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Abstract

This work divided into two parts. The first part reports the characteristics of a Lay gCay,CoO;_s (LCCO) cathode including its chemical bulk
diffusion coefficient (D¢pen) and chemical surface exchange coefficient (kche,) measured by an electrical conductivity relaxation (ECR)
technique. The second part reports two methods to improve the performance of solid oxide fuel cells (SOFCs). One is the use of composite
cathode, i.e., mixture of 30 wt% electrolyte and 70 wt% cathode. The other is the use of electrolyte-infiltrated cathode, i.e., the active ionic-
conductive electrolyte with nanosize was infiltrated onto a porous cathode surface. In this work, the 0.2 M Ce( gSmg 0,9 (SDC)-infiltrated
LaggCag,Co0;_5 (LCCO) reveals the maximum peak power density of 305 mW em™ 2 at operating temperature of 800 °C with a thin film SDC
electrolyte (30 pm), a Ni+SDC anode (1 mm) and a SDC-infiltrated LCCO cathode (20 pm). The enhancement in electrochemical performances
by using the electrolyte-infiltrated cathode is ascribed to the creation of electrolyte/cathode phase boundaries, which considerably increase the
electrochemical sites for oxygen reduction reaction. Therefore, the infiltrated method is a potential way to improve the performance of SOFCs.

© 2013 Elsevier Ltd and Techna Group S.r.1. All rights reserved.
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1. Introduction

Recently, solid oxide fuel cells (SOFCs) have attracted a
great deal of attention due to the advantages of high electrical
efficiency, fuel versatility, low-pollutant emission, etc [1-4].
However, their high operating temperatures above 800 °C limit
the application of SOFCs, a lower operating temperature (600—
800 °C) is required in the future applications [5]. Cathodes are
important components of SOFCs, and developing new cath-
odes which perform well at the intermediate temperatures
(600-800 °C) is a key step in reducing operating temperatures.
Potential cathode candidates have normally been based on
mixed oxygen ionic and electronic conducting oxides, which
have both high ionic and electronic conductivity. The mixed
conductivity extends the active oxygen reduction sites from the
typical electrolyte—electrode—gas triple-phase boundary to the
entire cathode surface, therefore greatly reducing the cathode
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polarization at low operating temperatures [6]. The develop-
ment of cathode materials with high eletrocatalytic activity for
oxygen reduction reaction at intermediate temperature is great
importance and it has received considerable attention during
the past decade [7,8]. The cathodic reaction involves the
reduction of molecule oxygen to oxygen ion by means of a
series of intermediate steps, including gas diffusion, surface
adsorption, dissociation, charge transfer and so on [9,10].
Consequently, evaluation the electrocatalytic activity of the
cathode towards oxygen reduction at reduced temperature is
very important for IT-SOFC. The oxygen reduction activity of
an SOFC cathode is closely related to the surface exchange
and oxygen bulk diffusion properties. With regard to detailed
information of the surface exchange and oxygen bulk diffusion
properties will be helpful in understanding the electrochemical
properties to perform as a cathode, as well as in providing
further guidance on performance optimization [11]. There are
several techniques can be applied to determine the surface
exchange and bulk diffusion coefficients of a mixed cond-
uctor, such as oxygen permeation measurements, coulometric
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titrations, electrochemical impedance spectroscopy, oxygen
isotope exchange depth profiling (IEDP) using secondary ion
mass spectrometry (SIMS), oxygen isotope exchange using
mass spectrometry, and relaxation techniques. The electrical
conductivity relaxation (ECR) method has turned out to be a
facile way to measure the chemical bulk diffusion coefficient
(Dchem) and chemical surface exchange coefficient (kepen) Of a
mixed conductor due to the high sensitivity of electrical
conductivity to changes in oxygen concentration or oxygen
partial pressure [12—17].

Recently earth-doped cobaltite has attracted much attention
as cathode materials for SOFCs due to its mixed-conduction
characteristics and its relatively high ionic conductivity. In the
present study, Lag gCap,Co0O5;_s (LCCO) was selected as the
cathodes to investigate its surface exchange and oxygen bulk
diffusion properties. The D pem and keper, of LCCO material at
various temperatures and oxygen partial pressures were
examined by an ECR method. There are several ways to
improve the cathode performance [18-22]. In this work, we
chose two ways to improve the cathode performance. One way
is the mixture of a high ionic-conductive phase CeygSmg .0 o
(SDC) within the cathode. Such a composite cathode can
extent the electrochemically active triple phase boundaries
(TPBs), where the oxygen reduction reaction (ORR) occurs,
and thus improve the electrochemical property. The other way
is deposited the active ionic-conductive SDC with nanosize on
a porous cathode surface by infiltration. This method could
provide a larger number of oxygen reduction reaction sites and
improving the electrochemical performance leading relatively
low area specific resistances. Finally, the performance of
LCCO cathode improved with different ways was investigated
systematically.

