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Abstract

Nanocrystalline SOFC cathode materials of perovskite family, La;_,Sr,M;_,Co,03, where 0<x <0.5, 0<y <0.8 (M is transitional metal = Mn
or Fe), have been synthesized at a relatively low temperature by combustion synthesis using alanine as a novel fuel. Detailed X-ray powder
diffraction analyses show 47-96% phase purity in the as-synthesized powder and upon calcination at ~825 °C single-phase material is obtained
wherein the nanocrystallinity (crystallite size ~19-24 nm) is retained. Densification studies of the materials are carried out within 900-1100°C.
The coefficient of thermal expansion (CTE) of these cathodes is measured. Electrical conductivity of the cathodes sintered at different temperatures
are measured in the temperature range 700-900 °C and correlated with the density of the sintered materials. The electrochemical performances
of Ni-YSZ anode-supported SOFC having YSZ electrolyte (~10 wm) with CGO interlayer (~15 um) are studied with the developed cathodes
in the temperature range 700-800 °C using H, as fuel and oxygen as oxidant. Highest current density of ~1.7 A/cm? is achieved during testing
at 800 °C measured at 0.7 V with a cathode composition of LagsSrgs5CoggFeq,03. Precipitation of nanocrystalline grains over the core grains in

porous microstructure of this cathode might be one of the reasons for such high cell performance.

© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

For the state-of-the-art anode-supported SOFC operating
at ~800 °C, the conventional Laj_,Sr,MnO3_5 (LSM)-based
cathode is not showing satisfactory performance due to slug-
gish oxygen reduction reaction (ORR) kinetics which causes low
current drawing capacity of the cell.! Moreover, the polarization
loss at the cathode further increases when the operating tempera-
ture of SOFC single cells is below 800 °C.? Hence, considerable
efforts are being made to develop new class of perovskite-based
cathode materials with high electrocatalytic activity for oxy-
gen reduction at a relatively lower operating temperature of
SOFC (700-800 °C). For this purpose, several new compositions
showing mixed ionic and electronic conductivity (MIEC) have
been investigated as promising SOFC cathodes.'~!! Amongst
these, the perovskite-based compounds having the general for-
mula La;_,Sr;M;_,Co,03, where 0<x<0.5 and 0<y<0.8
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(M is a transitional metal, Mn or Fe) has found significant
attention®!! because of their superior MIEC behavior> % as well
as enhanced ORR kinetics.”~! The La(Sr)Co(Fe) (LSCF)-based
cathodes, in particular, are reported to be very effective for IT-
SOFC (700-800 °C) application when coupled with a Gd-doped
ceria (CGO)-based interlayer.>*! 12 This is mainly due to high
ionic conductivity in CGO electrolyte, compared to conven-
tional 8 mol% yittria-stabilized zirconia (8-YSZ) together with
its favorable coefficient of thermal expansion (CTE). While the
CTE values of YSZ and CGO electrolytes are 10.8 x 1070 K~!
and 12.8 x 107K~ 1, respectively, for LSCF-based cathodes
it is found to be much higher (>17 x 107°K—1).5 Hence a
CGO interlayer is considered as buffer to reduce the mechan-
ical stresses at the interfaces.>® Another significance of using
CGO is to prevent the undesirable reactions between LSCF-
based cathodes with YSZ electrolyte during high temperature
processing,s’6 otherwise, resistive phases like LayZr,O7 and
SrZrO3 are formed at the interface which in turn reduces the
cell performance drastically.

