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The electrochemical properties of (La0.6Sr0.4)0.995Co0.2Fe0.8O3-δ (LSCF) and LSCF-gadolinium-doped ceria (CGO) composite 
electrodes towards oxygen reduction were studied by impedance spectroscopy in a symmetric cell configuration using yttria-
stabilised zirconia (YSZ) as electrolyte and a CGO buffer layer between the electrode and the electrolyte materials. The best 
polarisation resistance values were obtained for a LSCF-CGO (60/40, wt.%) composite with values ranging between 0.07 
and 0.4 Ωcm2 in the temperature range of  650-775ºC. The effect of the CGO buffer on the polarisation resistance of the LSCF 
electrode and the series resistance of the symmetrical LSCF/YSZ cell was also investigated. In addition, X-ray diffraction 
analysis was carried out to study the chemical compatibility between LSCF, YSZ and CGO materials. 
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Efecto de una capa intermedia de Cgo en el Rendimiento de (La0.6Sr0.4)0.995Co0.2Fe0.8o3-s como cátodo en pilas SoFC con YSz

Las propiedades electroquímicas de los electrodos (La0.6Sr0.4)0.995Co0.2Fe0.8O3-δ (LSCF) y composites de LSCF con ceria dopada 
con gadolinio (CGO), respecto la reacción de reducción del oxígeno, fueron estudiadas mediante espectroscopía de 
impedancia usando una configuración de celda simétrica, con circonia estabilizada con itria  (YSZ) como electrolito y CGO 
como capa de protección entre el material de electrodo y electrolito. Los mejores valores de resistencia de polarización fueron 
obtenidos para el composite LSCF-CGO (60/40, % en peso) con valores comprendidos entre 0,07 y 0,4 Ωcm2 para el rango de 
temperaturas de 650-775ºC. El efecto de la capa intermedia de CGO sobre la resistencia de polarización del electrodo LSCF 
y la resistencia en serie de la celda simétrica LSCF/YSZ fue también investigado. La compatibilidad química de LSCF, YSZ 
y CGO se ha estudiado mediante difracción de rayos X.  

Palabras clave: Capa intermedia de CGO, Cátodo, LSCF, MIEC, Resistencia de polarización, SOFC

1. IntRoduCtIon

Solid oxide fuel cells (SOFCs) are electrochemical power 
generation devices characterised by high-energy conversion 
efficiency, low pollution and fuel flexibility (1). However, 
typical SOFCs operate at 1000ºC, and the elevated temperature 
introduces a series of problems such as sintering of the 
electrodes and high reactivity between the cell components. 
For these reasons, there is a considerable research interest in 
reducing the operating temperature of SOFCs in the range 
from 500 to 800°C because this would imply the use of 
inexpensive metallic materials, rapid start-up and shut-down, 
minimisation of thermal degradation and reactions between 
the cell components (2). However, resistive losses across the 
solid electrolyte and electrode overpotentials increase with 
the drop of the operation temperature. Different approaches 
to minimize resistive losses across the electrolyte have been 
adopted such as replacing the state-of-the-art yttria-stabilized 
zirconia (YSZ) by alternative solid electrolytes e.g. doped-
ceria with higher ionic conductivity, and using thinner solid 
electrolytes. The vast majority of the thin film SOFCs use 

YSZ as electrolyte, because YSZ is characterised by good 
chemical and mechanical stability with high quality raw 
materials available (3,4). Assuming that the electrolyte should 
not contribute more than 0.15 Ωcm2 to the total cell area-
specific resistance (5), in thin film form, the thickness of the 
YSZ-film should be 10-15 μm in order to operate at 700ºC. 
YSZ film of 10-15 μm can be reliably mass-produced using 
relatively cheap ceramic fabrication routes. Therefore, it seems 
reasonable to study the YSZ-based systems for applications at 
700ºC. Otherwise, it is unlikely that YSZ-based systems will 
operate below 700ºC because the intrinsic resistance of the 
material becomes too high. For lower temperatures, alternative 
electrolytes with higher oxygen ion conductivity can be 
considered as aforementioned e.g. doped lanthanum gallate 
or doped-ceria  materials, although these might introduce new 
difficulties such as higher reactivity, electronic conductivity, or 
thermal expansion mismatch (3).

