O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0518U000350
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 27-02-2018

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. BoponsiHceka 'anHa FOsiiBHa

2. Borodianska Hanna Yuliivna

KBasigikanis: k. ¢.-m. u., 01.04.07
InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: nokrop Hayk

AcnipaHTypa/JIOKTOpPaHTypa: Tak

OcBiTHBO-HayKOBa Mporpama 3i crneniajgbHOCTI: He 3acTocosyeTbcs

JaTa 3axHcTy: 19-02-2018

CrneniaJbHICTh 3a OCBITOIO: paziodisuka i enekTpoHika

Micue po60oTH 34,00yBayva: IHcTuTyT npobiem matepianosHascTsa im. LM.@Opanuesnya HanjionanbHoi

akagemii HayK YKpainu

Kopg 3a € IPIIOY: 05416930

Micuesnaxo,r.perHﬂ: ByJ1. Kp>xnkaHoBcbKoro, 3, Kui, Kuicbka 0611., 03142, Ykpaina

dopma ByracHoCTI:

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CIeliaai30BaHOi BY€HOI pagH): [ 26.207.03

ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT IPO6IIEM MaTepianosHaBcTBa im. LM.OpaHiesnya

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05416930

Micqesﬂaxo,lpKeHHﬂ: ByJ1. KpsknskaHoBebKoro, 3, Kuis, KuiBcbka 06i1., 03142, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

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

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT TPO6IIEM MaTepianosHaBcTBa im. LM.OpaHiesnya
HaujonasnpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05416930

Micuesnaxo;pxeum:: ByJ1. Kp>xnkaHoBCbKoOro, 3, KuiB, Kuicbka 0611., 03142, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHUX PYOPHK:

Tema guceprauii:
1. OcobauBoCTi KOHCcOimauii, popMyBaHHS CTPYKTYPH i BIaCTUBOCTEN KepaMiuHUX MaTepiasiB B IIpoLecax iCKpo-

[1JIAa3MOBOTI'O CIIiKaHHS

2. Features of consolidation, formation of the structure and properties of ceramic materials in the processes of
spark-plasma sintering

Pedepar:

1. lucepralist npucBsiY€Ha BUPIlIEHHIO HAYKOBO-TEXHIYHOI IPO6JIEMHU CTBOPEHHSI 1IiJIbHOI HAHOCTPYKTYPHOI
KepaMiKu 3 pi3HUMHU TUIIOM NPOBiTHOCTI Ta NPUPOJOI0 XiMIYHOTO 3B'SI13KY, @ TAKOK KEPYBAaHHSI CTPYKTYPOIO Ta
CTPYKTYPHO-YyTJIMBYMMU BJIACTUBOCTSIMU i3 3aCTOCYBaHHSIM METOZY icKpo-1y1a3mosoro crikanss (II1C). [Ipobnemy
BUpillEHO WIsIXOM pearizanii nepesar ITIC Ha BCix eTanax CTBOPEHHSI HAHOCTPYKTYPHOI KEPaMiKM, TOYMHAIOYY Bif,
OJlep>KaHHs BUXiIHUX CyMillleil, pe>XXnMiB ix 06po6KY, peLn3iiiHOro BUMipIOBaHHS BCiX IapaMeTpiB [Ipy CIiKaHHi
(TemnepaTypH, TUCKY, CEPEJIOBHUINA KOHCOiAaLii, 06'eMy, KOHLIEHTPallii KOMIIOHEHTIB TOIIO) Ta 3aBEPIIYIOYN
BUBYEHHSM BIUIMBY I'YCTUHU, PO3MIPY 3€pHa i CITKM IPaHMLb 3€PEH, 110 YTBOPIOIOTLCA IIiJl Yac K HEPEaKUiHOrO,

TaK i peakuiriHoro IT1C, Ha Bi1acTUBOCTI MaTtepiasy. Bce 1ie 103B0JINII0 BCTAaHOBUTH (PYHKLIOHABHI 3B'SI3KM MiXK



