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Abstract La0:99Fe1�xNixO3�δ (LFN, 0 < x < 0.6) perov-
skites were synthesised by a solid-state route and were
characterised by powder XRD, dilatometry, four-point DC
conductivity measurements and electro-chemical imped-
ance spectroscopy (EIS) on cone-shaped electrodes using a
Ce1.9Gd0.1O1.95 (CGO10) electrolyte. All the compounds
were of single phase, and they belong to either the cubic or
the hexagonal crystal system. The thermal expansion
coefficient (TEC) was in the range 10.7*10−6 K−1 to
13.4*10−6 K−1, which continued to increase with increasing
nickel content. The highest electronic conductivity was
measured for the composition La0:99Fe0:4Ni0:6O3�δ, giving
a value of 670 S/cm at 380 °C. The highest electro-
chemical performance was measured for the composition
La0:99Fe0:4Ni0:6O3�δ giving an area specific resistance as
low as 5.5 Ωcm2 at 600 °C based on EIS measurements on
a cone-shaped electrode. Composite cathodes made
from La0:99Fe0:4Ni0:6O3�δ and CGO10 revealed a rather
low performance due to an un-optimised micro-structure.

Introduction

The solid oxide fuel cell (SOFC) is a convenient and an
environmentally friendly pathway to the simultaneous
generation of heat and electricity [1]. One major obstacle
in the commercialisation of the SOFC is the relative high
operation temperature [2]. For lowering of the operation
temperature of the SOFC, new cathode materials are
needed.

In the literature, most attention has been paid to the
perovskites La0:6Sr0:4Fe0:8Co0:2O3�δ and Sm0:5Sr0:5CoO3�δ

made as composite cathodes with ceria-based electrolyte
powder [3–8]. The best performance obtained appears to be
0.18 Ωcm2 at 600 °C for an Sm0:5Sr0:5CoO3�δ=CGO10
composite cathode on a ceria-based electrolyte [5]. Recent-
ly, even lower area specific resistance (ASR) values have
been obtained with a Ba0:5Sr0:5Fe0:2Co0:8O3�δ-based cath-
ode [9]. The main concern with this type of electrodes is,
however, that the Co or Fe–Co-based perovskites react with
zirconia-based electrolytes, forming insulating layers be-
tween the electrolyte and the cathode [6]. Another problem
is a high thermal expansion coefficient (TEC) that do not
match the TEC of zirconia-based electrolytes, limiting the
possibility of temperature cycles [10].

Another potential cathode for low temperature operation
of the SOFC is LaFe1�xNixO3�δ-based perovskites which
have a high electronic conductivity and a TEC matching the
other cell components of the SOFC [11–13]. Chiba et al.
[11] investigated porous planar electrodes of some LFN
compounds. The best performance was measured for the
composition LaFe0.4Ni0.6O3 with an ASR value of
0.028 Ωcm2 at 800 °C. Furthermore, several authors have
undertaken conductivity measurements, and the electronic
conductivity is very high especially for the composition
LaFe0:4Ni0:6O3�δ [11–14]. The electronic conductivity of
this compound reaches a maximum value of 580 S/cm
at a temperature of 800 °C [12]. Literature data on the
crystal structure of LaFe1�xNixO3�δ perovskites are diverse
[11–17]. In the work of Bontempi et al. [15], a tentative
phase diagram is presented for some LFN perovskites. The
LFN perovskites belong to either the cubic or the
orthorhombic crystal system, depending on the temperature.
Below 850 °C, the LFN perovskites with low amounts of Ni
are cubic. Above 850 °C, the LFN perovskites belong to the
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orthorhombic crystal system. The Ni-rich LFN perovskites
undergo a phase transition (cubic to orthorhombic) at a
lower temperature (approximately 750 °C) according to
Bontempi et al. [15]. In the paper of Falcón et al. [16], it is
stated that LFN perovskites with x between 0.0 to 0.5 are
orthorhombic and LFN perovskites with x between 0.5 to
1.0 are rhombohedral. Together this shows that the thermal
history of the perovskites determines the crystal structure of
the perovskites.

