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O INIOAI'OTOBKE MAT'UCTPOB HA ®AKYJIBTETE
HAYK O MATEPUAJIAX MI'Y

dakynpTeT HAyK O MaTepuajaXx — 3TO MEXAUCHUIUIMHAPHOE Yy4ueOHOe
3aBEJICHUE, 3a/layeil KOTOPOro SBIISIETCS MOATOTOBKA BBICOKOKBAIM(DUIIMPOBAHHBIX
CHEUUAINCTOB, CIIOCOOHBIX MTPOBOJIUTH UCCIIEIOBAHUS B CMEKHBIX 00JIACTAX XWMUU,
¢u3ukn um MexaHuku. 3a Bpemsi oOyueHuss Ha PHM cryaeHtsl mpuoOperaroT
YCHJICHHYIO OOIIEHAyYHYI0 MOATOTOBKY M XOpOIIKE HAaBBIKH 3KCIIEPUMEHTAIHHON
paboTHI.

@dakynbTeT HAyK O Marepuaigax MpPOBOJAUT OOy4YEHUE CTYJIEHTOB IIO
IABYXCTyNeHYaTol (OakajlaBp-MarucTp) CHCTEME IOJATOTOBKM CHELHMATUCTOB. B
2009 romy mporiesn BBITYCK MEePBbIX MarucTpoB 1o HanpasiaeHuto 020100 — « Xumusi»
(marucrepckas mporpamma «Xumusa TBepaoro tenay»). C 2013 rojma BBITYyCKaIHUChH
MarucTpsl, MPOMIEAIINE MOArOTOBKY IO YKa3aHHOW IPOrpaMme, peanu3yemMoul B
paMkKax coOcTBeHHOTO oOpa3zoBarenbHOro crangapra MIY (OC MIY) mno
HanpaBieHuto «Xumus». C 2015 roma noarotoBka MarucTpoB BEOETCS IO
HaIpaBJICHUIO «XuUMus, QU3MKa U MEXaHHKa MaTepuayioB», U B 2017 roay BnepBbie
BBIITYILIEHBI CTYJIEHTHI, TIOATOTOBJICHHBIE IO 3TON MPOrPaMMe.

[Iporpamma MOATOTOBKM MAarucTpoB BKJIIOYaeT B ceOs 0a30BYyI0 4YacTb,
COCTOSIIIIYI0 W3 IMKJIAa OOMIEKYJIbTYpHOW MOATOTOBKHM («Puiocodckue BOMPOCHI
€CTECTBO3HAHUSY, «AHIIUNCKUNA $3bIK B cdepe mpodeccHoHATHLHOTO OOIICHHSY,
«KommploTepHblE  TEXHOJOTMM B  Hayke ©  00pa3oBaHHM»), a  TakKke
npodeccuonanpHoro 1ukia («llepcriekTBHBIE HEOPraHUYECKHE MAaTepHallbl CO
cnenuaibHbiMi  QyHKIMSIMIY, «COBpEeMEHHBIC MPOOJIEMbl MAaTEepUATIOBEACHUS,
«Hctopus M MeETOAONOTHS HAyKH O MaTepuanax», «MeToauka TMpenoiaBaHus
€CTECTBEHHOHAYYHBIX AWCHMIUINH», CHEINPAaKTUKYM «MeToasl IUarHOCTHKHU
MarepuasioBy, 4 3ad.en./80 4yacoB J1a0OpPaTOPHBIX 3aHIATHH, B paMKax KOTOPOTO
3HAKOMATCA C OCHOBHBIMH MpPHHIMIIAMHA pPabOThl COBPEMEHHBIX TMPUOOPOB,
MPUMEHSEMbIX TPU UCCIEAOBAHUU (HU3UKO-XUMHUYECKUX M MEXAHHMUYECKUX CBOWCTB
MarepuanoB). BapuwartwBHas YacTh TOJITOTOBKH COACPKUT JIEKIIMOHHBIE KYPCHI
JTUCITUTUTMH MarucTepCcKo mporpaMmbl (Takue Kak, «CympaMoneKysipHas XUMUs,
«buoneopranmueckass xumus», «KoopaunanmonHass xumusi. CoBpeMEHHBIC
acmekTh», «Hanoxumus», «MeTamuiooprannueckas XuMus», 6 3a4.e1.), CIEeIKYPChI
o BbIOOpY cTyleHTa (5 3ay.ell.), a TakKe NPAKTUYECKUE 3aHSATHUS, MO3BOJSIOIINE
CTYIEHTaM OCBOUTH Pa3HOOOpa3HbIE METONbI CHHTE3a BEIIECTB M MaTepuajoB B
pamkax «KadeapanpHoro crennpaktukyma» (5 3ad.ea., 108 dacoB nmabopaTopHbIX
3aHATHI). MarucTpantbl BTOPOrO Toja OOY4YEHHUS TPOXOIAT 3aKIIOYUTEIHHYIO,
PACIIMPEHHYIO YacTh CIHCIIPAaKTUKyMa TI0 COBPEMEHHBIM mpubopaMm  Jyis
JTUATHOCTUKM  MarepuaioB (Tak  Ha3piBaeMblil  «IIpuOOpHBIA  HpaKTHKYMY,
18 3au.en./180 wacoB maboOpaTOPHBIX 3aHATHI), OCHOBHOW 3amadell KOTOPOTO
ABJISIETCSI MOJrOTOBKA BBICOKOKBATM(PUIIMPOBAHHBIX IOJb30BaTENEH (0OMepaTopoB)
JUISL CaMOCTOSATENbHOM pabOThl Ha CIOXHOM HaydyHOM oOopynoBaHuu. Cremnyer
OTMETHUTb, YTO OOBEKTAMU AHAJIMTHYECKOTO MCCIIEJOBAHUS B XOJI€ BBINOJHEHUS
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3a/1au CTIEIIPAKTUKYMOB SIBJISIOTCS, B 3HAYUTEIILHOW Mepe, BEIIeCTBa U MaTEPHAIIHI,
co3JlaBaeMble B paMKax MPUOPUTETHBIX s (haKyJbTE€Ta HAyYHBIX HalpaBJICHUMH,
pa3BUBaeMbIX Ha (HaKyJbTETCKHX Kadeapax HaHOMATepuaioB (3aB. kadeapoi — dil.-
kopp. PAH, npod., nxuH EA. T'ymwmH) ©u  MeXIUCUUILUIMHAPHOTO
MartepuaioBesieHus (3aB. kadenpoit — akaa. PAH, npod., n.¢.-m.H. B.M. Hesnes), a
Takke B Ja0OpaTOpUM HOBBIX MATEPHAIOB I COJHEYHOW DHEPreTHKU (3aB.
nabopartopueli — k.X.H. A.b. Tapacos).

Cryaentst ®HM UMEIOT YHUKAJIbHYIO BO3MOKHOCTh OCYILECTBISATH HAYUYHYIO
ACSITeIbHOCTh W BBIMONHATH  KBaMU(UKAIMOHHBIE pabOThl HE TONBKO B
noApasaeneHusaXx MOCKOBCKOIO YHUBEPCHUTETa, HO M B KPYNHEHIIUMX HAyYHBIX
neHTpax Poccun, B 3apyOeXHBIX HayyHbIX LeHTpax. HamaguTe HayuHble KOHTAKTbHI
IIO3BOJIAIOT CTaXUPOBKH, KOTOPBIE B paMKax HAy4YHO-IIPOM3BOJCTBEHHON IPAKTUKU
IPOXOJAT BCE MaruCTPAHTHI IEPBOTO rojia 00ydeHus. Takue CTaXXKUPOBKU MO3BOJISIOT
CTYJEHTaM 3HAaKOMHTbCS C pabOTON BEQYIIMX HAyYHBIX KOJUJIEKTHBOB, Pa3BUBATh
CBOU HaBBIKM MATEPHUAIIOBEIOB-UCCIIEIOBATENIEW B PAMKAX Pa3HbIX HAYYHBIX LIKOJI, a
BO BpeMs 3apyOeXHbIX CTOKHPOBOK — €II€ M IMPAKTHKOBATHCA B OOIICHUM Ha
MHOCTPAaHHBIX s3bIKaxX. Bo BpeMs NpakTUKHU CTyJEHThI OOOramlaroTCs HayYHBIMU
UIEeSIMHU, 3aKJIAIbIBAIOT (PYHIaMEHT CBOEH HAay4YHOW permyTaluuu [Js CIETYHOUIUX
ypoBHE# 00pa3oBaHus (aCIMpPaHTypa, TOKTOPAHTYpa).

Maructpantel-BeilyckHUKA 2024 TOga TPOXOAWIM TPAKTHKY B TaKHX
KPYNHBIX YYeOHO-Hay4YHBIX M HayudHbIX LieHTpax Poccum kak MHctutyT oOmmiei u
Heopranndeckor xumun uMm. H.C. KypnakoBa PAH, WHctutyT Metamnyprud u
MatepuanoBeneHus uMm. A.A. baiikoBa PAH, ®u3uKO-TEXHUYECKU WHCTUTYT WM.
A.®. Uodpde PAH, UHCTUTYT CHHTETHYECKUX MOIUMEPHBIX MatepuanoB uMm. H.C.
EnukononoBa PAH, Uuctutryr Hedrexumuueckoro cuute3a um. A.B. Tomuuesa
PAH, WUuctutryr pamvorexHuku W 3nekTpoHukn um. B.A. KorenpHukoBa PAH,
NHCTUTYT TeoJIOTMM PYIHBIX MECTOPOXKICHUW, NeTporpaduu, MUHEpAJIOTUU U
reoxumun PAH, OUIl Konbcknit Hayuneii nentp PAH, HUL[ «Kypuarosckuii
uHctuty™, [UHUM KM «lIpomerein», HUTY MUCHUC, VYuuepcurer MTMO,
AO «Cnekrpockonuueckne cucteMo», AO «BHUUXT», OO0 «K-mmocy, OO0
«bentonutr Xakacun», OO0 «TexXHOJOTMYECKHUE CUCTEMbl 3AIUTHBIX MOKPBITHI,
OOO HIIL] «JIazeps! n annapatypa TM» u 1p. 3apyOekHyI0 CTaXKUPOBKY CTYACHTHI-
BBITYCKHUKK Tipoxoauin B HankunckoMm yHuBepcutere (Kwurait), Hayuno-
TEXHOJIOTUYECKOM YHHMBepcuTreTe umMeHu koposst A6pamnel (CaymoBckas ApaBus),
EBpa3zuiickom HaronansHoM yHuBepcutere uM. JI.H. I'ymunesa (Kazaxcran).

BaxxapiM (pakTOpoM, CIOCOOCTBYIOIIMM DPAa3BUTHIO TBOPUYECKOW aKTHBHOCTH
CTYICHTOB, SIBISETCS TO, YTO Hay4dHass paboTa BXOAWT B yueOHbIN miuaH. Popma
OTYETHOCTH — 00s3aTeIbHbIC CTYJACHUECKHE KOHPEPEHIINN, KOTOPHIE MPOBOSATCS 110
OKOHYaHUM Kaxaoro cemectpa. O BBICOKOW Hay4yHOW AaKTHUBHOCTU CTYACHTOB
CBUJIETEIBCTBYET OOJBIIIOE KOTMYECTBO MyOIMKAIUK B HAYYHBIX KypHAJaX, a TAaKKe
y4acTHE CTYJICHTOB B POCCHUUCKMX M MEXKIYHAPOJIHBIX HAYUYHBIX KOHGEPEHITUSX.
OOmiee uyncno myOMUKaUUKA BBIMYCKHUKOB Maructpatypbl 3a 2013-2023 roasr
npeacTaBieHo B Tabnuie Huwxke. B 2024 romy marmcrepckue KBaM(UKAIIMOHHBIC
paboThl OyayT 3amuinarh 37 BBITYCKHUKOB Maructparypel ®HM MI'Y. OOmee
qucyo myOaukauil BeImycKHUKOB coctaBisieT 200, u3 Hux 47 crateit u 1 maTeHT.
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2013|2014 2015|2016 | 2017|2018 |2019] 2020|2021 | 2022 | 2023

Ywucio CTyIeHTOB, 23 18 19 12 22 22 23 22 21 22 35
3AIUIIABIINX JTUIIIIOM
UYucno pador, 1 0 3 0 1 2 1 1 4 1 5

BBITIOJIHCHHBIX B
uncturytax PAH

Uwucno cTyIeHTOoB, 21 | 16 | 19 | 11 | 21 | 20 | 23 | 20 | 18 | 18 | 26
UMEIONINX TyOIMKaIuU

O6miee uncio nmyonmkanui, | 247 | 132 | 196 | 85 | 236 | 270 | 151 | 223 | 182 | 145 | 252

W3 HUX CTaTeM, 54 | 29 | 32 16 | 40 | 60 18 | 50 | 45 26 | 58
3asBOK Ha ITATCHT 0 1 7 3 7 1 2 0 0 0 0
IIaTEHTOB 0 0 3 0 0 2 0 4 2 0 3
YHCIIO OLICHOK «OTIIMYHOY 20 14 17 11 19 15 | 22 22 17 18 | 32
«XOpOIIO» 1 3 2 1 3 6 1 0 3 4 3
«YHOBILY 2 1 0 0 0 1 0 0 1 0 0
«HEYJIOBJL» 0 0 0 0 0 0 0 0 0 0 0
Yuco paboT, OTMEUCHHBIX 5 5 5 4 5 8 7 5 9 9 14
I'DK
Yuciio quiIioMoB 15 7 7 5 10 15 15 17 12 10 25
C OTJIUYHEM
Yucio BbITYCKHUKOB, 10 | 11 | 12 | 10 | 10 | 12 9 14 7 6 16
MOCTYITUBIIIHX B
acniupantypy ©DHM

Maructepckue paboThl BBINOTHSIIMCH Ha Kadeapax HEOPraHMYEeCKOW XUMUH,
bU3MYEeCKON  XUMHH, DOJICKTPOXUMHH, PATUOXUMHUU,  BBICOKOMOJICKYJISIPHBIX
COCAMHEHUN, XUMHYECKOW TEXHOJIOTMM W HOBBIX MAaTE€pUAIOB, AHAJIUTHUYECKOU
XMMHUHM,  MEOUUMHCKOM  XMMHM W TOHKOIO  OPraHMYECKOro  CHHTE3A,
MeXKapeapaaTbHO  JTa0OpaTOpUM HHTEIUIEKTyaJIbHOTO XUMHUYECKOTO Ju3aiiHa
xumudeckoro (axkynperera MI'Y, B 1a00patopun HOBBIX MAaTepUasIoB ISl COJTHEUHOM
SHEPreTMKM M Ha Kadenpax HAHOMATEpUAIOB M MEXKJIMCUUILTMHAPHOTO
MarepuanoBeneHus (¢akyiapTeTa Hayk o Mmarepuaniax MIY, B HHctutyTte
MeTaJTypruu u MarepuanioBeneHust uM. A.A. baitkoBa PAH, MactutyTe oOmel u
Heoprannueckor xumuu uM. H.C. KypnakoBa PAH, MHcTUTyTE€ CHHTETMYECKHX
nonumepHbix matepuanoB uM. H.C. EnukomonoBa PAH, HUI[ «KypuaroBckuii
MHCTUTYT», CKOJIKOBCKOM MHCTUTYTE HAYKH U TEXHOJIOTHIA.

OnenuBaTth paboThl OyAyT J1B€ BHICOKOKBATU(UIIMPOBAHHBIE U OOBEKTHBHbBIC
KOMHUCCHH, BO3IJIaBIIsIEMble JOKTOPOM XHMHMUYECKUX Hayk, mnpodeccopom PAH
KuckuabiM  MuxamnoMm AJEKCaHAPOBHYEM M JOKTOPOM XHWMHYECKMX HayK
bapanoBckoii Bacumucoit bopucoBnoil. B cocraB Kowmwmccui, Hapsgy ¢
npenonasaressimu ®HM u  xumuueckoro (akynbTeTa, BXOASAT MPEACTABUTENIN
YHUBEPCUTETOB U PocchiiCKOM akaeMuu HayK, BEAYIIHE CIEIUATUCThl HHCTUTYTOB
PAH. Cekperapu IOK — kangumpar xummudeckux Hayk CemeHoBa AHHa
AJlekcaHJIpOBHA U KaHAUAAT XUMUYECKUX HayK XapueHKo AHnpel BacunbeBuu.

Hacrosmuii cOOpHHK BKIIIOYAET JBE YACTH, KaKIas U3 KOTOPBIX OOBEIUHSICT
MaTepuaibl K 3allUTaM BBITYCKHBIX KBAIH(PHUKAIMOHHBIX PabOT MarucCTpaHTAMH
®DHM Ha onHOM U3 KOMUCCHI.




COCTAB I'OCYJAPCTBEHHOM YK3AMEHAIIMOHHOM

KOMHUCCHUU Ne 2

no Hanpasjgennio 04.04.02 «Xumus, puznka 1 MeXaHUKA MAaTePUATOB

1 | Kuckua Muxaun | mpodeccop PAH, a.x.H., B.H.C., 1a00paTOprs XUMUU KOOPAMHAIIMOHHBIX
AJleKCaHIpOBUY MONMAACPHBIX coequHEeHN, MHCTUTYT O0IIel 1 HEOPTraHMYECKON XUMHUH UM.
(npencenaTep) H.C. Kypnakosa PAH

2 | AHTHUIIOB wieH-koppecnionaeHT PAH, wien EBponeiickoil AkagemMuu Hayk, 1.X.H.,
EBrenuit npodeccop, 3aBenyromuid kKadeapoi AIeKTPOXUMUH, 3aBEAYOIIUI
Buxkroposuu nabopaTopuell HeOpraHMYeCKOH KPUCTAIOXMMHHU U 3aBeIyIOIINI

naboparopuei GyHIaMEHTATBHBIX UCCIICIOBAHUN MPOOIEM MOTYUCHHS
ATIOMHUHMYS, XUMUYeckuid pakynpTer MI'Y

3 | by3nuk BsiuecnaB | akagemuk PAH, n.x.H., r1.H.c. UHCTHTYTa 00IIEH 1 HEOPTaHUIECKON XUMHUU
MuxaitioBuu uM. H.C. Kypnakosa PAH

4 | BacuibeB Poman | n.x.H., mpodeccop, dhakynbpTeT Hayk o Matepuanax MI'Y; nmpodeccop,
bopucosuu 3aBelyoUIMi Jaboparopuel XUMHUU U (PU3UKH MOTYIIPOBOAHUKOBBIX U

CEHCOPHBIX MaTEPUANIOB, Kadenpa HEOPraHMUECKOW XUMUN, XUMHUECKHUI
dakynprer MI'Y

5 | l'ymunun yiieH-koppecnionnaeHT PAH, n.x.1H., mpodeccop, 3aBenyrommii 1adoparopueit
EBrenuit HEOPraHMYECKOIro MaTepuaioBeeHUs Kadeapbl HEOPraHUYECKONH XUMHUH
AnexceeBud xuMudeckoro daxyiabrera MI'Y, 3aBeayrommii kadeapoii HAHOMATEPHAIOB U

3aMeCTHTEINb JieKaHa (hakysipTeTa HayK o marepuanax MI'Y no
MHHOBAIIMOHHOM €A TEILHOCTH

6 | Epemun Bagum 1.¢.-M.H., nmpodeccop, kadenpa puznveckoil XUMUN, XUMUUECKUH (aKyIbTET
Branumuposuu MIY

7 | VBaHoB yneH-koppecnonaeHT PAH, n.x.H., nupextop MHcTuTyTa 00111€H M
Biagumup Heoprannueckor xumun uMm. H.C. Kypnakosa PAH
KoHcTanTHHOBHY

8 | Konmmakos uyieH-KoppecnonaeHT PAH, 1.1.H., 3aBeayromuii 1abopatopueil MpoyHOCTU U
Anekceit IJIACTUYHOCTH METATTMYECKUX M KOMITIO3ULIMOHHBIX MaTEpPUAJIOB U
I'eoprueBnu HaHOMAaTepHaJioB, IHCTUTYT METalNTyprui U MaTepuagoBeieHus um. A.A.

baitkoBa PAH

9 | Jlykamuu yneH-koppecnonaeHT PAH, n1.x.H., mpodeccop, 3amecTuTeNb AeKaHa
Anexcen ¢dakynpTeTa Hayk 0 Matepuanax MI'Y no HayuHoii paGoTte
Bukroposuu

10 | PymsiHnieBa 1.X.H., mpodeccop, 1abopaTopus XMMUU U (PU3UKU MTOTYTIPOBOJAHUKOBBIX U
Mapuna CEHCOPHBIX MaTepUaNoB, Kadeapa HEOPraHMUECKON XUMUU, XUMHUECKHUI
Huxkonaesna dakynprer MI'Y

11| TananaeB ViBan wieH-KoppecnioHaeHT PAH, 3amectuTens reHepaibHOro JUpeKTopa 1o
['yngapoBuu HayuHOU 1 nHHOBarMoHHOH pabote ®UILI Konbsckuit Hayunsii ieHTp PAH

12 | Xeiicden Jlrogsur | 1.¢.-M.H., mpodeccop, B.H.C., Kadeapa XUMHUUECKON TEXHOIOTHH U HOBBIX
NmueBny MaTepuasoB, Xumuueckui paxkyaprer MI'Y

13| [lleBenpKOB yineH-koppecnoraeHT PAH, n.x.H., mpodeccop, 3aBeayrommii kadeapoi
AHnpeit HEOPraHUYECKOW XMMHUH U 3aBEIYIONINN JabopaToprel HalpaBIeHHOTO
Biragumuposuy HEOPraHMYECKOTo CHHTE3a, XuMuueckuil paxkyaprer MI'Y

14| Smuna Jlaga I.X.H., B.H.C., Kaejpa HEOpraHN4eCKOW XUMHH, XUMHUeckuil pakyapter MI'Y
BasieppeBHa
CemenoBa AnHa K.X.H., aCCUCTEHT Ka(eIpbl HAHOMAaTEepUaIOB, (paKyJIbTET HAYK O MaTepuaiax
AJleKcaHIpOBHA MIY
(cexpeTapp)




PACIIUCAHUE 3AIIUT MATUCTEPCKUX KBAJIMOUKAIIMOHHBIX PABOT

29 mas (cpena)

Bpemsi | Marucrpantr Ha3Banmue pa6orsi MecTo BbINOJIHEHUs] pa0OThI PykoBoauTesin/-n Penensent
11:00 — . .
11:05 Berynurensnoe cnoso Ipencenarens ['ocynapcTBeHHON SK3aMEHAIIMOHHOM KOMUCCHH
11:05 — | Kupees Bagum | CTpyKTypHBIi Au3aiiH, JlaGopatopusi HanpPaBIEHHOTO JI.X.H., fol. YapkuH I.X.H., wieH-kopp. PAH, nekan,
11:50 EBrenneBuu HaIpaBJICHHBIA CHHTE3 U HEOPraHW4YeCKOT0 CHHTE3a, Kadempa Jmutpuit OeroBud 3aB.kad. Epemun Hukomaii
KOMIUIEKCHOE HCCIIeI0BaHNe HEOpPraHMYECKOM XMMHH, XUMUYECKUH Hukomnaesnu
MHOTOKOMITOHEHTHBIX ¢dakynsrer MI'Y Kadenpa kpucrannorpapun u
OKCOTaJIOT€HUI0B CBUHIIA KPHUCTAJJIOXVUMUH, [€0JIOTHUECKHUI
hakymerer MI'Y
11:50 — | AonynBanueBa | CuHTE3, CTPOSHUE U I'a30Bas JlaGoparopust XUMUHU ¥ (QU3UKH K.X.H., ¢.H.C. KpuBernkuii K.X.H., go1. boiinosa Onbra
12:35 | Opuka YYBCTBUTEIBHOCTh MAaTEPHUAJIOB B | MOIYMPOBOJIHUKOBBIX M CEHCOPHBIX Banepuii Bnanumuposuy; | BaanumupoBHa
cucremax Ga;03-SnO; u MaTepuaioB, Kadeapa HeopraHUIeCcKoi II.X.H., 3aB.71a0. Kadenpa MexaucummmHapHOTO
Ga203-GeO,, nomy4eHHBIX U3 XUMUH, XUMU4eckuil pakynsrer MI'Y; [Ipuxonuenxo [etp MmatepuanoBeaenus, ®DHM MI'Y
BOJIHO-TIEPOKCHUJIHBIX pacTBOpOB | Jlabopatopus nmepoKCUAHBIX coequHeHni | BanepbeBuu
1 MatepuanoB Ha ux ocHose, MIOHX PAH
12:35 — | Kapakuna 3axonomeproctu copbumu U(VI) | HWJI no3umeTpun u paanoakTHBHOCTH K.X.H., ¢.H.c. CEeMeHKOBa 1.0.H., mpod., 3aB. kad. Tonmemra
13:20 | Anena Ha TTIMHUCTBIX MUHEpaJlax B OKpyKarolei cpensl, kadeapa Amnna CepreeBHa; Wuna UropesHa
BanepreBna YCIOBHUSIX TNTyOMHHOTO panIuoOXUMHHU, XUMUIECKUH PaKyIbTeT K.X.H., C.H.c. PomaHuyk Kadenpa xumun nous, GaxkynbreT
3aXOPOHEHUS PaIUOAKTUBHBIX MI'Y Amnna IOpbeBHa noysBoBeacHuss MI'Y
OTXOJIOB
13:20 -
13:50 [Tepepsis
13:50 — | bagynuna CrabuinbpHOCTH HOHOTENIEH Ha Jlaboparopusi cuHTe3a QYHKIMOHAIBHBIX | K.X.H., B.H.C. bapaHunkoB K.X.H., H.C. 3uHOBheBa HHa
14:35 | Anekcannmpa OCHOBE JIMOKCH/JIa KPEMHUS TIPH | MaTEepHaJoB U MepepadoTKU Anexcannp EprenneBuy; Brnagumuposna
OnerosHa KOHTaKTe ¢ BOJOHI MuHepansHoro celpssi, MOHX PAH acm. 3 /o ®HM, m.H.c. Jlaboparopust TEOpeTUIECKIX
Kotmos Cepreii IOpreBrd | OCHOB XUMHUYECKOM TEXHOJIOTHUU,
HNOHX PAH
14:35 — | JIsBoB Jleonnn | CuHTE3 CI0XKHBIX HUTPUAOB JlaGopaTopusi HOBBIX TEXHOJIOTUI I.T.H., B.H.C. UepHABCKHI I.X.H., mpo¢. KHoTbKO Antekcanp
15:20 | OneroBuu TUTaHa U ATIOMUHHS, KEepaMHUYECKUX U METAIUTMYECKUX Amnnpeii CTaHUCTaBOBHY; BanepreBuu
OCHOBAHHBIN Ha MOJAX0JE matepuainoB Ned, UMET PAH J.X.H., IPOQ., WI.- KOpP. Kadenpa mexauciurummHapHOTro
OKHCJIUTEIIBHOTO PAH I'yaunun EBrenwii Marepuasnosenenus, DHM MI'Y
KOHCTPYHPOBaHHUS AnexceeBu4
15:20 — | IloramHUKOB JlocuHTeTHYECKAs OLIEHKA MexkadenpansHas 1adoparopus K.X.H., C.H.c. MuTtpodaHoB | 1.X.H., mpo¢. KHoTbkO Anexcanap
16:05 | Anekcanup TEPMOJMHAMUYECKON MHTEJUIEKTYaTbHOTO XUMHUIECKOTO Aptem AnexcaHIpoBAY BanepoeBnu
AJEeKCaHJIPOBUY | CTAOMIBHOCTH KPUCTAIUTMYECKUX | Ju3aiiHa, XuMuueckui pakynbrer MY Kadenpa MexauciurummHapHOTro

