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The lowest 1limit of operation temperature for ceria-based
solid electrolyte oxygen sensor was significantly reduced with a
use of perovskite-type oxide electrodes. In particular, the sensor
with La0.6sr0.4000.98NiO.0203 exhibited theoretical emf even at
200 °C. The cathodic overpotential, which was measured by current
interruption method, was low for an electrode operative at low

temperatures.

Oxide ionic conductors have been widely employed in solid electrolyte oxygen
sensors, especially for controlling the air/fuel ratio in automotive exhaust and
detection of oxygen in molten iron. General construction of the oxygen concentra-
tion cell is described as 02,Pt/stabilized zirconia/Pt,Oz. However, the oxygen
sensor of such a construction is normally operative only above 600 °C using a Pt
paste electrode. The lowest limit of operation temperature and the response rate
of the sensor are strongly affected by electrode materials.l) The response of
oxygen sensors with perovskite-type oxide electrodes are maintained to be
Nernstian at lower temperature than those with Pt and noble metal electrodes. In
this paper, we investigated the effect of cation composition of perovskite-type
oxides on the response of oxygen sensor. The lowest operation temperature and
response rate were strongly affected by doping of a small amount of additives in
the perovskite lattice.

Calcia-doped ceria, being used as a solid electrolyte, was prepared by
calcination of the powder mixture of CeO2 and CaCO3 at 1300 °C for 10 h. The
calcined powder was then pressed into a disk (20 mm in diameter and 1.5 mm thick)
by cold isostatic press at 2.7 t/cm2 and was subsequently sintered at 1450 °C for
15 h. The electrode performances of various perovskite-type oxides were compared
with that of a Pt paste electrode (Tanaka Matthey, KT-5). Perovskite-type oxides
were prepared by pyrolysis of the mixture of corresponding metal acetates and
subsequent solid state reaction at 900 °C. The oxide powders were mixed with
turpentine o0il and the slurry thus obtained was applied on to the flat surfaces of
a solid electrolyte disk. The electrode was 6 mm in diameter and average
thickness was 2 um. Electromotive forces of following gas concentration cell
were measured by the previous method.z)

O2 (P02'=1 atm), M/(Ce02)0'9(Ca0)0.1/M, 02 (P02), (1)
where M is an electrode material. The polarization curves for the Pt and oxide
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cathodes were measured by the current interruption method. The voltage drop after
current interruption was separated into an I-R drop, which is simultaneously
observed with current interruption, and overpotential, which decays with time.

Electromotive forces of the oxygen sensors with several kinds of electrodes
are plotted in Fig. 1 as a function of temperature. The emf values were taken
after 15 min from the change of P02 from 1 atm to 0.1 atm or to 0.0l atm. The
broken 1lines in the figure are theoretical emf from the Nernst equation. Above
600 °C, the response of the sensor with a Pt electrode agreed with theoretical
emf, but below, it was smaller than the

0
expected one. This means that the

electrode reaction 1is too slow to
attain the equilibrium state at low
temperatures. The use of some
perovskite-type oxides electrode
enables wus to detect oxygen partial _50

pressure at lower temperature than the

3)

Pt electrode. Especially, Sr-substi-

tuted perovskite-type oxide, LaO 6Sr0 4

emf /mv

CoO3, was operative even at 300 °C.

The lowest limit of temperature at Po,=0.01 atm
which a sensor exhibits a Nernstian 2
-100}- — - —Equilibrium emf -

response, TL’ is evaluated for various

L 1 —t 1 1
perovskite-type oxide electrodes as 200 300 400 500 600
Temperature /°C

summarized in Table 1. Cobalt-based

oxides had lower TL than manganese- Fig. 1. Electromotive force of the
based oxides. The lowest operation oxygen concentration cell,
temperature of the sensor was reduced (@) LaCoO3, .La0.6Sr0.40003

by Sr-substitution. The optimum compo- A Pt paste, E]La0.6Sr0.4Mn03

sition of Sr-sub-

stitution was Table 1. The 1lowest operation temperature of sensors
La0.6Sr0.4CoO3, at with perovskite-type oxide electrodes

which TL of 300 °C

was attained. In Electrode TLa)/°C Electrode TL /°C
the perovskite-

type oxides of LaCoO3 650 LaMnO3 650
LaCoO3, LaMnO3 and LaO.Ser.ZCOOB 360 La0-6SrO.4MnO3 330
LaFeO3, substitu- La0.6Sr0.4CoO3 300 La0.6Sr0.4Mn03+CeO2 300
tion of Sr for La La0.48r0.60003 330 La0.6Sr0.4FeO3 400
is known to lead Lao.6Sro.4C003+CeO2 280 La0_97Sr0.03NiO3 350
to the formation La0.6sr0.4C°O.98NiO.0203 200 LaO.6er.4C°O.98FeO.0203 250
of oxygen vacan- LaO.6sr0.4C00.95Ni0.0503 210 La0-6Sr0.4C00.98Mn0.0203 280
cies due to charge LaO.6sr0.4COO.9NiO.103 220 La0.6Sr0.4C00.98Cu0.0203 250
compensation. The Pt paste 600

number of adsorp-
tion site for a)TL:The lowest temperature at which an Nernstian response
oxygen increases is obtained for detection of P02=1 atm-0.01 atm.
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and activation of oxygen 1is promoted
An addition of

