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2. Composite material based on ZrO2 nanopowder with enhanced performance properties

Pedepar:

1. Inceprauifina po60Ta CIIpsSIMOBaHa Ha PO3POOKY KepaMiyHMX MaTepiajiB Ha OCHOBI CUHTE30BaHOT'O YaCTKOBO
cTabini3oBaHOro HaHONOPOUIKY ZrO2, MpU3HAYeHUX 17151 POPMYBAHHS BUPOOIB 3 MOKPALIEHUMU €KCIUTyaTalitHUMI
BJIACTUBOCTSIMUA METOJIOM rapsiyoro MPeCcyBaHHs 3 IPOMYCKAHHSAM 3MiHHOTO cTpyMy. O6’€KT LOCIIiI>KEHHA~TPOLIECH
€JIEKTPOKOHCOJIiJallii TOPOLIKOBUX CYMilllel Ha OCHOBI HAHOIIOPOWIKiB ZrO2. I[IpegMeT HOCIiIKeHHs —
PEeLEeNTyPHO-TEXHOJIOTIYHI TapaMeTpU OJl€P>KaHHs, (Pi3MKO-XiMiuHi 3aKOHOMIPHOCTI (POpMYyBaHHSI Ta BJIACTUBOCTI
dyHKIiOHATBPHUX KEPAMIYHHX i KOMIIO3ULITHMX MaTepialiB Ha OCHOBI CHHTE€30BaHMX HAaHOIIOPOUIKIB

crabinizoBaHoro ZrO2 y B3aeMO3B'sI3Ky 3 iX (pa30BUM CKJIAJOM i MiKpOCTPYKTYpOI0. MeTolo AucepTaLiiiHoi poOoTH €
PO3pobKa cKIany i TexHoJIOrii ofepkaHHs Kepamiuynux (ZrO2o0Y203, ZrO2oCeO2) Ta KOMIO3ULIHUX
(Al12030Si020ZrO2, ZrO20Y203oSiC) MartepiasiB iHCTPYMEHTAIbHOTO i 6i0H)KE€HEPHOTO IIPU3HAYEHHS 3 MOKPALIEHUMU

MeXaHIYHUMMU XapaKTepUCTUKaMU. 3a MiJCyMKaMU JOCIIiIKeHb TEOPETUYHO OOTPYHTOBAHO i IPaKTUYHO



