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Composite cathode based on yttria stabilized bismuth oxide
for low-temperature solid oxide fuel cells

Changrong Xia, Yuelan Zhang, and Meilin Liu®
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Georgia Institute of Technology, Atlanta, Georgia 30332-0245
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Composites consisting of silver and yttria stabilized bismuth okitf&B) have been investigated as
cathodes for low-temperature honeycomb solid oxide fuel cells with stabilized zirconia as
electrolytes. At 600 °C, the interfacial polarization resistances of a porous YSB—Ag cathode is
about 0.3 cn?, more than one order of magnitude smaller than those of other reported cathodes
on stabilized zirconia. For example, the interfacial resistances of a traditional YSZ—lanthanum
maganites composite cathode is about X1 &n? at 600 °C. Impedance analysis indicated that the
performance of an YSB—Ag composite cathode fired at 850 °C for 2 h is severely limited by gas
transport due to insufficient porosity. The high performance of the YSB—Ag cathodes is very
encouraging for developing honeycomb fuel cells to be operated at temperatures below 600 °C.
© 2003 American Institute of Physic§DOI: 10.1063/1.1542933

Stabilized zirconias are the most commonly used elecef a second phase of higher ionic conductivity to LSM may
trolytes in solid oxide fuel cell§SOFC$ because of their extend the active area over which the oxygen reduction re-
excellent mechanical strength and outstanding thermakiction can take place. Composite cathodes consisting of
chemical stabilities in both oxidizing and reducing atmo-LSM and YSZ or gadolinia doped ceri&DC) are studied
spheres. Due to their limited ionic conductivities, however,and better performances were achieved at high temperatures.
SOFCs based on a zirconia electrolyte must be operated &br example, interfacial resistance as low as @®4&7 at
high temperatures (800-1000°C) to overcome Ohmic750°C was reported for the interface between a LSM-GDC
losses. Recent advancements in deposition of thin film eleccathode and a YSZ electrolyteRecently, interfacial polar-
trolytes makes it possible to reduce the operating temperazation resistance as low as @¥cn? was observed for a
ture to 600 °C and below:® For example, with hydrogen as functionally graded cathode based on LSM and $$Z
fuel and air as oxidant, calculated power densities oveR00°C. However, the interfacial resistances increased dra-
400 mWcm 2 at 600°C are expected with a 30n-thick  matically as the operating temperature is reduced to below
scandia stabilized zirconia electrolyte, assuming that the ar600 °C. It is very likely that only limited improvements of
odic and cathodic interfacial polarization resistances are 0.2SM cathodes are achievable because the coefficients for
and 0.3 cn?, respectively. Further, the power densities of oxygen surface exchange and oxygen diffusion in LSM are
SOFCs based on thin films of stabilized zirconia can be enrelatively low® To efficiently operate a zirconia-based SOFC
hanced by using a honeycomb desfgnwhile the anodic at 600 °C or below, it is necessary to develop cathode mate-
interfacial resistance is relatively small, the cathodic interfatials with high catalytic activity for oxygen reduction and
cial resistance is very large; it actually determines the perforwith high oxygen ion conductivity for oxygen transport
mance of SOFCs operated at low temperatufeslow  through the composite cathode.
600°C)° Among the oxygen ion conductors developed, bismuth

One of the advantages of low-temperature SOFC is thexides have showed favorable catalytic effects on the oxygen
potential for dramatic cost reduction. If SOFCs can be operdisassociation reactiofi,which is often the rate limiting step
ated below 600 °C, for example, many componésteh as  in many electrochemical process involving oxygen reduc-
the interconnect and heat exchangeen be fabricated from tion, such as the one in an SOFC. Besides, hismuth oxides
much less expensive materials. Additional benefits of loweexhibit conductivities about two orders of magnitude higher
operating temperature include greater system reliabilitythan those of stabilized zirconia. In this work, yttria doped
longer operational life, and increased potential for mobilebismuth oxides were investigated as the ionic conducting
applications and for cost-effective fabricatibn. phase in a composite cathode for stabilized zirconia. Silver

The development of cathode materials for SOFCs basedas used to enhance the electronic conductivity of the com-
on yttria-stabilized zirconigYSZ) has mainly focused on posite electrodes.
strontium-doped lanthanum manganitésSM) because of Yitria stabilized bismuth oxide (¥,Big7:015) (YSB)
the thermal and chemical compatibilities with YSZ. How- was synthesized using a coprecipitation method. Stoichio-
ever, single phase LSM does not have acceptable perfometric amount of Bi(NQ)35H,0 (Aldrich 98% and
mance due to its low oxygen-ion conductivity. The additionY(NO);6H,0 (Aldrich 99.9% were dissolved in a dilute
nitric acid solution, which was then added drop by drop to an

aAuthor to whom correspondence should be addressed; electronic maiPXalic acid solution to for_m White preCipitateS- The pre(_:ipi-
meilin.liu@mse.gatech.edu tates were collected by filtration, dried at 120 °C overnight,
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FIG. 2. Interfacial polarization resistances of a YSB—Ag composite cathode,
functionally graded cathodes, GDC-LSM, and YSZ-LSM composite cath-
odes.

posite electrode fired at 850 °C has isolated pores and con-
sists of large grains. The average thicknesses of the two elec-
trodes are about 25 and Lidn, respectively.

