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Abstract—The effect of components of ceramics in the Sm2O3–Y2O3–HfO2 system on their thermophysical
properties was studied. It was shown that the most stable materials at 1400°C are ternary ceramics in the sys-
tem under investigation that contain ≤12.5 mol % Sm2O3; the thermal conductivity of these materials does
not exceed 1.3 W/(m K). Increasing samarium oxide content in samples in the Sm2O3–Y2O3–HfO2 system
was found to lead to significant changes in phase equilibria at temperatures ≥1000°C. The effect of the con-
tents of individual components of the studied ceramics on the thermal conductivity and the linear thermal
expansion coefficient, which largely determine the suitability of a ceramic material for using in a thermal bar-
rier coating. It was shown that the addition to 12.5 mol % samarium oxide ensures the stability of the linear
thermal expansion coefficient at acceptable values of the thermal conductivity of 0.8–1.6 W/(m K).

Keywords: thermal conductivity, linear thermal expansion coefficient, electron beam evaporation
DOI: 10.1134/S0036023620060078

INTRODUCTION
Thermal barrier coatings (TBC) are the most

widely used means of increasing the hot-end compo-
nent life in modern gas turbine engines [1–4]. The
protective effect of such coatings is ensured by the fact
that the ceramic layer in TBC at operating temperatures
has a thermal conductivity of about 2–4 W/(m K),
which is significantly lower than the thermal conduc-
tivity of the material (substrate) to which the coating is
applied. In the vast majority of cases, the substrate
materials are heat-resistant nickel alloys with a ther-
mal conductivity of λ ≥ 18–20 W/(m K) [5, 6]. In
practice, if there is intense heat removal from the sub-
strate material over a thickness of the TBC ceramic
layer of 70–200 μm, then there is a temperature differ-
ence to 50–150°C, depending on the thermal conduc-
tivity of the ceramic layer.

Currently, the most popular materials for produc-
ing TBC ceramic layers are ceramics in the ZrO2–(7–
8%)Y2O3 system [7–9]. This is due to a unique combi-
nation of the physicomechanical and thermophysical
characteristics: at a thermal conductivity of λ = 1.95–
2.44 W/(m K) [10], the linear thermal expansion coef-
ficient (LTEC) is (8–10) × 10–6 1/K [11]. The struc-
tural and phase stability of such ceramic systems is
preserved until 1200–1250°C, after which the ceram-

ics begins to crack because of phase transitions, sinter-
ing, and volume changes.

Modern gas turbine engines are designed under
new requirements for increasing the operating tem-
peratures of the hot-end component surface to 1300–
1350°C [12, 13]. This necessitates the search for new
ceramic materials or the use of multilayer ceramic
coatings in which a layer with higher high-temperature
stability is produced on the surface of conventional
ceramic materials in the ZrO2–(7–8%)Y2O3 system.
Although a wide diversity of experimental studies on
this subject were made [7, 8, 11–14], they failed to find
ceramic materials that would ensure that the operating
temperatures of the surface of hot-end components of
commercial gas turbine engines are ≥1300°C. In this
context, of particular importance are investigations of
the physicochemical properties of ceramics in multi-
component systems containing oxides of zirconium,
hafnium, yttrium, samarium, holmium, lanthanum,
and other rare and rare-earth metals [15, 16].

In developing and studying new-generation ceram-
ics for thermal barrier coatings, it is most important to
either ensure the structural stability of the material, or
decrease its thermal conductivity. One of the examples
of such an approach is to produce TBC thermal barrier
layers from rare-earth metal zirconates with the gen-
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eral quasi-stoichiometric formula Ree2Zr2O7, where
Ree are rare-earth metals of the yttrium (Y, La, Gd–Lu)
and cerium (Ce–Eu) subgroups. The best-studied
rare-earth metal zirconate is gadolinium zirconate
Gd2Zr2O7, which has a thermal conductivity in the
sintered state of ∼1.0 W/(m K) [16–18]. However,
using it as a single ceramic layer in TBC meets with diffi-
culties because of low LTEC (λ = (6–8) × 10–6 1/K)
[18–20], which necessitates the use of an intermediate
ceramic layer made of conventional ceramic materials
in the ZrO2–(7–8%)Y2O3 system. Because there is a
great variety of designs and compositions of TBC
ceramic layers serviceable at temperatures >1300°C, it
is most expedient to determine the main properties of
ceramics that make it possible to use the ceramics in
TBC (first of all, LTEC and thermal conductivity) and
then study the structural and phase stability of the
ceramics with the most optimal compositions.

