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ABSTRACT

It was grown Cubic ZrO,;(10mol% Y:0,) single crystals doped with 1 wt% rare earth metal oxides
(RE=Ce, Pr, Nd, Eu, Er) by Skull method. It was investigated electrical properties on (111) plane of
grown single crystals by Impedance Spectroscopy. It was potted relation between temperature and
electrical conductivities and observed the transition at 300 —400°C. It was obtained activation energy
on the migration of oxygen vacancy between low temperature (before the transition) and high
temperature (after the transition till 500°C) and its difference can be seen the activation energy of the
formation of oxygen vacancies by break up defect complexes. It was obtained the activation energy
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according as add yttria and rare earth metal oxides and discussed ionic conduction mechanism. Grown
single crystals showed Ce:orange-—red, Pr:golden —yellow, Nd:lilac, Eu:light pink, Er:pink due to
dopant effect from the light absorption data in the visible range.
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Table 1. Dimensions of cubic Zr0:;(10mol% Y,
0,) single crystals for measurement of
d.c. and a.c. conductivity.

dopants electrode face area(mm?) | thickness(mm)
nondoped 6.38 X 2.82 0.5
Ce 4.23x4.37 0.53
Pr 5.82x4.90 0.73
Nd 3.33x3.13 0.78
Eu 3.50x3.58 0.82
Er 3.91x3.31 0.67
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Fig. 1. Schmatic diagram for measurement of
complex impedance on cubic ZrO,(10mol
% Y.0,) single crystals.
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Fig. 2. Laue photographs on(111) of cubic ZrO,
(10mol% Y:0s) single crystal.
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Fig. 3. Complex impedance plots of cubic ZrO, (10mol% Y.0:) single crystals doped with rare
earth ‘oxides at around transition from low temperature activation energy to

high temperature activation energy. Re Z and Im Z are the real and imaginary comp

onents of the impedance Z.
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Fig. 4. Arrhenius plot of conductivity of cubic
Zr0;(10mol% Y:0;) single crystals do-
ped with rare earth oxides(RE=Ce, Pr,
Nd, Eu, Er):(nondoped; ¢, Ce; ®, Pr;
0, Nd; m, Eu; A, Er;A)
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Table 2. Calculated activation energy, E.(eV) for cubic Z,0,(10mol% Y,0,;) single crystals doped with
(RE=Ce, Pr, Nd, Eu, Er).

low high temperature E, E. for the formation of
dopants for migration of oxygen oxygen vacancy by break
temperature E, )
vacancies up of defect complexes
nonactivated 1.22eV 1.03eV 0.19¢V
Ce 1.13eV 0.86eV 0.27eV
Pr 1.41eV 0.97eV 0.44eV
Nd 1.27¢V 0.89eV 0.38eV
Eu 1.30eV 1.06eV 0.24eV
Er 1.23eV 0.98eV 0.25eV
[(ZrOy)o.a—
(Y203)0.00] 1.10eV 0.86eV 0.24eV
(ref.12)
L(ZrOs)o.se—
(Y:203)0.00e] 1.16eV 0.84eV 0.32eV
(ref.7)
[(Zr0:)o.06—
(Y203)0.012] 1.33eV 1.17eV 0.16eV
(ref.9)
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Dopants wt% colors
Ce0, 1 Orange red
PreOy, 1 Golden yellow
Nd,O; 1 Lilac
EUZ03 1 nght pil’lk
Er,O; 1 Pink
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Fig. 8. Absorption spectra of cubic ZrQ,(10mol % Y,0,) single crystals.

(A) after growth (B)

(8) non activated, d=Zmm, (h) Ce, d=2mm, (c) Pr, d=2mm, (d)
Nd, d=5mm, (e) Eu, d=Smm, (f) Er, d=2mm
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after vacuum annealing (12hrs, 1000°C):
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