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a  b  s  t  r  a  c  t

Oxides  with  perovskite  structure  and  composition:  La0.5Sr0.5Co0.5Fe0.5O3−ı, La0.5Ba0.5Co0.5Fe0.5O3−ı,
Sm0.5Sr0.5Co0.5Fe0.5O3−ı and  Sm0.5Ba0.5Co0.5Fe0.5O3−ı were  synthesized  by  a sol–gel  EDTA  based  method.
Their  physico-chemical  properties  were  evaluated  by  structural  (XRD),  transport  (electrical  conductivity,
Seebeck  coefficient),  and  high  temperature  oxygen  nonstoichiometry  measurements  (TG,  ı). A distorted
perovskite  structure  was  observed  for all of  the  samples,  varying  with  A-site  average  radius  of  cations
and  tolerance  factor  t. TG  measurements,  which  were  performed  in  air  and  in  reducing  atmosphere
allowed  to  determine  the  initial,  as  well  as  the  high  temperature  dependence  of  the  oxygen  nonstoi-
chiometry  ı  for  all materials.  At high  temperatures  the  electrical  conductivity  of the measured  samples
showed  a  characteristic  maximum  and  corresponding  increase  of  the  Seebeck  coefficient.  Both  effects
OFC can  be  interpreted  as  a result  of  a formation  of  the oxygen  vacancies.  Apart from  Sm0.5Ba0.5Co0.5Fe0.5O3−ı

composition,  all  other  materials  possess  very  high  electrical  conductivity  at high  temperatures,  well
exceeding  100  S  cm−1. A custom  made  IT-SOFC  cells  were  constructed  with  Ce0.85Gd0.15O1.925 sinters  as  a
support.  Their  performance  was evaluated  in  600–800 ◦C  range.  Despite  rather  similar  transport  proper-
ties of La0.5Sr0.5Co0.5Fe0.5O3−ı, La0.5Ba0.5Co0.5Fe0.5O3−ı and  Sm0.5Sr0.5Co0.5Fe0.5O3−ı perovskites,  the  best
electrochemical  properties  were  recorded  in case  of  the  cell  with  La0.5Sr0.5Co0.5Fe0.5O3−ı based  cathode.

© 2010 Elsevier B.V. All rights reserved.
. Introduction

Designing cathode material for SOFC technology is always a
ompromise between optimization of its structural, transport,
atalytic, thermo-mechanical and other physico-chemical prop-
rties as well as its chemical stability towards electrolyte and
nterconnector. For high temperature (900–1000 ◦C) cells, LSM
La1−xSrxMnO3) based cathode materials and YSZ (Zr1−xYxO2−x/2)
lectrolytes perform with sufficient effectiveness. In case of cells
orking in the intermediate temperature range (600–800 ◦C) a
ecrease of the performance may  be overcome by an application
f composite cathodes or/and usage of new, better materi-
ls [1–3]. Nowadays large number of iron-, cobalt-, nickel- or

opper-containing oxides are studied in terms of their possible
pplication. Majority of them crystallize in cubic or pseudo-cubic
erovskite structure or belong to Ruddlesden–Popper series as well
s to other intergrowth-type oxides. Among many others, LSCF

∗ Tel.: +48 12 617 2026; fax: +48 12 617 2522.
E-mail address: xi@agh.edu.pl.

378-7753/$ – see front matter ©  2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpowsour.2010.08.063
(La1−xSrxCo1−yFeyO3−ı) oxides seem to be particularly interesting
[4–6].

