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Abstract

The chemical compatibility of the BaysSrsCogsFeq203-_s (BSCF) with the yttria-stabilized zirconia (YSZ) electrolyte or Gd-doped ceria
electrolyte (GDC), as well as that of the GDC with the YSZ electrolyte were examined. It was found that BSCF had a good compatibility with the
GDC electrolyte but a poor chemical compatibility with the YSZ electrolyte. The BSCF cathode was adopted for anode-supported YSZ electrolyte
cells with and without the application of a 1 wm thick GDC buffering layer between the cathode and the YSZ electrolyte. The interfacial reactions
of the BSCF with the YSZ electrolyte surface and the GDC coated YSZ surfaces were investigated. The single cells were evaluated by using I-V
curve measurements and AC impedance spectroscopy. The results depicted a great improvement in cell performance and a significant decrease in
polarization resistance after adding the GDC buffer layer. The optimum firing temperature of the GDC film onto the YSZ film was around 1250 °C,
which led to the maximum power density of 1.56 W cm~2 at 800 °C using air as oxidant and hydrogen as fuel.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Solid oxide fuel cell (SOFC) has emerged as one of the most
important power generation technologies because of its high-
energy conversion efficiency, low noise and low pollution. For
the traditional cell structures, the necessity for high operating
temperatures (800—1000 °C) has resulted in high costs and mate-
rial compatibility challenges [1]. As a consequence, significant
effort has been devoted to the development of intermediate tem-
perature solid oxide fuel cells (600-800 °C; IT-SOFCs). Among
various cell structures, the anode-supported cell design with
thin film of yttria-stabilized zirconia electrolyte (YSZ) has been
extensively investigated in recent years because of its high power
density and relatively low fabrication cost. Souza et al. reported
that an anode-supported SOFC with an YSZ electrolyte film of
~10 pm, a Ni-YSZ anode and a La;_,Sr,MnO3 (LSM)-based
cathode could achieve a power density of 1.8 W cm™2 at 800 °C
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[2]. Wang et al. achieved a maximum power density as high as
2.24 W cm~2 at 800 °C under similar conditions [3]. On this type
of cells, the cathode polarization resistance becomes the primary
factor limiting cell performance in intermediate temperature
range [2,4,5]. For the further improvement of cell performance,
the development of higher performance cathode material is crit-
ical.

Mixed ionic and electronic conductors attract much atten-
tion as cathodes because they possess a triple-phase boundary
region extending over the entire surface of the cathode, as
0~ ions produced on the surface of the cathode may be car-
ried to the electrolyte by virtue of cathode ionic conduction
pathways. Perovskite oxide Bag 551 5Cog gFeg203_5 (BSCF)
is a new mixed ionic and electronic conducting material with
high catalytic activity and good oxygen permeability [6], and it
shows an excellent performance as cathode on ceria electrolyte
in low temperature range from 400 °C to 600°C [7]. Known
the high oxygen permeation flux above 650 °C [6], the BSCF
would be an excellent cathode material using air as oxidant
for IT-SOFC. However, most Co-containing cathode materi-
als are chemically incompatible with the YSZ electrolyte. For
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example, the La;_,Sr,Co;_,Fe,O3_s (LSCF) cathode reacted
readily with YSZ at high temperature, and the formation of high
resistance phases deteriorated the cell performance [8,9]. There-
fore, the Co-containing cathodes cannot be applied directly on
the YSZ electrolyte. The materials chemically compatible with
Co-containing cathodes are CeO, electrolytes [10,11], which
possess a higher ionic conductivity than YSZ but cannot be
used as electrolytes in intermediate temperature range because of
their high electronic conductivity [12]. In order to use cobaltite
perovskite type oxides as cathode material for IT-SOFCs, a thin
film of Gd-doped ceria (GDC) has been proposed as a protective
layer on the YSZ electrolyte [13—15]. But the solid-state reac-
tion and interdiffusion phenomena between YSZ and GDC at
high temperature will induce the formation of (Zr, Ce)O,-based
solid solutions which have a very low electrical conductivity
[15-17]. Therefore, it is important to choose a proper firing tem-
perature for the GDC layer to alleviate the unfavorable reaction
between YSZ and GDC, and simultaneously to prevent the reac-
tion between the cathode and YSZ.