Note that the use of ternary and more-component
ceramics for applying TBC ceramic layers is quite wide
and is well ahead of fundamental studies in this field.
For example, Oerlikon Metco AG manufactures com-
mercial powders Metco 205NS and Metco 206A for
thermal spraying of the systems Zr–Ce–Y–O and Zr–
Y–Gd–Yb–O, respectively [21].

This work is one of the first in the series of investiga-
tions of the effect of the composition of oxide ceramics
on the physicochemical properties that determine the
advisability of using the ceramics in TBC.

The most promising alternative to conventional
materials in the ZrO2–(7–8%)Y2O3 system are ceram-
ics based on hafnium oxide. The most important
advantages of hafnium oxide are its high-temperature
stability and the absence of phase transitions in the
temperature range to 1700°C, a high melting point
(2900°C), and a low thermal conductivity at tempera-
tures above 1000°C (λ ≤ 1.8–2.9 W/(m K)) [7, 8]. The
main disadvantage of hafnium oxide for using as a
ceramic layer in a thermal barrier coating is a low
LTEC (6.1–7.06) × 10–6 1/K. Previous studies of
ceramics based on hafnium oxide, stabilized by
yttrium oxide, with LTEC > 8.0 × 10–6 1/R at tem-
peratures >1000°C showed that ceramics based on
hafnium oxide can be promising for using in TBC for
heat-resistant nickel alloys [15]. It should be taken into
account that, in the Y2O3–HfO2 at Y2O3 contents
<90%, polymorphic transformations begin at tem-
peratures as low as ∼900°С [22, 23]; this can cause
unacceptable variations of LTEC and reduce the ther-
mal cycling stability of the coatings.

The investigation of the phase diagram of the sys-
tem Sm2O3–Y2O3–HfO2 [24, 25] showed that struc-
tures of the pyrochlore Sm2Hf2O7 type can form in it.
However, the published data on the physicochemical
properties of the system Sm2O3–Y2O3–HfO2 are few
and insufficient for making an unambiguous choice
and substantiating the advisability of using the most
RUSSIAN JOURNAL OF INORGANIC CHEMISTRY  Vo
promising samples of this system in TBC. Available in
the literature, the state diagrams of both the ternary
system Sm2O3–Y2O3–HfO2 [24, 25], and the binary
systems Sm2O3–Y2O3 [24, 25], Sm2O3–HfO2 [26],
and Y2O3–HfO2 [22, 23] can be extremely useful in
analyzing the results of studying the physicochemical
properties of the ceramics samples tested in this work.

EXPERIMENTAL
The initial materials for the synthesis of samples of

ceramics in the system Sm2O3–Y2O3–HfO2 were
powder mixtures of the corresponding oxides, the
content of the main component in which was the fol-
lowing: Sm2O3, 99.98 wt %; Y2O3, 99.999 wt %; and
HfO2, 99.9 wt %.

For the solid-phase synthesis of samples, a batch
(20–30% of weight) of the initial powder of each of the
oxides was sampled and ground to a fraction 5 μm, and
the remaining coarse fraction was screened out. The
materials for the solid-state synthesis were mixed in
the ratio of 80% of the fraction 5–100 μm and 20% of
the fraction 0–5 μm. The mixtures for the solid-phase
synthesis were prepared according to the compositions
indicated in the Synth. rows in Table 1. The compo-
nents of the mixtures were weighed on a Sartorius BP
221S analytical balance (Germany) with an accuracy
to 0.0001 g. After obtaining the process mixture, to 5%
polyvinyl alcohol was added to it. Figure 1 presents the
state diagram of the system Sm2O3–Y2O3–HfO2, in
which the synthesized experimental compositions are
indicated [26, 27].

