O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0424U000028

Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpauii: 12-02-2024

Craryc: IligtBepmrena MOH

PexBi3utu Haka3y MOH / Haka3y 3aKjazy: Hakas Minicrepctsa ocBitv i Hayku

YKpaiHu po 3aTBEpIKEHHS pillleHb aTeCTaliliHOi Koserii MiHicTepcTBa OCBITH i HayKu
Ykpainu Big, 24.04.2024 N2582

I1. BizomocTi npo 3100yBaya

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. KoBanenko Osbra AnartosiiBHa

2. Olha A. Kovalenko

KBasigikamis: 02.00.04

Inenrudikarop ORCHID ID: 0000-0003-2421-6917

Bupg, nucepranii: kangunar nayk

IIIugp HayKoBoOi creniaIbHOCTI: 02.00.04

Ha3Ba HayKoBoOi creniajibHOCTI: disnuna xiMmis

T'any3sp / rasysi 3HaHb: He 3aCTOCOBYEThCS

OcCBiTHBO-HAayKOBa NMporpama 3i CreniajJbHOCTI: He 3acTocoByeThCs

JlaTa 3axHCTy: 24-01-2024

CrneniasIbHICTh 32 OCBITOIO: XiMiuHi TEXHOJIOTI] TYTOMIABKUX HEMETAJIEBUX i CUITIKATHUX MaTepiaiB

Micue po60TH 34,00yBayva: IncTuTyT npo6iem matepianosHascTsa im. 1. M. dpanyesnya HanjoHansHoi

akazemii HayK YKpainu

Kopg 3a €IPIIOY: 05416930

Micuesnaxomxeunﬂ: ByJ. OMensna [lpiuaka, 6yg. 3, Kuis, 03142, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHﬂZ HanjionanbHa akageMisd HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkanieMivHuit



I11. BizomMocTi mIpo aucepraiiiro
Iudp cnenianizoBaHOoi BYEHOI pagH (pa30Boi CIeNiai30BaHOi BYE€HOI pagH): [ 26.207.02

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT IPO6IIEM MaTepianosHaBCTBa im. 1. M. dpaniesnya

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05416930

Micuesnaxo,ux(eﬂns:: ByJ. OMmensna [lpiuaka, 6yg. 3, Kuis, 03142, Vkpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu
InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT IPO6IIEM MaTepianosHaBCTsa im. 1. M. dpanuesnya

HaujonasnbHoi akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 05416930

Micuesnaxo,zm(eﬂna: ByJ. OmensgHa Ilpinaka, 6ya. 3, Kuis, 03142, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist HayK Ykpainu
InenTudikarop ROR:

CeKTop HayKH: AkagemivyHui1

IloBHe HaiMeHYBaHHSI IOPHUAUYHOI 0COOH: IncTuTyT Vo3eda Credana
Kopg 3a €IPIIOY: 55560822

Micue3HaxoaKeHH: SImoBa nopora 39, Jliobnsana, 1000, CnoseHis
dopma ByacHOCTI: [lepxkasna

Cdepa ynpasiiHHS:

InenTudikarop ROR:

CeKTOp HayKH:

V. BimomMocTi npo guceprariio
MoBga guceprTaliii: Vkpaincoka
Koau TemaTuyHuX pyopHK: 31.01, 31.15.01, 31.17.15

Tema guceprauii:



1. OCOBJIMBOCTI ®OPMYBAHH 130~ TA AHISOTPOITHMX HAHOCTPYKTYP TUTAHATY BAPIIO
2. PECULIARITIES OF THE FORMATION OF ISO- AND ANISOTROPIC BARIUM TITANATE NANOSTRUCTURES

Pedepar:

