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ABSTRACT

A cobalt-free composite CayFe;0s (CFO) — Ceg9Gdo 10195 (GDC) is investigated as a new
cathode material for intermediate-temperature solid oxide fuel cells (IT-SOFCs) based on
a Gdo.1Cep 901 95 (GDC) electrolyte. The cathodes had brownmillerite structure with x wt.%
Gdo 1Cep901.95 (GDC) — (100—x) wt.% Ca,Fe,Os (CFO), where x = 0, 10, 20, 30 and 40. The
effect of GDC incorporation on the thermal expansion coefficient (TEC), electrochemical
properties and thermal stability of the CFO—GDC composites is investigated. The
composite cathode of 30 wt.% GDC — 70 wt.% CFO (CG30) coated on Gdy 1Cep 0195 €lec-
trolyte showed the lowest area specific resistance (ASR), 0.294 Q cm? at 700 °C and
0.122 @ cm? at 750 °C. The TEC of the CG30 cathode was 13.1 x 1076 °C~* up to 900 °C, which
is a lower value than for CFO alone (13.8 x 10°° °C™%). Long-term thermal stability and
thermal cycle testing of CG30 cathodes were performed. Stable ARS values were observed
during both tests without delamination at the cathode—electrolyte interface. An
electrolyte-supported single cell with a 300-um-thick GDC electrolyte and an anode-
supported single cell with ~10-pm-thick yttria-stabilized zirconia (YSZ) with a GDC
buffer layer attained maximum power densities of 395 mW cm 2 at 750 °C and
842 mW cm™? at 800 °C, respectively. The unique composite composition of CG30
demonstrates enhanced electrochemical performance and good thermal stability for IT-
SOFCs.
Copyright © 2012, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights
reserved.

1. Introduction

cathode’s electrochemical activity dramatically decreases
with decreasing temperature [4,5].

Solid oxide fuel cells (SOFCs) are electrochemical energy
conversion devices characterized by high working efficiency,
low pollution and fuel flexibility [1—4]. Currently, one of the
main issues for the development of SOFCs involves lowering
operating temperatures to the intermediate temperature
range of 600—800 °C. In the intermediate temperature region
(600—800 °C), however, the cathode becomes the limiting
factor in determining the overall cell performance because the
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For SOFCs, La; _,SryMnOs_; (LSM) is widely investigated as
a potential cathode material [3,6,7]. LSM is characterized by
high and purely electronic conductivity. Because LSM has low
ionic conductivity, the oxygen-reduction is restricted at the
cathode—electrolyte interface. Therefore, reducing the oper-
ating temperature makes the performance of purely elec-
tronic conducting cathode decrease rapidly. Cobalt-based
perovskite materials, such as LSCF [8] and BSCF [9],
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demonstrate mixed ionic and electronic conducting behavior,
and thus, oxygen reduction occurs along the cathode mate-
rial’s entire surface. Therefore, cobalt-based cathodes exhibit
higher electro-catalytic performance at reduced tempera-
Unfortunately, cobalt-based cathode materials
demonstrate high thermal expansion behavior compared to
electrolyte materials because of the generation of oxygen
vacancies and a low-spin to high-spin transition of Co** [2—4].
In addition, cobalt-based cathode materials have drawbacks,
such as high chemical reactivity with electrolyte materials,
cobalt evaporation and the high cost of elemental cobalt
[2,3,5,10—13]. Iron-based perovskite oxides like doped
SrFeO;_;, however, could well serve as promising alternative
to cobalt-based cathode materials, because of the less flexible
redox behavior and low price of iron [14,15].

