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Zr0, alloying effect is applied in fluorite-type EusTaO; ceramics to decrease thermal conductivity and improve ther-
mal expansion performance. The thermal conduction mechanism of EusTaO; ceramics can be adjusted by ZrO,
alloying effect and the lowest thermal conductivity reaches 1.37 W-m~!-K~! at 900 °C. The Young's modulus of
x mol% ZrO,-EusTa0; ceramics decreases with the increasing ZrO, content, as ZrO, alloying effect can weaken the
bonding strength of EusTa0, and then increase the thermal expansion coefficients (10.7 x 1076 K~1, 1200 °C).
Due to the excellent thermophysical properties, ZrO,-EusTaO; ceramics exhibit great potentiality as high-

TBCs temperature thermal insulation materials.
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The development of current gas turbine engine has been the result of
continual improvement in a wide variety of engineering techniques in-
cluding turbine design, combustion and materials [1-3]. In order to de-
sign the higher gas efficiency engines, the operation temperature of gas
turbine engine must be increased. To achieve this goal, thermal barrier
coatings (TBCs) are one of the most important materials in gas turbine
engine. The primary function of TBCs is to provide a low thermal con-
ductivity barrier to heat transfer from the hot gas to the surface of
alloy components in the engine [4-6]. The base requirements of TBCs in-
clude low thermal conductivity, low elastic modulus, high thermal ex-
pansion coefficients and so on [1,3,5]. Nowadays, besides the
problems arise in substrate, the problems in TBCs are obvious too. The
most popular TBC materials are yttria-stabilized zirconia (YSZ) ce-
ramics, whose operation temperature is below 1200 °C, because of the
phase transition [7,8]. It is difficult for YSZ to meet the demand of gas
turbine engine and many researchers seek for new kinds of TBCs to re-
place YSZ.

Over the past several decades years, a class of ceramics are identified
as materials with low thermal conductivity, i.e., rare-earth zirconate
RE»Zr,0; (RE = rare earth elements) ceramics [7,9,10]. Because of the
unique crystal structure: pyrochlore or fluorite, the high concentration
of oxygen vacancy (12.5%) of RE,Zr,05 leads to the low thermal conduc-
tivity [11]. The oxygen vacancy can scatter phonon strongly by the miss-
ing atoms and missing interatomic linkages, which seriously decrease
the phonon mean free path [12-14]. Besides, the thermal conductivity
of RE,Zr,0, ceramics can be reduced by various methods. Ti** is used
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to substitute Zr** in Gd,Zr,0; ceramics to reduce thermal conductivity
[15]; Yb?T is applied to substitute La*>* in La,Zr,0 ceramics to obtain
the glass-like thermal conductivity [10]. To research new materials ap-
plied as TBCs, C. G. Levi and D. R. Clarke propose that rare earth tanta-
lates may be promising TBC materials [16,17]. The thermophysical
properties of rare earth tantalates RETaO4 and RETa30g ceramics are re-
ported in literatures [18-20] by ]J. Feng et al. Based on the ternary dia-
gram of ZrO,-Ta0,s5-YO;s, the thermal conductivity of Y3TaO;
ceramics is relatively low (2.4-1.5 W-m~!-K~', 100-1000 °C) [17].
From this point of view, RE3Ta0, ceramics may exhibit low thermal con-
ductivity, attributed to the similar crystal structure as RE,Zr,0- ce-
ramics. However, only the crystal structure and magnetic properties of
RE3Ta0, ceramics have been reported [21,22]. In our unpublished
paper the research of REsTaO; (RE = La, Nd, Sm, Eu, Gd, Dy) ceramics
shows that RE3TaO; (RE = La, Nd) ceramics exhibit obvious thermal ra-
diation effect, which will increase thermal conductivity evidently at
high temperature (2600 °C). Phase transition has been detected in
Sm;3Ta0; ceramics at 940 °C and RE3Ta0; (RE = Eu, Gd, Dy) ceramics
exhibit the same crystal structure that results in the similar thermal
conductivity and thermal expansion coefficients. Furthermore,
EusTa0; ceramics possess less density than RE;TaO; (RE = Gd, Dy) ce-
ramics, indicating that EusTaO- ceramics demand less cohesive force
than RE3TaO; (RE = Gd, Dy) ceramics when they are sprayed as
coatings.

In this work, we focused on the thermophysical properties of
Eus3TaO; ceramics and ZrO-, alloying effect was applied to optimize the
thermophysical properties. The properties including elastic modulus,
thermal expansion coefficients, phase stability and thermal conductivity
of x mol% ZrO,-EusTaO; (x = 0, 3, 6, 9, 12, 15) ceramics were
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investigated. We highlighted the x mol% ZrO,-EusTaO, ceramics as
promising TBCs due to the outstanding thermophysical properties. The
supplementary materials offered the information about materials prep-
aration, phase structure characterization and properties measurement.