The obtained reaction mixture was compacted into
cylindrical samples 30 ± 5 mm high and 32 ± 3 mm in
diameter. Then the samples were subjected to multi-
stage heat treatment: low-temperature heat treatment
at 350°C for 2 h for the uniform removal of the organic
bond, and then high-temperature heat treatment at a
temperature above 1600°C for 6 h for the solid-phase
synthesis and the reduction of the open porosity. The
presence of the fraction ≤5 μm in the process mixture
ensured the sintering of the samples of all the experi-
mental compositions, and the presence of coarse par-
ticles to 100 μm in size made it possible to study the
mechanisms of the formation of ceramic materials in
the solid-phase synthesis.

The experimental compositions after the solid-
phase synthesis were identified by metallographic and
metallophysical studies with a Quanta Inspect F50
scanning electron microscope (FEI, The Nether-
lands) using an EDAX energy-dispersive spectroscopy
system (USA). The integral average (over the region
1000 × 1000 μm) contents of the main elements (Sm,
Y, and Hf) in the samples were determined to confirm
the agreement between the compositions of the syn-
thesized samples to the calculated compositions (as
synthesized). The contents of the main elements in the
synthesized samples are presented in the Anal. rows of
l. 65  No. 6  2020
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Table 1. Experimental compositions of ceramic materials in the system Sm2O3–Y2O3–HfO2

* The Synth. rows represent the compositions of the initial mixture for the solid-phase synthesis; the Anal. rows, the integral average
contents (weight percentages) of the main component in the synthesized material.

No. 
of composition Composition*

Oxide content, mol % Metal content, wt %

Sm2O3 Y2O3 HfO2 Sm Y Hf

1 Synth. 70.0 30.0 0 79.78 20.22 0

Anal. 78.10 ± 4.45 21.90 ± 1.26 0

2 Synth. 50.0 50.0 0 62.84 37.16 0

Anal. 61.13 ± 3.05 38.87 ± 2.86 0

3 Synth. 50.0 0 50.0 62.75 0.00 37.25

Anal. 60.60 ± 3.63 0.00 39.40 ± 1.64

4 Synth. 37.5 31.25 31.25 50.32 24.79 24.89

Anal. 50.60 ± 2.49 25.42 ± 1.97 23.98 ± 1.80

5 Synth. 25 37.5 37.5 36.01 31.93 32.06

Anal. 37.17 ± 2.52 30.39 ± 2.20 32.44 ± 2.08

6 Synth. 12.5 43.75 43.75 19.43 40.21 40.36

Anal. 19.78 ± 1.57 39.35 ± 1.63 40.87 ± 2.24

7 Synth. 50.0 12.5 37.5 62.77 9.28 27.95

Anal. 64.44 ± 4.17 9.60 ± 0.65 25.96 ± 1.04

8 Synth. 37.5 15.62 46.88 50.29 12.39 37.32

Anal. 52.41 ± 2.76 12.19 ± 0.70 35.40 ± 1.93

9 Synth. 25 18.75 56.25 35.98 15.96 48.06

Anal. 37.47 ± 2.88 16.36 ± 0.87 46.17 ± 3.42

10 Synth. 12.5 21.82 65.68 19.41 20.04 60.55

Anal. 20.18 ± 1.09 20.41 ± 1.32 59.41 ± 4.56

11 Synth. 0 10.0 90 0.00 9.97 90.03

Anal. 0.00 9.55 ± 0.40 90.45 ± 6.94

12 Synth. 10.0 0 90 15.77 0.00 84.23

Anal. 16.32 ± 0.99 0.00 83.68 ± 4.02

13 Synth. 10.0 10.0 80.0 15.77 9.33 74.90

Anal. 16.44 ± 1.12 9.56 ± 0.63 74.00 ± 4.11
Table 1. The average discrepancy between the calcu-
lated compositions and the compositions of the syn-
thesized samples does not exceed 14%; the relatively
high discrepancy in the composition is explained by
the error of electron microprobe analysis. The results
of a more detailed investigation of the chemical and
phase composition of samples in the system Sm2O3–
Y2O3–HfO2 by the solid-phase synthesis method are
presented in our most recent work [28].