Ca,Fe,0s is a member of the family of compounds with the
general formula A,B,0s (A = Ca, Sr; B = Fe, Co) [16—21]. The
physical properties of CayFe,Os, such as electronic and
oxygen-ionic transport, thermoelectric properties and cata-
lytic and photocatalytic behavior, have been studied
[17,22—24]. CFO’s brownmillerite structure consists of alter-
nating perovskite layers of corner-sharing FeOg octahedra and
FeO, tetrahedra [17,19]. The structure is often classified as an
oxygen-deficient perovskite where the oxygen vacancies
ordered along (010) planes contribute to ionic conductivity,
forming one-dimensional oxygen ion migration in the tetra-
hedral layers and contributing to the material’s fast oxygen
ionic conductivity [17—19]. Recently, the mixed ionic-
electronic conductive properties of brownmillerite-type
structure materials have begun to be investigated [25].

In addition, Ca,Fe,0s has the advantage of a low thermal
expansion coefficient (TEC) of 13.1 x 107%'C~! in the range of
373-953 K [17], which provides good thermal expansion
compatibility with electrolyte materials such as GDC and YSZ.
Consequently, Ca,Fe,Os can be potentially utilized as
a cathode material for IT-SOFCs because of its mixed ion-
ic—electronic conducting properties and a thermal expansion
coefficient similar to those of electrolyte materials. To date,
however, few reports of the use of Ca,Fe,Os as a potential
cathode material have been published.

One commonly used means for improving cathode
performance is to add an ionically conducting second phase to
the electrode material to form a composite cathode [1,2,4,5,7].
The addition of a highly ionic conductive phase to the elec-
trode layer is effective in improving the cathode’s electro-
catalytic activity due to enlargement of the electrochemically
active area, i.e., the triple phase boundary (TPB) and the
creation of ionic conducting path due to the high ionic
conductivity. With the aim of improving the electrocatalytic
activity of Ca,Fe,Os and achieving a match between the
thermal expansion coefficients of the electrolyte and the
cathode, we investigated the electrochemical properties and
thermal expansion behavior of Ca,Fe,0s and GDC composite
cathodes.

tures.

2. Experiment procedure

A brownmillerite Ca,Fe,Os (CFO) was synthesized via a citrate
combustion method, and composite cathodes were

synthesized via a precipitation method. Analytical grade
Ca(NOs3),-4H,0 (>99.9%) and Fe(NOs);-9H,O were used as
precursors for the synthesis of oxide powders, and citric acid
(CeHgOy7) (99%) was used as fuel for the combustion reaction.

Initially, stoichiometric amounts of the precursors were
dissolved in deionized water with constant stirring, and then
citric acid was added to the clear solution. The resultant
transparent solution was heated at 70 °C until sufficient
water had evaporated, resulting in a transparent gel. The gel
was heated at 125 °C in an oven for 24 h. The dried gel was
pre-fired at 250 °C and subsequently calcined at 500 °C for 4 h
and 900 °C for 10 h to yield the desired crystalline oxide
powders.

The stoichiometric amounts of Ce(NOs)3-6H,0 (99.9%) and
Gd(NOs)3-6H,0 (99.9%) were dissolved in 50 ml of ethanol to
form the calculated x wt.% Ce 9Gdp 101,05 in composite. To the
above clear solution, (100—x) wt.% of calcined CFO powder was
dispersed under sonication for 2 h. The (C,Hs),NH (diethyl-
amine, 99.9%) precipitant was used to precipitate the GDC in
the presence of CFO to form the composite. The obtained
composite powders were dried at 80 °C for 12 h and calcined at
900 °C for 10 h. The CFO—GDC composites had a composition
varying from 0 to 40 wt.%, and the designations of these
cathodes are summarized in Table 1.

The phases of the synthesized powders were characterized
with a third-generation synchrotron powder X-ray diffrac-
tometer (XRD) from the 8C2 station beam line with Cu-K,
radiation (A = 1.549 A) at the Pohang Light Source (PLS) in
Korea. The diffraction data were collected in the 10- to 130-
degree ranges (20) at a step of 0.01°. The cross-sectional
microstructures of the cells were inspected with a scanning
electron microscope (FE-SEM Philips XL30 FEG).