CeO2 was also effective in lowering the

with Sr substitution.

operation temperature of La0.6Sr0.4CoO3
Since the sticking
disk

the
operation

and La0.6Sr0.4Mn03.
of electrodes to the electrolyte
significantly improved by
of Ce02, the low
attributed to a
electrode

was
addition
temperature 1is good
electric contact between the
It is noted that a

very small amount of Ni or Fe substitu-

and electrolyte.

tion for Co significantly lowered TL'
Since sticking of the electrode was not
the
effect of Ni or Fe is obviously differ-
from that of CeOZ.

improved with this substitution,

ent Of the sensors

with wvarious electrodes, the lowest
operation temperature attained in the
present study was 200 °C by use of the

La0.6Sr0.4Coo.98Ni0.0203 electrode.

The response curves of the sensors
with an abrupt change in P02 from 1 atm
to 0.1 atm at 300 °C are shown in Fig.
2. As mentioned, the response of the
with a Pt
to theoretical emf at
temperature. The La0.6Sr0.4C00.98-
NiO.0203 electrode exhibited the most

rapid response to reach theoretical emf

scarcely
this

sensor electrode

approached

within 1 min.
Cathodic polarization is

to be related with the

performance as

expected

electrode
has been reported for
1,3)

The
polarization curves of the sensors were
600 °C by the current-
interruption method (Fig. 3). It is
evident that the La0.6Sr0.4C00.98—
Ni0 0203 electrode has the lowest

overpotential among various electrodes.

metal electrodes. cathodic

measured at

Low overpotential for LaO 6SrO 4Co0 98~

Nigp. 0293
oxygen

is desirable not only as an
electrode for an oxygen sensor,
fuel
output

but also as one for a solid oxide

cell in deriving a large

1941
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current. The current increased linearly Temperature /°C

with n in low N region, where the 800 700 600 500 400 300
electrode reaction is controlled by O vt ' T ! T =
the rate of charge transfer. From the OLag,6Srq.4C00.98Nig. 0203
slope of the plots in low region, an

P P . ) 8 . -1k ALao.SSro 4COO3..
exchange current density, IO’ is & °
estimated from*’ s art

3]

IO=IRT/(aa+aC)nF (2) 5- -2} .
where a_, and a, are the anodic and - y—0.50ev
cathodic transfer coeffients, H 3 .
respectively; F is Faraday constant. g B [> T
The electrode which was effective for 1.13eV
low temperature detection of Po2 -4L N
possessed a large exchange current.

Thus, the charge transfer process 1is 5

. . g 1 1 1 1 ] [
suggested to be important in 7.9 T T3 TS 5 o
determining the overall electrode 3 1

. 10-3.p-1 /x-1
reaction rate.

The Arrhenius plots of the ex- Fig. 4. Arrhenius plots of exchange
change current for the electrodes were current density, IO.

linear as shown in Fig. 4, The

apparent activation energies which are estimated from the slopes are shown in
Fig. 4. The slopes for the perovskite-type oxide electrodes were more gradual
than that for the Pt electrode. Thus, the perovskite-type oxide electrode
exhibits large exchange current density, and hence large reaction rate, at rela-

tively low temperatures. Pt electrode is more active than the perovskite system
only above 1000 °C as can be expected from the slopes of the Arrhenius plots.
5)

According to the sequence of reducibility reported by Nakamura et al.
( LaNiO3 > LaMnO3 > LaFeO3 ), the oxygen ions in LaNiO3, being weakly bonded to
metal cations, are expected to be active at low temperatures. But Ni-based
perovskite easily decomposed into the component oxides. Thus, relatively high TL
for La0_97Sr0.03NiO3 is 1likely due to partial decomposition of the perovskite
structure. The Lao.6Sr0.4Coo3 crystal likely serves as host lattice to stabilize
Ni ions in the perovskite structure. The small amount of Ni ions doped in this
lattice significantly improved the electrode performance.

References

1)T. Arakawa, A. Saito, and J. Shiokawa, Bull. Chem. Soc. Jpn., 55, 2273 (1982).
2)H. Arai, K. Eguchi, and H. Yahiro, Proc. 2nd IMCS., p.335 (1986).

3)H. Arai, K. Eguchi, and T.Inoue, Proc. Sympo. Chemical Sensor, 87-9, 122 (1987).
4)D.Y.Wang and A.S.Nowick, J. Electrochem. Soc., 126, 1155 (1982).

5)T. Nakamura, G. Petzow, and L.J.Gauckler, Mat. Res. Bull., 14, 649 (1979).

(Received June 23, 1988)



