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Abstract

Pd promoted Smy 5Srg5Co0; (SSC)-LaggSrp,GagsMgp.15C00,0503_s (LSGMCS) composite cathodes for intermediate temperature solid oxide
fuel cells (ITSOFC) were prepared using the wet impregnation method. XRD analyses demonstrated that the Pd in the electrode was in the form of
PdO. The activity for oxygen reduction of the electrode increased with the increase in the concentration of Pd in the electrode and with the decrease
in the electrode sintering temperature. The electrode containing 2.4 wt% Pd sintered at 1123 K showed an electrode resistance about 0.12 € cm? at
near equilibrium conditions in oxygen at 873 K, which was only about one fourth of the electrode resistance without Pd addition. The addition of
Pd species in the electrode showed no obvious effect on the mechanism of the oxygen reduction reaction.

© 2007 Published by Elsevier B.V.
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1. Introduction

The intermediate temperature solid oxide fuel cell (ITSOFC)
is a leading technology for generating electricity by an efficient
and environmentally friendly process. However, the reduction in
operating temperature leads to a significant decrease in electrode
activity. As a result, the conventional SOFC cathode, strontium
doped lanthanum manganite (LSM), is not suitable for ITSOFC
due to its low activity below 1073 K. There are growing interests
in developing effective cathodes for the ITSOFC [1-4].

It is evident that the performance of the cathode depends
strongly on the oxygen ion conductivity of the electrode.
Strontium doped samarium cobaltite with a composition of
Smg 5S19.5Co03 (SSC) is one of the promising cathodes for
oxygen reduction [5-10]. The stability and activity of the
SSC cathode were enhanced by adding a suitable amount of
Lag gSrg2Gag gMgp.15C00.0503-_5 (LSGMCS) into the electrode
[10]. This kind of SSC-LSGMCS5 composite electrode could
be good candidate for the cathode of the ITSOFC based on
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lanthanum gallate electrolytes, because the LSGMCS in the elec-
trode could be effective on improving the compatibility between
the electrode and electrolyte.

The performance of a SSC-LSGMCS5 composite electrode
could be further improved by introducing an LSGMCS interlayer
between the SSC-LSGMCS electrode and LSGMCS electrolyte
[11,12]. The interlayer causes the electrolyte surface to be rough,
resulting in an increased three-phase boundary length and elec-
trode/electrolyte two-phase interfacial area, i.e., an increased
active reaction zone. The interlayer could also improve the bond-
ing strength between the electrode and electrolyte. This method
works well in the case that the surface of the electrolyte is
smooth.

The addition of Pd or other noble metal in the electrode is
another conventional method for improving the performance
of SOFC cathode. Lanthanum manganite electrode supported
on YSZ electrolyte has shown an improved activity after the
addition of Pd supported on activated carbon [13]. The addi-
tion of Pd was also effective on improving the performance of
Lag ¢Srg.4Cog2Fep gO3 supported on doped ceria [ 14]. The opti-
mum Pd loading resulted in three to four times lower cathodic
impedance in the temperature range of 673—-1023 K due to the
electro-catalytic activity of Pd species.
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So far, few reports are available on the effect of Pd species
on the performance of SSC-lanthanum gallate composite
electrodes supported on lanthanum gallate electrolyte. The com-
patibility between Pd and SSC-lanthanum gallate composite
electrode is still a question.

In this study, various Pd promoted SSC-LSGMCS5 compos-
ite electrodes were prepared. The synthesizing parameters were
optimized, and the kinetic characteristics of typical electrodes
were studied in detail using multiple techniques.

2. Experimental

Lag gSrg2Gag gMgp.15C00.0s03—5s (LSGMCS) electrolyte
was prepared using the conventional solid-state reaction
[10-12]. The electrolyte in the shape of disk was sintered at
1748 K for 6 h in air, and then polished to a thickness of about
0.3 mm. The diameter of the sintered pellet was about 15 mm.

Pd modified Smg5Srp5C003 (SSC)-LSGMCS composite
cathodes were prepared using the wet impregnation method.
First, SSC-LSGMCS5 composite powders were obtained by mix-
ing and grinding the SSC powders sintered at 1323 K for 12h
and LSGMCS5 powders sintered at 1473 K for 6h. The SSC
and LSGMCS powders were synthesized using the conventional
solid-state reaction as reported previously [10], and the weight
percentage of SSC in the electrode was about 85 wt%. Then,
a stoichiometric amount of SSC-LSGMCS5 powder was added
into a beaker containing a suitable amount of 0.05M PdCl,
solution. After boiling and drying under continuous stirring, the
mixture was sintered at 1073 K for 1 h. Four kinds of electrodes
were prepared, in which the weight percentage of Pd element in
the electrode was 0, 0.6, 1.2 and 2.4 wt%, respectively.