On the other hand, one of the major problems of decreasing 
the operation temperature, apart from the enhanced ohmic 
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losses at the electrolyte, is the increase of the cathodic 
overpotential. Hence, new cathode materials with low 
polarisation resistance must be developed (6). The mixed 
ionic electronic conductors (MIECs) based upon LaCoO3, 
particularly those substituted with Sr and Fe on La and 
Co sites respectively, i.e. La1-xSrxCo1-yFeyO3-δ, have attracted 
great interest due to their high catalytic activity towards the 
oxygen reduction, high electrical conductivity and superior 
surface oxygen exchange and bulk diffusion compared to 
those of conventional Sr-doped LaMnO3 cathodes (7-15). The 
properties of these cobalt-ferrites depend on their composition, 
namely the combination of x and y (16,17). La0.6Sr0.4Co0.2Fe0.8O3-δ 
(LSCF) is usually the preferred composition for a good 
compromise between conductivity, catalytic activity, thermal 
expansion coefficient (TEC) and reactivity with the electrolyte 
(8). Nevertheless, area-specific resistance values from 0.07 to 
0.7 Ωcm2 for pure LSCF or LSCF-CGO composite have been 
reported by different authors using YSZ as electrolyte at 700ºC 
(11). Wang and Mogensen (8) reported polarisation resistance 
values of 0.6 Ωcm2 at 600ºC and 0.12 Ωcm2 at 700ºC on YSZ 
electrolyte coated with a thinner layer of CGO. Furthermore, 
these authors found a similar value on YSZ electrolyte directly 
without a buffer layer, i.e. 0.13 Ωcm2 at 700ºC. In fact, they 
concluded that the LSCF cathode may be used directly on the 
YSZ electrolyte without CGO coating, although in this case 
the operation temperature must be below 800ºC according 
to an ageing study of the LSCF-CGO composite cathode on 
YSZ electrolyte. The results showed modest increase of the 
polarisation resistance and no obvious increase of the serial 
resistance after 180 h of operation at 800ºC. The aim of this 
work is to investigate further the polarisation resistance of 
LSCF on YSZ with and without a CGO-buffer layer, including 
a 360 h test at 700ºC.

2. ExpERImEntaL pRoCEduRE 

Commercial powders of (La0.6Sr0.4)0.995Co0.2Fe0.8O3 (LSCF), 8 
mol% Y2O3 in ZrO2 (YSZ) and Ce0.8Gd0.2O2-δ (CGO) supplied 
by Fuel Cell Materials, Pi-KEM and Praxair respectively, have 
been used  to prepare the symmetric electrode cells with dense 
YSZ electrolytes (98-99% of theoretical density) as described 
in Ref. 18. The surface area of the LSCF starting powders was 
6.1 m2g-1, whereas two different CGO powders were used to 
prepare various LSCF-CGO composites, one characterised by 
a low surface area, i.e. 4 m2g-1 (CGO-4) and the second with 
high surface area, i.e. 200 m2g-1 (CGO-200). Slurries of the 
LSCF, CGO and LSCF-CGO composites (10, 25, 40 and 50 wt.% 
of CGO) were prepared using DecofluxTM as organic vehicle. 
CGO-4 (low surface area) buffer layers were coated on both 
surfaces of the YSZ dense pellets and fired at 1100-1300ºC for 
2 h. It should be mentioned that using CGO-200 (high surface 
area) to prepare a buffer layer implied a firing temperature 
above 1200ºC in order to ensure an adequate adherence, 
consequently the use CGO-200 to fabricate the buffer layer 
was discarded and was only used to prepare LSCF-CGO 
composites. Therefore, when CGO buffer layer is mentioned, 
this is comprised of CGO-4.