1. Inceprauiiina po60Ta IpUCBIY€Ha CUHTE3y HAHOPO3MiPHMX YaCTUHOK Ha ocHOBi BaTiO3 pi3HOi cTpyKTYypH Ta
Mop(oJIOorii, @ TAKOXK JOCIIiI)KEHHIO (PAaKTOPIB, 110 BIJIMBAIOTh Ha (i3NKO-XiMiYHi BIACTUBOCTI MaTepiany Ta
BU3HAYAIOTh B3A€MO3BS130K MK XiMiYHMM CKJIaZIOM, CTPYKTYPOI0, MOP(OJIOTi€l0 Ta BIACTUBOCTSIMU IAHOTO
marepiasy. BcTaHOBJIEHO 3B'130K Mi’K yMOBaMHU OCAIPKEHHS IIPEKypCOpiB B MeToIi [1eKiHi, CKIaloM 0CapKeHOi
IIPOMIXKHOI CIIOJIYKU, XapaKTepOM TEPMIUHOro po3Kiaady Ta (isuKo-XiMiUHMMU BJIaCTUBOCTSIMU KiH1jeBoro BaTiO3.
[ToxazaHo onTuMasnbHi YMOBU (OPMYBaHHS OKCAJaTHUX KOMILJIEKCIB 3 MiHIMaJIbHOIO KiJIbKiCTIO TiIpOKCUIIBHUX
TpyI, BiIMIiHHICTb Y MeXaHi3Mi iX TepMi4YHOro po3Kiazly, a TAKOX ix epeBaru 3 TOYKU 30py GOpPMyBaHHS
opHodazHoi criosyku BaTiO3, miHiMizalii TeMniepaTypy TEpMIYHOIO PO3KJIAJy IIPOMIXKHOTO KOMILJIEKCY, 8 TAKOX
PO3MipiB YacTUHOK KiHleBoro BaTiO3. [TokazaHo 3ayexxHicTh (a30BOro CKIay Ta po3MipiB arperaris Bif
criBBinHOWmeHHs Ba /Ti. [lokazaHO 3a/1€XXHICTh pO3MipiB KPUCTAJITIB Ta YACTUHOK BiJl, YMOB OCaJI)KEHHS TPEKYPCOPY
Ta crniBBinHOmeHHs Ba /Ti. [TokazaHo cuHepreTuyHuil BIIMB pH cepenoBuina Ta KOHIEHTpalil peareHTiB Ha
(opMyBaHHS arperaTis Ha OCHOBi F€éKCaroHOMNOAi6HMX ABOBUMIPHUX HAHOPO3MipPHUX MOJIIKPUCTAJIB Ta IPUITYIIEHO
[IPUPOJY FeKCaroHayJbHOI (OPMU JaHUX arperaris. [I0Kka3aHO BIUIMB [IAPAMETPIB TipOTEPMaTbHOIO CUHTE3Y
(mpypoay BUXiIHOrO IPEKYPCOPY Ta PO3YMHHUKA, KOHLEHTpallil peareHTis, pH cepenosuia, TeMmneparypu ta
TPUBAJIOCT] [IPOIIECy) Ha PO3BUTOK i30- Ta aHI30TPOIIHOI CTPYKTYypU KpucTayy Ha ocHOBi BaTiO3 Ta #ioro npomi>xHux
CIIOJIyK, & TaKOX iX Mop@outorito. [TokazaHo BIJIMB IPUPOIH, MOJSIPHOCTI Ta KOHLEHTpalii Mosekys [TAP Ha
CEJIEKTUBHICTb iHTiOyBaHHS rpaHell KpUCTasly Ta XapaKTep HOoro pocTy. BcTaHOBIIEHO [iania3oH [epeHaCUYeHHs 1S
OTPUMAaHHS MOHOKPHUCTAJIIYHNX HaHOcTepskHel BaTiO3 3 ¢ /a = 1.013 Ta criBBifHOIIEHHSIM CTOPiH YaCTUHOK 6-9.
[TpunyuieHo MOXJIMBI NPUYMHA (POPMYBaHHS ONHOBUMiIpHUX MOHOKpuUcTaiiB BaTiO3. BcraHoB€HO MiHiHY
3aJIEXKHICTb IIMPYHU Ta JOBXUHU YACTUHOK Bif] CTyIIeHs IepeHACUYEeHHS 3 Bi’ e MHMM HaXWJIOM B fiiana3oHi SR = 19
- 39. BussieHo 3MiHy JOMiHYIOYOTO MEXaHi3My KPUCTaJIi3allii 3 TOOTAaKTUYHOIO IEPETBOPEHHS in-situ Ha
PO3YMHEHHSsI-0caiKeHHs Bullie SR = 19. Bysio BusiBaeHoO, 110 30epeskeHHs1 MopdoJorii BiidyBaeTbCsl IepeBaXkKHO
Yepes MeXaHi3M in-situ i BUMarae H>K4O0i IBUIKOCTI OCAI)KEHHS YaCTMHOK i HANIpy>KeHb B KpucTaili. [lokazaHo
PO3BUTOK MOPQOJIOTii Bifj IJIaACTUHYACTOTO IPOMIKHOTO MpeKypcopy (SR = 6 - 9) 1o cTep>XKHENOAi6HOro MPOAYKTY 3
CIiBBifHOLIEHHSM CTOPiH 6 — 9 (SR =19 - 29) i 10 HAHOYACTUHOK 3 HEBHU3HAYEHOIO (POPMOIO Ta
LIEHTPUCUMETPUYHOIO CTPYKTYpOIO (SR = 39). 23 TokazaHO MOXJIUBICTb OTPUMAHHS ME30KPUCTAJIIUHUAX
IBOBUMIpHUX HaHOYAaCTUHOK BaTiO3 3 BUCOKOI0O OpieHTalli€l0 KpUCTAaiB (Ie30pieHTallis He 6inblie 2 rpaj) 3
po3Mmipamu 3epeH 22 HM 32 paxyHOK KOMOiHyBaHHs rigporepmanbHux yMoB (200 C, 10 6ap) 1151 popMyBaHHS
IIJIACTMHYACTUX 1abJIOHIB Ha OCHOBI [VIIKOJISITY METaJliB Ta MOAaJbLIOi TEPMiUHOI 0OpPOOKM 32 3BUYAIIHOTO THUCKY Ta
temreparypu 730 °C 10 TOBHOrO IepeTBOPEHHS TPOMIXKHOI criosiyky B BaTiO3. [Toka3aHo CKiaf, IpeKypcopy Ta
0C006JIMBOCTI fioro Tpancopmatii B me3okpucran BaTiO3. Briepiie BUMipsSIHO €J1eKTPUYHi BJI1aCTUBOCTI
6esrocepenHbO HAHOPO3MIPHUX IJIACTUH Ha 0cHOBi BaTiO3 Ta i1oro npoMixkHUX CIIOJIyK. Briepiie BUSIBJIEHO
PE3UCTUBHI BJIACTUBOCTI IJIACTMHYACTUX 3Pa3KiB NpeKypcopy Ta BaTiO3, mo BKadye Ha NIOTEHLiIMIHE BUKOPUCTAHHS
IAHUX 3Pa3KiB B SIKOCTi APy PE3UCTUBHOIO IEPEMUKAHHS B MEMpHUCTOpax. KiIo4oBi cj10Ba: HAHOCTPYKTYpH,
BaTiO3, nepoBcKiT, MOHOKPUCTAJ, OJIKPUCTAJ, MeXa-Hi3M KpUCTali3allii, OKCaJIaTHMUI KOMILJIEKC, OCaJI)KEHHS,