A substantial improvement of SOFC performance may  be
achieved by an implementation of cathode material, which apart
from high catalytic activity and appropriate thermo-mechanical
properties possess a high mixed ionic-electronic conductivity [7,8].
For such high mixed conductivity a large concentration of mobile
oxygen carriers is required. In case of simple ABO3−ı perovskites
the oxygen vacancies act as the ionic charge carriers and the oxy-
gen nonstoichiometry ı is mainly determined by the amount of
+2 cations (Sr, Ba), which substitute +3 cations in A sublattice (La,
Sm,  Pr). This substitution may  be complete and, for instance, in
case of Ba0.5Sr0.5Co0.8Fe0.2O3−ı perovskite very promising prop-
erties were observed [9].  However if ı increases significantly
between the room temperature and the working temperature
of the cell, a so called chemical expansion of the material will
appear, which may  significantly increase its thermal expansion
coefficient [10].
In this work a series of measurements of a basic
physico-chemical properties of isovalence, 50:50 substituted
Ln0.5A0.5Co0.5Fe0.5O3−ı (Ln: La, Sm;  A: Sr, Ba) oxide materials
were conducted in order to properly characterize the above

dx.doi.org/10.1016/j.jpowsour.2010.08.063
http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
mailto:xi@agh.edu.pl
dx.doi.org/10.1016/j.jpowsour.2010.08.063
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erovskites. A custom made IT-SOFC cells were constructed and
heir electrochemical characteristics were measured.

. Experimental

Perovskite type oxides with chemical composition
a0.5Sr0.5Co0.5Fe0.5O3−ı (abbreviated in this work as LaSr55),
a0.5Ba0.5Co0.5Fe0.5O3−ı (LaBa55), Sm0.5Sr0.5Co0.5Fe0.5O3−ı

SmSr55) and Sm0.5Ba0.5Co0.5Fe0.5O3−ı (SmBa55) were syn-
hesized using EDTA based, sol–gel method. Details of the
rocedure can be found elsewhere [11]. The final sintering of the
aterials was performed at 1200 ◦C in air with slow cooling to the

oom temperature (RT). Structural studies at RT were performed
sing Phillips X’Pert Pro diffractometer in 10–90◦ range with
uK� radiation. The X-ray patterns were analyzed using Rietveld
ethod with GSAS/EXPGUI set of software [12,13]. For LaSr55

ample additional high temperature XRD studies were conducted
t 400, 600 and 800 ◦C. In order to make a comparison between the
btained structural results, unit cell volume and unit cell parame-
ers were appropriately normalized to a pseudo-cubic perovskite
ell. Goldschmidt’s tolerance factor t = (rA + rB)/(20.5(rB + rO))
ri − appropriate ionic radii), which describes distortion of the
erovskite structure was calculated using two different methods:

BV was calculated using SPUDS software [14], which uses Bond
alence method [15], tg defined in [16] was calculated using
eometric average of the interatomic distances obtained from
he structural studies. It is necessary to mention that in case of
RD measurements, oxygen positions in the unit cell cannot be
efined with high precision and the obtained tg values may  contain
ignificant error. Thermogravimetric measurements (TG) were
erformed on TA Instruments Q5000 IR apparatus in RT–1000 ◦C
ange. Relatively slow heating rates were used: 1◦ min−1 in case of
easurements performed in air and 0.5◦ min−1 for reduction mea-

urements, which were conducted in 0.1% H2 in Ar atmosphere.
efore the actual measurements, for all the samples initial heating
nd cooling runs were performed with 1◦ min−1 rate in RT–1000 ◦C
ange. These initial runs, together with the reduction runs (see
elow), allowed for an estimation of the oxygen nonstoichiometry
resent in the “as prepared” samples, indicated as ı in Table 1.
he difference between these values and the equilibrium ones
an be interpreted as due to an insufficiently slow rate of cooling
rom 1200 ◦C to RT. Samples reduced on TG were characterized in
erms of their crystal structure by XRD technique. Transport prop-
rties of the materials were characterized by a high temperature
lectrical conductivity, measured using a four-probe DC method
nd Seebeck coefficient measurements, which were performed
y means of a dynamic method with temperature gradient equal
–3 ◦C. Due to an influence of oxygen stoichiometry, as well as

ecause of moisture sensitivity of the samples, both measurements
ere performed during cooling with 1◦ min−1 rate. Two-electrode

lectrolyte-supported SOFC cells were constructed using relatively
hick (600-800 �m)  Ce0.85Gd0.15O1.925 sinters having >95% theo-

able 1
tructural parameters of LaSr55, LaBa55, SmSr55 and SmBa55 perovskites. The initial oxy
ycle  of TG measurements.