A thin layer of the LSCF slurry was coated directly on 
both sides of the electrolyte or on the CGO buffer layers, 
with 0.24 cm2 of electrode area, and then fired at 800-1000ºC 
for 2 hours in air. The thickness of the electrode layer after 

firing was in every case about 20-30 μm. Porosity, adherence 
and microstructure of the deposited electrodes were studied 
by scanning electron microscopy (SEM) (JEOL JSM-6300) 
revealing an average porosity of ~30%. The current collector 
was formed by coating platinum paste on both sides of the 
pellets and then fired at 800ºC for 1 h. Another electrodes were 
prepared using the different LSCF-CGO-composites slurries 
on the CGO buffer layers and fired at 900ºC for 2 h, which 
was the appropriate temperature, taking into account the 
lower polarisation resistance of the LSCF/CGO/YSZ system 
fired at different temperatures i.e. 825-1000ºC (explained in the 
Results and Discussion section). 

The overall conductivity of LSCF and the area-specific 
resistance (polarisation resistance) of the electrode materials 
was measured by the Van der Pauw method and electrochemical 
impedance spectroscopy respectively as described in Ref. 19 
and 20.  The ASR was determined from the impedance spectra, 
where the highest frequency intercept is due primarily to the 
electrolyte resistance usually named serial resistance (Rs), 
while the difference between the high and low frequency 
intercepts on the real axis (Z´) is associated to the electrode 
contribution. 

X-Ray diffraction analysis (Panalytical X´Pert Pro 
diffractometer equipped with a primary monochromator, 
CuKα1 radiation, and the X´Celerator detector) was also 
carried out to investigate the crystal structure and chemical 
compatibility of LSCF with YSZ and CGO oxides. Regarding 
reactivity, powder mixtures of LSCF with the corresponding 
oxide, YSZ or CGO, in a 1:1 ratio  (wt.%), were ground in an 
agate mortar and fired at 700, 900 and 1200ºC for 10-20 h in 
air, cooled down to room temperature and studied by XRD. 
Chemical compatibility between the YSZ electrolyte and the 
CGO-buffer material was also studied following the same 
procedure. In this case, the YSZ-CGO mixture was fired at 700-
1400ºC for 10 h. The XRD patterns were collected with a 0.016º 
step in the 2θ angular range 15-120º and acquisition time of 3 
h. Profile matching of the XRD patterns was performed using 
FullProf and WinPlotr programs (21). Phase identification was 
performed with X’Pert HighScore Plus v.2.0a software using 
the ICSD database (22, 23).

3. RESuLtS and dISCuSSIonS

3.1. x-ray diffraction analysis

The XRD pattern for (La0.6Sr0.4)0.995Co0.2Fe0.8O3-δ 
 powders 

sintered at 900ºC, shown in Fig. 1, was refined in a rhombohedral 
crystal symmetry, space group R3c  with cell parameters a= 
5.4916(2) Å and c= 13.3683(6) Å, which is in agreement with 
the literature data (24-26). 

Regarding the chemical compatibility between LSCF oxide 
and YSZ and CGO, XRD patterns at room temperature, 
700, 900 and 1200ºC of the binary-mixed-systems LSCF-YSZ 
and LSCF-CGO are shown in Fig. 2a and 2b respectively. 
Additional diffraction peaks assigned to SrZrO3 phase were 
found after firing the LSCF-YSZ mixture at 900ºC (Fig. 
2a) indicating a reaction between LSCF and YSZ which is 
stronger as the temperature increases. Indeed, after firing at 
1200ºC some new diffraction peaks, which may be ascribed 
to CoFe2O4, LaFeO3 and SrCoLaO4, were identified. The high 
reactivity of LSCF with YSZ could influence negatively in the 
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performances of the YSZ-based cells due to the need of high 
temperatures to fix the electrode material to the electrolyte 
with an adequate adherence. On the contrary, no additional 
diffraction peaks can be observed in the LSCF-CGO system 
after firing the mixture at 900ºC for 10 h, Fig. 2b, revealing that 
LSCF cathode has a good chemical compatibility with the CGO 
material, although the diffraction peaks for LSCF at 1200ºC are 
shifted towards higher angles compared to the origin position 
at 900ºC, and this seems to indicate cation interdifussion 
between both materials. Consequently, an optimisation of the 
firing temperature for fixing the LSCF material on the CGO 
buffer layer was envisaged, and the results will be discussed 
in the next section. On the chemical compatibility between 
CGO and YSZ, see Fig. 2c, a CGO-YSZ solid solution starts to 
be formed at 1200ºC giving rise to a single phase at 1400ºC, 
thereby an appropriate firing temperature should be also 
chosen to fix the CGO buffer on the YSZ electrolyte as (Zr,Ce)
O2-based solutions exhibit much lower ionic conductivities 
than CGO and YSZ and this may affect the performance of 
the cell (27). 

