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1. ZrO2, crabinizoBanuii pspom okcuziB P3E iTpieBoi minrpynu, ik OCHOBA [1J11 CTBOPEHHSI HOBITHIX TepMobap’epHUX

ITIOKPUTTIB

2. ZrO2 stabilized by a series of REE oxides of the yttrium subgroup as a basis for designing of novel thermal
barrier coatings

Pedepar:

1. Bnepiie Bu3HaueHO 0CcOOJIMBOCTI (pa30BOi B3aeMOJIil y cucTeMax, 110 BMIlyoTh ZrO2 i KOMIIOHEHTH KOHLEHTpaTy
okcupiB P3E iTpieBoi ninarpynu npupogHoro noxomxkeHHs (BK). CiporHo3oBaHo yTBOPEHHS O6e3l1epepBHUX PSLiB
TBEPIUX PO34YMHIB y noABiiHuX cucremax Lnl203 - Lnll2 O3 ta CeO2 - Ln203 (ge Ln = Tb - Lu, Y),
eKCIIEpMMEHTaJIbHO II00Y0BaHO i30TepMivHi Iepepisu piarpam ctany cucrem ZrO2oDy2030Er203,
ZrO20Dy2030Yb203, ZrO2oEr203n0Yb203, Dy2030Er2030Yb203 i BcTaHOBJNIEHO (a30Bi piBHOBAru y cCUCTeMi
ZrO20Dy2030Er203o0Yb203 nipu 1400 °C. [To6ymoBaHo i30TEpMiuHMI ITepepi3 JiarpaMu CTaHy CUCTEMU
Al203-Zr0O2-Sc203 npu 1300 °C. BcTaHOBIEHO YTBOPEHHS crioyku ScAlO3. Briepiie BUBYEHO BILIUB METOMY

OJlep>KaHHS BUXiIHUX HAHOKPUCTANIYHUX NOpolIKiB M-ZrO2Ha ¢§isnko-XiMiuHi BaCTUBOCTI MOPOUIKIB ckiamy M-



ZrO2 - (10-30 mac.%) BK i maTepiani Ha ix ocHOBi. BctaHoBneHo, mwo npu 1400 o C MmaTepiann XapaKTepUu3yloThCs
($a30B010 CcTabINBHICTIO i BificyTHICTIO crikaHHs. TensonposigHicTs MatepianiB ZrO2 - BK, cnedenux npu 1600 oC, B
intepsai 313- 673 K (40 - 400 oC) Huxua, Hix YSZ (0,65 Bt m-1K-1 - 1,6 BT m-1K-1Ta 2,1 Br M-1 K-1BignosiznHo).
TepMouuKIiyHa JOBroBiuHiCTh MOKpUTT ZrO2 - BK, ocagkeHoro metogom EB-PVD, Ha 16 % Buila, HiX y
CTaHAAPTHOTO NMOKPUTTS YSZ. [IpoBefeHi gociiKeHHs: HeOOXiHi 1711 po3pO6KM HOBUX MaTepiasiB KepamiYHOTrO
mapy TBI1 3 MeToo NiABUILIEHHS pecypcy ra30TypOiHHUX IBUTYHIB.