Composition LaSr55 LaBa55 

Space group I12/c1 I4/mcm 

a  [Å] 5.4419(1) 5.5320(1) 

b  [Å] 5.4547(1)
ˇ  [◦] 90.216(2)
c  [Å] 7.7108(2) 7.8177(1) 

Normalized V [Å3] 57.222(2) 59.812(1) 

ı′ [mol mol−1] 0.01 0.02 

�2; Rwp [%]; Rp[%] 0.786; 13.2; 10.3 0.758; 14.
rces 196 (2011) 7110– 7116 7111

retical density. Sintering of the electrolyte pellets was conducted
at 1500 ◦C. A rather typical, 40 wt.% 8YSZ/60 wt.% NiO cermet
was  used as the anode material. Anode firings were done at
1200 ◦C, with additional step at 400 ◦C, at which organic binder
of the anode paste decomposes. Cathode paste was prepared
by mixing of the cathode powder with appropriate amount of
organic binder, in order to obtain required consistency. Cathode
firings were performed at 1100 ◦C with additional step at 400 ◦C.
For all the cells the area of both electrodes was about 0.25 cm2.
IT-SOFC cell performance was  studied using home-made SOFC
testing unit equipped with Solartron SI 1287 electrochemical
interface and Solartron 1252A frequency response analyzer. Dry
hydrogen flow of 100 cm3 min−1 was  applied on the anode side,
while air was provided at the cathode side with flow rate of
about 500 cm3 min−1. The impedance spectra and the current
density–voltage characteristics were measured in 600–800 ◦C
range. The impedance spectroscopy measurements were per-
formed under open-circuit conditions in 0.1–300 kHz range with
25 mV  amplitude. The interpretation of the results was conducted
in accordance with the method presented in Ref. [17]: the ohmic
resistance Rohm and the total interfacial polarization resistance
(anode | electrolyte Ra plus cathode | electrolyte Rc) were eval-
uated by fitting the impedance spectra to an equivalent circuit
consisting of L–Rohm–(RQ)HF–(RQ)LF, where L is an inductance, R
is the resistance, Q is the constant phase element, while HF and
LF stand for correspondingly high-frequency and low-frequency
contribution.

3. Results and discussion

Structural parameters of the obtained materials are gathered in
Table 1. For LaSr55 perovskite a relatively low symmetry, mon-
oclinic I12/c1 space group was chosen, on the basis of previous
reports, which indicated such a symmetry from neutron studies
[18]. Similarly as reported in [18], structural refinement in a more
typical R-3c group resulted in only little worse refinement statis-
tic. For LaBa55 sample the obtained XRD results could be indexed
using cubic symmetry, but choice of tetragonal I4/mcm  group gave
significantly better refinement statistics, which strongly support
existence of tetragonal distortion of the unit cell. In case of SmSr55
material, a relatively low quality data was collected, with a much
lower signal/noise ratio, indicating poor crystallinity of the sample.
Refinement of the crystal structure in orthorhombic Pbnm space
group gave acceptable results, however, data quality makes this
conclusion uncertain. For SmBa55 composition, tetragonal, A-site
double-perovskite structure was  observed, which could be very
well indexed with P4/mmm space group. An ordering present in
Sm–Ba sublattice is due to a major difference between the ionic

radii of the elements (Sm3+: 1.24 Å, Ba2+: 1.61 Å [19]) and is a known
feature of such compounds [20]. As could be seen in Fig. 1, a more
or less linear dependence of a normalized unit cell volume as a
function of average A-site cation radius was  observed. For such iso-

gen nonstoichiometry ı′ present in “as prepared” samples was evaluated from 1st

SmSr55 SmBa55

Pbnm P4/mmm
5.4039(3) 3.9107(1)
5.4270(4)

