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Abstract

This study presents the woks on the electrochemical characterization and performance evaluation ofyysingpd@uO, 5 s (LSCu)
as cathode material for intermediate temperature solid oxide fuel cell (IT-SOFC). The cell performance measurement was conducted on th
Ni—YSZ anode supported single cell using the yittria-stabilized zirconia (YSZ) thin film (ee)&s electrolyte, and porous LSCu layer as
cathode (ca. 8m). The AC-impedance analyses were carried out by electrolyte supported LSCu/YSZ/Pt half-cell because of the thin YSZ
film and the unsymmetrical between cathode and anode in the anode supported single cell may lose the accuracy. According to the analys
of the AC-impedance spectra, the spectra can be characterized by two arcs. The larger arc at low frequencies maybe attributed to the electrc
polarization caused by the adsorption/desorption of the molecular oxygen, and the diffusion of oxygen ions. On the other hand, the muct
smaller one at high frequencies was attributed to the polarization during charge-transfer. The interface resistance was decreased by curre
passing. After 30 min of 200 mA cm current was passed, the overall resistance was decreased from 5.01 @ B&%he performance
testing, the maximum power density at 8@is 0.65 W cn? with 150 and 500 sccm of hydrogen and air flows, respectively. According to
these results, LSCu is a potential cathode material for the IT-SOFC.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ertheless, both the ohmic loss of the electrolyte and the
polarization loss of the electrodes are increased. To reduce
Solid oxide fuel cell has emerged as one of the most the polarization resistance between electrode/electrolyte is
important power generation technologies because of its high-important for the development of IT-SOFC. It is well known
energy conversion efficiency, low noise, and low pollution. thatthe mostly common used cathode material, (La, Sr)ynO
With the development of thin film technique of electrolyte (LSM) is a poor oxygen ion conduct§r,8]. Consequently,
layer for the SOFC, the operating temperature can be reducedhe overpotential loss for the Oeduction reaction on the
to 600-800°C [1-6]. When SOFC operates at such a lower cathode/electrolyte interface is relatively high in thin film
temperature, it provides long-term cell material stability, and SOFC[9-11]. Hence, seeking for a cathode material with
minimize the material corrosion for plant component. Nev- higher oxygen ion conductivity and the reaction activity for
O reduction is believed to be a good way to enhance the
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rial for IT-SOFC[12]. This material provides an appropriate Seal Ag mesh Furpace
electrical conductivity of about 800 S crhat 800°C, a large /|

amount of oxygen vacancies (more than 16.7%), and a good
electrochemical activity toward the molecular oxygen reduc- =
tion [13]. In this study, performance of anode supported Ho —p
single cell using LSCu as cathode material was evaluated, /;: =
also the electrochemical behavior at the cathode/electrolyte

was investigated by AC-impedance analyses.
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2. Experimental i . . .
Fig. 1. lllustration of the experimental cell testing arrangement.

2.1. LSCu powder and paste preparation
amount of the NiO/YSZ and YSZ slurries were applied on

Strontium doped lanthanum copper oxide,q k&b 25 one side of the green anode, the specimens were sintered at
CuO 55, powder was prepared by conventional ceramic pro- 1400°C for 2 hin air. Then the LSCu paste was applied onto
cessing. An appropriate ratio of @3, SrCQ;, and CuO the YSZ electrolyte layer in an area of 1€nFinally, the
powders were adequately mixed by ball-milling in ethanol specimens were heated at 9@for 2 h in air.
solution for 24 h. After the powder mixture was calcined Asillustrated inFig. 1the single cell testing stand consists
at 950°C for 24 h in air, it was ball-milled again for 120h  of two alumina tubes in between where a cell can be secured.
to make fine powder. The LSCu paste was made form ball- On both electrode sides, the Ag meshes were used as current
milled LSCu powder and an appropriate amount of ethylene collectors. The fixed hydrogen flow (150 sccm), and air flow

glycol (EG). (500 sccm) were supplied into the anode and cathode side of
the cell, respectively, via alumina tubes. The cell was heated
2.2. Electrochemical testing at the furnace gradually to 80C for 5 h to reduce the NiO

of the anode support to Ni, and then the cell performance was
The electrochemical testing in this study was carried out tested between 650 and 800.