The phase compositions of SSC-LSGMCS5 composite pow-
ders and LSGMCS5 powders containing 2.4wt% Pd were
examined using X-ray diffractometer (XRD, Panalytical
X’pert). The samples were sintered at 1123 and 1373 K, respec-
tively, to examine the chemical compatibility between Pd and
other materials, i.e., SSC and LSGMCS5. The LSGMCS5 pow-
ders examined were the same as those in the SSC-LSGMC5
composite cathode.

Electrochemical properties of the electrodes were charac-
terized using a three-electrode system as reported previously
[10-12]. A 2-5 pm LSGMCS interlayer was deposited on the
surface of the electrolyte and sintered at 1673 K before the
printing of the electrode. LSGMCS5 powder used for prepar-
ing the interlayer was synthesized using the citrate method [12].
Symmetrical Pd promoted SSC-LSGMCS5 composite electrodes
were then screen-printed on the LSGMCS interlayer and sintered
at 1123-1223 K for 2 h. The areas of the electrodes were about
0.2 cm?, which were the same as those of the LSGMCS5 inter-
layer. The thickness of the electrode was typically about 20 pm.
A Pt reference electrode was prepared on the same side of the
working electrode and sintered at 1073 K for 2h. The three-
electrode cell was characterized in a mixture of N7 (99.99%) and
07 (99.99%) with a total flow rate of 100 ml min—!. The OXy-
gen partial pressure of the mixture was in the range of 2 x 103
to 1 x 10° Pa, which was determined using a zirconia oxygen
Sensor.

All of the electrochemical measurements including dc polar-
ization and ac impedance measurements were carried out with
a VMP2/Z-40 (AMETEK) electrochemical testing station. The
frequency range for the impedance measurements was usually
0.01 Hz-100kHz, and the amplitude of the input sinuous sig-
nal was 10 mV. Electrochemical measurements were carried out
on samples of which the impedance of the two-electrode mea-
surement was about twice of the three-electrode measurement
(within 10% error) [10,15].

The spent samples were examined using a scanning electron
microscopy (Leo1530) equipped with an energy dispersive X-
ray spectrometer (EDS).

3. Results and discussion
3.1. Phase composition

Shown in Fig. 1 are the XRD patterns of various SSC-
LSGMCS5 composite powders and LSGMCS5 powders contain-
ing 2.4 wt% Pd. Phases corresponding to SSC [6] and LSGMCS5
[16] can be identified in the Pd promoted SSC-LSGMCS5 com-
posite electrodes. No new phases are observed. However, phases
corresponding to PdO and LSGMCS are observed in Pd coated
LSGMCS. Further, the strength of the peaks corresponding to
PdO decrease with increasing sintering temperatures. There
should also be a PdO phase in the Pd modified SSC-LSGMCS5
composite electrode, however, it cannot be identified since the
peaks corresponding to PdO are overlapped by the peaks corre-
sponding to SSC as shown in Fig. 1. PdO should be the major
phase for Pd species in air at high temperatures according to
literature [13,14,17]. Fig. 1 suggests a good chemical compat-
ibility between Pd species and SSC-LSGMCS5 electrode even
under high sintering temperatures.

3.2. Microstructure

Shown in Fig. 2 are the SEM images of the cross-section of
SSC-LSGMCS5 composite electrodes containing 0 or 2.4 wt%
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Fig. 1. XRD patterns of the SSC-LSGMCS5 electrode and LSGMCS5 electrolyte
containing 2.4 wt% Pd sintered at 1373 and 1173 K, respectively.
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Fig. 2. SEM images of the cross section of various SSC-LSGMCS electrodes: (a) containing 2.4 wt% Pd, sintered at 1123 K; (b) no Pd, sintered at 1123 K; (c)
containing 2.4 wt% Pd, sintered at 1223 K; (d) no Pd, sintered at 1223 K. The arrow in the image indicates the interlayer between the electrode and electrolyte.