The thermophysical properties of the experimental
samples were studied in the temperature range 20–
1400°C according to standard procedures. The spe-
cific heats of the samples were determined by differen-
tial scanning calorimetry with a Netzsch DSC 404 F1
RUSSIAN JOURNAL O
calorimeter (Germany); the thermal diffusivity, by the
laser f lash method with a Netzsch LFA 427 laser f lash
apparatus; the density, by hydrostatic weighing with an
A&D GR 200 analytical balance (Japan); and LTEC,
by dilatometry with a Netzsch DIL402C dilatometer.

To study the physicochemical properties, three
samples of each of the compositions were synthesized;
if there were significant (>15%) deviations in values of
the physicochemical properties, an additional synthe-
sis of a sample of the same composition was per-
formed. In further calculations, the data on three sam-
ples closest in physicochemical properties were taken
into account.
F INORGANIC CHEMISTRY  Vol. 65  No. 6  2020
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Fig. 1. State diagram of the system Sm2O3–Y2O3–HfO2 [22–24].
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The thermal conductivity λ(T) of a sample of a
studied composition was calculated from the obtained
data by the formula [30]

(1)

where α(T) is the thermal diffusivity, m2/s; ρ(T) is the
density, kg/m3; and Cp(T) is the specific heat, J/(kg K).

LTEC was measured in 13 samples of ceramics in
the system Sm2O3–Y2O3–HfO2, the compositions of
which are presented in Table 1, in the temperature
range 200–1400°C. Figure 2 illustrates the measure-
ment results.

The measurement results showed that LTEC in
samples 2, 4, 8, 9, 11, and 12 abruptly decreases at
temperatures >1000°C. In samples 1, 3, 5–7, 10, and
12, LTEC monotonically changes within a given
range.

The specific heat was measured in 13 samples of
ceramics in the system Sm2O3–Y2O3–HfO2, the com-
positions of which are given in Table 1, in the tempera-
ture range 20–1400°C. Figure 3 presents the measure-
ment results. The specific heats of all the 13 samples
are seen to monotonically increase. The specific heat
is lowest in samples 3 and 11–13; meanwhile, the haf-
nium content in samples 11–13 was 80–90 mol %, or
74.5–89.3 wt %.

The density was measured in 13 samples of ceram-
ics in the system Sm2O3–Y2O3–HfO2, the composi-
tions of which are given in Table 1, and using LTEC,
the densities in the temperature range 20–1400°C
were found. Figure 4 shows the measurement results.
The measurements demonstrated that the densities of

( ) ( ) ( ) ( )λ α ρ ,pT T T C T=
RUSSIAN JOURNAL OF INORGANIC CHEMISTRY  Vo
samples 1–13 at room temperature are within the
range 3970–6810 kg/m3.

Taking into account the densities of individual
oxides of samarium, yttrium, and hafnium, which are
8350, 5010, and 9680 kg/m3, respectively [10], one can
be concluded that the sintered cylindrical samples
have a porosity of about 20–25%, which corresponds
to the porosity of TBC ceramic layers produced by
atmospheric plasma deposition [7]. Note that the
anomalous increase in the density of ceramics of com-
positions 2, 4, 8, 11, and 12 at temperature above
1300°C is fully consistent with the decrease in LTEC.

The thermal diffusivity was measured in 13 samples
of ceramics in the system Sm2O3–Y2O3–HfO2, the
compositions of which are given in Table 1, in the tem-
perature range 20–1400°C. Figure 5 presents the mea-
surement results.