2. Experimental
2.1. Cathode and electrolyte materials preparation

Lay gCag,C00;5_s (LCCO) cathode powder was synthesized
by a conventional solid-state reaction synthesis with high
purity of La,O;, CaCO;, and CoO, powders (> 99%) as
starting materials. These powders were mixed under ethanol
and milled for 12h using zirconia balls. The ball-milled
mixture was dried and grounded into a powder with mortar
and then calcined in air at 1000 °C for 4 h. The cathode
powders were pelletized with a small amount of PVA as
binder. To measure the surface exchange and oxygen bulk
diffusion properties of the LCCO cathode, the green bulk with
a rectangle shape was applied an uniaxial pressure of 1000 kgf
cm™>, then sintered in air at 1200°C for 4h with a
programmed heating rate of 5°C min~'. The sintered speci-
mens were made up over 95% of the theoretical density
for electrical conductivity measuring. The CeygSmg,0;9
(SDC) powder was synthesized by coprecipitation using
Ce(NOj3);3 - 6H,0 and Sm(NO3); - 6H,O as the starting materi-
als. The starting materials with stoichiometric ratio were
dissolved in distilled water and then added to a solution of
ammonia. The mixture solution was adjusted to a pH value in

the range of 9.5-10. The resultant precipitate was filtered in a
vacuum, and washed three times with water and ethanol,
respectively. Then, the coprecipitation powder was calcined in
air at 600 °C for 2 h [23].

2.2. Electrical conductivity relaxation (ECR)

The time dependence of the conductivity was measured
using the four-probe DC technique, and was recorded by a
Keithley 2420 source meter. Measurements were performed on
a specimen with a rectangle geometry, having typical size of
5x 5% 10 mm® over the temperature range of 500-700 °C at
an interval of 50 °C. After each temperature change, the bar
was stabilized for at least 30 min. A sudden change in the
oxygen partial pressure, from 0.05 to 0.21 atm, was caused by
introducing standard gas mixtures of Ar and O,. The electrical
conductivity relaxation curve was plotted as g(f) vs. 7, which
was fit by a least square method to an analytical solution of
Eq. (1); Dchem and kepem Were the variable fitting parameters
[24].

2.3. Symmetrical cell and the single cell fabrication

The cathode paste consisted of cathode powder, solvent,
binder, and plasticizer was applied on both sides of SDC
electrolyte discs. The screen-printing method was used with
the circle patterns of a diameter of 13 mm and a thickness of
1 mm. On one side, the cathode paste was painted as the
working electrode (WE) with a surface area of 0.385 cm?. The
Pt reference electrode (RE) was located about 0.3-0.4 cm
away from the WE. Such a distance was chosen to avoid
measurement errors due to the misalignment of the working
and counter electrodes. The Pt counter electrode (CE) was
arranged on the other side of the SDC disk. After the cathode
material was painted on the electrolyte, it was then sintered at
1000 °C for 4 h in air.

There are three modified LCCO cathodes (working electro-
des) were measure their electrochemical properties in this
study. The first type (Pure LCCO) was synthesized by the
solid-state reaction synthesis method. The second type (Com-
posite LCCO) mixed 70 wt% LCCO cathode with 30 wt% of
SDC electrolyte with solid-state reaction synthesis method.
The third type (Infiltrated LCCO) was infiltrated SDC electro-
lyte onto the porous LCCO cathode. For the preparation of the
SDC-infiltrated LCCO, aqueous nitrate solution of SDC
precursors with 0.2 M was prepared by dissolving proper
amount of Ce(NOj3)3-6H,0 and Sm(NOj3)3-6H,0 in water.
Ethyl glycol (EG) was also added to the solution as a complex
agent to form the correct phase. Ethanol was added into the
aqueous solution with a ration of 1:1 to improve the wetting
ability on the LCCO backbone. 3 pl of this solution was
infiltrated into each side of the porous LCCO cathode using a
micro-liter syringe in order to control the amount of loading.
After allowing the solution to dry in air, the infiltrated cell was
fired at 700 °C for 2 h to obtain the desired SDC nano-sized
particles within the LCCO skeleton.
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In order to evaluate these cathodes performance in a single
cell, the anode-supported fuel cells were prepared. Anode
substrates consisting of 58 wt% NiO, 38 wt% SDC and 4 wt%
graphite were prepared by a die-pressing process. SDC
nanopowder was added onto the pre-pressed green NiO-
SDC substrate. And then, the SDC powders and NiO-SDC
substrate were co-pressed to form a green bilayer and subse-
quently co-sintered at 1400 °C for 4 h. The cathode paste was
screen-printed onto the SDC electrolyte film supported by
NiO-SDC anode and sintered at 1000 °C for 4 h.