The TEC of the LFN perovskites has been measured by
several authors [12, 14, 17], and it is in the range of 9.5 to
13.3*10−6 K−1 from room temperature to 1,000 °C,
depending on the composition and the study. The TEC
increases with increasing nickel content. In the study of
Chiba et al. [12], it is stated that the TEC of the
composition LaFe0:4Ni0:6O3�δ is 11.3*10−6 K−1, whereas
it is stated to be 12.1*10−6 K−1 in the study of Basu et al.
[14]. The difference in the measured TEC of LFN
perovskites might be due to differences in the density of
the samples used for the dilatometry measurements.

In this work, seven La0:99Fe1�xNixO3�δ (0<x<0.6)
perovskites were characterised by powder XRD, dilatome-
try, four-point DC conductivity measurements and electro-
chemical impedance spectroscopy (EIS) on cone-shaped
electrodes. The small A-site deficiency was chosen to
ensure that the perovskites were slightly A-site deficient. In
the case of an aimed A/B ratio of unity, one can never be
sure whether the perovskites are over- or under-stoichio-
metric. From literature, it is known that NiO but not Fe2O3

is expelled from the perovskite phase when the LFN
perovskites are attempted to be synthesised with an A/B
ratio less than unity [13].

The idea behind the use of cone-shaped electrodes is that
it eliminates some of the problems encountered with porous
planar electrodes. That is, the contact area between the

electrolyte and the cone-shaped electrode is well defined.
The contact area can be calculated using Newman’s
formula [18]:

r ¼ 1

4Rsσ� ; ð1Þ

where r is the radius of the contact point, Rs is the high-
frequency intercept in the complex plane with the real axis
in the impedance plot and σ* is the specific conductivity of
the electrolyte. The method is particularly well suited for a
direct comparison of different electrode materials, as is the
case in this study.

Symmetrical cells with composite cathodes of
La0:99Fe0:4Ni0:6O3�δ and CGO10 were also evaluated with
EIS.

The aim of this study is to re-investigate the performance
of LFN perovskites as SOFC cathodes using the cone-
shaped electrode method. This is done to see if whatever
the results published in the work of Chiba et al. [11] could
be re-produced using the cone-shaped electrode technique,
or if the cone-shaped electrode gives different results. The
cone-shaped electrode technique is less sensitive to the
micro-structure of the electrodes than electro-chemical
investigations on porous planar electrodes.

Experimental

Synthesis of the seven La0:99Fe1�xNixO3�δ perovskites was
performed by a solid-state reaction route, where powders of
La2O3, Fe2O3 and NiO were mixed in the appropriate ratios
and ball-milled for 24 h in EtOH with zirconia balls. The
powders were calcined twice for 12 h at 1,200 °C with
intermediate ball milling. The phase purity of the powders
was checked by powder XRD, using a Stoe diffractometer
with CuKα radiation. Cylinders and bars were pressed in
appropriate dies and sintered for 12 h at 1,400 °C before
they were machined into cone-shaped electrodes with
height and diameter measuring 7.5 mm, and bars of an
approximate size of 4*4*18 mm3. The size of the contact
between the electrolyte and the cone-shaped electrodes was
around 5*10−5 cm2 as determined by Newman’s formula.
The densities of the sintered samples were measured by the
Archimedes method, and all the samples had a density
above 95% of the theoretical density. The samples were
equilibrated at 1,000 °C in air for 12 h before the
measurements. The measurements of the TEC in air were

Table 1 The matrix for the evaluation of the electro-chemical per-
formance of the La0.99Fe0.4Ni0.6O3−δ compound: the composition of
the composite cathodes given in weight percent with the amount of the
perovskite phase listed first

Temperature (°C) 900 950 1,000 1,050
Composition 50/50 (3) 50/50 (1) 50/50 (5) 50/50 (6)
Composition 60/40 (2)
Composition 70/30 (4)

The calcination temperature of the cathodes is given in the header. The
numbers of the samples are given in parentheses

