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Abstract

Perovskite-structure Lag75Srg25CrosMngsOs;_s (LSCM) powders were prepared using a simple combustion process. Thermal analysis was
carried out on the perovskite precursor to investigate the oxide-phase formation. The structural phase of the powders was determined by X-ray
diffraction. These results showed that the decomposition of the precursors occurs in a two-step reaction and temperatures higher than 1100 °C
are required for these decomposition reactions. For the electrochemical characterization, LSCM anode materials and (Prg;Cag3)0oMnO; (PCM)
cathode materials were screen-printed on two sides of dense LaggSrg,GagsMgp,03 (LSGM) electrolyte layers prepared by tape casting with a
thickness of about 600 pm, respectively. The morphology of the screen-printed Lag75Srg25CrgsMngs05_5 perovskite thick films (65 wm) was
investigated by field emission scanning electron microscope and showed a porous microstructure. In addition, fuel cell tests were carried out
using humidified hydrogen or ethanol stream as fuel and oxygen as oxidant. The performance of the conventional electrolyte-supported cell
LSCM/LSGM/PCM while operating on humidified hydrogen was modest with a maximum power density of 165, 99 and 62 mW cm~? at 850, 800
and 750 °C, respectively, the corresponding values for the cell while operating on ethanol stream was 160, 101 and 58 mW cm~2, respectively. Cell
stability tests indicate no significant degradation in performance has been observed after 60 h of cell testing when LSCM anode was exposed to

ethanol steam at 750 °C, suggesting that carbon deposition was limited during cell operation.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Solid oxide fuel cell (SOFC) is an all solid device that con-
verts the chemical energy of gaseous such as hydrogen and
natural gas to electricity through electrochemical processes.
SOFC, being an electrochemical device, has unique advan-
tages over the traditional power generation technologies. SOFCs
combine the benefits of environmentally benign power gen-
eration with fuel flexibility. For many applications such as
combined cycle with gas turbines and heat cogeneration, the
high SOFC temperatures up to 1000 °C offer significant advan-
tages. These high temperatures present significant problems for
materials selection and durability, especially for smaller scale
applications; thus, there is also considerable impetus to develop
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lower temperature SOFC systems. A decrease in the operation
temperature means a loss of power density mainly due to a con-
siderable reduction of both ionic conductivity of the electrolyte
and catalytic activity of the electrodes. To avoid ohmic loss,
the thickness of the electrolyte might be reduced or alternative
electrolyte materials used, providing that they offer good per-
formance for operation at intermediate temperatures (<800 °C).
For example, it is necessary to reduce the thickness of yttrium-
stabilized zirconia (YSZ) electrolyte to at least 15 pm to achieve
comparable performances at 700°C [1]. In addition, SOFCs
require hydrogen as the fuel, but viable near-term applications
will need to use the more readily available hydrocarbons, such as
methane. Therefore, much effort has been devoted in developing
reduced-temperature solid oxide fuel cells (SOFCs) running on
hydrocarbon fuels instead of hydrogen [2—-5]. However, conven-
tional Ni-based anode suffers a number of drawbacks in systems
where hydrocarbon fuel is used such as carbon deposition since
Ni is a good catalyst for hydrocarbon cracking reaction. Carbon
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deposition covers the active sites of the anode, resulting in rapid,
irreversible cell deactivation [6-10].

Recently, perovskite Laj—,Sr,Ga; —yMg,03_5 (LSGM) hav-
ing oxygen vacancies attracts much attention for its high ionic
conductivity at low temperature [11]. The oxygen ionic conduc-
tivity of LSGM at 800 °C was measured as 0.1 Scm™!, which
corresponded to that of YSZ at 1000 °C [12,13]. LSGM is one
of the promising materials for SOFCs operating at ca. 800 °C
[14,15].