2.4. Electrochemical and the single-cell measurements

The symmetrical testing-cell experiments were carried out
by using the VoltaLab PGZ301 potentionistat over tempera-
tures ranging from 600 to 800 °C at intervals of 50 °C in a
furnace under various oxygen partial pressures. The frequency
applied range of the AC impedance measurements ranged from
100 kHz to 0.1 Hz with 10 mV AC signal amplitude. The
electrochemical impedance spectroscopy (EIS) fitting analysis
was performed with Zview software. Button cells with and
without the infiltration of SDC were measured with humidified
hydrogen (3 vol% H,O) as fuel and air as oxidant to evaluate
the performance of the fabricated anode-supported solid oxide
fuel cells. The current-voltage characteristics of the single cells
were measured at the temperature range of 500-800 °C at an
intervals of 100 °C.

2.5. Materials characterization

The calcined electrolyte, and cathode were characterized by
X-ray powder diffractometer (XRD; Rigaku D/MAX-2500 V),
with a scanning rate of 4° min~' and a scanning range of 20—
80° using a Cu K (1.5418 A) radiation source. The morphol-
ogies of nano-sized SDC-infiltrated LCCO cathode were
measured by scanning electron microscopy (SEM; Hitachi
3500H).

3. Result and discussions
3.1 D(‘hem and kchem

The electrode performance is closely related to the intrinsic
properties of the electrode material, such as bulk diffusion and
surface exchange kinetics properties. In this study, Dcperm and
kenem Were measured by an ECR technique, which is based on
the principle that a variation in the ambient atmosphere leads
to a change in the oxygen vacancy concentration of the mixed
ionic and electronic conductor (MIEC). Due to the local
electroneutrality requirement, the abrupt change in the oxygen
partial pressure of the surrounding atmosphere induces a
corresponding change of the charge carrier concentration
(oxygen vacancy), which is reflected as a relaxation of the
apparent macroscopic electrical conductivity [25]. This relaxa-
tion process is accompanied with oxygen exchange at the
surface and chemical diffusion in the bulk of the oxide sample.
Conductivity relaxation models usually assume small
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Fig. 1. The electrical conductivity relaxation curve for LCCO at various
temperatures after the oxygen pressure suddenly changed from 0.21 to
0.05 atm.

departures from thermal equilibrium and a simple linear model
for the surface exchange kinetics [26,27] Fig. 1 shows the
typical electrical conductivity relaxation curves of LCCO at
various temperatures by a sudden change in the oxygen partial
pressure from 0.21 to 0.05 atm.The values for k¢pem and Depem
could be obtained by calculated by fitting the electrical
conductivity relaxation curves into Eq. (1).

o ()—c(0) 2Clexp(—a3,Denemt /15 )
o (0)—a (0) o (a3 +Ci+C))

(s o] (s o] o0
-2 X XX
n=1m=1p=1

2
2C3exp(—a3,, Devemt /15) 2Ciexp (_angchemt/l.%)
X
B(@y, + C3+ C2) a3y (a3, + C3 + C3)

(1
where D.pem 18 the chemical diffusion coefficient, and a(0),
a(?), and o(o0) indicate the initial, time independent and final
conductivities, respectively. The coefficients of aj,, dtom, a3
are the nth, mth and pth roots of the transcendental equations:

Ci=antanay,, Cr=antandy, C3=aptanaz, (2)

The parameters of C;, C,, and C5 are defined as:

l l l DC em
1 =2 Ci=—, Li= kh (3)
ex

where k.pem 1S the surface exchange coefficient in the relaxa-
tion process.