COEIMHEHUN METOaMU
MAaIIMHHOTO 00YYCHHS

Marepuanosenenus, DHM MI'Y
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30 mas (ueTBepr)

Bpems MarucrpasT Ha3Banmue pa6oTsi MecTo BbINOJIHEHUS] pa0OTHI PykoBoauTesn/-u Penensent
11:00 — . .
11:05 BerynurensHoe croBo [Ipencenarens ['ocynapcTBeHHOM SK3aMEHALMOHHON KOMUCCHH
11:05 — | Py6Gmos MBan [Touck u uccnenoBanyue MaTpHIl Mesxkadenpanbnas naboparopust K.X.H., c.H.c. Kopones II.X.H., uwieH-kopp. PAH, nekan,
11:50 JAMuTpreBuy JUTSI UMMOOWITM3aUH HUPKOHUS U3 | WHTEIUIEKTYaIbHOIO XMMHUYECKOTO Bagum BukropoBuu 3aB.ka(). Epemun Hukonait
paIOaKTUBHBIX OTXOJ/I0B I3aifHa, XUMAYeCKUH (PaKyIbTeT Huxonaesuu
MI'y Kadenpa kpucramnorpapuu u
KPUCTAITIOXUMHUH, T€OJIOTHUECKUH
¢dakynprer MI'Y
11:50 — | Pamka63om1a CuHTe3 MarHUTHBIX HaHOYacTHI B | JlabBopaTopus mprupoaHbIx JI.X.H., T.H.C., Tpod. K.X.H., C.H.C. EmmceeB Aptem
12:35 [TapBu3 AGmysi0 | IPUCYTCTBUM T'YMHHOBBIX BEIIECTB | I'yMHHOBBIX CHCTeM, Kadeapa IlepmunoBa Mpuna AHaTonpeBNY
JUUISL OYMCTKH 3arpsiI3HEHHBIX BOT MEIUIIMHCKON XUMHHU U TOHKOT'O BacunbeBHa JlaGoparopus HEOPraHUIECKOTO
OPTraHHUYECKOro CHHTE3a, MaTepHajIoBeAeHus, Kadeapa
xuMudeckuit pakymnprer MI'Y HEOPraHW4eCKON XUMHU,
xuMuueckuit pakynprer MI'Y
12:35 - | A6aynoeB Pacyn | CunTe3 HaHOUacTHI] cepedpa B JlabopaTtopust IpUPOIHBIX II.X.H., T.H.C., Tpod. K.X.H., cT.1per. Dypreros Ajekceit
13:20 Baporanmuesnu MPUCYTCTBUH TTPUPOTHBIX TYMHHOBBIX CHCTEM, Kadempa [lepmunoBa Mpuna AnexceeBud
TYMUHOBBIX MaKpOJIMT'aHI0B MEIUIUHCKON XUMHUU B TOHKOTO BacunneBna JlaGoparopust KOHIEHTPUPOBAHHS,
OpraHUYEeCcKOTO CUHTE3a, Kadeapa aHATMTHYECKON XHUMUH,
XUMIYIeCKUH pakyapTeT MI'Y XUMUIeCKuil hakyapTeT MI'Y
13:20 -
13:50 [IepepsiB
13:50 — | I'mphanosa OCOOEHHOCTH CTPYKTYPBI U JlaGoparopusi HEOPraHMYECKOTrO K.X.H., 011, Ennceen K.X.H., B.H.c. Kartutanosa Omnecst
14:35 Anust TPaHCHOPTHBIX XapaKTEPUCTUK MaTtepuajoBeaeHus, kadeapa Amnnpeit AnaTonseBudY; acll. | OneroBHa
I'ycmanoBHa MeMOpaH Ha OCHOBE OKCHJIa HEOpPraHWYECKOW XUMUH, 4 r/0 ®HM TI'ypbsinoB HWJI kMHETHYECKUX METOJIOB
rpadeHa npu UHTEPKAISIIIUYA UOHOB | XUMU4eckuid (akynprer MI'Y Koncrantun EBrenneBud aHanm3a, kaeapa aHATUTUIECKON
XMMUH, XUMUYECKUH (pakynbTeT
MI'Y
14:35 — | UenukoB AHTOH | DJIEKTPOIHBIC MaTEPUAIBI JJIsI JlaGopaTopust HEOpPraHUIECKOTO K.X.H., J1011. EnrceeB K.X.H., ¢.H.c. KomKkoBa Mapus
15:20 Huxkonaesnu CEJIEKTUBHOM SKCTPAKILMH JIUTHS U3 | MaTepuajoBeAeHus, Kadeapa AHzpeit AHaToNBEBUY AHppeeBHa
paccosos HEOpPraHWYECKOW XUMUH, HUJI a51eKTpOXUMHUECKHUX METOOB,
xuMudecknit pakynprer MI'Y Kadeapa aHATUTHYECKON XUMUH,
xuMuueckuil pakynprer MI'Y
15:20 — | MypoznoBa I'a3ouyBcTBHTENBHBIE MaTepuansl | JlabopaTopust xumun U QU3NKH K X.H., 1o1. Mapukyna K.X.H., C.H.C. MuxaiinoB Ajnekceil
16:05 [oxmapu Ha OCHOBE HaHOKPHUCTATMYECKOTO | MONYIPOBOJIHUKOBBIX M CEHCOPHBIX | ApTéM BanepbreBnu AnexcaHnpoBHY
[MamcunaunoBHa | okcuaa MmonmoneHa(VI) u MaTepHanoB, kageapa JlaGoparopust TEpOKCUAHBIX

MOJ'H/I6,Z[aTOB MCTAJIJIOB

HEOPraHMYECKON XUMUH,
xuMudeckui pakynprer MI'Y

COCMHEHUM U MaTepHalioB Ha UX
ocuose, MOHX PAH
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31 mas (maTHUDA)

Bpemss | Marucrpanr Ha3zpanue padoThI MecTo BBINOJTHEHHUSI PA0OTHI PykoBoauTeab/-u Penensent
11:00 -
11:05 Berynurenshoe cnoso Ilpencenarens ['ocynapcTBEHHOM 9K3aMEeHaMOHHOM KOMUCCHA
11:05 — | Edpumona CuHTe3, ToKajdbHAs U NPOTSHKEHHAS JlaGoparopus HalpaBICHHOT'O I.X.H., 1po@., wi.-kopp. PAH | k.x.H., H.c. {uxTsp FOpuii FOpreBuu
11:50 AmnacTacus KPUCTAJUTMYECKAs CTPYKTypa HEOpraHn4deckoro cuaTe3a, kadenpa | llleBenpkoB Anapeit IleHTp 2HEPrEeTHICCKUX
CepreeBHa COEJIMHEHUI Ha OCHOBE KOJIIO3UTa C HEOpraHM4YeCcKOH XUMHH, Bnanumuposuy; acn. 2 1/0, TexHoNorui, CKOIKOBCKHMA
HHUOOMEM W TAHTAJIOM KaK xumugecknit ¢pakymnprer MI'Y nnx. [loneBuk Anekceit WHCTUTYT HAYKU U TEXHOJOTUH
HEPCHEKTUBHBIX TEPMOIIEKTPUUECKUX Ousnerosuu
MaTepHajoB
11:50 — | Ykan [[3sm3e | MecchayapoBckoe UcceioBaHue Jlaboparopust saepHO-XUMHYECKOTO K.X.H., mo1. Cobone Anmekceit | k.X.H., mo1l. bapemrankoBa Oxcana
12:35 OKHCIIMTENbHO-BOCCTAHOBUTEIBHBIX MarepuagoBeieHus, Kadenpa BanepreBuy; npenonasatens- | BnanumuposHa
MPOIIECCOB B KATOAHBIX MaTepraiax PaIOXUMUH, XUMHYECKUI uccienosareinb Mopo3oBa JlaGoparopus TEXHOJIOTHU
Ha OCHOBE aHaJoroB bepnuHckon ¢dakynsrer MI'Y; LlenTp ITonuna AnekcannpoBHa (hyHKITMOHATBHBIX MATEPUAIOB,
nasypu AoM[Fe(CN)s] (A =Na, K; M | sHepreTHuecKuix TeXHOJIOTHI, kadeapa XUMHYECKOW TEXHOJIOTUN
= Mn, Ni) CKOIIKOBCKUI MHCTUTYT HAYKH U Y HOBBIX MaTepHaIOB, XAMHYCCKHUN
TEXHOJIOTHIA tdaxymprer MI'Y
12:35 — | Uxan [n MeccOay3poBcKast TUarHOCTHKA JlaGoparopust sepHO-XUMHYECKOTO 1.¢.-M.H., ipod. [IpecHskoB K.X.H., 1o11. Uctomun Cepreii
13:20 METaJUI-MOHHBIX KaTOJHBIX MarepuanoBeieHus1, Kadeapa Urops AnexcanapoBuy; SlkoBneBuy
marepuanoB NaixNio2sFeosyMno2syOz | pagrmoxuMum, XUMIIECKHi acm. lllepuenko Buramnmii Jlaboparopust HeOpraHUIECKOi
(0<x<1,y=0,0.25) ¢axynerer MI'Y; HUJI MmaTepuanoB | AHapeeBud KPHUCTAIUIOXUMUH, Kadeapa
JUISL 3IEKTPOXHUMHUUECKHX MPOLIECCOB, HEOPraHMYECKONH XUMHH,
Kaeapa SIEKTPOXUMHUH, XUMIIECKHUH xumudeckuil pakynprer MI'Y
daxynerer MI'Y
13:20 -
13:50 ITepepris
13:50 — | Oneifinnuenko | MoauduuupoBaHHbie HWJI pagnodapmaneBTHuecKon K.X.H., H.c. AnémuH ['ned K.X.H., C.H.C. JlanmmHa Enena
14:35 | KoncrantuH | OMQyHKIHMOHATBHBIMH X€JIaTOPaMH XUMHH, Kadeapa painoxXuMuH, IOpreBuy; acn. 3 r/o, M.H.c. BragumuposHa
HuxkomaeBny | Hanouactuipl Ag u FesO4, MeueHnble | xumuueckuii pakynbrer MI'Y KpaitnoBa Mapus JlaGoparopusi palMOU30TOITHOTO
84Cu?*, 85Zn?*, “Sc®, VY, nna JIMUTpUEBHA xomriutekca, USIU PAH
NPUMEHEHUS B SJICPHON MEIMIIMHE
14:35 — | Uxao Perunparanus npoaykToB oTKura Jlaboparopus cuHTE3a K.X.H., C.H.C. SnpbIHIEB K.X.H., fo1. [Ilaranosa TaresiHa
15:20 | Yxuroanb CJIOMCTBIX THJIPOKCHUIOB UTTPHSL: POJib | ()YHKIHOHAIBHBIX MAaTEPHAJIOB U Anekcelt JImutpueBny; k.x.H., | bopucoBna
AHMOHHOI'O COCTaBa nepepadOTKU MUHEPAILHOTO ChIpbsi, | acc. PocisikoB Mnbs Kadenpa Heopranmueckoit Xumum,
NOHX PAH Biragumuposuy xuMudeckuid gakynprer MI'Y
15:20 — | Yukunéna I'myGokue 3BTEKTHUECKHUE JlaGoparopust TeOpETUYECKUX OCHOB | A.T.H., IpoQ., 3aB.j1a0., 4.~ K.X.H., C.H.C. [TokpoBckuii Oner
16:05 TarbesHa PacTBOPUTEIN HA OCHOBE xummuyaeckoit rexaonorun, MOHX kopp. PAH Bomkun Arnpeit Hropesuu
IOpreBna JrankuihocUHOBBIX KUCIIOT B PAH AJnexceeBUY; K.X.H., JIOII. JlaGoparopust yJIbTpa3ByKOBOM
JKCTPaAKLMH PEAKO3EMEIBHBIX [HaTtanosa TatesHa TEeXHHUKH U TexHosoruu, MOHX
3JIEMEHTOB Bopucosna PAH
16:05 —
16:30 [lonsenenue ntoros
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AHHOTAIIUN MATUCTEPCKHUX
KBAIMOUKAILINMOHHLIX PABOT

CTpyKTYypHBIH IU3a1H, HANIPABJIEHHbIN CHHTE3 U KOMILJIEKCHOE
HCCJIeI0BAHNE MHOTOKOMIIOHEHTHBIX OKCOIaJIOreHU/I0B CBUHIIA

Kupees B.E.

PykoBoauTenb: K.X.H., 1ou. Yapkun J1.0.

OxcoraoreHu1bl CBUHIA POPMUPYIOT OOIIMPHOE CEMENCTBO, IIMPOKO MPEACTABICHHOE KaK
OPUPOJHBIMM MHMHEpaJaMM M [UIAKOBBIMU  (a3aMu, TaK M NPOAYKTaMU KOPpPO3MHU U
CHHTETHYECKUMH  MarepuanaMu. Ero ucciemoBaHusl TPEACTaBISAIOT  WHTEPEC Kak C
MaTepHaloBeTYECKOH, TaK U ¢ 3KOJIOTMYECKOM U MUHEpalIoruyeckoi Touek 3peHus. Tem He MeHee
CHCTEMAaTUYECKHE UCCIIC0OBAaHNE TAKUX CUCTEM MPAKTUYECKH HE MPOBOAMINCH. MHOTHE JaHHBIC HE
Ha/IeXKHbI U TPEOYIOT TIATEIBbHON IIEpEenpOBEPKU.

Taxum 06pa3oM, 1eNTbI0 HACTOSIIEH pabOTHI CTAIO UCCIIEA0BAHKE CyOCOMUITYCHBIX (ha30BBIX
OTHOIICHHUH B mceBmobuHapHbix cuctemax PbO — PbXz (X = Br, I) B obmactsax Gorareix PbO,
UACHTU(UKAIMS HOBBIX coeanHeHui. Takke BRIOOpOYHOE HCCenoBaHue (Pa30BBIX OTHOIICHUH B
NCceBAOTPOIHBIX cucteMax PbO — PbX, — PbX’> (X # X’: Cl, Br, I) u MX, — PbO — PbX, (X = Cl,
Br, I), (M =snement 1 u 12 rpymnm).

OCHOBHBIM METOJIOM CHHT€3a s JOCTHXKEHHs IIOCTABJICHHBIX ILesiell Obul BbIOpaH
TBeplo(a3HbIl CHHTE3 M CHHTE3 U3 PacIljiaBOB, KOTOPHIH MPOBOJWIM B 3alasHHBIX KBapLEBBIX
amnynax. s mocienyromero KOMIUIEKCHOTO M3y4YeHHUs MPOAYKTOB CHHTE3a OBLIM BBIOpPAHBI
crnenyromue MeTosl, a uMeHHO: PCTA, POA, EDX, KP-ciekTpockomnus.

B pamkax usyuenust cucrembl PbO-Pbl, Hamu Oblio oOHapy»eH M UACHTH(PHUIIMPOBAH HE
OINMCaHHBII paHee OKcorajoreHuj cBHHLIA cocTaBa PbgOrzlz ¢ yHHMKanmbHON KpUCTaTUIMYECKON
CTpYKTypo#i. JlOKa3aHO CyIIECTBOBaHWE TBEPAbIX pacTBOpoB 3amerneHus: PbgO7(1xBrix)2 ¢
HOCIEIYIOIIUM MPOIODKeHHEM B OpoM-xnopuanyto obnacte PbgO7(BrkClix)z2 u PbgO7(IxClix)2. B
4acTH COCTAaBOB YAAJIOCh MOTYYUTh MOHOKpHCTaUT IpUroanblil 1ast PCTA. Tpu HOBBIX CMeIIaHHBIX
OKCOT'aJIOT€HU/Ia CBUHIIA MTOATBEPKAAI0T CYLIECTBOBAHHE TBEP/IOIO PACTBOpA.

B pamkax momcka HOBBIX OKCOTAJOT€HHIOB CBHHIIA HaMHU BIEpPBbIC OBUIM TOJYYECHBI
Kpuctamiel HoBoro okcoramoreHuyia CdPb20O2Brz, kotopelif pacmmpsier U3BECTHOE paHee
CEeMENCTBO, MPEACTaBICHHOE H30CTPYKTypHbIMU coeauHenusmu CdPb20.Cly, HgPb20.Cl, u
HgPb,O,Br,.  CTpykTypa TOCTpOeHa W3 OKCOLEHTPHPOBAHHBIX —TeTpadapos [OPbsCd]®",
0000IIArOINX BEPIIMHBI C 00pa30BaHUEM TICBEIOCIOEB, KOTOPBIE, B CBOIO OUEPE/b, «CIITHBAIOTCS))
B TpeXMepHbIif Kapkac okTadapamu [CdO4Br,]%.

OaHUM U3 YHUKaJbHBIX COEIUMHEHUN B OKCOOPOMHUIHON CHCTEME, SBISIETCS COCTaB
PbgO4Brio, KoTOpHIil HE MMEET aHAIOTOB B OKCOXJIOPUIHOM MM OKCOMOIUIHON CHCTEMaX, OJTHAKO
B JINTEPAType YIOMUHAETCS CYIIECTBOBAHNE COCTABOB C KpaiftHe cxoxkeil cTpykTypoii: TIPbgO4Brg u
RbPbgO4Clg 3a BbluEeTOM OmHOTrO ramoreH aHWOHAa. MBI PEIIMIIN TIONYYHTh H30CTPYKTYpHBIC
COCIMHEHUS IMyTeM Tepebopa TsHKENbIX MISNIOYHBIX METAUIOB C TajoreHamu. [lo wTory, MBI
MOJYYMIIA CEpUI0 M30CTPYKTYpHBIX coenuHennit MPhgOsXg9 (M = K, Rb, Cs u X = Cl, Br). lns
RbPbgO4Bry ymamoce Belpactd kpuctauibl. OH, Kak W MPEANOJaraioch, H30CTPYKTYPEH
YIIOMHHAEMBIM B JINTEPAType COCTABaM.

B pamkax mnosyuyeHus HOAMIHBIX aHAJIOrOB BMECTO MPEAINOJaraeMoil CTPYKTYpbl MBI
NOJYYMIIA TIEPBBIA OKcocuiukar woaua cBuHIa Pb1oSisOisle. McTouyHMKOM KpeMHHS BBICTYIAT
Mmatepuai amiyJisl. [l{enouHoii MeTamt B CTPYKTypy HE BOLIEIL.
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HOI[BO,I[?I HUTOTH, OBLIO YCTAHOBJICHO CYHICCTBOBAHHME HCCKOJBKHX HOBBIX COCI[I/IHCHI/Iﬁ B

OunapHbix cucremax PbO — PbXp, a Takke moiyueHbl HOBbIC OKCOTAJIOTCHH[bI CBUHIA Oojiee
CIIO)KHOTO COCTAaBA.
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Structural design, targeted synthesis and complex studies of
new multinary lead oxohalides

Kireev V.E.
Supervisor: Dr. Sc., associate professor Charkin D.O.

Lead oxohalides form an extensive family, widely represented both by natural minerals and
slag phases, corrosion products and synthetic materials. Its studies are of interest both from the
materials science, environmental and mineralogical points of view. Nevertheless, systematic studies
of such systems have hardly been carried out. Many data are not reliable and require careful double-
checking.

Thus, the aim of the present work was to investigate subsolidus phase relations in pseudo-
binary systems PbO - PbX> (X = Br, I) in PbO-rich regions, and to identify new compounds. Also, a
selective study of phase relations in the pseudobinary systems PbO - PbX> - PbX'2 (X # X": Cl, Br,
1) and MXn - PbO - PbX, (X = ClI, Br, 1), (M = element 1 and 12 groups).

Solid-phase and melt synthesis, which was carried out in sealed quartz ampoules, was
chosen as the main synthesis method to achieve the objectives. The following methods were chosen
for the subsequent comprehensive study of the synthesis products, viz: PXRD, single-crystal study,
EDX, Raman spectroscopy.

As part of the study of the PbO-Pbl, system, we have discovered and identified a lead
oxohalide of the composition PbgO-l> with a unique crystal structure, which has not been described
before. We proved the existence of solid substitution solutions: PbgO7(IxBri-x). with subsequent
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extension into the bromo-chloride region of PbgO7(BrxClix)2 and PbgO7(IxClix)2. In part of the
compositions, it was possible to obtain a single crystal suitable for single-crystal study. Three new
mixed lead oxohalides confirm the existence of a solid solution.

As part of the search for new lead oxohalides, we have obtained crystals of a new oxohalide
CdPb2O2Br,, which extends the previously known family represented by the isostructural
compounds CdPb,02Cl,, HgPb20.Cl> and HgPb20.Br.. The structure is built from oxo-centred
[OPbsCd]®* tetrahedra, generalising the vertices to form psuedo-layers, which in turn are ‘cross-
linked” into a three-dimensional framework by [CdO4Br2]® octahedra.

One of the unigque compounds in the oxobromide system is the compound PbyO4Brio, which
has no analogues in the oxochloride or oxoiodide systems, but the literature mentions the existence
of compositions with extremely similar structure: TIPbgO4Brs and RbPbgO4Cls minus one halogen
anion. We decided to obtain isostructural compounds by tinkering heavy alkali metals with
halogens. As a result, we obtained a series of MPbgO4Xgy isostructural compounds (M = K, Rb, Cs
and X = CI, Br). For RbPbgO4Bry, we were able to grow crystals. It is isostructural to the
compositions mentioned in the literature, as expected.

As part of the preparation of iodide analogues, instead of the expected structure, we obtained
the first lead iodide oxosilicate Pb10SisO1sls. The source of silicon was the ampoule material. The
alkali metal did not enter the structure.

To summarise, the existence of several new compounds in binary systems PbO - PbX> was
established, and new lead oxohalides of more complex composition were obtained.

CunTe3, CTpOeHHE ¥ Ta30Basi YyBCTBHTEJIbLHOCTh MAaTEPHAJIOB
B cucrteMax Ga203-Sn0O2 u Ga203-GeOy,
MOJIY4€eHHBIX U3 BOTHO-TIEPOKCHIHBLIX PACTBOPOB

Aboyneanuesa .

PykoBoautenu: k.x.H., ¢.H.c. KpuBeukuii B.B.; 1.x.H, 3aB. 1a6. [Ipuxoguenko I1.B.

[TosrynipOBOTHUKOBBIE Ta30BbIE CEHCOpPHl HAa OCHOBE OKCHJIOB METAJIOB IPENCTaBISAIOT
00JBIION NPAKTUYECKUH MHTEPEC B CBA3M C HEOOXOJUMOCTHIO JETEKTHPOBAHMS CIIEIOBBIX
KOJIMYECTB JIETyYMX BEIIECTB B BO3AyXE JUId pEIIEHUS 3aJad MOHMTOPHUHIA COCTOSHHUSA
OKpy>Karollen cpesbl, 00ecredeHns MPOMBILIUIEHHON 0€30MacHOCTH, KOHTPOJISl KauecTBa BO3/lyXa B
pabouux W SKWIBIX TIOMEIIEHUSAX, HEMHBA3MBHOM MEIMIIMHCKOM JUAarHOCTUKH M APYTUX
NPUKIAAHBIX 3a7a4. OTIMYUTENbHON OCOOEHHOCTBIO METaJUIO-OKCHIHBIX Ta30BbIX CEHCOPOB
ABIISICTCS BO3MOXKHOCTb JUIMTEIBHOM HENpephIBHON pPabOThl, OJHAKO MOJOOHBIE HPHUMEHEHHS
TpeOyIOT BBICOKOW CTaOMIBLHOCTU CEHCOPHBIX XapaKTEPUCTHK. DTO 00YCIIaBIMBAET aKTyaJbHOCTh
CO3JIaHMsI HOBBIX MaTEpUAJIOB JUIS Ta30BbIX CEHCOPOB, U OCOOCHHOMY MHTEPECY, B CBS3M C ATUM, K
OKCHJy Ta/lluig — UIMPOKO30HHOMY IOJIYIPOBOJHUKY, paHee MPEVIOKEHHOMY B KauecTBe
TEPMUYECKH CTAOMIIBHOTO CEHCOPHOTO MaTepuala JJisi BBICOKOTEMIIEpaTypHbIX TPUMEHEHUH.

[lenbto HacTodAmel pabOTHl sABIsETCS pa3paboTKa METOJIOB IMOJIYYEHHS MaTepualioB Ha
OCHOBE OKCHJA Tajulus, JIETMPOBAHHOIO JJIEKTPOHOAOHOPHBIMM IPUMECAMU MJI1 TOHHWKEHUS
ANEKTPUYECKOTO COMPOTHUBIIEHUS YYBCTBUTEIBHOIO CIIOSI U, COOTBETCTBEHHO, CHI)KEHUs paboueit
Temneparypbl. OCOOEHHOCTBIO SIBIISIETCS 33/a4a MOJyYeHHs JETHPOBAHHBIX MOAU(UKAIUN OKCHaa
rajuIis B yJIbTPaJUCIepCHON HaHOKpUCTAIIIMYEeCcKOr Gopme. B pamkax pa®oTsl sl pelieHus: 3TUX
3aa4 BIEPBBIE NPEUVIOKEH CHHTE3 OCAXKIACHUEM M3 BOJHO-TIEPOKCUIHBIX PacTBOPOB JUIS
JNOCTH)KEHHMS] TOMOT€HHOCTH PACIIPENENICHNs JIETUPYIOIIEW NMPUMECH B KOHEYHOM Marepuane. B
Ka4yeCTBE JICTUPYIOIIUX KaTHOHOB ObLIH BeIOpaHbl 0J10BO (IV) 1 repmanwmii (1V), panee moka3zasiime
cBOIO 3(()EKTUBHOCTU MPH JETUPOBAHUU KPYIMHBIX MOHOKPHCTAJIOB M TOHKUX IUICHOK OKCHJIA
raJuIusl.
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CuHte3 00pa3loB HPOBOJAWICSA, COOCAXKICHHEM M3 BOAHO-TIEPOKCUIHBIX PAaCTBOPOB C
IIOCJIEAYIOIIUM BBICOKOTEMIIEPATYPHBIM OT)KUIOM TP pa3jInyHbIX Temieparypax ot 600 go 900°C.
KoHTponb XapakTepuCTHK MaTepHaiOB OCYLIECTBIEH METOAOM PEHTIC€HOBCKOW audpaxiuu,
SHEPTrOAUCIIEPCUOHHON PEHTIC€HOBCKOM CIIEKTPOCKOIIMU, PACTPOBOM 3JIEKTPOHHOM MHUKPOCKOIIMH,
PEHTI€HOBCKOM (DOTORJIEKTPOHHOM CHEKTPOCKOIIUM, HHU3KOTEMIIEpaTypHOH ajcopOuueil asora.
[TapameTpsl ra30BOM YyBCTBUTEIBHOCTH OMPEAEICHBI METOIOM in situ H3MEpEeHHsI IEKTPUIECKOTO
COIIPOTHMBIICHUS] TIpU IMOBBIIIEHHOW TeMmIepaType B TOKE BO3AYLUIHOH Cpeabl 3aJaHHOTO
XMMHUUYECKOT0 COCTaBa.