Depending on the synthesis and processing, the nanocrys-
talline nature of LSCF-based cathode enhances the electro-
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catalytic reduction of oxidant along with higher catalytic
activity because of extremely high surface area.!> In addi-
tion, nanocrystalline cathodes are easily sinterable and the
extent of sinterability of these powders can be tailor made by
addition of requisite amount of organic vehicle and binder dur-
ing preparation of thick film paste for screen printing. In the
present work, three different LSCF-based nanocrystalline cath-
odes, e.g., Lag gSrg2FeOs (LS2), Lag gSrp2Coq gFeg 203 (LS3)
and Lag5Srg5CoggFep203 (LS4) are prepared by combus-
tion synthesis technique.'® Conventional cathode (LSM) having
composition Lag ¢5Srg 3MnOs3 (LS 1)17’1 8 is also synthesized by
the same technique for comparison of electrochemical perfor-
mances. The LSCF-based cathode materials thus synthesized
are characterized for structural, thermal and electrical proper-
ties and compared with conventional LSM cathode. Finally,
the electrochemical performances of Ni-YSZ/YSZ (~10 pm)
anode-supported single cells are evaluated with these cathode
materials using CGO as an interlayer. The CGO thus used is
prepared in-house using combustion synthesized technique.

2. Experimental

The synthesis procedure adopted for all the four compositions
(LS1, LS2, LS3 and LS4) is similar and is schematically shown
in Fig. 1. The starting materials used for the synthesis of the
cathode batches are stoichiometric amount of lanthanum (III)
nitrate hexahydrate (99%, Sisco Res. Lab. Ltd., India), stron-
tium (II) nitrate (99%, s.d.fine, India), manganese (II) acetate
tetrahydrate (99.5%, E. Merck, Germany), iron (III) nitrate non-
ahydrate (Across Chemicals) and cobalt (II) nitrate hexahydrate
(99.5%, E. Merck, Germany) using a saturated aqueous solution
of alanine as a fuel (99%, Qualigens, India). First, a saturated
aqueous solution of stoichiometric amounts of the respective
metal nitrates and acetates are mixed and stirred on a hot plate
at ~150°C. A saturated aqueous solution of alanine (99%,
Qualigens, India) is added to these solution mixtures, keeping
same mole ratio of alanine to nitric acid (alanine:nitrate =1:1)
in order to maintain proper fuel-to-oxidant ratio and to control
the undesired hydrolysis of the respective precursor salts. After
vigorous stirring, the whole solution is turned into a viscous
gel. An instantaneous burning of those gels produces ash. The
as-synthesized powders (ash) are then calcined at 700 °C and
825 °C for 4 h in air. The significance of alanine as a novel fuel
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Fig. 1. Flow diagram for alanine assisted combustion synthesis of cathode mate-
rials.