by AC-impedance spectroscopy using three electrode meth-
ode (working, counter and reference electrode). Due to the
anode supported cell may cause the accuracy losing becaus8. Results and discussion
of the current effect on the reference electrode, therefore,
the testing samples were prepared in electrolyte supported3./. Impedance analyses
LSC/YSZ/Pt half-cell. The 8% yittria-stabilized zirconia
(8YSZ) dense disk of 19mm in dia. and 0.5mm in thick- Perovskite strontium doped lanthanum cuprate has been
ness was used as electrolyte. The LSCu paste was appliedhvestigated as a potential cathode material for a IT-SOFC.
on the one side of the electrolyte by screen-printing method. In this study, the LSCu/YSZ interface behavior of using
Platinum paste was applied on the other side as the counteiLag 7551 25CuUG, 55 as cathode material for IT-SOFC was
electrode, and on the edge of the cathode side as the referencevestigated by AC-impedance examinégy. 2 shows the
electrode. The geometrical area of both working (LSCu) and specificimpedance spectra of theyl78Srp 2sCuQy 5_s/YSZ
counter (Pt) electrodes was 64 (8.0 mmin dia.), and the interface taken at 700 and 800. The examinations were
distance between working electrode and reference electrodecarried out at open-circuit voltage (OCV) in air before and
is about 10 mm, which was about 17 times longer than the after passing a 200 mA ¢ of current for 3 and 30 min.
electrolyte thickness. Then the samples were heated &850 The spectra can be characterized by a larger arc at low fre-

for5h. quencies and a much smaller one at high frequencies. These
results indicate that there are at least two electrode pro-
2.3. Single cell fabrication and testing cesses corresponding to the high and low frequency arcs

during molecular oxygen reduction. According to Heuveln
The Ni/YSZ anode support was prepared by the powder and Bouwmeestd®] and Leng et al.'s workfL 4], the induc-

mixture of 30 wt.% of 8YSZ (Tosoh) and 70wt.% of NiO tive high-frequency arc can be attributed to the polarization
(Alfa). After adequately mixed, the powder mixture was com- during charge transfer. On the other hand, the inductive low-
pacted under uniaxial pressure to form a disc. And then the frequency arc can be attributed to the oxygen adsorption and
compacted discs were heated at 960for 2 h, the sturdier  desorption on the electrode surface and the diffusion of the
green anode discs were created. On the other hand, the slurexygen ions. Therefore, the impedance spectra were fitted
ries of 50 wt.% of NiO/50wt.% YSZ (NiO/YSZ), and YSZ to an equivalent circuit consisting of two parallel branches
in ethanol were prepared for anode/electrolyte interlayer and (Ret, Cq1) and Ry, CPE), as show ifrig. 3. The resistance
electrolyte layer fabrication, respectively. After appropriate Ry is denoted as the overall ohmics resistance including of
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Fig. 4. TheRy value before (), and 3min A) and 3 h () after passing a
Re(Z)/ Q 200 mA cnT2 current as a function of inverse absolute temperature.

Fig. 2. Impedance spectra (at zero polarization) 0 4%% sCuOs s s andthe diffusion.ofthe oxygen ionsig. 4shows the loggq)
before () and 3min [J) and 30min Q) after passing a current of ~ value as a function of inverse absolute temperature before,
200 mA cn1?, and the measurements were taken at 700 and@p@spec- and 3 and 30 min after passing a 200 mA¢neurrent. The
tively. Rq values decrease with increasing current passing time and
) ) ~ the logRq) values decrease linearly with inverse absolute
ohmic electrolyte and electrode resistance the contact resistemperature increasing. However, the activation energies of
tance at the electrode/electrolyte interface and between electhe resistanc&ky are between 143 and 161 kJ mote As
trode and current coIIector_. The resistaizeis mter_preted mention above, th&y is attributed by the oxygen adsorption
as the charge-transfer resistance, and the capaci@nes  and desorption and the diffusion of the oxygen ions. And it
the double-layer capacitance, which is contributed by the is known that the oxygen vacancies on the electrode surface
surface contact of the electrode particles on the electrolyte provide the reaction site for the reduction of the molecu-
surface. TheRq and CPE branch may relate to the oxygen |ar oxygen and the oxygen vacancies provide the pass way
adsorption/desorption on the electrode particle surface andfqr the diffusion of reduced oxygen iofis5—17] Therefore,

the oxygen ions diffusion in the electroff. o the oxygen vacancies concentration of the cathode material
The overall resistance of the sample significantly should play an important role on the change of Rgevalue.
decreased when current being passed as shovfigin2 It has been investigated that thegl7@Srp 25CuUO, 55 exhibit