7.6536(5) 7.6597(2)
56.114(6) 58.573(5)
0.04 0.19

8; 11.4 0.775; 12.4; 9.7 0.777; 12.9; 10.0
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ig. 1. Normalized unit cell volume calculated from XRD measurements together
ith tolerance factors tBV and tg as a function of A-site average radius of cations.

alenece substitution, the deviation from a straight line indicates
xistence of some additional effects. In case of SmBa55, a visibly
igher than expected unit cell volume may  be associated with a
elatively high oxygen nonstoichiometry of the sample present at
T (Table 1). This effect, as well as the high temperature oxygen
onstoichiometry of the samples is discussed below. Calculated

BV values (Fig. 1) show monotonic dependence on A-site average
adius of cations. In case of tg a significantly lower, less than 1 values
ere obtained. Lower than expected tg value for SmBa55 sample
ay  be related to its double-perovskite structure and high values

f ı. Apart from it, an expected increase of tolerance factor with the
ncreasing A-site average radius of cations was observed.

Fig. 2 shows microstructure of LaSr55 powder indicating few-
icrometer grain size. Similar microstructure was observed for

ther materials. Despite poor crystallinity of SmSr55 sample, SEM
icrophotographs revealed almost identical microstructure also

n this case, which suggests atomic-scale disorder present in the
ample.

In Fig. 3, an evolution of normalized cell parameters of LaSr55 as

 function of temperature are presented. The high temperature XRD
ata strongly suggests existence of I4/mcm  structure of the sample
or T ≥ 400 ◦C. This in turn indicates a presence of a phase transition

ig. 2. SEM microphotograph of LaSr55 indicating few-micrometer size of the
btained powder.
Fig. 3. High temperature dependence of normalized unit cell parameters and unit
cell  volume of LaSr55 perovskite calculated from XRD measurements.

from the RT monoclinic I12/c1 phase (octahedra tilt type a−b−b−,
according to Glazer [21]) to the high temperature I4/mcm  phase
(a0a0c−). Due to the nature of the change of the octahedra tilt, such
phase transition must be of the first order type [20,22]. Further, pre-
cise neutron studies are required to unambiguously describe the
observed structural changes. Nevertheless, the observed unit cell
volume dependence on temperature is rather linear up to 600 ◦C. It
allows for a calculation of thermal expansion coefficient, TEC, which
equals 17.2 × 10−6 K−1 in RT–600 ◦C range. At higher temperatures
TEC increases, which indicates influence of chemical expansion
[23]. As the oxygen nonstoichiometry increases, the additional two
electrons left in the crystal by escaping oxygen are trapped on
higher valence cations and increase their radii. It is manifested by a
stronger unit cell volume dependence on temperature and conse-
quently higher TEC values [10]. This effect is responsible for higher
than expected unit cell volume of SmBa55 sample (Table 1), due to
a significantly high oxygen nonstoichiometry present in the sample
at RT.

In Fig. 4, thermogravimetric data (taken on the second run) of
a controlled reduction of LaSr55 perovskite in 0.1 H2 in Ar atmo-
sphere are presented. At around 700 ◦C a clearly visible plateau is
present. In the temperature range above 900 ◦C another plateau

appears. XRD studies performed on the reduced at 1000 ◦C material
indicate a decomposition of the sample into mixture of tetrago-
nal I4/mmm LaSrFeO4 and metallic Co. In Fig. 5, structural data
together with Rietveld refinement of such mixture are presented.

