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bstract

Analyses have been made to understand the chemical behaviors of the perovskite cathode/rare earth doped ceria interlayer/YSZ (yttria stabilized
irconia) electrolyte multilayer structure and their relation to the electrochemical performance. Particular focus was given to the thermodynamic
ctivities of SrO in the cathodes and their relation to the reaction with rare earth doped ceria or YSZ. The possibility of Sr diffusion from the
athode through the rare earth doped ceria to the YSZ electrolyte to form SrZrO3 was analyzed in terms of the SrO activity. It has been found

hat the SrO activity at the cathode/ceria interfaces is important for the steepening of the chemical potential gradient of SrO inside the doped ceria
nd for the enhancement of the solubility of SrO in doped ceria. Two possible effects influencing the SrO activities have been examined; these
re chemical reactions between perovskite cathodes and doped ceria and kinetic decomposition under the oxygen potential gradient. Effects of
athodic polarization have been also examined in terms of changes in chemical equilibria and change in oxygen potential gradients.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Solid oxide fuel cells (SOFC) are expected to have merits of
igh-energy conversion efficiency and longer life compared with
ther fuel cells [1,2]. Actually, a seal-less tubular-type SOFC
abricated by the electrochemical vapor deposition (EVD) tech-
ique confirmed that good performance has not been degraded
or more than 70,000 h at the operation temperature of 1000 ◦C
3]. In recent years, extensive efforts have been made to lower the
peration temperature down to 800 ◦C. This leads to the surpris-
ng achievement that the performance obtained by some inter-

ediate temperature cells around 800 ◦C is better than that of the
igh temperature EVD cells around 1000 ◦C [4,5]. In order to
chieve better performance, the followings are usually adopted:
1) Utilization of metal interconnects instead of oxide intercon-
nects [6]: This will provide a basis for better management
of heat and temperature distributions;
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alence stability; Interface reactions

2) Adoption of a thinner electrolyte film to reduce the Ohmic
loss [7].

3) Utilization of cathodes with better performance. Lan-
thanum strontium ferrite, (La,Sr)FeO3, lanthanum stron-
tium cobaltite, (La,Sr)CoO3, lanthanum strontium cobaltite
ferrite, (La,Sr)(Co,Fe)O3, are adopted instead of stable lan-
thanum strontium manganite, (La,Sr)MnO3 [8].

4) To avoid chemical reactions [9,10] between the yttria sta-
bilized zirconia (YSZ) electrolyte and such cathodes to
form non-conductive La2Zr2O7 or SrZrO3, a thin inter-
layer made of rare earth (typically Gd or Sm) doped
ceria is inserted between the cathodes and the YSZ elec-
trolyte. Electrochemical and other investigations on such
cathodes with doped ceria electrolyte revealed that the elec-
trode activity is not degraded [11,12], although the same
cathode with YSZ electrolyte is known to be degraded
[9,10].
On the other hand, adoption of these materials has revealed
nteresting features associated with degradations of cell perfor-

ance as follows:

mailto:h-yokokawa@aist.go.jp
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1) Utilization of metal interconnects gives rise to new sources
of degradations. One is the increasing resistance across
oxide scales on metal interconnects on both the oxidative
and the reductive sides [6,13]. Another is the cathode degra-
dation caused by chromium oxide vapors emitted from the
oxide scales. This is called chromium poisoning [14–16].

2) Utilization of the thermodynamically less stable materials
such as (La,Sr)FeO3, (La,Sr)(Co,Fe)O3 or rare-earth doped
ceria [17,18].

3) With decreasing temperature, the equilibria associated with
chemical stabilities will be shifted. One typical example is
the metal carbonate formation, which becomes favored at
lower temperatures [19].

4) With decreasing temperature, the electrochemical overpo-
tential will increase when the same electrode materials are
used. When the overpotential is one of the major driving
forces for degradation, degradation should be enhanced even
at low temperatures as it was observed for chromium poi-
soning [14,16].

These features suggest that there is a strong trade-off rela-
ion between the stability and the performance among SOFC
erovskite cathode materials.