Pd sintered at 1123 and 1223 K, respectively. The electrodes
sintered at 1123 K exhibit smaller electrode particles and higher
porosities compared with those sintered at 1223 K [12]. More-
over, the surface of the electrode particles without Pd addition is
glossy as seen in Fig. 2(b and d). However, the appearance of the
surface of the electrode particles changes dramatically after the
addition of Pd, which suggests that the surface of the electrode is
covered with a very thin layer of PdO particles. Some relatively
big PdO particles could also exist on the surface of the electrode,
because there are more small particles in the electrode contain-
ing Pd compared with that without Pd addition. However, all the
appearances of the small particles are quite similar, therefore, it
is difficult to identify the PdO particles. The number of small
particles decreases with increasing sintering temperatures, sug-
gesting a strong dependency of PdO distribution on the sintering
temperature.

The results of the EDS analyses show that the ratio of Pd to
Sm decreases from 0.15 for the electrode sintered at 1123 K to
0.08 for the electrode sintered at 1223 K, which agrees with the
results in Fig. 2. The results in the literature also showed that the

distribution of supported PdO species depended strongly on the
sintering temperature and aging time of the sample [18]. The
strong sintering temperature dependency of PdO distribution
could also be the main reason leading to the decrease in the
strength of XRD peaks corresponding to PdO at high sintering
temperatures.

3.3. Electrochemical characterization

3.3.1. Effect of the concentration of Pd in the electrode

Shown in Fig. 3 are the impedance spectra at open circuit
voltage (OCV) in oxygen at 873 K of SSC-LSGMCS5 cathodes
containing various amount of Pd sintered at 1123 K. One major
arc at intermediate frequency can be observed in the spectra
besides a small arc at high frequency. The arc at high frequency
is usually less then 5% of the overall spectrum at OCV. This
high frequency arc could correspond to the transfer of oxygen
ions across the electrode/electrolyte interface [10-12]. The size
of the spectrum decreases with increasing amount of Pd in the
electrode, which is due dominantly to the decease in the size
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Fig. 3. Impedance spectra at OCV in oxygen at 873 K of SSC-LSGMCS elec-
trodes containing various concentration of Pd.

of the arc at intermediate frequency. The electrode containing
2.4 wt% Pd shows an electrode resistance about 0.12 € cm? at
OCYV in oxygen at 873 K, which is only about one fourth of
the electrode without Pd addition [12]. The ohmic resistance
of the electrode, which can be read from the high frequency
intercept of the spectrum, shows no obvious dependency on the
amount of Pd in the electrode. It is clear that the Pd added in
the composite electrode is effective on improving the activity
for oxygen reduction reaction.

Shown in Fig. 4 are the temperature dependencies of 7/R),
of various electrodes. Ry, is the overall polarization resistance
of the electrode measured using impedance spectrometry. The
activity of the electrode increases with increasing concentra-
tion of Pd in the electrode at all the temperatures studied. The
relative decrease in electrode polarization resistance increases
with decreasing reaction temperatures as estimated from Fig. 4.
For an example, the electrode resistance decreases from 0.46 to
0.12 2 cm? at 873 K and from 0.020 to 0.0082 €2 cm? at 1073 K
after the addition of 2.4 wt% Pd. This result suggests that the
addition of Pd is more effective on improving the electrode per-
formance at low temperatures as reported in references [13,14].

The activation energy of T/R, of the electrode containing
high concentration of Pd is slightly lower than that of the
electrode without Pd addition. For an example, the activation
energy of T/R,, of the electrode containing 2.4 wt% Pd is about
122 kI mol~!, which is about 10% lower than that of the elec-
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Fig. 4. T/R,, in oxygen of SSC-LSGMCS5 electrodes containing various concen-
tration of Pd as a function of temperature.
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Fig. 5. Impedance spectra at OCV in oxygen at 873 K of SSC-LSGMCS5 con-
taining 2.4 wt% Pd sintered at various temperatures.

trode without Pd addition. The activation energy calculated using
the overall polarization resistance is very close to that calculated
using the impedance of the arc at intermediate frequency (within
1-2% relative error, which will be shown later). This is because
that the arc at intermediate frequency is the dominant part of the
overall spectrum.

