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1. YHEPHOMOPELD [I.I". [Tpouecu ¢popmMyBaHHS MiKPOCTPYKTYPH, Hpa30BOro CKjIamy Ta ONTUYHUX BiaacTuBocTeil [Y-
npo3opoi kepamiku Y203. - KeasigikauiiiHa poboTa Ha npaBax pykonucy. JlucepTalist Ha 3500yTTsI HAyKOBOTO
CTyIleHs IoKTopa ¢inocodii 3a cnenianbHicTio 132 «MaTepianosHaBcTBO». — IHcTUTYT MOHOKpUCTaNiB HAH VkpaiHy,
XapkiB, 2025. [lucepraniio NprucBsYeHO BU3HAYEHHIO OCOGIMBOCTEN CUHTE3Y IIPO30PO0i KepaMiky OKCUTY iTpito
METOJIOM BaKyyMHOTO CITiKaHHSI. JJOCIiIpKeHO BIVIUB CTPYKTYPHO-MOP(QOJIOTIUHMX XapaKTEPUCTUK BUXITHUX
nopoukiB Y203 i koHyeHTpauii ZrO2, K JOMILIKY, IO CIIpUsie CIIKAHHIO, HA CTPYKTYPHO-(a30BUI CTaH, ONTUYHI
Ta MEXaHi4YHi BacTUBOCTI KepaMiku Y203. ONTUMI30BaHO CKJIaJ, BOGHUX ITKEPIB i macT a1 pOpMyBaHHs

kepamiku Y203 meTogaMy IuliKepHoro JutTT4 i 3D IpyKy. 3aCTOCOBaHO KOMIJIEKCHUM MifXiz, 1o cuHTe3dy [4