Fig. 1 schematically illustrates the materials issues associated
ith intermediate temperature solid oxide fuel cell cathodes.
he evaporation of chromium from the oxide scales of metal

nterconnect has been intensively investigated by Hilpert and
oworkers [20,21]. Reactions of evaporated chromium vapors
ith the cathodes to form Cr-containing compounds inside

he cathode layers have been investigated previously [16]. For
La,Sr)MO3 (M = Fe,Co) cathodes, a thin layer of rare earth
oped ceria is used as diffusion barrier. Interdiffusion between
SZ and rare earth doped ceria is important, because the oxide-

on conductivity decreases significantly in the middle of the
oncentration range [22]. Thermodynamic [23] and interdif-
usion [24] properties between YSZ and doped ceria are well

nvestigated. When the three layers of cathode/doped ceria/YSZ
re fabricated, the diffusion of Sr through the rare earth doped
eria from the cathode to YSZ becomes one of the key issues,
ecause the strontium zirconate formation may take place at the

ig. 1. Schematic view of the metal interconnect/cathode/interlayer/YSZ elec-
rolyte multilayer structure for the intermediate temperature SOFCs.
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eria/YSZ interfaces not only during the fabrication but also
uring operation.

In the present investigation, thermodynamic analyses will
e made to extract the major characteristic features to distin-
uish the differences between (La,Sr)MnO3, (La,Sr)FeO3, and
La,Sr)CoO3. The driving forces of the Sr diffusion through a
oped ceria layer will also be examined in terms of the SrO activ-
ty and its gradient inside the layers. Several effects of changing
he SrO-activity profile will be discussed. For this purpose, the
erovskite/doped ceria interfaces will be characterized in terms
f the chemical potential of the rare earth dopants. Finally, plau-
ible effects of polarization will be examined in terms of the
hift of equilibrium properties as a function of oxygen potential
nd in terms of the steepening of oxygen potential gradient.

. Methods of thermodynamic analyses

.1. Thermodynamic data

The main thermodynamic data of compounds are taken from
he thermodynamic database MALT (Materials-oriented Little
hermodynamic database) for Windows [25]. Thermodynamic
ata of many perovskite oxides [26–28] were evaluated at an
arly stage of investigations focused on their reactions with YSZ
29,30]. Later detailed calorimetric measurements [31–34] have
een performed and have essentially confirmed the majority of
ata for perovskite oxides.

The thermodynamic properties of rare earth doped ceria [23]
s well as zirconia systems [35] were obtained by phase dia-
ram calculations; interaction parameters for the ceria-based
uorite oxides were determined so as to reproduce the oxygen
onstoichiometry in pure ceria and doped ceria with the aid
f the results from theoretical calculations [36,37]. These data
ere used to make attempts to correlate the electronic and pro-

on behaviors with the thermodynamic activity of dopants and
osts [38]. Recent calorimetric results [33,39] are found to be
ssentially the same as the data used in the present investigation.

.2. Methods of calculation and analysis in terms of
alence stability and stabilization energy

The chemical equilibrium calculations were made by the
EM (Gibbs energy minimizer) program and the chemical
otential diagrams were constructed by the CHD (chemical
iagram) program in the MALT system [25].

To examine the driving force of the Sr diffusion, the SrO activ-
ty was calculated; those for perovskite materials were obtained
sing the CHD program, whereas the SrO activities in doped
eria and YSZ were calculated using the interaction parame-
ers for the fluorite solid solutions in the SrO–ZrO2 and the
rO–CeO2 systems together with those for the (RE2O3)0.5–MO2
RE = Rare Earth, M = Ce, Zr) systems.

In order to understand the physicochemical origins of the

ifferent features of the SrO activity in respective perovskite
aterials, analyses were also made in terms of the valence stabil-

ty of the transition metal oxides and the stabilization energy of
erovskite oxides (enthalpy change for formation of perovskite
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xides from their constituent oxides) [26,27]. The valence sta-
ility can be defined from the following valence change reaction
n oxide systems:

On/2 + (1/4)O2 = MO(n+1)/2 (1)

[Mn+;M(n+1)+]

= μ◦(MO(n+1)/2) − μ◦(MOn/2) − (1/4) μ(O2)

= Δh◦ − T�s◦ − (1/4)RT ln p(O2) (2)

he stabilization energy of perovskite oxide AMO3 can be
efined in a similar manner:

O2 + AO = AMO3 (3)

(AMO3) = μ◦(AMO3) − μ◦(AO) − μ◦(MO2)