Another issue to be considered is the mechanical 
compatibility. The reported TEC value of LSCF at 
high temperature is over 15×10-6 K-1 (26), which  
 is higher than that of YSZ, i.e. 10×10-6 K-1 though closer to 
CGO, 12.5×10-6 K-1. Therefore, the use of a CGO buffer layer 
and LSCF-CGO composites may be regarded as a practical 
solution to avoid mechanical and chemical mismatches 
between LSCF and YSZ. 

3.2. overall conductivity

The overall electrical conductivity of LSCF in air as a 
function of the temperature is represented in Fig. 3. The values 
of conductivity are similar to those reported in the literature 
(17,26). The conductivity initially increases with the temperature 
up to 600ºC. At higher temperatures the conductivity decreases 
due to the loss of lattice oxygen as consequence of the 
partial reduction of the Fe and Co ions from higher to lower 

Fig. 1. XRD pattern of LSCF analysed by the Rietveld method after 
calcination at 900ºC for 2 h in air. The open circles are the observed in-
tensity, the black line is the calculated intensity; below is the difference 
plot between the observed and calculated intensities. 

Fig. 2. XRD Patterns for LSCF/YSZ (a), LSCF/CGO (b) and YSZ/CGO 
(c) mixtures (1:1 wt.%), at room temperature (RT) and fired at 700-
1400ºC for 10-20 h in air. Diffraction peaks for LSCF, YSZ and CGO 
phases and reaction products are indicated in the figure. 
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oxidation states. The negative temperature dependence of 
the conductivity above 600ºC is due to a decrease in the 
p-type electronic carriers via formation of oxygen vacancies 
(16,17,24,25). The observed electrical conductivity drop is 
significant, although the total conductivity remains above 200 
Scm-1 in the whole temperature range (300-900ºC). 

3.3. area-specific resistance and impedance analysis

Symmetrical cells using pure LSCF and LSCF-CGO 
composites were prepared in order to measure their ASR 
value in air. First of all, it was investigated the appropriate 
temperature for fixing the CGO layer on the YSZ electrolyte 
and afterwards the LSCF on the CGO-buffer layer. Hence, Fig. 
4a shows the ASR values of the CGO/YSZ symmetrical cells. 
The YSZ pellet coated with CGO layers sintered at 1200ºC 
presented the lowest ASR and serial resistance values (Fig. 4a 
and 4b).  Taking into account the reactivity between CGO and 
YSZ, see section 3.1, the CGO layer fired at 1200ºC exhibited 
an adequate particle distribution and adherence as can be 
observed in the SEM images (Fig. 5). Therefore, the higher 
polarisation and serial resistance of the CGO/YSZ samples 
sintered at 1100 and 1300ºC is related possibly to a loss of 
adherence and high reactivity respectively. It is worth noting 
that certain degree of reactivity between CGO and YSZ was 
also found at 1200ºC for 10h, which is stronger at 1300ºC as 
shown in Fig. 5b, therefore some interfacial reaction may be 
expected in long-term operations. For instance, Fue et al. (10) 
sintered a samarium doped ceria interlayer on YSZ electrolyte 
at 1300ºC for 8 h. These high temperature and long dwell time 
might be the main reason for the high polarisation resistance 
values reported (0.55 Ωcm2 at 700ºC) of the studied LSCF-
SDC composite cathode. However, Wang and Mogensen (8) 
sintered a CGO-buffer layer on YSZ at the same temperature 
(1300ºC) and reported a polarisation resistance for a LSCF-
CGO composite cathode as low as 0.12-0.14 Ωcm2 at 700ºC. 