The measurements showed that the thermal diffu-
sivity monotonically decreases with increasing tem-
perature, and the rate of the decrease is highest at tem-
peratures to 600°C. The thermal diffusivity was lowest
in samples based on hafnium oxide: 8, 9, 11, and 12.

From the measured specific heat, density, and
thermal diffusivity, the thermal conductivity was cal-
culated by formula (1) for 13 samples of ceramics in
the system Sm2O3–Y2O3–HfO2 (Fig. 6).

The most important requirements in designing
TBC ceramic layers are the following:

—decrease the thermal conductivity λ;

—increase LTEC: more than 8αL;
l. 65  No. 6  2020
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Fig. 2. Results of dilatometric measurements of LTEC of samples with the following experimental compositions: (1) 70%
Sm2O3–30% Y2O3, (2) 50% Sm2O3–50% Y2O3, (3) 50% Sm2O3–50% HfO2, (4) 37.5% Sm2O3–31.25% Y2O3–31.25% HfO2,
(5) 25% Sm2O3–37.5% Y2O3–37.5% HfO2, (6) 12.5% Sm2O3–43.75% Y2O3–43.75% HfO2, (7) 50% Sm2O3–12.5% Y2O3–
37.5% HfO2, (8) 37.5% Sm2O3–15.62% Y2O3–46.88% HfO2, (9) 25% Sm2O3–18.75% Y2O3–56.25% HfO2, (10) 12.5%
Sm2O3–21.82% Y2O3–65.68% HfO2, (11) 10% Y2O3–90% HfO2, (12) 10% Sm2O3–90% HfO2, and (13) 10% Sm2O3–10%
Y2O3–80% HfO2.
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—decrease the LTEC deviations ΔαL (the differ-
ence of the maximal and minimal LTEC values).

For this purpose, the following characteristic func-
tion Ω of the physicochemical properties of a TBC
ceramic layer was introduced:
RUSSIAN JOURNAL O

Table 2. Results of calculation of the characteristic function 

Parameter
C

1 2 3 4 5 6

λ 1.68 0.79 0.83 0.50 1.15 1.14

αL × 106 11.16 9.80 11.30 9.60 9.86 12.40

ΔαL × 106 1.45 76.0 2.28 182.6 1.50 4.10

Ω 4.59 0.16 5.99 0.11 5.69 2.66
(2)

The value of the function is the higher, the more
satisfactory are the required properties of a ceramic
material. To calculate Ω, the thermal conductivity λ at

α .
λ α

L

L

Ω =
Δ

F INORGANIC CHEMISTRY  Vol. 65  No. 6  2020

of the physical properties of the TBC ceramic layer

omposition

7 8 9 10 11 12 13

1.17 0.44 0.38 0.91 0.49 0.42 0.68

14.50 9.79 9.80 11.60 9.70 9.40 12.00

5.19 232.8 183.8 3.86 238.7 266.4 4.25

2.38 0.10 0.14 3.31 0.08 0.08 4.17
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Fig. 3. Results of measurements of the specific heats of samples with the following experimental compositions (mol % as synthe-
sized): (1) 70% Sm2O3–30% Y2O3, (2) 50% Sm2O3–50% Y2O3, (3) 50% Sm2O3–50% HfO2, (4) 37.5% Sm2O3–31.25% Y2O3–
31.25% HfO2, (5) 25% Sm2O3–37.5% Y2O3–37.5% HfO2, (6) 12.5% Sm2O3–43.75% Y2O3–43.75% HfO2, (7) 50% Sm2O3–
12.5% Y2O3–37.5% HfO2, (8) 37.5% Sm2O3–15.62% Y2O3–46.88% HfO2, (9) 25% Sm2O3–18.75% Y2O3–56.25% HfO2, (10)
12.5% Sm2O3–21.82% Y2O3–65.68% HfO2, (11) 10% Y2O3–90% HfO2, (12) 10% Sm2O3–90% HfO2, and (13) 10% Sm2O3–
10% Y2O3–80% HfO2.
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1400°C, the maximum value αL of LTEC in the range
200–1400°C, and ΔαL in the range 200–1400°C were
taken. Table 2 presents the calculation results.