Rectangular-shaped  bars  with  dimensions  of
3mm x 3mm x 12 mm were sintered at 1100 °C for 5 h in air
and were used for TEC measurement. TECs of the sintered
samples were measured using a Netzsch DIL 402C dilatometer
at temperatures between 30 and 900 °C at a heating rate of
5°C min~!in air.

The symmetrical half-cells were fabricated by screen-
printing. The as-fabricated half-cells were sintered at
1000 °C for 2 h in air to form an effective cathode surface area
of 0.385 cm? and thickness of ~18 pm. Platinum paste (ESL)
was applied to the edge of the same side of the working
electrode on the electrolyte to act as a reference electrode. The
area specific resistances (ASRs) were measured via 3-probe AC
impedance spectroscopy (Solartron 1260 impedance/Gain-
phase analyzer) as a function of temperature (550—800 C) in
flowing air.

Table 1 — Chemical compositions and their designations.

Chemical composition Designation
CayFe,05 CFO (CGO0)
Gdo.1Cep901.95 GDC

10 wt.% GDC and 90 wt.% Ca,Fe,0s CG10

20 wt.% GDC and 80 wt.% Ca,yFe,Os CG20

30 wt.% GDC and 70 wt.% Ca,Fe,0Os5 CG30

40 wt.% GDC and 60 wt.% CayFe,Os CG40
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Electrolyte-supported single cells with 300-pm of GDC as
the electrolyte as well as anode-supported single-cells with
10-pm of YSZ as the electrolyte and GDC as the buffer layer
were fabricated using a screen-printing method. A source
meter (Keithley 2400) was used to measure the -V polariza-
tion under flowing humidified H, (~3% H,0) as a fuel and in
air as an oxidant at a rate of 100 sccm.

3. Results and discussion

The synchrotron source XRD patterns of the CFO (CGO) and
CG30 cathodes calcined at 900 °C for 10 h are presented in
Fig. 1. The XRD pattern of CFO is evidence of a single-phase,
high crystalline brownmillerite structure (space group Pnma,
No. 47-1744) without any impurity phase; CFO’s indexed
primary peaks are summarized in Fig. 1. The unit cell
parameters for CFO were a = 5.426 A, b = 14.764 A and
¢ =5.598 A, and the cell volume was 444.453 A3. The patterns
of the CG30 composite show the presence of indexed peaks
corresponding to GDC and CFO without any other secondary
phases. This indicates that CFO has a good chemical
compatibility with GDC electrolytes below 900 °C, supporting
its use as a cathode in SOFCs.

Thermal stress from the difference in the TECs of adjacent
cell components may result in detachment of the interface
between layers during the repeated thermal cycling operation
[5,26]. Moreover, the thermal expansion incompatibility can
cause thermal stress in SOFCs and thus result in poor long-
term thermal stability performance [4,5]. Therefore, it is
important to improve the thermal expansion compatibility
between the cathode and the electrolyte. Fig. 2 shows the
thermal expansion curves for different wt.% CG composite
cathodes, and the table in the inset shows the calculated TEC
values from the plots, which exhibit the relatively reduced
TEC of CFO (13.8 x 107 °C™!) compared with cobalt-based
cathode materials [27,29]. As expected, a further decrease in
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Fig. 1 — Synchrotron XRD patterns of the CaFe,0s (CG0) and
CG30 powders calcined at 900 °C for 10 h and compared
with the JCPDS data.
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Fig. 2 — Thermal expansion curves (dL/Lo) of CG composites
in the temperature range of 30—900 °C in air. Inset table
shows the TEC values for CG composites.

the TEC values was observed with the addition of GDC into
CFO. The TEC of CGO decreased to 13.1 x 107 °C~" for the CG30
cathode. The reduced TEC is mainly attributed to GDC’s
smaller TEC. This value is compatible with the GDC electrolyte
(TECis 12.0 x 107° °C™%) compared to the TEC value of cobalt-
based LSCF [27] and GBCO [29]. Thus, the addition of GDC led
to a decrease in the thermal expansion coefficient, which
improved the thermal stability of the CG30 cathode analyzed
in the later sections.

