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When the tantalum ions are partly
substituted in stead of titanium ions in
Zn2TiO4 accompanied by the deficiency of
zinc, Zn2-x/2Ti1-xTaxO4, oxide ion con-
duction appears at elevated temperatures
[1,2]. From the powder density measure-
ments and TOF neutron diffraction, this
type of substitution was found to form the
cation vacancies at the octahedral site of the
inverse-spinel structure, contributing to the
oxide ion conduction [3].

Recently, it was found that in addition to
tantalum, aluminum substitution which re-
duces the cation deficiency also forms the
solid solution, and any obvious enhance-
ment of oxide ion conduction was not ob-
served when equimolar tantalum and alu-
minum ions are substituted [4]. However,
structural investigation of both Ta- and Al-
doped Zn2TiO4 was not made and even
the position of aluminum was uncertain.
In the present study, neutron diffraction
experiments were carried out on x = 0.15
of Zn2-x/2Ti1-xTaxO4 (ZTT) and Zn2Ti1-
2xTaxAlxO4 (ZTTA) up to 500 K to clarify
the conduction mechanism.

Samples of ZTT and ZTTA were pre-
pared by conventional solid-state reaction
method started from ZnO, TiO2, Ta2O5 and
Al2O3. The calcining and sintering tem-
peratures were selected as 1000 and 1200
℃, respectively. About each 10 g of the
crushed samples were charged in vana-
dium cells, which were mounted in the
high-temperature CTI. Neutron diffraction
experiments were carried out 300, 400 and
500 K on the multi-counter type diffrac-
tometer HERMES installed in the JRR-3M
reactor of JAEA [5]. The wavelength of the
neutron beam was 1.8265 A. Structure re-
finement was performed using Rietveld re-
finement program RIETAN-2000 [6].

The refined structure of ZTT at room tem-
perature essentially agrees with that of pre-
vious one obtained by TOF neutron diffrac-
tion; the tantalum substitution and vacancy
formation were made at octahedral site
of the inverse-spinel type structure. On
heating, any apparent structural change,
e.g. symmetry or occupancy of each site,
was not detected. The diffraction data of
ZTTA can be also refined with relatively
worse Rwp values, although additional
diffraction peaks caused by ZnO were de-
tected. Multi-phase analysis suggested the
amount of ZnO was estimated as about 5
% in weight. While the tetrahedral site
was occupied only by zinc ions, octahedral
one was by zinc, tantalum and aluminum
ions. When the Rietveld fitting was carried
out assuming all the cations were stuffed
and allowing the occupation factor of ox-
ide ion to vary, the deduced occupancy of
oxide ion was g(O) = 1.015(12). This indi-
cated that, although small amount of va-
cancy might be introduced in the cation
site, any significant deficiency was not sup-
posed to be occurred.

The lattice parameters, interatomic dis-
tances between cation-oxide ions, and
isotropic temperature factors of oxide ions
were plotted versus temperature in Fig.
1, all of which essentially grew larger
with temperature. While the tetrahedral
cation-oxide ion lengths show similar val-
ues (Fig. 1(b)), octahedral ones represent
some discrepancy (Fig. 1(c)). This is con-
sistent with the result of the cation distri-
bution that tetrahedral site was occupied
by Zn without deficiency in both systems
whereas the octahedral position contains
different species between these two sys-
tems. While isotropic temperature factors
become larger with temperature in both
systems, ZTTA shows apparent enhance-
ment at 500 K comparing with ZTTA. This
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also consistent with the fact that cation de-
ficient ZTT shows oxide ion conduction at
elevated temperatures while stuffed ZTTA
was not. High temperature experiment
was expected to show more apparent be-
havior. In addition, further precise inves-
tigation would reveal the oxide ion mo-
tion and oxide ion conduction mechanism
of ZTT.
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Fig. 1. Temperature dependence of (a) lattice param-
eters, (b) tetrahedral cation-oxide ions and (c) oc-
tahedral cation-oxide ion interatomic distances and
(d) isotropic temperature factors of oxide ions. ●:
ZTT and○: ZTTA.