B xonme mposeneHHON paOoThl ObLIa MPOJAEMOHCTPUPOBAHA BO3MOKHOCTh INPUMEHEHUS
METOAA COOCAXKACHUS JUISl TOJIYUYCHUS YIBTPAJAUCIEPCHBIX MOPOIIKOB OKCHJA TaJUIHs, MMEOLIHX
pasnuuHyro Mopdosioruto U (as3oBblii cocTaB. BBereHue INpUMECHBIX KaTHOHOB B COCTaB
MOJTy4aeMbIX MaTE€pHajoB MO3BOJSET B Psijie CIyyaeB JOOUTHCS MOBBIIICHUS CEHCOPHOTO OTKIIMKA
[IOJyYaeMbIX MaTEpUalioB, OJHAKO 3aMETHOI'O CHHXKEHMS DJIEKTPUYECKOIO CONPOTUBIICHUSA Y
OOJNIBIIMHCTBA TMOJyYEHHBIX MaTEpUaloB HE HaOMI0JaeTcs, 4YTO MOXET YyKa3blBaTh Ha
(bopMHpOBaHKE HAHOKOMIIO3UTHBIX MaTepHUajOB WM MEPEX0]l raJulis B OJHOBAJIEHTHOE COCTOSHUE
IpU JIETHPOBaHUU. SIBHBIN 3((EKT CHIKEHHS DIIEKTPUYECKOTO CONPOTHBICHHS HAOIIOZAETCS
TOJIBKO TpPU BHEApEeHUM repmanus B koiuuyectBe 0,5% MoOnb, 4TO COMPOBOXKIAETCS POCTOM
CEHCOPHOT'0 OTKJIMKA.

Synthesis, structure and gas sensitivity of materials in the Ga.O3-SnO:
and Ga>03-GeO2 systems obtained from water-peroxide solutions

Abdulvaliyeva E.

Supervisors: Candidate of chemical sciences, senior staff scientist Krivetskiy V.V.;
PhD in Chemistry, laboratory chief Prikhodchenko P.V.

Semiconductor gas sensors based on metal oxides have great practical importance due to the
need to detect trace amounts of volatile substances in the air in order to solve problems related to
environmental monitoring, industrial safety, air quality control in workplaces and residential areas,
non-invasive medical diagnostics, and other applied tasks. A distinctive feature of metal oxide gas
sensors is their ability to operate continuously for a long period of time. However, these
applications require high stability in sensor characteristics. Therefore, it is essential to develop new
materials for gas sensors. This leads to heightened interest in gallium oxide, a wide-band
semiconductor that has been previously proposed as a thermally stable sensor material for high-
temperature applications.

A special feature of this project is the task of producing doped modifications of gallium
oxide in ultrafine form. To solve this problem, we proposed a novel approach based on the synthesis
by precipitation from water-peroxide solutions in order to achieve a homogeneous distribution of
the dopant throughout the final material. Tin (IV) and Germanium (IV), which previously showed
their effectiveness in alloying large single crystals and thin films of gallium oxide, were chosen as
the alloying cations.

The samples were synthesized by coprecipitation from water-peroxide solutions and then
subjected to high-temperature annealing at different temperatures ranging from 600 to 900 degrees
Celsius. The characteristics of materials were monitored by X-ray diffraction, energy-dispersive X-
ray spectroscopy, scanning electron microscopy, X-ray photoelectron spectroscopy, and low-
temperature nitrogen adsorption. Gas sensitivity parameters were determined by in situ
measurement of electrical resistance at elevated temperatures in a flow of air of a given chemical
composition.

17



In the course of the work conducted, the possibility of using the coprecipitation method to
obtain ultrafine gallium oxide powders with different morphologies and phase compositions was
demonstrated. Insertion of the impurity cations into the composition of the materials makes it
possible to achieve an increase in the sensory response of the resulting materials, however, a
decrease in electrical resistance is not observed, which indicates the formation of nanocomposite
materials or the transition of gallium to a monovalent state during the alloying process. A
demonstrable impact on reducing electrical resistance is only observed when germanium is added in
an amount of 0.5 mol%, which is accompanied by an increase in sensory response.

3akonomepHocTu copounun U(VI) Ha rIMHUCTBIX MUHEpPAJIax B
YCJIOBHSIX INIyOMHHOI'0 3aXOPOHEHNSI PAJHOAKTHBHBIX 0TX0/10B

Kaoakuna A.B.

PykoBoaurenu: k.X.H., ¢.H.c. CemenkoBa A.C.; K.X.H., C.H.c. Pomanuyk A.1O.

AKTyanmpHOH TpOOJIEMOH SIIEPHOM SHEPreTUKU SBJSIETCs OE30MacHOe 3aXOpOHEHHUE
panunoakTuBHbIX 0TX010B (PAO). Haubousblnyro onacHOCTh MNpPEICTaBISAIOT BBICOKOAKTHBHBIE
orxoasl (BAO), coxpepxamiue AOJATOXUBYIIUME PATAOHYKIUABI, pAacMaJ KOTOPBIX MOMKET
IPOUCXOUTh C BBICOKMM TeIioBblAeeHueM. [l HagexxHo wuzomsuun BAO paspaborana
KOHIICTIIMSI TIIYOMHHOTO 3aXOPOHEHHsI, BKIIOYAIONIAs CO3JaHWE MHOTO0aphepHBIX 3allUTHBIX
cucreM. OIHUM U3 MNEPCIEKTUBHBIX KOMIIOHEHTOB OapbepoB CUMTAIOTCS HPUPOIHBIE TJIMHBI
Omarosapst ©IX BBICOKUM COPOLIMOHHBIM CBOMCTBAaM, HU3KOH BOJOMPOHUIIAEMOCTH U CIIOCOOHOCTH K
HaOyxanuto. [l BeIOOpa ONTHMANBbHOTO OapbepHOro MaTepuala HEOOXOJMMO MCCIEe0BaHUE
MEXaHU3MOB B3aUMOJIEHCTBUSI aKTUHUIOB, BXoad1uX B coctaB PAO, ¢ naHHBIMM MaTepuajaM B
mupokoM auarnaszone ycioBuit. U(VI) — pacnpoctpanenssiit komnoHeHT PAO, npu HeHTpanbHbBIX
U 1menouHblXx pH CKJIOHHBIM K KOMIUIEKCOOOpa3oBaHHIO C KapOOHAT-MOHAaMH, MOBCEMECTHO
MPUCYTCTBYIOIMMH B IPUPOTHBIX BOJIAX, YTO JIEJIAET €r0 BEBICOKOMOOUIIBLHBIM.

[lenbto paboThl sBiIsIETCS ycTaHOBIEHHE 3akoHOMepHocTedl copbumu U(VI) Ha rnuHax-
-KaHJIUaTaX KOMIIOHEHTOB HMH)KEHEpHBIX OapbepoB B pa3pabaThIBa€MOM IYHKTE TITTyOMHHOTO
3aXOpOHEHMSI pPaJHOaKTUBHBIX O0TX0A0B B HinkHekaHckoM maccuBe. [y TOCTHXKEHUS Lenu ObUIn
MIOCTaBJIEHBl clenylolue 3agadu: 1) ompexaeneHue MexaHuzMoB Biaumojeiicteus U(VI) ¢
HCCIIeTyeMbIMU TJIMHAMH B IIMPOKOM Jauamna3oHe ycioBuil pH u cocraBa pacTBopa (MOHHas cuia,
conepskanue nonos Ca?* u CO3%); 2) onpenenenue BIusHus Temmepatypsl (25-75 °C) Ha cop6imio
U(VI); 3) onpenencare Bo3moxkuHoctn jgecopoumn U(VI) mpu 25-75°C; 4) npoBeneHue
TepMOANHAMHUYECKoro MoaenupoBanus copoumu U(VI).

B pabote mpoBeneHbl COpPOIMOHHBIE SKCIIEPUMEHTHI Ha MOPOIIKAaX INTIUH MECTOPOXKIECHUMN
Kanrarckoe, Taranckoe n 10-if XyTop, OTIMYarOIIKUXCSI MUHEPAIbHBIM COCTaBOM, B pacTtBopax 0,01
M NaClOs u 1 M NaClO4 B mmpokoM auamna3oHe YCJIOBHM; moiydyeHbl pH-3aBucumoctu u
n30TepMBbl copOrmu. M3ydyena kunernka copOuuu u necopobuuu U(VI) Ha raunax npu 25 u 75 °C.
Jlis OLIEHKM BIMSIHMSI TPUCYTCTBUS MUHepaidbHOW mnpumecu Ha copbuuto U(VI) mpoenen
COpOLIMOHHBIN HKCIIEPUMEHT Ha aHaTa3e. MeTo/10M Macc-CIIEKTPOMETPUH C WHAYKTUBHO-CBSA3aHHON
I1a3MOM  OMpeAeneH  CcOocTaB  KaTMOHOB,  BBIMBIBaEMbIX W3 TIUH.  OCyIIecTBIEHO
TepMoAMHaAMHUecKkoe MojaenaupoBanue copouun U(VI) ¢  ucrnonb3oBaHHEM MPOTrPaMMHOTO
obecneuenns PHREEQC.

HccnenoBaHre KMHETUKH CBSI3bIBAHMSI [TOKA3aJI0 YCTAHOBJIEHUE TIOJIBUYKHOTO PAaBHOBECHS B
TeueHHe HeCKOJbKUX JHeH. 13 3aBucumocteit copouuu ot pH crnenyer, uto B3aumoneiicteue U(VI)
C IIIMHAMU MPOTEKAET NMPEUMYILECTBEHHO 110 MEXaHU3MY KOMILJIEKCOOOpa30BaHUs Ha TOBEPXHOCTH.
st tiuabl MectopoxaeHust 10-i XyTop mokaszaHo, 4To BKJIAJ COPOIMH MO MEXaHU3MYy MOHHOTO
obmeHa He3HauuTeneH. YMenbuienue copouun U(VI) mpu pH > 7 Ha Bcex rimmHax KOppemupyer ¢

18



o0pa3oBaHHEM YCTONYMBBIX KapOOHATHBIX KOMIUIEKCOB YpaHHJIa B pPacTBOpE, a TaKkKe BOIHBIX
TpoitHbIX KomIuiekcoB Ca-UQO2-COs, uTo O6bUI0 MOATBEPKIEHO KCIEPUMEHTAIBHO B MPUCYTCTBHU
katnonos Ca?*. Bonee Bbicokas copOrmst mpu pH > 7,5 s KaHTaTCKOro MeCTOPOXKICHHS MOXKET
OBITH O0YCIIOBJICHA COJIEp)KaHUEM aHaTas3a B 00pasIie.

BrisiBieHO, UYTO TOBBIIEHHE TeMIeEpaTypbl oOkasbiBaeT Ha copbuuio U(VI) Ha
MCCIICIOBAaHHBIX TIMHAX OAMHAKOBBIA 3Pdext: mpu pH <7 copbmus U(VI) mpakTuuecku He
3aBUCUT OT Temmeparypbl, a yBemuuenue copomuu U(VI) mpu pH >7 oO6ycioBieHo
HK30TEepPMHUYHOCTBIO TporieccoB pactBopenuss COz u oOpazoBaHHMs KapOOHATHBIX KOMILJIEKCOB
UO,?*. BBIsIBICHO, YTO npu T = 25 u 75 °C noseimienne pH 10 9 u noGaBieHue CO3* MIPUBOAMT K
cymectBeHHoU necopoumu U(VI). B pesynbrate TEpMOAMHAMHYECKOTO MOJCITHPOBAHUS OBLIN
MOJTy4€HBI ITapameTpsl il mporuo3upoBanus nosenenus: U(VI) Ha uccienyemMbIx riMHax.
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Regularities of U(VI) sorption on clay minerals under conditions of
deep disposal of radioactive waste

Kadakina A.V.

Supervisors: Ph.D., Senior Researcher Semenkova A.S.; Ph.D., Senior Researcher
Romanchuk A.Yu.

The safe disposal of radioactive waste (RW) is an urgent problem of the nuclear power
industry. The largest danger is posed by high-level radioactive waste (HLW), containing long-lived
radionuclides which decay may occur with high heat generation. In order to reliably isolate HLW,
the concept of deep geological disposal has been developed, including the creation of multi-barrier
protective systems. One of the most promising barrier components is considered to be natural clays
due to their high sorption properties, low water permeability and swelling ability. In order to select
the optimal barrier material, it is necessary to research the mechanisms of interaction of actinides,
which are part of RW, with these materials under a wide range of conditions. U(VI) is a common
component of RW, at neutral and alkaline pH it is prone to complexation with carbonate ions
ubiquitously present in natural waters, that makes it highly mobile.

The aim of the work is to establish the regularities of U(VI) sorption on the candidate clays
of engineering barriers components of the developed deep geological disposal of radioactive waste
site in Nizhnekanskiy massif. To achieve the goal, the following tasks were set: 1) determination of
the interaction mechanisms of U(VI) with the studied clays in a wide range of conditions of pH and
solution composition (ionic strength, content of Ca?* and COs? ions); 2) determination of the
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influence of temperature (25-75 °C) on U(VI) sorption; 3) determination of the possibility of U(VI)
desorption at 25-75 °C; 4) carrying out thermodynamic modelling of U(V1) sorption.

In this work, sorption experiments on clay powders from Kantatskoye, Taganskoe and 10th
Khutor deposits, differing in mineral composition, in solutions of 0.01 M NaClO4 and 1 M NaClO4
in a wide range of conditions were carried out; pH-dependences and sorption isotherms were
obtained. The sorption and desorption kinetics of U(VI) on the studied clays at 25 and 75 °C were
studied. To establish the influence of the presence of mineral impurity on U(VI) sorption, an
experiment on anatase (TiO2) was carried out. The composition of cations leached from clays was
determined by inductively coupled plasma mass spectrometry. Thermodynamic modelling of U(VI)
sorption was carried out using PHREEQC software.

The study of U(VI) binding kinetics showed the establishment of mobile equilibrium within
several days. From pH-dependences of U(VI) sorption it follows that sorption proceeds mainly by
the mechanism of surface complexation. In the case of 10-th Khutor deposit clay it is shown that the
contribution of sorption by ion exchange mechanism is insignificant. The decrease of U(VI)
sorption at pH > 7 on all clays correlates with the formation of stable uranyl carbonate complexes in
solution, as well as aqueous ternary complexes Ca-UO.-COz. The assumption was confirmed
experimentally in the presence of Ca?* cations. Higher sorption values at pH > 7.5 on the clay of the
Kantatskoye deposit may be due to the content of anatase in the sample.

It was revealed that the temperature increase has the same effect on U(V1) sorption on the
studied clays: at pH <7 U(VI) sorption is practically independent on temperature, but the increase
of U(VI) sorption with temperature rise at pH > 7 is caused by exothermicity of CO> dissolution and
formation of uranyl carbonate complexes. It was revealed that at T = 25 and 75 °C the increase of
pH up to 9 and addition of COs®> leads to significant U(VI) desorption. As a result of
thermodynamic modelling parameters for predicting U(VI) behavior on the studied clays were
obtained.

CTa0MJIbHOCTH HOHOTEJIEH HA OCHOBE JUOKCHIA KPEMHUS NPHU
KOHTAaKTe ¢ BOJI0M

baoynuna A.O.

PykoBoauTenu: k.x.H., B.H.c. bapanuukoB A.E.; acn. 3 r/o, m.H.c. Koo C.1O.

Honorenn — KOMIIO3UTHBIE MaTepHalbl, cocTosmme u3 HoHHOW xkuakoctu (MXK),
MMMOOUIIN30BaHHOW B TBEpPAOW MaTpHlle — SBISAIOTCS TEPCHEKTUBHBIMM MaTepHallaMu JJis
WCIIOJIb30BAaHUSI B DKCTPAKILIUU, B COCTABE JIEKTPOXUMHUYECKUX YCTPOUCTB U T.J. VX mpakThueckoe
MIPUMEHEHNE OOBIYHO CBSI3aHO C HAJIMYMEM B OKPY>KalolIeil cpesie BOJbI (B BUIE HEMOCPEACTBEHHO
BOJIHOM (ha3bl MJIM BJIard B BO3JLyXe), HO BOIPOC BO3MOXKHOCTH ITOTEPH JOPOTOM M YaCTO TOKCHYHOU
WK u3 nonoreneii B BoHYI0 (pa3y panee He ObLIT U3YyUEH.

[lenpto paboThl cTama pa3paboTka METOMOB aHalM3a CTAaOWJIBHOCTH HOHOTENeH mpu
KOHTAKT€ C BOJHOM CpelIOW W MPUHIUIIOB JIM3aliHa MOHOTEJIEH Ha OCHOBE IMOKCUJA KPEMHUS IS
MUHHMMH3aluU BbiIMbIBaHus VK U3 ux matpulibl.

Crenenb BoiMbiBaHusl K u3 nonorens Obl1a onpeeneHa myTeM HeMpepbIBHOTO U3MEPEHUs
ANEKTPONPOBOTHOCTH BOAHOW (ha3bl, B KOTOPOW BBLICPKHBAIM HOHOTeNnu. JlaHHas MeToauKa
aHayiM3a ObUIa BaIMIWPOBAHA METOJOM BBICOKOA((EKTUBHON KUIKOCTHOM Xpomartorpaduu. s
cHkeHus BeIMbIBaHus VDK u3 noHoreneit B BogHy0 ¢a3y ObUT OMpeneseH ONTUMAIbHBIA METO]
CUHTE3a MOHOTeNel MyTeM BapbHpOBaHUs criocoda moiyueHus oopasna u gonu Matpuusl u MK B
HeM. BapbupoBanue creneHu ruipoPoOHOCTH HOHOTEICH MPOBOIMIN MYyTEM HCIIOIh30BAHUS 30JIS
SiO2, TOMy4EeHHOro COrHApONM30M ruapoduiabHOro  Terpamerokcucuiana (TMOS) wu
ruapodobHoro Mermnrpumerokcucunana (MTMS) B pasnuyHbIX COOTHOIICHUSX. TBepaas
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marpuia sanondsiaacs MK va ocrose 1-0ytun-3-metun-umunazonus [BMIM]" ¢ ruapoduinbHbIM
(IDCAY]) u ruapodobusm ([TFSI]) annonamu. Taxke ucnons3zoBanu XK ¢ [TFSI]” anuonom u
KaTHOHaMH C BapbUPYEeMOH JUIMHON anKuibHOU menu: 1-3Tui-3-merunumuaazonus u l-oxtwui-3-
metummunasosust ([OMIM]Y).

bbulo 00HapyXeHO, YTO BBIMBIBAHHE HMOHHOM JKUIKOCTH U3 HWOHOTeNell sBisercs
CYIIIECTBEHHOU MpoOsieMoil. bein pa3paboran meTon kKonmuecTBeHHOro aHanu3a MK, morepsiHHON
MOHOTeJIEM B BOJHYIO Cpelly METOJIOM HEeINpepbIBHOW KOHAYKTOMETPUHU. BbIIO ycTaHOBIEHO, YTO
HAaMMEHBUIYIO CTeTeHb BhIMbIBaHHs MK 13 noHOresst 1eMoHCTpUpyeT 00pasel, NOTyYeHHBIH 3071b-
resib cuHTe30M B npucyrcrBuu WMOK, roe gons marpuusl B noHorene cocrasisier 80 %. Cpenu
00pa31oB, NOJYYCHHBIX TAKUM METO0M, HAUMEHBINYIO cTeneHb BbiMbIBaHus MK u3 matpunsl (47
% — 72.6 %) noka3zanu obpasibl Ha ocHoBe MK ¢ [TFSI] annonom, cpein KOTOPBIX MaKCUMAJIbHOE
yaepxanne MK (53 %) B maTpuie mokasan oOpaser ¢ marpuiei, coxepxamieit 50 % MTMS.
bbuto ycraHoBiieHO, YTO 0Opa3lbl C JaHHBIM COCTAaBOM MATPHUIbl MOKAa3bIBAIOT €Il€ MEHbIIYIO
creneHb BoiMbIBaHUs VDK B Boanyto a3y (14 %) npu ucnons3oBanuu [OMIM][TFSI].

Takum o6pazom, BIepBble Oblia pazpaboTaHa METOIMKA KOJMYECTBEHHOTO OIMpeiesieHUs
crereHd BeIMbIBaHUS VDK M3 moHOTENel myTeM HempephbIBHON KOHIYKTOMETPHUHM BOJHOHU (hasbl, B
KOTOpOU BbIIEpKUBaNU MOHOrenu. [lns ymenblienusi BbiMbiBaHus MK U3 noHOrens B BOAHYIO
cpeny HeoOxoauMa ONTUMH3alUs cocTaBa 00pa3loB, myTeM ucnoiabszoBanus MK ¢ rugpododHbM
annonoMm. Takxke, mnpu wucnonb3oBaHuu WK, KaTHOH KOTOpPOH CONEPKUT IMHHYIO
YIJIEBOIOPOATYIO LIEMOYKY, IPUCOETUHEHHYIO K UMU/Ia30JIMEBOMY KOJIbIY, BO3MOKHO 3HaYUTEIBHO
cHu3uTh norepu MXK.
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The stability of silica-based ionogels upon interaction with water
Badulina A.O.
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lonogels - composite materials consisting of ionic liquid (IL) immobilized in a solid matrix -
are perspective materials for use in extraction, as part of electrochemical devices, etc. Their
practical application is usually associated with the presence of water in the environment (in the
form of aqueous phase or moisture in the air), however the issue possible loss of rather expensive
and often toxic ILs from ionogels into the aqueous phase has not been previously studied.

The aim of this work was to develop methods for analyzing the stability of ionogels
submerged in aqueous media and to design the principles of silica-based ionogels synthesis for
minimization of IL from their matrix.
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The degree of washout of ILs from the ionogel was determined by continuous measurement
of the electrical conductivity of the aqueous phase in which the ionogels were submerged. This
analytical technique was validated by high-performance liquid chromatography. To reduce the
washout of ILs from the ionogels into the aqueous phase, the optimal method for synthesizing the
ionogels was determined by varying the method of sample preparation and the fraction of matrix
and ILs in it. The hydrophobicity of ionogels was varied by using silica sol obtained by co-
hydrolysis of hydrophilic tetramethoxysilane (TMOS) and hydrophobic methyltrimethoxysilane
(MTMS) in different ratios. Solid matrix was filled with 1-butyl-3-methyl-imidazolium [BMIM]"
based ionic liquids with hydrophilic ([DCA]) and hydrophobic ([TFSI]") anions. lonic liquids with
varied alkyl chain length (1-ethyl-3-methylimidazolium and 1-octyl-3-methylimidazolium
([OMIM]Y)) in cation and [TFSI]" anion were also used.

It was found that washout of ionic liquid from ionogels is a significant problem. A method
was developed to quantitatively analyze the ILs lost from the ionogel to the aqueous medium by
continuous conductometry. It was found that the sample obtained by sol-gel synthesis in the
presence of IL, where the proportion of matrix in the ionogel is 80%, shows the lowest degree of IL
washout from the ionogel. Among the samples obtained by this method, the lowest degree of IL
washout from the matrix (47 % - 72.6 %) was shown by samples based on ILs with [TFSI] anion,
among which the maximum retention of ILs (53 %) in the matrix was shown by the sample with
matrix containing 50 % MTMS. It was found that samples with this matrix composition showed
even lower degree of IL washout into the aqueous phase (14 %) when using [OMIM][TFSI].

Thus, for the first time a technique for quantitative determination of the degree of washout
of ILs from ionogels by continuous conductometry of the aqueous phase in which the ionogels were
soaked was developed. To reduce the washout of ILs from the ionogel into the aqueous medium, it
IS necessary to optimize the sample composition by using ILs with hydrophobic anion. Also, by
using an IL with a long alkyl chain in the imidazolium ring, it is possible to significantly reduce the
loss of ILs.

CuHTe3 CJI0KHBIX HUTPUAOB TUTAHA H AJTIOMUHUISA, OCHOBAHHBIN
Ha MoAX0A€ OKUC/INTEJIbHOI0O KOHCTPYHPOBaAHUSA

JIveos JI.O.

PykoBoauTenu: A.T.H., B.H.c. YepHsaBckuit A.C.; 1.X.H., mpod. I'yaunun E.A.

TpoiiHble CIOMCTBIE KapOWUIBl M HUTPUIBI TIEPEXOIHBIX METAIIOB, TAK)KE M3BECTHBIE KaK
MAX-da3bl, Gmarogapsi CBOUM COCTaBY M CTPYKType 00JalaloT YHUKAIbHBIM HaOopoM (u3MKO-
XUMUYeCKux CBOMCTB. MAX-(ha3pl codeTaroT B cebe XOpOIIYI0 CIIOCOOHOCTh K MEXaHHMYECKOU
00paboTKe, XapaKTepHYIO JJIS METaJUIOB U CIIABOB, & TAKXKe BBICOKYIO YCTOWYMBOCTH K JIEHCTBHIO
KOHIICHTPUPOBAHHBIX KUCIIOT W BBICOKOTEMIIEPATYPHOMY OKHCJICHHIO Ha BO3AyX€, TUITHYHBIC IS
KepaMHUYEeCKHX MaTepHalloB, YTO IO3BOJIAET HCIOJb30BaTh HMX BO MHOTHUX OOJIACTSX HAyKH U
texHuku. OaHako cuHre3 MAX-da3 kiraccuyeckuMu MeTojaMu TpeOyeT BBICOKHUX TeMIepaTyp U
JaBJICHHH, YTO 3aTPyIHAET MPOMBIIIICHHBIN CUHTE3 TaKKX MaTtepuaioB. Kpome Toro, n3-3a mioxou
criekaeMocTu MmopomkoB HUTpUAOB MAX-(ha3bl Ha OCHOBE HUTPUIOB M3yUEHBI Ha MOPSJIOK XYXKe
KapOUIHBIX.