Impedance spectra for the CFO cathode with respect to
various sintering temperatures are shown in Fig. 3 (a). The
ohmic resistance was removed in the impedance spectra in
order to compare the polarization resistance of the cathode.
The cathode sintered at 1000 °C showed the lowest cathodic
polarization resistance of 1.934 Q cm? at 650 °C. Fig. 3 (b)
clearly reveals that the cathode sintered at 1000 °C possessed
the lowest ASR values at various temperatures.

Generally, cathode materials have fine grain size, a large
surface area and sufficient porosity as well as demonstrate
good adhesion between the cathode and electrolyte to obtain
high electrode performance [27]. However, for the cathode
sintered at 900 °C (data not shown), weak interconnectivity
between the CFO and electrolyte was observed. The weak
connection between agglomerated particles will increase the
resistance of bulk-surface diffusion of oxygen species as well
as increase electron transfer through the porous cathode.
Therefore, the sintering temperature must be increased to
enable the formation of good connections between the CFO
particles. At 1100 °C and 1200 °C, improved contact between
the cathode materials was observed. However, cathodes sin-
tered at temperatures higher than 1100 °C demonstrated large
areas of dense regions with few micro-pores. These effects
decreased the electrode porosity and active sites for oxygen
reduction because of the growth of cathode particles, resulting
in an increase of ASR.

In summary, it can be concluded that a sintering temper-
ature of 1000 °C provides the best balance between the con-
flicting electrode requirements of maintaining a porous, high
surface area structure while simultaneously providing
a strong, well-sintered and adherent layer. At 900 °C, the
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Fig. 3 — (a) AC impedance spectra measured at 650 °C in air
for Ca,Fe,05 cathode sintered at different temperature. (b)
Area specific resistance values from 650 to 750 °C as

a function of sintering temperature.

temperature is not high enough to provide a structure of
sufficient particle necking for good contact and adhesion. At
higher temperatures, however, the reduced surface area
caused by the densification of the cathode regions results in
a decrease in the active site for oxygen reduction [28,30]. Based
on the ASR values, the following experiments were sintered at
1000 °C for composite cathodes.

The calculated ASR values of the different wt.% CG
composites from the interface resistances of the impedance
spectra are shown in Fig. 4. The inset (a) in Fig. 4 shows
a typical impedance spectrum for the symmetrical cells
fabricated with the CG30 cathode onto the GDC electrolytes,
measured at 650, 700 and 750 °C. The resistivity (R, = R1 + Ry)
was obtained by fitting the impedance spectrum with an
equivalent circuit model (inset (a) in Fig. 4) using the nonlinear
least squares fitting program of the Z-View software. The
intercept of the semicircle on the real axis in the high-
frequency region represents the total ohmic resistivity (Rs) of
the electrolyte. The radius of the arc between the two inter-
cepts in the high- and low-frequency regions on the real axis
corresponds to the polarization resistivity (Rp,) of the cathodes.

-12f (a) &R R, o 650°C
& osh €GN > ;23 g
1.0 [ET worpn LA
2 Jeoeea, -
04 Bl s ., ///3
/"/
g 0S v
[#] 20 2AI 28 13.2
g Z'/ ohm em’ g ’/ —0— CGO (E; : 1.40eV)
= / - 0- CGI0(E;:1.32eV)
S oo} 7 —o - CG20 (Eq: 1.30eV)
o~ wodeeer CG30 (Eq < 143 ¢V)
rf: () —4 CG4D(Ep:1.32¢eV)
& .05 | Y & S
| g o0 —A— 750°C
gr A 2
o LK 04
-1.0 | P =
A, S 08
*® 0 10 20 30 40
I 1 I | wt. % GDC
L5 090 095 1.00 1.05 1.10 1.15 1.20 1.25 1.30

1000/ T/ K!

