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1. Inceprariito NpUCBSYEHO BU3HAYEHHIO OCOOIUBOCTEN oTpuMaHHs [Y-nipo3opoi kepamiku B cuctemi MgO-Y203, a
TaKOX BIUIMBY CTPYKTYPHO-MOP(OJIOTiYHMX XapaKTepPUCTHMK HAaHOMIOPOUIKIB Ha ONTUYHI BJIaCTUBOCTI Ta
(dyHKIiOHAIbHI XapaKTepUCTUKHU KepaMiku. Bu3HaueHo oCHOBHI (Pi3MKO-TeXHOJIOTiuHI IapaMeTpu cuHTe3y 14~
[Ipo30poi Kepamiku B cucteMi MgO-Y203. PeasizoBaHO KOMIUIEKCHUY IiAXif, 1O CUHTE3Y OKCULY iTpilo, gK [4-
IIPO30POro MaTepiajy /Jid BiKOH TEXHOJIOTIYHUX anaparTiB Ha BCiX eTanax MapupyTy OTPUMAHHS KepaMiku Ta yMOBU
CHHTE3y HaHOKOMIO3UTiB 50:50 06.% MgO-Y203 meTom0M iCKpOBOTO cIlikaHHS. B nepmomy po3gini onucani
METOJIM OTPUMAaHHS IIPO30PUX CEPENOBULL 1J1s1 CyyacHoi iHppadepBoHoi (I4) ontuku B cuctemi MgO-Y203. ¥
IpyroMy po37ijli HaBeJleHO OEeTaIbHUI ONKUC €KCIIEPUMEHTAJIbHUX METOOUK OTPUMAaHHS IOPOUIKiB, BATOTOBJIEHHS
3paskiB [Y-n1po3opoi Kepamiky Ta OIMCAaHO METOM iX XapaKTepusallii. B TpeTboMy po3zini focCigKeHO aKTUBHICTh

IO CIIiKaHHS HaHOTIOPOIIKiB Y203 K QYHKIIIO iX CTPYKTYPHO-MOP(]OJIOriuynx xapakTepUCTYK. Bu3HayeHo, 1110



KoMepLiiHi nopomku Y203 yTBOPIOIOTh TPMBUMIPHI arjioMepaTty CKIafHoi iepapxii 3 po3amipom 10 3-5 MiKpOH, sIKi
dopmMyI0ThCS 3 GibLI TOHKUX [TEPBUHHUX YaCTUHOK po3Mipamu 25-60 HM. BcTaHOBIIEHO, 1110 e(peKTHBHE
VIIiJIbHEHHS] HAHOIIOPOMIKiB Ajib(pa-HaHO 0OYMOBJIEHO BUCOKOIO IUCIIEPCHICTIO IIOPOIIKOBOI CyMillli, HUBbKUM
CTYyIIEHEM arjiomepalii Ta MaJauM po3MipOM NEPBUHHUX YACTUHOK. JJOCIiIPKEHO 3aKOHOMIPHOCTI (POPMYBaHHS
TBepIUX po34MHiB 3amimenns Y203:La3+. [Toka3aHo, 10 IOBHE PO3YMHEHHS rekcaroHanabHoro La203 B kybivHOMY
Y203 BinbyBaeThcs 3a Temnepatyp Hwkye 1500°C 3a yyacTi npoMibkHuX ¢as, 36aradyeHrx JjaHtaHoM. Paz3osi
II€PETBOPEHHS, 1[0 CYIPOBOKYIOTbCSI 301/IbIIEHHSIM IIMTOMOTI'O 06’€MY, @ TAKOX IrPOCKONIYHICTb OKCULY JIAHTAHY
[IPU3BOJATDL 4O PO3TPICKYBaHHS BUCOKOJIErOBaHOiI kKepamiku Y203:La3+ rpu cnikaHHi. B yeTBepTOMYy po3zii
IOCJIiIKeHO OCOOIMBOCTI ME30CTPYKTYPH IOPOIIKOBUX KOMITaKTiB Y203, BJUB NOMIIIOK, IO CIPUSIIOTH CIIIKaHHIO
Ta yMoBU popMmyBaHHs kKepamiku Y203. [TokasaHo, 1110 ronepenHii Bianan komnakris Y203 1o11iIbHO IPOBOIUTH
3a MaKCUMaJIbHOI TEMIIEPATYPH, [IPY SIKill He BiiOYBAa€ThCS CIiKaHHS 3i 30JIMKEHHSIM LIEHTPIiB YaCTUHOK, a
36inbLIeHHS pOo3Mipy nop He nepepuinye =~30%. KommaxTy, Binnanexi 3a T=8000C, xapakTepu3yOThCs OITUMAJIBHOIO
MEe30CTPYKTYPOIO 3 TOUKU 30py e(DEeKTUBHOCTI YIIiJIbHEHHS IIPY [OAAJIbLIIOMY BaKyyMHOMY cliikanHi (T=72% npu
0=1100 uMm). [TokazaHo, 0 KOMIJIEKCHA AoMilKa La3++Zr4+, o clpuse CliKaHHIO, e(PEKTUBHO IIPUTHIUye