in the combustion synthesis process has already been reported by
our group. !¢ The viscous gels of all the samples are collected for
thermal analysis. The differential thermal analysis (DTA) and
thermogravimetric analysis (TGA) are carried out from room
temperature to 800 °C in air at a heating rate of 10 °C/min using
Shimadzu TA-50 Thermal Analyzer. X-ray diffractograms are
recorded by a Philips X pert X-ray diffractometer with a CuKa
radiation at 40kV and 40 mA. The X-ray data are collected in the
260 range 10-80° with a scan rate of 0.5°/min and a dwell time
of 0.02 s. Rietveld refinement of the powder diffraction profiles
and quantitative phase analysis are done using a pseudovoight
function by PANalytical Highscore Plus software. Size—strain
analysis is performed by comparing the particle width of a stan-
dard silicon scan to account for the instrument broadening. Field
emission scanning electron microscopy (FESEM, Gemini Supra
35 Zeiss) and scanning electron microscope (Leo S430i) are used
to examine the morphology of the powders and microstructures
of the sintered samples. For the densification studies, powders
calcined at 825 °C are pressed uniaxially with a specific pressure
of 170 MPa and subsequently the green samples are sintered in
the temperature range of 900—1100 °C for 4 h in air. The sintered
density of all the samples is determined by standard Archimedes
principle. The CTE of the relatively highest and lowest dense
sintered samples is measured by a dilatometer (NETZSCH, DIL
402) up to 800 °C with a constant heating rate of 10 °C/min.
The electrical conductivity of the sintered samples
(900-1100 °C) is measured in the temperature range 700-900 °C
in air by 4-probe technique using a Power Source (Agilent
E3631A) and a Multimeter (Keithley 2002). The data is reg-
istered in every 25 °C interval. Platinum paste is used as current
collecting electrode on either side of the sintered pellet and the
electrode is cured at 950 °C for 2h before the electrical con-
ductivity measurement. Planar anode-supported single cells of
configuration NiO-YSZ/YSZ/CGO/LSCF-based cathodes with
~10 wm YSZ electrolyte and 1.5 mm cermet anode are fabri-
cated using CGO as an interlayer. The CGO thus used is prepared
in-house using combustion synthesized technique. The details of
NiO-YSZ/YSZ half cell fabrication by tape casting is reported
elsewhere.'® The CGO thick film paste is screen printed over sin-
tered YSZ electrolyte of NiO-YSZ/YSZ half cell and sintered in
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Fig. 2. TG/DTA analysis of LSM gel in the temperature range of 30-800 °C.
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the temperature range between 1100 °C and 1350 °C. The thick
film paste of the synthesized cathode material is further screen
printed over the sintered CGO layer and subsequently fired at
1100 °C for 4 h to prepare single cells with all the four cathodes.
The electrochemical measurements of such single cells are car-
ried out in the form of coupon cells (16 mm diameter, 1.5 mm
thick with active cathode area of ~0.3 cm?) in the temperature
range 700-800 °C using an in-house electrochemical measure-
ment setup. Moist Hy (~3% H;O) is used as a fuel on the anode
side and oxygen is fed on the cathode side. During the measure-
ment, the flow rates for both the fuel and O, are maintained at
100 SCCM (standard cubic centimeter).

3. Results and discussion
3.1. Powder characterization

Fig. 2 shows the thermal analysis of the precursor gel of
LS1 in the temperature range 30—-800 °C. The endothermic peak
observed at 125°C in the DTA curve is due to the evapora-
tion of water. A drastic weight loss in the TG curve occurs
at ~159°C and the corresponding exothermic peak at 147 °C
in the DTA indicates a sharp, single-step decomposition of
lanthanum-—alanine and manganese—alanine complexes. The X-
ray diffractograms of the LSM powders (LS1) calcined at 700 °C
and 825 °C, respectively are shown in Fig. 3. Analysis of the as-
synthesized powder shows a phase purity of about 50% along
with considerable amounts of LaMnOj3; and Mn3O4 as sec-
ondary phases. After calcination at 700 °C, the phase purity
improves to ~90%. However, upon calcinations at 825°C, a
single-phase rhombohedral of Lag 65519 3MnQ3 is obtained. All
the peaks have been identified with the standard JCPDS file num-
ber 50-0308. The calculated lattice parameters as obtained are
a=b=5467A and c = 13.494 A. The average crystallite size is
found to be 16 nm and 23 nm for the powders calcined at 700 °C
and 825 °C, respectively. The TGA and DTA (inset) plots of
the LS2-1.S4 gels in the temperature range 30-800 °C is shown
in Fig. 4. The thermal behavior of all the three LSCF-based
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Fig. 3. X-ray diffractograms of LS1 powders calcined at (a) 700 °C and (b)
825°C.
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Fig. 4. TG/DTA analysis of various LSCF gels in the temperature range of
30-800°C.