Fig. 4 — Arrhenius plots of log ASR for the symmetrical cells
of different wt.% CG/GDC at interface, measured in air. The
inset (a) shows impedance spectrum for the symmetrical
cell fabricated with CG30 cathode on the GDC electrolyte.
The inset (b) shows the ASR values vs. wt.% of composite
electrodes.

As shown in inset (a), both the ohmic resistance and electrode
resistance decrease with an increase in measuring tempera-
ture. The inset (b) in Fig. 4 shows the plot of ASR values vs.
different wt.% CG composites. R, decreased with an increase
in GDC content, reaching a minimum at a GDC content of
30 wt.% but increasing with a further increase in GDC. In Fig. 4,
the CG30 composite cathode on the GDC electrolyte showed
an ASR value of 0.294 @ cm? at 700 °C, which is lower than the
value for the CGO cathode (0.860 Q@ cm? at 700 °C). The ASR
values are higher than that of cobaltite cathode but quite
compatible with previously reported cobalt-free cathode
[9,14,15,29]. The inset (b) clearly reveals that the CG30
composite possessed the lowest ASR values at various
temperatures. A further increase in GDC content to a value
higher than 30 wt.% resulted in a higher interfacial polariza-
tion resistance.

Generally, the addition of a highly conductive phase to the
electrode, i.e., composite cathodes, is effective in expanding
the electrochemical reaction zone from the limits of the two-
dimensional interface between the electrolyte and the
cathode to the cathode’s entire area. It is believed that the
ionically conducting GDC, when added to a cathode, can
extend the electrochemically active reaction zone from the
triple phase boundaries at the two-dimensional interface
between the electrolyte and the cathode to the three-
dimensional bulk of the electrode [1,2,4,5,7]. As a result, the
addition of the high ionic conductive GDC in CFO—-GDC
composite cathodes may extend the triple-phase boundaries,
resulting in much lower overpotentials toward oxygen
reduction by providing the short-circuit paths for ion trans-
port. These effects reflect a decrease in cathode polarization
caused by a reduction in charge transfer resistance [1,2,4,7]. In
addition to increased TPBs, the addition of an ionically
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conducting phase also increases the total concentration of
oxygen vacancies, improving the adsorption of oxygen gas
and the diffusion of oxygen ions in the electrode, which
results in a reduction in the diffusion-related process [7].

Fig. 5 (a) and (b) show the cross-sectional views of an
interface between the CG30 cathode and the GDC electrolyte
after half-cell testing. The SEM images show thin layers of
cathodes (~18 pm) with a highly porous morphology that
ensured good gas diffusion. The images also display the
presence of inter-connectivity at the interfaces between the
CG30 cathode and GDC electrolyte. Fig. 5 (b) shows that the
composite cathode consisted of homogeneously distributed,
nano-sized (~100 nm) GDC particles (indicated by arrows) on
the surface of the CFO particles. In addition, the GDC particles
on the large CFO particles adhered to the dense GDC electro-
lyte. This typical morphology may account for reduced
cathode polarization resistance during the oxygen reduction
reaction. This suggests an explanation for enhancement of
the electrochemical properties of the CG30 cathode compared
with those of the pure CGO cathode.