PYXJIMBICTb TPAHULb 3€PEH Ta OAHOYACHO aKTUBYE OUPY3ifHNAI TPAHCIIOPT 10 PO3Tajy>KeHill CUCTEMi MDK3€pEHHUX
MEX 32 paXyHOK (popmyBaHHs AedeKTiB B KaTioHHil nigrpatwi. Ta B pe3ysbTaTi onTuMisauii TemnepaTypHO-
4aCOBOTI'O MAapLIPYTy BaKYyMHOTO CITiKaHHSI BCTBHOBJIEHO YMOBU CUHTe3y [U-11po3opoi kepamiku Y203, 3 BUCOKOIO
npo3opicTio B BUpUMoMy Ta [Y-nianazoHax (83% npu 5 MKM). B aToMy po3apini mocimkyBanucs Gpisuko-xiMivHi
yMOBH (POPMYBaHHS aMOp(HUX IIPEKYPCOPIB Ta HAHOMOPOUIKiB B cucteMi MgO-Y203. 3aCcTOCOBYIOUM METO],
CaMOIIOIIMPIOBAHOIO IJILIMH-HITPaTHOTO CUHTE3Y 3 BUKOPUCTAHHSIM HaJJIMIIKY [JIILMHY i Q30THOI KUCJIOTH, OyIU
CHHTE30BaHi KOMIO3UTHI HaHonopouky MgO-Y203 y cniBeigHomeHHi 1:1 3a 06'eMoM. BcTaHOBIIE€HO, 1110
HEpiBHOBa)XXHI YMOBU CHHTE3y IPEKYPCOPIB CIPUSIIOTh YTBOPHHIO IPOAYKTY KOPaJIONOAiOHOi reoMmeTpii. BusHaueHo
TepMOJMHaMIYHY CTabilbHICTD Ta CTINKICTb NIpeKypcopa 1o pparmenTaii mig yac kanpuuHanii. [TokaszaHo, 1mo 3a
temnepatyp suiie 800°C BoJIOKHA PO3MafOThCS Ha OKPEMi i30J1bOBaHI YaCTUHKM KBazicdpepruyHoi Mopdororii Ta
BUJAIOTbCS HAaWO1/IbII IPUAATHUMU [J1s1 TIOJATIBIIOTO CIIKaHHS Y paMKax KepaMiyHoi TexHosorii. llloctuit po3zin
IIPUCBSIYEHUI JOCIIIIKEHIO BIUIMBY TEMIIEPATYPH CIiKaHHS Ha npouecu audysiiiHoro MacornepeHocy Ta QisuyHi
BJIACTUBOCTI HAHOKOMIIO3UTHOI KepaMiku MgO-Y203 Ta BIIMBY JOMIMIKK i0HIB HO3+ 4K HOMIIIKY IO Cripusie
crniikaHHI0. PeasizoBaHO YMOBM CUHTE3Y HAHOKOMIO3UTiB 50:50 06.% MgO-Y203 MeTo0M iCKpOBOT'O CIiKaHHS
HAHOIIOPOUIKIB, $IKi JO3BOJIIIOTh OTPUMATH ONTUYHY IPO30PicTh KepaMiky y [Y-ziana3oHi JoBXUH XxBUIb. [ToKa3aHo
10 JIiHifiHEe ONTHYHE MIPOIyCKaHHS KoMIIo3uTy T=68% npu 0=5000 HM MO>Ke OyTH peasti3oBaHO 32 YMOB
dopMyBaHHS OJHOPiAHOI ABOGA3HOI CTPYKTYPH, IPOCTOPOBOrO OOMEKEHHSI [IPOLeCiB peKpUcTalizallii
KOMITIOHEHTIB Ta 36epe>keHHsI po3Mipy 3epeH Ha piBHi 200-250 HM, 32 SIKOr0 BHECOK PO3Cil0OBaHHS CBiTJ/Ia Ha
MiK(pa3HMX MeXax € MiHiManbHUM. OTpuMaHa kepamika MgO-Y203 3 Ho3+ K noMmillky 1o cripusie CriKaHHIO. Bei
3pa3Ku MICTSITh BKIIOYEHHS 3 PO3MipoM B MexKax 1-15 HM moMimmkoBoi ¢pasuy, sKi 10Kami30BaHi SIK Ha IPaHULISIX 3€PEH,
TaK i Ha OTPiIHMX cTUKax. HarBuima tBepzicts 3a Bikkepcom 10,7 I'Tla gocsaraercs y 3pasky, JeroBaHoMy 12 aT.%
ioniB Ho3+ uepe3 HasiBHICTb BKJIIOUEHDb KapOi/liB royIbMilo i3 XapakTepHUMU po3mipamu 1o 15 HM. BctaHOBIIEHO, IO
sieryBaHHs ioHamu Ho3+ akTuBisye nudysiliHnil MacorepeHoc pyu OTpuMaHHi kepamiku MgO-Y203:Ho3+ (3-12
ar.%) yepes NepeposIois eJIeKTPOHHOI IiIbHOCTI [106JIM3Y JIETYIOUUX i0HiB. Lle Npu3BOAUTS A0 36i/1blIeHHS
Koe(illieHTy ONTUYHOTO MpoIyckaHHs Kepamiku MgO-Y203:Ho3+ (3 aT.%) 3 68 10 75% y NMOPiBHSHHI 3
HEJIETOBAHOIO.