RESULTS AND DISCUSSION

The measurement showed that LTEC of samples 2,
4, 8, 9, 11, and 12 abruptly decreases at temperatures
above 1000°C, which suggests that the crystal lattice
changes at elevated experimental temperatures. The
decisive effect on LTEC of sample 2 can be exerted by
a polymorphic transition through a two-phase region
in the Sm2O3–Y2O3 system [26, 27]. The simultaneous
analysis of the results of the studies of samples 2 and 7
RUSSIAN JOURNAL OF INORGANIC CHEMISTRY  Vo
demonstrated that the introduction of hafnium oxide
stabilizes the physicochemical properties of the
Sm2O3–Y2O3 system, with the thermal conductivity
changing insignificantly. The detected abrupt
decrease in LTEC of sample 11 agrees well with the
state diagram of the Y2O3–HfO2 system [22, 23, 29]
and can be explained by a transition to the monoclinic
structure. The simultaneous analysis of the data on
samples 11 and 13 showed that the addition of Sm2O3
stabilizes the Y2O3–HfO2 system and is likely to pre-
vent the transition to the monoclinic structure.

Note that, in the phase diagram of the system
Sm2O3–Y2O3–HfO2 (Fig. 1), the composition points
of samples 2, 4, 9, and 12 lie on the same line, which
l. 65  No. 6  2020
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Fig. 4. Results of hydrostatic weighing measurements (A&D GR200 analytical balance) of the density of samples with the follow-
ing experimental compositions (mol % as synthesized): (1) 70% Sm2O3–30% Y2O3, (2) 50% Sm2O3–50% Y2O3, (3) 50%
Sm2O3–50% HfO2, (4) 37.5% Sm2O3–31.25% Y2O3–31.25% HfO2, (5) 25% Sm2O3–37.5% Y2O3–37.5% HfO2, (6) 12.5%
Sm2O3–43.75% Y2O3–43.75% HfO2, (7) 50% Sm2O3–12.5% Y2O3–37.5% HfO2, (8) 37.5% Sm2O3–15.62% Y2O3–46.88%
HfO2, (9) 25% Sm2O3–18.75% Y2O3–56.25% HfO2, (10) 12.5% Sm2O3–21.82% Y2O3–65.68% HfO2, (11) 10% Y2O3–90%
HfO2, (12) 10% Sm2O3–90% HfO2, and (13) 10% Sm2O3–10% Y2O3–80% HfO2.
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is approximately described by the equation (the coef-
ficient of determination R2 = 0.951):

(3)

Here,   and  are the mole frac-
tions of oxides of yttrium, samarium, and hafnium,
respectively. At the same time, samples 4, 8, 9, and 12
have the lowest thermal conductivities (<0.7 W/(m K)).
The identical behavior of the thermal conductivity and
LTEC may suggest the formation of phases of the f lu-
orite or pyrochlore type, which are characteristic of
the binary system Sm2O3–HfO2. The simultaneous
analysis of the change in the physicochemical proper-
ties of samples 4, 8, and 9, on the one hand, and sam-
ples 5, 6, 7, and 10, on the other, showed that insignif-
icant variations of the contents of oxides in the system
under consideration lead to changes in the phase states
in the system Sm2O3–Y2O3–HfO2 with the formation
of phases similar in thermal conductivity and LTEC.
Moreover, the phase stability dramatically decreases at
temperatures >1000°C. The detected features of the
change in the physicochemical properties should be
taken into account in electron beam deposition of
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coatings, when the composition of the condensate
may change in comparison with the compositions of
the initial components. This phenomenon may lead to
a sharp change in the properties of coatings that can be
obtained in the system Sm2O3–Y2O3–HfO2.

