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1. YHEPHOMOPELD [I.I'". TTpouecu ¢popmMyBaHHS MiKPOCTPYKTYPH, (pa30BOro CKJIaAy Ta ONTUYHUX BiaacTUBOCTeN [Y-
npo3opoi kepamiku Y203. - Kpasnigikaniiina po6ota Ha mpaBax pyKonucy. /lucepratist Ha 3400y TTsI HAyKOBOTO
cTymeHs foktopa ¢inocodii 3a crienjanbHicTio 132 «MaTepiano3HaBcTBO». — IHCTUTYT MOHOKpUCcTaniB HAH Vkpainuy,
XapkiB, 2025. [lucepraniio NpruCBsY€HO BU3HAYEHHIO OCOOIMBOCTEN CUHTE3Y IPO30PO0i KepaMiku OKCUIY iTpito

METOJIOM BaKyyMHOTO CITIiKaHHS. JJOC/IiIPKEHO BIIUB CTPYKTYPHO-MOP(OJIOTIYHNAX XapPAKTEPUCTUK BUXITHUX



nopoukiB Y203 i koHueHTpauii ZrO2, K JOMILIKY, IO CIIPUsiE CIIKAHHIO, HA CTPYKTYPHO-(A30BUM CTaH, ONTUYHI
Ta MeXaHiyHi BjacTuBOCTi Kepamiku Y203. ONTUMI30BaHO CKJIa[, BOOHUX IIJIiKepiB i macT asis popMmyBaHHS
Kepamiku Y203 MeTogaMy LUliKepHOro JUTTy i 3D IpyKy. 3aCTOCOBAaHO KOMIJIEKCHUM MifXiz, 1o cuHTe3dy [4
1po30poi kepamiku Y203, 0 BKIIOYA€E CTPYKTYPHUM NM3aliH HAHOIIOPOIIKIB, 3a0€3[1e4€HHS CeJMMEHTALiIHO1
CTabiNbHOCTI CyCIeHsiii Ta nacT, IPUAATHUX Jis1 GOPMYBaHHS KOJIOIIHMMHU METOJIAMH, & TAKOXK KePyBaHHS
TPA€EKTOPI€I0 YIIiIbBHEHHS 32 BiITHOCHO HU3bKUX TEMIIEPATYP CIiKaHHS. B nepmomMy po3aiji po3ryisiHyTO OCHOBHI
acneKkTu cuHTe3dy [Y-npo3opoi kepamiky okcuzy iTpito. BusHaueHo oco6MBOCTI MPOLeCy CUHTE3y HAHOPO3MIpHUX
nopoukiB Y203 METOIOM BUCOKOEHEPTeTUYHOTO roMesty. ONrucaHo NPpMHLUUNY (POPMYBaHHS Kepamiku
KOJIOIIHMMM METOaMU KOMIIaKTYBaHHS: IIJTiKEpHUM JUTTIM i 3D npykom (pobokacTrHrom). HaBeneHo naHi npo
MEeXaHi3MU BIIMBY JIOMIIIOK, 5IKi CIIPHSIOTH CIIiKaHHIO, Ha CTPYKTYPHO-(a30BuUil CTaH KepaMiku okcuay itpito. Ha
OCHOBI aHaJi3y JliTepaTypHUX AAHUX OOI'PYHTOBAHO AKTyaJIbHICTh KOMITJIEKCHOTO MifIXOAY O CUHTE3Yy MIPO30POoi
kepamiku Y203 Ta BU3HaY€HO OCHOBHI HAIIPSIMKM OCTII>)KeHb JucepTauiiiHoi po6oTu. Y Apyromy po3niji feTasbHO
OINKCAHO €KCIIEPUMEHTAIbHI METOOMKY OTPUMAaHHS NOPOoLIKiB Y203 Ta BUTOTOBJIEHHS 3pa3kiB [Y-npo3opoi
KepaMiKi METOJOM PEaKLifHOrO CIliKaHH4 IOPOUWKOBUX KOMIIAKTIB Y BaKyyMi. HaBeieHO BU4Y€pIIHi BilOMOCTI ITPO
METOJY OOCJiIPKEHHS BUXiJHMX TOPOLIKIB, @ TAKOXK MIKPOCTPYKTYPHU Ta (Ha30BOro CKJIAy OTPUMAHUX KePaMikK.
Taxkosx onucaHo METOIMKY NPUroTyBaHHS 1TikepiB i mact Y203 piist popMyBaHHS KepaMiku MeTOaMU LITiIKEPHOTO
qmtT4 i 3D gpyKy, BiANOBIIHO, Ta NOCJIIKEHD iX PEOJIOTIYHUX BJIACTUBOCTEN. ONKUCAaHO METOIM XapaKTepu3allii
MIKPOTBEPIOCTI CMHTE30BAHMX KEPAMIK Ta IX ONITUYHUX BJIACTUBOCTEN. B TpeTbOMY PO31iji HOCIIIKEHO BILUIUB
CTPYKTYPHO-MOP(]OJIOTYHMX XapaKT€PUCTUK BUXiIHAX KOMEPLIHUX MOPOIIKIB HA MiKDOCTPYKTYPY I ONTHUYHI
BJIACTUBOCTI Kepamiku Y203, oTprMaHOi METOOM BaKyyMHOTIO CIIiKaHHS. BcTaHoBieHO, o nopomok Nippon Y203
Mae ONTUMAaJIbHI CTPYKTYPHO-MOP(QOJIOTiyHi BIACTUBOCTI [1J11 OTPUMaHHS BUCOKOLIiJIBHOI IPO30POi KepaMiKu.