Table 2 Unit-cell parameters for La0.99Fe1−xNixO3−δ perovskites

x 0.0 0.1 0.2 0.3 0.4 0.5 0.6
A/Å 3.9286 3.9221 3.9118 3.8998 3.8906 3.8817 5.5001
C/Å 13.243
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made using a Setaram DHT 2050 K dilatometer with
heating and cooling ramps of 2 °C/min up to 1,000 °C.
Before cooling, the samples were equilibrated for 2 h at
1,000 °C. The four-point DC measurements were also
measured on the bars as follows: The data were measured
and collected with a PC-Keithley micro-ohmmeter set-up
and an in-house software to collect the conductivity data and
control the temperature. The heating and cooling ramps
were 3 °C/min. The samples were heated in increments of
50 °C. The samples were kept at temperature for 2 h.
Conductivity measurements were performed every fifth
minute. EIS on the cone-shaped electrodes was recorded at
800, 700 and 600 °C using an amplitude of 24 mV and a
frequency range of 1 MHz to 0.05 Hz, with five points
measured at each decade. A Solartron 1260 gain-phase
analyser was used for the measurements. The cone was kept
for 1 day at each temperature before the measurements. The
set-up was a single atmosphere set-up, and the measure-
ments were performed in air. Approximately 100 g of
weight was put on the cone during the measurements. A
pellet of CGO10 was used as electrolyte. The reference/
counter electrode consisted of silver metal (added as silver
paste, Engelhard). The silver electrode was sintered in situ.

Porous symmetrical cells were produced by slurry
spraying on CGO10 plates (InDEC BV, The Netherlands).
The slurr ies were fabr icated as fol lows: The
La0:99Fe0:4Ni0:6O3�δ powder was mixed with CGO10
powder (Rhodia) in the ratios 50/50, 60/40 and 70/30

(w/w %/%). The powder mixture was then transferred to a
PVC bottle and an appropriate binder was added together
with ethanol. The slurries were ball-milled overnight. After
ball milling, the slurries were sprayed on both sides of the
CGO10 plates in two layers with intermediate sintering.
The first layer had a thickness of approximately 10 μm, and
the second layer had a thickness of approximately 15 μm.
The symmetrical cells were sintered at either 900, 950,
1,000 or 1,050 °C for 2 h in air. The experimental matrix is
given in Table 1 together with the number of the samples.
The samples were cut into smaller pieces with a size of
approximately 4*4 mm2 before the measurements. Pt paste
was added on top of the electrodes as a current collector.
The samples were mounted in a rig with Pt meshes and a
spring-loaded load. The measurements on the symmetrical
cells were performed at 800, 700 and 600 °C with the same
conditions as for the cone-shaped electrodes. The data were
fitted using the PC-DOS program by Boukamp [19]. In
general, as few components as possible were used for the
fitting whilst still obtaining a solid fit. The micro-structure
of the porous symmetrical composite cathodes was inves-
tigated using a JEOL LV-SEM.

Results

Powder XRD showed that the powders were of single
phase. The nickel-rich perovskite was hexagonal, whereas

Fig. 1 Unit-cell parameters for the cubic perovskites plotted against
the amount of nickel in La0.99Fe1−xNixO3−δ. The unit-cell parameters
decrease with increasing amount of nickel

Table 3 TEC values for LaFe1−xNixO3δ perovskites in air from 100 to 1,000 °C

x 0.0 0.1 0.2 0.3 0.4 0.5 0.6
TEC 10.7±0.2 11.2±0.1 11.6±0.2 11.7±0.3 13.2±0.1 13.3±0.2 13.4±0.2

TEC values are given in 10−6 K−1

Fig. 2 Electrical conductivity of La0.99Fe1−xNixO3−δ perovskites from
room temperature to 1,000 °C
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the other perovskites were cubic. The unit-cell parameters
are shown in Table 2. The unit-cell parameters of the cubic
phases are plotted in Fig. 1. It is observed that the size of
the unit cell decreases with increasing nickel content. The
results of the dilatometry measurements are shown in
Table 3. It is a general trend that the TEC increases with
increasing nickel content. The results of the four-point DC
conductivity measurements are shown in Fig. 2. The
conduc t iv i ty i s h ighes t fo r the compos i t i on
La0:99Fe0:4Ni0:6O3�δ, and it reaches a maximum of 670
S/cm at 380 °C. Whereas this compound shows a maximum
in conductivity at 380 °C, the other compounds show an
increase in conductivity with increasing temperature. The
nickel-free compound has only a very low electronic
conductivity (the powder is brown, the other powders are
black). In general, the electronic conductivity is very low
from room temperature up to approximately 300 °C for the
iron-rich compounds. The perovskites showed only a very
small hysteresis in the conductivity upon heating and
cooling.