3.3.2. Effect of the sintering temperature

Shown in Fig. 5 are the impedance spectra at 873K in
oxygen of SSC-LSGMCS electrodes containing 2.4 wt% Pd
sintered at various temperatures. It is clear that the impedance
of the electrode sintered at 1123 K is much smaller than that
sintered at 1173 and 1223 K. With further decrease in the sin-
tering temperature of the electrode, the bonding between the
electrode and electrolyte is rather weak, and no stable electro-
chemical measurements can be carried out. Shown in Table 1
are the electrode polarization resistances at 973 K in oxygen
at OCV of SSC-LSGMCS5 added with 2.4 wt% Pd sintered at
various temperatures. The electrode polarization resistances of
SSC-LSGMCS5 without Pd addition sintered at various tem-
peratures are shown in the same table [12]. As it can be
seen from Table 1, both the electrode polarization resistances
of SSC-LSGMCS5 and SSC-LSGMCS5 containing 2.4 wt% Pd
increase with electrode sintering temperatures. However, the
electrode polarization resistances of SSC-LSGMCS5 are always
higher than those of corresponding Pd promoted electrodes.
Furthermore, the ratio of the electrode polarization resistance
of SSC-LSGMCS5 containing Pd to that without Pd addition
increases dramatically with increasing sintering temperatures.
It is clear that low sintering temperature is preferred for the
preparation of Pd promoted SSC-LSGMCS electrode.

Shown in Fig. 6 are the temperature dependencies of T/R),
for various electrodes. The activity of the electrode decreases
with the increase in the sintering temperature of the electrode
at various operating temperatures. The activation energies of
the electrodes sintered at high temperatures are higher than that
sintered at 1123 K.

Table 1

Electrode polarization resistances (€2 cm?) at 973 K under OCV in oxygen of
SSC-LSGMCS and SSC-LSGMCS containing 2.4 wt% Pd sintered at various
temperatures

SSC-LSGMCS (Ref [12]) SSC-LSGMC5-2.4 wt% Pd

1123K 0.08 0.03
1173K 0.14 0.09
1223 K 0.18 0.11
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Fig. 6. T/R, in oxygen of SSC-LSGMCS5 containing 2.4 wt% Pd sintered at
various temperatures as a function of temperature.

3.3.3. Kinetics of oxygen reduction over SSC-LSGMC5
containing 2.4 wt% Pd

Shown in Fig. 7(a and b) are the impedance spectra of
SSC-LSGMCS5 containing 2.4 wt% Pd at OCV under various
oxygen partial pressures at 873 and 973 K, respectively.

As it can be seen from Fig. 7(a), one major arc at inter-
mediate frequency appears in the impedance spectra at 873 K
besides a very small arc at high frequency. The size of the arc at
intermediate frequency increases with decreasing oxygen par-
tial pressures. One more arc at low frequency appears in the
spectra at 973 K under low oxygen partial pressures as shown in
Fig. 7(b), the size of which depends strongly on oxygen partial
pressure.

The impedance spectra in Fig. 7 can be best fitted using
the equivalent circuit LR (C(R(Q1R1)(Q2R3))) under low
oxygen partial pressures and high temperatures, and using
LR (C(R(Q1R1))) at low temperatures and high oxygen par-
tial pressures [12]. Where, L is the inductance, R, the ohmic
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Fig. 7. Impedance spectra of SSC-LSGMCS5 containing 2.4 wt% Pd under
various oxygen partial pressures at: (a) 873 and (b) 973 K, respectively: (H)
5 x 10° Pa; (@) 1 x 10* Pa; (A) 2 x 10* Pa; (¥) 5 x 10* Pa; (x) 1 x 10° Pa.

resistance of the cell, C the interfacial capacity. Q1 and Q, are
constant phase elements. R, Ry and R, are the resistances cor-
responding to the arc at high frequency, intermediate frequency
and low frequency, respectively. The R in this equivalent cir-
cuit is usually far less than 5% of the overall spectra especially
at low temperatures, which corresponds to a very small arc at
high frequency in the spectra. The appearance of a small arc
at high frequency in the impedance spectra is often reported in
the literature [3,10-12]. This arc could be related to the transfer
of oxygen ions across the electrode/electrolyte interface since it
has no dependency on oxygen partial pressure. Only arcs corre-
sponding to Q1R and Q> R; are analyzed in this study since they
are the major parts of the spectra. The two arcs are defined as
arcl and arc2 [12], which appear at the intermediate frequency
and low frequency, respectively.