= Δh◦ − T�s◦ (4)

or the stabilization energy of the perovskite type oxides good
orrelations have been found with the tolerance factor that is
efined as a measure for deviation from the ideal ionic packing in
he perovskite lattice [26,27]. This suggests that the stabilization
nergies of LaMO3 and SrMO3 (M = Mn, Ti, etc.) exhibit only
mall differences depending on ionic radii, whereas the valence
tability among the tetra-, the tri-, and the divalent oxides are

uite different among Mn, Fe, and Co. These separated contri-
utions make it possible to distinguish whether the difference in
he SrO activity originates from the stabilization energy term or
he valence stability term.

b
f
h
v

Fig. 2. The logarithmic activity of SrO in (LaxSr1−x)MnO

ig. 3. Behavior of the chemical potential of SrO in the SrO–MOx (M = Mn, Fe, Co)
nd Compounds 452 (2008) 41–47 43

. Results of thermodynamic calculations

.1. SrO activity of perovskite cathode materials

Phase relations associated with (La,Sr)MnO3, (La,Sr)FeO3,
nd (La,Sr)CoO3 were calculated at 1073 K. The SrO activities
n these perovskite oxide are compared in Fig. 2 as a function
f the Sr concentration. For (La,Sr)MnO3 and (La,Sr)CoO3, the
tability region of the perovskite is limited by the presence of
table �-SrMnO3 or Sr2Co2O5. All perovskite oxides have a
ather wide range of SrO activity even when the Sr concentra-
ion is fixed. This is related to the other coexisting phase. In
La,Sr)CoO3, the high activities of SrO are associated with the
quilibrium with (La,Sr)2CoO4, while the low activities of SrO
re due to the equilibrium with CoO.

Fig. 2 clearly shows that the magnitude of the SrO activ-
ty is quite different among (La,Sr)MnO3, (La,Sr)FeO3, and
La,Sr)CoO3. In order to understand the physicochemical origin
f this difference, a consideration of the valence stability of the
ransition metal oxides and the stabilization energy are useful.
ig. 3 schematically explains how the SrO activity or the chem-

cal potential of SrO is determined in those SrO–MOx (M = Mn,
e, Co) systems which have essentially the same stabilization
nergy, δ, but quite different valence stabilities, Δ. The valence
tability of Fe4+ or Co4+ is weaker than that of Mn4+; as a result,
rCoO3 can coexist with CoO instead of CoO2, which should

e the constituent oxide of SrCoO3. In Fig. 3, the SrO activity
or the case in which SrCoO3 coexists with CoO is shown as
orizontal line. This should be compared with the low activity
alues in Fig. 2.

3, (LaxSr1−x)FeO3, and (LaxSr1−x)CoO3 at 1073 K.

systems in relation to the valence stability, Δ, and the stabilization energy, δ.
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ig. 4. The chemical potential diagram for the La–Fe–O and the La–Co–O
ystems at 1073 K under the condition of a(LaMO3) = 0.8 (M = Fe, Co).

These differences in the SrO activity originating from the
ifference in valence stability can provide a reasonable basis
f understanding those similarities of reactivity of perovskite
athodes with chromium vapors to that with YSZ which are
ummarized previously [16].

The SrO activity changes as functions of temperature
nd oxygen potential. The examples of (La0.8Sr0.2)FeO3 and
La0.8Sr0.2)CoO3 given in Fig. 4 were calculated under the con-
ition of a(LaMO3) = 0.8 (M = Fe, Co). The SrO activities within
he stability area of perovskite increase slowly with decreasing
xygen potential in the La–Sr–Fe–O system but rapidly in the
a–Sr–Co–O system. This can be also well understood in terms
f the change in the valence stability as given by Eq. (2): The

alence stability, Δ, changes through the partial pressure of oxy-
en. In the La–Sr–Co–O system, the stable binary oxide changes
rom Co3O4 to CoO, which also leads to an increase of the SrO
ctivities.

t
e
o
p

ig. 5. Comparison of the logarithmic activity of SrO among the (LaxSr1−x)FeO3,/(L
t 1073 K.
nd Compounds 452 (2008) 41–47

.2. Analyses on cathode/rare earth doped ceria/YSZ layers

From the high temperature chemistry point of view, the fol-
owing materials issues related to the adoption of this ceria
nterlayer should be examined as indicated in Fig. 1;

1) The less stable cathodes may chemically interact with doped
ceria so that concentration change may happen at the inter-
faces.

