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A B S T R A C T

The electrochemical response of infiltrated La0.5Ba0.5CoO3-δ (LBC) in porous La0.8Sr0.2Ga0.8Mg0.2O2.8 (LSGM) has
been investigated. The thermal expansion coefficient (TEC) of the resulting electrode was measured, obtaining
α=12.5× 10−6 K−1, a value similar to that of LSGM. The polarization resistance (Rp) and the processes
involved in the oxygen reduction reaction (ORR) for the new electrode were studied and analyzed through
complex impedance spectroscopy measurements as a function of temperature and oxygen partial pressure (pO2),
using a symmetrical cell. The value of Rp for the infiltrated LBC turned out to be lower than that measured for an
electrode prepared with a composite LBC-LSGM (1:1 wt%) by an order of magnitude, for the temperature range
750 °C≤ T≤ 900 °C, and about 5 times lower for the temperature range 450 °C≤ T≤ 650 °C. At 600 °C, the LBC
infiltrated cathode exhibits a polarization resistance Rp =0.22Ω cm2, in air. The complex impedance spectra
show two processes, one identified as low frequency (LF),with a characteristic frequency of 10 Hz, and the other
as intermediate frequency (IF), with a range between 0.05 and 2000 Hz. The LF process could be associated to
the diffusion of oxygen in the gas phase through the pores of the electrode. Its resistance, RLF =0.01Ωc m2

, was
found to be independent of the temperature and half of that obtained for the LBC composite cathode. On the
other hand, the IF process is related to charge transfer at the electrode surface and the electrode-electrolyte
interface. The LBC cobaltite infiltrated in the LSGM scaffolds offers an adequate thermal expansion coefficient
and good electrocatalytic activity for the ORR.

1. Introduction

Solid oxide fuel cells (SOFCs) are highly efficient electrochemical
devices that convert chemical energy from fuel into electrical energy.
They are mainly formed by the ensemble of three different oxides, the
cathode, where the oxygen reduction reaction (ORR) takes place, the
electrolyte and the anode, where fuel is oxidized [1]. Traditionally
SOFCs operate at high temperatures, 800 °C ≤ T≤ 1000 °C, which al-
lows the use of unreformed hydrocarbon as fuels. However, in order to
become economically competitive, the operating temperature for SOFC
devices should be lowered to an intermediate range, 500 °C ≤
T≤ 800 °C. This will reduce sealing and degradation problems, che-
mical reactions between cell components and will allow the use of
cheaper materials, such as stainless steel, as interconnector material
[2]. It will also improve the response in the on-off cycles between the
ambient and the operating temperature. On the other hand, the polar-
ization resistance of the cell components increases with decreasing
temperature, deteriorating the cell performance, especially in the case

of the cathode [2,3].
Among cathode materials proposed for intermediate temperature,

mixed conductors oxides (MIEC) with the ABO3 perovskite structure,
containing rare or alkaline earth in the A site and cobalt in the B site,
have presented low polarization resistance (Rp) values [4–6]. In par-
ticular, the oxide with composition La0.5Ba0.5CoO3-δ (LBC) with cubic
or double perovskite structure has low polarization resistance values,
structural stability and good chemical compatibility with the electrolyte
material [7–12]. When LBC oxide is used as cathode with
La0.8Sr0.2Ga0.8Mg0.2O2.8 (LSGM) as electrolyte, chemical compatibility
up to 1100 °C was observed and power density values greater than
500mW/cm2 were obtained for the system anode/LSGM/LBC [13]. On
the other hand, as previously reported [7], the LBC oxide presents a
thermal expansion coefficient (TEC) of α≈ 25× 10−6 K−1, much
larger than that of LSGM (which have a TEC value α≈ 12× 10−6 K−1)
or Gd doped ceria (GDC) usually proposed as electrolyte material in
intermediate temperature SOFCs (IT-SOFCs). This TEC mismatch results
in poor adhesion and degradation problems which grow worse with
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temperature cycles. In order to reduce this difference, a mixture of the
electrolyte and LBC materials can be used to form either composites
[8,11] or compositionally graded cathodes [9]. In this last configura-
tion, the electrode composition gradually changes from that of the
electrolyte to the one corresponding to cathode material [7,9,14]. An-
other way of decreasing the difference in TEC values between cathode
and electrolyte is to prepare an electrode by infiltrating the cathode
material into a skeleton of the electrolyte material [15,16]. Several
infiltration processes have been successfully developed and have shown
to improve the performance and stability of the SOFC cell [17–20]. The
utilization of an infiltrated electrode reduces the TEC mismatch, allows
control of the particle size by selecting the calcination temperature
[21], avoids reactivity between the electrode and the electrolyte if a
low heat treatment temperature (400–1000 °C) is used [22], increases
the electrode-electrolyte charge transfer surface compared to that cor-
responding to an electrode deposited on a flat electrolyte surface and,
finally, thin dense electrolytes (< 50 µm) can be prepared by a simple
technique, such as co-pressing, in which the skeleton is used as support
[23].