gels (LS2-L.S4) is found to be similar in nature. After an ini-
tial small weight loss at ~140°C, a major and sharp weight
loss occurs below 200 °C indicating decomposition of metal
complexes and formation of crystalline phase of the powder.
Corresponding XRD patterns of the various LSCF-based pow-
ders calcined at 825°C are shown in Fig. 5. Phase analysis
of the diffractograms reveals that LS2 consists of a predom-
inantly rhombohedral phase, together with an orthorhombic
phase. On the other hand, for LS3, on substitution of Fe with
Co, the structure becomes completely rhombohedral with no
other secondary phase. However, for LS4, presence of a small
amount of LayO3 is also observed along with the rhombohe-
dral phase. For all these materials a phase purity of ~96%
is achieved in the as-synthesized conditions and 100% phase
purity is reached after calcining all the powders at 700 °C.
But in order to compare the crystallite size with LS1 (Fig. 3),
the calcination temperature for these powders is maintained to
825 °C. The average crystallite sizes of all the LSCF-based cath-
ode materials thus obtained after calcinations are found to be
23 nm, 24 nm and 19 nm corresponding to LS2-L.S4 powders,
respectively. The powder morphology of all the cathode powders
investigated (calcined at 700 °C) reveal agglomerated nature
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Fig. 5. X-ray diffractograms of LS2-S4 powders calcined at 825 °C.
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Fig. 6. Field emission scanning electron micrograph of LagsSrg5CoggFeo .2
(LS4) powder calcined at 700 °C.

of the particles with an estimated size of ~50nm. In partic-
ular, some distinct agglomerate free particulates are observed
in case of LS4 powder (Fig. 6) in comparison with other
powders.

3.2. Densification and thermal expansion studies

Density of the studied cathode materials is systematically
evaluated for different sintering temperatures to find its influ-
ence on the electrical conductivity. However, it is true that while
applied as cathode in SOFC material has to be porous in nature.
The influence of sintering temperature on percentage theoretical
density is shown in Fig. 7. The theoretical density of the prepared
cathodes, e.g., LS1-L.S4 are evaluated from the X-ray diffraction
data. The sintered densities are found to increase for all the sam-
ples with the increase in sintering temperature. It is observed that
in general the sintered density is relatively low for LS1 compared
to LS2-L.S4. However, among the LSCF-based cathodes, LS3
shows a maximum densification at around 1000 °C after which
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Fig. 7. Variation of percentage theoretical density with sintering temperatures.

Table 1
Coefficients of thermal expansion (CTE) of synthesized cathodes measured at
800°C.

Cathodes LS1 LS2 LS3 LS4

CTE (x107%)K~! (sintered at 900°C) 1299 10.11 1926 1831
CTE (x107%) K~! (sintered at 1100°C) ~ 13.05  12.11 1932 19.23

it remains almost constant. On the other hand, in case of LS4, an
intermediate trend of rise in density up to a temperature 1000 °C
is observed and maximum density is reached at ~1050 °C. For
LS4, the decrease in density is very marginal when the sintering
temperature is increased from 1050 °C to 1100 °C. In this sys-
tem, higher level of La substitution by Sr in the A-site results in
higher solute drag which normally occurs because of the strong
interaction between segregated and the grain boundary elements.
As the grain growth mobility is inversely proportional to the seg-
regated concentration of the elements, therefore, higher level of
segregated elements results in slow grain boundary mobility.'®
At 1100 °C, this retards necessary intergranular pore elimina-
tion process resulting in marginal decrease in the percentage of
densification although the grain growth is almost complete. The
detailed correlation of the sintered density with the microstruc-
tures and electrical conductivity is discussed in the subsequent
section.

Coefficients of thermal expansion of all these cathodes mea-
sured from room temperature up to 800 °C are given in Table 1.
The CTE values obtained are quite high (>18 x 107 K~1) for
cobalt containing samples (LS3 and LS4) which is not compat-
ible with other SOFC cell components. Similar kind of CTE
values are also reported in the literature for these materials.
On the other hand, for LS1 and LS2, the obtained CTE values
(1113 x 10~° K~ are comparable with that of the other cell
components. Although CTE is primarily the property of mate-
rial but based on the composition of the material and degree of
substitution, the value of CTE may be influenced by the sinter-
ing temperature which we have observed in the case of LS2 and
LS4. In particular, higher level of Sr substitution in the A-site
of LS4 cathode might have some role in addition to cobalt in
the sintering behavior and hence the CTE value changes upon
sintering in the temperature range of 900-1100 °C. To under-
stand this behavior more systematic study is required. Because
of relatively high values of CTEs for LS3 and LS4, single cells
fabricated with these cathodes often exhibit micro-cracks at
the cathode side even if the sintering schedule is controlled
appropriately. However, detailed investigation reveals that the
CTEs as obtained in combination of these cathode materials
and ceria-based interlayer are more compatible to the other
SOFC cell components.20 Hence, electrochemical investigations
of the anode-supported single cells using these types of cath-
odes (LS3 and LS4) are done with doped ceria as an interlayer
in between the cathode and the YSZ electrolyte. Sintering of
such single cells using ceria-based interlayer do not show any
micro-cracks at the cathode surface or at cathode/interlayer/YSZ
interfaces which implies that this interlayer compensates the
mismatch of CTE for these cathodes (LS3 and LS4) with YSZ
electrolyte.’
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3.3. Microstructural studies