An example of an EIS spectrum measured on a cone-
shaped electrode of La0:99FeO3�δ is shown in Fig. 3. The
spectrum consists of three arcs. This is difficult to see in the
figure as the high-frequency arc is very small. The lowest
ASR value is measured for the La0:99Fe0:4Ni0:6O3�δ

composition, and is approximately 5.5 Ωcm2 at 600 °C. It
is also noteworthy that the ASR value for the nickel-free
perovskite La0:99FeO3�δ is lower than for several of the
nickel-containing perovskites. All the ASR values obtained
on the cone-shaped electrodes are given in Table 4.

The ASR values measured on the symmetrical cathodes
can be found in Table 5 and in Figs. 4 and 5. The lowest

ASR value measured was measured for sample 1, giving a
value of 0.73 Ωcm2 at 800 °C. An example of an SEM
micrograph of the symmetrical cathodes is shown in Fig. 6,
for the sample numbered 4. The SEM picture reveals that
one of the two phases has a very large particle size. This
phase was identified as the perovskite phase by energy
dispersive spectroscopy (EDS). This is the case for all the
samples. Furthermore, there is no percolation pathway
between the perovskite particles.

Discussion

The powder XRD reveals as expected a smaller size of the
unit cell for the nickel-rich than for the nickel-poor
perovskites because 6-coordinated Ni(III) has a smaller
ionic radius than 6-coordinated Fe(III). The decrease in
unit-cell parameters with increasing nickel content for the
cubic compounds follows Vegard’s law as seen in Fig. 1.
The structure of most of the perovskites is cubic, in contrast
to what is found in the study of Chiba et al. [12] where the
perovskites are indexed in the orthorhombic crystal system.
This can be due to differences in the heat treatment of the
perovskites powders, which can affect the amount of oxide
ion vacancies in the perovskite structure, because of slow
kinetics/adjustment of the oxygen stoichiometry. This will
lead to differences in the crystal structure of the perov-
skites. Different crystal structures of LFN perovskite are
also reported in the literature.

The reason for the increased expansion, of the perovskite
during heating, with increasing nickel content is probably
due to the Jahn–Teller distortion induced by the d7 Ni(III)
ion. The values found in this study are close to the values of
the commonly used zirconia-based electrolytes [1]. The
TEC values found in this study are higher than the values
found in the study of Chiba et al. [12].

The electrical conductivity is strongly dependent on the
amount of Ni in the samples. The highest electronic
conductivity is reached in the compound with the highest
Ni content. The reason for an increase in the electronic
conductivity when doping with nickel is due to the reaction:

FexFe þ NixFe $ Fe�Fe þ Ni
0
Fe : ð2Þ

This creates a mixed valence compound where the
electron can jump between the transition metals with

Fig. 3 EIS spectrum of an La0.99FeO3−δ cone recorded at 600 °C in air
using a CGO10 electrolyte and silver metal as a counter/reference
electrode. Fitted spectrum is shown as solid line

Table 4 The ASR values of cones of La0.99Fe1−xNixO3−δ compounds measured at three different temperatures

x/temp. 0.0 0.1 0.2 0.3 0.4 0.5 0.6
600 °C 50 120 95 72 40 10 5.5
700 °C 10.2 48.7 14.6 9.2 4.0 0.80 0.76
800 °C 0.5 6.76 0.87 0.77 0.54 0.13 0.10

The ASR values are given in Ωcm2
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different oxidation stages leading to a high electronic
conductivity. For the La0:99Fe0:4Ni0:6O3�δ compound, the
conductivity increases until a temperature of 380 °C, after
which it decreases. This might be due to reduction of the
perovskite leading to creation of oxide ion vacancies:

Ox
O þ 2NixFe $ 2Ni

0
Fe þ V ��

O þ 1=2O2 gð Þ: ð3Þ
The creation of oxide ion vacancies in the perovskite

structure leads to a decoupling of the transition metal–
oxygen–transition metal super-exchange interactions, which
lowers the electronic conductivity of the perovskites.
However, if this was true, the dilatometry curve should
bend at 380 °C (expansion upon reduction), and that is not
the case. Therefore, it is probably an indication of a change
in the conductivity mechanism at 380 °C for the
La0:99Fe0:4Ni0:6O3�δ compound. One explanation could be
that the conductivity mechanism is LaFeO3-like (small
polaron hopping between iron cations [20, 21]) below 380 °
C and LaNiO3�δ-like (metallic conductivity due to overlap
between 3d transition metal orbitales and oxygen 2p
orbitales [22]) above 380 °C. The conductivities measured
in this study are in general higher than the ones reported in
the literature. This might be due to the higher symmetry
observed for the perovskites used in this investigation
compared with the perovskites reported in the literature. A
higher symmetry gives a larger overlap between transition

metal 3d orbitales and oxygen 2p orbitales leading to a
higher electronic conductivity as mentioned before. The
bending of the bonding angle is smaller when the symmetry
is high.

