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Abstract Perovskite-type oxides have consistently attracted considerable attention for their applications in high-temperature
electrochemical devices, such as electrolytes and electrodes of solid oxide fuel cells, oxygen permeating membranes and
sensors etc. Among them, the electrical conductivity of 10 % Sr and 10 % Mg doped LaAlO; (LSAM9191) was measured
using impedance spectroscopy and 4-probe d.c. method. Below 550°C, the grain boundary resistance mostly determined the
overall conductivity; however, it nearly disappeared above 800°C. Using the defect model and curve fitting, the ionic and
electronic conductivity contributions were also separated. In the temperature region where the sample resistance is mostly
determined by the grain volume property, LSAM9191 was an oxygen ion conductor at low Po, and a mixed conductor at
high Po,. With increasing temperature, the ionic conduction region only slightly increased. Thus, LSAM9191 is a promising
material as an oxygen ion conductor at high temperature and in low Po,.
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Fig. 1. Impedance spectra of LSAM9191 at 400°C measured in
dry air. The grain (R,) and the grain boundary (R,) resistance
values were separated.
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Fig. 2. The electrical conductivity of LSAM9191 in air obtained
from impedance data. The total conductivity (squares) was sep-
arated into the grain (circles) and the grain boundary (trian-
gles) conductivity below 750°C. Data points are connected by
dotted lines. Solid straight lines indicate fitting curves.
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Fig. 3. The grain conductivity, plotted versus oxygen partial
pressure for LSAM9191, which was obtained from impedance
data for 800°C < T < 1000°C and from 4-probe d.c. data for T >
1200°C. The horizontal solid lines at low Po, are shown for the
ionic conductivity and the sloped lines at high Po, represent the
electronic conductivity. The dashed lines represent the total con-
ductivity. All lines were obtained by best fitting the experimental
data using the defect model.
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Fig. 4. The ionic transference numbers (t,, = G;,/C,,) were plot-

ted versus oxygen partial pressure for LSAM9191. They barely
change with temperature.
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Fig. 5. The activation energies of LSAM9191 for the ionic
conduction and the electronic conduction were calculated from
the fitted data. The o, values are those at 1 atm.

GionT = Aexp(_ Eion/RT) (4)
G = Aexp(_ Eel/RT) (5)

Fig. 55 2% ©& o]&d%xe}l 1 amelAe] Axpd
=S 77 vehd 2oz, H@)ek A G)el o8 ol
o] FABUA (B, )= 0.89+0.02 eV, AAPAES] &
3
=

o] @3t A7 A E) Ao B35k oA

1600 1400 1200 1000 800 °C
6 T—— T d T v T v T

electronic conduction

A
2 4 region
o= g
<
N’
N0 O ______
- e : ---9. 0.8 g _g- -
[~
=]
S 24
— 0 . -
ionic conduction
region
-4
-6 ¥ T v T v T v T ¥
0.6 0.9 1.0

0.7 0.8
1000/T (1/K)

Fig. 6. The boundary Po,, dividing the ionic conduction region
and the electronic conduction region, changes only slightly with
temperature.
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