In this study, the chemical compatibility of the BSCF with
YSZ or GDC was tested and anode-supported SOFCs were fab-
ricated with Ni-YSZ cermet, YSZ, BSCF and GDC used as
anode, electrolyte, cathode and interlayer, respectively. Also the
optimum firing temperature of GDC interlayer was investigated
by using X-ray diffraction (XRD), cell performance and AC
impedance measurements.

2. Experimental

The Ba0,5Sr0.5C00.gFe0.203_5 (BSCF) and Gd041C60.901,95
(GDC) powders were prepared by a combined citrate and EDTA
complexing method [5]. The chemical compatibility of BSCF
and YSZ (8 mol% Y,03, from Tosoh Company) was examined
by co-firing of the BSCF and YSZ powders at 800—1000 °C for
2hina I:1 weight ratio. In addition, the chemical compatibility
of BSCF with GDC was tested in the same way after co-firing
at 950 °C for 2h. XRD was used to determine the presence of
any reaction products.

The green bodies of NiO-YSZ anode substrates were pre-
pared from the mixed powders of nickel oxide (NiO, from J.T.
Baker) and YSZin a 6:4 weight ratio. The YSZ thin film was pre-
pared onto the NiO-YSZ substrates by the tape-casting method
and co-firing at 1400 °C. The thickness of YSZ film was about
15 wm. The GDC layer was coated with a GDC slurry onto the
YSZ electrolyte, and fired at 1100-1400 °C for 1 h in air. The
thickness of GDC film was about 1 wm by SEM analysis. The
cathode was screen-printed on the YSZ or GDC film using the
slurry of BSCEF, and fired at 950 °C for 2 h. The effective area of
the cathode was 0.5 cm?, and the thickness was about 80-90 pm.

In order to investigate the interfacial reactions between BSCF
and the YSZ electrolyte film and the GDC coated YSZ elec-
trolyte films, the BSCF cathodes after fired at 950°C and
1050 °C for 2 h were scrapped off the cells. XRD patterns were
taken on the electrolyte surface to detect the interfacial reaction
products.

The single cells were sealed on one end of alumina tube. Sil-
ver meshes were used as current collectors and spring-pressed

against the anode and cathode. After the in situ reduction of the
NiO anode in H; for several hours, the performances of the cell
were measured at 650-800 °C by changing an external load.
The [-V characteristic of the anode-supported cell was mea-
sured using humidified hydrogen as the fuel (70 mImin~') and
air as the oxidant (200 ml min~"). The impedances were mea-
sured typically under open circuit conditions using a Solartron
1287 potentiostat and 1260 frequency response analyzer with
a computer. The frequency range was from 0.01 Hz to 10kHz
with signal amplitude of 10 mV.

3. Results and discussion
3.1. Chemical compatibility of BSCF with YSZ or GDC

Fig. 1 shows the XRD patterns of the fired mixtures of BSCF
and YSZ. The diffraction pattern of BSCF powder is also shown
as areference. After fired at 800 °C and 850 °C, the mixed power
depicts the diffraction peaks only from BSCF and YSZ. This
means that the two materials have a good chemical compatibil-
ity at low temperatures. However, the cathode is required to be
fired onto the electrolyte at least at above 900 °C. At a firing tem-
perature of 900 °C, some new diffraction peaks appear in these
diffraction patterns, which can be attributed to BaZrO3. The
diffractions for BaZrO3 gradually increase in intensities with
firing temperature. After fired at 950 °C, the diffraction peaks
for BSCF completely disappear, and some new diffraction peaks,
which can be ascribed to Co304 and Sry(CoFe)Os, appear. So,
BSCEF has poor chemical compatibility with YSZ, and it could
not directly be applied as cathode on the YSZ electrolyte.