To evaluate the thermal stability of the CG30 cathode, the
ASRs of the half-cell as a function of thermal cycling and long-

Fig. 5 — SEM images of the cross-section of an interface
between the CG30 cathode and GDC electrolyte substrate
(a) low-magnification and (b) high-magnification after
cell test.

term thermal stability were surveyed using AC impedance
spectroscopy (Fig. 6), and the results are shown in Fig. 7. The
half-cell was thermally cycled 50 times between 200 and
650 °C, with heating and cooling rates of 5 °C/min, as shown in
inset (b) of Fig. 7. In addition, the long-term stability test was
performed at 650 °C for 500 h, and ASR was measured every
12 h. Typical impedance spectra of delaminated cells showed
increases in both the ohmic resistance and the diameter of
electrode arcs [26]. In this research, however, the impedance
spectra of cyclic tests (after the 5th and 50th tests) and long-
term stability tests (after 120 h and 500 h) represent similar
ohmic resistance and electrode resistance. This result indi-
cated that the GG30 cathode showed superior thermal
stability without any delamination between the cathode and
electrolyte during the thermal stability test.

In accordance with impedance spectra analysis, small or
negligible changes in polarization resistance were observed
after 50 thermal cycles, as shown in Fig. 7. The CG30 cathode
also demonstrated stable performance for 500 h at 650 °C in
light of changes in the ASR value. Two insets in Fig. 7 (a) and (c)
show the cross-sectional views of the interface between the
CG30 cathode and the GDC electrolyte after the cell tests. The

a -5
© Stheycle
A 50th cycle
NE -0}
Q
e £ 1 AP FIC T TN
o o
A I()u
0.0
20 25 30 3.5
Z' / ohm cm?
b -15
O 120h
~ A 500 h
£ -0}
o
=
-S b 10
:—-. 05 10° e%ﬂw%%%‘gd}
i ° A
10
0.0
20 25 30 35
Z' / ohm cm?

Fig. 6 — Impedance spectra of a CG30 cathode of (a) 5th
cycle and 50th cycle at the temperature range of 200 and
650 °C and (b) at 120 h and 500 h of operation at 650 °C.
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Fig. 7 — ASR values of CS30 at 650 °C under flowing air for
long-term thermal stability, thermal cycle result. Inset (a)
and (c) shows SEM images with EDS line profiles at the
interface between cathode and electrolyte after cycle test
and long-term thermal stability, respectively. And inset (b)
shows temperature patterns for the thermal cycle test.

SEM micrographs revealed high porosity and good connec-
tivity without cracking or delamination, which led to the
stable polarization resistance during the cell test. The
elemental line profiles on the SEM image in insets (a) and (c)
exposed the density of elements Ce, Ca and Fe in the cathode
and electrolyte regions. These results confirmed the presence
of elements in the limited regions without any penetration of
elements during the thermal stability test.

Fig. 8 shows the electrochemical performances of the
electrolyte-supported single-cell configuration of CG/ ~300 um
GDC/Ni—GDC in the temperature range of 650—750 °C using
humidified H, (~3% H,0) as a fuel and air as an oxidant. The
open circuit voltage (OCV) was lower than 1.0 V and increased
with decreasing temperature. The decrease of the OCV was
induced by electronic conduction in the GDC electrolyte
caused by the reduction of Ce** to Ce*". The maximum power
density of CGO was 250 mW cm~?, and that of CG30 was
395 mW cm? at 750 °C. These results demonstrate that the
CG30 cathode exhibited high performance in the
intermediate-temperature regime, which was compatible
with the data reported in the literature for cobalt-free cathode
materials [12,13,31].

YSZ has been widely used as an electrolyte in solid oxide
fuel cells. In this research, a single-cell test onto the YSZ
electrolyte was also investigated. Prior to the single-cell test
with the YSZ electrolyte, a chemical compatibility test
between the cathode and YSZ electrolyte was performed
using XRD. The results are shown in Fig. 9, which shows XRD
patterns after heating the mixture of CFO and YSZ from 700 to
1000 °C for 1 h. A reaction between CFO and YSZ occurs 800 °C
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Fig. 8 — Electrochemical performance of CGO and CG30/
GDC/Ni—GDC single-cells under humidified H, fuel and air
oxidant at different temperatures.
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Fig. 9 — X-ray powder diffraction patterns of Ca,Fe,Os and
YSZ mixture after heat-treated at the temperature range of
700 and 1000 °C for 2 h. The dot lines correspond to CaZrO3;
and are the secondary phase between Ca,Fe,0s and YSZ.
The open circle is an unknown phase.
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Fig. 10 — SEM image of anode-supported single cell
configuration of CG30/YSZ/Ni—YSZ with ~3 pm GDC buffer
layer fabricated 1000 °C for 2 h.