The performances of infiltrated electrodes, the processes involved
during the ORR and the deterioration of the cathode performance over
time are usually studied by complex impedance spectroscopy mea-
surements in symmetrical cells. Wang et al. [24] observed that the
polarization resistance due to charge transfer processes at gas/electrode
surface and electrode/electrolyte interfaces in double perovskite
PrBaCo2O3-δ (PBC) infiltrated in Ce0.9Sm0.1O1.95 (SDC) was lower than
that observed in a PBC+SDC composite electrode [25]. Han et al. [26]
identified three limiting processes in a cathode prepared with
SmBa0.5Sr0.5Co2O5 + δ (SBSC) infiltrated in a LSGM backbone: a) the
charge transfer in the electrode-electrolyte interface, b) the charge
transfer at the SBSC surface and c) the oxygen molecule diffusion in the
gas phase, corresponding to the high, medium and low frequency
ranges, respectively. In this case, the largest polarization resistance was
obtained for the electronic charge transfer to adsorbed oxygen atoms on
the electrode surface.

Previous studies of our group on LBC electrodes prepared as a
composite with GDC [8] or as a graded cathode [9], have yielded a very
low polarization resistance value, Rp ~ 0.075Ω cm2 at 600 °C, which is
close to the lowest values reported in the literature [3]. Thus, based on
these positive results and considering the advantages of the infiltration
technique we prepared electrodes by infiltrating LBC in LSGM scaffolds
in order to evaluate their electrochemical performances as cathodes for
the ORR. The cathode response was evaluated by electrochemical im-
pedance measurements on symmetrical cells as a function of tempera-
ture and oxygen partial pressure (pO2). The limiting processes of the
ORR were analyzed and identified. The performance of the infiltrated
LBC electrode was compared with that corresponding to an electrode
prepared with a composite of LBC+LSGM.

2. Experimental

LSGM powder was prepared by solid-state reaction using required
amounts of La2O3, previously dried overnight at 1000 °C, SrCO3, Ga2O3

and MgO. Raw materials were mixed using a jar mill with ethanol and
5mm diameter ZrO2 balls during 8 h and then calcined at 1000 °C for
12 h. The resulting powder was milled for 24 h and calcined at 1400 °C
for 24 h in air. This procedure was performed twice. The cobaltite LBC
was prepared by solid state reaction following the procedure previously
reported [7]. The electrodes of the symmetrical cells for impedance
spectroscopy measurements were prepared infiltrating the LBC pre-
cursor solution into the porous LSGM skeleton. The cell with the
porous/dense/porous electrolyte configuration was fabricated using the
co-pressing technique. The electrode skeletons were prepared mixing
soluble starch as pore former with LSGM in a 40:60 wt% ratio in iso-
propyl alcohol using a agate mortar. The three electrolyte layers starch
+LSGM/LSGM/starch+LSGM were pressed uniaxially at 100MPa and

Fig. 1. Relative length change ΔL/L0 as a function of temperature for LBC,
composite LBC+LSGM, infiltrated LBC in LSGM backbone and dense LSGM.