[lenbto naHHOM pabOTHI sABIsETCS pa3pabOTKa HOBBIX METOJOB CHHTE3a HUTpUIHBIX MAX-
¢$a3 ¢ UCHoIb30BaHMEM MOJXOAAa OKUCIUTENBHOTO KOHCTPYHpPOBaHMA. B pamkax mocTaBIeHHOH
[EJIA Pelauch CIeAYIOIIne 3a1adu: ucciaeaoBanne (hazoobpazosanus B cuctemax Ti-N, Ti-Al u
Ti-Al-N B gmanazone temmeparyp 800 - 1800°C, aHanmm3 MHUKPOCTPYKTYpPbI H COCTaBa
B3auMojeicTByrommx (a3 B cucreme TI-Al-N B awmamazone temmeparyp 800 - 1800°C,
ONITUMH3AIMA METOJUKH M TEMIEepaTypHO - BpeMEeHHOro pexxuma cuare3a MAX - ¢a3 B cucteme
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Ti-Al-N B 00beMHBIX 00pa3iax U B BUE MOKPBITHIH Ha HCXOTHBIX METAUTMIECKHUX MIPEKypcopax B
aproHo - a30THOW aTMocdepe W HCCIEAOBAHHE MHUKPOCTPYKTYPHl M JIOKAJIbHOIO XHMHYECKOTO
cocTaBa IOJNIyYEHHBIX 00pa3lioB UIs YCTaHOBJECHHS 3aKOHOMEpPHOCTEH B3aHMMOJCHCTBHS
KOMITIOHEHTOB, MPUBOISIINX K (OPMHUPOBAHUIO OOBEMHBIX 00PA3I0B M MOKPBHITUI MPH Pa3INIHbBIX
YCIIOBUSX MPOBEICHUS BHICOKOTEMIIEPATYPHON 00pabOTKH.

Jl1s 1OoCTHKEHUSI IOCTABICHHON 11eJIM ITPOBOJMIIACH BBICOKOTEMIIEpATYpHasi HUTPUAN3ALINS
TUTAaHA U JAPYTUX HEPEXOJHBIX METAJJIOB JJSl IMOJIyYEHUS HECTEXHMOMETPUYECKUX HHUTPHUIOB U
MOCJIEAYIONIAs X PEaKLMsl C AJIFOMMHHUEM JUIS IOJYyUEHUS TOKPBITUI WK nopouikos. IlonyueHHsie
o0pa3ipl HCCIENIOBAINCH IMPU TOMOIIM PEHTTeHO(A30BOro aHaiu3a, TEPMOTPABUMETPUU U
i QepeHIMaTbHON CKAaHUPYIOLIEH KAJIOPUMETPHH, ONTUYECKOW M PACTPOBOM AIIEKTPOHHOU
MHUKPOCKOIIHH, a TAK)KE PEHTTEHOCIIEKTPATbHOIO MUKPOAHATIN3A.

VY CTaHOBIIEHO, YTO IPU OTHKUIE KOMIIAKTHOI'O HECTEXMOMETPUYECKOIO0 HUTPHJA TUTaHa C
anmroMuHueBoi (Gonbproi B aprone npu 1100°C B TeueHue moJyTOopa 4YacoB Ha IOBEPXHOCTH
obpasytorcs cioi neneBoii MAX-daser Ti2AIN TonmmuHol 10 50 MKM, a MPU OTXKUTE CMECH
nopomikoB TiNos u Al B kBapuesoii ammyse npu 1100°C B TeueHune cyTok obOpasyercs IieieBas
daza Ti2AIN ¢ Beixomom 60s1ee 95%.

TakuM o00pa3oM, BIEpBbIE MOKAa3aHO, UYTO pEAKIHEeH HECTEXMOMETPHUYECKOTO HUTPHA
TUTaHa U aOMHUHUS MOKHO Toiydatb MAX-da3y Ti2AIN B OTHOCHTEIIEHO MSTKUX YCIOBHSX IO
CPaBHEHUIO C CYIIECTBYIOIIMMH JaHHBIM, YTO OTKPHIBAET BO3MOKHOCTb CO3JaHHS W3AETUil
CIIO’KHOM (hOPMBI 33 CUET OKUCIUTEIBHOTO KOHCTPYHUPOBAHMUSL.
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Synthesis of complex titanium and aluminum nitrides
based on an oxidative construction approach

Lvov L.O

Supervisors: Doctor of Sciences in Technical Sciences, Leading Researcher
Chernyavskii A.S.; Doctor of Sciences in Chemical Sciences, Professor Gudilin E.A.

Ternary layered carbides and nitrides of transition metals, also known as MAX phases, have
a unique set of physical and chemical properties due to their composition and structure. The MAX-
phases combine the good mechanical resistance typical for metals and alloys, as well as high
resistance to concentrated acids and high-temperature oxidation in air, typical for ceramic materials.
It allows them to be used in many fields of science and technology. However, the synthesis of
MAX-phases by classical methods requires high temperature and pressure. It hinders the industrial
synthesis of such materials. In addition, due to the poor sinterability of nitride powders, the MAX-
phases based on nitrides have been studied much worse than carbide-based ones.

The purpose of this work is to design new methods for the synthesis of nitride-based MAX-
phases using an oxidative construction approach. Within the framework of this goal, the following
tasks were solved: the exploration of phase formation in Ti-N, Ti-Al and Ti-Al-N systems in the
temperature range 800 - 1800°C, analysis of the microstructure and composition of interacting
phases in the Ti-Al-N system in the temperature range 800 - 1800°C, optimization of the technique
and temperature-time regime of synthesis MAX phases in the Ti-Al-N system in bulk samples and
in the form of coatings on initial metal precursors in argon and nitrogen atmosphere and the
investigation of the microstructure and local chemical composition of the obtained samples to
establish patterns of interaction of components leading to the formation of bulk samples and
coatings under various conditions of high-temperature treatment.

To achieve this goal, high-temperature nitridization of titanium and other transition metals
was carried out to obtain non-stoichiometric nitrides. Their subsequent reaction with aluminum to
obtain coatings or powders was conducted. The obtained samples were examined using X-ray phase
analysis, thermogravimetry and differential scanning calorimetry, optical and scanning electron
microscopy, as well as EPMA.

It was found that when annealing compact nonstoichiometric titanium nitride with aluminum
foil in argon at 1100°C for an hour and a half, a layer of the target MAX phase Ti.AIN with a
thickness of up to 50 microns is formed on the surface, and when annealing a mixture of TiNos and
Al powders in a quartz ampoule at 1100°C, the target phase Ti2AIN is formed during the day with a
yield of more than 95%.

Thus, it is shown that the reaction of nonstoichiometric titanium and aluminum nitride can
produce the MAX phase Ti2AIN under less harsh conditions than according to known literature
data.
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JlocMHTeTHYeCKAsl OLEHKA TePMOAUHAMUYECKOH CTA0MIBHOCTH
KPHUCTAJLUIMYECKUX COeITMHEHU METOAAMHU MAIIUHHOI0 00y4YeHM I

Tlomawmnuxoe A.A.

PykoBoauTenb: K.X.H., C.H.c. Mutpodanon A.A.

B mnocnenHue roapl B MarepUalOBEIECHUU IOJIYYMIIM PACIpPOCTPAaHEHHE TI'E€HEPAaTUBHBIE
MOJIeJIU, CIIOCOOHBIE NPeACKa3blBaTh CTPYKTYPhl COEAMHEHUH C 3alaHHbIMU cBOMCTBaMU. OpHAKO
TaKkyue MOZETH 00JIaal0T CYIIECTBEHHBIM HEJOCTAaTKOM: CPEIH MPEACKa3aHHBIX COCTUHEHUHN OIS
peanbHBIX ~ CyIIECTBYIOLIMX HeBenuka. IlosTomy akTyanpHa mpolOiiemMa — MpeacKa3aHus
TEPMOJIMHAMHYECKONW CTAaOMIBHOCTH COCTUHEHUH, JUISI KOTOPBIX emE HE CYIIECTBYET HHMKAKHX
HKCHEPUMEHTAIbHbBIX JAHHBIX.

Mepoii TepMOIUHAMUYECKONH CTaOMIIBHOCTH BEIIECTBA SIBIISIETCS DHEPIUsl HaJ BBITYKJIOH
000JI0YKOW TOBEPXHOCTH MOTEHUUAIbHOW 3Hepruu. Ilockonbky ¢(opma BBITYKIONH 0007104KH
3aBUCUT HE TOJBKO OT CBOWCTB CaMOro BEIECTBA, HO M €ro OKPYKEHUS B XUMHUYECKOM
IPOCTPAHCTBE, KJIACCUYECKHE METO/Abl MAIIMHHOTO OOY4YeHHs JAlOT HU3KYI0 TOYHOCTb
MpeJCKa3aHusl HAXOXKICHUSI COSAMHEHUI Ha MOBEPXHOCTU BBHIMYKJIONH 00onouku. Takum oOpaszom,
LEJIbI0 HacTosAlled paboThl sBIsETCA pa3padoTKa IMOAXOJa K OLEHKE TEpMOJIMHAMHYECKON
CTa0MIIBHOCTH KPUCTAUIMYECKUX COEAMHEHHWH. J{JIs1 3TOro CTaBATCS CIEAYIOUIME 3afadd: aHaJN3
JUTEPaTypHBIX JAHHBIX U BbIOOp 0a3bl JAHHBIX; pa3paboTKa U OoOyuyeHHE Mojeleld MAIIMHHOTO
oOy4yeHHMs Il TPEACKAa3aHUs  TEPMOAMHAMUYECKOW  CTaOWIBHOCTH;  JIUTEpaTypHas |
SKCIepUMEHTaIbHas Bepudukanus Moaemnei.

B nanHoit pabote paccmaTpuBaeTcss BO3MOKHOCTh y4€Ta JOKAJIbHOTO OKPYKEHMSI BEIIECTBA
B XMMHUYECKOM IPOCTPAHCTBE C HCMOJb30BaHMEM TIpadoBBIX HEHPOHHBIX ceTel. B kauecTBe
HMCTOYHHMKA JaHHBIX MCIOJB3yeTcsl 0a3a nmaHHbix Materials Project, mpegocraBistomnias 1aHHbIE O
CTPYKTYpe U TEpMOJMHAMUYECKHUX XapakrepucTukax Oosee yem 150 000 coenunenwid. s
Bepu(duKanuu paboThl OblJIa BHIOpaHA 3a7ada MOUCKA OKCHUIHBIX MATPHUIl, KOTOPbIE MOTYT OBIThH
MCMOJIb30BaHbl AT MMMOOMJIM3ALUN LUPKOHHUS-93, OJHOTO U3 OTXOJAOB SJEPHO- TOIUIMBHOTO
ITUKJIA.

B pabote ObuIO mMOKa3aHO, 4YTO pa3pabOTaHHBIA MOJIXOA 3HAYUTEIBHO YBEIUYHMBACT
TOYHOCTh MojenupoBaHus. Ilpu ucnonb3oBaHMM Pa3IUYHBIX COYETAHUHM TpadoBBIX CBEPTOK H
CIOCO0OB MOCTpPOEHUs rpada MOXKHO MOIYYUTh MOJENIU C TOYHOCTBIO AocTuratomei 97% u co
3HaueHusiMu MeTpuku F1 1o 0.91. DTOT pe3ynbTraT HAMHOTO TPEBOCXOAHUT paHee pa3paboTaHHBIC
apXUTEKTYphl, KOTOpPBIE MPH TPEHUPOBKE HA TAaKOM K€ HaOOpe JaHHBIX JTOCTUTAIOT MAKCHMAJIbHOM
touHocTH 82% u 3HaueHuil metpuku F1 no 0.82. [IpoananusupoBaHa KOppessiius IpeacKa3aHus
TEPMOJIMHAMHYECKONW CTAaOMIBHOCTU C CHUHTETHMYECKON JOCTYHMHOCTHIO Ha OCHOBE JIUTEpPATypPHBIX
nanHbIX. [Ipeacka3zanue TepMOJIMHAMUYECKOW CTaOMIIBHOCTH MOCTPOECHHON MOJIEBbIO COTrjacyeTcs
C TEPMOJMHAMHYECKUMH MOJIENISAMHU, ONMYOJMKOBAaHHBIMM B JIUTEpaType U TOATBEPKIAAETCS
IKCTIepUMEHTANBbHO. [IpoBenéH cuHTe3 00pa3oB MaTPHIL AJIS JaTbHEHIITNX HCCIEI0OBaHHUH.

Takum oOpa3oM, B XxoJe Hacrosmeid paboTsl Obul pa3zpaboraH M BepUPULIHMPOBAH
HKCIIEPUMEHTAJIbHO HOBBIM MOAXOA K TMPEACKa3aHUI0 TEePMOJAMHAMUYECKOM CTaOWIbHOCTH
KPUCTAJNINYECKHUX BEIIECTB, IPEBOCXOIAINMI 110 TOYHOCTH COBPEMEHHBIE MOJIENH.

IMy6aukamun cryaenra (https://istina.msu.ru/profile/apotashnikov/):

1. [MoramaukoB A.A., MutpodanoB A.A., [pagosvie Hetipocemu 0 NpeoCKA3aAHUs
MEPMOOUHAMUYECKOU — CMabuibHocmu  Kpucmaniiudeckux — coeounenuti [/ Martepuaasl
MexayHapoIHOTo MOJIOAEKHOTO HayuHOro ¢opyma «JlomoHocoB-2023», COOPHUK TE3UCOB.
Mocksa, Poccus, 10-21 anpens 2023.
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2. TloramaukoB A.A., MutpodanoB A.A., /Jocumnmemuueckas oyeHka mepMOOUHAMUUECKOT
CMabUIbHOCMU KPUCMAIUYECKUX COeOUHeHUll Memodamu mawunnozo ooyuenus || COOpHUK
TesncoB koHpepennuu-mkoasl «ACKYCCTBEHHBIH MHTEJJIEKT B XUMHUH U
MATEPHUAJIOBEJIEHHUMW», c6opuuk Te3ucoB. MockBa, Poccus, 18-20 nexabpst 2023.

3. A. V. Nesterov, A. M. Demchenko, A. A. Potashnikov, A. L. Voskov, N. A. Kovalenko, and I. A.
Uspenskaya., Thermodynamic properties of solutions in the h2o0-na2so4-al2(so4)3 system //
Russian Journal of Inorganic Chemistry, 68:1-7, 2023, doi: 10.1134/S0036023622700164.

4. M. D. Kaplina, A. A. Potashnikov, S. V. Kurdakova, N. A. Kovalenko, and I. A. Uspenskaya.,
Thermodynamic properties of solutions of di-(2-ethylhexyl)phosphoric acid—lanthanum (lutetium)
di-(2-ethylhexyl)phosphate—o-xylene // Russian Journal of Physical Chemistry A, 96(12):2680—
2686, 2022, doi: 10.1134/S0036024422120159.

5. Arkhipin A., Potashnikov A., Kovalenko N., Uspenskaya I., Thermodynamic model of the water —
nitric acid — lanthanum nitrate — di-(2-ethylhexyl) phosphoric acid — o-xylene extraction system //
31st European Symposium on Applied Thermodynamics Abstract Book, c6opHHK Te3HCOB.
Laval Virtual Green Center, ®panrus, 5-9 urons 2021 r.

6. IMoramnukoB A.A., Pacuém ¢hazoevix pasnosecuti ¢ cucmemax H>0O - HNO3z - Ln(NOs)s - o-
CgHio - Ci6H3s04P (Ln = Sm, Eu) (Cmenooswuir) I/ Matepuajinl MexKIyHAPOTHOTO
MOJIOIeKHOTO0 HAaYy4YHOro popyMa «JlomonocoB-2020», cOopauk Te3ucoB. Mocksa, Poccus, 10-
27 Hosi6ps 2020 T, ¢. 1215.

Presynthetic estimation of thermodynamic stability of crystalline
compounds via machine learning

Potashnikov A.A.
Supervisor: PhD, senior researcher Mitrofanov A.A.

In recent years, generative Al models became quite popular in applications related to
materials science, for generating crystal structures with predetermined properties. However, these
models suffer from a common drawback: most of the generated structures cannot be synthesized.
Therefore, the prediction of thermodynamic stability for in absence of experimental data is pertinent
for the field.

For determining thermodynamic stability, the energy above convex hull is used. Since shape
of the convex hull is dependent not only on the compound’s properties, but also on its immediate
neighbors in the chemical space, which causes existing models to perform poorly when predicting
thermodynamic stability. Therefore, the aim of this work is to develop a new approach to
thermodynamic stability prediction of crystals. On order to achieve this, the following tasks are set:
literature analysis and choice of the database; development and training of machine learning model
for thermodynamic stability prediction; verification using literature data and experiment.

In the present work, neural networks are used to predict thermodynamic stability, accounting
for the structure’s neighbors in the chemical space. The Materials Project database is used as a data
source, containing over 150 000 crystal structures with thermodynamic data. For verification, this
work considers the problem of the development of oxide matrices for Zr-93 immobilization, which
is formed as a part of nuclear waste.

It is shown that the developed approach significantly improves the performance of the
models. When using different combinations of adjacency criteria and graph convolutions, it is
possible to achieve accuracy of 97% and F1 score values up to 0.91. The best model outperforms
conventional models that, when trained as classifiers, show accuracy of 82% and F1 score of 0.82.
Correlation between thermodynamic stability and synthetic availability is examined using literature
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data. The prediction of thermodynamic stability via developed model is in agreement with
thermodynamic modeling published in literature, and with conducted experiments.

Therefore, in the present work an approach to prediction of thermodynamic stability was
developed and verified using literature data and experiments. The model outperforms state-of- the-
art competitors in thermodynamic stability prediction.

ITouck m ucciaenoBanue MaTpull 1J1s HMMOﬁI’I.HI’I3aIII/II’I HUPKOHUA U3
PAAHOAKTUBHBLIX 0TX0/10B

Pyoyos U./].

PykoBoautens: K.X.H., ¢.H.c. Kopones B.B.

C pocToMm cripoca Ha SIEpHYIO SHEPreTUKY LIMPOKYIO aKTyalbHOCTh IpuoOpesna rnpobdiiema
3aXOpPOHEHHS PAJIMOAKTUBHBIX O0TX0A0B. CyIIEeCTBYIONIME MOIXOABI K MX 3aXOPOHEHHIO OCHOBAHBI
Ha TMPUHLMIAX HCIOJIb30BAaHUS HECKOJBKUX OapbepoB JUIsl HaAekHOW 3amuThl. OIUH M3 3THX
0appepoB — HUMMOOMIM3ALUS OTPAOOTAHHBIX PATUOHYKIMIOB B CHEIHAJIBHBIX MAaTpHUIlax.
[{upkoHMIl MMeeT HM3KOE MONEpPEeyHOe CeueHHe 3axBaTa HEUTPOHOB U BBICOKYIO CTOMKOCTh K
KOPpPO3HH, TOSTOMY AaKTHBHO TNPUMEHSETCS B SACPHOH NPOMBIIUICHHOCTH B IPOU3BOICTBE
TEIUIOBBIJCIAIONIMX 3JIEMEHTOB M TOIUIMBHBIX KaHaloB. IlepcrieKTUBHBIMU MaTepuagamMu Jyis
MMMOOHMITN3AINH SIBIISIIOTCS KEPAMUYECKHE OKCHIHBIE MAaTPULEl. MaTpHIlbl HA OCHOBE MUHEPAJIOB,
CONepKalllMX UUPKOHMMA, Takux Kak: Oamgmenent (ZrOz), uupkoH (ZrSiOs), UTUPKOHOIUT
(CazrTioO7) — npuMeHsOTCS Ul MMMOOMJIM3AalMM  BBICOKOAKTUBHBIX  PaJUOHYKIIHIIOB.
Pa3paboTka MaTpuIl, cofiepsKaluX UPKOHHI, MepCHeKTUBHA HE TONBKO A uMMobummsamun Zr,
HO ¥ Ui 3aXOPOHEHUS JpPYyTrUX paIroaKTUBHBIX DIIEMEHTOB mpHCyTcTByOmux B PAO.
[TpuMeHeHre METOZ0B MAIIMHHOTO OOYyYeHHs] MOXKET CYIIECTBEHHO OOJETduTh MpOIecC MOUCKa
MOJIXOASIINX MaTepPHajoB Ui TIOCIEAYIONMETO HWCIOJNb30BaHUSA B KadeCTBE MATPHIl IS
MMMOOHMIIN3AIUH PaIMOAKTUBHOTO LIUPKOHUS.

Takum oOpa3om, 1enb padOThl — pa3pabOTKa TMEPCIEKTUBHBIX OKCHIHBIX MAaTpPHIl IS
MMMOOMIIN3alMM [TUPKOHHUS C TOMOIIbIO METOJO0B MAaIIMHHOro o0ydeHus. i 3TOro Hy»XHO
pemuTh crlenyromue 3amadyd: 1) co3maHue Mojeield MamMHHOrO OOydYeHHsl JUIs pacyera
MEXaHUYECKUX M TEPMOJMHAMMUYECKHX CBONCTB MaTepHajOB Ha OCHOBE COCTaBa COEAMHEHUH, 2)
MOUCK TIEPCTIEKTUBHBIX OKCHIHBIX KEpaMHK, COIEp)KallNX HUPKOHWH, Ha OCHOBE pAcueTOB H
aHaJM3a W3BECTHBIX COEAMHEHUH, a Takke Ha OCHOBE I'€HEpallud HOBBIX COEAMHEHUH, 3) CHUHTE3
COEIMHEHUH, IPEJIOKEHHBIX B X0/1€ MOJICIIMPOBAHUS, U HICCIICIOBAHNE TIETICBBIX CBOMCTB.

s oOydenus Mozenel MCMONb30BAUCh 0a3bl JaHHBIX Materials Project (Mexanuueckue
cBoiicTBa) u 6a3a nmanHbIX U3 penozutopus MatCloud (aneprust o6pasoBanus). B kadectBe moaenu
MaIIMHHOTO 00ydeHusi Obula BhIOpaHa HEWpOHHas ceTh, OCHOBaHHas Ha apxurektype CrabNet,
KOTOpAst SBISETCS OJTHOW M3 HanOoJiee TOUHBIX MOJIENIEH /IS IPE/ICKa3aHnsl MEXaHHUECKUX CBOWCTB
no cocraBy. CuHHTE3 TNEpPCHEKTUBHBIX COCJUHEHHUH  OCYIIECTBIISJICS  CIIEKAaHUEM B
IporpaMMupyeMoil MydenbHON Meur C MpelBapUTENbHON roMOreHu3anue u OpuKeTHpOBaHUEM
00pasIoB.

Ko>hduImenTs! neTepMUHAIIMN 00ydeHHBIX MOZeNei s TIpeacKa3anus cBOHCTB: R2k(vrH)
= 0.95, R%wrH) = 0.95, R%q = 0.93, R*(m = 0.94. C momompio maketa SMACT 6bu10
CTEHEpUPOBAHO TOPs/IKa 6 MAJUTMOHOB CIIOKHBIX OKCHJIOB, COZIEprKaIInX nupkoHuii. Ha ocHOBe 6a3
JAHHBIX CYIIECTBYIOUIMX COCIMHEHMH M 1O pe3yjbTaraM TIeHepaluud ObUTH  HaileHbl
MEPCIEKTUBHBIE OKCHIBI TSI UMMOOMITH3AINH IUPKOHUs. OHA U3 CaMbIX MHOTOOOCIIAOIUX (a3
IIUPKOHATOB CTPOHIMSA W KaJbIMs ObUIM CHHTE3MPOBaHBI M oxapakrepu3oBanbl: SrZrOs (86%
Mmacc.), CaZrO3 (99% macc.).
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MOI[GJ'II/I MaIIMHHOT'O O6y‘IeHI/IH CITOCOOHEI MMpEaACKa3bIBaTh MEXaHHUYCCKHE n

TePMOJIMHAMUYECKHE CBOMCTBA MAaTePUaIOB, MOTPEIIHOCTA COMOCTABUMBI C SKCIIEPUMEHTATIbLHBIMHU.
[Togxon oOpaTHOro MM3aitHa MaTepHUaiOB MO3BOJISET HANTH MEPCIEKTUBHBIE coenuuenus (SrZrOs,
CaZrOgz), KOTOpBIE MOXHO HCIOIB30BAaTh JUISI MMMOOWIM3AMM LUPKOHHUS M3 PaJIdOAKTUBHBIX
OTXOJOB.
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RU2759827C1, 2021.
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MOJIOIBIX HAYYHBIX COTPYAHMKOB ¥ AacNHPAHTOB «®MU3HKOXUMHS M TEXHOJOTHS
HeopraHu4eckux Mmarepuaaony. / Coopuuk tpynos. — M: UMET PAH, 2020. c. 104.

Py6uos U.JA. Ocobennocmu muxkpocmpykmypvl odracmu «cCnas» KepamuyecKux HUmpUOHblX
mepmosnekmpuyeckux onemenmog [[ @50 XVIII Poccuiickasi exxeronnass KoHdgepeHus
MOJIOIBIX HAYYHBIX COTPYAHMKOB ¥ AacNHPAHTOB «®U3UKOXUMHUS M TEXHOJOTHS
HeOpraHu4ecKux marepuajioBy. / Coopuuk tpyaos. — M: UMET PAH, 2021. c. 142.

Pybuos M.J1., Kapnos K.B., MutpodanoB A.A., Hcnonvzosanue epagosvix HeupoHHbix cemel
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koH(epenuuss «MATEMATHUYECKOE MOJIEJUPOBAHUE B MarepuanoBeaeHUH
3JIeKTPOHHBIX KoMmoHneHToB MMM3IK-2021», cOopuuk Te3ucoB. MockBa, Poccus, 25-27
okTs0ps 2021, c. 81-82.

Py61oB U./1., Koponer B.B., MutpodanoB A.A., In silico ouzatin mampuy 0ns ummoouruzayuu
yuprkonus u3 paouoakmughvix omxoooe [/ XXII Bcepoccuiickasi mHIKoJa-KOH(pepeHIus
MOJIOJIBIX YUEHBIX «AKTYaJIbHbIE NPO0/1eMbl HEOPTraHMYECKOH XMMMU: IHePrus+», COOpPHUK
te3ucoB. Jlom otabixa MI'Y «KpacuoBumnoBoy, Poccus, 10-12 Hosiopsa 2023, c. 153-152.

Py6moB U.J1., Kopones B.B., MutpodanoB A.A., IIpumenenue memooos MawunHHo2o 00y4enus
npu  Noucke NepCcneKmusHvlx mampuy Oas  ummobunuzayuu yuprkonus [/ Hayunas
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coopuuk Te3ucoB. MockBa, Poccus, 18-20 nos6ps 2023, c. 57.