Further investigation is now in progress in order to optimise 
the deposition of the buffer layer at lower temperature.

Considering the optimum temperature for fixing pure LSCF 
on YSZ with a CGO-buffer layer, the ASR values measured at 
700ºC in air of the symmetrical cells, LSCF/CGO/YSZ, with 
LSCF sintered at different temperatures, are represented in 
Fig. 6. As can be observed, the sample with LSCF fired at 
900ºC for 2 h presented the lowest ASR value, 0.325 Ωcm2 at 
700ºC. As a result, the LSCF-CGO composites were fixed on 
YSZ with a CGO buffer layer at 900ºC for 2h. Without a buffer 

Fig. 3. Electrical conductivity of (La0.6Sr0.4)0.995Co0.2Fe0.8O3-δ measured du-
ring cooling in air. Conductivity values from reference (17) are inclu-
ded for comparison.

Fig. 4. (a) Area-specific resistance (ASR) and (b) serial resistance (Rs) normalised by the thickness (L) and electrode-area (S) of the CGO/YSZ sym-
metrical cells. Rs values from symmetrical Platinum/YSZ cells (dash line) are included in (b) for comparison.
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Fig. 5. SEM images of the CGO/YSZ interface of the CGO/YSZ sym-
metrical cells fired at 1200ºC (a) and 1300ºC (b) for 2 h.

Fig. 6. Area-specific resistance (ASR) measured at 700ºC in air for the 
LSCF/CGO/YSZ system as a function of the fixing temperature for 
the LSCF layers.

Fig. 7. Area-specific resistance (ASR) for the LSCF/YSZ and LSCF/
CGO/YSZ systems at 700ºC as a function of operation time. ASR va-
lues of Platinum electrode coated on YSZ at 700ºC are included for 
comparison.

layer, the best temperature in order to fix LSCF on YSZ is 800ºC 
for 2 h, taking into account the corresponding ASR values of 
the symmetrical LSCF/YSZ cell i.e. 0.5 Ωcm2 at 700ºC. These 
values are rather high for practical applications and higher than 
those of the LSCF/YSZ symmetrical cell with a CGO-buffer 
layer (0.325 Ωcm2 at 700ºC). Such poor performance might 
be due to a poor adherence and/or segregation of secondary 
phases as aforementioned in the chemical compatibility study. 
Moreover, after 360 h of operation at 700ºC, the ASR values 
of the system with and without a CGO-buffer layer between 
pure LSCF and YSZ increase up to 0.86 Ωcm2 and 2.0 Ωcm2 
respectively, see Fig. 7. In addition, the serial resistance (Rs) 
increases though the effect is not as significant as in the case 
of the polarisation resistance i.e. from 4.15 to 4.46 Ωcm2 (7%) 
for the LSCF/YSZ system and from 4.85 to 4.99 Ωcm2 (3%) 
for the buffered system. This is in good agreement with the 
results found by Wang and Mogensen (8). One may observe 
that the Rs for the CGO coated YSZ electrolyte compared 
to that for uncoated YSZ is slightly higher and this is due 
to an extra contribution from the CGO layer. Anyway, it is 
clear that without the buffer layer the polarisation resistance 
is higher and according to the previous results of chemical 
compatibility, the reactivity between LSCF and YSZ may 
lead to a detrimental interfacial reaction giving rise to an 
increase of the polarisation resistance, hence an increase of 
the cathodic overpotential. On the other hand, the increase 
of Rs is not as large as to indicate poor adhesion between the 
cell components or an obvious reaction between them. Wang 
and Mogensen (8) suggested a process of densification of the 
LSCF material rather than a reaction between LSCF and YSZ 
although they did not find any evidence for that claim by 
SEM. In the present case, SEM image of the cross section of 
the LSCF/YSZ interface after the 360 h of operation at 700ºC 
is illustrated in Fig. 8 and as pointed out in Ref. 8 no sign of 
particle sintering was found.