T/R and T/R;, of SSC-LSGMCS containing 2.4 wt% Pd as a
function of oxygen partial pressure at various temperatures are
shown in Fig. 8 [10-12]. It is clear that 7/R; has a pO, depen-
dency about 1/2 within the temperature range of 1073-873 K,
and decreases to 0.34 at 773 K. The process with a pO, depen-
dency of 1/2 could be related to the surface diffusion of oxygen
atom [10,19] or the dissociative adsorption of oxygen [3,7]. The
process with a pO, dependency of 1/4 could be related to the
charge transfer process [3,7,10]. The results in Fig. 8 suggest that
the rate-determining step for oxygen reduction at OCV over the
SSC-LSGMCS electrode containing 2.4 wt% Pd could have a
strong dependency on reaction temperatures. The oxygen reduc-
tion reaction at OCV could be controlled by the surface diffusion
of oxygen atom or the dissociative adsorption of oxygen as long
as the reaction temperature is higher than 873 K. The rds could
change to a charge transfer process at a temperature lower than
773 K. These processes could not be separated using impedance
spectrometry in this study, which is due probably to the very
close time constants for these processes [10]. The change in
the coverage of adsorbed oxygen species could also affect the
oxygen partial pressure dependency of polarization resistance
[4,20]. However, it is difficult to judge the exact reason simply
based on the apparent kinetic study under OCV alone.

Solid -R; Open - R,
1m 1073K & 1023K 4 973K 0.49

12 4
¥ 873K 4 773K P

10 4

In(T/Rp/ K Q'em?)
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Fig. 8. T/R; and T/R; of SSC-LSGMCS5 containing 2.4 wt% Pd as a function of
oxygen partial pressure at various temperatures. The figures near the lines are
the slope of each line.



S. Wang, H. Zhong / Journal of Power Sources 165 (2007) 5864 63

0.4
(a) = OCV
0.5Hz oo * 005V
0.2 -
ee P3Hz ", A 008V
A . . 010V
i ‘-‘ - « ¥ )
L 00 1Hz 3% "a o g
< 0.0 0.4 0.8 12
o
NE 0.05
ocv
005V
0.08V
0.10V
0.00 . T v : .
0.00 0.05 0.10 0.15

7./ Qem?

Fig. 9. Impedance spectra of SSC-LSGMCS containing 2.4 wt% Pd in oxygen
under polarization at: (a) 873 and (b) 973 K, respectively.

The activation energy of T/R; is about 1224 3kJmol™!
within the temperature range of 1073—-873 K and the oxygen
partial pressure range of 1 x 10° to 5 x 103 Pa, which is close
to the results shown in Fig. 4.

The pO, dependency of T/R;, is about 1 as it can be seen
from Fig. 8. Further, 7T/R; is almost independent of temperature,
suggesting a very low activation energy. Therefore, arc2 could
correspond to the gas diffusion of oxygen [11,12,21,22]. Gas
diffusion process only appears at a temperature about or higher
than 973 K as it can be seen from Figs. 7 and 8.

Impedance spectra of SSC-LSGMCS5 containing 2.4 wt% Pd
under dc polarization in oxygen at 773 and 873 K are shown
in Fig. 9(a and b), respectively. It is clear that the size of the
spectrum decreases with increasing polarization overpotential
at both 773 and 873 K. Moreover, the size of the arc at high
frequency is almost independent of polarization overpotential,
which confirms that the arc at high frequency could correspond
to the transfer of oxygen ions. The arc at intermediate frequency,
which decreases with increasing overpotential, could correspond
to a charge transfer related process.

Impedance spectra of SSC-LSGMCS5 containing 2.4 wt% Pd
under dc polarization in 5 x 10, 2 x 10* and 1 x 10* Pa OXy-
gen partial pressures at 773 and 873 K are also recorded. All the
spectra decease with increasing cathodic overpotential, suggest-
ing that no gas diffusion takes place under these experimental
conditions.

Polarization curves under various oxygen partial pressures
at 873 K of SSC-LSGMCS containing 2.4 wt% Pd are shown
in Fig. 10, which can be well simulated with the Butler-Volmer
equation (Eq. (1)). The potential in Fig. 10 is referred to 1 atm
oxygen.

i =1 {exp <a;1;n> — exp <_O;C:n>} (1)

Here, i is the exchange current density, F the Faraday’s constant,
R the universal gas constant, 7 the absolute temperature and o,
and «, are the anodic and cathodic charge transfer coefficients,
respectively.

