Available online at www.sciencedirect.com o

scrence @oimeers POWER
SOURCES

www .elsevier.com /locate /jpowsour

Journal of Power Sources 136 (2004) 24-29

Short communication

Performance characteristics of Gd-doped barium
cerate-based fuel cells

N. Maffeid*, L. PelletieP, A. McFarlarP

@ Materials Technology Laboratories, CANMET, Natural Resources Canada,
405 Rochester Street, Ottawa, Ont., Canada K1A 0G1
b Natural Resources Canada, CANMET Energy Technology Centre, 1 Haanel Drive,
Bells Corners Complex, Ottawa, Ont., Canada K1A 1M1

Received 25 March 2004; accepted 25 April 2004
Available online 2 July 2004

Abstract

Results of tests on single element fuel cells incorporating a proton conducting Gd-doped barium cerate solid electro@aiti700
different anode/cathode combinations are reported JFieand power density characteristics of these cells show that the performance of
the fuel cells is strongly dependent on the particular anode/cathode system ches@ak&ey sCa203_5 cathodes gave the best per-
formance regardless of the anode system used. However, the low open circuit voltage of the fuel cells indicated that the electrode/electroly
interface needs further optimization.
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1. Introduction potential candidate electrolytes for lower temperature SOFC
[7,8].

Fuel cells, in particular polymer electrolyte membrane  SrCeQ-based oxides were the first class of perovskite
(PEM) and solid oxide fuel cells (SOFC), are nearing com- materials shown to exhibit proton conductivity at high tem-
mercialization and as such are receiving significant attention peratures in a hydrogen-containing atmospl8te Subse-
as viable alternatives in transportation and stationary power quently, BaCe®, SrZrO; and BaZr@ mixed oxides have
generation. Fuel cells convert chemical energy directly into also been shown to exhibit high protonic conductivity at
electrical energy and their thermodynamic efficiencies are |ower temperatures than puréOconducting electrolytes,
not limited by the Carnot cyclfl-3]. ZrOz-based SOFCs  such as lanthanum gallate, making them good candidates for
have received attention in the past because of the high oxy-intermediate temperature fuel cell applicati§h@]. Another
gen ion conductivity of the zirconia electrolyte system. But advantage of fuel cells utilizing a protonic conducting elec-
the high operating temperatures (>10@) required for the  trolyte is that they form water at the cathode, unlike SOFCs,
zirconia reduce the reliability and operating life of these cells hence the fuel at the anode remains pure thus eliminating
through materials problems. Ceria-based electrolytes are al+he need for re-circulation.
ternatives to Zr@because of their high oxygen conductivity A planar anode- or cathode-supported fuel cell is an at-
at 700°C [4]. These ceria-based electrolytes, however, show tractive geometry for integration into a stack configuration.
considerable electronic conductivity, which is detrimental to However, this fuel cell architecture requires the use of rel-
long-term fuel cell performance. In addition, these systems atively inexpensive materials for the anode and cathode
are unstable under the hydrogen environment of the anodeelectrodes to be commercially viable. In this paper, the
[5,6]. Oxygen ion conductors, based on a modification of the operation of a fuel cell based on the proton conducting
perovskite, lanthanum gallate, have also been shown to beGd-doped BaCe®solid electrolyte is reported. The per-

formance of the phase-pure material in a planar type fuel
* Corresponding author. Tek:1 613 992 1391; fax¢+1 613 992 93g9.  Cell configuration with different anode/cathode systems is
E-mail address: nmaffei@nrcan.gc.ca (N. Maffei). presented.
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2. Experimental

Doped barium cerate (Bag:gGdo203_5, BCG) was pre-

pared by conventional solid-state synthesis techniques. Ap-

propriate stoichiometric ratios of oxide powders (BaGO
CeQ and Gg@Os) were ground, mixed and then ball milled
in isopropy! alcohol for 24 h. Solvents were evaporated and
the dried powders were calcined at 138Din air for 10 h.
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coated disc was fired at 115G for 2 h, with a heating and
cooling rate of 3C/min.