 The impedance spectra were conveniently analysed in 
order to identify a possible degradation process which could 
be attributed to the observed increase in the polarisation 
resistance with time (Fig. 9a and 9b). The data were also 
corrected considering the electrode area and divided by 2, 
given the use of symmetrical cells (20). From a qualitative 
point of view two major contributions were observed in 
the impedance spectra. In order to separate the different 
contributions, the impedance spectra were fitted by the ZView 
software (28) using equivalent circuits (inset of Figure 9a and 
9b) as described in Ref. 19 and 20 i.e. LRs(RQ)HF(RQ)LF where 
L represents the inductance of the equipment, Rs is a serial 
resistance associated to the overall cell resistance, and two serial 
RQ-elements associated to the electrode processes where R is 
a resistance and Q is a constant phase element in parallel. The 
subscripts HF and LF refer to the high and low frequency arcs 
respectively. It should be noted that in case of the symmetrical 
systems without buffer layer a better fit of the spectra was 
obtained using a Warburg or diffusion circuit element instead 
of the first (RQ) element, suggesting the idea that some 
diffusion processes occurs in the LSCF/YSZ interface, and 
this agrees with the high reactivity found between LSCF and 
YSZ. Regarding the increase of the resistance value of the (RQ) 
elements, see Fig. 10, one can conclude that both processes at 
high and low frequency dominate the detrimental increase of 
the overall polarisation resistance in the case of the system 
without buffer, whereas the low-frequency process dominates 
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the increase of the polarisation resistance when the CGO-
buffer layer is used. Furthermore, for the system with buffer, 
the n-values for QLF vary between 0.76 and 0.79 suggesting 
that Q is mainly a capacitive element, whereas for QHF, the 
n-value ranges from 0.46 to 0.53. As this value is near 0.5 the 
process might reflect surface and/or bulk diffusion limitations. 
Without the CGO-buffer layer, the n-values for QLF vary also 
between 0.76 and 0.81, whilst the use of a Warburg element for 
the high frequency process indicates some diffusion limitation 
as well as in the former buffered system.  In order to know 
more about the processes involved in the system with buffer, 
the capacitive elements of the equivalent circuit fitting were 
investigated in greater detail. Due to depressed semicircles, 
constant phase elements, Q, were used in the fitting procedure, 
and these pseudo-capacitive elements were transformed into 
comparable capacitances as described in Ref. 20. 

The corresponding capacitive elements and relaxation 
frequencies were on the order of 10-4 Fcm2 and 1 kHz for the 
low frequency process and 10-6 Fcm2 and 1 MHz for the high 
frequency contribution (Fig. 11). This indicates that these arcs 
correspond to electron and oxide-ion charge-transfer processes 
respectively (9,29). Therefore, the electron charge-transfer 
process may be limited as the time of operation increases.  In 
this context, Fu et al. (10) reported that the oxygen reduction 
reaction on a porous LSCF-samarium doped ceria electrode was 
limited primarily by the charge transfer process, presumably 
occurring at the triple phase boundary and this agrees with 
our results. These authors also suggested that improving the 
interface contact and expanding the TPB accelerates the rate 
of oxygen reduction on the LSCF-doped ceria composite. On 
the other hand, Yokokawa et al. (30) investigated the potential 

Fig. 8. SEM images of the LSCF/YSZ interfaces after 360 h of operation 
at 700ºC.

Fig. 9. Impedance spectra for LSCF/YSZ (a) and LSCF/CGO/YSZ (b) after 24, 72 and 120 h during ageing test at 700ºC in air. The insets show the 
equivalent circuits used to fit the spectra. The solid line is the fitting result using equivalent circuits.

diffusion of Sr through the ceria-based interlayer between 
(La,Sr)MO3 (M=Fe,Co) and YSZ, which might lead to the 
formation of SrZrO3 at the interface between ceria and YSZ, 
which in turn would affect the charge transfer processes. 
They reported that the stability of the three-layer structure 
cathode/doped-ceria/YSZ electrolyte is affected strongly by 
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the oxidation state of iron and cobalt oxides, and the driving 
force for the formation of SrZrO3 depends on the chemical 
potential of SrO at the cathode/doped ceria interfaces. In 
the present case, there is no clear evidence for the formation 
of SrZrO3 at the CGO/YSZ interface, which would be rather 
difficult if one considers that our CGO-buffer layer is a 10-μm 
thick interlayer. Nevertheless, further investigation is in 
progress to clarify this point.  

