration of the process,
the multicyclicity of up to 20,000 charge/discharge cycles, the high energy intensity
of the vanadium-oxygen matrix in a sulfuric acid solution determine its prospects for
further development. At the moment, there are problems with expanding the operating
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temperature range, precipitation of various compounds in the electrolyte and the release
of gases during the charging/discharging of electrolytes (Ngamsai et al., 2015; McCloy
et al., 2022). To solve these problems, the authors (Meng-Yue et al., 2022) are working
on optimizing the performance of vanadium electrolyte, acquiring output power with
increased energy efficiency, the results of which will be used in the process of modeling
vanadium electrolyte from industrial waste (Kolesnikova et al., 2022; Rodikova et al.,
2019). Work is also underway to obtain a vanadium electrolyte based on oil production
waste (Deniz et al., 2020).

The diagram of the ionic state of CV—pH in aqueous solutions is rather conditional
and is used to systematize ionized forms of vanadium without taking into account their
physicochemical properties.

Some scientists (Ingri et al., 1959) consider the ionic forms of vanadium in solution
as a combination of VO*+ and OH— groups:

[VO*(OH 4] — [(VO*)2(OH)6]* —[(VO*")4(OH)8]* —[(VO*)10

(OH)14]*— VO,+OH .

The presented combination in a wide pH range of 13.5-1.5 is not possible due to the
absence of a dioxicate ion in the alkaline region, and a hydroxyan ion of vanadium in
the acidic region.

The acidity of the medium is not the only control parameter for aqueous vanadium
systems. A significant role is also played by the concentration of vanadium, changes in
which can also lead to the transfer of ionized forms — this is precisely the phenomenon
of self-organization that does not allow attributing a particular chemical formula to
forms realized in solution.

Summarizing the above, the study of poly-nuclear forms of vanadium in sulfuric
acid solutions is especially important in the development of new energy-intensive
electrolytes based on vanadium oxide for the production of vanadium flow batteries
with constructive solutions to increase energy intensity, high accumulation density, long
service life and fast recharge. The scientific result in the form of the developed material
is characterized by energy-saving properties of a wide range of applications due to
possible integration with most energy sources.

Methodology and results

The methodological apparatus of the conducted research is based on the elements
of system analysis and modern generally accepted scientific methods, the choice of
types and methods of evaluation. Methods and forms of research include scientific and
theoretical justifications (descriptive), experimental (laboratory, instrumental and test)
studies.

The methods of collecting primary (initial) information, its sources and application
for solving project tasks are based on the analysis of domestic/foreign literary and source
materials using a systematic approach (Skyllas-Kazacos, 2011; Jung et al., 2012), as
well as theoretical developments, laboratory and field experiments are the basis of our
research, and they have an applied nature. The methodological and theoretical basis of
the research will also be the works of domestic and foreign scientists devoted to the
development of composite materials based on oxide materials.
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There are updated methodological guidelines for conducting analytical and testing
work, certified measurement methods, updated state standards, as well as other regulatory
documents required by this project for conducting research.

To determine the optimal composition of a vanadium electrolyte with control over
electrolytic effects and redox potential of vanadium compounds, a scientific analysis
can be performed using various methods. Here are some key approaches that can aid in
this analysis:

Electrochemical Characterization: Electrochemical techniques such as cyclic
voltammetry, chronoamperometry, and impedance spectroscopy can be employed to
investigate the behavior of vanadium redox couples in different electrolyte compositions.

Spectroscopic Analysis: Spectroscopic techniques, such as UV-Vis spectroscopy,
infrared spectroscopy (IR), and X-ray absorption spectroscopy (XAS), can provide
insights into the electronic structure and coordination environment of vanadium species
in the electrolyte.

Density Functional Theory (DFT) Calculations: DFT calculations can be employed to
simulate and predict the redox potential of vanadium compounds in different electrolyte
compositions.

Thermodynamic Analysis: Thermodynamic modeling and calculations can be
utilized to determine the equilibrium potentials and stability of different vanadium
redox couples in electrolyte solutions.

Experimental Screening: Conducting a series of experiments with varying electrolyte
compositions can help determine the influence of different parameters on electrolytic
effects and redox potential.

Combining these methods and integrating experimental findings with theoretical
calculations can provide a comprehensive scientific analysis of the optimal composition
for a vanadium electrolyte, allowing for control over key electrolytic parameters and
redox potential of vanadium compounds.

Results and discussion

Investigating reversible charge transfer mechanisms is essential for understanding
the underlying electrochemical processes in VRFBs. The charge transfer mechanisms
involve the reversible conversion of vanadium ions between different oxidation states
during the charging and discharging cycles of the battery. By studying these mechanisms,
researchers can identify key factors that affect the efficiency and performance of the
battery.