Table 1
TEC values.

T (°C)

100–350 400–900 100–900

LBC 20.3 29.3 26.4
Composite 13.9 17.4 16.2
Infiltrated 10.6 13.7 12.5
LSGM 11.1 12.5 12.0

Fig. 2. Complex impedance spectra for infiltrated LBC electrodes. These im-
pedance spectra were measured at T=600 °C, in ambient air, after the elec-
trode was heat treated at various temperatures between 600 and 1000 °C.
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sintered for 6 h at 1350 °C. The density of the LSGM scaffolds was ob-
tained by measuring the dimensions and weight of a porous sintered
pellet with the equal ratios of starch and LSGM using in the electrode.
Thus, the density was estimated to be 33%. The precursor solution of
LBC was prepared dissolving stoichiometric amounts of La2O3, pre-
viously dried overnight at 1000 °C, BaCO3 and Co(CH3COO)2.4H2O in
acetic acid. Small amounts of water and hydrogen peroxide were added
to the solutions, which were refluxed at T ∼ 80 °C until a clear solution
was obtained. The solvents were then evaporated to obtain a solution
with a concentration of 1.3mol/l. A micro-liter syringe was used to
infiltrate 50 µl of the LBC precursors solution into each side of the LSGM
backbone. The final amount of infiltrated LBC into the electrodes was ̴
14 wt%, calculated from the weight difference of the backbone before
and after infiltration. A composite LBC/LSGM in a 1:1 wt ratio was
prepared using materials obtained by the solid state reaction method.
The ink for spray deposition was prepared by mixing the corresponding
ceramic powder with ethanol, α-terpineol, polyvinyl butyral and
polyvinyl pyrrolidone in 40:30:27:2:1 wt% ratio. The deposition onto
the LSGM electrolyte was carried out using an airbrush. Subsequently
the electrode was heat treated at T=950 °C/1 h, in air.

The variation of the linear expansion with temperature was mea-
sured on cylindrical samples of approximately 5.0 mm diameter and
7–10mm height, using a LINSEIS L75PT Series dilatometer. All the
samples were heated up to 900 °C at 5 °C/min, and, after a 1 h dwell,
were cooled to room temperature at a rate of 1 °C/min. They were then
once again heated to 900 °C at a rate of 1 °C/min, in air. Experimental
data were corrected using Al2O3 as a standard.

The impedance spectroscopy measurements were carried out in
flowing air (100ml/h), in the temperature range 400 °C ≤ T≤ 900 °C

by steps of 50 °C. The data acquisition was performed by an Autolab
system PGSTAT-30 coupled to a module FRA2 in a frequency range of
1MHz and 10−3 Hz. An AC signal of 10mV was applied to the cell,
under zero DC polarization. Pt grids, slightly pressed on the porous
electrodes using a mullite tube, were used as current collectors.
Impedance diagrams were analyzed using Z-view2 software [27]. The
microstructure and thickness of the porous layers and interfaces were
characterized by scanning electron microscopy (SEM) using a Zeiss
Electron Beam SEM-Supra 40.

3. Results and discussion

3.1. Thermal expansion

Fig. 1 shows the ΔL/L0 vs. T curves for the LBC oxide, the composite
LBC+LSGM in a 1:1 wt% ratio, the LBC-impregnated LSGM scaffolds
and dense LSGM, being ΔL the change in length of the sample and L0 its
initial length. The total expansion values determined at various tem-
perature are shown in Table 1. The TEC values obtained for LBC and
LSGM were 26.4×10−6 K−1 and 12.0×10−6 K−1, respectively,
which are similar to those reported in the literature [13,28], while for
the composite LBC+LSGM the TEC coefficient was 16.2× 10−6 K−1.
In the case of the pellet prepared by impregnating LBC in the porous
skeleton of LSGM the obtained value was 12.5× 10−6 K−1, slightly
higher than that of the dense LSGM electrolyte. This result is similar to
those reported for various cobaltites infiltrated electrodes [29]. Thus,
the use of an electrode prepared with the infiltration technique virtually
eliminates the mismatch in the linear expansion between the cobaltite
and LSGM. Assuming there are no sintering effects in the linear