and formed CaZrOs (JCPCS #35-0790) of unknown phase. This
indicates that CFO was therefore unsuitable as a cathode in
direct contact with the YSZ electrolyte where temperatures
exceed 800 °C. To prevent side reactions at the cathode and
electrolyte interface, ~3 pm GDC buffer layers at 1250 °C for
2 h were prepared onto the cathode side of the YSZ electrolyte.

Fig. 10 shows the cross-sectional SEM image of the anode-
supported singe cell, which was sintered at 1000 °C for 2 h. The
middle of the SEM image indicates the porous GDC buffer
layer (~3 pm)/dense YSZ (~10 um) electrolyte with a total
thickness of ~13 um, and each side of the electrolyte film
shows the anode and cathode. The EDS line profiles corre-
sponded well with the chemical compositions of the different
layers and ensured the absence of delamination or inter-
diffusion between the cell components.

Fig. 11 shows the electrochemical performances of the
anode-supported single-cell configuration of CG30/~10 pm
YSZ/Ni—YSZ with GDC buffer layer in the temperature range
of 700—800 °C. The open circuit voltage showed higher values
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Fig. 11 — Electrochemical performance of CG30/YSZ/
Ni—YSZ single-cells with ~3 um GDC buffer layer under
humidified H, fuel and air oxidant in the temperature
range of 700—800 °C.

than those for the GDC electrolyte. The measured open circuit
voltage at 800, 750 and 700 °C were 1.11, 1.12 and 1.13 V,
respectively. The maximum power density of CG30 was
842 mW cm ™2 at 800 °C, which is higher than the value for the
GDC electrolyte. The enhanced power density might have
a greater decrease in the ohmic resistance-related oxygen ion
diffusion through the ~10-um YSZ electrolyte than for the
~300-um GDC electrolyte. Therefore, the CG30 cathode
exhibited high performance in the intermediate-temperature
regime on both the GDC and YSZ electrolytes.

In summary, it can be concluded that the enhanced elec-
trochemical performance and structural stability of the CG30
cathode was due to the addition of the GDC to the CFO, which
yielded a large triple-phase boundary and provided short
routes for ion transport for mixed conducting materials that
are advantageous for efficient oxygen reduction processes and
fast charge transport [7]. The addition of GDC also affected the
good interconnectivity between the composite particles and
the interface of the cathode and electrolyte because of the
reduced TEC.

4, Conclusions

In the present study, a series of cobalt-free Ca,Fe,Os and
composite cathodes with GDC were employed as the cathodes
for SOFCs. The different weight percentages of CGO to CG40
composite cathodes were synthesized via the citrate
combustion method followed by the precipitation method.
The TEC values were reduced by mixing GDC and Ca,Fe,Os
particles to form CFO—GDC composite cathodes, which
significantly improved the thermal stability of the CG30
cathode by achieving a match of the TEC between the elec-
trolyte and cathode. Among the CG composite cathodes, the
CG30 cathode exhibited the best performance. The improved
performance of Ca,Fe,0s—GDC composite electrodes is due to
a combination of the decrease in the charge transfer and the
diffusion-related resistance by the addition of high ionic
conductive GDC in the cathode. The maximum power density
of the electrolyte-supported and anode-supported single-cell
delivered 395 mW cm ™2 at 750 °C and 842 mW cm ™ at 800 °C,
respectively. These results suggest that CG30 is a promising
cathode material for use in IT-SOFCs.
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