The conductivity reached its steady state value faster for the
high temperatures than the low temperatures, leading that the
values of Dpem and kcpen at high temperatures were larger than
those at low temperatures. The values of D, for LCCO were
0.25, 1.10, and 2.44 x 107> cm? s™" at 500, 600, and 700 °C,
respectively. With the same trend, kcpen, were 1.23, 2.51, and
523 x 1072 cms™" at 500, 600, and 700 °C, respectively. The
values regarding Dipem and kepemy 0f LCCO cathode in the
reduction process were given in Table 1.

The activation energies for Dipen and kepen, Obtained from
the slopes of the Arrhenius plots as shown in Fig. 2 were 70



8414 R.-W. You et al. / Ceramics International 39 (2013) 8411-8419

Table 1

kchem and Dgpen, of LCCO at various temperatures from electrical conductivity
relaxation curve during the oxygen partial pressure suddenly changed from
0.21 to 0.05 atm.

Temperature (°C) Depern (cm?s™") kehem (cm s™)

500 249 x 107° 1.23 x 1073
550 528 x107¢ 1.64x 1073
600 1.10 x 1073 251 %1072
650 1.46 x 107° 2.791 x 1073
700 244 x107° 523 %1073
a
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Fig. 2. Arrhenius plots of (a) Dcpem Vs. 1000/T and (b) kcpem Vs. 1000/T for
LCCO cathodes between 500 and 700 °C.

and 42 kJ mol ™', respectively. The equation of Dgen as a
function of temperature calculated from the Arrhenius plots of
D hem VS. 1000/T exhibits as follows:

-1

Dehem = 2.44 x 107%exp (-70 &) (m? s71) 4)
RT

This equation is applied in the temperature range of 500-

700 °C. The activation energy obtained from the Arrhenius

plot of D pen may be considered in terms of the enthalpy of

mobility of the defects involved in the gas/solid equilibration
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Fig. 3. X-ray diffraction pattern of (a) Lag gCay,C00;_s (LCCO) powder; (b)
CepsSmg 09 (SDC) powder; (c) the powder mixture of 50 wt% LCCO
+50 wt% SDC calcined at 1000 °C for 4 h.

N -—

NDHU 15.0kV ~ X40,000 WD 10.0mm 100nm

Fig. 4. SEM images of LCCO-based cathodes: (a) pure LCCO; (b) 0.2 M-
SDC-infiltrated LCCO.
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for the O,/LCCO system. This may be considered in terms of
the effect of oxygen partial pressure and related concentration
of defects, and the extent of interactions between the defects
and their mobility [28].

3.2. LCCO structure compatibility with SDC electrolyte

The investigation of the solid-state reactions between LCCO
and SDC phases is very important for evaluating the chemical
stability between cathode and electrolyte during the operating
temperature for a long time. As shown in Fig. 3, the XRD
patterns of 50 wt% LCCO+50 wt% SDC calcined at 1000 °C
for 4h, LCCO contains a perovskite structure, while SDC
contains a cubic fluorite structure, the characteristic peaks of
both LCCO and SDC are clear separation for the mixture
calcined at 1000 °C. Generally, an electrolyte-infiltrated cath-
ode material sintered at a high temperature with a larger grain
size of electrolyte that adhered on cathode skeleton leads to a
decrease in the electrode surface area—gas—solid interface
(triple phase boundary, TPB), which results in high polariza-
tion resistance [29-31]. Meanwhile, due to the high sintering
temperature, the cathode materials adhere strongly to the
electrolyte surface, resulting in better contact with the electro-
lIyte and better current collection. This represents a trade-off
relationship with regard to the sintering temperature to obtain
cathode materials with fine microstructure with a lower
calcained temperature and strong adhesion to the electrolyte
but larger grain-sized electrolyte with a higher calcined
temperature. Based on the above-mentioned results, it revealed
that no obvious interface reaction appeared for the mixture of
LCCO+SDC, indicating the mixture of LCCO+SDC was a
chemically stable, when heated up to 1000 °C.

Table 2
The EDS data of LCCO-based cathodes.