Fig. 3. SEM micrographs of the electrode cross section with different magnifications for LSGM backbone (a-c) and infiltrated LBC in LSGM backbone heat-treated at
1000 °C (d-f) and 600 °C (g-h).
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expansion data of our samples, no difference should be expected for the
TEC value of the porous scaffold and the dense samples of LSGM. This
effect is observed in Table 1 and Fig. 1, where a slight variation in the
TEC value for the LBC infiltrated LSGM sample compared to LSGM, is
observed.

3.2. Complex impedance

3.2.1. Thermal treatment of the infiltrated electrode
Fig. 2 shows the evolution of the complex impedance spectra

measured at 600 °C, in air, after the symmetrical cell with infiltrated
LBC electrodes being heat treated sequentially between 600 °C and
1000 °C. The polarization resistance (Rp) measured at 600 °C decreases
as the heat-treatment temperature increases, reaching its minimum
value, Rp=0.22Ω cm2, when treated at 900 °C. This temperature is the
same previously obtained for graded cathodes prepared with LBC and
GDC [9]. The Rp value rapidly decreases as the heat treatment tem-
perature increases up to 900 °C and slowly increases for T > 900 °C.

Fig. 3a-c show SEM images of the LSGM scaffolds heat treated at
1350 °C with various magnifications, while Fig. 3d-f and g-i show the
infiltrated LBC electrodes of the symmetrical cells heat treated at 900
and 600 °C, respectively. The electrodes were ~ 100 µm thick and
uniform (see Fig. 3d and g). As seen from the SEM images, the pores of
the LSGM skeleton are greater than 5 µm. The particle size was lower
than 100 nm for the impregnated LBC heat treated at 600 °C, and lower
than 500 nm for that heat treated at 900 °C. Noteworthy, the lowest Rp
value was obtained for infiltrated cobaltite with larger particle size than
those of the electrodes heat treated at T < 900 °C. This result indicates
that not only large specific area but also connectivity between the co-
baltite and the electrolyte are relevant parameters [8,9]. In addition,
previous studies have shown that LBC cobaltite heat treated in the
temperature range 600 °C ≤ T≤ 800 °C is formed by a mixture of the
cubic perovskite with a hexagonal phase that evolves to the cubic
perovskite at 900 °C [7,9]. Thus, the lowest Rp value is due to the
higher formation of the cubic phase fraction, good adhesion of LBC
particles to the LSGM electrolyte backbone and a large specific area.

Fig. 4. Variation of the impedance spectra with temperature in the range 450 °C ≤ T≤ 850 °C for a) LBC infiltrated in LSGM and b) LBC+LSGM composite
electrodes. The solid line corresponds to the fit of the experimental data. The logarithm of the frequency is indicated in the Figure. Figure c shows the equivalent
circuit used for fitting impedance data. The symbols correspond to the experimental and the solid line to the data fit by the equivalent circuit.
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Furthermore, infiltrated LBC particles require connectivity to achieve
electronic percolation through the electrode. As was reported, the
electrical conductivity of the LBC cubic phase is higher than 1000 S/cm,
in air, at intermediate temperature [13,30]. This value is high com-
pared to other cathodes such as Ba0.5Sr0.5Co0.8Fe0.2O3-δ whose electrical
conductivity value is< 40 S/cm [31]. On the other hand the formation
of secondary phases due to the reaction of LBC with LSGM are expected
at temperatures above T= 1100 °C [13].