The trend found in this study for the ASR values as a
function of nickel content is the same as found in the
literature [11], except for the pure iron compound. The
dependence of the ASR with nickel contents is probably
due to a high amount of oxygen vacancies for the nickel-
rich compounds. Oxygen vacancies are generally accepted
to be the catalytic active sites for the reduction of oxygen
[23]. Furthermore, the samples with high nickel content
contains more Fe(IV) than the iron-rich compounds due to
reaction (Eq. 2). In literature, it is sometimes stated that Fe
(IV) may be more active for the reduction of oxygen than
Fe(III) [24]. That the performance of the pure iron
compound is higher than for several of the Ni-containing
samples is, in the light of this, therefore quite surprising
(low conductivity, low or no amount of Fe(IV) and a low
amount of oxide ion vacancies). However, this could be due
to a pitfall in the experimental set-up [25]. The intercept at
high frequency with the real axis in the impedance plot is
given by the equation:

Rs ¼ Relyt þ Rcone ; ð4Þ
where Relyt is the resistance of the electrolyte, and Rcone is
the resistance of the cone, which often is negligible.
However, if the cone has a very low electronic conductivity,
the contribution of the cone leads to a lower contact area
giving a wrong value of ASR compared with the other
compounds. This can be corrected for if the resistance of
the cone is known. The resistance of the cone can be
calculated, as the electronic conductivity of the cone is
known1. We used finite element calculations to calculate
the resistance of the cone, using the program FEMLAB
[26]. This gave a value of approximately 450 Ω for the cone
at 600 °C (out of a total Rs of 3,300 Ω). This results in an
increase in the contact area calculated by Newman’s
formula, giving an increase of the ASR at 600 °C to
67 Ωcm2. This is still lower than for several of the Ni-

1The electronic conductivity of the cone could not be measured
directly as the contact point differs from measurement to measure-
ment. This gives a different resistance of the cone from measurement
to measurement.

Table 5 The ASR values of composite electrodes given in Ωcm2 at three different temperatures

Number/temp. 1 2 3 4 5 6

600 °C 25.6 40.6 32.2 10.2 39.2 120
700 °C 3.30 7.84 7.20 4.00 7.10 14.0
800 °C 0.73 2.88 1.84 1.20 1.52 2.54

Fig. 4 ASR values of composite cathodes of La0.99Fe0.4Ni0.6O3−δ and
CGO10 at 600 °C as a function of sintering temperature. The lowest
ASR value is reached for the electrode sintered at 950 °C
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containing samples, and the relative low ASR value must
therefore be a true material property of the La0:99FeO3�δ

compound. A possible explanation for this is the following:
Fe(III) can disproportionate according to the equation:

2FexFe ! Fe
�
Fe þ Fe

0
Fe : ð5Þ

This means that La0.99FeO3 has the possibility to contain
a small amount of Fe(IV). However, no sign of Fe(II) was
found for similar compounds by Mössbauer spectroscopy
[27]. Furthermore, defect chemistry modelling shows no
sign of Fe(III) disproportionation [28]. The low electronic
conductivity is also an indication that no charge dispropor-
tionation occurs. However, if Fe(III) is more catalytic active
than Fe(IV) and/or Ni(III)/Ni(II), the behaviour can be
explained. As La0.99FeO3 contains more Fe(III) than the
other samples, this compound will have a high activity
towards the reduction of oxygen, if Fe(III) is the most
catalytic active specie. The results presented in this study
indicates therefore that Fe(III) is the catalytic active specie,
in contrast to what sometimes is stated in the literature [24].
For high amounts of Ni, other parameters take over
[amount of oxide ion vacancies and the amount of Ni(III)/
Ni(II)]. An additional issue could be that the oxide ion
vacancies in the pure iron perovskite are disordered,
whereas they are ordered in the nickel-containing perov-
skites due to clustering of the oxide ion vacancies with Ni
(II). Another parameter that changes as a function of the
amount of Ni is the electronic conductivity (increases with
increasing amount of nickel). However, for other systems, it
is shown that the electronic conductivity is not rate limiting
for the reduction of oxygen [29]; and as the pure iron
perovskite has a higher activity than several of the nickel-
doped perovskites, this is probably not a rate limiting