Design and investigation of matrices for a zirconium immobilization
from radioactive wastes

Rubtsov 1.D.

Supervisor: PhD in Chemistry, senior researcher Korolev V.V.

With the growing demand for nuclear energy, the problem of radioactive waste disposal has

become widely relevant. The existing approaches to their storage are based on the principles of
using several barriers for reliable protection. One of these barriers is the immobilization of spent
radionuclides in special matrices. Zirconium has a low neutron capture cross-section and high
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corrosion resistance, therefore it is actively used in the nuclear industry in the production of fuel
cells and fuel channels. Ceramic oxide matrices can be promising materials for its immobilization.
Matrices based on minerals containing zirconium, such as: baddeleyite (ZrOz), zircon (ZrSiOa),
zirconolite (CazZrTi,O7) — are used for the immobilization of highly active radionuclides. The
development of matrices containing zirconium is promising not only for the immobilization of *3Zr,
but also for the disposal of other radioactive elements present in radioactive waste. Machine
learning methods can significantly facilitate the process of finding suitable materials for subsequent
use as matrices for the immobilization of radioactive zirconium.

Thus, the aim of this work is to develop promising oxide matrices for the immobilization of
zirconium using machine learning methods. Solving the following tasks is needed to achieve this
goal: 1) creation of machine learning models for calculating the mechanical and thermodynamic
properties of materials based on the composition of compounds, 2) screaning for promising oxide
ceramics containing zirconium based on calculations and analysis of investigated compounds, as
well as with generation of new compounds, 3) synthesis of compounds proposed during modeling
and investigation of its properties.

The Materials Project (mechanical properties) and MatCloud (energy of education)
databases were used to train the models. The neural network based on the CrabNet architecture was
chosen as a machine learning model, because it is one of the best models for predicting mechanical
properties by composition. The synthesis of promising compounds was carried out by sintering in a
programmable muffle furnace with preliminary homogenization and briquetting of samples.

Final coefficients of determination for the trained models are: R%rn) = 0.95, R%gvrH) =
0.95, R% 5 = 0.93, R%r(m) = 0.94. With the help of the SMACT package, about 6 million complex
oxides containing zirconium were generated. Based on databases of existing compounds and on the
results of generation, promising oxides for the immobilization of zirconium were found. Some of
the most promising phases of strontium and calcium zircons have been synthesized and
characterized: SrZrOs (86% by weight), CaZrOs (99% by weight).

Machine learning models are able to predict the mechanical and thermodynamic properties
of materials, and the errors are comparable to experimental. The reverse material design approach
makes it possible to find promising compounds (SrZrOz, CaZrOs) that can be used to immobilize
zirconium from radioactive waste.

CuHTe3 MAarHUTHBIX HaAHOYACTHUIl B MIPUCYTCTBUU T'YMHUHOBBIX
BeIIECTB JAJd OYUCTKH 3anH3HéHHbIX BOJ

Paoowcabzooa I1.A4.

PykoBomuTens: a.x.H., mpod. Ilepmunosa U.B.

3arpsi3HeHue MPUPOHBIX BOJ ABJSETCS aKTyallbHOM 3Kosornyeckoit mpodaemoit. [Ipu aTom
TSOKENble METajulbl OTHOCSTCS K YWCIy Haumbosiee paclHpoCTpaHEHHBIX 3arpsi3HUTENed U
MIPEJICTaBISIOT 0COOYI0 OMACHOCTh JUISl 30POBBS yesioBeka. [lepeoBbIM METO/I0M OUYHUCTKH BOJI OT
3arps3HEHUs] METaJUIaMU SIBJIIETCSl PUMEHEHHE MarHUTHBIX copOeHToB. OCHOBHOHM mMpoGiiemMoin
NpU WX TIOJYYEHUM SIBISICTCS CTaOMIIM3aIlUsl B PacTBOpe. Bojblme MepcreKTHBHI IS PEHICHUs
3TOM MPOoOJIEMBI UMEIOT TPUPOTHBIE TTOJIUAIEKTPOIUTHI - TyMUHOBBIE BemiecTBa (I'B).

B cBsI31 ¢ 3THM LIENBIO TAaHHOH paOOTHI CTall CHHTE3 HAHOYACTHUI] MATHETHUTA B TIPUCYTCTBUH
T'YMHHOBBIX BEILIECTB Ul OUUCTKH BOJ, 3arPA3HEHHBIX TSKEIBIMU METAJIJIAMH.

J1st HOCTHIKEHHSI TTOCTABICHHOMW 1eNT OBLTH pEeIIeHBI CIISAYIONIHNE 3a1auu:

PazpaboTan onTUMaNbHBI METOJ CHHTE3a HAHOYACTHI[ MarHeTuTa B MPUCYTCTBUHU
TYMUHOBBIX BEIIECTB IyTeM BapbUpOBaHUS yCIOBUH ero monydeHus. Ilokazano, drto
ontTUMalbHBIMU TIpekypcopamu sBisitotrcss FeClz u FeSOs, ocamutens — aMMuak, WHEpPTHAs
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aTMocepa M TymaT OKHUCJIEHHOIO YIS C BBICOKMM COJEpKaHMEeM (PEeHONbHBIX Tpynn. B
IIPUCYTCTBUM JIAHHOTO TIyMaTa HaOIIoJanyd MHUHHMMAajbHble pa3Mepbl HaHouacTull. Bcero
CHUHTE3MpOBaHO 22 o0pa3la HAaHOYACTHI] MarHeTuTa. BBINONHEHO uccienoBaHue HUX (Ha30BOro
coctaBa u pazmepa merogamu [IOM, COM u cetopaccesinus. [lokazaHo, 4To pazMmep HaHOYACTHUII
MarHeTuTa, CAHTE3UPOBAaHHBIX B HAMICHHBIX ONTUMAJIBHBIX YCIOBUAX, COCTABIAN 5-10 HM.

Jns  XapakTepucTHKH  (PYHKIMOHAIBHBIX ~ CBOWCTB ~ HAHOYACTHI  MAarHeTHUTa,
crabminsupoBaHHbIX I'B, uccnenoBana ux copOIMOHHAs CIIOCOOHOCTh B OTHOUIEHUH MOHOB MEIH
u Hukens. [lokasano, yTo MarueTuT obaanaeT ropasao 6osee BEICOKOW COPOLIMOHHON €MKOCTBIO TI0
OTHOLICHHUIO K MeIW, 4eM K Hukemo: 48 u 7 Mr/r, cooTBETCTBEHHO. lIpm 3TOM HaHOUYACTHIIBI
MarHeTurTa B orcyrcTBue ['B, copOIIMOHHBIME CBOIICTBaMU HE 001a1aITH.

BbInonHeH cUMHTE3 MarHUTHBIX COPOEHTOB IMyTeM MMMOOMIN3ALUN HAaHOYACTUL] MarHETUTa
Ha TBEPAOM IOMJIOXKKE — JAPEBECHBIX OINMWIKaX B INPUCYTCTBUU U oTcyTrcTBUM I'B. M3yueno
pacrpenenenue U Mopdosorus  MMMOOWIM30BAaHHOIO  MarHeTUTa  METOJOM  MHKpO-
pentrenoduryopectueHTHOH cnekTpockonuu 1 COM. Tlokazano, uTo Gosiee 0OTHOPOTHOE U IIOTHOE
HOKpbITHE (OPMUPYETCS B OTCYTCTBHE I'YMHHOBBIX BellecTB. [loyyueHHBIN MarHUTHBIAH COpOEHT
HCIIOJIb30BAJIM JUIsl COPOLIMU B3BELIEHHOT'O 3arpsi3HAIOLIEro BellecTBa- remaruta. [lokasaHo, uTo
copOuusi remMaruTa Ha MAarHUTHBIX COpOEHTaX 3HAYMTEIbHO YCHIMBAJIACh I0J JACHCTBUEM
MAarHUTHOTO IIOJISL ¥ cocTaBisia 0e3 maraura 80 Mr/t, ¢ maruuToM — 205 Mr/T.

BriBox

Haiinens! onTuManbHble YCIOBUS MOIYYEHHs] YUCTOW (a3l HAHOPA3MEPHOTO MAarHeTUTa B
npucyrctBud ['B: ucnonb3oBaHue amMMHaka B KayeCTBE OCAIUTENsl M IPOBEIEHUE CHUHTE3a B
WHEPTHOH aTMocdepe.

[Toka3zana Oosiee BbICOKas COpPOLMOHHAs CIIOCOOHOCTb HAHOYACTUI[ MarHeTWTa,
IIOJIyYEHHOT0 B IIpUCYTCTBUM I B, K Meau u HUKeNto.

[Toka3aHa mnepcreKTUBHOCTh WMMOOWJIM3AIMM HAHOYACTHUIl MarHeTUTa Ha JIPEBECHBIX
ONMUJIKAX JJI TMOJIy4eHHS «MAKpOCOPOEHTOB» C BBICOKOW IIJIaBy4eCThIO, YTO OOECIEeYUBaAET
JIETKOCTb UX U3BJICUEHUS U3 IPUPOTHBIX BOJHBIX OOBEKTOB.

[loxazaHa BO3MOXXHOCTb YCHWJIEHHS COpPOIIMOHHBIX CBOMCTB MarHUTHBIX COpPOEHTOB K
CIaOOMarHUTHOMY 3arpsi3HSIOIIEMY BELIECTBY — TE€MaTUTy — IyTeM MPHUIOKEHHUS BHELIHETO
MarHMTHOT'O TOJIS.

Synthesis of magnetic nanoparticles in the presence of humic
substances for cleanup of polluted waters

Rajabzoda P.A.
Supervisor: Dr. of Chem. Sci., Prof. Perminova 1.V.

Pollution of natural waters is an urgent environmental problem. At the same time, heavy
metals are among the most common pollutants and pose a particular danger to human health. An
advanced method of water purification from metal pollution is the use of magnetic sorbents. The
main problem in obtaining them is stabilization in solution. Natural polyelectrolytes - humic
substances (HS) - have great prospects for solving this problem.

In this regard, the aim of this work was the synthesis of magnetite nanoparticles in the
presence of humic substances for the purification of waters contaminated with heavy metals.

To achieve this goal, the following tasks were solved.

An optimal method has been developed for the synthesis of magnetite nanoparticles in the
presence of humic substances by varying the conditions for its production. It is shown that the
optimal precursors are FeClz and FeSOs, the precipitator is ammonia, an inert atmosphere and
humate of oxidized coal with a high content of phenolic groups. In the presence of a given humate,
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the minimum sizes of nanoparticles were observed. A total of 22 samples of magnetite
nanoparticles were synthesized. Their phase composition and size have been studied using the
methods of TEM, SEM and light scattering. It is shown that the size of magnetite nanoparticles
synthesized under the found optimal conditions was 5-10 nm.

To characterize the functional properties of magnetite nanoparticles stabilized by HS, their
sorption capacity with respect to copper and nickel ions was studied. It has been shown that
magnetite has a much higher sorption capacity relative to copper than to nickel: 48 and 7 mg/qg,
respectively. At the same time, magnetite nanoparticles did not have sorption properties in the
absence of HS.

The synthesis of magnetic sorbents was performed by immobilization of magnetite
nanoparticles on a solid substrate — sawdust in the presence and absence of HS. The distribution and
morphology of immobilized magnetite have been studied by microrentgenofluorescence
spectroscopy and SEM. It is shown that a more homogeneous and dense coating is formed in the
absence of humic substances. The resulting magnetic sorbent was used for sorption of a suspended
contaminant, hematite. It is shown that the sorption of hematite on magnetic sorbents was
significantly enhanced under the influence of a magnetic field and amounted to 80 mg/g without a
magnet, 205 mg/g with a magnet.

Conclusions

Optimal conditions for obtaining the pure phase of nanoscale magnetite in the presence of
HS have been found: the use of ammonia as a precipitator and synthesis in an inert atmosphere.

A higher sorption capacity of magnetite nanoparticles obtained in the presence of HS to
copper and nickel is shown.

The prospects of immobilization of magnetite nanoparticles on sawdust to obtain
"macrosorbents” with high buoyancy are shown, which makes it easy to extract them from natural
water bodies.

The possibility of enhancing the sorption properties of magnetic sorbents to a weakly
magnetic contaminant — hematite - by applying an external magnetic field is shown.

CuHTe3 HAHOYACTHII cepedpa B MPUCYTCTBUH NMPUPOIHBIX TYMHUHOBBIX
MAaKpPOJIMTaH0B

Ab0oynoes P.b.

PykoBoauTenb: A.X.H., I.H.C., mpod. [Tepmurora 1.B.

[Mupoko wu3BecTHO, 4T0 HaHouacTHibl cepedpa (Ag-NP) obmagaroT aHTUMUKPOOHOI
AKTUBHOCTBIO 110 OTHOIICHHUIO K YCTOHYHMBBIM K aHTHOMOTHKAM IIITaMMaM OaKTepUil U MOATOMY HUX
AKTUBHO TMPUMEHSIOT B MEAMIIMHCKON MPAKTHKE W JICYCHUU THOWHBIX paH. OIHAKO, HAHOYACTHIIBI
cepeOpa MPOSIBIIIOT ITUTOTOKCHYECKHA 3(PQEKT W3-3a MOBBIIMICHUS OKHUCIHTEIHLHOTO CTpecca B
KJIETKAaX YEeIOBEYECKOTO OpPraHW3Ma, a MX CHHTE3 3a4acTyl0 MPOU3BOJHUTCS C HUCIOIb30BaHUEM
JOPOTUX B TMPOM3BOJCTBE WJIH TOKCHYHBIX BOCCTaHOBHUTENCH. YUTOOBI H30€KaTh JJTaHHBIX
HEraTUBHBIX (AKTOPOB, MEPCIEKTUBHBIM MOAXOJIOM K MpupoAonogaodHomy cuHtesy Ag-NP
SBIIICTCS CHHTE3 B cpeAe TyMHHOBBIX BemiectB (I'B), wucmonmb3yeMbIXx Kak B KadecTBe
BoccTaHoBUTeNsl W crabmmm3atopa AQ-NP, Tak u B KadyecTBe aHTHOKCHUIAHTA Ui CHIXKCHUS
IIUTOTOKCUYHOCTH cHHTe3upoBaHHBIX HYU Ag. DIEKTpOCIHHHUHT 3TO CIOCOO IONYYCHHS
MOJIMMEPHBIX BOJIOKOH B pe3yJbTare ACHCTBHUSI JIEKTPOCTATHYECKHX CHJI Ha JJIEKTPUYECKU
3apsSDKEHHYI0 CTPYIO TIOJMMEPHOTO pacTBOpa WM paciuiaBa. MeTon  3ieKTpo(dOpMOBaHUS
MO3BOJISIET MOJTy4aTh OJUMEPHBIE BOJIOKHA TUAMETPOM IMOPSIIKA HECKOJIBKUX COTEH HAHOMETPOB.

Cunte3 HaHouacThll cepebpa ¢ TymMuHOBBIMH BemectBamu (PowHumus, I'epmanusi)
npoBoawin B TeueHu 3 4 npu 80 °C xonnentpamuu B 11,8 v/m u AgNOsz 42vMM u pH 11.
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HccnenoBanust ONTUYECKUX CBOMCTB MOJYYEHHBIX HAHOYACTHUL IPOBOJMIIM C UCIOIb30BaHUEM Y D-
Bun cnektpomerpa crektp mnoriomenus B obmactu 300-600 uM, B koTopoi st Ag-NP
XapakTepHO HaJW4yue MUKa MOIMVIOLICHUS NMpu auana3zoHe JMH BoJdH 400 — 420 HM, KOTOpBIN
MPOIOPIIMOHANICH KOHIICHTPAIIMN HAHOYACTHUIl cepedpa B pacTBope. Jlanee ObuT mpoBenéH moadop
YCIOBUH Il NPOBEIEHUS JJIEKTPOCIMHMHIA, i1 NodydeHus: rens pactBopsiaum 200 mr
nosuBuHUINMppoauaoHa (1,3 MDa) pactBopuiu B 750 M u3onponuiioBoro cnupra u B 750 mi
METOKCHATAHOJIa M CMEUIMBAIA C BOJHBIM PacTBOPOM HaHOUYACTHUI[ cepebpa, coxepxkamum 290
mr/ma AgNP-I'B.

Pasmep nanouactury cepedpa B rene cocraBui nopsiaka 10 uM. Ilpu xpaHeHuu B TeueHUe
TpEeX MECSIIeB pa3Mep HaHOYACTHI] HE M3MEHsUICS. [IpOleHT BBICBOOOXKICHHUS HAHOUYACTHII cepedpa
u3 HaHeceHHoro rens gocturan 100% 3a 15 MMH, 4YTO 3HAYUTENIBHO MPEBBIIATIO CKOPOCTh
BBICBOOOKJICHUSI HAHOYACTHI[ cepedpa M3 KapOOKCHUMETHIIIEIUTIONO3HBIX M IMOJIMAKPUITAMHTHBIX
reneid. ['enp TIBII GpicTpo HaOyxasl M 3aT€M MOJHOCTHIO PACTBOPSUICSA B JUAIM3HBIX pacTBopax. B
XOJI€ IAaHHOTO MCCIIEOBAaHUS OBLIN MMOJ00PAHBI ITapaMeTPhI ISl (JOPMUPOBAHUS YCTOHIHBOTO TEIIA,
cocrosimero u3 HaHodactul] cepeOpa B marpuiie [IBII. Takke Obuio mokazaHo, YTO JaHHbBIE
KOMITO3HUIIMU 00JIaIatl0T OOJBIION CKOPOCTHIO BBICBOOOXKICHHS HAHOYACTHI[ cepedpa, MpH STOM
HAHOYACTHIIBI OCTalOTCS cTabmibHbl noiroe Bpems. Kommosunuu uz [IBIT u Ag-NPs sBrstorcs
MEPCIEKTUBHBIM MAaTEPUAJIOM JIJIsi UCIIOJIb30BAaHUS B PAHEBBIX IMOBSI3KaX.

Synthesis of silver nanoparticles in the presence of natural humic
macroligands

Abduloev R.B.
Supervisor: Doctor of Chemical Sciences, Leading Researcher Perminova 1.V.

It is widely known that silver nanoparticles (Ag-NP) possess antimicrobial activity against
antibiotic-resistant bacterial strains and are therefore actively used in medical practice and the
treatment of purulent wounds. However, silver nanoparticles exhibit cytotoxic effects due to
increased oxidative stress in human cells, and their synthesis is often carried out using expensive or
toxic reducing agents. To avoid these negative factors, a promising approach to environmentally
friendly Ag-NP synthesis is the synthesis in the presence of humic substances (HS), which are used
as both a reducing agent and stabilizer for Ag-NP, as well as an antioxidant to reduce the
cytotoxicity of the synthesized Ag nanoparticles. Electrospinning is a method for producing
polymer fibers by applying electrostatic forces to an electrically charged stream of polymer solution
or melt. The electroforming method allows for the production of polymer fibers with diameters on
the order of several hundred nanometers.

The synthesis of silver nanoparticles with humic substances (PowHumus, Germany) was
carried out for 3 hours at 80°C with HS concentration of 11.8 g/L, AgNO3 concentration of 42 mM,
and pH 11. The optical properties of the obtained nanoparticles were studied using UV-Vis
spectrophotometry in the absorption spectrum range of 300-600 nm, where the presence of an
absorption peak in the wavelength range of 400-420 nm is characteristic for Ag-NP and is
proportional to the concentration of silver nanoparticles in the solution. Subsequently, conditions
for electrospinning were optimized. To obtain a gel, 200 mg of polyvinylpyrrolidone (1.3 MDa)
was dissolved in 750 ml of isopropyl alcohol and 750 ml of methoxyethanol and mixed with an
aqueous solution of silver nanoparticles containing 290 mg/mL AgNP-HS.

The size of silver nanoparticles in the gel was approximately 10 nm. The size of the
nanoparticles remained unchanged during storage for three months. The release percentage of silver
nanoparticles from the applied gel reached 100% within 15 minutes, significantly exceeding the
release rate from carboxymethylcellulose and polyacrylamide gels. The PVP gel quickly swelled
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and then completely dissolved in dialysis solutions. Parameters were selected for the formation of a
stable gel consisting of silver nanoparticles in a PVP matrix during this study. It was also
demonstrated that these compositions have a high release rate of silver nanoparticles while
maintaining stability over time. Compositions of PVP and Ag-NPs are a promising material for use
in wound dressings.

Oco0eHHOCTH CTPYKTYPHI U TPAHCIIOPTHBIX XaPAKTEPUCTHK MeMOpPaH
HAa OCHOBe OKCHAA rpadeHa NPU MHTEPKAJISIMA HOHOB

T'upghanoea A.I.

PykoBoaurenu: K.X.H., 1ou. EnuceeB A.A.; acm. 4 r.o. I'ypesinoB K.E.

MemOpaHHbIe TEXHOJOTUU SBIISIOTCS HEOTHEMIIEMOM 4acTbi0 MHOTUX cdep AeITeTbHOCTH
yenoBeKka. bosee mosoBUHBI BceX MEMOPAHHBIX MPOLIECCOB MPUXOJUTCS HA OUYUCTKY U OIIPECHEHHE
BoAbL. J[s1 9THX meneil ¢ KOHIa MPOILIOro Beka B MOAABIAIONIEM OOJBIIMHCTBE MCIOJIB3YIOTCS
MOJIMMEpHBIE MeMOpaHbl. VX IIIaBHBIMH HEJOCTATKAMH SIBJISIOTCS HU3Kas MPOU3BOIUTEIBHOCTD U,
B psjie ciydaeB, HU3Kas ceaekTuBHOCTH B mape H2O/Nz. Takum oOpa3oM, HCCIEIO0BaHHE HOBBIX
KJIACCOB MAaTEpUaIOB ISl CO3JaHHMS BBICOKOI()()EKTUBHBIX MEMOpaH SBISCTCS aKTyaJbHOU
MaTepuaIoBeTYeCKOM 3a1adeii.

Bonpmmioit wHTEpec Uit MeMOpaHHBIX TEXHOJOTMHA TPEACTaBISIIOT KBa3HIBYMEPHBIE
HEOpraHUYECKHe MaTepuabl, B 4aCTHOCTH, Tpad)eH U ero npou3BoaHble. Tak, MeMOpaHbl HA OCHOBE
okcuga rpadena (OI') oOmamaroT BBICOKUMH CKOPOCTSIMH TPAHCIOPTa BOABI IO CPAaBHEHUIO C
NOCTOSHHBIMM Ta3aMH, JOCTHTas HjeanbHOM cenektuBHocTH B mape HO/Np ~10%. Omuum u3
MOTEHIIMAJIbHBIX CHOCOOOB TMOBBILIEHUS] CENEKTUBHOCTH MeMOpaH SBISIETCS «3aJe€YUBAHUE»
nedEeKTOB CTPYKTYpPhl HAHOJIUCTA C UCIOJIB30BAHUEM UPE3BbIUAHO BBICOKHMX TEMIEpaTyp B
BOCCTAaHOBUTEJIBHON aTMocdepe WM MyTeM BHEAPEHUS KAaTHOHOB METAaUIOB. B cBsi3u ¢ 3TuM,
LEeNbI0 JaHHOW paboThl SBISETCS HCCIEAOBAaHWE MUKPOCTPYKTYPHl M TPAHCHOPTHBIX CBOWCTB
MeMOpaH Ha OCHOBE OKcH/JIa TpadeHa, UHTEPKAIMPOBAHHBIX KATHOHAMHU METAJUIOB.

Jlnst mocTuKeHusl JAaHHOU TENIA UCCIeIOBAINCH TPAHCTIOPTHHIE CBOMCTBa MEMOpaH ¢ pa3HoOM
CTETICHBIO YIIOPSIOYEHHOCTH CTPYKTYPHI 110 BOJIE U MTOCTOSIHHBIM Ta3aM (YJIbTpAaTOHKHE MEMOpaHbI
~20 HM, HaHECEHHBIE METOJOM OCAXKJCHHS Ha BPAIIAIOIIYIOCS TOJUIOKKY U TOJCThIE MEMOpPaHbI
(~2 MKM), HaHECEHHbIE METOJOM (MIbTpallud TOJA MJABICHHUEM JI0 M TIOCJIE€ HWHTEPKAISAIUN
KaTHOHAMH).

YCTaHOBIIEHO, YTO HWHTEpKAJIALNS MeMOpaH, IOJyYEHHbIX METOJOM HAHECEHUs Ha
BPAIAOIIYIOCS TOIOKKY, TBYXBAJICHTHBIMU KaTHOHAMH Ha TTOPSAIOK YBETHYHUBAET CEIEKTUBHOCTh
B mape H>O/N2, B cBOW ouepeap OHO3apsAHbIC KATHOHBI, HAMPOTHB, HA MOPSIOK MOHMKAIOT
CEeNIeKTUBHOCTh. JlaHHBIH (EHOMEH, MO-BUAMMOMY, CBS3aH C pa3lU4YMeM B PacCHOJOKEHUHU
KaTHOHOB BJIOJIb IOBEPXHOCTH HAHOJIMCTOB: KaTHOHB Me' pacronararorcss NpenMyniecTso B
npocTpaHcTBe Mexy cnosimu OT, a kaTHoHEI Me?! - IpenMyIecTBEHHO B CTPYKTYPHBIX JedekTax
0a3aJIbHOM IJIOCKOCTH HaHOJIUCTOB. Takoe cHenu(pUYHOE pAaCIONIOKEHHE TaKKe OKa3bIBAeT
3HAYUTENILHOE BIIMSHUAE Ha YMAaKOBKY HAHOJHUCTOB, jAeQopMupys HAealbHOE YMOpPsJAOYCHUE B
Cllydae OJHO3apSIHBIX KaTHOHOB. [IpH ATOM MHTEpKAISAIUs MEMOpaH, MOJydYeHHBIX (QUIbTpanuei
MO/ JaBIIGHWEM, HE TOKa3bIBA€T CXOXKETO BIHUSHUS HA TPAHCIOPTHBIE CBOWMCTBA, YTO SIBIISETCS
CJIEICTBUEM M3HAYAIBHO OOJbIIEH pa3ynopsA0YeHHOCTH CTPYKTYPBI.