The Sillen method assumes the presence of only one complex in the solution,
secondly, the quantitative composition is limited by the general formula V[V(OH)]n,
and the values of the polynuclearity of N, according to the calculation, respectively
turned out to be equal to 9.5 and 32.3. This result contradicts the hypothesis of the
uniqueness of the polynuclear complex, and the area of its existence is improperly
stretched from pH 1.5 to 6.8 due to the stepwise dissociation of hexafasicdecavanadium
acid. Perhaps this is justified to some extent from a chemical point of view, but it goes
beyond the scope of the calculation method used. There are no compelling reasons of an
energy or structural nature that lead to the stability of only a ten-core complex.

28



ISSN 2224-5278 5.2023

In VRFBs, the most commonly used polymer acid of vanadium is polyoxovanadate
(POV). Polyoxovanadates are polymeric structures that consist of vanadium-oxygen
clusters connected by bridging oxygen atoms. These clusters can be negatively charged,
forming polyoxovanadate anions, which can act as acid species in the electrolyte
solution.

Polyoxovanadate anions, such as [VO,]*, [V,O.]*, or [V,0 ]*, are capable of
undergoing reversible redox reactions between different oxidation states of vanadium
(typically V(IV) and V(V)) during the charging and discharging processes of VRFBs.
These polymer acids of vanadium provide a means for energy storage and release by the
transfer of vanadium ions and associated electrons.

During the charging process, V(IV) ions in the anode compartment undergo oxidation,
releasing electrons and transforming into V(V) ions. These V(V) ions migrate through
the ion exchange membrane to the cathode compartment, where they are reduced back
to V(IV) ions. This reversible redox reaction allows for the storage and release of
electrical energy.

It's important to note that the exact state and configuration of vanadium ions
in the sulfuric acid system can vary depending on the specific operating conditions,
concentration of sulfuric acid, and presence of other additives or supporting electrolytes.
Additionally, the state of vanadium ions can be further influenced by factors such as
temperature and pH, which can affect the redox potential and stability of the system.

Depending on the acidity of the medium, vanadium oxide can pass into both cationic
and anionic forms when dissolved. In an alkaline medium at pH >12, vanadium oxide
passes into the orthovanadate ion by reaction:

V,0, + 60H« 2[VO,]+ 3H,0, (1)
and in an acidic medium at pH < 1.5, it passes into the dioxide ion by reaction:
V,0, +2H"< 2VO," + H,0. 2)

One indisputable conclusion follows from the diagram of the ionic state of vanadium:
between the extreme monomeric forms of VO, and VO, there is a wide area of polymer
ionized and neutral vanadium compounds.

Below is a diagram of the conversion of vanadium solutions in the vanadium-oxygen
system.

Kinetic characteristics of mutual transformations of vanadium ions in technology are
more important than their polynuclearity. However, the number of researches devoted to
the kinetics of mutual transformations of polymer vanadium ions is limited. The charge
on the surface of a suspended polymer particle is one of the main factors stabilizing the
system. To ensure mutual transformations of ionized forms of vanadium, it is necessary
to either suppress or change this charge on the surface of the particle. The easiest way
to manage these processes is by chemical means, selecting the acidity of the medium at
which the desired transformation is carried out.

Based on the framework model and bearing in mind that the formation occurs as a
result of polycondensation reactions of the simplest vanadium ions, namely VO, or
VO,”, but it is ridiculous to assume that a cation can exist in an alkaline and an anion in
an acidic region. Apparently, the speed of their transformation into each other is great.
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However, there is a barrier that nature has created in the form of a neutral supramolecular
compound - n[VO,"-VO,]-yH,0 and high energy costs are required to break out of this
potential pit. Probably, the bond of the VO, cation and the VO,*-anion is carried out
through the [VO,] — tetrahedron (Figure 2), which forms a polymer vanadium-oxygen
framework (Peng et al., 2023). The formation of the framework proceeds faster in an
acidic and alkaline medium than in a neutral medium.
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Fig. 1. Scheme of conversion of vanadium oxide compounds in solution

oxygen
of water
, molecule

b)
Fig. 2. Structure of polynuclear forms of vanadium acid in solutions: a) tetrahedron; b) octahedra,
polyhedral with oxygen of water molecule

Methods for creating vanadium electrolytes, especially in the context of vanadium
redox flow batteries (VRFBs). Vanadium electrolytes are crucial for the functioning of
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vanadium batteries, which have attracted attention as a promising technology for storing
energy on a grid scale. The scientists who developed the concept of vanadium redox
flow batteries conducted extensive research on the design and optimization of vanadium
electrolytes (Skyllas-Kazacos, 2022). There are also works on the creation of vanadium
electrolytes with improved performance and electrolyte stability by structuring new
vanadium complexones, including the effect of electrolyte composition, pH and
additives on battery performance (Zhang et al., 2020). This technique is characterized by
high energy efficiency and cyclic stability of the vanadium electrolyte. A technique has
been developed for creating new vanadium complexes with improved electrochemical
properties in order to increase the stability, capacitance, electrochemical reversibility
of vanadium electrolytes and service life (Zhang et al., 2017). South Korean scientists
(Sun, 2020) have created vanadium electrolytes for high-performance vanadium
batteries. The structure of vanadium electrolytes and electrochemical properties of new
compounds of the composition of vanadium oxides have been revealed. At the same
time, attention is paid to the overlap of the electrolyte and increasing the capacity of
vanadium batteries.