SEM studies reveal that the densification increases with the
sintering temperature for all the cathode materials which is
in accordance with the results of the densification studies as
described before. Fig. 8 shows the SEM micrographs of fractured
surface of LS4, LS3, LS2 and LS1 cathode sintered at 1100 °C.
Again, from Fig. 7 itis clear that LS1 does not densify effectively
even at 1100 °C compared to other cathodes under investigation.
Strontium-doped lanthanum ferrite (LS2) shows better sinter-
ability than LS1 at 1100 °C, yet the sintered grains are not clearly
visible. On the other hand, strontium and cobalt-doped lan-
thanum ferrites (LS3 and L.S4) show prominent sintered grains
with distinct grain boundaries when sintered at 1050 °C and
1100 °C. Quite interestingly, in case of LS4 having more Sr dop-
ing in A-site than LS3, some nanocrystalline grains are found
to be uniformly precipitated within the core grains that starts
at sintering temperature 1050 °C and becomes more promi-
nent at 1100 °C. However, this phenomenon is not observed
in case of LS3 when sintered in the same temperature range
(1050-1100 °C). Presence of cobalt and iron helps in the sinter-
ing process of LSCF system and probably due to liquid phase
sintering high densification is achieved at temperature as low as

S8ann

1050 °C. It is believed that the precipitation of nanocrystalline
grains at the time of recrystallization is only observed for heavy
A-site (Sr) doping in LS4 system (Lag 5519 5Co0.sFeg 203) only.
After recrystallization of the nano-grains within the large size
core gains, grain coarsening starts which results in low sintered
density around 1100 °C.

3.4. Electrical conductivity and electrochemical
performance evaluations

The perovskite structures (ABO3_s) doped with transition
metal oxides of Fe, Co, Mn, etc. are well known for their
MIEC properties.’ All the synthesized cathodes, e.g., LS1-LS4
prepared under different sintering conditions are used for elec-
trical conductivity measurement. Fig. 9 shows In(oT) vs. 1/T
plot indicating the influence of sintering temperature on the
temperature-dependent electrical conductivity behavior for the
samples measured within the range between 700 °C and 900 °C.
In general, it can be seen that the electrical conductivity is very
low for all the samples when sintered at or below 950 °C. It
can be seen from the plots that none of the cathode materi-
als show Arrhenius type linear behavior of conductivity with
respect to measuring temperature when sintered below 1000 °C.

500nn  f—

LS-

Fig. 8. Fracture surface micrographs of (a) LS4, (b) LS3, (c) LS2 and (d) LS1 cathodes sintered at 1100 °C.
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Fig. 9. In(aT) vs. 1/T plots for (a) LS1, (b) LS2, (c) LS3 and (d) LS4 cathode compositions at five sintering temperatures (900-100 °C).