Noteworthily, at samarium oxide content to
12.5 mol % in the system Sm2O3–Y2O3–HfO2, LTEC
remains stable in the temperature range 20–1400°C at
acceptable values of the thermal conductivity of studies
samples 6, 10, and 13 within the range 0.8–1.6 W/(m K).
Increasing the samarium oxide content leads to varia-
tions of the phase composition and physicochemical
properties, which are probably related to the interac-
tion between Sm2O3 and Y2O3.

CONCLUSIONS
The investigation of the main thermophysical

properties of samples of ceramics in the system
Sm2O3–Y2O3–HfO2 demonstrated that the introduc-
tion to 12.5 mol % samarium oxide ensures the stabil-
ity of the linear thermal expansion coefficient at ther-
mal conductivities in the range 0.8–1.6 W/(m K).

Increasing the samarium oxide content >12.5 mol %
probably leads to phase instability of the system
F INORGANIC CHEMISTRY  Vol. 65  No. 6  2020
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Fig. 5. Results of measurements of the thermal diffusivity of samples with the following experimental compositions (mol % as
synthesized): (1) 70% Sm2O3–30% Y2O3, (2) 50% Sm2O3–50% Y2O3, (3) 50% Sm2O3–50% HfO2, (4) 37.5% Sm2O3–31.25%
Y2O3–31.25% HfO2, (5) 25% Sm2O3–37.5% Y2O3–37.5% HfO2, (6) 12.5% Sm2O3–43.75% Y2O3–43.75% HfO2, (7) 50%
Sm2O3–12.5% Y2O3–37.5% HfO2, (8) 37.5% Sm2O3–15.62% Y2O3–46.88% HfO2, (9) 25% Sm2O3–18.75% Y2O3–56.25%
HfO2, (10) 12.5% Sm2O3–21.82% Y2O3–65.68% HfO2, (11) 10% Y2O3–90% HfO2, (12) 10% Sm2O3–90% HfO2, and (13)
10% Sm2O3–10% Y2O3–80% HfO2.
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Sm2O3–Y2O3–HfO2 and to sharp variations of the lin-
ear thermal expansion coefficient at insignificant
changes in the composition. This strongly complicates
the use of the studied composites in electron beam
deposition of coatings because of the possibility of a
significant change in the composition of the conden-
sate in comparison with the compositions of the initial
components.

Among the studied samples of ceramics in the sys-
tem Sm2O3–Y2O3–HfO2, the lowest thermal conduc-
tivity (0.45–0.65 W/(m K)) was observed in the sam-
ples that demonstrated the loss of the phase stability at
temperature >1000°C. The positions of their corre-
RUSSIAN JOURNAL OF INORGANIC CHEMISTRY  Vo
sponding composition points in the state diagram of
the ternary system under investigation can be

described by the equation 

The simultaneous evaluation of the variations of
the linear thermal expansion coefficient and the ther-
mal conductivity can recommend the following sam-
ples for further investigation (mol %): 10% Sm2O3–
10% Y2O3–80% HfO2, 50% Sm2O3–50% HfO2, and
70% Sm2O3–30% Y2O3, and also 25% Sm2O3–37.5%
Y2O3–37.5% HfO2.
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Fig. 6. Calculated thermal conductivity of samples with the following experimental compositions (mol % as synthesized): (1) 70%
Sm2O3–30% Y2O3, (2) 50% Sm2O3–50% Y2O3, (3) 50% Sm2O3–50% HfO2, (4) 37.5% Sm2O3–31.25% Y2O3–31.25% HfO2,
(5) 25% Sm2O3–37.5% Y2O3–37.5% HfO2, (6) 12.5% Sm2O3–43.75% Y2O3–43.75% HfO2, (7) 50% Sm2O3–12.5% Y2O3–
37.5% HfO2, (8) 37.5% Sm2O3–15.62% Y2O3–46.88% HfO2, (9) 25% Sm2O3–18.75% Y2O3–56.25% HfO2, (10) 12.5%
Sm2O3–21.82% Y2O3–65.68% HfO2, (11) 10% Y2O3–90% HfO2, (12) 10% Sm2O3–90% HfO2, and (13) 10% Sm2O3–10%
Y2O3–80% HfO2.
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