The other configuration utilized a NiO-BCG cermet an-
ode and the following cathode systems: Pt, LCFC and LSC.
The NiO-BCG cermet powders were prepared by conven-
tional solid-state synthesis techniques. To ensure that the
anode cermet was sufficiently conductive, the composition
was chosen so that the volume percent of Ni in the anode

Phase content of the calcined powders and sintered elementsermet was 60%. Appropriate stoichiometric ratios of oxide

was investigated with a Rigaku MINIFLEX XRD system us-
ing Cu Ka radiation. The calcined powder was mixed with
a 15% polyvinyl alcohol solution and uniaxially pressed at
65 MPa into approximately 3.175cm diameter and 2 mm
thick pellets. The samples were subsequently isostatically

powders (NiO and BCG) were ground, mixed and then ball
milled in isopropyl alcohol for 24 h. Solvents were evapo-
rated and the dried powders were calcined at 24D air

for 5h. The calcined NiO-BCG cermet powder was ground
and mixed with a 15% PVA solution and slurry-coated onto

pressed at 216 MPa. The discs were then sintered at varioushe BCG electrolyte. The coated disc was fired at 14D0

temperatures, ranging from 1500 to 16%0) for 10h and
polished to approximately 1 mm thickness.

Planar single cells in two configurations were fabricated
for fuel cell evaluation. One structure utilized Engelhard
platinum ink A-4338 for the anode and three individual cath-
ode systems: platinum, bgCay4FeygCap203_5 (LCFC)
and LagSrp4Co0;_35, (LSC). The Pt electrodes were air
dried and then fired at 100 for 1h in air, with heating
and cooling rates of 8C/min. The LCFC pervoskite cathode
was prepared as previously descripgd,12] The calcined
LCFC powder was ground and mixed with a polyvinyl bu-
tyral binder, ethanol, and a polyethylene glycol plasticizer,
as described ifit1]. The slurry was brushed onto the BCG
substrate and sintered at 11%0D for 2 h with heating and
cooling rates of 5C/min. The LSC powder was synthesized
through a nitrate route as previously descrilj2d]. LSC
calcined powder was ground and mixed with a 15% PVA
solution and slurry-coated onto the BCG electrolyte. The

for 2 h, with a heating and cooling rate of 6/min.

During fuel cell operation, a 4% Hin Ar gas mixture
at a flow of 500 crmin was supplied at the anode while
a flow of compressed air at 100 éfmin was maintained at
the cathode. The gas flow to the NiO-BCG cermet anode
was introduced at 30CC to ensure that the NiO got reduced
to Ni metal by the time the cell operating temperature of
700°C was reached. Platinum mesh was placed on top of
the anode and cathode to act as current collectors.

3. Results and discussion

Fig. 1shows XRD patterns for BCG samples as a function
of processing temperature. Curve (a) shows the XRD pat-
tern for BCG precursor powder calcined at 1380for 10 h.

The XRD trace indicates that BCG is formed at 136Qal-
though the presence of a minor amount of secondary phase is
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Fig. 1. XRD patterns for BCG processed at various temperatures: (a) calcined a&tCt3®) sintered at 1500C; (c) sintered at 1550C; (d) sintered
at 1600°C and (e) sintered at 165C. The soak time at temperature was 10 h.
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also present. Discs sintered at higher temperatures¥500 atures had minor amounts of secondary phases. The BCG
(b), 1550°C (c), 1600°C (d) and 1650C (e) were crushed  XRD patterns obtained in this study are similar to those pre-
in a mortar and pestle and XRD was taken on the crushedviously reported. However, samples in that study had to be
powders. The XRD data shows that the patterns are essensintered at 1650C in order to obtain phase pure materi-
tially all the same irrespective of sintering temperature. The als [14]. The density of all samples sintered from 1500 to
sharpness of the peaks does however increase with sinterind650°C was in excess of 90% of the theoretical value.
temperature. This increase in peak sharpness is associated The J-V characteristics of planar fuel cells incorporating
with increase in particle size of the grains within the pow- a single BCG monolithic solid electrolyte element, approxi-
ders. The XRD patterns indicate that the samples sintered atmately 1 mm thick, with porous platinum anodes are shown
1600 and 1650C did not have any secondary phases, de- in Fig. 2a The acronym P1 indicates a cell with a Pt an-
tectable by XRD, while samples sintered at lower temper- ode and a Pt cathode, P2 a cell with a Pt anode and a LSC
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Fig. 2. (a)J-V data for planar fuel cells incorporating a single BCG monolithic solid electrolyte element, approximately 1 mm thick, with porous platinum
anodes. The acronym P1 indicates a cell with a Pt/BCG/Pt electrode structure, P2 a cell with Pt/BCG/LSC electrodes and P3 a cell with Pt/BCG/LCFC
electrodes. (b) Power density data for the single planar fuel cells shown in (a).
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cathode and P3 a cell with a Pt anode and a LCFC cath-fuel cells not utilizing a zirconia electrolyte. The linekV
ode. The cells were operated continuously for 24 h. The behaviour for cell P2 suggests little, if any, polarization of
non-linearJ-V data for cell P1 indicates the presence of the electrodes. The open circuit voltage (OCV), however, is
significant polarization at the electrode/electrolyte interface. less than the theoretically expected value. The initial OCV
The oxidizing conditions present at the cathode tend to af- for this cell was approximately 1V but the data clearly in-
fect the platinum electrode detrimentally, after long periods dicates a decrease in OCV after approximately 24h. The
of fuel cell operation in this system. In addition, the high reasons for the decrease in OCV are not known. The appear-
cost of platinum is a disadvantage for its use in commercial ance of the cathode after the testing period did not indicate
fuel cells. any deterioration.