  On the other hand, the ASR value of 0.325 Ωcm2 at 700ºC 
obtained for the LSCF/CGO/YSZ system is rather high if 
one considers a target value of 0.15 Ωcm2 (5). One approach 
to decrease cathode polarisation is the addition of an ionic 
conducting phase, CGO in the present case, to obtain a 
composite. The temperature dependence of the ASR for the 
LSCF-CGO composites measured over a temperature range 
of 650-775ºC in air is presented in Fig. 12. The symmetric cell 
using LSCF-CGO with 40 wt.% CGO-4 (low surface area) 
showed the lowest ASR values in the temperature range 
studied, e.g.  0.2 Ωcm2 at 700ºC (Ea=117±2 kJmol-1), which 
is slightly higher than the value of 0.12-0.14 Ωcm2 at 700ºC 
(Ea=116 kJmol-1) reported by Wang et al. (8) for LSCF-CGO 

Fig. 10. Resistance (of high and low frequency processes) change as a function of time at 700ºC for LSCF/YSZ (a) and LSCF/CGO/YSZ (b) systems.

Fig. 11. Capacitance and relaxation frequency variations as a function of time at 700ºC for the LSCF/CGO/YSZ system.

samples with 50 wt.% CGO, but lower than those reported by 
Fu et al. (10) i.e. 0.55 Ωcm2 at 700ºC (Ea=282 kJmol-1) for LSCF-
Ce0.8Sm0.2O2-δ composite with 50 wt.% LSCF, and comparable to 
those reported by Esquirol et al. (7), i.e. 0.2-0.4 Ωcm2 at 650ºC 
(Ea=131 kJmol-1) for the system LSCF-CGO (30 wt.% CGO) on 
CGO.

In summary, LSCF-CGO composites are good candidates 
as cathode material for intermediate temperature SOFCs 
using YSZ as electrolyte and a CGO interlayer. Nevertheless, 
this buffer layer must be optimised and long term operation 
tests should be carried out to elucidate the stability of 
the electrochemical response in the LSCF-CGO/CGO/YSZ 
system.

4. ConCLuSIonS

The area-specific resistance of (La0.6Sr0.4)0.995Co0.2Fe0.8O3-δ 
(LSCF) cathode material for YSZ-based SOFCs with and 
without a CGO-buffer layer was measured in a symmetric cell 
configuration. A CGO-buffer layer between the pure LSCF 
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Fig. 12. Arrhenius plot of the area-specific resistance measured at diffe-
rent temperatures of the LSCF-CGO/CGO/YSZ systems using CGO 
of low and high surface area i.e. CGO-4 (4 m2g-1) and CGO-200 (200 
m2g-1) for the composite preparation. The CGO-buffer layer was com-
prised of CGO-4 for all the systems. 

cathode and the YSZ electrolyte improves the performance 
of the electrode. However, the polarisation resistance of pure 
LSCF for the symmetrical cell with the CGO-buffer layer 
increased from 0.325 Ωcm2 up to 0.86 Ωcm2 after 360 h of 
operation at 700ºC. Otherwise, without a CGO-buffer layer 
the polarisation resistance in the same ageing-test conditions 
increase from 0.5 Ωcm2 to 2 Ωcm2. Furthermore, in order to 
diminish the polarisation resistance of the LSCF cathode 
material, the addition of an ionic conducting phase, CGO 
in the present case, to give rise to a LSCF-CGO composite 
cathode material, for YSZ-based SOFC with a CGO-buffer 
layer, was also investigated, and polarisation resistance values 
as low as 0.2 Ωcm2 at 700ºC in air were achieved for the LSFC-
CGO composite with 40 wt.% of CGO. 
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