Fig. 2 shows the XRD patterns of several mixed powders.
When the mixture of BSCF and GDC was fired at 950 °C for
2 h in air, no new reaction product was detected, revealing that
BSCF cathode has a good chemical compatibility with the GDC
electrolyte. Since the GDC interlayer can react with the YSZ
electrolyte at higher temperature, it is necessary to learn the
chemical compatibility of the BSCF with the solid solution of
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Fig. 1. XRD patterns of (a) BSCF and the mixtures of BSCF and YSZ fired at
(b) 800°C, (c) 850°C, (d) 900°C, (e) 950°C and (f) 1000°C. (@) YSZ, (p)
BSCEF, (A) BaZrO3, () Co304 and (O) Srz(FeCo)Os.
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Fig. 2. XRD patterns of (a) the mixture of BSCF and GDC fired at 950 °C for
2 h, (b) the mixture of YSZ and GDC with 1:1 weight ratio fired at 1400 °C for
1h and (¢) the mixture of BSCF and solid solution GDC-YSZ fired at 950 °C
for 2 h. (@) GDC, () BSCEF, () solid solution of GDC-YSZ and (A) BaZrOs3.

GDC-YSZ. A single phase of solid solution GDC-YSZ was got-
ten through firing the mixture of YSZ and GDC at 1400 °C for
1 h, as shown in Fig. 2. When the solid solution of GDC-YSZ and
BSCF were mixed and fired at 950 °C for 2 h in air, the diffrac-
tion patterns mainly consist of the two phases from BSCF and
the solid solution. In the meantime, some new phases, which
may be ascribed to BaZrO3, also appear. The low reactivity of
the solid solution of GDC-YSZ with BSCF at 950 °C can either
be due to the doping of Ce** in YSZ and/or the large particle
size of the solid solution. Thus, the choice for adopting BSCF
cathode onto the YSZ electrolyte is to add a dense interlayer of
pure GDC with an appropriate firing temperature.

3.2. Thin GDC layer to buffer the interfacial reactions

Fig. 3A shows XRD patterns of the anode supported elec-
trolyte assemblies with the GDC layer fired on the YSZ film at
different temperatures. The patterns were taken from the GDC
layer sides. Since the GDC films are very thin, typically about
1 wm, both the diffraction patterns of GDC and YSZ can be
observed in Fig. 3A. The changes of diffraction peaks of GDC
and YSZ after the interfacial reactions or interdiffusion are well
depicted in these patterns. After fired at 1100 °C, the diffrac-
tion pattern consists of the two cubic fluorite phases of GDC
and YSZ, and there are no secondary phases present. With the
increase of the firing temperature, the diffraction peaks for GDC
become weak and those for YSZ become strong, suggesting the
decrease in the thickness of the GDC layer. Moreover, the peaks
of GDC gradually shift to higher angles than the origin position
at 1100 °C and 1200 °C, which results from the diffusion of small
cations of Zr** and/or Y3* into the GDC lattice [16,18-20]. The
phenomenon is more clearly observed in Fig. 3B, which magni-
fies the diffraction peaks. In the meantime, each YSZ diffraction
peak grows a tail at the low angle side, suggesting that some Ce**
and/or Gd>* cations diffused into the YSZ layer and formed a
GDC-YSZ solid solution at the interface. The main diffraction
angles of YSZ remain unchanged, which reflects the reaction
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Fig. 3. XRD patterns of the anode—electrolyte assemblies with the GDC layer
fired on the YSZ film at different temperatures. The patterns were taken from
the GDC layer side. (o) GDC, (@) YSZ and (A) (Zr, Ce)O; solid solution.