2. A study was conducted for the first time on the stabilization of ZrO2 by a concentrate of REE oxides (VC).
Composition of VC (wt.%): Y203 - 13.3; Tb407 - 1.22; Dy203-33.2; Ho203-8.9; Er203-21.8; Tm203-1.86;
Yb203-12.5; Lu203-0.57; total content of other oxides - 6.65 (including Al203 - 3.2). The morphology, specific
surface area and phase composition of the starting materials were determined. The binary phase diagrams LnI203
- LnlI203 and CeO2 - Ln203 (where Ln = Tb - Lu, Y) were predicted for the first time. It is assumed that these
oxides form continuous areas of solid solutions among themselves.These areas consist of regions with different
structures of lanthanide oxides of different lengths depending on the temperature. Taking into account the data of
binary systems, isothermal cross sections of the ternary systems ZrO2 - Dy203 -Er203, ZrO2 -Dy203 - Yb203,
ZrO2 - Er203 - Yb203, Dy203-Er203-Yb203 at 1400 °C were experimentally constructed.They are limiting
systems in the quasi-quaternary system ZrO2-Dy203-Er203-Yb203. It is assumed that these oxides form
continuous rows of solid solutions among themselves.As in binary phase diagrams, these rows consist of regions
with different structures of lanthanide oxides of different lengths depending on the temperature. As a result of the
refinement of the phase diagrams of the ZrO2-Sc203 and Sc203-AlI203 systems and the first constructed
isothermal section of the phase diagram of the Al203-ZrO2-Sc203 system at 1300 °C.It was established that no
new phases and noticeable solubility regions based on the components in the ternary system were detected. The
structure of the isothermal section is determined by the features of phase equilibria in limiting binary systems. It
namely the formation of the S phase with a wide region of homogeneity, the o superstructure and solid solutions T,
T, F and C. The probability of the formation of the ScAlIO3 compound necessitates the creation of multilayer
ceramic thermal barrier coatings in order to avoid their destruction during operation at elevated temperatures. As
a result of the first study of the physicochemical properties of complex-composition powders and materials, in the
manufacture of which nanocrystalline M-ZrO2 powders were used, obtained by two methods: hydrothermal
(HZrO2) and industrial (LZrO2) (the content of VC in the mixtures was 10, 30, 30 wt %).It was established that
during their heat treatment at 800 °C the phase transition M-ZrO2 o T-ZrO?2 is practically completed after an
isothermal holding of 10 h. The primary particles size of M-ZrO2 (20 nm) and T-ZrO2 (10 nm) does not varied
significantly after holding for 12 and 14 h. HZrO2-BK powders contain soft spherical agglomerates of primary
particles. In LZrO2-BK powders, a multi-level structure was formed: primary particles have laminar structures.
The evolution of structural components and the porous structure determines the peculiarities of the powders
specific surface area variation during heat treatment. It was established that the complex-composition materials
HZrO2-VK and LZrO2-VK at 1400 °C meet the requirements of phase stability and absence of sintering imposed
on the ceramic layer of TBC. It was determined that the phase formation processes in HZrO2-VK and LZrO2-VK
materials are influenced by the VK content, the holding time in isothermal conditions at 1400 °C, and the method
of manufacturing the initial ZrO2 powders. The materials reach an equilibrium state after 16 h of exposure and
contain two phases: F-ZrO2 and M-ZrO2. The isothermal exposure period has practically no effect on the relative
density of the HZrO2-10 VK and LZrO2-VK materials and the size of the crystallites of individual phases. The heat
capacity of the 90M-ZrO2-10VK, 85M-ZrO2-15VK, 75M-Zr0O2-25VK, 70M-ZrO2-30VKceramics decreases with
increasing of VK content and exposure period. The thermal conductivities of the ceramics, depending on the VK
content, are 0.65-1.6 W m-1 K-1, which is 50% less than the standard coating. For the first time, a two-layer
thermal barrier coating of metal /composite ceramics was deposited on the blades of the first stap of the ZMKB
"Progress" turbine with EB-PVD in one technological cycle. Smooth-rough dense glossy coatings with a thickness
of 75 to 95 microns were obtained. It was established that the thermocyclic resistance of the ZrO2-VK coating is
16% higher than that of the standard coating of the ZrO2-Y203 system.
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Samsonov conference “MATERIALS SCIENCE OF REFRACTORY COMPAUNDS”. 25-28.05.2021. KuiB, Ykpaina.-
C. 125.