On the other hand, at sintering temperature of 1000 °C and
above the conductivity decreases with the increase of tempera-
ture for LS2-1.S4 and metal-like linear behavior of conductivity
change with temperature is clearly evident. The typical activa-
tion energy of conduction for LS4 however is found to be in
the range 0.1-1.2 eV. For LS1, the electrical conductivity show-
ing metal-like behavior gives relatively higher values only when
sintered at 1100 °C. The reason for low conductivity in LS1
is presumably due to low density and insignificant increase of
densification with the increase of sintering temperature. The
increase in conductivity value with decrease in measurement
temperature is sluggish for both LS2 and LS3 for all the sin-
tering temperatures. In contrast, for LS4 the conductivity value
decreases significantly from 714 S/cm at 700 °C to 115 S/cm
at 800 °C for samples sintered at 1050 °C. Incidentally, highest
sintered density is obtained for LS4 at 1050 °C. As for compari-
son, the electrical conductivity value measured at 800 °C (a300)
for LS4, LS3, LS2 and LS1 are 115S/cm, 24 S/cm, 4 S/cm,
19 S/cm and 60 S/cm, 26 S/cm, 4 S/cm, 40 S/cm when sintered
at 1050°C and 1100°C, respectively. Tai et al.>! and Steven-

son et al.22 showed that in case of LSCF with low Fe content,
the nature of conductivity is predominantly metallic rather than
semiconducting.

Fig. 10 shows single-cell performance with current—voltage
(I-V) and current—power (/-P) characteristics having LSCF-
based cathodes (LS4 and L.S3). In these cells, CGO interlayer is
sintered at ~1300 °C. It can be seen that while cell with LS4 cath-
ode produces a current density as high as ~1.72 A/cm?, the cell
based on LS3 cathode produces only 0.62 A/cm? when measured
at 800 °C under cell operating voltage of 0.7 V. A comparison
of electrochemical performances of all cathodes investigated in
this study is shown in Table 2. The difference of performance
can be considered primarily due to electrocatalytic activity of
each of the cathodes. Microstructures of all the studied cathodes
are analyzed after the single-cell testing. It appears from the
micrographs that LS3 cathode is much denser than LS4. From
the densification study (Fig. 7) it is also observed that density
of LS3 is higher than LS4 at sintering temperature of 1100 °C.
Thus the low porosity at the LS3 cathode could be responsible
for low electrochemical performance.
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Fig. 10. Electrochemical cell performance of anode-supported single cell with CGO as interlayer for (a) LS4 and (b) LS1 cathodes.

Table 2
Electrochemical properties of the anode-supported cells with developed
cathodes.

Cathode Current density (Alem?) at 0.7V ASR (2 cm?)
at 800°C
800°C 750°C 700°C
LS4 1.720 1.280 0.849 0.211
LS3 0.619 0.320 0.185 0.339
LS2 0.029 0.015 0.009 7.61
LS1 0.165 0.092 0.040 2.85

It is also evident in the present work that the performance of
LSF-based cathode is inferior to LSM-based cathode. However,
it is observed that when LSF cathode is sintered at 1150 °C,
the single-cell performance improves and a current density of
~0.4 A/em? could be achieved at 0.7V for operating temper-
ature 800 °C. The reason for poor performance for LSF-based
cathode when sintered at 1100 °C in the present work could be
due to excessive porosity of the cathode layer surface which
might improve upon sintering at 1150 °C. Though the sintered
density of the bulk sample of LSF is found to be higher than that
of LSM (Fig. 7), but the screen printed layer of such LSF-based
cathode on to sintered CGO interlayer might have different den-
sification behavior. Since the detailed optimization of sintering

temperature of all the studied cathodes and their microstructures
are beyond the scope of the present manuscript, these data are
not included.