occurred only at the interfaces of the GDC film and the dense
YSZ film. The solid solutions ZrO,—YO; 5—Ce0,-GdO 5 are
formed at the GDC/Y SZ interface at above 1200 °C. The diffrac-
tion peaks for GDC from the cubic ceria phase become very weak
after firing at 1300 °C, and disappear at 1400 °C, suggesting a
complete solid-state reaction of GDC with YSZ to form the solid
solution. The sharp diffraction peaks from YSZ and the grown-
up tails at the low angle sides indicate that the GDC film was
converted into a solid solution of ZrO;—YO 5-Ce0,-GdO 5.
Formations of (Zr, Ce)O,-based solid solutions are not desirable
because such solid solutions exhibit much lower ionic conduc-
tivities than GDC and YSZ and may lower cell performance and
a poor chemical compatibility with the BSCF cathode material.

Fig. 4 shows SEM photograph of GDC surface of
BSCF/GDC/YSZ/Ni-YSZ with the GDC layer fired at
1100-1400°C and cross-section of BSCF/GDC/YSZ/Ni-YSZ
with the GDC layer fired at 1250 °C. With the increase of firing
temperature, GDC particles were sintered into larger ones. Since
the GDC films were deposited on the sintered anode-supported
YSZ films, only the GDC particles could shrink during firing.
Therefore, some pores were left on the surface of the GDC
films. These pores were also enlarged with the increase of fir-
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Fig. 4. SEM photograph of GDC surface of BSCF/GDC/YSZ/Ni-YSZ with the GDC layer fired at (a) 1100°C, (b) 1250°C, (c) 1300°C, (d) 1400°C, and the
cross-section of BSCF/GDC/Y SZ/Ni-YSZ with the GDC layer fired at (e, f) 1250 °C and (g, h) 1400 °C.

ing temperature. Though pores are present on the surface layer, appeared, since the GDC layer is completely converted into the
the cross-section view depicts that the GDC layer near to the solid solution.
YSZ film is almost in a dense structure. When the GDC layer When the GDC layer is fired at 1250 °C, the buffering layer

was fired at 1400 °C, the surface was dense and the pores dis- of GDC is ca. 1 wm and the thickness of the YSZ electrolyte
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Fig. 5. XRD patterns of (1) BSCF/YSZ/Ni-YSZ and BSCF/GDC/YSZ/Ni-YSZ
cell with GDC layer fired at (2) 1100°C and (3) 1250 °C when the firing tem-
perature of BSCF is 950 °C. The BSCF cathodes were scraped and the patterns
were taken from the cathode side. (A) GDC, (@) YSZ and (p) BSCF.

is 15 wm. The GDC film is successfully prepared on YSZ film.
Cracks are not found on the GDC film. The GDC layer here
is controlled as thin as possible by the slurry-coating method
to improve the interfacial properties of electrode and the YSZ
electrolyte. If the reactions between YSZ and BSCF can be well
blocked with a dense sub-layer, a porous surface structure can
enlarge three-phase boundary and may be good for suppress-
ing the cathode—electrolyte interfacial resistance. However, the
interlayer can be found in the cross-section pictures of the cell
when the GDC layer was fired at 1400 °C. This is in good agree-
ment with the serious reaction between GDC and YSZ depicted
with the XRD result.

Fig. 5 shows the XRD patterns of the electrolyte surfaces of
the BSCF/YSZ/Ni-YSZ cell and the BSCF/GDC/YSZ/Ni-YSZ
cells with BSCF fired at 950 °C. In order to increase the sensi-
tivity for detecting interfacial minor phases, these patterns were
taken after the BSCF cathodes were scraped off. At 950 °C, no
reaction product can be detected because the interfacial reac-
tion is not severe at this temperature, and the reaction product
of BSCF and YSZ is far less than the detection limit. So, the
results do not indicate no reactions occurred between YSZ and
BSCF.