parameter. It is therefore suggested that Fe(III) (for low
amounts of nickel) and oxide ion vacancies (for high
amounts of nickel) are the catalytic active species for the
reduction of oxygen in this type of perovskites. It should
also be noted that on porous planar electrodes, the pure iron
perovskite reveals the highest ASR value [11], in contrast to
what is observed in this study. There can be at least two
reasons for this. In the case of porous symmetrical elec-
trodes, the micro-structure is important for the performance
of the electrode. The micro-structure is not important when
using cone-shaped electrodes. It could also be due to the
low electronic conductivity of the pure iron-based perov-
skite. This might lead to a low in plane conductivity of the
electrodes, which will increase the ASR value of the
electrode. In the case of the cone-shaped electrode, there
can be corrected for a low electronic conductivity, as
explained in this text. This shows that studies on cone-
shaped electrodes sometimes give other results than
obtained on porous electrodes. On cone-shaped electrodes,
the true electro-catalytic properties of the electrode material
are revealed. If the ASR values of the LFN cones are
compared with measurements on other cone-shaped elec-
trodes, it is observed that the ASR values of
La0:99Fe0:4Ni0:6O3�δ is among the lowest measured [25],
even though the ASR values are rather high compared with
measurements on porous symmetrical cathodes. It should
therefore be noted that studies on cone-shaped electrodes
only give relative values. The ASR values obtained on
porous symmetrical electrodes are normally lower than the
ASR values obtained on cone-shaped electrodes.

The electro-chemical performance of the Fe–Ni-based
perovskites evaluated on the background of symmetrical

Fig. 6 An SEM micrograph of a composite cathode. It is seen that the
cathode consists of two different particles. The small particles as
determined with EDS are CGO10. The large particles are then the
perovskite phase. This micro-structure explains why the electro-
chemical performance of the cathodes is so low. The large particles
of the perovskite phase make a percolation pathway of the electronic
conducting phase impossible, leading to a low electronic conductivity
of the cathode. Especially, a low in-plane conductivity of the cathode
might be troublesome

Fig. 5 ASR values of composite cathodes of La0.99Fe0.4Ni0.6O3−δ and
CGO10 at 600 °C as a function of composition. The lowest ASR
value is reached for the electrode containing 70 % perovskite
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porous electrodes is rather low. This is due to an un-
optimised micro-structure, cf. Fig. 6. It is seen that the
LFN particles are very large. This means that there is no
percolation pathway between the electronic conducting
phase, leading to a low in-plane conductivity of the
electrode. The powder of LFN perovskites should therefore
be made in another way and at a lower calcination
temperature to decrease the particle size. One such way
could be the glycine–nitrate method [30]. Further work will
address this issue. It is possible to lower the ASR values, as
the ASR values reported in the literature for porous
symmetrical cathodes are much lower than the values
found in this study [11].

Conclusion

Six of the La0:99Fe1�xNixO3�δ perovskites belong to the
cubic crystal system as determined by powder XRD, and
only the compound La0:99Fe0:4Ni0:6O3�δ belongs to the
hexagonal crystal system. The nickel-containing perov-
skites have a very high electronic conductivity. The highest
conductivity is achieved for the La0:99Fe0:4Ni0:6O3�δ com-
pound, and the electronic conductivity reaches its maxi-
mum at a temperature of 380 °C with the value 670 S/cm.
The electro-chemical performance of the nickel-rich, LFN-
based perovskites is high, evaluated on the background of
measurements on cone-shaped electrodes. The high activity
towards the reduction of oxygen of the nickel-rich, Fe–Ni-
based perovskites is probably due to a high amount of
oxide ion vacancies in the perovskite structure. Further-
more, the TEC of these compounds matches quite well the
TEC of the commonly used electrolytes, so the LFN-based
perovskites are promising at SOFC cathode materials.

However, due to an un-optimised micro-structure, the
performance of the symmetrical porous composite elec-
trodes is rather low. The best symmetrical cathode revealed
an ASR value of 0.73 Ωcm2 at 800 °C.
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