HaykoBa (HayKOBO-Te€XHiYHa) MPOAYKILiSI: maTepianm

ComniasibHO-eKOHOMIYHA CIPSIMOBAHICTh: CTBOPEHHS PUHIMIIOBO HOBOI MPOJYKILii (MaTepiais,

TEXHOJIOTI! TOIO) AJ1s1 3a0e3MeYeHHsI eKCIIOPTHOTO MIOTEeHIialy Ta 3aMillleHHIO iIMIIOpTY

OxopoHHi goKymeHTH Ha OIIIB:

Kommninsuii naHux (6a3u gaHUX)

OTpumaHi pe3ysbTaTH 110 AiarpamaM CTaHy i ckyiany 6ap'epHUX MOXKYTh OYTH BUKOPUCTAaHI Ha IIPAKTHUILI.

BrnipoBagykeHHS pe3yJIbTaTiB AHCEPTalii: BipoBakeHHs He MIaHyEThCS

3B's130K 3 HAYKOBHMH TeMaMH: 0109U001284 , 0112U002087 , 0115U002111 , 01170000258 , 0118U001054 ,
01200101165 , 0221U102477 , 0124U001072 .

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTaHTA)



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. JTakusa Ceprii1 MukosiaeBnd

2. Sergey N. Lakiza

KBasmigikanis: n.x.u., c.u.c, 02.00.04
ImenTudikarop ORCID ID: 0000-0002-8515-4708
JonaTkoBa iHdopmanist:

IloBHe HaﬁMeHyBaHHﬂ IOPUOHUYHOL 0COOM: IHCTUTYT IpO6IEM MaTepianozHaBeTBa im. I. M. PpaHuesnya

HanjjonanbHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 05416930

Micuesnaxomkeunﬂ: ByJ. OMensaHna [lpiuaka, 6yg. 3, Kuis, 03142, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

VII. BigomocTi npo odinifiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiuiiiHi OIOHEHTH

Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. I'peyaniok Bipa I'puropisna

2. Vira Hrechaniuk

KBasigikamis: n.x.u., npodecop, 02.00.04

InenTudikarop ORCID ID: 0009-0008-8771-3092

JoparkoBa indpopmamnist:
https:/ /scholar.google.com /citations?hl=ru&user=pM4JT8sAAAAJ&view_op=list_works&gmla=AJsN-;
https:/ /www.scopus.com /authid /detail.uri?authorld=6602802591

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: KuiBChKuil HALLiOHAIbHUIT YHIBEPCUTET GY/iBHUIITBA i

apxiTekTypu

Kopg 3a €IPIIOY: 02070909

MicueSHaxo,T.pKeHHﬂ: npocnekT [loBiTpsiHux cui, 6ya. 31, Kuis, 03037, YkpaiHa
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tomamuk Bacunp MukosiaiioBu4

2. Vasyl M. Tomashyk

KBasigikamis: 1.x.n., npodecop, 02.00.01



InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI OPUAHUYHOI OCOOH: [HCTUTYT (BisuKu HANIBIPOBiHVKIB imMeHi B. €. JlamkapboBa

HaujonanbHoi akagemii Hayk YKpainu

Kopg, 3a €IPIIOY: 05416952

Micuesnaxonmeﬂnﬂ: npocnekt Haykuy, 6ya. 41, Kuis, 03028, Ykpaina
dopma ByracHoOCTI:

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR: He zacrocosyerbcs

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi

BnacHe IlpizBume Im's I10-6aTbKOBI Bonpnap Auatoiit Anonbdosnd
rOJIOBH pagu

Biacue IIpizsume Im's [10-6aTbKOBI Bonmap Auatoniii Anonmbdosud
rOJIOBYIOYOrO Ha 3acigaHHi

BiamoBiganbHUH 32 MiZITOTOBKY Papuenko Onexcanap Kyspmiy

00JIIKOBHX JOKYMEHTIB

Peectparop VkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOi IOpyenko TeTsaHa AHaToiiBHA

OisIIBHOCTI