nigTBEpIKEHA MOKJIUBICTL CTBOPEHHS ITIOBHOTO LIMKJIy OTPUMAHHS KepaMidHMX Ta KOMITO3ULIMHUX MaTepiasiB Ha
OCHOBI YaCTKOBO CTabi/li30BaHUX MOPONIKiB ZrO2 i3 MOKpameHNMA MEXaHiYHUMU BJIACTUBOCTSIMU. Briepie:-
BCTAHOBJIEHO I1apaMeTpy CUHTEe3y HaHONOPOIKiB ZrO2 3 GTOPUAHMX PO3UMHIB Ta YACTKOBO]I cTabinizauii t-ZrO2
JIeryounumu fo6aBkamu (3-15 mo.% Y203 Ta 3 CeO2), 3 HACTYITHUM TEPMIUYHUM BifINAJIOM, 110 3abe3reuye MexaHizam
TpaHcPOpMaLiTHOrO 3MIITHEHHS; -~ JOCJiIKeHO KIHETUKY POCTY 3€peH i yuiinbHeHHs mif 9ac crikaHHsa ZrO2-5
Mac.2%CeO2 Ta BCTaHOBJIEHO NapaMeTPU MOJIeJIi YIIiJIbBHEHHS] KOMITO3UTIiB HA OCHOBI IIOPOUIKiB YaCTKOBO
crabinizoBanoro ZrO2 B rpolieci e1eKTPOKOHCOoiAallii, 1110 J03BOINIIO BUBHAYUTH PallioHaJIbHI TapaMeTpu
KOMIIaKTyBaHHS KOMIIO3UTIB B iHTepBai temneparyp 140001500 °C 3a Butpumku 5010 xB, sKi 326€311e4y0Th
MaKCHMaJIbHY CTYIIiHb CIlikaHHS MaTtepiaiiB (oBigH= 0,99) i BUCOKi MeXaHiuHi BJaCTUBOCTI; - BCTAHOBJIEHO
3aKOHOMIipHOCTI (OpMYBaHHS B [IPOLECi TapsTYOro NPeCcyBaHHS METOJ0M €JIeKTPOKOHCOIifallii MIKDOCTPYKTYpH Ta
(a30BOro CKJIafly KOMIIO3UTIB ONITUMAJIBHOTO CKJIaAly 3 MiJBUIMIEHMMU MEXaHIiYHUMU BJIACTUBOCTSIMU: IJIs1 CKIIAZy
Al203-20% Si02-10% ZrO2 HV = 19,76 I'Tla i KIC = 13,19 MIla-m1/2; nns cknany ZrO2-5%Ce02-20%SiC HV = 16,84
['Tla i KIC = 15,19 MITa-m1/2; - excriepruMeHTaIbHO MiATBEPA’KeHA MOXKJIUBICTb BUKOPUCTAHHS KOMIIO3UTY CKJIaLy
Al203020%Si02010%ZrO2 B sKOCTi MaTepialy iHCTPYMEHTaJIbHOTO IIPU3HAYEHHS; BU3BHAYEHO TEXHOJIOTIYHi
napaMeTpu IiCKOCTPYMUHHOI 0OPOOKH, 10 3abe3edye NigBUILEeHHS €(PEKTUBHOCTI MEXaHOOOPOOKH (30Bpema
OUUIIEHHS [TIOBEPXOHb CTaJIEBUX TPYO B IIpOLieCi pEMOHTHUX POGIT Bif ip>Ki Ta MiZrOTOBKA IMOBEPXHi 17151 HAHECEHHS
3axucHoro mapy ¢ap6u) Ha 16% i 36isb1lye TPUBAJICTb €KCILIyaTallii coma; - KOMNo3uT ckaany ZrO2no5% CeO2010%
SiC, ogep>kanuii 3a Temneparypu 1300 °C Brnponosx 10 XB Mae IOKa3HUK 6iocyMicHOCTI 66 % Ta nminTpumye
OCTEOT€HHY aKTUBHICTb KJIITUH MG-63 (J1iHig oCcTeOoCapKOMU JIIOAMHU); TIOKa3aHa e(PeKTUBHICTb Aii 1171a3MOBOi
00pOOKY KOMITO3UTY Ta BUBHAUEHO TiApOodiNbHICT NOBEPXHI OCTEOIMILJIAHTIB, 1110 IIO3UTHUBHO BIJIUBAE HA aJire3ito
IO KJIiTHH. Pe3ysipTaTu po60TH BIPOBAIKEHI Yy HABYUAJIbHUI ITpoLiec Kadeapy TeXHOJIOrii KepaMiky, BOTHETPUBIB,
CKJIa Ta emasieil HalioHaJIbHOroO TEXHIYHOTO YHIBEPCUTETY «XapKiBCbKUM MOJITEXHIYHMN IHCTUTYT» IIPY IiATOTOBLL
maricTpis. Kto4oBi cyioBa: kepamika, KOMIIO3UT, CUHTE3, IiOKCU, LUPKOHII0, KOPYH]I, Kap0if cuiiliio, 1o6aBKH,
€JIEKTPOKOHCOJIiAallis, criikaHHS, (pa30yTBOPeHHS, Pi3UKO-MeXaHiuHi BJaCTUBOCTI, MilIHICTb, TEPMOCTAObi/IbHICTS,

(a3oBuil CKJIaJ, 6i0CYMiCHICTb.