Fig. 4. Changes of LaSr55 mass observed on TG during controlled reduction in 0.1%
H2 in Ar atmosphere.
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surements for oxygen, this result can only be a supplementary one
to the TG results. Data presented in Fig. 6 allows to estimate an
enthalpy of formation of the oxygen vacancies for the measured
Fig. 5. XRD diffraction pattern of the reduced at 1000 ◦C LaSr55 sample.

eight percentage of LaSrFeO4 phase in the mixture was  refined
o be 88(3)%, which is in a relatively good agreement with a theo-
etical value of 83% for such decomposition. Therefore a two-step
eduction mechanism of LaSr55 may  be presented as follows:

a0.5Sr0.5Co0.5Fe0.5O3 → La0.5Sr0.5Co0.5Fe0.5O3−ı + ı/2O2↑,

 ≤ ı ≤ 0.5 (1)

a0.5Sr0.5Co0.5Fe0.5O2.5 → (1/2)LaSrFeO4 + (1/2)Co + (1/4)O2↑
(2)

alculation of the initial as well as the temperature dependence
f ı for LaSr55 can be done using the above equations. Accord-
ng to reaction (2),  the final oxygen content in the sample equals
o 2 moles per mole. Assuming that the observed mass loss of
he sample equal 7.3% at 1000 ◦C in relation to RT (Fig. 4) is only
ue to the oxygen, one may  calculate the initial oxygen content
resent in LaSr55. The obtained value equals 3.00 ± 0.01 mol  mol−1

ı = 0.00 ± 0.01 mol  mol−1), which agrees with previous mea-
urements [18]. Moreover, a quite good agreement of the
rownmillerite composition La0.5Sr0.5Co0.5Fe0.5O2.49 ± 0.01 can be
bserved. It must be pointed out that LaSrFeO4 phase may  as
ell possess deviation from the oxygen stoichiometry, but the

alculated unit cell parameters for this phase indicate rather sto-
chiometric composition. While the existence of Fe3+ containing
aSrFeO4 phase after reduction is somewhat surprising, it is clearly
roven by the XRD results and by lack of any changes of mass on
ooling from 1000 ◦C. Additionally, an attempt to structurally char-
cterize La0.5Sr0.5Co0.5Fe0.5O2.49 ± 0.01 material was made, however
t partially oxidized in air at room temperature. The obtained XRD
ata revealed existence of two-phase mixture containing ABO2.5
rownmillerite and ABO3−ı pseudo-cubic perovskite phases.

Analogous to the described above behaviour was observed for
mSr55 sample and it allowed for a similar calculation of the oxy-
en nonstoichiometry. However reduction of LaBa55 and SmBa55
aterials differed considerably. In these cases, multiphase systems
ith some unidentified phases were observed after reduction at

000 ◦C, suggesting different mechanism of reduction, comparing
o reaction (2).  Nevertheless, the first plateau, indicating presence
f the brownmillerite type phase was present also in these samples.

his plateau, which was ascribed to stoichiometric ABO2.5 compo-
ition, allowed for an estimation of the initial oxygen content in
aBa55 (ı = 0.00 mol  mol−1) and SmBa55 (ı = 0.16 mol  mol−1). The
resented results can be summarized that apart from SmBa55 all
Fig. 6. Temperature dependence of the oxygen nonstoichiometry ı in air for the
obtained perovskite oxides. Data calculated from TG measurements in air.

other samples have stoichiometric composition while very slowly
cooled to RT.

The initial values of ı together with slow TG runs performed
in air allowed for the calculation of temperature dependence of
absolute values of the oxygen nonstoichiometry. Data for all of
the obtained materials are gathered in Fig. 6. As can be seen, fair
overlap of the heating and cooling runs strongly indicates that
the obtained values represent the high temperature equilibrium
ı present in the samples. In case of LaSr55, a significant devia-
tion from the stoichiometry appears above 500 ◦C. For LaBa55 and
SmSr55 ı increases above around 400 ◦C. SmBa55 possesses high
oxygen nonstoichiometry at RT, it further increases at tempera-
tures above 300 ◦C. This high nonstoichiometry is directly related
to the crystal structure, as the oxygen position 1d (1/2, 1/2, 1/2)
in the unit cell, which is located in the plane of smaller cations
(Sm3+) is unfavourable in such double-perovskite [24]. Addition-
ally, oxygen content refinement from XRD data suggests similar,
high ı for SmBa55 sample, but due to a low sensitivity of XRD mea-
Fig. 7. Arrhenius-type plot for the calculation of the enthalpy of formation of the
oxygen vacancies at high temperatures. Equilibrium values of ı taken from TG mea-
surements in air.
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Fe cations, as well as because of the possible reaction of charge
ig. 8. High temperature electrical conductivity and Seebeck coefficient of LaSr55
erovskite.