In order to discriminate the role and difference of the
buffer layers fired at different temperatures, the firing temper-
ature of the BSCF cathode was increased to 1050 °C. Fig. 6
shows the XRD patterns of the BSCF/YSZ/Ni-YSZ cell and
the BSCF/GDC/YSZ/Ni-YSZ cells with a firing temperature of
BSCF of 1050 °C. The patterns were also taken on the electrolyte
surfaces after the BSCF cathodes were scraped off. Because this
series of cells were fabricated in different batch only for the XRD
study, the GDC layer was not controlled as well as the previous
series. The stronger peaks of GDC than those in Fig. 3 suggest
that the GDC layer is thicker than that of the cells in Fig. 3. So
in the pattern (6), two series of peaks can be related to the GDC
layer, one for pure GDC and another for the GDC reacted with
zirconia. The strange shifts of all the peaks in the pattern (4)
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Fig. 6. XRD patterns of (1) BSCF/YSZ/Ni-YSZ and BSCF/GDC/YSZ/Ni-YSZ
cell with GDC layer fired at (2) 1100 °C, (3) 1200°C, (4) 1250°C, (5) 1300°C
and (6) 1400 °C when the firing temperature of BSCF is 1050 °C. The BSCF
cathodes were scraped and the patterns were taken from the cathode side. (A)
GDC, (@) YSZ, (p) BSCF and (O) BaZrO3.

to lower diffraction angles may be due to some technical rea-
son with this XRD measurement. When BSCF is directly fired
onto YSZ without GDC, some new diffraction peaks appear in
these diffraction patterns, which can be attributed to BaZrOs.
The high resistance phase of BaZrOs is detected at the inter-
faces of BSCF and YSZ with the GDC layer fired at 1100 °C
and 1200 °C, which means these GDC layers could not prevent
the reactions between BSCF and YSZ. In this case, the reactions
most probably occurred from the diffusion of Ba cations from
cathode through the porous GDC layer to the YSZ surface. The
diffractions for BaZrOs gradually decrease in intensities with
the firing temperature increasing. With the GDC layer fired at
1250 °C, there are no new phases formed, and the GDC film
successfully prevented the reactions between BSCF and YSZ.
With the firing temperature of the GDC layer further increasing,
the peaks from BaZrOs3 appear again. The intensities of the new
peaks are very weak at 1300 °C and become stronger at 1400 °C.
The formation of the high resistance phases is due to the reac-
tions of BSCF and the solid solution GDC-YSZ when the GDC
layer was fired at 1300 °C and 1400 °C. Therefore, the optimum
firing temperature of the GDC layer is around 1250 °C.

3.3. Cell performance

Fig. 7 shows I-V and I-P curves of the BSCF/GDC/Y SZ/Ni-
YSZ cells and the BSCF/YSZ/Ni-YSZ cell. All the cells exhibit a
decrease in performance with decreasing operating temperature
due to the increase of the ohmic resistance and the polariza-
tion resistance. For the BSCF/YSZ/Ni-YSZ cell, the maximum
power density (MPD) is just 0.44 Wcm™2 at 800°C. After
adding the GDC layer, the cell performances show significant
improvements. Since all the anode supported YSZ electrolyte
bilayer assemblies were prepared in the same batch, the differ-
ent power-generating characteristics of the cells mainly arise
from the firing temperatures of the GDC layer, which deter-
mines the interfacial property of the cathode and the YSZ.
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Fig. 7. I-V and I-P curves of (A) the BSCF/YSZ/Ni-YSZ cell and the BSCF/GDC/YSZ/Ni-YSZ cells with the GDC layer fired at (B) 1100 °C, (C) 1200 °C, (D)
1250°C, (E) 1300 °C and (F) 1400 °C. The cells were operated using hydrogen as fuel and air as oxidant at different temperatures.