CornacHo pesymbraTaM MK-CIIeKTpOCKONHH TIOTJIOMEHNs MHTEpPKaIAHs KaTHOHOB Mg?*
TaKXKe BIMSET HA TEPMUYECKYIO CTaOWIBHOCTH CTPYKTypsl OI, JEeMOHCTpUpPYs yIep)KaHHe
abcopObupoBaHHOW BOABl BIIOTH 10 TeMmmepaTypbl 300°C, yTO OOBACHSETCS CUIBHBIM HOH-
JUTOJIBHBIM B3aUMOJICHCTBHEM.
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MeTogamMu MONyAIMIOUPUYECKOTO MOJEIUPOBAHUS ObUIO TMOKa3aHO, YTO OIHO3apsIHbIC
katnonsl (K') BcTpamBaroTCsi B MEKCIOEBOE IPOCTPAHCTBO OKCHa Ipad)eHa M yAepKHUBAOTCS
MeXIy HUMH OJarogapsi 3JIeKTpOCTaTUYECKOMY B3aWMOJECUCTBUIO C TMAPOKCHIBHOM rpymnmnaMu. B
CBOIO ouepeib NByX3apamHble KaTuoHbl (Mg?"), B3aumomeiicTBys ¢ KapOOHMIBHOM TIpYITION,
BCTpauBarOTCs B JAeeKkThl 0a3aJbHOM IJIOCKOCTH JHUCTa. B pesynbrare 4ero MpoOHCXOAUT
KOMIICHCAIHsI TIOBEPXHOCTHOTO 3apsiaa OKcuaa rpadeHa u A3eTa-MoTeHIA OCTAeTCs CTa0MIBHBIM
B mupokom uHTEepBasie PH (ot 2 mo 11).

IMyoauxamuu crynentku (https://istina.msu.ru/profile/GirfanovaAG/):

1. I'ypesanoB K.E., Uepnora E.A., ['updanoBa A.T'., EnuceeB A.A., Bausnue xumuueckoeo cocmasa
okcuda epagena  Ha  MpaHcnopmuwie — ceoticmea  Membpan Ha e2o  ocHoee I
XXI11 Becepoccuiickas mikoJia-KoH(pepeHUsi «AKTyajJbHble NMP00JeMbl HeOPraHu4YecKoii
XMMMH: IHeprusi+», coopauk te3ucos. KpacnoBumnoso, Poccust, 10-12 nosdps 2023.

Structure and transport characteristic of ions intercalated graphene
oxide membrane

Girfanova A.G.
Supervisors: Ph.D., Associate Professor Eliseev A.A.; Ph.D. student Gurianov K.E.

Membrane technologies are an integral part of many areas of human activity. More than half
of all membrane processes are used for water purification and desalination. Since the end of the last
century, polymer membranes have been overwhelmingly used for this purpose. Their main
disadvantages are low performance and, in some cases, low selectivity in the H2O/N2 pair. Thus, the
study of new classes of materials for the creation of high-performance membranes is an urgent
materials science task.

Quasi-dimensional inorganic materials, in particular graphene and its derivatives, are of
great interest for membrane technologies. So, graphene oxide (GO) based membranes have high
rates of water transport compared to permanent gases, reaching ideal selectivity in the HoO/N> pair
~10% One of the potential ways to increase the selectivity of membranes is the "healing” of defects
in the nanosheet structure using extremely high temperatures in a reducing atmosphere or by
introducing metal cations. In this connection, the aim of this work is to investigate the
microstructure and transport properties of graphene oxide membranes intercalated with metal
cations.

The transport properties of membranes with different degrees of structure ordering for water
and permanent gases (ultrathin membranes ~20 nm deposited by spin-coating and thick membranes
(~2 pum) deposited by pressure filtration before and after intercalation with cations) were
investigated to achieve this goal.

The intercalation of membranes obtained by spin-coating with divalent cations was found to
increases the selectivity in the H.O/N2 pair by an order of magnitude, while single-charged cations,
in contrast, decrease the selectivity by an order of magnitude. This phenomenon seems to be related
to the difference in the location of cations along the nanosheets surface: Me™ cations are
preferentially located between GO layers, while Me?* cations are preferentially located in the
structural defects of nanosheets basal plane. Such specific arrangement also has a significant
influence on the packing of nanosheets, disrupting the ideal order in the case of single-charged
cations. At the same time, the intercalation of membranes obtained by pressure filtration does not
show a similar effect on the transport properties, which is a consequence of the inherently higher
disordered structure.
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According to the IR absorption spectroscopy results, the intercalation of Mg?* cations also
effects the thermal stability of the GO structure, demonstrating the retention of absorbed water up to
a temperature of 300°C, which is explained by a strong ion-dipole interaction.

The intercalation of single-charged cations (K*) into the interlayer space and its fixation
between the layers via electrostatic interactions with hydroxyl groups was shown by the semi-
empirical modeling methods. Interacting with carbonyl groups, divalent cations (Mg2+) in turn,
embedding in the GO basal plane defects. As a result, the surface charge compensation occurs and
zeta-potential remains stable in a wide pH interval (from 2 to 11).

DJIeKTPOAHbIE MATEPHUAJIbI JAJIS CeJIeKTUBHOM IKCTPAKIIMH
JINTHSA U3 PACCOJIOB

Yenuxoe A.H.

PykoBoauTens: K.X.H., 1o1. Enucees A.A.

JloOplua AUTHSIT UMEET BaKHOE 3HAUEHHUE Ui COBPEMEHHOW MpPOMBINUIEHHOCTU. JIuTHii
UCIIOJIb3YETCS B IIPOM3BOJCTBE AKKyMYJIATOPOB, @ TAK)KE B TEXHOJIOTUAX PACIPENECIICHUS, XPaHEHUS
U TPOHM3BOJICTBA BO30OHOBIIIEMOW SHEPTHH, YTO JENAET €r0 KIIFOUEBBIM JJIEMEHTOM pa3BHTHUS
JHEPreTUYECKUX TexHoJorui. Ha cerogHs, OCHOBHBIMM IOCTABIIMKAMHU JIMTUS B MUDPE SABISAIOTCS
Agctpaymus, Ynnmn, Aprentuna, CIIA, Kutaii, a OCHOBHBIM CITOCOOOM JTOOBIYM JIUTHSI CTAHOBHUTCS
ocaxnenue Li2CO3 U3 cOJIOHYAKOBBIX BOJ, C KOHIICHTPHPOBAHHEM paccoja MmyTeM uchapeHus. B
Poccun nutmii-comepikaiiie paccoibl JTOOBIBAIOTCS B KAayecTBE TOMYTHBIX BOJA HEPTIHBIX
MECTOPOXKJCHUN (Tu1acToBble BOABI). OAHAKO TPaJUIMOHHBIN METOJ AO0ObIYM JHMTUS U3 JaHHBIX
paccosioB OKa3blBa€TCSd HENPUTOJHBIM BBHUAY KIMMAaTHYECKMX OCOOEHHOCTEH U  HHU3KHUX
KOHIIEHTpallMii MOHOB MeTajula B IUIACTOBBIX BoJaX. OJHUM M3 HOBBIX CHOCOOOB M3BIIEUECHUS
JUTHS, IPUMEHUMBIM JJISl TUIACTOBBIX BOJ M 00JIaJarOIIMM BBICOKOHW IPOU3BOIUTENBHOCTHIO U
CEJIEKTUBHOCTBIO SIBJISIETCS] EMKOCTHAs SKCTpakuus. [IpuHIMI MeToAa 3aKiIt0YaeTcsi B 00paTUMOM U
CEJIEKTUBHOM IPOIECCE MHTEPAISALUU U JIEUHTEPKASALUN JIMTUS B KPUCTAIUIMYECKYIO CTPYKTYpPY
JIEKTPO/A MO BO3AEHCTBUEM BHEIIHETO MOTEHIMAIIA.

B cBsi3u ¢ 3TUM B paMKax JaHHOM paOOThI CIIOCOO €EMKOCTHOM KCTPAaKIUU Pa3BUBAETCS AJIs
OKCTPAKLUH JIUTHS U3 MOIYTHBIX IIACTOBBIX BOJ P®. B kadecTBe 31IEKTPOAKTHBHOIO MarepHuala
ANEKTpoJa B JaHHON pabore Obul ucmonb3oBaH LiIMn2Os, co cTpykTypoit mmmuenu. Pabouue
AJIEKTPObI, HCIOJIB3YeMbIe JUIsI SKCTPAKIMM JIMTHSA, HM3TOTaBIMBAIM METOAOM TpadapeTHoU
nevyatu. s co3maHus 37€KTpoJoB, (HOPMHUPOBAIM MHOTOCIOWHBIE CTPYKTYpbI, BKJIHOYAIOIINE
cepeOpsiHbIE TOKOMPOBOISIINE KOHTAKTHI, 3aIIUTHBIA I'paUTOBBIN CIIOH M 3JEKTPOAKTUBHBIN CIIOH,
conepsxamiuii hazy LiMNn204 B cmecu ¢ rpadurom.

HccnenoBanus MpOLECCOB MHTEPKAISAIMU M JCHHTEPKAISALIUK JIUTHS TpOBOAWIN IN-Situ B
MIPOTOYHOM pEXHME C OINpeAesieHHEM COCTaBa MCCIEAYyeMOro pacTBOpa METOJIOM Macc-
CIEKTPOMETPUU C UHAYKTUBHO CBsI3aHHOM I1a3Moil. ITo pesynpTaTam uccienoBaHuii B IPOTOYHOM
peXHME B COBOKYIMHOCTH C JaHHBIMU KOHIIEHTPHUPOBAHUS HOHOB JIUTHS ObUIM ONpEIesICHHBI
ONTHMAaJIbHBIE MOTEHINAIBI SKCTPAKIUH JUTHS U3 UcciieqyeMoil miuactoBoi Boasl: 0.7B u 1B oTH.
AQ/AgQCI mns mporieccoB MHTEPKAISIUN U IEHHTEKPKAISIUN COOTBETCTBEHHO. Y CTaHOBJICHO, YTO
JIeMHTEPKANIAHUS TIPOTEKAET ¢ MAKCHMAIBHOH cKopocThio 1,2 Mr/c/m2, maTepkansuus 0,15 mr/c/m?,
YTO CBUJETEIBCTBYET O 3HAYMTENbHBIX KHHETHYECKHX OTpPaHHUYEHUSX Ipollecca MHTepKaIALUN
JUTUS B CTPYKTYpy 2JekTpona. ONnTuMaibHOE BpeMs MPOBEACHHUE MPOLECCOB MHTEPKAIALUU U
JNEUHTEPKAJSILNUN COCTABIAOT 15 M 5 MMH COOTBETCTBEHHO. EMKOCTB 3JIEKTPOAOB MO JIMTHUIO HA
coctapmia >100 Mr/m?, C coXpaHEeHHEM JaHHOTO TI0Ka3aTels Ha IPOTSKEHUH He MeHee 50 [UKIOB,
YTO OOEeCIeYnBaeT MPOU3BOAUTEILHOCTH 10 200 mr/M%/4. CelleKTHBHOCTH B napax Li*/Na" u
Li*/Mg?* coctaBunu >4000 u >1800 cOOTBETCTBEHHO.
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OKCHEepUMEHTHI TI0 U3BJICYCHUIO U KOHIIEHTPHUPOBAHUIO MOHOB JIUTHUS ObUTH MPOBEACHHI C
MCIOJIb30BAaHUEM IOy THBIX BOJI, 100bIBaeMbIX Ha MecTopoxkaeHussx OO0 “Kpacnosipcknedreras”,
u comepxamux 10 40 mr/n Li* npu obmem comepxkanuu katnoHos Oonee 100 r/n. ITponecc
€MKOCTHOM DKCTPAKIMK: HHTEPKAIALNIO MOHOB LI U3 paccona B CTpyKTypy 3IEKTPO/ia, IPOMBIBKY
OT OCTAaTOYHBIX COJIEH W JEMHTEPKAIAMI0 HOHOB LI B smroar. KoHIEHTpUpOBaHWE HOHOB JIMTHS
JOCTUTAIOCh MHOTOKPATHOW 3KCTPaKIHUU B 00bEM 3mroTa. KOHIIEHTpaIsl MOHOB JIUTHS B JITI0ATE
nocyie 7 UUKIOB peskcTpakuuu coctaBmwia a0 400 mr/in. IlomydeHHble JaHHBIE WIUTIOCTPUPYIOT
paboTOCTIOCOOHOCTh U BBICOKYIO 3((EKTUBHOCTh METOAA €MKOCTHOW SKCTPAKIUU JJIsl JTOOBIYH
JIUTHS U3 TIACTOBBIX BOJ Ha TeppuTopuu PO.

Electrode materials for selective extraction of lithium from brines
Chepikov A.N.
Supervisor: Ph.D., Associate Professor Eliseev A.A.

Lithium mining is important for modern industry. Lithium is widely used in batteries, as
well as in distribution, storage and renewable energy production technologies, making it a key
element in the development of energy technologies. Today, the main suppliers of lithium in the
world are Australia, Chile, Argentina, USA, China, and the main method of lithium extraction relies
on Li,COs precipitation from natural brines, with necessary concentration step by solar evaporation.
In Russia, lithium-containing brines are extracted as associated waters of oil production (reservoir
waters). However, the traditional method of lithium extraction from these brines is unsuitable due to
climatic peculiarities and low concentrations of metal ions. One of the new methods of lithium
extraction applicable to reservoir waters and having high productivity and selectivity is capacitive
extraction. The principle of the method consists in a reversible and selective process of lithium
intercalation and deintercalation into the crystalline structure of the electroactive materials under the
influence of an external potential.

In the present study the method of capacitive extraction is developed for lithium extraction
from associated reservoir waters of the Russian Federation. LiMn2O4, with spinel structure, was
used as electroactive electrode material. The working electrodes used for lithium extraction were
made by screen-printing. To create the electrodes, multilayer structures were printed on dielectric
PET substrates, including silver conductive contacts, a protective graphite layer and an electroactive
layer containing LiMn2O4 phase mixed with graphite.

Lithium intercalation and deintercalation processes were studied by on-line monitoring of
elements concentration with inductively coupled plasma mass-spectrometry. The optimum
potentials of lithium extraction from the studied reservoir water and following reextraction were
determined as 0.7V and 1V vs. Ag/AgClI correspondingly. It was found that deintercalation of
lithium from the electrode structure proceeds at a maximum rate of 1.2 mg/s/m?, while intercalation
rate is much lower - 0.15 mg/s/m?, which indicates significant kinetic limitations of the lithium
intercalation process. The optimal time of intercalation and deintercalation processes were
determined as 15 and 5 min, respectively. The capacity of the electrodes for lithium was >100
mg/m?, with retention of this index for at least 50 cycles, which provides lithium extraction
efficiency up to 200 mg/m?/h. The selectivity in Li*/Na* and Li*/Mg?* pairs were >4000 and >1800,
respectively.

Experiments on extraction and concentration of lithium ions were carried out using reservoir
waters of LLC "Krasnoyarskneftegaz", containing ~40 mg/l Li* and total cation content of over 100
g/l. The process of capacitive extraction included intercalation of Li* ions from brine into the
electrode structure, washing the electrode from residual salts and deintercalation of Li* ions into the
eluate. Concentration of lithium ions was achieved by multiple extraction into the eluate volume.
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The concentration of lithium ions in the eluate after 7 re-extraction cycles was increased up to
400 mg/L. The obtained data illustrate high efficiency of the capacitive extraction method for
lithium recovery from reservoir waters of the Russian Federation.

I'a30uyBcTBHUTEIbHBIE MATEPHUAJIBI HA OCHOBE
HAHOKPHUCTAJLINYECKOro okcuaa Mmojuoaena(VIl) u moaunbdaaron
METAJLJIOB

Mypooosa L1111

PykoBoautens: K.X.H., 1o1. Mapukyna A.B.

Cpenu JOCTYIHBIX METOIOB aHallM3a COCTaBa BO3[yXa, Ia30BbIC CEHCOPHI HAa OCHOBE
MOJTYTIPOBOTHUKOBBIX OKCHIOB METAJUIOB, TakuX Kak okcun monubaena (VI), obmamaror psaom
MPEUMYIIECTB, TAaKUX KaK BBICOKAs YYBCTBUTEILHOCTh, MHHHMATIOPHOCTb, HU3Kas CTOMMOCTb,
MIPOCTOTa M3MEpPEHHsI U U3roToBleHHus. [0 3TUM MpUYMHAM OHM SBJISIOTCS OJHHMMH W3 Hamboiee
pacrpoCTPaHEHHBIX THIIOB Ta30BbIX JAaTYMKOB. [JIaBHBIM HEJOCTATKOM 3THUX YyBCTBHTEIBHBIX
MaTepHaJIOB SBISETCSA HU3Kasg CEJNEKTUBHOCTh. BO3MOKHOE pemieHue 3Toi mpoOiIemMbl —
WCIIOJIb30BaHUE TOTYIPOBOJHUKOBBIX CJIIOKHBIX OKCHUJIOB METAJUIOB, COACPIKAIIMX HE MEHEE JIBYX
Pa3MYHBIX KATHOHOB M 00Pa3YIOUINX Pa3IMYHbIe KPUCTAIMUYECKUE CTPYKTYPHI.

Heabro HacTosmielr pabOThl SBJISETCS TOJIYYCHHE MATepHajJOB Ha OCHOBE OKCHIA
monubaena(Vl) u  wmommbmgaror Ni, Co, Cu, Zn wu Bi wu wucciegoBaHue HX Tra30BOU
YyBCTBUTEIHHOCTH. J{J151 TOCTHKEHUS yKA3aHHOM 1EH PEeIIaIich CIeAYIONUe 3a1a4H:

e CuHre3 HaHOKpUCTaLTHUeCKUX MaTepraaoB: MoOs, CoM0O4, NiM0Os4, CuM0O4, ZnM00O4
u Bi2Mo00Os;
W3ydenue cocraBa © MUKPOCTPYKTYPBI CHHTE3UPOBAHHBIX MaTEPHAJIOB;
N3ydeHnne cBONCTB MOBEPXHOCTH MAaTEPHAIIOB;
HccnenoBanue 31eKTpohU3NIECKIX CBOUCTB;
HccnenoBaHne  CEHCOPHBIX  CBOMCTB  MaTepHalioB MPH  JETEKTUPOBAHUU  Ta3oB
Boccranosureinei SO2, H2S, CH20, CO, NH3, CH3OH, CsHe 1 raza oxucaurens NOa.
Jns poctmkenus uenu ObutM monydeHbl okcua monubOaeHa(VI) m momubaater CoMoOg,
NiMoOs, CuMo0Os, ZnMoOsu Bi2M0Os pa3nuuHbIMH ~ XMMHYECKMMH  METOAAMH, a
UMEHHO, THAPOTEPMAIIbHBIM, 30Jb-T€Ih METOAOM M METOJOM XHMHUYECKOTO OCAKIACHHS U3
pactBopa B unrepsaie temmneparyp 300-500°C. bputn u3yudeHs! Gpa3oBbIii U 3JIEMEHTHBIN COCTaBHI,
Mopdomorus, a Takke H3MEpPEHbl BEIUYHHBI YJEIbHOW IUIOMIAJA TMOBEPXHOCTH MONYyYEHHBIX
oOpa3uoB. [l aHanM3a KUCJIOTHBIX IIEHTPOB Ha MOBEpXHOCTH okcuaa MmonubaeHa(VI) u
MONIMOAATOB METAIJIOB ObLIa MpOBEIeHa TepMomporpammupyemas aecopobuus ammuaka (TIII-
NH3). Cencopnbie cBoiicTBa okcruaa MoO3 1 MOJIMOIATOB METAJIOB UCCIIEIOBAHBI TI0 OTHOIICHHUIO
K razam BocctanoBurensm: SOz, HoS, CH20 (0.2 — 2.0 ppm), CO, NH3, CH30H (10 — 100 ppm),
CeHs (1-10 ppm) u k raszy okuciuremo: NO2 (0.1 — 1.0 ppm) B TemneparypHom untepsaie 100-
400°C.

CormacHO  JaHHBIM  PEHTTCHOBCKOW  MUQPAKIHMKA, CHUHTE3HMPOBAHHBIE  IOPOIIKH
HaHOKpHCTaJUIM4eckoro okcuaa wmonubmeHa (VI) u  MonmbIaToB METAIOB — SBISIOTCS
omHo(dazapMu. [TokazaHo, 4TO BBHIOOp METOJAa CHHTE3a TO3BOJISIET MOJYYHTh OKCHIBI B Pa3HBIX
nomuMopdubIX Moaudukanusax: o-MoOsz u h-MoOz, a-ZnMoOs u B-ZnMoQOs, a takxke off-
CoMo00Os4, B KOTOPOM paBHOBECHE MEXIY (dazaMu TakXKe 3aBUCHT OT Temriepatypbl. Pazmepsr OKP
MOJIyYeHHBIX 00pa3loB HAXOAATCs B mpenenax 15-25 HM, a BENIWYUHBI yACTHHOW TIIOMAIH
IIOBEPXHOCTH BapbupyioTcs oT 0.5 1o 11 M%T. AHanM3 KHCIOTHBIX IIEHTPOB HA IOBEPXHOCTH
00pa3loB MOKAa3bIBACT, YTO HAMOOJbIIEH KUCIOTHOCTBIO 00nanaer MoOs, mpuuéM KHCIOTHOCTh
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rekcaronanbHoi Moaupukaruu h-MoOsz Beime, vem a-Mo0Os. Monudaarer CoMoQO4, NiM0Os u
Bi2M0Os nmeroT 3HaYUTENBHO 00JIee HU3KYIO KUCIIOTHOCTD TOBEPXHOCTH.

HccnenoBanue 3eKTpoU3UUECKUX U CEHCOPHBIX CBOMCTB IOKa3ajlo, YTO BCE OOpa3iibl
MPOSIBJSIOT  TMOJYNIPOBOJHUKOBBIM ~ XapakTep MNPOBOAUMOCTH U 00JIaJalOT  CEHCOPHOM
YYBCTBUTEJIHHOCTHIO 0 OTHOLICHHIO K TOKCHYHBIM Ta3aM B KOHIICHTpAllMd Ha ypOBHE PpM B
Bosayxe. [lokazano, uro wyBcTBHTENbHOCTH MOO3 O OTHOIICHHIO K Tra3aM-BOCCTAHOBUTEISIM
BbIIlIE, YeM YYyBCTBUTEIHHOCTH MOJUOJATOB MeTayuIoB. [I0 OTHOIIEHHIO K BHIIIECTIEPEUNCICHHBIM
razam, uto 0-MoO3 n h-M0O3 neMOHCTPUPYIOT BBICOKHI CEHCOPHBIM OTKIHUK IO OTHOIICHHUIO K
CH30H u NHs, BenmuunHa KOTOpPOTO KOPPEIHUPYET C KHUCIOTHOCTBhIO TMoOBepxHocTH. Cpenu
MoanbOaaToB MeTayuioB, BizM0Os neMOHCTpHpYET BBHICOKHN CEHCOPHBIM CHTHAJI 110 OTHONICHHIO K

NO..

Gas-sensitive materials based on nanocrystalline molybdenum (V1)
oxide and metal molybdates

Murodova Sh.Sh.
Supervisor: PhD, associate professor Marikutsa A.V.

Among the available methods for air composition analysis, gas sensors based on
semiconducting metal oxides such as molybdenum (V1) oxide have several advantages such as high
sensitivity, miniaturization, low cost, and ease of measurement and fabrication. For these reasons,
they are among the most common types of gas sensors. The main disadvantage of these sensing
materials is low selectivity. A possible solution to this problem is the use of semiconducting
complex metal oxides containing at least two different cations and forming different crystal
structures.

The aim of the present work is to obtain materials based on molybdenum(VI) oxide and
molybdates of Ni, Co, Cu, Zn and Bi and to investigate their gas sensitivity. To achieve the above
goal, the following objectives were addressed:

e Synthesis of nanocrystalline materials: MoO3z, CoM00s, NiM0oO4, CuM0O4, ZnMoO4 and
BiMo0Os;
Study of composition and microstructure of synthesized materials;
Study of surface properties of the materials;
Study of electrophysical properties;
Investigation of the sensory properties of the materials in the detection of reducing gases
S0,, H3S, CH20, CO, NH3, CH30OH, CeHs and oxidizer gas NO..
To achieve the objective, molybdenum oxide(VI) and molybdates of CoM0QO4, NiM0Os,
CuMo00Os4, ZnMoOs and Bi:MoOs were prepared by different chemical methods, namely,
hydrothermal, sol-gel method and chemical precipitation from solution in the temperature range of
300-500°C. The phase and elemental compositions, morphology, and specific surface area values of
the obtained samples were studied. Thermally programmed ammonia desorption (TPD-NH3) was
carried out to analyze the acidic centers on the surface of molybdenum(VI) oxide and metal
molybdates. The sensing properties of MoOz oxide and metal molybdates were investigated with
respect to reducing gases: SO, H2S, CH20O (0.2 - 2.0 ppm), CO, NHs, CH30H (10 - 100 ppm),
CeHs (1-10 ppm) and oxidizing gas: NO2 (0.1 - 1.0 ppm) in the temperature range of 100-400°C.

According to X-ray diffraction data, the synthesized powders of nanocrystalline
molybdenum oxide (VI) and metal molybdates are single-phase. It is shown that the choice of
synthesis method allows to obtain oxides in different polymorphic modifications: a-MoOs3 and h-
MoO3z, a-ZnMo00O4 and B-ZnMoOs, as well as o/f-CoMo0Qs, in which the equilibrium between
phases also depends on temperature. The OCD sizes of the obtained samples are in the range of 15-
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25 nm, and the values of specific surface area vary from 0.5 to 11 m2/g. The analysis of acid centers
on the surface of the samples shows that the highest acidity is possessed by MoOs3, and the acidity
of hexagonal modification h-MoO3 is higher than that of a-Mo0O3. The molybdates of CoM0O.,
NiMoO4 and Bi2M0Og have much lower surface acidity.

The study of electrophysical and sensory properties showed that all samples exhibit
semiconducting conductivity character and possess sensory sensitivity towards toxic gases at ppm
concentration in air. The sensitivity of MoOz towards reducing gases is shown to be higher than that
of metal molybdates. In relation to the above gases, that a-M0O3z and h-MoOs show high sensory
response towards CHsOH and NHs, the magnitude of which correlates with the acidity of the
surface. Among the metal molybdates, Bi.MoOg exhibits a high sensory signal towards NO».

CI/IHTEB, JOKAJIbHAA ! NMPOTHAKCHHAA KPUCTAVINYECCKaAA CTPYKTYpPa
COeIMHEHNH HA OCHOBE KOJIIO3UTA C HHOOMEM M TAHTAJIOM
KaK NEPCHECKTUBHBLIX TCPMOIJICKTPUICCKUX MATEPHUATIOB

Egumosa A.C.

PykoBomutenu: n.x.H., wieH-kopp. PAH IlleBenbkoB A.B; acnupanTt 2 1/0, MHK.
[TomeBuk A.O.