Area Atom (%)

Sm L Ce L LaL Co K CaK OK

A - - 16.84 18.21 1.91 63.04
34.97 36.19 6.78 13.47

Electronic conductor

e @Q

[onic
conductor

b

3.3. SEM of LCCO infiltrated with SDC

To improve the cathode performance, the active ionic-
conductive SDC nano-sized particles were deposited on a
porous LCCO cathode surface by infiltration method. The
microstructures of the LCCO cathode infiltrated with and
without SDC were observed by SEM, as shown in Fig. 4.
To improve the wetting ability between the nitrate solution of
SDC precursors and the porous LCCO backbones, a mixture of
ethanol and water were used in all specimens. Fig. 4(a) shows
the microstructure of pure LCCO cathode, which revealed that
LCCO backbone was well sintered and without any tiny SDC
particle. The analysis of EDS of area A as listed in Table 2, it
revealed that CaO incorporated well with La,O5 at A-site of
perovskite. After infiltrating with 3 pl of 0.2 M SDC, nanosize
SDC particles with tiny grain size in the range of 10-30 nm
were introduced to the LCCO backbone as shown in Fig. 4(b).
Based on the analysis of EDS, it indicated that SDC
nanoparticles indeed deposited on the porous LCCO back-
bones. Two schematic representations for the way to enhance
the area of TPBs are shown in Fig. 5. The first way is to mix
the ionic-conductor electrolyte into electronic-conductor cath-
ode as illustrated in Fig. 5(a). The second way is to infiltrate
the tiny ionic-conductor electrolyte onto electronic-conductor
cathode as shown in Fig. 5(b). Obviously, the infiltration
method creates more area of TPBs than the method that mixing
the electrolyte into the cathode. The cathode infiltrated with the
tiny electrolyte would be expected to reveal lower resistance
because of the larger area available for reaction and ion
transfer across the interface.

3.4. Interfacial polarization resistances

Fig. 6 shows some typical impedance spectra of the LCCO
cathodes improved with various methods which were measured in
a symmetric configuration using AC impedance spectroscopy
under open-circuit conditions in air from 600-800 °C at the
interval of 50 °C. In order to clearly show the difference in the
cathode polarization behavior between the Ohmic resistance (Rq)
and the total cathode polarization resistance (Rp) of the cell, the R

Electronic conductor

Tonic

conductor

Electrolyte

Fig. 5. Schematic representations of (a) mixing ionic-conductor electrolyte into electronic-conductor cathode; (b) infiltrating tiny ionic-conductor electrolyte on

electronic-conductor cathode.
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Fig. 6. (a) Impedance spectra for pure, composite, and infiltrated LCCO cathode at various temperatures: (a) 600 °C; (b) 650 °C; (c) 700 °C; (d) 750 °C;

and (e) 800 °C.

was eliminated in the impedance plot. The catalytic activity of the
LCCO cathodes, as characterized by the Rp, was determined from
the size of the impedance loop [32]. The detailed fitting parameters
of LCCO cathode improved with different ways were listed in
Table 3. The R, values of pure LCCO cathode were 79.86, 9.28,
and 1.46 Q cm’ at 600, 700, and 800 °C, respectively. When the
SDC mixed into the LCCO cathode, the R, values were reduced to
41.87, 6.36, and 0.88 Q cm? at 600, 700, and 800 °C, respectively.
When the SDC infiltrated on the LCCO cathode, the R, values

Table 3
Results of the fitting parameters of LCCO cathode improved with different
methods at various temperatures.

Sample Rp (Q cm?)

600 °C 650 °C 700 °C 750 °C 800 °C
LCCO (Pure) 79.86 23.62 9.28 3.84 1.46
LCCO (Composite) 41.87 15.47 6.36 2.36 0.88
LCCO (Infiltrated) 22.32 8.56 1.11 0.50 0.23
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were further reduced to 22.32, 1.11, and 0.23 Q cm? at 600, 700,
and 800 °C, respectively. After infiltration, the impedance spectrum
shape seemingly changed that both high- and low-frequency arcs
were obviously reduced. It indicated that both electrochemical
processes (i.e. the electrochemical reactions at the electrode—
electrolyte interface and adsorption—desorption of oxygen, oxygen
diffusion at the gas-cathode surface interface.) were simultaneously
improved by active SDC nono-sized particles deposited on LCCO
cathode backbone. The dramatic decrease in R, was mainly
attributed to the creation of SDC/LCCO phase boundaries. The
newly formed SDC deposited on the LCCO cathode with highly
porous skeleton would allow gas-phase molecules to easily diffuse
to the SDC/LCCO boundaries, which considerably increased the
electrochemical sites for oxygen reduction reaction (ORR) [33].
The ORR sites were not only at the real LCCO cathode surface
area simultaneously exposed to electrolyte and air, but also at these
newly formed SDC nano-sized particles deposited on LCCO
porous skeleton. Apparently, the area of TPBs greatly affects the
electrochemical performance of cathode.