Replacing Ni/YSZ cermet anodes by Ni-free oxide, such
as ceria, titanate and lanthanum chromite-based oxides has
attracted a great attention recently. Doped LaCrOs-based mate-
rials have been extensively investigated as interconnect material
in SOFC [16]. LaCrO3-based oxide such as (LaSr)CrOsz was
shown to have very low activity towards carbon deposition
[17]. Catalytic activity of LaCrOs for methane oxidation can
also be substantially enhanced by partial substitution at A-
and B-sites. Sfeir et al. [18,19] studied the thermodynamic
stability and the catalytic activity of (LaA)(CrB)O3 system
(A=Ca, Sr and B=Mg, Mn, Fe, Co, Ni) as alternative anode
materials under simulated SOFC operation conditions. Thermo-
dynamically, Sr and Mn substitution maintains the stability of
the perovskite while other substitutes destabilize the system.
Recently, Tao and Irvine [20,21] reported promising results of
Lag 7551 25Crg 5sMng 503 (LSCM) as anode for SOFC. LSCM
is a p-type conductor with conductivity of ~38Scm™! in air
and 1.5Scm™! in 5% H, at 900°C. The electrode polariza-
tion resistance for the oxidation reactions in wet CH4 and Hj
at 900°C was 0.85 and 0.26 Q cm?, respectively. The perfor-
mances are considered to be compatible to the Ni/YSZ cermet
anodes.

In this work, LSGM was tested as electrolyte using
(Pro.7Cap.3)0.9MnO3 (PCM) and Lag75519.25Cro.sMng 5035
(LSCM) as cathode and anode, respectively. The fabrica-
tion and performance of electrolyte-supported system LSCM/
LSGM/PCM were investigated to assess their feasibility as alter-
native anode material for ethanol oxidation reactions for SOFC.

2. Experimental
2.1. Synthesis of electrode and electrolyte

The composition of LSCM anode was chosen as Lag7s
Sr0.25Cro.sMng 5035 (LSCM) [20,21]. Lag.75Sr9.25Cro.sMng s
0O3_;s anode material was prepared using a combustion syn-
thesis technique. Stoichiometric amounts of lanthanum nitrate
(La(NO3)3-6H,0), strontium nitrate (Sr(NOs3);), chromium
nitrate (Cr(NO3)3-9H;0) and manganese nitrate (Mn(NO3);)
were dissolved in distilled water with constant stirring. Then, a
stoichiometric amount of citric acid (C¢HgO7-H20), which is
a chelating agent and fuel, was also dissolved in this solution.
The stoichiometric ratio of citric acid to nitrates was calculated
according to Jain et al. [22]. The solution pH was adjusted to 7
with the addition of concentrated ammonia solution. A gel was
formed with continuous stirring and mild heating (~110°C).
The gel was dried at room temperature for over 12h and then
fired at 350 °C for 30 min. The resulting powders were ground

in an agate mortar and fired in air at 1000 °C for 5h, ground
again and finally fired at 1200 °C for 5h in air.

Lag gSrg2Gag sMgp 203 (LSGM) used as the electrolyte was
prepared from stoichiometric amounts of LayO3 (>99.99%
purity), SrCO3 (>99.9% purity), Ga;03 (>99.99% purity)
and MgO (>99.99% purity) by traditional solid-state reaction
method. Before weighing, Lay;O3 was heat-treated at 1000 °C
for over 3 h in order to achieve decarbonation and dehydration.
The powders were intimately mixed in an agate mortar with the
aid of absolute alcohol for 24 h and then calcined at 950 °C for
10 h. The calcined powders were ground using agate mortar and
pestle and ball-milled in absolute alcohol for another 24 h. The
resulting fine powders were dried and uniaxially pressed into
dense pellet (99% of theoretical density) and then sintered at
1500 °C for 6 h in air.

2.2. Preparation of LSGM electrolyte matrix

The procedure for obtaining LSGM electrolyte matrix by tape
casting samples comprised the preparation of a slurry contain-
ing LSGM powder, azeotropic mixture of butanone and ethyl
alcohol absolute as solvent. Triethanolamine as a kind of zwit-
terionic dispersant to reduce the interfacial tension between the
surface of the particle and the liquid; polyethylene glycol (PEG
200) as plasticizer to increase the flexibility of the tapes; and
poly-vinyl-butyl (PVB) as binder to provide their strength after
the evaporation of the solvent. The PVB binder was supplied as
a free flowing fine-grained powder and the PEG plasticizer was
obtained in a liquid form. All the organic additives were sup-
plied by Shanghai Chem. Ltd., China. Intermediate ball-milling
steps are used for the preparation of the tapes. After the mix-
ing and the homogenization of the slurry were completed, the
slurry was degassed using a vacuum pump (pressure: 200 mbar
absolute) and cast on a casting surface of polyethylene film by
a “doctor-blade” method. The cast tapes were allowed to dry at
room temperature for 48 h. After the solvent in the tapes was
completely evaporated, the LSGM green tapes were obtained.
They were then sintered in air at 1500 °C for 5 h. Thus, a disk-
shaped electrolyte substrate, having a diameter of about 3.0 cm,
a thickness of about 600 wm, was then produced.