npo3opoi kepamiku Y203, 1m0 BKIIOYa€ CTPYKTYPHUI JU3aliH HAHOTIOPOUIKiB, 3a0€3M1€YEHHS CeIMMEHTAallilIHO1
CTabisIbHOCTI CycIeHsil Ta nacT, IpUIaTHUX AJ1s1 POPMYBaHHS KOJIOIIHUMY METOaMHU, a TaKOK KepyBaHHS
TPA€EKTOPI€I0 YIIiIbBHEHHS 32 BiTHOCHO HU3bKUX TEMIIEPATYP CIIiKaHHS. B r1epmomMy po3iji po3rysiHyTO OCHOBHI
acIeKkTu cuHTe3dy [Y-npo3opoi Kepamiky okcuzy iTpito. BusHaueHo 0co6IMBOCTI MPOLECy CUHTE3y HAHOPO3MipHUX
nopoukiB Y203 MeTOI0M BUCOKOEHEPreTUYHOTO NIoMesny. OnMcaHo NPUHLUNY (POPMYBAHHS KepaMiku
KOJIOIIHMMM METOaMU KOMIIaKTYBaHHSL: IIJIiKepHUM JUTTIM i 3D npykom (pobokactrHrom). HaBeneHo JaHi npo
MEXaHi3MU BILIMBY JIOMIIIOK, 5IKi CIIPHSIOTH CIIIKaHHIO, Ha CTPYKTYPHO-(a30BUil CTaH KepaMiku okcuay itpito. Ha
OCHOBI aHaIi3y JliTepaTypHUX JAaHUX OOIPYHTOBAHO aKTyaJIbHICTb KOMILJIEKCHOTO MiIXOAY IO CUHTE3Y IIPO30POi
kepamiku Y203 Ta BU3HaY€HO OCHOBHI HAIPSIMKU OCII>KEeHb JucepTalifiHoi po6oTH. Y Apyromy po3niji feTaabHO
OIKCAHO €KCIIEPUMEHTAJIbHI METOLVKY OTPUMaHHS MOPOLIKiB Y203 Ta BUTOTOBJIEHHS 3pa3kiB [Y-11po3opoi
KepaMiKi METOJIOM PEaKLifHOrO CIIiKaHH4 IOPOUKOBUX KOMIIAKTIB Y BaKyyMi. HaBeieHO BU4Y€epIIHi BiloOMOCTI ITpO
MEeTOJY JOCJIiI)KEHHS BUXiJHUX MOPOIIKIB, @ TAKOXK MIKPOCTPYKTYPU Ta (pa30BOr0O CKJIaZy OTPUMAHUX KepaMik.
Taxkosx onucaHo METOJMKY NPUroTyBaHHS 1TikepiB i nact Y203 niis popMyBaHHS KepaMiku MeTOaMU LJTiIKEPHOTO
ymtT4 i 3D ApyKy, BiAOBIIHO, Ta HOCJIIKEHD iX PEOJIOTIYHMX BJIACTUBOCTEN. ONKUCAaHO METOIM XapaKTepu3allii
MIKPOTBEPIOCTI CUHTE30BaHUX KEPAMIK Ta iX ONITUYHUX BJIACTUBOCTEN. B TpEeTbOMY PO3Aisi HOCIiIKEHO BILIIMB
CTPYKTYPHO-MOPQOJIOTIUHMX XapaKTEePUCTUK BUXITHUX KOMEPLIMHNX [TIOPOLIKIB HA MiKDOCTPYKTYPY 1 ONTUYHI
BJIACTUBOCTI Kepamiku Y203, oTprMaHOi METOLOM BaKyyMHOTIO CIIiKaHHS. BcTaHOBII€HO, 10 opomok Nippon Y203
Ma€e ONTUMAaJIbHI CTPYKTYPHO-MOP(QOJIOTiYHi BIACTUBOCTI [1711 OTPUMAHHS BUCOKOUIiJIBHOI TPO30POi KepaMiKHu.
BusHayeHO peXXrMU BUCOKOEHEPTEeTUYHOrO [IOMeJTy BUXigHUX nopouikiB (300 06,/XB NPOTArom 1 roguHm), mo
3a0€31e4nsI0 OTPUMaHHS OJHOPIIHOr0 HAHOPO3MipHOTro NOPOIIKY Y203 3 HABUILLOI0 AKTUBHICTIO J10 CITiKaHHS,
d50~480 uM i nuTOMOIO NIOLIE0 NNoBepxHi 21,3 M2 /1. [Y-n1po3opa kepamika Y203, oTprMaHa 3 BUKOPUCTaHHSIM
ONITMMi30BaHOTO MOPOIIKY METOJOM PeakKilifHOro BaKyyMHOTO CIIiKaHHS, Ma€ KoeQillieHT JIiHiNHOr0 ONTUYHOTO
nporyckaHHs 78,3% Ha nowxuHi xBuii 1100 HM. B yeTBepTomMy po3zini gocaimkeHo Bius 0-15 Moi.% ZrO2, sk
IOMIIIKY, sIKa CIIPUSIE CIIiKaHHIO, HA CTPYKTYPHO-(a30BUil CTaH, MEXaHI4Hi Ta ONTHUYHI BJIACTUBOCTI KepaMiku Y203,
OTpMMaHOi 32 HU3bKOI Temrepatypu T=1735°C MeTOI0M BaKyyMHOTO CIiKaHHSI. BCTAHOBJIEHO, 110 B yCbOMY
IOCJIiIPKyBaHOMY Jiiania30Hi KOHLIEHTPALill JOMIIIKY YTBOPIOETHCS MOHO(a3HUI TBEPAUI PO34YMH 3aMillleHHS
Y203:Zr. 3 nifBullleHHAM KOHUeHTpauil ZrO2 napaMeTp €JI€eMEHTApHOI I'PATKU JIiHIHO 3MEHIIYETbCS YEPEe3
dopmMyBaHHS Ae(EKTIB 3aMillleHH:], a B 00J1aCTi BUCOKUX KOHLeHTpauii ZrO2 (213 Mos1. %) criocTepiraloTbcs
JIOKaJIbHi BixuyieHHs Bin nmpaBuia Berappa. [TokasaHo, o KepamMika oOKcuy iTpito, monosana 15 Mon.% ZrOz2,
XapaKTepU3y€eThC HAUBUILIMMU 3HAYE€HHSIMU MiKPOTBEPIOCTI Ta JIiHIHTHOTO ONITUYHOTO NPOIYCKaHHS CEPe],
nmociimkysaHux 3paskis: 10,3 I'Tla i 80,4% Ha moxuHi xBuii 1319 HM, BignosinHoO. B 'sToMy po3ini JocaimkeHo
0Cc06MBOCTi (POPMyBaHHS BOOHUX CYCII€H3ill HA OCHOBI HAHOPO3MipHOro nopouky Y203 AJ1s1 KOMIIAaKTyBaHHS
KepaMiku MeTOZaMu LUTIKEPHOTO JIUTTS Ta 3D ApyKy. BcTaHOBJIEHO, IO ONTUMAaTbHUM IACIEPCAHTOM JIJIS
3a0e3neyeHHs celMMeHTaLilHOiI cTilKocTi cycriensiit € Dolapix CE64 3 koHueHnTpauiemwo 1,5 mac.%. lllnikepu
ontumizoBaHoro ckuagy (1,5 mac.% Dolapix CE64 Ta 30 mac.% TBepoi pe4OBUHMU) € CEIUMEHTALIIIHO CTINKUMH,
IIPOSIBJISIIOTH BJIACTUBOCTI, MOMiOHI 10 HBIOTOHIBCHKOI PiIMHY, Ta XapaKTePU3yIOThCSI HU3bKOIO B'si3KicTio. Kepamika
Y203, oTpuMaHuX 3i IIJIIKePiB 3a3HAYEHOTO CKIIAZly, XapaKT€PU3y€EThCA JIiHIMHUM ONTUYHUM MIPOITyCKaHHSIM 63%
(0=2000 HM). BcTaHOBJIEHO ONTUMAJIbHUI CKJIAT, 1aCTH, IPUAATHOIL 40 OPYKY, IKUI cKiagae 78 mac.% TBeproi
pedoBuHY, 1,5 mac.% Dolapix CE64, 8 mac.% Pluronic F127 i 5 mac.% eTtuneHrnikoso, BianosigHo. Jlana nacra
IIPOSIBJIsiE€ NICEBIOIJIACTUYHI BIACTUBOCTI, BUCOKY B's13KicTb i G>G". KoedilieHT yiHIIHOr0 ONTUYHOTO
MIPOITyCKaHHA Kepamiku Y203, oTpumaHoi MeTogoM 3D npyKy 3 NOJaNbIIUM BaKYYMHUM CITIKAHHSM 32

temrepatypu 1720°C, cTaHOBUTb ~43% I1pu 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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