3.5. Single cell performance

To evaluate the LCCO cathode improved with different ways,
an anode-supported single fuel cell with a thin film SDC electrolyte
(30 pm), a Ni+SDC anode (1 mm) and a LCCO cathode (20 pm)
was fabricated. The performance (including I~V curve and I-P
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curve under different operating temperatures) of the LCCO cathode
improved with different ways as shown in Fig. 7. Generally, the
open-circuit voltage (OCV) of an ideal cell should be close to its
theoretic value of 1.1 V, and slightly influenced by the operating
condition. In this study, the values of practical OCV were lower
than its theoretical value, this might be ascribed to the following
reasons. First, the SDC electrolyte possessed minor electronic
conductivity, a slight electron cross flow (current leakage) might
occur through the electrolyte. Second, the electrolyte membrane
might be not dense, the fuel/oxidant cross flow could take place.
The higher the current leakage exists, the lower the cell OCV will
be. As shown in Fig. 7(b), the current—voltage curves and the
corresponding power densities for cells were measured at 600 °C.
The peak power densities of 106 and 151 mW cm ™2 were achieved
for composite, and infiltrated LCCO. When the operating tem-
peratures were increased to 700 °C, the peak power densities were
increased to 196 and 259 mW cm ™2 for composite, and infiltrated
LCCO as shown in Fig. 7(c). As the operating temperature was
increased to 800 °C, the peak power densities were further
increased to 235 and 305 mW cm ™ for composite, and infiltrated
LCCO as shown in Fig. 7(d). The LCCO cathode improved with
various ways, the levels in improvement of electrochemical
properties performance of the anode-supported single cells are
different, and the peak power densities at the temperature range of
500-800 °C were shown in Table 4. Apparently, the LCCO
cathode improved with infiltrated method exhibited the best
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Fig. 7. The I~V and I-P curves for SOFCs with a LCCO cathode improved with different methods at various temperatures (a) 500 °C; (b) 600 °C; (c) 700 °C;
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Table 4
The peak power densities in the temperature range of 500-800 °C of the
anode-supported single cells for LCCO cathode improved with different ways.

Sample The peak power density (mW cm™2)

500 °C 600 °C 700 °C 800 °C
LCCO (Pure) 25 78 155 104
LCCO (Composite) 33 106 196 235
LCCO (Infiltrated) 52 151 259 305

performance, i.e., 0.2 M SDC-infiltrated LCCO reveals the max-
imum peak power density of 305 mW cm™ at operating tempera-
ture of 800 °C. However, the values of practical OCV were much
lower than theoretical value. If we can fabricate a dense electrolyte
membrane in the future, the value of OCV might reach the
theoretical. Then, the values of power density might enhance
greatly. The infiltration technique was performed to improve the
electrochemical properties of cathode. The newly formed electro-
lyte of SDC nano-sized powders deposited on the LCCO cathode
would allow gas-phase molecules to easily diffuse to the SDC/
LCCO boundaries where the sites took place ORR.

4. Conclusions

The oxygen reduction activity of an SOFC cathode is
closely related to the surface exchange and oxygen bulk
diffusion properties. The knowledge regarding Dcpem, and
kchem Of mixed conductors would be useful for practical
applications. Through the electrical conductivity relaxation
test, the values of Dgper, of LCCO were from 2.46 x 107% cm?
s™" for 500 °C to 2.44 x 10~ cm®s™" for 700 °C. With the
same tendency, the values of kpe,, were from 1.23 x 1073 cm
s™! for 500 °C to 5.23 x 10> cm s~ for 700 °C. The activa-
tion energies for Dipen and kepem, were 70 and 42 kJ mol ™!,
respectively. To improve the electrochemical properties of
cathode, LCCO cathode improved with two ways. One is the
use of composite cathode, the other is the use of electrolyte-
infiltrated cathode. Based on the experimental results, it is
revealed that the LCCO cathode infiltrated with 3 pL of 0.2 M
SDC with optimum peak power density of anode-supported
SOFC single cell was 305 mW cm™ at 800 °C. This behavior
suggested that the infiltration of electrolyte nano-sized powder
deposited on porous skeleton cathode significantly improved
the electrochemical properties of cathode. The obvious
increase in electrochemical performances was mainly attribu-
ted to the creation of electrolyte/cathode phase boundaries. The
newly formed electrolyte nano-sized particles deposited on the
porous skeleton cathode would allow gas-phase molecules to
easily diffuse to the electrolyte/cathode boundaries, increasing
the electrochemical sites for oxygen reduction reaction.
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