BusHaueHO peXMMHU BUCOKOEHEPTeTUYHOTO [TIOMeJy BUXiTHUX nopoukis (300 06/xB npoTsarom 1 roguHnm), mo
320€31e4nsI0 OTPUMaHHS OJHOPIZHOr0 HAHOPO3MipHOTo NOPOIIKY Y203 3 HAUBUILOI0 AKTUBHICTIO [10 CITiKaHHS,
d50~480 HM i muTOMOIO MIIOIIEIo ToBepxHi 21,3 M2 /1. [Y-nipo3opa kepamika Y203, oTpuMaHa 3 BUKOPUCTAHHSIM
ONTUMI30BaHOIO IIOPOIIKY METOJIOM PEaKLilfHOr0 BAKYyMHOT'O CIIiKaHHSI, Ma€ KoeQillieHT JIiHIITHOr0 ONTUYHOTO
npornyckanHs 78,3% Ha nowxuHi xBuii 1100 HM. B yeTBepTomMy po3zini gocaimkeHo BrnB 0-15 Moi.% ZrO2, sk
IOMIIIKY, sIKa CIIPUSIE CIIiKaHHIO, Ha CTPYKTYPHO-(a30BuUil CTaH, MEXaHiuHi Ta ONTHUYHI BJIaCTUBOCTI kepamiku Y203,
OTpMMaHoOi 3a HU3bKOI Temriepatypu T=1735°C MeTO[I0M BaKyyMHOT'O CIiKaHHSI. BCTAaHOBJIEHO, 10 B yCbOMY
IOCJiIXKYBaHOMY Iialla30Hi KOHLIEHTPALill JOMIIIKA YTBOPIOETHCSI MOHO(DA3HUI TBEPAUI PO3UMH 3aMillleHHS
Y203:Zr. 3 nifBulleHHAM KOHUeHTpaljii ZrO2 napaMeTp €J1€MEHTApHOI I'PATKU JIiHIHO 3MEHILIYEThCS YEPE3
dopmyBaHHs AedeKTiB 3aMillleHHs], a B 00J1aCTi BUCOKUX KOHLeHTpauiil ZrO2 (=13 Mos. %) criocTepiraloTbcs
JIOKaJIbHI BifXUJI€HHS BiJ npaBuia Berapaa. [TokasaHo, o Kepamika okcuay iTpito, Jonosana 15 momn.% ZrO2,
XapaKTepU3yEeTbCH HAaMBULIVMMU 3HAYE€HHSAMU MIKPOTBEPIOCTI Ta JIiHITHOTO ONTUYHOTO MPOIYCKaHHS Cepe],
nociimkysaHux 3paskis: 10,3 I'Tla i 80,4% Ha moxuHi xBuii 1319 HM, BignoBinHoO. B 'sToMy po3isni JociimkeHo
0Cc06MBOCTi (POPMyBaHHS BOOHUX CYCII€H3ill HA OCHOBI HAHOPO3MipHOro nopouky Y203 AJ151 KOMIIaKTyBaHHS
KepaMiku MeTOZaMu LUTIKEPHOTO JUTTS Ta 3D ApyKy. BcTaHOBJIEHO, 110 ONTUMATbHUM IACIEPCAHTOM J1JIS
3abe3nevyeHHs CefMMeHTaLilHO]I CTiMKOCTi cycriensiii € Dolapix CE64 3 koHuenTpauiemwo 1,5 mac.%. Illnikepu
ontumizoBaHoro ckuagy (1,5 mac.% Dolapix CE64 Ta 30 mac.% TBepoi pe4OBUHMU) € CeMMEHTALiIHO CTINKUMH,
IIPOSIBJISIIOTD BJIACTUBOCTI, IOJiOHI 10 HBIOTOHIBCBKOI PiIMHY, Ta XapaKT€PU3YIOThCS HU3bKOIO B'I3KicTi0. Kepamika
Y203, oTpuMaHuX 3i WJIIKEPiB 3a3HAYEHOIO CKIIaAY, XapaKTePU3YETLC JIIHIMHUM ONTUYHUM IIPOITyCKaHHAM 63%
(0=2000 HM). BcTaHOBJIEHO ONTUMAJIbHUI CKJIAT, I1aCTH, IPUAATHOIL 1O OPYKY, KU cKianae 78 mac.% TBeproi
pedoBuHH, 1,5 mac.% Dolapix CE64, 8 mac.% Pluronic F127 i 5 mac.% eTtuneHraikosio, BianosigHo. JlaHa nacra
IIPOSIBJIsiE€ NICEBIOIIACTUYHI BIACTUBOCTI, BUCOKY B's13KicTb i G>G. KoedilieHT /iHIIHOr0 ONTUYHOTO
MpOIyCcKaHHs Kepamiku Y203, oTpumaHoi MeTogoM 3D npyKy 3 MOJanbIUM BaKYYMHUM CITIKAHHSM 32
temnepatypu 1720°C, ctaHOBUTb ~43% IIpU 3-5 MKM.