The interfacial polarization resistances are determined
from the impedance spectra of symmetric cells as described
elsewheré. Shown in Fig. 2 is the temperature dependence
of interfacial polarization resistances measured without dc
bias for a YSB—Ag cathode fired at 750 °C. Also shown in
ﬁzig. 2 are the interfacial polarization resistances of other
composite cathode®’SZ—-LSM, GDC—-LSM? and recently
developed functionally graded cathodési:'2Clearly, the
and fired at 900°C fo5 h to form crystalline YSB with YSB—Ag cathode displays much smaller interfacial polariza-
fluorite structure as confirmed by x-ray diffraction. Silver tion resistances than other cathodes. At 600 °C, for example,
oxide (Aldrich 99%), used as the source for electronic con-the interfacial polarization resistance of YSB—Ag is only
ducting component, was mixed with YSB powder at a weight0.30Q cn?, compared to 4.8) cn? for a graded cathodk,
ratio of YSB:Ag,0O=40:60. The mixed powders were made 6.8 cn? for a GDC—LSM composité and 11.40 cn? for
into a slurry by ball milling for 24 h with an organic binder a YSZ—LSM composit&,implying about one order of mag-
and acetone. The slurries were subsequently coated onto théude improvement. The performance of a mixed-
inner channels of a fired YSZ honeycomb with wall thick- conducting electrode is determined by the ionic and elec-
ness of about 30Qum*° The coated electrode layer was tronic conductivities of the electrode, catalytic activities at
dried at 120°C fo 2 h and subsequently fired at 750 or the triple phase boundary and electrode surfaces, and the rate
850 °C for 2 h with a heating and cooling rate of 5 and 10 °Cof gas transport through the porous electrodes. It is well
per minute, respectively. know that LSM, LSCF, Ag, and most other electrode mate-

Electrochemical impedance measurements were carriethls have adequate electronic conductivities. Likewise,
out using a Solartron 1255 HF frequency response analyzéransport of gases species through the porous cathodes is
in combination with a Solartron 1286 electrochemical inter-usually rapid, and thus the effect of concentration polariza-
face. Silver wires were attached to the electrodes with a siltion is significantly only when the porosity of the electrode is
ver paste, and a thermocouple was positioned close to thaadequate or the cell is operated at very high current densi-
sample to monitor the sample temperature, usually increagies. Often, it is found that the overall performance of a
ing from 500 to 750 °C in 50 °C interval. Impedance spectramixed-conducting electrode depends critically on the ionic
were typically obtained in the frequency range from 1 MHztransport properties and on the catalytic properties for oxy-
to 10 mHz with an applied ac voltage amplitude of 10 mV.gen reductiort® The relatively high oxygen ion conductivity
All data was taken 30 min after the desired temperature wasf YSB* (0.070 Scm? at 600°C), compared to GO€
reached. The interfacial impedances as determined from th@.017 Scm?) and YSZ® (0.0045 Scm?), is clearly an
spectra were corrected for electrode area (8.3 cnf) important reason that the YSB—Ag composite electrode
and divided by two(symmetric cell to obtain the area spe- shows much lower interfacial resistances than the composites
cific polarization resistance(Y cnr). consisting of YSZ, GDC, LSM, and LSCF. Moreover, an-

Shown in Fig. 1 are the cross-section views of twoother possible reason is the catalytic effect of YSB on the
YSB-Ag composites fired at different temperatures. It caroxygen disassociation, which is often the limiting step in
be seen that the composite electrode fired at 750 °C has higixygen reduction at the cathofté’ For YSZ—LSM and
porosity and consists of small grains. In contrast, the comGDC—LSCF it is suggested that the oxygen disassociation

FIG. 1. Cross-sectional views of two YSB—Ag composite cathodes fired a
(a) 750 and(b) 850 °C.
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FIG. 3. Impedance spectra measured at 600 °C for two YSB—Ag composité’“
cathodes of different thickne$&2 and 25um) sintered at 850 °C for 2 h.
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dent of their thickness. The electrochemical performances
are determined critically by its TPBs, which are related to its
structures and microstructures. Since the two electrodes have
the same structures except thickness, it can be concluded that
the gas transport is efficient through the YSB—Ag compos-
ites thinner than 25um; it can also be concluded that the
active or useful thickness of the electrode is smaller than 12

While the long-term stability of bismuth oxide-based
cathodes in SOFCs is yet to be studied, many previous stud-
ies seem to suggest that YSB is stable under the operating

rate have to be enhanced by at least two orders of magnitud@nditions studied. For example, it is reported that YSB is

to account for the desired cathodic performance at lo
temperatur€ While there is no data available for direct com-
parison in catalytic activity for oxygen reduction between
YSB and YSZ or GDC, previous work on bismuth oxide
based materials demonstrated that the activity of bismut
oxide surface is higher than that of noble metals. This effec ; ; . X . 0
was clearly demonstrated using a bismuth lead oxide electrd®Mt with previous studies reported in the literattft&”How-
lyte, which was shown to easily support high current dens
ties using a special cell design in which the electronic surfac
conductivity was provided by means of a thin gold grid co-
sintered with the electrolyt¥:*® It should be noted that sil-

ver could also contribute to the observed enhancement i
performance since silver is also a very good oxygen reduc-

tion catalyst.

wehemically stable in partial pressure of oxygen as low as

10713, 107 and 10 %% atm under different conditions, as
discussed in a review article on bismuth based oxide
electrolytes* Also, the interface between YSZ and YSB
jgeems to be clean and there was no detectible evidence sug-
gesting any reactions between YSZ and YSB; this is consis-

jever, the microstructural stability of the YSB—Ag composite

glectrode could be a concern because of the relatively low
melting points of both YSB and silver. Thus, YSB—Ag com-
posite electrode is an excellent cathode only for low-
Hemperature SOFCs.
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