3.2.2. ORR limiting processes for LBC infiltrated electrode
The identification of the limiting processes during the ORR at the

cathode electrode was performed by complex impedance spectroscopy
measurements. The impedance spectra supply information about the
variation of several parameters related with the performance of the
cathode of the SOFCs, which is very useful in order to design a suitable
cathode material [32]. Impedance measurements were carried out in
the temperature range 450 °C ≤ T≤ 850 °C, while the oxygen partial

pressure (pO2) range during measurements was varied in the 5×10−4

≤ pO2 ≤ 1 atm range. Fig. 4a and b show the impedance spectra for the
LBC infiltrated LSGM backbone and a LBC-LSGM composite electrodes,
respectively. The Rp value for the infiltrated LBC electrode was found to
be lower than that of the composite LBC+LSGM electrode in the whole
temperature range, being almost one order of magnitude lower at
T≥ 650 °C and about 5 times smaller at T≤ 550 °C. The Nyquist plot of
impedance spectra at low temperatures shows only one arc whose
maximum frequency increases with temperature increment. This be-
havior was also found in other cathode materials, as we reported in
previous works [9] with a apex frequency in the range 0.1–103 Hz. As
described below, the apex frequency lower bound of this arc results
somewhat lower than that reported in previous papers [9], however, as
the electrochemical processes involved are the same we decided to keep
the name of intermediate frequency (IF) used in previous works for this
arc. At 750 °C ≤ T≤ 850 °C a second arc appears in the low frequency
range of the spectra. The behavior of this arc is similar to the con-
tribution we denominated low frequency (LF) in previous papers [9],
although the apex frequency (10–20 Hz) is slightly larger than that
obtained in those works (2.5–3.5 Hz). Regardless of this behavior, we
kept the name of this arc as LF contribution. The impedance spectra
were analyzed by fitting the experimental data with an equivalent
circuit consisting of a pure resistance (R) in series with an inductance
(L) representing the resistance of the electrolyte and the inductance of
the cables in the experimental setup, respectively. In addition, (Ri,CPEi)
elements formed by a resistance Ri in parallel with a constant phase
element CPEi =1/(B(j2πf)p), where B is a constant, p a parameter that
may change from p=1 for a pure capacitor to p=−1 for a pure in-
ductance, and f the frequency of the signal, were added depending on
the temperature range, as indicated in Fig. 4c. For the temperature
range 400 °C ≤ T≤ 700 °C, we added the (RIF, CPEIF) element in series
to describe the IF contribution, while for the temperature range
700 °C<T≤ 850 °C the elements (RIF, CPEIF) and (RLF, CPELF) were

Fig. 5. a) Arrhenius plots of the polarization resistances Rp, RLF and RIF ob-
tained for infiltrated LBC in LSGM backbone and composite LBC+LSGM elec-
trodes. b) and c) display the Arrhenius plots for the apex frequency and the
capacitance, respectively, for the IF and LF contributions of the impedance
spectra.

Fig. 6. Variation of the impedance spectra as a function of pO2 at 800 °C for
infiltrated LBC in LSGM electrode.

Table 2
Polarization resistance process and its associated parameter
n for Rp = K pO2

n.