XIMIYHKM CKJIaZIOM, CTPYKTYPOIO, TEXHOJIOTI€IO 1 BIACTUBOCTAMY KOMIIO3ULIIMHUX MaTepiajiB, Ha OCHOBI IKUX
BiZTpalibOBaHi yMOBH, 110 FaPaHTYIOTh BilTBOPIOBAHHICTb PE3yJIbTaTiB Ha NpakTuli. Ofep>kaHHS MaTepiany 3
I'yCTUHOIO, 6JIM3bKOIO 1O TEOPETUYHOI, i po3mMipoM 3epHa, MeHINM 32 100 HM, CTajIo MOXKJIMBUAM 32 PaxyHOK
BMKOPHMCTAHHS iCKPO-I1JIa3MOBOTO BUCOKOMIBUIKICHOTO CITiKaHHS MiJ] TUCKOM, 10 CTBOPUJIO YMOBH BilOKPEMJIEHHSI
32 4aCOM IPOXO/IKEHHSI IIPOLECIB yCaIKU Ta POCTY 3€peH. Briepiie po3po6ieHO i1 BIIPOBAIKEHO METOAUKY
KBa3i0JHOCTAIITHOTO PEAKILITHOTO CMHTE3y B HAHOPEAKTOpax, KajbluuHalii Ta IIIC-kKoHcosmipanii romoreHHnx
6aratokarioHHux okcupis (La0,8Sr0,2)(Ga0,9Mg0,1)O3-o (LSGM) i3 2% (mac.) okcupny uepito (LSGM-Ce) ta npu
HusbKoTemnepaTypHomy (1250 oC) ITIC oTrpuMaHo HaHOKepaMmiky 3 cepesiHiM po3mipom 3epHa oll Ta 014 HM BiANOBIAHO,
3i 3MeHIIeHHsIM cepeHbOro po3Mipy 3epHa [0 piBHA Huk4Ye 30 HM JaHa Kepamika ctae pepomarHeTukom. Briepiue
oyJi0 nposeaeHo IT1C koHcosiganio 06’eMHux HaHOKOMNIO3UTIB Til-XAIXN Ta Til-xAlxN-AIN. HaHokoMmio3ut
Til-xAlxN nokazas TBepgicts 17,53 I'Tla i TpimuHocTidikicTs 09 MIla-m1/2 , mo BABiYi Bule 3a TPIIMHOCTIHKICTb
HITpUAy TUTaHy i BTpYYi, HIX y HiTpuAy amominito. Hanokomnosur Ti0,82A10,18N apmoBaHMI1 HAHAHOKPUCTAIaMU
reKCaroHaJIbHOTrO HiTpUJy alIOMiHil0, T0Ka3aB TBEPAICTb 3a Bikkepcom 24-29 I'Tla. CTBOpeHa MeTonuKa
peakuiitHoro IT1C kap6iny 60py mo3Bosania oTpuMmaTu Komnosutu BaCb-(BxOy/BN) i3 1amenspHoIo
HaHOCTPyKTypHO10 BxOy/BN 3D-ciTko10 rpaHuib. [IokazaHo BHECOK KOMIIJIEKCHOI MOP(OJIOTii KOMIIO3UTIB Ta,
0co61BO, TBepAuX $a3, CHHTe30BaHUX Iif 4ac peakuiiiHoro ITIC no rpaHuLsx 3epeH Kapo6iny 60py, a TaKOX 3MiHU
CIIiBBiJHOLIIEHHS OOPY [0 BYIJIEL}0 B CAMUX 3€pHax Kap6iny 6opy (yreopeHHs B13C2) y 3HauHe NMoOKpalleHHs
MEXaHIYHUX BJIACTUBOCTEN KepaMiku. Po3pobiieni HaHokoMmnio3utu BaCb-(BxOy/BN) eMOHCTPYIOTh MiLIHICTb Ha
BuruH 10 800 MIla B inTepBani Temnepatyp Biz 25 1o 1600 °C Ta nokpaleHHs AMHaMiYHOi B'3KOCTi pyiHyBaHHS B 5
pasiB - 3 06 1o 030 M/I>x /M2 , 1110 1O3BOJISIE 3aIIPOIIOHYBATH iX [TO/IaJIblile BUKOPUCTAHHS B SIKOCTi €JIEeMEeHTIB 117101

HU3KU KOHCTPYKLIH, i B T.4. 3aXUCHUX.

