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Abstract

Frequency dependences of dielectric constant (&;'), electrical conductivity and weight change
were investigated for the perovskite-type oxide system BaCe,Y,0s_;(x=0.05~0.15), which is a
typical proton conductor. The sample with x=0.15 showed the maximum values in both proton
conductivity and water content. Numerical calculation of frequency dependence of &, clarified
that the large &," originates from the superimposition of both electrolyte-electrode interfacial and

Debye-type polarizations.

The Debye-type polarizations which are ascribed to the

dopant-vacancy associates, (YCe, Vo )" are depressed under wet Ar atmosphere. The decrease in
the dipole showed the maximum at x=0.15. Therefore, it can be speculated that the proton may
occur according to the following equilibrium equation,

H,O+ Vo e ZH"FOOX.
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1. Introduction

The proton conductor can be applied to many devices
such as hydrogen sensors, hydrogen fuel cells and
hydrogen separation membranes. It is well known that
BaCeOs-based  perovskite oxides show  proton
conduction at elevated temperatures under H, or H,O
atmosphere, when Ce*' was partially substituted by
trivalent cations. V¥

The proton might be produced according to the
following equilibrium equations,

HO0+Vy & 2H +0y°7
or
H,0+Vo  +0° © 20H, ¥ ()

However, it has not been clear so far which mechanism
is dominant for the appearance of proton conduction.

Recently, Yamamura et al. >’ have clarified by a
computer simulation technique that the frequency
dependence of &;" and &,"" in the Sm-doped CeQ, system
which is typical oxide-ion conductor, could be explained
by the superimposition of electrolyte-electrode
interfacial polarization and Debye-type polarization due
to dopant-vacancy associate.

In the present study, the frequency dependence of &'
for BaCe;,Y,O;._5, which is a typical proton conductor,

M

were performed in order to clarify the
proton-conduction mechanism, in addition to the
measurements of  electrical  conductivity  and
thermogravimetry.

2. Experimental procedures
Powder samples of BaCe Y, O; ;s were synthesized
by a solid-state reaction, using CeO, (99.99%, High

?
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Purity Chemicals), BaCOj; (99.9%, Wako Pure Chemical
Industries) and Y,0; (99.9%, High Purity Chemicals) as
starting materials.

Weighed powders were wet ball-milled for 24 h,
using a milling pot made of synthetic resin and
resin-coated balls, and ethanol as a dispersion reagent.
The dried powder mixtures were calcined at 1273 K for
10 h in air. After sieving under 53 um in mesh size,
the powder samples were uniaxially molded under the
pressure of 5 MPa and then subjected to rubber press
under 200 MPa. The compacts thus obtained were
sintered at 1673 K for 10 h in air.

The powdered samples were characterized by means
of an X-ray diffraction (XRD) (model: Muiti Flex,
Rigaku) with monochromated CuKa radiation. Lattice
constant was determined from XRD peaks by a least
square method, using Si powder as an external standard.

Dielectric constant (g,") was estimated as a function
of frequency by the ac two-probe method in the
temperature range from 573 to 1073 K under dry and
wet Ar. The wet Ar atmosphere was obtained by
flowing Ar (70 dm®/min) saturated with water vapor at
313 K. The impedance analyzer (4192A LF,
Yokogawa-Hewlett-Packard) was used for the dielectric
constant in the frequency range of 5 Hz to 13 MHz.
The dimension of sintered disk for the ac conductivity
measurements was 10 mm in diameter and 2 mm in
thickness. For the all measurements, platinum
electrode was attached to both sides of the specimen by
firing at 1223 K for 30 min in air. Kaleida Graph
(Synergy Software) was used for the numerical
calculation of the dielectric parameters.
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3. Results and Discussion
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Fig.1 XRD patterns of
Ba(Cel_XYX)O3_ s (X=0.05~0.15) systems.
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Fig.2 Relationship between weight change
and temperature for Ba(Ce 1Y )0 8
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Fig.3 Relationship between oxygen vacancy
and absorption water.

Figure 1 shows XRD patterns of BaCe;,Y,O;. ,
(x=0.05~0.15). It was confirmed that the present
samples are single phases of perovskite-type oxide
with orthorhombic symmetry.