Rp process n

O−
ad + e− + V••

O ↔ Ox
O − 0.25

O2 + 2e− ↔ 2O−
ad − 0.5

O2 ↔ O2,ad − 1
O2 gas diffusion − 1
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added to reproduce the IF and LF contribution, respectively. The fit to
the experimental data using these equivalent circuits are shown in
Fig. 4a and b. The Arrhenius plots of the total polarization resistance Rp
and those for each process Ri, the apex frequency fi and the capacitance
Ci with i= IF and LF obtained for the LBC impregnated and
LBC+LSGM composite electrodes are shown in Fig. 5a-c. At low and
medium temperatures the total polarization resistance is controlled by
RIF while at high temperature RLF has a slight influence. Thus, the ac-
tivation energy value (Ea) for Rp is the one obtained for the IF process
for both electrodes, Ea ≈ 1.10 eV, which is in the range (1.06–1.20 eV)
of the activation energy values reported by Zhan et. [18], using co-
baltites (La0.8Sr0.2CoO3-δ, La0.58Sr0.4Co0.2Fe0.8O3-δ and
SmBa0.5Sr0.5Co2.0O5+δ) infiltrated in ZrO2 doped with Ce and Sc. It can
be seen that RLF shows little or no variation with temperature for both
electrodes, as well as its apex frequency and capacitance, whose values
remain in the ranges 10 Hz ≤ fLF≤ 20 Hz and 0.5 F/cm2 ≤ CLF ≤ 2 F/
cm2, respectively. On the other hand, the polarization resistance values
for the IF contribution show a pronounced dependence on temperature,
with the characteristic frequency varying from 0.05 to 2000 Hz when
the temperature increases from 450 to 850 °C. The activation energies
(Ea) for RIF turned out to be 1.10 (0.02) and 0.78 (0.02) eV for the
infiltrated and the composite electrode, respectively, as shown in
Fig. 5a. These values, which represent the main contribution to the total
polarization resistance Rp, are in the range of those reported in the
literature [9,30,33]. Impedance measurements were performed at
T= 500, 650 and 800 °C varying pO2 for both the infiltrated LBC and
the composite LBC+LSGM cathodes. The Nyquist diagrams at 800 °C
and various pO2 values for the infiltrated electrode are shown in Fig. 6.
The analysis of the polarization resistance data performed with the
power law:

= ×R K pO n
2 (1)

where n is a parameter related to the species involved in the reaction
and the process responsible for the polarization of the electrode. The
electrochemical processes taking place during the oxygen reduction
reaction at the cathode and the value of the parameter n for each of
them are listed in Table 2 [9,33–35]. The value n≈− 0.25 is asso-
ciated with the charge transfer and reduction of the adsorbed atomic
oxygen followed by the incorporation of the oxygen ion at the elec-
trode, n≈− 0.5 is related to the dissociation of the oxygen molecule at
the electrode surface and finally a value of n≈− 1 is associated with
the molecular adsorption of oxygen at the electrode surface [9,33–35].
Fig. 7 shows the variation of the polarization resistances RlF and RLF

with pO2 at various temperatures. In both cases, the polarization re-
sistance decreases as the pO2 increases, although the slope of the log
(Ri) vs. log (pO2) curves for Ri = RLF is clearly more negative than that
for RIF. The values for the parameter n, obtained from the linear fit of
the log (Ri) vs. log (pO2) data points, are listed in Table 3.

As mentioned above, the polarization resistance RLF varies slightly
with temperature, this is also true for the apex frequency and the ca-
pacitance whose values were in the ranges 5≤ f ≤ 20 Hz and 0.5≤ C
≤ 2 F/cm2, respectively. Also, the parameter n in Eq. (1) for RLF was
systematically found to be close to − 1 (see Fig. 7 and Table 3) re-
gardless of the temperature. Moreover, this value was obtained for both
cathodes, the LBC-impregnated LSGM and the LBC+LSGM composite.
These data suggest the LF contribution can be associated with the dif-
fusion of oxygen in the gas phase through the electrode pores [9,33,34].
The RLF value obtained for the infiltrated LBC in LSGM electrode, RLF

≈ 0.01Ω cm2, is lower than the value obtained in this work for the
composite LBC+LSGM electrode, RLF ∼ 0.03Ω cm2, and also lower
than the RLF reported in a previous work [9] for cathodes prepared with
a composite LBC+ GDC or with a configuration of graded composition
of LBC and GDC [9]. This difference could be related to the larger pore
size of the infiltrated electrode, where soluble starch was used as pore
former, compared to that of the LBC+LSGM composite layer, where
pores were formed by additives included in the formation of the ink

Fig. 7. Variation of Rp, RLF, and RIF as a function of pO2 for infiltrated LBC in
LSGM and composite LBC+LSGM electrodes at a) 500 °C, b) 650 °C, and c)
800 °C.