For example, the overall resistance of the sample operat-16.67% of ordered oxygen vacancies and a small amount
ing at 800°C was 5.0X2. However, when the current of  of disordered onefl8-20] When the current was passed,
200 mA cnm? was passed 3 and 30 min, the overall resistance the reduction of the molecular oxygen to oxygen ions on the
was decreased to 1.12 and O25respectively. It was found  triple phase boundary (TPB) can be greatly enharj2ad
that the size decreasing of the arc on the low frequengies ( and the oxygen-ion concentration gradient around the TPB
CPE) was relatively larger than that on the high frequencies. region is then being increasf2p]. Therefore, the diffusivity
These results elucidate that the current pass greatly enhancegs the oxygen ions can be improved. This ionic conductiv-
the oxygen adsorption/desorption on the electrode surfacejty improvement enhances the diffusion of the oxygen ions,
which were reduced on the electrode surface from the elec-
Ca trode surface to the TPB. This phenomenon can be seen as
CPE _the exte_nding of the T_PB. Also, the TPB can be extended by
increasing the operating temperature. Therefore, the decreas-
—/\/\/\/— - I ing of Ry with increasing current passing time and operating
Ru Ru 3.2. Performance evaluation

temperature can be expected.

Fig. 3. Equivalent circuit modeR is resistance( is capacitance, and CPE The cell performance evaluation in this study was carried
is a constant phase element. out by anode supported single cell with YSZ thin film elec-
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Fig. 5. The SEM microstructure of the anode support single cell: (a) top-view of the YSZ electrolyte layer, (b) top-view of the cathode layer,dand (c), (
cross-section of the cell.

trolyte and LSCu cathod€ig. 5shows the SEM micrographs by both the ohmic resistance of YSZ and the polarization
of anode supported single cell applied with LSCu cathode of the electrode due to the oxygen ion transfer and charge
layer. The top-view of the YSZ electrolyte layer and cathode transfer on the electrode surface. In this anode supported sin-
layer are shown iffrig. 5a) and (b), respectively. The cross- gle cell, the YSZ electrolyte layer was made in an about
section of the anode supported single cell around the YSZ 8 um thin film. Base on the YSZ ionic conductivity of about
electrolyte were shown iifrig. 5(c) and (d) with different 0.04Scnr! at 800°C [23], the ohmic resistance of 8m
maghnification. Fronfig. 5a) and (d), an m in thickness thick YSZ electrolyte is estimated to be 0.QZn?. There-
of dense YSZ thin film with a small amount of close pores fore, the resistance cause by the YSZ ohmic resistance is
was well adhered on the Ni/YSZ anode suppéig. 5c)
and (d) show the cross-section of the single cell, an about 12
20m thick of electrolyte/anode interlayer is applied on the ;
anode support, and an about;8® thick of cathode layer is |
applied on the electrolyte layer. As shownhig. 5b) and
(d), the anode, electrolyte/anode interlayer and cathode layer
are fabricated in high porosity structures and the particles in
these layers were well-necked. The particle sizes of the LSCu
particles are in the size range of 0.5—LrA.

Fig. 6shows the variation of cell voltage and power density
as a function of current density for the LSCu/YSZ/Ni-YSZ 0.4
single cell operating at 700, 750 and 8@under 150 and
500 sccm of hydrogen and air flow, respectively. The OCV
of the samples is about 1.12 V which is slightly higher than
the theoretical value of 1.105 (as the anode side is fed with
H, + 3 vol.% H0, and the cathode side is fed with air). This L
can be suspected that the ttas not saturated with water at
time the experiment was conductfidl]. The area-specific
resistance (ASR) of the cell calculating from the voltage vs. Fig. 6. The cell voltage and power density as a function of current density of
current curve are 0.32, 0.75, and 12¢n¥ at 800, 750,and the anode support single cell with .St 2£CuO, 5.5 cathode operating
700°C, respectively. The ASR of the cell is mainly governed at 700, 750 and 80TC.
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relative small. On the other hand, the calculated ASR val- LSCu compositional modification and microstructure
ues are in good agreement with the polarization resistanceoptimization of the LSCu cathode layer will be adopted.
analyses of the YSZ supported half cell by ac-impedance
spectroscopy after passing a 200 mA&of current for
30min as shown irFig. 4. This indicates that the interface  Acknowledgement
resistance of the single cellis mainly contributed by the polar-
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when SOFC operating at a lower temperature.
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