2. Chernomorets D.G. Processes of microstructure formation, phase composition and optical properties of IR-
transparent Y203 ceramics. - Qualification work as a manuscript. Dissertation for the degree of Doctor of
Philosophy in the speciality 132 "Materials Science". o Institute for Single Crystals of the National Academy of



Sciences of Ukraine, Kharkiv, 2025. The dissertation is dedicated to determining the features of the synthesis of
transparent Y203 ceramics by vacuum sintering. This work investigates influence of the structural and
morphological characteristics of the raw Y203 powders and concentration of ZrO2, as a sintering aid, on the
structural and phase state, optical and mechanical properties of Y203 ceramics. The composition of aqueous
slurries and pastes for the formation of Y203 ceramics by slip casting and 3D printing methods is optimized. A
comprehensive approach to synthesis of IR-transparent Y203 ceramics is applied, which includes the structural
design of nanopowders, ensuring the sedimentation stability of suspensions and pastes suitable for the formation
of ceramics by colloidal methods, as well as controlling the densification trajectory at relatively low sintering
temperatures. The first chapter describes the main aspects of synthesising IR-transparent Y203 ceramics. The
features of the synthesis process of nanosized Y203 powders by high-energy ball milling are studied. The
principles of shaping ceramics by colloidal methods, slip casting and 3D printing, are described. Data on the
mechanisms of influence of sintering aids on the structural and phase state of Y203 ceramics are presented. Based
on the analysis of literature data, the relevance of a complex approach to the synthesis of transparent Y203
ceramics, the main research directions of the dissertation work are justified. The second chapter describes the
experimental methods for obtaining Y203 powders and manufacturing IR-transparent ceramic samples by the
reaction vacuum sintering of powder compacts. Comprehensive information on methods of studying the starting
powders, as well as the microstructure, phase and chemical composition of the obtained ceramics, is provided.
Also, methods for Y203 suspensions preparation for forming ceramics by slip casting and 3D printing methods,
respectively, as well as studies of their rheological properties are described. Methods for characterizing the
microhardness of synthesized ceramics and their optical properties are presented. The third chapter investigated
the influence of structural and morphological characteristics of the initial commercial powders on the
microstructure and optical properties of Y203 ceramics obtained by vacuum sintering. It was found that Nippon
Y203 powder has optimal properties for obtaining highly dense transparent ceramics. High-energy ball milling
parameters of the raw powders (300 rpm, 1 h) were determined, which ensured the production of a homogeneous
nanosized Y203 powder with the highest sinterability, d50~480 nm and a specific surface area of 21.3 m2 /g. In-
line transmittance of IR-transparent Y203 ceramics obtained using the optimized powder by vacuum sintering is
78.3% at 0=1100 nm. In the fourth chapter, influence of 0-15 mol.% ZrO2, as a sintering aid, on the structural-phase
composition, mechanical and optical properties of Y203 ceramics obtained at a low temperature T=1735°C by
vacuum sintering, is investigated. It was found that in the studied range of ZrO2 concentrations, a single-phase
Y203:Zr solid solution is formed. The lattice parameter decreases linearly with increasing ZrO2 concentration due
to the formation of substitutional defects. Local deviations from Vegard's rule are observed in the range of high
ZrO2-doping concentrations (213 mol.%). Y203 ceramics doped with 15 mol.% of ZrO2 are characterized by the
highest values of microhardness and in-line optical transmittance among the studied samples: 10.3 GPa and 80.4%
at 0=1319 nm, respectively. The fifth section investigates the features of the formation of aqueous suspensions based
on nanosized Y203 powder for the formation of ceramics by slip casting and 3D printing. It was found that optimal
dispersant for ensuring sedimentation stability of suspensions is Dolapix CE64 with a concentration of 1.5 wt.%.
Slips of optimized composition (1.5 wt.% Dolapix CE64 and 30 wt.% solids) are sedimentation stable, exhibit
properties similar to Newtonian fluids, and are characterized by low viscosity. Y203 ceramics obtained from slips
of the specified composition are characterized by an in-line optical transmittance of 63% (0=2000 nm). The optimal
composition of the printable paste was established: 78 /1.5/8 /5 wt.% of solids Dolapix CE64, Pluronic and
ethyleneglycol, respectively. This paste exhibits pseudoplastic properties, high viscosity and G>G". The linear
optical transmittance of Y203 ceramics obtained by 3D printing with subsequent vacuum sintering at a
temperature of 1720°C is ~43% at 3-5 pum.
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