[IpousBoaHbIE MPHUPOIHOTO MHUHEpaia Koio3uTta obieit Gopmynbl CuzsA2EeSs2 (A =V,
Nb, Ta, Cr, Mo, W; E = Ge, Sn, As, Sb) npeacTaBisroT co00i HOBBII KJIacC BRICOKOA((EKTUBHBIX
TEPMODJICKTPUYECKUX MaTepuaioB. B HemaBHuUX paboTax ObLIO MOKAa3aHO, YTO CHHTCTUYECCKHE
aHaorn MmuHepana komrosuta CuzsA2SneSs2 (A = V, Nb, Ta) uWMeOT BBICOKHE 3HAUYCHUS
TEPMODJIEKTPUYECKOTO (PaKTOpa MOIIHOCTH, CONOCTaBUMBIE C MaTepHalaMH, MCIOJIb3yeMbIMU Ha
MpaKTUKe. AKTyalbHOW 3ajaueil SBISIETCS yCTAHOBIICHHE B3aMMOCBS3EH MEXKIy COCTaBOM U
CTPYKTYPOIl KOJIO3UTOB, M UX COMOCTABICHHE C TEPMOAIIEKTPUUECKMH CBOMCTBAMH.

beitn  mocTaBieHBl CIEAyIONIHE eI paboThl: TOJYYUTh OJHO(MA3HBIE OO0paslbl U
MOHOKPHUCTAJIJIBl  KOJIIO3UTOB PA3JIMYHBIX COCTaBOB, a TAaKK€ MCCIENOBaTh JIOKAIbHYIO U
MPOTSHKEHHYIO CTPYKTYPY MOITYYEHHBIX COSTNHEHHH.

B nannoii pabote 6buM momydeHsl ogHo(dazHble 00pasiubl CuzexFexTazSneSsz (0 < x < 3.5,
Ax = 0.5), gncrota obpa3uoB Obl1a nmoarsepxkaeHa merogamu POA u JIPCA. Komrozutel Obiu
MOJTy4YEeHBI TI0 METOAMKE BBICOKOTEMIIEPATYPHOI0 aMITyJIbHOro cuHTe3a B Tpu ctaguu (T1 = 1100
°C, T2 = T3 = 700 °C). Takxe nony4uensl ogHodasubie 00pasibl CuzexFexNbaSneSsa2 (0 < x < 3, Ax
= 1), uyncrora o0pa3noB Obl1a nmoaTBepkaAeHa MeTo oM PDA. Komro3uTsl ObUIM MOJTyueHBl B JBA
JTana: MepBblil - BeIcOKOTeMNepaTypHblil ammynbHbIN cuHTe3 (T1 = 1100 °C), BTOpOIt - HCKpOBOE
wia3menHoe cnekanue (T2 = 750 °C) B atmocdepe aprona (p =~ 0.1 arm). MoHOKpHUCTaUIBl OBLIH
MOJIy4€Hbl METOJOM XHMHYECKOTo TpaHcropTa (Temmneparypa ropsuyeil 3oubl T1 = 800 °C,
Temmeparypa xonoHo# 30HbI T2 = 700 °C) u3 o6pasos CuzexFexTazSneSs2 (x =0, 2, 3, 4) u Cuzs.-
xFexNb2SneSz2 (X =1, 2, 3, 4).

Pentrenoctpykrypusiii ananmu3 (PCA) 1 KOJIO3UTOB € TAaHTAIOM U C HHOOUEM
MIPOBOJIMIICS TI0 JTAHHBIM MOHOKPHCTAIFHOTO W TIOPOIIKOBOTO 3KcrepruMeHTOB. [To pesympraram
PCA Bo Bcex oOpasmax oOHapyxeH AedUIUT TaHTana/HuoOWs B mo3uimu 2a. Takxke ObLIO
BBISICHEHO, 4YTO JKEJIE30 3aMeNlaeT Melb TOJHLKO B OJHOM M3 €€ mo3uimii, a umenHo B 6d. B
COOTBETCTBHUHM C pE3yJbTaTaMHM PEHTTEHOCTPYKTYPHOTO aHalu3a Takke OBbUTM MOJYYEeHbI
OJHO(a3HBIE KOJIO3UTHI ¢ 3aJ0KEHHBIM JedurmToM mo Hunoouoo: CuzexFexNbi1esSnsSz (1 < x <3,
Ax=1).

[Mo namaeiM °'Fe m Sn mecc6ayspoBCKoil CIEKTPOCKONHMH OBIIO YCTAHOBIEGHO, UTO
KOJIFO3UTHI C TAHTAJIOM C HU3KUM COJIepKaHHeM xkele3a (X < 2) coep’kaT B CBOEM COCTaBE TOJIBKO
TPEXBAIIEHTHOE )KEJI€30 B TETPAdAPHUECKOM OKPYKCHHUHU CEphI, TOT/Ia KaK B 00paslax ¢ BBICOKUM
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cozlepkaHueM kene3a (X > 2) cocymectByloT uoHbl Fe?* m Fe®', a rtakke pemakcanpoHHas
KOMITOHEHTa. MeccOaydpOBCKHE CIEKTPhl HHOOMEBBIX KOJIO3UTOB B IEJIOM aHAJIOTUYHBI
TaHTAJOBbIM. YCTaHOBJIEHO, YTO BO BCeX 00Opa3liaX TAaHTAJIOBBIX KOJIFO3UTOB OJIOBO HAaXOJIUTCS B
BBICOKOCHUMMETPHYHBIX TeTpadupax Sn*'Ss;, a ero CTpyKTypHOe M 3apsoBOE€ COCTOSHHUS
MPAKTUYECKH HE 3aBUCAT OT KOHUEHTpamuu X. CorjmacHo pesyibrataM POOC nmina cepuu
KOJIO3UTOB C TAaHTAJIOM, TaHTAaJl U cepa UMEKT CTENEHU OKHUCIEHUA +5 U -2, COOTBETCTBEHHO.
WHTEpeCcHO, YTO I BCEX COCTABOB YCTAHOBJEHO CYNIECTBOBaHWE Meau Kak B Bujae Cu’, Tak u B
Bune Cu?*.

MarnutHbie u3mMepennsi 00pasnob CuzsFe1TaxSneSsz2 u CuxsFe2TaxSneSsz2 cBUIETENBCTBYIOT
0 (heppUMarHUTHOM YTIOPSIIOYCHUU.

Takum o00pa3oM, B pe3yJbTaTe BBINOJIHEHHONH paboThl ObUIM YCHEIIHO BbISBJICHBI
B3aMIMOCBSI3M MEXIYy COCTaBOM M CTPYKTYpPOW >Kele303aMEeNIEHHBIX KOJIO3UTOB C HHOOHEM U
TaHTAJIOM.
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Synthesis, local and extended crystal structure of compounds based on
colusite with niobium and tantalum, promising thermoelectric
materials

Efimova A.S.

Supervisors: Dr. Sci. (Chem.), Corresponding Member, Russian Academy of
Sciences Shevelkov A.V.; PhD student, Eng. Polevik. A.O.

Derivatives of the natural mineral colusite with the general formula Cu2sA2EeS32 (A =V,
Nb, Ta, Cr, Mo, W; E = Ge, Sn, As, Sb) represent a new class of highly efficient thermoelectric
materials. Recent works have shown that synthetic analogues of the collusite mineral Cu2sA2SneSa2
(A =V, Nb, Ta) have high thermoelectric power factor values comparable to materials used in
practice. An urgent task is to establish relationships between the composition and structure of
colusite, and their comparison with thermoelectric properties.
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The following goals of the work were set: to obtain single-phase samples and single crystals
of colusite of various compositions, and also to study the local and extended structure of the
resulting compounds.

In this work, single-phase samples of CuzsxFexTazSneSz2 (0 < x < 3.5, Ax = 0.5) were
obtained; the purity of the samples was confirmed by XRD and EDXS. Colusites were obtained by
the standard ampule technique in three stages (T1 = 1373 K, T2 = Tz = 973 K). Single-phase
samples of Cuzs-xFexNb2SneSs2 (0 < x < 3, Ax = 1) were also obtained; the purity of the samples was
confirmed by XRD. Colusites were obtained in two stages: the first - ampule technique (T: = 1100
°C), the second - spark plasma sintering (T2 = 750 °C) in an argon atmosphere (p = 0.1 atm). Single
crystals were obtained by chemical transport method (hot zone temperature T1 = 800 °C, cold zone
temperature T2 = 700 °C) from samples Cuze.xFexTaSneSs2 (X = 0, 2, 3, 4) and Cuzs.xFexNb2SneSz.
x=1,2,3,4).

Single-crystal and powder XRD experiments for colusites with tantalum and niobium were
carried out. According to the results, a deficiency of tantalum/niobium in position 2a was detected
in all samples. It was also found that iron replaces copper in only one of its positions, namely 6d. In
accordance with the results above, colusites with an inherent niobium deficiency
Cuzs-xFexNb1,66SneSs2 (1 < x <3, Ax = 1) were also obtained.

According to °’Fe and 1°Sn Méssbauer spectroscopy data, it was found that colusites with
tantalum with a low iron content (x < 2) contain only ferric iron in a tetrahedral environment of
sulfur, while in samples with a high iron content (x > 2) Fe?* and Fe®" ions coexist, and there is also
a relaxation component. The Mdssbauer spectra of niobium colusites are generally similar to those
of tantalum. It has been established that in all samples of tantalum colusite, tin is located in highly
symmetric Sn**S, tetrahedra, and its structural and charge states are practically independent of the
concentration x. According to the XPS measurements for series of colusites with tantalum, tantalum
and sulfur have oxidation states of +5 and -2, respectively. It is interesting that for all compositions
the existence of copper was established both in the form of Cu* and in the form of Cu?".

Magnetic measurements of samples CuzsFeiTa;SneSz2 and CuosFe2TaxSneSs2 indicate
ferrimagnetic ordering.

Thus, as a result of the work performed, the relationships between the composition and
structure of iron-substituted colusites with niobium and tantalum were successfully identified.

MecchayapoBcKkoe HCCIeT0BAHNE OKHCIUTETbHO-BOCCTAHOBUTEIbHBIX

MPOIECCOB B KATOAHBIX MaTePHAJIaX HA OCHOBE AHAJIOTOB
Bepannckoii gazypu AoM[Fe(CN)s] (A = Na, K; M = Mn, Ni)

Yorcan [[3ays3e

PykoBoautenn: k.x.H., 1o1. Cobonen A.B.; npenogaBaTeab-uccieoBaTelb
Mopo3zosa Il. A.

st Toro, 9TOOBI CIPABUTHCS C POCTOM II€H Ha METALTHYECKUM JIMNTUHA M3-3a COKPAIICHUS
€ro 3aracoB W YUYHUTHIBas MPEUMYILECTBA OOraThIX MCKOMAEMBIMU pecypcaMy HaTpUM M Kanui, UX
HU3KYI0 CTOMMOCTh WU MOJAXOJSIINE OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIE MOTCHIMAIIBI, TOCTOSIHHO
MIPOUCXOJIUT pa3pabOTKa HOBBIX HATPHUIl- U KaJMH-MOHHBIX aKKyMYJSTOPOB. SIBISAACH KIIIOUEBBIM
KOMIIOHEHTOM METAJUI-MOHHBIX aKKyMYJSTOPOB, KaTOAHBIM MaTepHall B 3HAYNUTEIBHOM CTEIECHH
omnpenensieT €MKOCTb M BEPXHHMM Mpelen HampspDKeHUs akkymylssitopa. AHanorum bepiauHckoin
na3ypu (ABJI) ¢ popmoit A2M[Fe(CN)e] (A = Na, K; M = Mn, Ni) miupoko uccieayroTcs Kak OuH
13 NOTEHLIHUAJIbHBIX HEOPTaHUYECKUX KaTOIHBIX MaT€pUaJOB.
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HNoubl nepexonnbix MetaioB B ABJI moaBepraroTcs OKHCIUTEIbHO-BOCCTAHOBUTEIBHOU
peaknuu B Iporecce 3apsga M paspsaga. CorimacHO TeOpuu IMOJs JIMTAHAOB, SJIEKTPOHHBIC U
CTPYKTYpHBbIE CBOMCTBA NEPEXOJHBIX METANIOB, CBA3aHHBIX C YIJIEPOAOM M KHUCIOPOJIOM Kak
JTUTaHIaMu, pa3audHbl. COOTBETCTBYIONIYIO HH(POPMAIIMIO O TAKUX MOHAX (M, B YACTHOCTH, HOHAX
’Kelle3a) B BEIECTBE MOXKHO HEMOCPEACTBEHHO IMOJIYYUTh M3 aHallM3a CBEPXTOHKHX MapaMeTpoB,
MOJIyYCHHBIX ~METOJOM MeCCOAyIpPOBCKOW CHEKTPOCKOIUHU; MOXKHO CJeNaTh BBIBOJIBI O
CTPYKTYPHBIX U 2JIEKTPOHHBIX U3MEHEHUSIX BO BCEM BEIIIECTBE B LIETIOM.

CtpyKTypHI IONTydeHHBIX B pabote a3 ABJI uccinenoBansl MeToioM PDA, kaueCcTBEHHBIN 1
KOJMYECTBEHHBI aHalW3 COJEPKAlIMXCAd JJIEMEHTOB W KOHIEHTpauus AeQEeKTOB H3MEPEHbI
METOJIOM 3MHUCCHOHHOH CIIEKTPOCKONMM Ha OCHOBE MHIYyKTUBHO-cBsi3aHHOU Iazmel (MCII-ADC).
Jlyia vccnenoBaHus U3MEHEHHU B OKUCIMTEIbHO-BOCCTAHOBUTEIBHOM Ipoliecce, ObLIIM U3MEPEHBI
ANEKTPOXUMUYECKUE CBOWCTBA M OMPEICICHBI BEIMYMHBI HAMPSHKEHUH, IPU KOTOPBIX MPOUCXOIUT
peakiusi OKUCJICHHUS W BOCCTAHOBJIECHMs. 3aTeM ObUIM H3MEpPEHBbl MeccOAyIpOBCKHUE CHEKTPHI B
pexumMe ex situ.

B pesynbrare paboThl oTpaboraH Meron cuHTe3a oOpasuoB ABJI ¢ obmeit dhopmynoit
A>M[Fe(CN)s] (A = Na, K; M = Mn, Ni); u3roToBJeHbI 3JIEKTPOJbl HA OCHOBE IMOJyYCHHBIX
0o0pa3oB M UCCIEIOBAHBl HMX 3JIEKTPOXHUMHUYECKHE CBOMCTBA METOJOM TallbBAHOCTATHYECKOTO
nukiupoBanus. [IpoBeaeHbl MeccOaydIpOBCKUE M3MEPEHUsS Il BCEX MOPOIIKOBBIX 00pa3IoB W B
peskume ex Situ s sektpoaoB Ha ocHoBe A2M[Fe(CN)e] B iporiecce 3apsaa/paspsa.

Ha ocHOBaHWY TOJTy9EeHHBIX U3MEPEHUI OBLIO BO-TICPBBIX MMOKA3aHO, YTO BO BCEX 00pasmax
KAaTHOHBI JKelle3a HaXOASATCS MCKIIOUUTENBHO B HHU3KOCIMHOBOM COCTOSIHMHM C (hopMaibHON
CcTeneHbio OKucieHus Fe?". Bo-BTOpHIX, HA NPOTSIKEHHM BCErO IIPOIEcca 3apsa dIeKTpomga Ag-
xMn[Fe(CN)s] mpOMCXOIUT OJHOBPEMEHHOE OKHCIeHHe KaTHoHOB Mn?" m Fe?, mpu stom
cocrosane Fe?*(HC) coxpaHseTcs 10 MoclenHel CTajuy 3apsaaa ¢ MOcIeIylomiM 00pa3oBaHUEM
nByx popm Fe*(HC). B-TpeThuX, pe3yabTaThl I Pa3HbIX METAIOB - Kalus U HATPHS — MOKa3a/u
OTCYTCTBHE CYIIECTBEHHBIX PA3JIMUUH B 3TUX MPOIIECCaX.

Moessbauer investigation of the reduction-oxidation processes within
cathode materials based on the Prussian blue analogues AoM[Fe(CN)s]
(A =Na, K; M =Mn, Ni)

Zhang Jiajie

Supervisors: PhD, Associate Professor Sobolev A.V.; teacher-researcher
Morozova P.A.

In order to cope with the rising prices of lithium metal due to the reduction of its reserves
and taking into account the advantages of fossil-rich sodium and potassium, their low cost and
suitable redox potentials, new sodium and potassium ion batteries are constantly being developed.
As a key component of metal-ion batteries, the cathode material largely determines the capacity and
upper limit of the battery voltage. Analogues of Prussian blue (PBA) with the form A,M[Fe(CN)e]
(A = Na, K; M = Mn, Ni) are widely studied as one of the potential inorganic cathode materials.

Transition metal ions in PBA undergo a redox reaction during charge and discharge.
According to the ligand field theory, the electronic and structural properties of transition metals
associated with carbon and oxygen as ligands are different. Relevant information about such ions
(and, in particular, iron ions) in a substance can be obtained directly from the analysis of ultrathin
parameters obtained by the method of Mossbauer spectroscopy; conclusions can be drawn about
structural and electronic changes in the whole substance.
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The structures of the PBA phases obtained in the work were investigated by the XRD
method, the qualitative and quantitative analysis of the contained elements and the concentration of
defects were measured by the method of emission spectroscopy based on inductively coupled
plasma (ICP-AES). To study the changes in the redox process, the electrochemical properties were
measured and the values of the voltage at which the oxidation and reduction reaction occurs were
determined. Then the Mossbauer spectra were measured in the ex situ mode.

As a result of the work, a method for synthesizing PBA samples with the general formula
A:M[Fe(CN)s] (A = Na, K; M = Mn, Ni); electrodes were manufactured based on the obtained
samples and their electrochemical properties were studied by galvanostatic cycling. Mossbauer
measurements were carried out for all powder samples and in ex situ mode for A,M[Fe(CN)g]-based
electrodes during the process of charging/discharging.

Based on the measurements obtained, it was first shown that in all samples, iron cations are
exclusively in a low-spin state with a formal oxidation state of Fe?*. Secondly, throughout the entire
process of charging the A, Mn[Fe(CN)s] electrode simultaneous oxidation of Mn?* and Fe?* cations
occurs, while the state of Fe?*(LS) is preserved until the last stage of charge, followed by the
formation of two forms of Fe3*(LS). Thirdly, the results for different metals - potassium and sodium
- showed no significant differences in these processes.

MeccOay3poBcKasi AMATHOCTHKA METAJLI-HOHHBIX KATOTHBIX
maTtepuaioB Nai1xNio2sFeos.yMno2s+yO2 (0 <x <1,y =0, 0.25)

Yorcan Lu

PykoBomutenu: n.¢.-m.H., mpodeccop [Ipecuskor M.A.; acnupant llleBuenko B.A.

Cpenu HCIONB3yeMbIX HAa HACTOSIIUH MOMEHT XHMHYECKHX HCTOYHHKOB TOKA JUTHIA-
MOHHBIe akKymyssaTopsl (JIMA) sBnstorcs nuaepamMu Mo yAEIbHOM MIOTHOCTH 3Hepruu. OHaKo
13-3a JOPOTOBHU3HBI JINTUS, B MOCIEAHUE TOAbl BHUMAHHUE HCCIIEAOBATEIeH MPUBIEKAIOT HATPUMA-
noHHble akkymyisTopsl (HHUA). MHorokommnoHeHTHble ciouctbie okcuasl A(M,M',M")O2, rae
M,M'M"- kaTHOHBI TepeXOIHBIX MeTaLIOB (Hanmpumep, NaNiyzFezsMny302), paccmarpuBaroTcs B
KayecTBe MEPCIEeKTUBHBIX KaTOAHBIX MaTepraiaoB. HecMOTpsl Ha akTHUBHBIE UCCIIENOBAHUS, IO CHX
MOp OCTAarOTCS OTKPBITBIMH BOIIPOCHI, CBsi3aHHBIe ¢ Mexanm3mMamu OBP B mompemerkax
NEePEeXOAHBIX METAJIIOB: MOCIEA0BATEIbHOCTh N3MEHEHNS CTENICHEH OKUCIIEHUSI METAJUIOB, a TaKkXkKe
U3MEHEHUE CTPYKTYphl HX JIOKAJIBHOTO KPHUCTAIMYECKOTO OKPYKEHHUS B Ipoliecce 3apsiia u
paspana akkymyisstopa. JKemezo sBiSeTCS OAHMM M3 CaMbIX pPacCHpPOCTPAHEHHBIX 3JEMEHTOB,
HCTIONB3yeMbIX B OKCHAHBIX KAaTONHBIX MaTepHalaXx, a Takke H30Tom ° Fe sBmsercs
MeccOayIpoBCKuM HykiauaoM. Llenb mpencraBneHHON paboTel — MeccOayspoBcKoe Hcciel0BaHue
Ha  sAgpax  °'Fe  MeXaHM3MOB  OKHCIHTEIbHO-BOCCTAHOBHTENHHBIX  TIPOLECCOB B
MHOTOKOMIIOHEHTHBIX KaTOAHBIX MaTepraiax Nai-xNio2sFeosyMno2s+yO2 (y= 0, 0.25).

3agauu cieayronme:

1. Cunre3 06pasioB NaNio 25Feo.s5.yMno.25+yO2 (y= 0, 0.25).

2. U3MepeHus AIEKTPOXMMHUYECKHX CBOWCTB W Mopdomoruu obpasnos (POA, POM, PCMA,
rajJbBaHOCTATUYECKOE [IMKJINPOBAHUE).

3. UW3ydenue m3aMeHEHHs BAaJCHTHOTO COCTOSHUS W JIOKATHHON KPHCTAITMUECKOW CTPYKTYPHBI
Fe B mpouecce 3apsga W paspala  KaTOAHOTO Marepuana MeccOayspoBcKoii
cnekrpockonueit m XANES.

4. MogjenupoBaHKe IAPaMETPOB CBEPXTOHKUX B3aMMOJIEHCTBHI MeccOayIpoBCKux sep > Fe.
3a OTYETHBIH NEepPUOJ MPOBEACHA CEPHs HIKCIIEPUMEHTOB 110 CHHTE3Y O0pa3LOB KATOIHBIX

marepuanoB NaNio.2sF€0.5Mno.2s02 u NaNio.2sF€0.25MnopsO2. bl H3roToBiieHs! 31€KTPOABI HA UX
OCHOBE U HCCIIEZIOBAaHbl D3JIEKTPOXMMHUYECKHE CBOMICTBA B IIpOLECCE TIalbBAaHOCTATUYECKOTO
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HUKIUpOoBaHusA. M3MepeHHs SIEeKTPOXMMHUYECKHX CBOMCTB TMPOBEACHBI CO  CKOPOCTAMU
sapspa/paspsaaa C/10, C/3, C/1 B muanasone 1.9 - 4.2 B (orn. Na*/Na). ®opma 10Iy4eHHBIX
KPUBBIX 3apsifa-pa3psga COOTBETCTBYET JUTEPATYPHBIM JaHHBIM.

H3mepeHsl MeccOayIpOBCKHE CIEKTPHI 3JEKTPOoA0B Ha ocHOBEe NaNig.25FeosMng2s02 mpu
KOMHaTHOU Temmeparype (20 Todek), Mpu HU3KOH Temrieparype (5 TOYEK) ¢ pa3HOW CTENEHBIO
3apsna u paspsaa. 1). Ha nepBoii craauu 3apsiga 10 ~3. 28 B mpoucXoAUT JIMILb OKUCICHHE HOHOB
nukens Ni2*— Ni*, mpu 3ToM Bce HOHBI Kele3a COXPAHSIOT MCXOAHYIO (OPMANbHYIO CTENEHb
oxucnenus Fe®*. 2). Bo BTopom uHTepBae Hanpsxenuii 3.28 — 3.55 B mpoMCXOIUT 3aposkaeHHe
cocrosans FeC*9* [Ipu Hu3kux TemmepaTypaX MpOMCXOAHMT ‘3aMOpaXKHMBaHHE” OOMEHa, 4TO
(aKTHUEeCKH O3HAYaeT NMPOTEKAHHWE MONHOTO AMCIponopuuonupoBanns Fe®™d* — (1-§)Fed +
SFe*" ¢ oOpasoBaHMeM IByX pa3IMUMMBIX B CIEKTpaX BaEHTHBIX COCTOSHMiI keme3a. 3). B
nuanasone 3.55-4.2 B ¢ yBennueHHEM HampsKeHus pacTeT g0 coctosaus FeC®*  o6paszopannn
KOTOPOTO MPUHUMAIOT YYacTHE HOHBI Kelle3a, MUTPUPYIOLIUE B TETPAdIPHUECKYIO MOIPEIIETKY .

Moessbauer diagnostics of metal-ion cathode materials
Naz1-xNio.2sFeos.yMno2s+yO2 (0 < x <1,y =0, 0.25).

Zhang Qi

Supervisors: Dr. Sci. (Phys.—Math.), Prof. Presnyakov I.A.; PhD Student
Shevchenko V.A.

Among the currently used chemical current sources, lithium-ion batteries (LIB) are the
leaders in terms of specific energy density. However, due to the high cost of lithium, in recent
years, the attention of researchers has been attracted by sodium-ion batteries (SIB). Multicomponent
layered oxides A(M,M',M"™)O2, where M,M'M" are transition metal cations (for example,
NaNiysFe1sMn1302), are considered as promising cathode materials. Despite active research, there
are still open questions related to the mechanisms of redox reaction in sublattices of transition
metals: the sequence of changes in the degrees of oxidation of metals, as well as changes in the
structure of their local crystalline environment during battery charging and discharge. Iron is one of
the most common elements used in oxide cathode materials, and the isotope *’Fe is a Mossbauer
nuclide. The purpose of the presented work is a Mossbauer study on °’Fe nuclei of the mechanisms
of redox processes in multicomponent cathode materials Nai-xNio.25sF€o.5.yMno 25+yO2 (y= 0,0.25).

The tasks are as follows:

1. Synthesis of samples NaNio 2sFeo 5.yMno 25+yO2 (y= 0,0.25).

2. Measurements of electrochemical properties and morphology of samples (XRD, SEM,
EDX, galvanostatic cycling).

3. Study of changes in the valence state and local crystal structure of °’Fe during the charge
and discharge of cathode material by Mossbauer spectroscopy and XANES.

4. Modeling of parameters of hyperfine interactions of °’Fe Mossbauer nuclei.

During the reporting period, a series of experiments on the synthesis of samples of
NaNio.2sFeo.sMno2502 and NaNio.2sFeo2sMnosO2 cathode materials was carried out. Electrodes
based on them were manufactured and electrochemical properties were studied during galvanostatic
cycling. Electrochemical properties were measured at charge/discharge rates C/10, C/3, C/1 in the
range of 1.9 - 4.2 V (rel. Na*/Na). The shape of the charge-discharge curves obtained corresponds
to the literature data.