2. This thesis is devoted to the solving the scientific and technological problems related to preparation of dense
bulk nanostructured ceramics with different types of conductivity and a different nature of the chemical bonding.
The work approaches the possibility of structure control and further of physical functional properties by applying
the powerful unconventional methods of spark plasma /flash sintering on presynthesized nanopowders and on
nanodisperse products. Ceramics with nanograins can show improved or novel functionality, hence, they are of
much interest for different applications, but to obtain such materials is not trivial and the degree of complexity is
high. In this respect, physical and chemical processes that occur during sintering are studied and the accumulated
knowledge allows achieving the proposed tasks and goals. The production of materials with a bulk density close to
theoretical values, where the grain size is less than 100 nm was demostrated by using SPS in its flash mode. The
key to this result is high-rate sintering under pressure, which created the conditions for separation of
consolidation and grain growth processes. The potential and advantages of SPS-technique for preparation of
different ceramics with grains in the nanosize range (<100 nm) are emphasized. Than it shows the results of the
SPS-development for sintering of nanodispersed oxide powders with ionic (oxygen-ion) type of conductivity.
Materials are zirconia doped with yttrium oxide (YSZ) and cerium oxide doped with gadolinium oxide (CGO). The
choice of zirconia-stabilized yttrium oxide as a model material in the class of oxide ceramics for investigating the
patterns of pores-sealing during SPS is due to availability of “quasi’-monocrystalline particles of this material in
various sizes and shapes. Results obtained in this study were compared with literature data. The focus on
zirconium dioxide is also motivated by its unique combination of properties such as mechanical, biocompatibility,
corrosion and wear resistance, and ionic conductivity. By low temperature SPS, homogeneous nanostructures with
particle size of ~90 nm for 8YSZ and ~73, ~32 and ~18 nm for CGO were obtained. Then the experiments on
nanopowders sintering in the mode of thermal runaway - “flash”-SPS were established. The sharp increase in the
electrical current leads to rapid consolidation. In general, the equilibrium of temperature is achieved by balancing
the heat consumption with radiation and convection of Joule heat. For “flash”-SPS, the application of an electric
field of 120 V/cm, produces a significant local overheating of the sample. It is shown that an almost instantaneous
sintering to high densities of 3Y-TZP nanopowder occurs. Despite a number of shortcomings, “flash” sintering can
dramatically reduce sintering time from hours in traditional sintering or from tens of minutes in typical SPS to
dozens of seconds. The method of consolidation of nanopowder by “flash”-SPS, supresses the grain growth



resulting in formation of materials with unique nanostructures. High localization of heating and short processing
time may also promote specific features and properties. “flash”-SPS sintering of nanopowders is successfully
demonstrated for the first time. The possibility of a reactive SPS for synthesis-consolidation of multication oxides
is presented. Materials is Lal-aSraGal-bMgbO3-x (x = a/2 + b/2, LSGM). To solve the homogeneity of the cation
distribution and to avoid uncontrolled agglomeration during synthesis, we proposed the following solution: to use
the method of synthesis of bimetallic oxide nanopowders within the volumes of precreated “nanoreactors” and
reactive sintering in one step. Oxide (LSGM-Ce) were obtained with an average grain size of 11 and 14 nm. Bulk
nanocomposites of Til-xAIxN and Til-xAIxN-AIN were obtained by SPS Vickers hardness and fracture toughness
KIC were measured to be 17.5 GPa and 9 MPa m1/2 for Til-xAlxN. The KI1C value is about two times higher than for
titanium nitride and three times than for aluminum nitride. The composite Til-xAIxN-AIN obtained bSPS at 1500 C,
that is composed of the cubic matrix of Ti0.82A10.18N reinforced with hexagonal AIN nanograins, has shown a high
Vickers hardness of 24-29 GPa. A methodology of reactive SPS of unique BaCb-(BxOy/BN) composite with a
nanolamellar BxOy /BN 3D-grain boundary framework is developed. The 3D-grain boundary framework BxOy/BN
is the result of reactions of N2 with the initial boron carbide powder (B4C covered by B203 grains). The
nanocomposites BaCb-(BxOy/BN) exhibit bending strength of up to 800 MPa in the temperature range from 25 to
1600 °C. The possibility of controlling the dynamic mechanical properties as tested by Split Hopkinson Pressure
Bar (SHPB) method by optimization of the reactive SPS conditions is attempted. A significant five times
improvement of the dynamic toughness of massive boron carbide ceramics from ~6 to ~30 MJ/m2 was obtained.
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