The above works, along with many others, have made a significant contribution to the
understanding and improvement of vanadium electrolytes. Their work covers various
aspects, including electrolyte composition, stability, redox kinetics and electrochemical
characteristics. By developing the knowledge and technology of vanadium electrolytes,
these researchers have played a crucial role in the development and commercialization
of vanadium battery technology for large-scale energy storage systems.Summarizing the
above, the main methodology for composing a vanadium composition as electrolytes
consists of the following principles of work.The vanadium electrolyte is typically
prepared by dissolving vanadium compounds, such as vanadium pentoxide (V,0,), in
a suitable aqueous solution. Sulfuric acid (H,SO,) is commonly used as the solvent to
provide the necessary protons for the redox reactions and maintain conductivity. The
preparation typically involves the following steps:

Synthesis of Vanadium Electrolyte Solutions: Vanadium electrolytes for VRFBs
consist of vanadium ions in different oxidation states (typically V?"and V**). The
synthesis typically starts with dissolving vanadium compounds, such as vanadium
pentoxide (V,0,) or vanadium sulfate (V,(SO,)’), in a suitable solvent, such as sulfuric
acid (H,SO,) or a mixture of sulfuric acid and water. The concentration and ratio of
vanadium ions in different oxidation states are adjusted to achieve the desired redox
potential and electrochemical performance.

Electrolyte Characterization: The synthesized and conditioned vanadium electrolyte
is then characterized through various analytical techniques, such as spectrophotometry,
cyclic voltammetry, or elemental analysis, to determine the concentration, redox
potential, and overall quality of the electrolyte solution. In vanadium batteries, the
vanadium electrolyte consists of two redox couples: V*'/V** and V*/V*". These redox
couples facilitate the reversible conversion between different oxidation states of
vanadium ions during charging and discharging. To maintain the charge balance and
prevent cross-contamination of the electrolyte, separate electrolyte tanks are used for
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each redox couple. This design allows the vanadium ions to flow through a porous
membrane, enabling the electrochemical reactions while keeping the two electrolytes
physically separated. The structure of vanadium batteries can be explained by the
following figure (Figure 3).

| ac converter |

tank for tank for
solutions solutions

electrode - electrode

pump pump

Fig.3.Structure of vanadium batteries

The structure of vanadium batteries, allows for the decoupling of energy storage
capacity from power capacity. This design feature makes VRFBs suitable for applications
that require flexible energy storage with long cycle life and deep discharge capabilities,
such as grid-scale energy storage and renewable energy integration.

There are two main methods of electrolyte preparation: electrolysis and chemical
reduction. In the preparation of the electrolyte, the method of reduction is used first and
then electrolysis. Pentavalent vanadium is rapidly dissolved and reduced to a tetravalent
crude solution using a reducing agent, and then further electrolytic reduction is carried
out using an electrolysis device to obtain a 3 and 5 valence electrolyte. It is known that
in sulfuric acid solutions, vanadium ions have four degrees of oxidation, which form
two redox pairs: V **/V 3 u VO ,*/VO ** (Fu, 2021). The cathode and anode reactions
of vanadium oxides can be represented as:

VO ,"2H " +e " «> VO * + H , O (cathode)

V % -e " <> V 3 (anode)

The above reactions are the basis for creating a vanadium battery, that the degree of
oxidation of vanadium on the cathode electrolyte varies in the intervals of +2 or +3, also
the change in the degrees of oxidation of vanadium on the anode electrolyte varies by
+4 or +5, the difference of which gives a high voltage of energies.

Conclusion

As a result of research on the scientific analysis of the preparation of vanadium
electrolytes, the concept of high purity of the electrolytes obtained has been established,
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since the polynuclear forms of vanadium acid with sulfuric acid media, depending on the
impurity components, can change the electrochemical properties of their compounds.
It was found that the solubility of the compound VO, in water (0.07 g/ 1) and sulfuric
acid depends on the concentration and temperature, the most optimal option was the
reduction to tetravalent vanadium with high solubility using oxalic acid or other reducing
agents. In the future, we will investigate the production of high-purity vanadium from
vanadium-containing slags and spent vanadium catalysts, leached with a sulfuric acid
solution, by repeated separation and purification by sorption-desorption. Vanadium
electrolyte is an electroactive material for energy storage and the core of a vanadium
battery, the cost of a vanadium electrolyte is 45-50% of the cost of all funds spent on
vanadium batteries, the development of a highly efficient and inexpensive electrolyte
preparation technology is a priority in the field of energy-efficient materials.
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