erovskites (Fig. 7). It is worth noting an especially low value of
H equal 0.09 eV for SmBa55 composition. It may  be correlated
ith the above mentioned 1d oxygen position, which tends to

e highly unoccupied. Further, possibly neutron structural studies
re needed in order to determine temperature-induced changes of
ccupancy for all oxygen sites in this material. Summarizing oxy-
en nonstoichiometry results, one may  notice significant ı in the
00–800 ◦C range present for all samples, which should be benefi-
ial in terms of the application of these materials in IT-SOFC cells.
he high temperature oxygen nonstoichiometry increases in the
ollowing way: LaSr55 < LaBa55 < SmSr55 < SmBa55. It is worth not-
ng that it does not follow the unit cell volume dependence (Fig. 1).

In Figs. 8–11, the high temperature transport properties of the
btained materials are presented. Total electrical conductivity and
eebeck coefficient data are presented together, in Arrhenius-type
lot. As can be noticed, apart from SmBa55 sample, all other mate-
ials possess very high electrical conductivity, well above required
00 S cm−1 for the cathode materials. A corresponding, low, posi-

ive values of Seebeck coefficient were recorded. A characteristic

axima can be seen on � curves. They correspond well with the TG

ig. 9. High temperature electrical conductivity and Seebeck coefficient of LaBa55
erovskite.
Fig. 10. High temperature electrical conductivity and Seebeck coefficient of SmSr55
perovskite.

curves and therefore can be interpreted as a result of a formation
of the oxygen vacancies:

OO → VO
•• + 2e− + 0.5O2↑ (3)

Electrons created in the above process are trapped on the higher
valence 3d metals and, as a result, lower their average valence.
This in turn decreases [Men+][Me(n+1)+] product, and therefore low-
ers the effective carrier concentration of the hopping mechanism
[7]. Additional hindrance of the transport properties is due to a
break of Me–O–Me double exchange in case of the oxygen vacancy
presence. The ionic component of the electrical conductivity is too
low to have significant impact on the observed total values [4,25].
A corresponding increase of Seebeck coefficient, visible at higher
temperatures, can be interpreted as due to an increase of the pos-
itive component of  ̨ (hole transport). Additionally, ionic Seebeck
of mobile oxygen vacancies will add up to the observed values,
however, the magnitude of this effect is unknown. Unfortunately,
due to the existence of mixed valence, possibly for both Co and
disproportionation in case of Fe, more detailed description of the
transport properties would require knowledge of the charge and
spin state of 3d metals and is beyond scope of this research. In

Fig. 11. High temperature electrical conductivity and Seebeck coefficient of SmBa55
perovskite.
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ig. 12. Current density–voltage and corresponding power density characteristics
f IT-SOFC cells with LaSr55, LaBa55 and SmSr55 based cathodes. Measurements
ere performed at 800 ◦C.

ase of SmBa55 a significantly lower electrical conductivity and a
uch higher, positive values of Seebeck coefficient were observed

Fig. 11). This result can be expected taking into account high value
f ı, which decreases the average 3d metal valence down to +3.18
t RT. For other samples, the initial average valence should be close
o +3.5, assuming lack of the oxygen nonstoichiometry.

