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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka oxcuHUX MaTepiasiB Ha OCHOBI ZrO2, KOMILJIEKCHO JIETOBAHOT'O OKCUJIAMU raJl0JIiHilo, IaHTaHy, iTpilo,

LleplIO AJis1 CTBOPEHHA HOBOI'O TIOKOJIIHHS TeMNJI03aXUCHUX HOKpI/ITTiB Ha OETaAAX I‘aBOTyp6iHHI/IX ,ILBI/IFYHiB

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Designing of oxide materials based on ZrO2, doped with the oxides of gadolinium, lanthanum, yttrium, cerium for a
new generation of thermal barrier coatings on the gas-turbine engine parts.

Pedepar yKpaiHCBKOIO:

Merta po6otu: CTBOpeHHsI Pi3NKO-XiMIYHMX OCHOB MIKPOCTPYKTYPHOT'O IIPOEKTYBaHHS Ta PO3pOOKa
BHCOKOBOTHETPUBKUX TEIJIO3aXUCHUX ITOKPUTTIB Ha OCHOBI ZrO2, KOMIIJIEKCHO JIETOBAHOTO OKCHUJIaMU iTpilo Ta
JIAaHTaHOIAIB. Briepiue AJ1s CTBOPEHHS KEPaMidHOro mapy Ha OCHOBI ZrO2 TepMobap,epHUX IOKPUTTIB METOIOM
€JIEKTPOHHO-IIPOMEHEBOI0 BUMIapoBYBaHHI-KoHaeHcalii (EB-PVD) BUKopucTaHO KOHLIEHTPAaTH OKCUIiB PiKiCHO-
3eMeJIbHUX esleMeHTiB (P3E) npuponHoro noxoakeHHs LiepieBoi Ta iTpieBoi niarpyn. I[IposeneHo aHasi3 cy4yacHUX
PO3pOOOK B rajnysi CTBOpeHHs TepMoOap,epHUX MOKpUTTiB (THI1) Ta BU3HaY€HO NMEepCIEeKTUBHICTD
BYCOKOEHTPOIIINHUX Ta CKIaJHO-KOMIIO3ULIMHMX MaTepiaiB Ha OCHOBI ZrO2, Ier0BaHOrO HEPO3MiJIEHOI0
cymimmo okeugiB P3E niist MiKpoCTpyKTYypHOro npoekTyBaHHs Kepamiynoro mapy TBII. [IpoanasnizoBaHo xapakrep
B3a€MO/Iii MK OKCHZaMU JIAHTAHOIIB y KOXKHIM MifrpyIli Ha OCHOBI BilOMUX JliarpaM CTaHy Ta CTBOPEHO
TeopeTruyHi fmiarpamu ctany cucrem Ln203 - Lnl203 ta Ln203 - Y203. Po3p0671€eH0 OCHOBU TEXHOJIOTI Ofep>kKaHHs
MimeHi# (d= 68,5 + 0,5MM, h = 55 + 5 MM) 3 mopo1kiB Ha OCHOBI ZrO2 Ta KOHLIEHTPATiB OKCUIiB PiIKiCHO-
3eMeJIbHUX esieMeHTiB (P3E) i BUBHaueHO oNTUMasbHi NapaMeTpy HaHECEHHS HOBITHIX NOKPUTTIB MmeTooM EB-
PVD. BuB4eHO CTPYKTypy i (pa30BUI CKJIaJ BHYTPIIHBOTO kapocTitikoro mapy TBII 3i ciaBy NiCrAlY ta pexxum
(dopmyBaHHS AUPY3iliHOrO 6ap'epHOro Mapy Ha MeXi “BHYTPIlIHiN MeTaseBUi )KapOCTiiKuil map / 30BHILIHIN
KepaMiyHuii map” JBOIapoBOro TepModap'epHOro NOKPUTTSL. Briepiiie ofiep>kaHo Ta LOCIiI>KeHO ABOLIapOBi
TepMOOap €pHi IOKPUTTS MeTall / KepaMika, 0caJKeHi 3a OJJMH TEXHOJIOTIYHMM IMKJI Ha JIONATKU MepUIOi CTyIeHi
typ6inu 3MKB «IIporpec» metogom EB-PVD. BusnaueHo 0CO6IMBOCTI yTBOPEHHS JIaMiHAPHOI MiKpOCTPYKTYpHU
HOBITHIX ITOKPUTTIB B 3aJIEXHOCTI Bif iX Ckyasy. BCTaHOBJIEHO, 10 MIKPOTBEPiCTh HOBITHIX TOKPUTTIB HIKYA, HIX Y
CTaHJAPTHOTO, aje iX TEpPMOLIMKJIIiYHA JOBrOBIiYHICTb Ha 16 % BHUIIA, HIK Y CTAHZAPTHOTO MTOKPUTTS CUCTEMU
ZrO2-Y203.

Pedepar aHIJIiHCBKOIO:

Objective of research: creation of physico-chemical bases of microstructural design and development of high-
strength heat-protective coatings based on ZrO2, complex doped with yttrium oxides and lanthanides. For the first
time, concentrates of oxides of rare earth elements (REE) of natural origin of cerium and yttrium subgroups were
used to create a ceramic layer based on ZrO2 thermal barriers and electron beam evaporation-condensation
coatings (EB-PVD). The analysis of modern developments in the field of thermobarrier coatings (TBP) and the
prospects of high-entropy and complex composite materials based on ZrO2 doped with a mixture of REE oxides
for microstructural design of TBP ceramic layer. The nature of the interaction between lanthanide oxides in each
subgroup is analyzed on the basis of known phase diagrams and theoretical Ln203 - LnI203 and Ln203 - Y203
phase diagrams are constructed. The technology basics of obtaining targets (d = 68.5 + 0.5 mm, h = 55 + 5 mm)
from powders based on ZrO2 have been developed and the optimal parameters for depositing the modern coatings
by EB-PVD method have been determined. The structure and phase composition of the inner heat-resistant TBP
layer of NiCrAlY alloy and the mode of formation of the diffusion barrier layer at the boundary of the inner metal
heat-resistant layer / outer ceramic layer of the two-layer thermobarrier coating were studied. For the first time,
two-layer metal /ceramics thermobarrier coatings, deposited in one technological cycle on the first stage blades of
the ZMKB "Progress" turbine by EB-PVD method, were obtained and studied. The peculiarities of the laminar



microstructure formation of the modern coatings depending on their composition are determined. It was found
that the microhardness of the modern coatings is lower than the standard, but their thermocycling durability is
16% higher than the standard coating system ZrO2-Y203.
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