The Mossbauer spectra of NaNio.2sFeosMno2s02-based electrodes were measured at room
temperature (20 points), at low temperature (5 points) with different degrees of charge and
discharge. 1). At the first stage of charging to ~3. 28 V, only the oxidation of nickel ions Ni**—
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Ni%* occurs, while all iron ions retain the initial formal degree of oxidation of Fe*". 2). In the second
voltage range 3.28 — 3.55 V, the nucleation of the Fe®*®* state occurs. At low temperatures, the
exchange “freezes”, which actually means that a complete disproportionation of Fe occurs Fe®*9*
— (1-8)Fe®*" + 5Fe* with the formation of two valence states of iron distinguishable in the spectra.
3). In the range 3.55-4.2 V with increasing voltage, the proportion of the Fe®*3* state increases,
which is formed by iron ions migrating into a tetrahedral sublattice.

MoandgunnpoBannbie 0NPYHKIMOHAJIBHBIMY XeJIATOPAMU
HaHo4acTHIbI AQ 1 Fe3Os, Mmeyennsie 4Cu?t, ©°Zn?* 4453, N0y3+
NPUMEHEHUS B SI/IEPHOM MeIUullMHe

5 IS

Onevnuuenxo K.H.

PykoBoautenu: k.x.H., H.c. AnémmuH ['.}O.; acn. 3 r/o, m.H.c. KpaiinoBa M./I.

B Hamm gHU  wccnenoBanue pagauodapmaneBTudeckux npenaparoB  (POIT) s
JMAarHOCTUKM W Tepaluud OHKOJIOTMYECKUX 3a00JeBaHUN BBI3BIBAIOT BCE OOJIBLIMI HMHTEpEC.
Co3nanne POIl na ocHoBe Hanowactun (HY) mo3BonsieT MOCTaBISATH PAAMOHYKIHI OJIMKE K
NopakEHHON KJIeTKe BCIEICTBHE 3(P(EKTa «IOBBILIEHHONH MPOHUIIAEMOCTH U YAEP)KaHUSN», TEM
caMbIM 3HAUUTEJIBHO CHMKas HEraTHBHOE BO3JEHWCTBUE Ha 3710poBble TKaHU. OCHOBHOI
cocrapistonieil POII sBisercsa paguonykinun. OOJHUMHU U3 3JEMEHTOB, NPEACTABIISIOIINX UHTEPEC
JUIs TIPUMEHEHMs] KaK JUIsl JIUarHOCTUKU W TEepaluu, TaK U TEPaHOCTUKH, SIBISIFOTCS CKaHAMM,
UTTpUil, Menb U UMHK. budpyHkunonansHble xenatopbl (BX) mo3BonsiorT co3naTh yCTOHYMBYIO
cucremy HY u paguonyxnmuna. C nomompto BX momuduuupyercs nosepxHocts HY u 3atem
oOpa3zyeTcs KOMIUIEKCHOE CO€IMHEHHE C paAHoOHYKIuWaAoM. B paMkax wuccinenoBaHus ObLTH
BbIOpanbl HY Ag u Fe3Os. B ciydae POII Ha ocHOBe wacThil cepeOpa psizi HCCIIeOBaHUI MOKa3all
UX  CIHOCOOHOCTh  yHOydylllaTh  TEpamneBTUYEeCKOe  JIEHCTBME  IpernapaTtoB  BCIEACTBUE
IIUTOTOKCHUIIECKOTO JIeHCTBHA cepedpa Ha pakoBble KIETKH. MarautHbeie cBoiicTBa Fe304
MO3BOJISIFOT  COYETaTh JMATHOCTUYECKUE W TEpaleBTHYECKHE MeTonabl, Hanpumep, MPT wu
YIPaBIISEMYIO JIOKAIbHYIO THIIEPTEPMHUIO.

Takum 06pa3oMm, 11eIbI0 PabOTHI ABIAETCA H3yUeHHe KoMIuIekcoobpasosanus *4Cu?t, %5zn?*,
#3¢3 u Y3 ¢ xonsroratamu BX u mamouactunn Ag um FesOs. JIms 5Toro ObUIM MOCTAaBIEHBI
creayromue 3agaun: cunte3 HY, momudukanus ux noBepxHoctu npu nomoun bX, BeigeneHue
pammorykmnmoB  **Cu, %Zn, “Sc m Y wu wncchmenoBamme WX KOMIIIEKCOOOpa3oBaHHSA C
II0JIyYE€HHBIMH KOHBIOTaTaMH.

B xome paboThl METOJJOM XUMHUYECKOTO ocaxeHus Obutn cuaTe3npoBanbl HU FesOs u Ag.
Metonom P®A mnonrBepxaeHa onHO(A3HOCTh MOJYYEHHBIX YacTUL, a mpu nomomu [IOM
YCTaHOBJICHO, YTO CPEIHUM pa3Mep MOJYyUYEeHHBIX cpepruuecknx vactuil coctaBun 6.4+£1,7 u 11,4 +
2,0 HM, cOOTBeTCTBEHHO. bbia BhIMONHEHa MoauuKanus moBepxHocTH HaHodacTui bX. Ha
KaueCTBEHHOM YpPOBHE CBSI3bIBAHHME JIMTAHJIA C IMOBEPXHOCTHIO YaCTHUI[ OBLIO IMOATBEPXKIAECHO C
IIOMOUIBI0 M3MepeHUs (-oTeHLnana B IUpoKoM auanaszoHe 3HaueHuid pH n UK cnekrpockonuu.
KommaecTo npucoequuéHHBIX bX 65110 yeranosneno npu nomomu TIA. TTomyuenne **Cu u %Zn
BBITIOJIHEHO METOJIOM KOJIOHOYHOHM Xpomarorpaduu W3 MHIIEHEH, OOMy4YEHHBIX NPOTOHAMHU U
JIeHTPOHAMM, COOTBETCTBEHHO. **SC GBI OTyYeH NpH MOMOIIN W30TOITHOTO TeHeparopa *Ti/*Sc,
a Y — mocpencrBom remeparopa °Sr/Y. Beumm momoGpams ycrnosus TCX a1s Kommuiekca
OMCTIMIMHOBOTO JIMTAHJa C MEJbI0, YTO MO3BOJIUJIO MCCIIE0BATh 3aBUCUMOCTD XEJIaTUPOBAHUS OT
KOHIIEHTpaluy Juranaa. Taxke ObLJI0 M3YYEHO TMOBEIECHUE KOMILIEKCa %4CuL B AMOPUOHATTLHOM
ObIUbEl CHIBOPOTKE, B pe3yJibTaTe 4ero ObUIa BBIABICHA €r0 HEYCTOHYMBOCTH B OMOJIOTMYECKOH
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cpene. Metonom TCX ObUIO M3YYEHO KOMIUIEKCOOOpa30BaHUE TOJYYCHHBIX PATUOHYKIHIOB C
KOHBIOraTaMM HaHodacTuil 1 bX.

B xoxe nanHo# paboThI ObLT BINOJMHEH cuHTe3 HaHouacTull AgQ u FesOs n mogudukanus ux
IIOBEPXHOCTH NpH Homomu BX, 0TpaboTaHbl METOJMKM TOJNyYeHHs paguoHyKiIuaoB **Cu, %Zn,
4Sc 1 0Y, a Taroke M3Y4YEHO MOBEICHHE KOMIUIEKCa 84CuL in vitro.

TakuMm oOpa3om, B paMKax JaHHOTO HCCIEIOBaHUs OBLIO U3yYEeHO KOMILJICKCOOOpa30BaHUE
64Cu, %°Zn, “Scu PY ¢ korbroratamu BX 1 HaHOYACTHIIT Ag u Fe30a.
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Ag and Fe3O4 nanoparticles modified with bifunctional chelators,
labelled with %Cu?*, %°zn?*, 44Sc3*, Y3+ for use in nuclear medicine

Oleynichenko K.N.
Supervisors: PhD, r.s. Aleshin G.Y.; grad.st., j.r.a. Kraynova M.D.

Nowadays, the research of radiopharmaceuticals (RPC) for the diagnosis and therapy of
oncological diseases is of increasing interest. The creation of an RPC based on nanoparticles (NPs)
allows the radionuclide to be delivered closer to the affected cell due to the effect of “increased
permeability and retention”, thereby significantly reducing the negative impact on healthy tissues.
The main component of RPC is radionuclide. Scandium, yttrium, copper and zinc are among the
elements of interest for use in both diagnostics and therapy, as well as theranostics. Bifunctional
chelators (BFCs) make it possible to create a stable NP and radionuclide system. With the help of
BFC, the surface of the NP is modified and then a complex compound with radionuclide is formed.
As part of the study, Ag and FesO4 NPs were selected. In the case of silver particle-based RPCs, a
number of studies have shown their ability to improve the therapeutic effect of drugs due to the
cytotoxic effect of silver on cancer cells. The magnetic properties of FezOs make it possible to
combine diagnostic and therapeutic methods, for example, MRI and controlled local hyperthermia.

Thus, the aim of the work is to study the complexation of 84Cu?*, 8zn?*, 44Sc3 and 2Y3*
with conjugates of BFCs and Ag and FezOs nanoparticles. For this purpose, the following tasks
were set: synthesis of NPs, modification of their surface using BFCs, obtaining %Cu, %zn, #*Sc and
%Y radionuclides and investigation of their complexation with the resulting conjugates.

In the course of the work, FezOs and Ag NPs were synthesized by chemical precipitation.
The XRD method confirmed the single-phase nature of the obtained particles, and using TEM it
was found that the average size of the obtained spherical particles was 6.44+1.7 and 11.4 + 2.0 nm,
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respectively. The surface of the nanoparticles has been modified with BFCs. On a qualitative level,
ligand binding to the particle surface was confirmed by measuring the { potential in a wide range of
pH values and IR spectroscopy. The number of connected BFCs was determined using TGA. The
production of **Cu and %Zn was performed by column chromatography from targets irradiated with
protons and deuterons, respectively. **Sc was obtained using the *Ti/**Sc isotope generator, and
%Y was obtained using the %°Sr/*%Y generator. TLC conditions were selected for the bispidin ligand
complex with copper, which allowed us to study the dependence of chelation on the concentration
of the ligand. The behavior of the #*CuL complex in embryonic bovine serum was also studied, as a
result of which its instability in the biological environment has been revealed. The TLC method was
used to study the complexation of the obtained radionuclides with conjugates of nanoparticles and
BFC.

In the course of this work, the synthesis of Ag and FezO4 nanoparticles and modification of
their surface using BFCs were performed, methods for obtaining ®‘Cu, %zn, #**Sc and *°Y
radionuclides were worked out, and the behavior of the %*CuL complex in vitro was studied.

Thus, within the framework of this study, the complexation of %Cu, ®Zn, 4Sc and Y with
BFCs and Ag and Fe3O4 nanoparticles conjugates was studied.

PernnpaTaunﬂ IMPOAYKTOB OT/KHUI'a CJIOUCTBIX TIMAPOKCUIAOB UTTPUSA:
POJb AaHUOHHOI'0 COCTaBa

Wicao Y.

PykoBoaurenu: K.X.H., ¢.H.c. AnpeiHnes A.Jl.; k.x.H., acc. Pocisikos U.B.

Crnouctble TUIPOKCHIBI penkozeMenbHbix aneMeHToB (CIT P3D) — kimacc aHMOHOOOMEHHBIX
HEOPraHMYeCKUX COCIUHEHUH, MHTEpeC K KOTOPhIM OOYCIIOBJIEH BO3MOXXKHOCTBIO COYETATh
CBOMCTBA MHTEPKAJIMPOBAHHBIX AHUOHOB CO cHenu(UYHbBIMU cBoWcTBaMU P30 (MarHUTHBIMH,
JIOMUHECHEHTHBIMM W KaTAINTHYECKUMH) JUIS CO3AaHUS NOIM(PYHKIMOHAIBHBIX MaTepHasoB.
VYHUKaJIbHBIM CBOMCTBOM CIOMCTBIX THJIPOKCHJIOB SIBJISIETCS BO3MOXKHOCTH —pErujparaluu
npoaykroB ux orxura (400- 800 °C) B BOJHBIX pacTBOpax, B pe3yjibTaTe KOTOPOW MPOUCXOAUT
BOCCTAHOBJICHHE CIIOMCTOM CTPYKTypbl. Peruaparanus yBelnMuuMBaeT JEPEKTHOCTb CIOHCTHIX
TMJIPOKCUIOB, YTO pacIIMpseT BO3MOXXKHOCTH MX MCIOJB30BaHUA B 00JACTAX COpOILMU M KaTalu3a.
Perunparanus nokasana tonbko i ¢pa3 CI' P33, nHTeKaMpOBaHHBIX XJIOPUI-aHUOHOM, U BOIIPOC
O POJIM AHMOHHOT'O COCTaBa B PErHAPATALIUH CIOUCTBIX THIPOKCUAOB P3D ocTaeTcst OTKPBITHIM.

[lenp paOoThl 3aKkioyalach B YCTAaHOBJIEHUU YCJIOBUH perujapaTanvu Uis HPOAYKTOB
TEPMUYECKOTO OT)KUTA CIOMCTBHIX TMJIPOKCHUIOB MTTPUS PA3TUYHOTO aHHMOHHOTO COCTaBa. 3aJlauu
BKJIFOYAJIM: CHHTE3 CJIIOMCTBIX TUAPOKCOXIOPHIA U THIPOKCOHUTPATA UTTPHUS, B T.4. JETUPOBAHHOTO
€BpONMEM; MPOBEJICHUE AaHMOHOOOMEHHBIX peakuuil mexay noiydeHHeiMu CIT P332 u BogHBIMH
pactBopamu NaCl, NaNOs, Na2COz, Na;SO4 1 NazPOs nipu pa3auuHbIX MOJBHBIX COOTHOIIEHUSIX
(or 3:1 mo 1:3) ¢ NOTEHLIMOMETPUUYECKUM OIPEAEICHUEM XJIOPHI-MOHA B MAaTOYHBIX PACTBOPAX;
omxur nonydeHHbIX coenuHeHnd mpu 500-700°C B TedeHwe 2 4; B3aUMOJCHCTBHE TPOIYKTOB
omxura ¢ 1 M BoiHBIMU pacTBOpamu xjopuja Hatpus npu 120°C B Teuenue 24 4; aHaIU3 COCTaBa,
CTPYKTYpbI U CBOWCTB MOJIYYEHHBIX MPOJYKTOB METOJaMH PEHTTeHO(A30BOro aHaln3a, pacTpOBOil
3JIEKTPOHHONH MHUKPOCKOIHH, PEHTTeHOCHEeKTpaibHOro Mukpoanainusa, UK- u KP-cnextpockomnum,
TEPMHUUECKOT0 aHAJIN3a U JTIOMUHECIICHTHON CIIEKTPOCKOIHH.

BrnepBble, Ha mpuMepe aHHMOHOOOMEHHOH pEaKIMU MEXIy CIOMCTBIM THUIPOKCOXJIOPUIAOM
UTTPUS M HUTPATOM HATpUs, MOTydeHa 3aBUCHMOCTbh MEXy KOHIEHTpalueld HHTEPKaIUpPyeMOro
aHMOHA M €r0 COJEP)KAaHHMEM B CIOUCTOM THUIpOKcHIEe. B pesynbTaTe B3aMMOAEUCTBUSI CIOMCTBIX
ruapokcuaoB utTpus ¢ BoaHbiMEH pacTBopamu NaCl, Na,COs, Na;SOs, NasPOs u NaNOz B
MOJILHOM COOTHOIIeHUH 3:1 dopmupoBanuch ciouctele (pas3pl ¢ 6a3aTbHBIMU MEKIIIOCKOCTHBIMU

48



paccrostHuAMHE B jauanasoHe oT 8.1 1o 8.8 A. B pesymbrate omxura (500°C) mpoayKToB Bcex
AaHMOHOOOMEHHBIX peakuuil (HopMUPOBAICA HAHOKPUCTAIUIMYECKHH OKcua uTTpus. Pasmep
KPUCTAJJTUTOB OKCHJIa UTTPUSI MEHSUICA KaK B 3aBUCHMOCTH OT THIIA MHTEPKAJIMPYEMOI0 aHUOHA,
Tak U OT ero Jnoyu. Tak, ¢ yBEJIMYEHUEM JI0JIM MHTEPKAIUPYEMOI'O HUTPAT-aHUOHA B CIOUCTOM
THIPOKCOXJIOPHUJIE UTTPHSI MIPOUCXOIUT yBEIUYEHHE pa3Mepa KpUCTALIUTOB (0T 4 HM 10 12 HM)
[10JIy4aeMOI'0 M3 HEro OKCHAa UTTpus. Permaparanus moiaydyeHHOrO OKCHJIa UTTPUS MPOUCXOIUT
TOJIBKO €CIIM COJEP’KaHUE HUTPAT-aHUOHA HE IpeBblaeT 25% OT MaKCUMaJIbHOIO HMJIM PasMep
KPUCTAJJINTOB OKCHJAa WUTTpHsl HE mpeBblliaeT 8 HM. [loka3aHO, YTO NaHHBIE JIIOMMHECLIEHTHOU
CHEKTPOCKONUU MOTYT OBITh HCIOJb30BaHBl JUII MOHUTOPHHIA CTPYKTYpHBIX H3MEHEHUH B
CIIOUCTOM THUAPOKCUIE HUTTPUSA-EBPOIUS B IPOLECCE €ro TEPMHUECKOIo paszioxkeHus. Tak, Ha
criektpe JoMuHecteHmu mpoaykra omkura (500°C) ciorcToro rHAPOKCHIA HTTPHUS-EBPOIHS
HabmofaeTca pacmienienue mosnockl °Do-'F, ykasbiBarolliee Ha PaBHOMEPHOE pacIpe/eleHHe
MO3UIUI eBPONHS MO0 MO3UIHUAM UTTPHS B CTPYKType KyOuueckoro Y203.
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Rehydration of annealing products of layered yttrium hydroxides:
the role of anionic composition

Zhao Z.

Supervisors: Ph.D., senior researcher Yapryntsev A.D.; Ph.D., assistant
Roslyakov I.V.

Layered rare-earth hydroxides (LRHSs) are a class of anion-exchange inorganic compounds,
the interest in which is due to the ability to combine the properties of intercalated anions with the
specific properties of rare earth elements (magnetic, luminescent and catalytic) to create
multifunctional materials. A unique property of layered hydroxides is the possibility of rehydration
of their annealing products (400-800 °C) in aqueous solutions, as a result of which the layered
structure is restored. Rehydration increases the defectiveness of layered hydroxides, which expands
the possibilities of their use in the fields of sorption and catalysis. Rehydration is indicated only for
phases intercalated with chloride anion, and the question of the role of the anionic composition in
the rehydration of layered rare-earth hydroxides remains open.

The goal of the work was to establish rehydration conditions for thermal annealing products
of layered yttrium hydroxides of various anionic compositions. The tasks included: synthesis of
layered yttrium hydroxychloride and yttrium hydroxynitrate, including those doped with europium;
carrying out anion exchange reactions between the obtained LRHs and aqueous solutions of NaCl,
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NaNO3, Na,CO3, Na:SO4 u NasPOg at various molar ratios (from 3:1 to 1:3) with potentiometric
determination of chloride ion in mother solutions; annealing of the resulting compounds at 500-
700°C for 2 hours; interaction of annealing products with 1 M aqueous solutions of sodium chloride
at 120°C for 24 hours; analysis of the composition, structure and properties of the resulting products
using X-ray phase analysis, scanning electron microscopy, X-ray microanalysis, IR and Raman
spectroscopy, thermal analysis and luminescence spectroscopy.

For the first time, using the example of an anion exchange reaction between layered yttrium
hydroxychloride and sodium nitrate, the relationship between the concentration of the intercalated
anion and its content in the layered hydroxide has been obtained. As a result of the interaction of
layered yttrium hydroxides with aqueous solutions of NaCl, Na2COs, Na>SO4, NasPOs u NaNOs in
a molar ratio of 3:1, layered phases with basal interplanar distances from 8.1 to 8.8 A were formed.
As a result of annealing (500°C) of the of every ion exchange product, nanocrystalline yttrium
oxide was formed. The size of yttrium oxide crystallites varied both depending on the type of
intercalated anion and its fraction in ion-exchange reaction. Thus, with an increase in the proportion
of intercalated nitrate anion in layered yttrium hydroxychloride, the size of the crystallites of the
obtained yttrium oxide increases from 4 nm to 12 nm. Rehydration of the resulting yttrium oxide
occurs only if the content of the nitrate anion does not exceed 25% of the maximum content or the
yttrium oxide crystallite size does not exceed 8 nm. It has been shown that luminescence
spectroscopy data can be used to monitor structural changes in layered yttrium-europium hydroxide
during its thermal decomposition. Thus, in the luminescence spectrum of the annealing product
(500°C) of layered yttrium-europium hydroxide, a splitting of the °Do-'F. band is observed,
indicating a uniform distribution of europium positions over yttrium positions in the structure of
cubic Y20:s.

I'1y0oxue 3BTeKTHYECKHE PACTBOPHUTEIN HA OCHOBE
THATKWI(POCPHUHOBBIX KHCJIOT B IKCTPAKINH PeAK03eMeJIbHbIX
3JIEMEHTOB

Yuxunéesa T.1O.

PykoBoaurenu: a.1.H., wi-kopp. PAH Bomkun A.A.; k.x.H., nouent llaramosa T.b.

JlaHTaHOWIBI M MIX COCTUHEHHUS MPUMEHSIOTCS B PA3JIMYHBIX (DIIyOpECIeHTHBIX MaTepHaliax,
MarHuTax, CBEpXIIPOBOJHUKAX, Ja3epaXx M MHOTHMX Jpyrux marepuanax. [Ipu sToM, mocTosiHHOE
pacmpenue odiacTell uX MpUMEHEHHsI PHUBOJIUT K YBEIWYCHUIO CITPOCA Ha JIAHTAHOU B! BBICOKOU
qucToThl. OJHUM U3 ITANOB MX MOJIYYEHHUS SBISIETCS DKCTPAKLUS M3 KUCIBIX PAaCTBOPOB U IS
ONITUMH3AIMH 3TOTO MpOIlecca MPOJOKASTCS aKTUBHAS Pa3pabd0TKa HOBBIX AKCTpareHToB. OHUM
U3 HOBBIX IOKOJIEHHH SKCTPAareHTOB SIBJIAIOTCS INTyOOKHE 3BTEKTUYECKHUE PACTBOPUTENH, KOTOpHIE
MIPUBIIEKAIOT BCe OOJbIliee BHUMAHUE 3a CYET CBOCH KOMMEPUYECKOW JIOCTYITHOCTH, MPOCTOTHI
CHHTE3a U MEHBIIIEH OMAaCHOCTH.

B namHOil paboTe mpeicTaBIeHB Pe3ynbTaThl MccieaoBanuii skcTpaknuu Prit, Nd**, Dy*" u
Th* rI1yOOKUMH IBTEKTHUECKUMHU pacTBOPUTENSIMU Ha OCHOBE m(2,4,4-
TpUMeTHINeHTI)auTnodochuHoBort  u  1u(2,4,4-tpuMermnnentui)pochruHoBoit  kucinor. B
Ka4yecTBE aKLENTOPOB BOJAOPOAHOM CBSI3U UCHOJB30BATM MEHTON M ¢eHon. Llenbio paboTsl cTana
pa3paboTKka HOBBIX TIIyOOKHX 3BTEKTHUYECKHUX PACTBOpPHUTENEH Ha OCHOBE AMAIKHUI(OCPUHOBBIX
KHUCJIOT U U3y4eHHe 3aKoHOMepHocTel skcTpakiun P33 npeanoxennsimu DES

beun  momyuens! (a3oBble AMArpaMMbl JIByXKOMIIOHEHTHBIX CHCTEM, HCCIEIOBaHbl HUX
¢usuueckue cpoiictBa Meromamu H u 3P SIMP cmekrpockomuu, WK- chekrpockomuw,
POTAIMIOHHON pEOMEeTpUH, pepakTOMETPUN U APYIMX METOJOB. YCTAHOBJIECHBI KOJIMUYECTBEHHBIE
xapakTepuctuku dkctpakmuu  Pret, Nd®*, Dy** wu  Tb%" npennoxeHHBIME —TIIy6OKHMH
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HBTEKTUYECKUMHU pacTBopuTensiMu. [loka3aHo, 4YTO JaHHBIE SBTEKTUYECKHUE PACTBOPHUTENU
SIBJISIFOTCS TIEPCIEKTUBHBIMH 3KCTPAreHTaMHu JIJIsi COBMECTHOM 3KCTPaKIUU JAHTAHOUIOB U3 BOJAHBIX
pacTBOpPOB.
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Deep eutectic solvents based on dialkylphosphinic acids in the
extraction of rare earth elements

Chikineva 7.Yu.

Supervisors: Holder of an Advanced Doctorate in Engineering Sciences,
Corresponding Member of the Russian Academy of Sciences Voshkin A.A.; Ph.D. of
Chemical Sciences., docent Shatalova T.B.

Lanthanides and their compounds are used in various fluorescent materials, magnets,
superconductors, lasers and many other materials. At the same time, the constant expansion of their
field of application leads to the sun's rays looking at high-purity lanthanides. One of their stages is
obtaining extraction from acidic solutions, and to optimize this process, the active development of
new extractants continues. One of the new phenomena of extractants are deep eutectic solutions,
which are attracting increasing attention to the cost of their office, ease of synthesis and less danger.

This paper presents studies of the extraction of Pr¥*, Nd®*", Dy** and Th*" of internal eutectic
solvents based on di(2,4,4-trimethylpentyl)dithiophosphinic and di(2,4,4-rimethylpentyl)phosphinic
acid. Menthol and phenol are used as hydrogen bond acceptors. The goal of the work was to
develop new organic eutectic solvents based on dialkylphosphinic acids and to study the features of
REE extraction using the proposed DES.

Phase diagrams of two-component systems were obtained, their physical properties were
studied by H and 3P NMR spectroscopy, IR spectroscopy, rotational reometry, refractometry and
other methods. Numerous extraction characteristics of Pr3*, Nd**, Dy3* and Tb%* by the proposed
deep eutectic solutions have been established. It has been shown that these eutectic solvents are
promising extractants for the joint extraction of lanthanides from aqueous solutions.
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DneKTpoHHAasi BEpCHUsi OpOIIIOPHI

4acTh 1

Ha obnoocke npedcmasnenvt uzobpasicenus wiauga Humpuouzosannozo cniasa Ti2Al, npexypcopa
ona cuumesza MAX-pazvr TirAIN, nonyuennvie npu nomowu ONMUYECKOU MUKDOCKONUU 6

NOAPU30BAHHOM ceeme. Asemop — evinycknux macucmpamypor ®HM MI'Y 2024 200a Jlveos
Jleonuo Onezosuu.
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