rifpoTepManbHUl CUHTE3, TEPMiYHUN po3KJajl, MOpdOJIOrisl, aHI30TPOITisl, Pe3UCTUBHI BIaCTHUBOCTI.

2. The thesis work is devoted to the synthesis of nano-sized particles based on BaTiO3 of different structure and
morphology, as well as to the study of factors that affect the physical and chemical properties of the material and
determine the relationship between the chemical composition, structure, morphology, and properties of this
material. The relationship between the precipitation conditions of precursors in the Pechini method, the
composition of the precipitated intermediate compound, the nature of thermal decomposition, and the
physicochemical properties of the final BaTiO3 were established. The optimal conditions for the formation of
oxalate complexes with a minimum number of hydroxo groups, the difference in the mechanism of their thermal
decomposition, as well as their advantages from the point of view of the formation of a single-phase compound



BaTiO3, minimization of the thermal decomposition temperature of the intermediate complex, as well as the
particle sizes of the final BaTiO3 are shown. The dependences of the phase composition and aggregate sizes on the
Ba/Tiratio, are shown. The dependence of crystallite and particle sizes on precursor deposition conditions and
Ba/Ti ratio is shown. The synergistic effect of pH and concentration of reagents on the formation of aggregates
based on hexagonal two-dimensional nanosized polycrystals is shown, and the nature of the hexagonal shape of
these aggregates is assumed. The influence of hydrothermal synthesis parameters (nature of the initial precursor
and solvent, concentration of reagents, pH of the medium, temperature, and process duration) on the
development of the iso- and anisotropic structure of the crystal based on BaTiO3, and its intermediate
compounds, as well as their morphology, is shown. The influence of the nature, polarity, and concentration of
surfactant molecules on the selectivity of inhibition of crystal faces, and the nature of its growth is shown. The
supersaturation range for obtaining single crystalline BaTiO3 nanorods with c¢/a=1.013 and particle aspect ratio of
6-9 was established. Possible reasons for the formation of a one-dimensional single crystalline BaTiO3
nanoparticle are assumed. A negative sloped linear dependence of the width and length of the particles on the
degree of supersaturation was established in the range of SR =19 - 39. A change in the dominant crystallization
mechanism from in-situ topotactic transformation to dissolution-precipitation above 24 SR = 19 was revealed. It
was found that the preservation of morphology occurs mainly through the in-situ mechanism and requires a lower
rate of particle deposition and stresses in the crystal. The development of morphology from a lamellar
intermediate precursor (SR = 6 - 9) to a rod-like product with an aspect ratio of 6-9 (SR = 19-29) and to
nanoparticles with an undefined shape and a centrosymmetric structure (SR = 39) is shown. The possibility of
obtaining mesocrystalline two-dimensional BaTiO3 nanoparticles with high orientation of crystallites
(misorientation less than 2 degrees) with grain sizes of 22 nm is shown. This is done by combining hydrothermal
conditions (200 °C, 10 bar) to form the plate-shaped templates based on metal glycolate and subsequent heat
treatment at standard pressure and temperature of 730 °C until the intermediate compound is completely
transformed into BaTiO3. The composition of the precursor and the features of its transformation into a BaTiO3
mesocrystal are shown. For the first time, the electrical properties of nanoscale plates based on BaTiO3 and its
intermediate compounds were directly measured. For the first time, the resistive properties of plate-shaped
samples of the precursor and BaTiO3 were revealed, which indicates the potential use of these samples as a
resistive switching layer in the memristors. Keywords: nanostructures, BaTiO3, perovskite, single crystalline,
polycrystal, crystallization mechanism, oxalate complex, deposition, hydrothermal synthesis, thermal
decomposition, morphology, anisotropy, and resistive properties.
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