2. The dissertation is aimed at developing ceramic materials based on synthesised partially stabilised ZrO2
nanopowder formed by hot pressing with alternating current transmission to improve the performance of ceramic
systems. Object of research are processes of electroconsolidation of powdered mictures based on ZrO2. The
subject of the research are recipe and technological production parameters, physicochemical formation
regularities and properties of functional ceramic and composite materials based on nanopowders of stabilized
ZrO2 in relation to their phase composition and microstructure. The aim of the dissertation is to develop of
composition and technology for the production of ceramic (ZrO20Y203, ZrO20CeO2) and composite
(Al2030Si020Zr02, ZrO20Y203oSiC) for instrumental and bioengineering with improved mechanical characteristics.As
a result of the research, the possibility of creating a full cycle of production of ceramic and composite materials
based on partially stabilised ZrO2 powders with improved mechanical properties was theoretically substantiated
and practically confirmed. For the first time :-the parameters of the synthesis of ZrO2 nanopowders from fluoride
solutions and partial stabilization of t-ZrO2 with alloying additives (3-15 mol. % Y203, and CeO2) were established,
followed by thermal annealing, which provides a transformation strengthening mechanism; - the kinetics of grain
growth and densification during the sintering of ZrO2-5 wt.%CeO2 were investigated, and the parameters of the
densification model of composites based on partially stabilized ZrO2 powders during the electroconsolidation
process were established, which allowed us to determine the rational parameters of compaction of composites in
the temperature range of 140001500 °C for holding times of 5010 min, which ensure the maximum degree of sintering
of materials (orel= 0.99) and high mechanical properties; - the regularities of the microstructure and phase
composition formation of optimal composition composites with increased mechanical properties in the process of
hot pressing by the electroconsolidation method were established: for the composition Al203-20%Si02-10%Zr0O2
- HV=19.76 GPa; KIC =13.19MPa'm1/2;for the composition ZrO2-5%Ce02-20%SiC - HV=16.84 GPa; KIC =15.19
MPa'm1/2; - the possibility of composite using of the composition Al203020%SiO2010%ZrO2 as a tool material was
experimentally confirmed; the technological parameters of sandblasting were determined, which ensures an



increase in the efficiency of thermoabrasive treatment of steel pipe surfaces during repair work (for rust removal
and surface preparation for applying a protective layer of paint) by 16% and increases the service life of the nozzle;
- a composite of ZrO2o5% CeO2010% SiC, obtained at a temperature of 1300 °C for 10 min, has a biocompatibility
index of 66% and supports the osteogenic activity of MG-63 cells (human osteosarcoma line); the effectiveness of
plasma treatment of the composite was shown and the hydrophilicity of the surface of osteoimplants was
determined, which positively affects adhesion to cells. The work results have been implemented in the educational
process of the Department of Ceramics, Refractories, Glass and Enamel Technology of the National Technical
University "Kharkiv Polytechnic Institute" during the master's training. Keywords: ceramics, composite, synthesis,
zirconium dioxide, corundum, silicon carbide, additives, electroconsolidation, sintering, phase formation, physical
and mechanical properties, mechanical strength, thermal stability, phase composition, biocompatibility.

Jep>kaBHHHM peecTpauiiiHuii Homep [IiP:
IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHU: Hosi pevoByHY i MaTepianu

CrpareriyHuil NpiOpUTETHUH HANIPSIM iHHOBALiHHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIH
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Kopg, 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. TapanenkoBa BikTopis BiraniiBHa

2. Viktoriia V. Taranenkova

KBasigikamis: 1. 1. n., nou,., 05.17.11

ImenTudikarop ORCHID ID: 0000-0003-4929-1593
JoparkoBa iHdpopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUiA

MOJIITEXHIYHUN IHCTUTYT"
Kopg 3a €IPIIOY: 02071180

MicneSHaxo,IpKeHHﬂ: ByJ1. Kupnudosa, 6yz. 2, Xapkis, XapKiBcbKuil p-H., 61002, YkpaiHna



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi

BaacHe IlpizBuie Im's [10-6aTbKOBI [Tirak fipocyiaB MukonaioBid
rOJIOBH pajgu

Byiacue IlpizBumie Im's I1o-6aThKOBI [Tirak fipociaB Mukonaiosud
rOJIOBYIOYOrO Ha 3aCiflaHHi

BignoBigasibHuUI 32 HiATOTOBKY 3axapoB ApTem BsyecnaBoBruY

00JIIKOBHX JJOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