2. The dissertation is dedicated to determining the features of obtaining IR-transparent ceramics in the MgO-
Y203 system, as well as the influence of structural-morphological characteristics of nanopowders on the optical
and functional properties of ceramics. The main physico-technological parameters of the synthesis of IR-
transparent ceramics in the MgO-Y203 system are determined. A comprehensive approach to the synthesis of
yttrium oxide as an IR-transparent material for windows of technological devices is implemented at all stages of
the ceramic production route, as well as the conditions for the synthesis of 50:50 vol.% MgO-Y203
nanocomposites by spark plasma sintering. The first chapter describes the main features of methods for obtaining
transparent media for modern infrared (IR) optics in the MgO-Y203 system. The second chapter provides a



detailed description of experimental methods for obtaining powders, manufacturing samples of IR-transparent
ceramics and methods of their characterization are described. The third chapter investigates the sintering activity
of Y203 nanopowders as a function of their structural-morphological characteristics. It is determined that
commercial Y203 powders form three-dimensional agglomerates of complex hierarchy with sizes up to 3-5
microns, which are formed from finer primary particles with sizes of 25-60 nm. It is established that the effective
densification of Alpha-nano powders is due to the high dispersion of the powder mixture, a low degree of
agglomeration, and a small size of primary particles. The regularities of the formation of substitution solid
solutions Y203:La3+ are investigated. It is shown that complete dissolution of hexagonal La203 in cubic Y203
occurs at temperatures below 1500°C with the participation of intermediate phases enriched with lanthanum.
Phase transformations accompanied by an increase in specific volume, as well as the hygroscopicity of lanthanum
oxide, lead to the cracking of highly alloyed Y203 ceramics:La3+ during sintering. The fourth chapter investigates
the features of the mesostructure of Y203 powder compacts, the influence of sintering-promoting additives, and
the conditions for the formation of Y203 ceramics. It is shown that the pre-sintering of Y203 compacts is
advisable at the maximum temperature at which sintering does not occur with the approach of particle centers,
and the increase in the size of pores does not exceed =30%. Compacts fired at T=800°C are characterized by an
optimal mesostructure in terms of densification efficiency during subsequent vacuum sintering (T=72% at 0=1100
nm). It is shown that a complex doping of La3++Zr4+, promoting sintering, effectively suppresses the mobility of
grain boundaries and simultaneously activates the diffusion transport along the branched system of intergranular
boundaries by forming defects in the cationic sublattice. Through the optimization of the temperature-time route
of vacuum sintering, conditions for the synthesis of IR-transparent Y203 ceramics with high transparency in the
visible and IR ranges (83% at 5 um) are established. The fifth chapter investigates the physico-chemical conditions
for the formation of amorphous precursors and nanopowders in the MgO-Y203 system. Using the method of self-
propagating glycine-nitrate synthesis with an excess of glycine and nitric acid, composite MgO-Y203
nanopowders in a ratio of 1:1 by volume were synthesized. It is established that non-equilibrium conditions of
precursor synthesis contribute to the formation of a product with coral-like geometry. It is shown that at
temperatures above 800°C, the fibers break down into individual isolated quasi-spherical particles suitable for
further sintering within the ceramic technology framework. The sixth chapter is dedicated to studying the
influence of sintering temperature and Ho3+ ion doping on the processes of diffusion mass transfer and physical
properties of MgO-Y203 nanocomposite ceramics. Conditions for the synthesis of 50:50 vol.% MgO-Y203
nanocomposites by spark plasma sintering of nanopowders, allowing the achievement of optical transparency of
ceramics in the IR wavelength range, are implemented. It is shown that linear optical transmittance of the
composite T=68% at 0=5000 nm can be realized under the conditions of forming a homogeneous two-phase
structure, spatial restriction of recrystallization processes of components, and preservation of grain size at the
level of 200-250 nm, where the contribution of light scattering at interphase boundaries is minimal. It is
established that doping with Ho3+ ions activates diffusion mass transfer during the formation of MgO-Y203:Ho3+
ceramics (3-12 at.%) through the redistribution of electronic density near the doping ions. This leads to an increase
in the optical transmittance coefficient of MgO-Y203:Ho3+ ceramics (3 at.%) from 68 to 75% compared to the
undoped material.
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