2) The doped ceria layer is thin so that diffusion through the
layer becomes critical. In particular, there is a large driving
force of forming SrZrO3 between the cathodes and YSZ.
This indicates the importance of diffusion of Sr through the
doped ceria.

These issues will be examined in term of the SrO activity in
he cathodes, doped ceria and YSZ below.

Fig. 5 compares the SrO activity among the cathode
(La,Sr)FeO3 or (La,Sr)FeO3), doped ceria and YSZ. The SrO
ctivities in (Ce0.8Y0.2)O1.9 and (Zr0.8Y0.2)O1.9 were derived
rom phase diagram calculations [23,35]. The calculated SrO
olubility in YSZ is quite small. Above the limiting value of
og a(SrO) = −4.3, SrZrO3 will be precipitated. The SrO activi-
ies in (La0.8Sr0.2)FeO3 are higher than this critical value, which
ields the driving force of the diffusion of Sr inside the doped
eria from the (La,Sr)FeO3/(La,Sr)CoO3 cathode to the YSZ
lectrolyte.

In YO1.5 doped ceria, the SrO solubility was calculated to be
at.%, being limited by the formation of SrCeO3. Fig. 5 shows

he relation between the SrO solubility and the SrO activity in
DC. The diffusion flux is given by

= cB
dμ

dx
(5)

here c is the concentration of diffusing species, B the mobility
nd dμ/dx is the gradient of the chemical potential of diffusing
pecies. When the bulk diffusion is concerned, both the concen-
ration and the driving force are important. This indicates that

he higher the activities of SrO on the cathode side the more they
nhance the solubility in the doped ceria. Thus, the SrO activity
n the cathode side is important in providing a steeper chemical
otential gradient and also in promoting the dissolution of SrO

axSr1−x)CoO3, YDC(YO1.5 doped ceria) and YSZ(YO1.5 stabilized zirconia)
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ig. 6. Comparison of the chemical potential of rare earth oxides among
e0.8Ln1.5O1.9 and Ln–M–O (M = Fe, Co) system calculated for 1273 K and
(O2) = 0.2 atm (for symbols, see text).

nto ceria providing a larger flux of Sr through doped ceria. In
La,Sr)FeO3, the activity of SrO is always lower than the criti-
al value for the SrCeO3 formation, indicating that there is no
ossibility of the SrCeO3 formation at (La,Sr)FeO3/doped ceria
nterfaces. On the other hand, in (La,Sr)CoO3, there is some
ossibility of the SrCeO3 formation because of the higher SrO
ctivity in (La,Sr)CoO3.

The SrO activity in those cathodes prepared at selected chem-
cal compositions will be influenced by even a small change in
oncentrations. There are several possible mechanisms in which
he concentrations of cathodes may change at the interfaces and
herefore the SrO activity may also change.

.2.1. Interface reaction between perovskite and doped
eria

When the cathode and the doped ceria are chemically
nteracting, the concentrations in the perovskite cathode may
hange thus leading to a change in SrO activity. Fig. 6 com-
ares the chemical potentials of the rare earth oxide LnO1.5
n ceria and in the Ln–M–O (M = Fe, Co) system at 1273 K
nd p(O2) = 0.2 atm; the dashed line with open triangles are for
are earth doped ceria (Ce0.8Ln0.2O1.9), Similarly, those in the
n–Fe–O and the Ln–Co–O systems are given as circles and

riangles, respectively. The chemical potentials of LnO1.5 in
he Ln–Fe–O systems are determined from the phase equilibria
or Ln3Fe5O12/Fe2O3 (open circles) and LnFeO3/Ln3Fe5O12
solid circles) and LnFeO3/Fe2O3 (Ln = Nd, La) (solid circles)
y using the CHD program [25]. Fig. 6 indicates that the chemi-
al potentials for the formation of LnFeO3 are of the same order
f magnitude as those of doped ceria (Ce0.8Ln0.2O1.9). From
hese features, the following two processes can be expected:

1) Interaction of perovskite oxides and dopants in doped ceria.

Rare earth dopants can form the perovskite or the garnet
phases at interfaces.

2) Dissolution of the lanthanum component in perovskite into
doped ceria.

a
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d
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Although the Sr component is not involved, the SrO activity
epends sensitively on the above processes.