The phase structure of x mol% ZrO,-EusTaO; ceramics is character-
ized via X-ray diffraction (XRD) and Raman spectra. Fig. 1(a) shows
that the XRD patterns of EusTaO, ceramics are consistent with the
PDF#38-1413 and no secondary phase is detected, indicating that
EusTaO; ceramics crystallize in order orthorhombic phase with Cmcm
space group. Fig. 1(b) shows that each sample exhibits the similar
XRD patterns and no secondary phase is detected. The XRD peaks be-
tween 12° to 22° of 2-Theta are shown in Fig. 1(c) as they are too
weak to be revealed in Fig. 1(b) and they are consistent with the
PDF#38-1413. The intensity of XRD peaks (201) and (111) in Fig. 1
(c) decreases with the increasing ZrO, content, which is caused by the
change of grain orientation of EusTaO, ceramics. Based on literature
[19], REsTaO; (RE = Ho-Lu) ceramics exhibit the disorder cubic phase,
as the ionic radius of Ho-Lu is shorter than La-Dy. The similar phenom-
enon may occur in x mol% ZrO,-EusTa0; ceramics as the ionic radius of
Zr*™ (0.084 nm) is shorter than Eu>* (0.107 nm). Fig. 1(d) and (f) show
the normalized Raman peaks of x mol% ZrO,-EusTaO; ceramics under
532 and 785 nm wavelengths. One can see that at least six characteristic
Raman peaks are observed in each sample and they are analogous. Fig. 1
(d) and (f) show that the Raman peak V; disappears attributed to the in-
creasing ZrO, content, which can be observed more obviously in Fig. 1
(e). In addition, Fig. 1(e) shows that the intensity of the main Raman
peak decreases with the increasing ZrO, content. Generally, the
Raman peak V; derives from the collinear Ta—O—Ta bond in TaOg octa-
hedron and it points to one of the most specific features of REsTaO ce-
ramics with orthorhombic phase [23]. Evidently, the characteristic
stretching motion of Ta—O—Ta band V; shifts to higher wavenumber
with the increasing ZrO, content. According to Ref [24], the V, peak of
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RE3Ta0; ceramics with order orthorhombic phase will shift to higher
wavenumber due to the decreasing RE>" ionic radius. Herein, it is be-
lieved that Zr** ions have substituted Eu>™ cations to decrease the
RE>™ jonic radius of x mol% ZrO,-EusTa0- ceramics. The disappearance
of V; peak is because that V; peak shifts to higher wavenumber and its
intensity decreases with the increasing ZrO, content. Furthermore, the
Raman peaks between 100 and 300 cm™! root in the RE—O bonds
[25], and the number of these peaks decreases with the increasing
ZrO, content, indicating the reduction of RE—O bond characteristic.
Based on Fig. 1(d) and (f), no obvious difference of Raman peak is de-
tected among EusTaO; ceramics with different ZrO, content, indicating
that each x mol% ZrO,-EusTa0, ceramics crystallize in the same order
orthorhombic phase with Cmcm space group.

The microstructures of x mol% ZrO,-EusTaO, ceramics are observed
under the backscattered electron model (BSE) except EusTaO; ceramics,
which is observed under the secondary electron model (SE) as shown in
Fig. 2. Fig. 2(b)-(f) show that all grains exhibit the similar atomic num-
ber contrast. Combined with the results of XRD and Raman, it is believed
that no secondary phase exists in these x mol% ZrO,-EusTaO; ceramics.
Besides, the grain boundaries are obvious, the grain size is about 1-10
um and only little pores are detected. The surface EDS scanning of
12 mol% ZrO,-EusTaO; ceramics is shown in Fig. 2(g)-(k). We can see
that no obvious agglomeration of any element is detected in this sample
as it takes the advantage of solid-state reaction.

Table 1 list that the Young's modulus of x mol% ZrO,-EusTa0O- ce-
ramics decreases with the increasing ZrO, content and the similar
trend can be observed in the Bulk and Shear modulus. In general,
Young's modulus increases with the increasing bonding strength, thus,
the bonding strength of EusTaO, ceramics decreases with the increasing
Zr0O, content; besides, the decreasing modulus can be expected because
of the structural relaxation. As the crystal structure integrity of EusTaO;,
relies on the Ta-O octahedrons [15], the decreasing bonding strength
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Fig. 1. Phase characterization of x mol% ZrO,-EusTa0O; (x = 0, 3,6, 9, 12, 15) ceramics; (a) XRD patterns of EusTaO; compared with standard PDF cards; (b) XRD patterns of each sample,
10° <2-Theta £70°; (c) XRD of each sample, 12° < 2-Theta < 22°; (d) normalized Raman spectrum under 532 nm; (e) the main Raman peak under 532 nm; (f) normalized Raman spectrum

under 785 nm.
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