Table 3
Parameter n.

T (°C)

Cell-Process 500 650 800

Composite - IF − 0.13 (0.02) − 0.07 (0.01) − 0.16 (0.01)
Infiltrated - IF − 0.19 (0.02) − 0.18 (0.02) − 0.27 (0.02)
Composite - LF − 1.02 (0.32) − 0.96 (0.11) − 0.98 (0.10)
Infiltrated - LF − 0.81 (0.14) − 1.03 (0.09) − 0.92 (0.10)
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used for spray deposition (α-terpineol, polyvinyl butyral and polyvinyl
pyrrolidone) [9] giving place to a more uniform and smaller pore size
distribution compared with the case of the infiltrated electrode. In
contrast, as we described above, the polarization resistance due to the
IF arc was found to be thermally activated with an activation energy of
1.10 and 0.78 eV for the LBC infiltrated LSGM and LBC+LSGM com-
posite electrodes, respectively. The apex frequency changes from 0.05
to 2000 Hz and the capacity from 1×10−3 to 0.2 F/cm2 when the
temperature increases from 450 to 850 °C. The values of the parameter
n obtained from the slope of the log (R) vs. log (pO2) curves using Eq.
(1) were found in the range − 0.3≤ n≤−0.1. For the composite
LBC+LSGM electrode, the parameter n resulted − 0.1, while for the
infiltrated LBC electrode it was determined in the range
− 0.18≥ n≥−0.27 (see Table 3), which is close enough to
n=−0.25 to associate the IF contribution with the charge transfer at
the electrode surface for the reduction of the oxygen atom and the in-
corporation of the oxygen ion into the bulk (see Table 2). In the case of
the LBC+LSGM composite electrode the parameter n turned out to be
around − 0.1, which indicates that the charge transfer process at the
electrode/electrolyte interface coexists with the electronic charge
transfer plus the oxygen ion incorporation at the electrode surface
[33,36,37]. We speculate, this difference could be associated to a larger
electrode/electrolyte interface area for the infiltrated electrode com-
pared to the electrode prepared with the composite.

4. Conclusions

An infiltrated LBC in porous LSGM scaffold cathode was prepared.
The optimum heat treatment temperature was T=900 °C with a value
of Rp =0.22Ω cm2 at 600 °C. SEM microscopy showed that at
T= 900 °C the particle size of the infiltrated LBC is< 500 nm. The
infiltrated LBC suppress the mismatch in the linear expansion between
the cobaltite αLBC = 12.5×10−6 K−1 and the electrolyte, αLSGM

= 12.0× 10−6 K−1. The limiting processes for the ORR were analyzed
by complex impedance spectroscopy. Two processes were identified,
these were denominated intermediate frequency (IF) and low frequency
(LF), in agreement with previous works [9]. The polarization resistance
of the LF process showed a slight dependence on temperature and the
slope of the log (RLF) vs log pO2 data was n=− 1, which corresponds
to the diffusion of the oxygen molecule in the pores of the electrode. For
the infiltrated electrode RLF turned out to be half the value obtained for
the LBC-LSGM composite electrode, which could be associated to dif-
ferences in the pore size among both electrodes. On the other hand, the
behavior of the IF contribution suggests it is related, in the case of the
infiltrated electrode, to the electronic charge transfer for oxygen re-
duction at the surface of the electrode and to its incorporation into the
lattice and, to a mixture of the former processes and the charge transfer
at the electrode/electrolyte interface, in the case of the composite
electrode. Clearly, the polarization resistance of the infiltrated electrode
LBC in LSGM is smaller than that of the electrode prepared with the
composite LBC+LSGM, which suggests that mixed conductor oxide
infiltration is a remarkable technique for preparing the cathode elec-
trodes in SOFC.
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