For the case of the Ln–Co–O system, the chemical potential
f LnO1.5 is not so much lowered by the formation of LnCoO3 as
pparent from Fig. 6. This indicates that the driving force for the
ormation of LnCoO3 at the perovskite-doped ceria interface is
uite small in the smaller rare earth dopants. Since the enthalpy
hange for formation of LnCoO3 and LnFeO3 is of about the
ame magnitude, the differences in chemical potential of LnO1.5
iven in Fig. 6 are again derived from the differences in the
alence stability of Fe3+/Fe2+ and of Co3+/Co2+.

.2.2. Effect of kinetic demixing
When there is an oxygen potential gradient inside the cath-

des, kinetic demixing may take place so that the SrO activity
t the interface with doped ceria may change. This phenomenon
epends on the difference in diffusion coefficients among cations
n addition to the magnitude of the oxygen potential gradi-
nt. Usually, in the perovskite oxides, the A-site cations have
he higher diffusivity than the B-site cations [40]. Even so,
ome perovskite oxides exhibit the same order of diffusiv-
ty like in (La,Sr)(Ga,Mg)O3 [41] or even faster B-site cation
iffusivity like in (La,Sr)FeO3 [42]. In (La,Sr)(Co,Fe)O3 and
elated perovskites, actual kinetic demixings have been reported
ecently [43,44] resulting in precipitation of Co/Fe-rich phases
n the oxidative side. For (La,Sr)FeO3 or (La,Sr)(Co,Fe)O3,
he cathode reactions are not restricted to the three-phase
oundaries but take place mainly at the cathode surface. This
eans that an oxygen potential gap is developed across the

athode surface, whereas there is essentially no such poten-
ial gap at the interface between the cathode and the doped
eria. This implies that there is no significant effect of oxy-
en potential gradient on the changes in concentrations in
La,Sr)FeO3 or (La,Sr)(Co,Fe)O3, except for the three-phase-
oundary area.

.2.3. Effects of polarization
Effects of polarization can be considered in two ways. One is

he shift of the oxygen potential inside the cathodes to the more
eductive side. Another is the occurrence of oxygen potential
radients.

Fig. 4 shows that changes in the chemical potentials of SrO
aused by the decrease in the oxygen potential are not so signifi-
ant in the (La0.8Sr0.2)FeO3 cathode but rather significant in the
La0.8Sr0.2)CoO3 cathode. In a similar manner, the driving force
or the LnCoO3 formation at the cathode/doped ceria interface
lso decreases with decreasing oxygen potential, whereas no sig-
ificant changes are expected for the formation of Ln3Fe5O12 or
he LnFeO3. On the other hand, the kinetic demixing depends on
he overpotentials, which lead to the oxygen potential gradients
n the electrochemically active surfaces. For (La,Sr)FeO3, dif-
usion of Fe has been found to be faster than La so that Fe ions

re expected to move to the oxidative side causing enrichment
f SrO or LaO1.5 at the cathode/doped ceria interlayer interface.

By combining two effects, the following expectation can be
erived:
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1) For (La,Sr)FeO3 cathodes, effects of polarization will
appear only as a result of kinetic demixing caused by the
fast diffusion of Fe ion.

2) For cathodes containing cobaltites such as (La,Sr)CoO3
or (La,Sr)(Co,Fe)O3, effects of polarization will appear in
kinetic demixing and a shift in equilibrium caused by the
small valence stability of Co3+ or Co4+.

.2.4. Effects of reactions with chromium vapors
When SrCrO4 is formed as a reaction with chromium vapors,

his means that the Sr component in the perovskite phase
ecreases being accompanied with the precipitation of transition
etal oxide rich phases [16]. This leads to the lowering of the
rO activity in the perovskite phase. Similarly, the Cr3+/Cr4+

ubstitution reactions also lead to such lowering. When this
owering is extended to the cathode-doped ceria interfaces, the
eaction with chromium vapors decreases the driving force for
he diffusion of Sr into the ceria–YSZ interface.

. Discussions

The present results on the perovskite/doped ceria interface
hould be compared first with results of diffusion couple exper-
ments [45,46] associated with perovskite cathodes and doped
eria, and then with the materials behavior under the opera-
ion of electrochemical cells. Finally, it should be investigated
ow they are correlated with the degradation behavior of cath-
des operated with an interlayer of doped ceria. Such detailed
omparisons are beyond the scope of the present manuscript.
ere, we briefly describe our recent results of diffusion cou-
les between (La,Sr)FeO3/(La,Sr)CoO3 and 20% Ln (La or Gd)
oped ceria, (Ce0.8Ln0.2)O1.9 [46]. The main features of diffu-
ion couple experiments can be summarized in comparison with
he present results.