Figure 2 shows TG-DTA curves. The all sample
weight decreased with two steps. The first step at 573K

corresponds to desorption of water and the second one at
973K dose to that of carbon dioxide. The weight loss
due to the H,O desorption increased with increasing the
concentration of oxygen vacancy, which can be
controlled by the Y content in the B site. Figure3
represents the amounts of desorbed H,O (mol/unit cell)
in the temperature range from 473 to 773K as a function
of oxygen vacancy. This result means that H,O can be
acceptable until one half of oxygen vacant sites.
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Fig.4 Arrhenius plbts of conductivity
in ac impedance measurement
ofBa(CeO_‘}YO.l)O}_a systems.
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Figure 4 represents the Arrhenius plots of electrical
conductivity for x=0.1 of the BaCe;,Y,0;.; system
under dry- and wet-Ar atmosphere. The electrical
conductivity in wet Ar( o ) increased about one order
in magnitude, compared with that in dry Ar( ¢ 4y). Here,
we introduced /o as a measure of magnitude of
proton conduction, being defined by the following
equation:

AG = Owet - Odry (3)

Figure 4 represents the relationship between o
and x, where the compositional dependence of Ao
shows a similar behavior with that in Fig.3, suggesting
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Fig.6 The specific dielectric constant
as a function of frequency
for Ba(CeO_gYO_ 2055
a) under dry Ar  b) under wet Ar.
that the H,O in the crystal lattice has a close relation to
the proton conduction.

Figure 6 show the frequency dependence of ¢, for
x=0.1 under dry- and wet-Ar atmospheres, where
two type dielectric relaxations were observed
under dry-Ar atmospheres. It is speculated that
the dielectric relaxation observed originate from
the dopant-oxygen vacancy associate. The
relaxation frequency observed under wet Ar was
smaller than that under dry Ar.

The dielectric constant (g,") can be given as following
equation:

=g + 8’0—8“5 + £, (O)
T dt(er) @ (4)
where o is the angular frequency (= 2= f), 7, is the
dipole relaxation time, &,(0) and &,., are the low and
high frequency limit of dielectric constant for the
Debye-type polarization. &:(0), which is the proportional
constant, is defined as a dielectric constant due to the
interfacial  polarization at low-frequency limit.
Frequency exponent (s) is the constant parameter in
order to generalize a function of frequency.  The first
two terms of the right side in eq.(4) represent the
Debye-type dispersion, and the third term does the
function which is proportional to the inverse of
frequency. The detail explanation of eq.(4) is given
elsewhere 10

The typical dielectric parameters estimated are
summarized in Table 1.
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Tablel Computer simulation analysis &(0) in dry Ar and
wet Ar atmosphere at 573K.

x=0.05 x=0.10 x=0.15
£(0) (Dry Ar) | 1.6x10° 2.3x10° | 2.3x10°
5:(0) (Wet Ar) | 2.9x10° 7.9%10° 8.0x10%

The Debye-type polarizations, which are ascribed to
defect associates, (YCS/ -Vo )", were depressed under
wet Ar atmosphere. And this decrease showed the
maximum at x=0.15. Therefore, it can be speculated that
the oxide-ion of HyO might be incorporated into the
oxygen vacant site, resulting in the separation of proton
from H,O0.
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Fig.7 The dielectric loss constant

as a function of frequency
forCe Yb O __at773K.
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In the present study, we proposed that the proton
conduction occurs due to the incorporation of O of
H,0 into the oxygen vacancies, resulting in both the
depression of the Debye-type dipole moment and the
increase in the interfacial polarization. In order to
confirm this speculation, we tried to investigate the dry
or wet atmospheric effect on the dielectric properties of
the oxygen deficient fluorite-type oxide Cey7Yby30,.4,
which is an oxide-ion conductor.'” Figure 7 shows the
frequency dependence of g’ at 773K for
Cep7Yby30;,.5 in dry and wet atmosphere. We
could not observe such a difference in the &' that
was observed for the BaCe;,Y,O;_ ;. This fact may
strongly support that the depression in the Debye-type
dipole moment and the increase in the interfacial
polarization due to the incorporation of H,O in the
lattice has a close relation with the proton conduction.

4. Conclusion

Frequency dependences of dielectric constant (g,’),
electrical conductivity and water content were
investigated for the perovskite-type oxide BaCe;,Y,Os.
5(x=0.05~0.15), which is a typical proton conductor.
Proton conductivity and water content were maximum at
x=0.15. The Debye-type polarizations which were
ascribed to defect associates, (Yo' -Vo )~ were
depressed under wet Ar atmosphere. And this decrease
was maximum at x=0.15.
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