The presented above characterization of basic physico-chemical
roperties of Ln0.5A0.5Co0.5Fe0.5O3−ı (Ln: La, Sm;  A: Sr, Ba) oxides,
hich indicated high values of ı and high total electrical con-
uctivity, suggests that all of them can be possibly used as
athode materials in IT-SOFC cells. LaSr55, LaBa55 and SmSr55
ased cathode pastes were successfully applied and sintered on
e0.85Gd0.15O1.925 pellets. In case of SmBa55 perovskite, possibly
ue to an incompatibility of the thermo-mechanical properties, it
as not possible to obtain sintered cathode layer with good adhe-

ion to the electrolyte. In Fig. 12,  a typical current density–voltage
nd corresponding power density characteristics of IT-SOFCs with
aSr55, LaBa55 and SmSr55 cathodes are presented. The measure-

ents were performed at 800 ◦C. Despite identical construction,

ne may  observe significantly higher values of power density,
eaching about 230 mW cm−2, for the cell containing LaSr55 based
athode in relation to cells with LaBa55 or SmSr55 based cathodes.

ig. 13. Temperature dependence of calculated values of Rohm and Ra + Rc, based on
odel presented in Ref. [17]. The inlet figure shows typical results of impedance
easurements together with the refinement. [
rces 196 (2011) 7110– 7116 7115

Fig. 13 shows refined values of the temperature dependence of Rohm
(ohmic resistance) and Ra + Rc (total interfacial polarization resis-
tance) measured for LaSr55 based cell. The inlet in Fig. 13 shows a
typical impedance spectrum measured at 700 ◦C. Calculated acti-
vation energy of Rohm equals 0.79 eV and is in excellent agreement
with ionic conductivity data for Ce0.85Gd0.15O1.925 electrolyte [26].
In case of LaBa55 and SmSr55 based cells the calculated values of
ohmic resistance and total interfacial polarization resistance were
significantly higher: Rohm = 1.70 � cm2 and Ra + Rc = 1.80 � cm2 at
800 ◦C for LaBa55 cell; Rohm = 2.85 � cm2 and Ra + Rc = 2.03 � cm2 at
800 ◦C for SmSr55 cell. Apart from the cathode used, construction of
all of the cells was  identical. Because of that and due to the fact that
all of the cathode materials exhibit similar total electrical conduc-
tivity one may  assume that the observed high values of Rohm show
increased resistance on the between electrolyte and cathode layer.
This suggest thermo-mechanical incompatibility, particularly pres-
ence of chemical expansion for highly oxygen deficient samples,
which can significantly affect resistance between cathode layer and
electrolyte. This would also explain high values of total interfacial
polarization resistance measured for these cells. Further studies are
needed to clarify these results. Nevertheless, the obtained results
for LaSr55 suggest very good catalytic activity of this perovskite,
in relation to the oxygen reduction reaction, which takes place
at the cathode. While the performance of the constructed LaSr55
based cell was  rather not impressive, much higher power outputs,
especially above 700 ◦C (Fig. 13), could be expected for cells having
thinner electrolyte.

4. Conclusions

The performed characteristics of the physico-chemical prop-
erties of Ln0.5A0.5Co0.5Fe0.5O3−ı (Ln: La, Sm;  A: Sr, Ba) mate-
rials revealed distorted perovskite structure and high values
of the high temperature electrical conductivity in case of
LaSr55, LaBa55 and SmSr55 oxides. The oxygen nonstoichiom-
etry ı at high temperatures increases in the following way:
LaSr55 < LaBa55 < SmSr55 < SmBa55. The characteristic maxima
observed on the electrical conductivity dependence and corre-
sponding increase of Seebeck coefficient at high temperatures are
correlated to the increase of the oxygen nonstoichiometry. Con-
structed IT-SOFC cells with LaBa55 and SmSr55 based cathodes
exhibited high values of ohmic resistance and total interfacial
polarization resistance, possibly due to the thermo-mechanical
incompatibility. In case of LaSr55 based cell, relatively good per-
formance was measured, suggesting high catalytic activity of this
cathode material.
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