Table 2
Exchange current densities and Tafel coefficients (o, o) of SSC-LSGMC5
containing 0 and 2.4 wt% Pd under various oxygen partial pressures at 873 K

0% Pd 2.4 wt% Pd
i oy ¢ i o2 Q¢
100 kPa 0.073 0.9 1.0 0.22 1.1 0.9
50kPa 0.059 1.0 0.9 0.17 1.1 1.1
20 kPa 0.048 1.0 0.9 0.15 0.9 0.9
10 kPa 0.041 1.0 1.0 0.12 1.1 0.8

The exchange current densities and cathodic and anodic
charge transfer coefficients extracted from Fig. 10 using Eq. (1)
are shown in Table 2. The kinetic parameters of SSC-LSGMC5
without Pd addition are shown in the same table. The cathodic
and anodic charge transfer coefficients are close to 1 even under
1 x 10* Pa oxygen partial pressure for both of the two electrodes.
However, the exchange current density of SSC-LSGMCS elec-
trode is much lower than that of the electrode containing 2.4 wt%
Pd.

The anodic current density under high overpotential shows
no dependency on oxygen partial pressure as it can be seen from
Fig. 10. However, the cathodic current density under high over-
potential increases dramatically with increasing oxygen partial
pressures. The pO, dependencies of iy and cathodic current
density at an electrode potential of —0.15V referred to 1 atm
oxygen of SSC-LSGMCS5 containing 2.4 wt% Pd are shown in
Fig. 11. The cathodic current density at an electrode potential of
—0.15V under 1 x 10° and 5 x 10* Pa oxygen partial pressures
are simulated using Eq. (1). It can be seen from Fig. 11 that the
pO, dependency of i is about 1/4, and the pO, dependency of
cathodic current at an electrode potential of —0.15 V referred to
1.01 x 10° Pa oxygen is about 0.6.

The results of polarization measurements demonstrate that
the rate-determining step for oxygen reduction over the
SSC-LSGMCS containing 2.4 wt% Pd is charge transfer under
high overpotential [10-12,20], which is the same as that of the
SSC-LSGMCS cathode without Pd addition. Taking the results
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Fig. 10. Polarization curves of SSC-LSGMCS5 containing 2.4 wt% Pd under var-
ious oxygen partial pressures at 873 K. The potential is referred to 1.01 x 10° Pa
oxygen.
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Fig. 11. Oxygen partial pressure dependencies of exchange current density and
current density at —0.15 V electrode potential referred to 1.01 x 10° Pa oxygen
at 873 K of SSC-LSGMCS containing 2.4 wt% Pd sintered at 1123 K.

at OCV into consideration, it is clear that the reaction mech-
anism of oxygen reduction over the SSC-LSGMCS electrode
added with Pd depends strongly on the reaction temperature,
oxygen partial pressure and overpotential as reported previ-
ously [10-12]. The strong dependency of reaction mechanism
on operating conditions is quite reasonable, because the oxy-
gen reduction reaction over mixed ionic—electronic conductors is
typically a complex multi-pathway reaction in nature [10,23,24].

The improved performance of SSC-LSGMCS5 electrode after
the addition of Pd could be due to the extension of active reac-
tion zone or the increase in reaction rate of each active reaction
site. However, it is generally accepted that the extension of active
reaction zone is mainly determined by the oxygen ion conductiv-
ity of the electrode [23,24]. Because Pd species in the electrode
would not have significant effect on the oxygen ion conductivity
of the electrode, the extension of active reaction zone could be
very limited.

Effects of Pd addition on the tracer diffusion (D) and surface
exchange (k) coefficients of oxygen over porous Lag ¢St 4Cog 2
Fep.3O3 electrodes supported on Cepo9Gdg 10195 electrolyte
have been reported [13]. D" was not significantly affected but
k decreased by well over an order of magnitude with Pd load-
ings. Therefore, it is most likely that Pd could not improve the
diffusion of oxygen atoms and the surface exchange of oxygen
significantly. It is expected that the improvement in electrode
activity after the addition of Pd could be due to the high electro-
catalytic activity of Pd species [13], because the Pd added is
effective on improving the performance of the electrode under
OCYV as well as polarization despite of the change in reaction
mechanism.

4. Conclusions

Pd, which was in the form of PdO, was effective on improv-
ing the performance of Smgs5SrgsCoO3z (SSC)-LaggSrgo

Gag gMg(.15C00.0503-5 (LSGMCS5) composite cathodes. Pd
showed good chemical compatibility with both SSC and
LSGMCS5. The activity for oxygen reduction of the elec-
trode increased with increase in the concentration of Pd in
the electrode and with the decrease in the sintering tempera-
ture of the electrode. The introduction of Pd in the electrode
showed no obvious effect on the oxygen reduction mechanism.
The reaction mechanism depended strongly on the operating
conditions.
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