When the GDC layer is fired at 1250 °C, the highest perfor-
mance is achieved, and the MPDs of the cell are 1.56 W cm™2,
1.16 Wem™2,0.81 W em ™2 and 0.52 W em =2 at 800 °C, 750 °C,
700 °C and 650 °C, respectively. The performance is compara-
ble with that of the state-of-art cell with an LSM-YSZ cathode
using oxygen as the oxidant [2,4,5]. The open circuit potential
(OCP)isca. 1.074V at 800 °C, ca. 1.092 V at 650 °C, which are
in good agreement with theoretical values.

The cell performances show parabolic dependence on the
firing temperatures of the GDC layer. With firing tempera-
ture increase, the cell performance increases up to a maximum
value then it decreases. Based on the cell performance, the
best firing temperature of the GDC layer is 1250 °C, which is
consistent with the interfacial reaction results. The increase of
the performance with the firing temperature is attributed to an
improvement in both connection among GDC grains and adhe-
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sion in GDC/YSZ interface and a reduction in the detrimental
reaction between BSCF and YSZ. With the temperature further
increase, the performance slightly decreases, which results from
the formation of the solid solution YSZ-GDC and the reaction
between BSCF and the solid solution. It has been pointed out
that the formation of the solid solution YSZ-GDC causes a dete-
rioration of the electrolyte performance [15,17,21]. The results
are consistent with the XRD of the BSCF/GDC/YSZ/Ni-YSZ
systems in Fig. 6, which shows the GDC layer succeeded in pre-
venting the reaction between BSCF and YSZ at 1250 °C. With
the firing temperature increasing from 1250 °C to 1400 °C, the
MPD decreases from 1.56 W cm™2 to 1.36 W cm ™2 at 800 °C,
which indicates the bad effect on cell performance is not serious.
Though the cells with the GDC layer fired at 1400 °C or below
1200 °C also show a much better cell performance than the cell
without GDC layer, the high chemical activity of BSCF with
zirconia, as indicated in Fig. 6, cannot assure their long-term
stability. The high performance of the cell with GDC layer fired
at 1250 °C as well as the previous results indicate that the GDC
interlayer sintered at 1250 °C is acting as an effective barrier to
prevent reaction between the cathode and the YSZ electrolyte,
while the BSCF cathode retains good performance on GDC in
the intermediate temperature range.

3.4. Impedance analysis

Fig. 8 shows the impedance plot of the cell BSCF/YSZ/Ni-
YSZ and those of the cells BSCF/GDC/YSZ/Ni-YSZ with the
GDC layer fired at 1100-1400 °C. The impedance plots were
measured at 800 °C under open circuit potential conditions using
hydrogen as fuel and air as oxidant. The impedance of the
BSCF/YSZ/Ni-YSZ cell are mainly determined by the char-
acter of the new phases formed at the interface of BSCF and
YSZ because the conductivities of the new phases are extremely
low. The polarization resistance of the BSCF/YSZ/Ni-YSZ cell
is very large, which can reach 1.20  cm? at 800 °C, while the
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Fig. 8. Impedance plots of (a) the BSCF/YSZ/Ni-YSZ cell (YSZ) and the
BSCF/GDC/YSZ/Ni-YSZ cells with the GDC layer sintered at (b) 1100 °C, (c)
1200°C, (d) 1250°C, (e) 1300 °C and (f) 1400 °C. The impedance plots were
measured at 800 °C under open circuit potential conditions using hydrogen as
fuel and air as oxidant.