LSC has high electronic conductivity and oxygen activ-  LCFC is an inexpensive alternative for the cathode and
ity [15] and is considered a promising cathode material for like LSC, possesses a perovskite structure. This material
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Fig. 3. (a) -V data for planar fuel cells incorporating a single BCG monolithic solid electrolyte element, approximately 1 mm thick, with NiO-BCG
cermet anodes. The acronym N1 indicates a cell with a NiO-BCG/BCG/Pt electrode structure, N2 a cell with NiO-BCG/BCG/LSC electrodes and N3 a
cell with NiO-BCG/BCG/LCFC electrodes. (b) Power density data for the single planar fuel cells shown in (a).
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has been shown to have good surface exchange coefficientéurther optimization of the electrode/electrolyte interface is
and exchange current densitigs6]. The J-V characteris- required.
tics for a cell utilizing a LCFC cathode, P3, are also shown  The power density data for these cells is givefrig. 3h
in Fig. 2a The linearJ-V behaviour suggests little, if any, The data suggest that LCFC is the most appropriate cathode
polarization of the electrodes. The data does, however, indi- material to be used with a NiO-BCG cermet anode. The data
cate some non-linear behaviour at higher current densities.also suggest that the performance of cells incorporating a
The OCV for P3 is even lower than those observed for cells Ni-based anode is inferior to that of cells with a Pt-based an-
P1 and P2, again the initial OCV for this cell was approxi- ode. However, no attempt was made in this study to optimize
mately 1 V. Nevertheless, this cell’s performance was supe-the NiO-BCG anode morphology or the anode/electrolyte
rior to cells P1 and P2, at least in terms of the current den- interface. The data do suggest, however, that cheaper alter-
sities obtained in the cells. The data suggest that the LCFCnative materials show good fuel cell performance character-
electrode is a viable cathode material for fuel cells incorpo- istics. Future work will investigate the performance charac-
rating BCG solid electrolyte elements. BCG has been shownteristics of anode- and cathode-supported fuel cells incorpo-
to become a mixed ionic conductor under fuel cell condi- rating the electrode materials studied in this work.
tions[17], this could in part be responsible for the decrease
in OCV observed for cells P2 and P3. Although, if this were
the case it is unclear why cell P1 did not show similar be- 4. Summary
haviour. The performance characteristics of these cells, how-
ever, indicate a degradation of the electrode/electrolyte inter- The fuel cell performance of two different anode sys-
facial region, which is dependent on both time and electrode tems using single element proton conducting BCG solid
material. electrolyte with different cathode combinations at 7G0
The power density data for these cells are shown in is reported. The}l-V and power density data indicate that
Fig. 2h The results clearly show that the performance of the LCFC cathode material showed the best performance
cell P3 is superior to the other cells. The relatively low characteristics of the systems studied. Fuel cells incor-
values for current and power densities are a consequencegorating a Pt anode perform better than fuel cells with
of the relatively thick BCG solid electrolyte elements, ap- a NiO—BCG anode, although the affects of morphology
proximately 1 mm. The performance of cell P2 is inferior and other characteristics needs further investigation to op-
to the other cells but still has reasonable power output. Thetimize the NiO-BCG anode. The data suggest that both
data suggest that a cathode supported fuel cell using eithethe cathode- and anode/electrolyte interface needs further
LCFC or LSC can be fabricated. optimization. The data also indicate that anode- and/or
The J-V characteristics of planar fuel cells incorporat- cathode-supported planar fuel cells are feasible with the
ing a single BCG monolithic solid electrolyte element, ap- electrode systems presently studied. This cell architecture
proximately 1 mm thick, with NiO-BCG cermet anodes are would allow the thickness of the BCG electrolyte to be de-
shown inFig. 3a The acronym N1 indicates a cell with creased thereby improving the performance characteristics,
a NiO-BCG anode and a Pt cathode, N2 a cell with a as well as lowering the cost of the fuel cell.
NiO-BCG anode and a LSC cathode and N3 a cell with a
NiO—BCG anode and a LCFC cathode. The cells were oper-

ated continuously for 24 h. The linear behaviour of #h¥ Acknowledgements
data suggests very little polarization of the fuel cell struc-
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