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Тема дисертації:
1. ZrO2, стабілізований рядом оксидів РЗЕ ітрієвої підгрупи, як основа для створення новітніх термобар’єрних
покриттів

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

Реферат:
1. Вперше визначено особливості фазової взаємодії у системах, що вміщують ZrO2 і компоненти концентрату
оксидів РЗЕ ітрієвої підгрупи природного походження (ВК). Спрогнозовано утворення безперервних рядів
твердих розчинів у подвійних системах LnІ2O3 – LnІІ2 O3 та СеО2 – Ln2O3 (де Ln = Tb – Lu, Y),
експериментально побудовано ізотермічні перерізи діаграм стану систем ZrO2‒Dy2O3‒Er2O3,
ZrO2‒Dy2O3‒Yb2O3, ZrO2‒Er2O3‒Yb2O3, Dy2O3‒Er2O3‒Yb2O3 і встановлено фазові рівноваги у системі
ZrO2‒Dy2O3‒Er2O3‒Yb2O3 при 1400 °С. Побудовано ізотермічний переріз діаграми стану системи
Al2O3–ZrO2–Sc2O3 при 1300 °С. Встановлено утворення сполуки ScAlO3. Вперше вивчено вплив методу
одержання вихідних нанокристалічних порошків М-ZrO2на фізико-хімічні властивості порошків складу М-



ZrO2 - (10–30 мас.%) ВК і матеріалів на їх основі. Встановлено, що при 1400 о С матеріали характеризуються
фазовою стабільністю і відсутністю спікання. Теплопровідність матеріалів ZrO2 - ВК, спечених при 1600 оС, в
інтервалі 313– 673 К ( 40 – 400 оС) нижча, ніж YSZ (0,65 Вт м-1 К-1 - 1,6 Вт м-1 К-1 та 2,1 Вт м-1 К-1відповідно).
Термоциклічна довговічність покриття ZrO2 - ВК, осадженого методом EB-PVD, на 16 % вища, ніж у
стандартного покриття YSZ. Проведені дослідження необхідні для розробки нових матеріалів керамічного
шару ТБП з метою підвищення ресурсу газотурбінних двигунів.

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.%): Y2O3 – 13.3; Tb4O7 – 1.22; Dy2O3−33.2; Ho2O3−8.9; Er2O3−21.8; Tm2O3−1.86;
Yb2O3−12.5; Lu2O3−0.57; total content of other oxides – 6.65 (including Al2O3 – 3.2). The morphology, specific
surface area and phase composition of the starting materials were determined. The binary phase diagrams LnІ2O3
– LnІІ2O3 and СеО2 – Ln2O3 (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 – Dy2O3 –Er2O3, ZrO2 –Dy2O3 – Yb2O3,
ZrO2 – Er2O3 – Yb2O3, Dy2O3–Er2O3–Yb2O3 at 1400 °C were experimentally constructed.They are limiting
systems in the quasi-quaternary system ZrO2–Dy2O3–Er2O3–Yb2O3. 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–Sc2O3 and Sc2O3–Al2O3 systems and the first constructed
isothermal section of the phase diagram of the Al2O3–ZrO2–Sc2O3 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 δ superstructure and solid solutions T,
Tʹ, F and C. The probability of the formation of the ScAlO3 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
(НZrO2) 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 → T-ZrO2 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. НZrO2–ВК powders contain soft spherical agglomerates of primary
particles. In LZrO2–ВК 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 °С 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 °С, 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-ZrO2–25VK, 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–Y2O3 system.
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