Fig. 11(a) shows the SEM microstructure of top surface of
LS4 cathode after the cell test. Precipitation of nanocrystalline
grains over relatively bigger grains is clearly observed. Similar
observation is also made in the dense microstructure of LS4 cath-
ode (Fig. 8a). However, both in dense and porous microstructure
of LS3 cathode, such nanocrystaline grains are not observed
when sintered at 1100 °C. It is anticipated that probably these
nanocrystalline grains enhance the electrochemical reaction on
the LS4 cathode surface because of the enhancement of the total
three-phase boundary (TPB) length near the nanocrystalline pre-
cipitates. Of course, the interface of CGO-based interlayer and
LS4-based cathode is crucial for the electrochemical perfor-
mance of the single cells. Micrograph of polished cross-section
of single cell is analyzed, nanocrystalline precipitates could
also be observed at the LS4 region of the interface with CGO
interlayer although not very clearly. Fig. 11(b) shows the cross-
section of the single cell with LS4 cathode after cell test, wherein
the inset shows a magnified view of LS4 near the interface.
Thus, the phenomenon of increased surface area on the LS4 sur-
face near the interface due to nanocrystalline precipitates also
exists.

LS4 cathode

A

CGO interlayer

=

: YSZ electrolyte

Fig. 11. SEM microstructure of (a) the top layer of Lag 5SrgsCop.gFep2 (LS4) cathode and (b) corresponding fractured anode-supported single cell with CGO as

interlayer after the cell test.
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It is reported that the optimum sintering temperature for
LSCF-based cathodes may vary with the composition to obtain
best cell performance.”> However, in the present work, at
the same sintering temperature of 1100 °C the electrochemi-
cal performance of the developed cathodes is compared and
it is observed that LS4 cathode produces much higher cur-
rent drawing capacity in the single cell with respect to the
other cathodes. Kim et al.>* pointed out that the current den-
sity dependent total area-specific resistance (ASR) of the cell
can be calculated from the linear portion of the current—voltage
characteristics corresponding to the cell voltage from 1.0V to
0.7 V. In addition to ohmic contributions from electrolyte, elec-
trodes and the corresponding interfaces, polarization resistances
at the electrode—electrolyte interface also contribute towards
the total ASR value of the cell. The evaluated ASR value of
single cells with different cathodes is presented in Table 2.
While the ASR for cell with LS4 cathode is found to be
lowest (0.211 2 cm?), the same are relatively higher for other
cathodes. The ASR value estimated for LS4 cathode in the
present work is similar to the value reported by Mai et al.’
Therefore, it can be concluded that in the anode-supported sin-
gle cell with Gd-doped ceria interlayer, Lag 5Srg 5Cog sFeo 203
(LS4) cathode having highest electrical conductivity and
unique microstructure results in superior electrochemical
performance compared to the results obtained with other
cathodes.

4. Conclusions

Nanocrystalline powders (~20 nm) of LSM and LSCF-based
cathode materials have been prepared successfully by combus-
tion synthesis technique using alanine as a novel fuel. This
fuel induces a sharp single-step combustion at a low temper-
ature (<200 °C) which results up to 96% of phase purity in
the as-synthesized powder as evident from the XRD analysis.
The powders are agglomerated in nature (average size ~50 nm).
However, all the powders except lanthanum strontium manganite
(LS1) are found to be highly sinteractive. Highest densification
for Lag gSrg»CoggFep203 (LS3) and Lag 5Srg5CoggFep 203
(LS4) are obtained for samples sintered at 1000 °C and 1050 °C,
respectively. In the measured temperature range (700-900 °C),
the electrical conductivity is found to be metal-like in nature.
The change of electrical conductivity with temperature is much
more pronounced for LS4 and it shows the highest electrical
conductivity. The electrochemical performance of YSZ-based
planar SOFC with CGO interlayer is found to vary with the
composition of the developed cathodes. Highest current density
of ~1.72 A/em? and power density of 1.2 W/cm? at 0.7 V, oper-
ating at 800 °C is obtained with Lag 5Srg 5 CoggFep203 (LS4)
as the cathode in anode-supported cell having CGO as the inter-
layer. Lowest value of total ASR is observed (~0.211 Q2 cm?)
with LS4 cathode only. It is evident from the microstruc-
tural analysis that the small nanocrystalline growth inside the
core grains might play a crucial role on the electrochem-
ical performances of the developed anode-supported single
cells.
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