Essentially no diffusion of dopant or ceria into the perovskites
as observed at temperatures of 1273–1473 K. This is consistent
ith the features given in Fig. 6; that is, the stabilization of
aFeO3 or LaCoO3 is strongest among the rare earth series so

hat there is little driving force for the rare earth dopant to diffuse
nto the perovskite lattice.

At the GDC (Gd doped ceria)–(La,Sr)CoO3 interface,
o reaction products were observed, whereas at the GDC–
La,Sr)FeO3 interface, Gd–Fe–O double oxides were observed.
his is again consistent with the features shown in Fig. 6,
hich indicates that the driving force for the formation of
dCoO3 is essentially zero, whereas that of GdFeO3 exists.
ince the observed stoichiometric ratio between Gd and Fe
as nearly unity this phase can be regarded as perovskite
hase.

LDC (La doped ceria) formed island-like thin layers consist-
ng of La and Fe or Co at the interfaces with (La,Sr)FeO3 and
La,Sr)CoO3, respectively. Again, the observed stoichiometric
atio between La and Fe/Co was nearly unity.
Whenever reaction products were formed at the interface, the
ew reaction products were formed on the doped ceria side, mak-
ng a two-phase layer with a thickness of about 1 �m. In some
ases, Sr diffusion took place beyond this two-phase region sug-

f
o

nd Compounds 452 (2008) 41–47

esting that the main diffusion path for Sr ions can be identified
s grain boundaries.

Regarding the observations (3) and (4), Fig. 6 indicates
hat the activities of LaO1.5 in LaMO3 (M = Fe, Co) are
igher than those in (Ce0.8La0.2)O1.9 leading to the expecta-
ion that the LaO1.5 component in the perovskites will dissolve
nto the ceria phase to achieve an equilibrium between the
aMO3 (M = Fe, Co) and (La,Ce)O2 phase. Such driving

orces are stronger in the (La,Sr)CoO3/LDC couple as com-
ared with the (La,Sr)FeO3/LDC couple. As a result, thicker
eaction products (about 2 �m) in the (La,Sr)CoO3/LDC com-
ared with thinner products (0.5 mm) in the (La,Sr)FeO3/LDC
ouple are reasonably consistent with the thermodynamic
ituations.

Similarly, for the (La,Sr)FeO3/GDC couple, the LaO1.5
omponent will be dissolved into the ceria phase. How-
ver, in such a case, the chemical potential of slightly
issolved LaO1.5 is quite low so that there is no chance
o form LaFeO3 in (Ce0.8Gd0.2)O1.9. Instead, GdFeO3 or
d3Fe5O12 will be formed to coexist with the ceria phase.
or the (La,Sr)CoO3/GDC couple, no formation was observed.
his is consistent with the fact that there is essentially no
riving force of the formation of GdCoO3 as shown in
ig. 6.

In any case, we can expect significant lowering in the chem-
cal potential of LaO1.5, providing a higher SrO chemical
otential in the vicinity of the interfaces and promoting the SrO
iffusion through the doped ceria.

. Conclusions

The present investigation has revealed that in addition to the
eactions with YSZ or with chromium vapors, the stability of
he three-layer structure cathode/doped ceria/YSZ electrolyte
s affected strongly by the valence stability of iron and cobalt
xides.

Plausible diffusion through the interlayer of doped ceria
etween (La,Sr)MO3 (M = Fe, Co) and YSZ was analyzed in
erms of the thermodynamic activity of SrO in (La,Sr)FeO3
r (La,Sr)CoO3, ceria and YSZ, and in terms of the solubil-
ty of SrO in YO1.5 doped CeO2. The formation of SrZrO3
t the interfaces between ceria and YSZ depends on the dif-
usion of Sr and also on the driving force. The driving force
or the formation of SrZrO3 is stronger in (La,Sr)CoO3 than
n (La,Sr)FeO3 because of the difference in the valence stabil-
ty. The driving force of Sr diffusion depends on the chemical
otentials of SrO at the cathode/doped ceria interfaces, which
re in turn affected by cathode-doped ceria interactions or
y kinetic decomposition. Both are enhanced by the cathode
olarization.
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