ohmic resistance is just 0.19  cm?. The polarization resistance
mainly comes from the cathode process in the anode-supported
fuel cell [2,4,5]. The spectra can be characterized by a larger arc
at high frequencies and a much smaller one at low frequencies.
The high-frequency arc can be attributed to the charge transfer
process on the cathode, which is contributed by the surface con-
tact of the cathode particles on the electrolyte surface [22-24].
On the other hand, the low-frequency arc can be attributed to the
gas diffusion of cathode [25]. The high polarization resistance
results from the large amounts of new phases at the interface of
BSCF and YSZ, which obstruct the contact of the cathode and
the electrolyte and bring out a drastic decrease of the triple-phase
region. The ohmic resistance is related to the total conductivi-
ties and mainly comes from the YSZ electrolyte film and the
interface of cathode and electrolyte. The ohmic resistance is not
high, which may be from the presence of silver from the cur-
rent collecting layer and the good electronic conductivity phase
Sry(CoFe)Os5 [26]. When fired onto a GDC film at 1100 °C,
the polarization resistance slightly decreases, and the ohmic
resistance remains similar to the cell without GDC layer. With
the firing temperature increasing from 1100 °C to 1200 °C, the
polarization resistance abruptly decreases from 0.81 2 cm? to
0.28 €2 cm?, and the ohmic resistance decreases from 0.19 € cm?
t0 0.165 Q cm?. Atabove 1200 °C (including 1200 °C), the vari-
ations of the polarization are very small. This suggests the new
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Fig. 9. Effect of the firing temperature of GDC layer on the maximum power
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phases almost do not affect the triple-phase region. In the mean-
time, the spectra can be characterized by a larger arc at high
frequencies and a much smaller one at low frequencies. The
high-frequency arc can be attributed to the charge transfer pro-
cess on the cathode, which may be due to large particle radius of
the cathode. With firing temperature increasing, the ohmic resis-
tance decreases to a minimum value of 0.135 Q cm? at 1250 °C,
which is attributed to an improvement in both connection among
GDC grains and adhesion in GDC/YSZ interface and a reduc-
tion in the detrimental reaction between BSCF and YSZ. With a
further increase of firing temperature of GDC, the ohmic resis-
tance slightly increases, which results from the formation of the
solid solution YSZ-GDC and the reaction between BSCF and
the solid solution above 1250 °C. Thus, the impedance results
also depict that 1250 °C is the optimum firing temperature of
the GDC film on the YSZ electrolyte because the total resistance
including ohmic and politicization resistance is the smallest. The
results are consistent with those of XRD analysis of GDC/YSZ
interface and power output.

The ohmic resistance (Rg), the polarization resistance (Rp)
and the maximum power density at 800 °C and 650 °C, respec-
tively, as a function of the firing temperature of GDC layer are
shown in Fig. 9. R and Rp are determined from the impedance
spectra of the cells. When the firing temperature of GDC layer is
1250 °C, the ohmic resistance is smallest no matter the operat-
ing temperature is 800 °C or 650 °C. It is also clear that both the
Rq and Rp affect the cell performance at 800 °C. However, the
cell performance is essentially dominated by the Rp at 650 °C.
When the firing temperature of GDC layer is 1250 °C, the Rp
is 0.308 Q2 cm?, one time higher than the Rq (0.135 Q cm?) at
800 °C, and the former increased to 1.35  cm? at 650 °C, about
five times of the value of the R (0.248 2 cm?).

4. Conclusions

The reaction between BSCF and YSZ occurred at 900 °C and
some new phases were formed, while BSCF has a good chemical
compatibility with GDC. The solid-state reaction between YSZ
and GDC is remarkable at 1300 °C. After introducing a 1 pm
thick GDC film between the BSCF cathode and the YSZ elec-
trolyte, the cell performances show large improvements along
with a large decrease of polarization resistances. The cell perfor-
mances show parabolic dependence on the firing temperatures
of the GDC layer. The increase of the performance with the
firing temperature is attributed to an improvement in both con-
nection among GDC grains and adhesion in GDC/Y SZ interface
and a reduction in the detrimental reaction between BSCF and
YSZ. With the temperature further increase, the performance
slightly decreases, which results from the formation of the solid
solution YSZ-GDC and the reaction between BSCF and the
solid solution. The thin GDC interlayer successfully prevents
unfavorable solid-state reactions between BSCF and YSZ. The
optimum firing temperature of GDC film on YSZ electrolyte is
around 1250°C. The maximum power density with BSCF as

cathode is 1.56 W cm™2 using air as oxidant and hydrogen as
fuel at 800 °C.
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