2.3. Materials characterization

X-ray diffraction (XRD) patterns were collected with a
Philips X'Pert Pro diffractometer equipped with a primary
monochromator (Cu Ka radiation) and a Philips X'Celerator
detector for the structural characterization of the specimens. The
scans were performed in the 26 range 20-90° at the scanning
speed of 4° min~!. Further XRD studies were also carried out
to investigate the chemical compatibility of LSGM with LSCM
material. Powder mixture of LSGM with LSCM, ina 1:1 (wt.%)
ratio, were ground in an agate mortar and fired at several tem-
peratures for 10 h. Field emission scanning electron microscope
(FE-SEM) images of the interface layer LSCM/LSGM before
and after SOFC single cell operation were analyzed using a
microscope (FE-SEM, PHILIPS 515, Holland) equipped with an
X-ray analyzer for energy-dispersive X-ray spectroscopy (EDS).
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Simultaneous thermogravimetric-differential thermal analy-
sis (TGA/DTA, Netzsch STA 409) were carried out in static air
at heating/cooling rate of 10°C min~', to determine the stoi-
chiometry of the nitrates used in the synthesis and to estimate
the optimal crystallization temperature of the precursor powders
obtained by combustion synthesis technique.

2.4. Characterization of single cell performance

Single cell tests were carried out on a three-electrode arrange-
ment using 20 mm diameter LSGM pellets (600um thick) as
electrolyte, (Pro7Cap3)0oMnO3z (PCM) as cathode material,
and LSCM as anode material. The anode was prepared by coat-
ing a layer of LSCM slurry, using PVB as binder, onto the
electrolyte by screen-printing method and then firing at 1200 °C
for 3h in air. PCM was painted onto the other side (surface of
7 (0.7 cm)? =1.5386 cm?) of LSGM as counter-electrode and
fired at 1200 °C for 3 h. Experimental techniques, apparatus and
the electrochemical cell assembly for SOFC tests have been
described previously [23]. A Pt mesh and lead wire were attached
to the surface of the cathode using a Pt ink, followed by sin-
tered at 950 °C for 0.5h. On the anode side, a Au mesh and
lead wire were used as the current collector and were attached
using a Au ink applied to the edges of the Au mesh, followed
by sintering at 850 °C for 0.5h. The anode side of the struc-
ture was then attached to an alumina tube using Au ink and
the edges were sealed using a ceramic adhesive. All the anodes
were evaluated with the same testing procedure. Hydrogen or
gasified ethanol-water mixture (with volume ratio 2:1) were
used as fuel and oxygen was used as oxidant. The fuel and oxi-
dant flow rate were all controlled at 25 mL min~!, and the liquid
fuel was vaporized by water bath (70 °C) and then brought into
the anode surface by nitrogen. The current—voltage curves and
electrochemical impedance spectroscopy (EIS) were obtained
using an Electrochemical Workstation IM6e (Zahner, GmbH,
Germany). These measurements were started after stabilized
under a constant discharge voltage of 0.7V for 4h in order
to obtain a sufficiently stabilized system necessary for a cell
testing experiment. Then the current was switched off and the
impedance spectra of the electrochemical cell were recorded
under open circuit from time to time with amplitude of 20 mV
over the frequency range 0.02 Hz to 100 KHz. The measurement
was carried out in the temperature range of 700-850 °C in steps
of 50 °C. The ohmic resistance of the electrolyte, the cathode and
the anode (Rg) was estimated from the high frequency intercept
of the impedance curves and the overall electrode polarization
(interface) resistance (Rg) was directly measured from the dif-
ferences between the low and high frequency intercepts on the
impedance curves.

3. Results and discussion
3.1. Powder characterization
Fig. 1 shows the TGA-DTA curves of the Lagy 7551925

Crp5Mngs03_s perovskite gel precursor dried at 383 K. The
total weight loss from room temperature to 1250°C was
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Fig. 1. TGA/DTA curves of the Lag 75Srg 25Cro.sMng 503_s perovskite gel pre-
cursor dried at 110°C.

51.85wt.%. A weight loss of about 40wt.% was observed
between 300 and 350 °C, accompanied by two sharp exothermic
peaks, which can be attributed to the decomposition of the pre-
cursor (exothermic and endothermic processes) and subsequent
combustion of organic components (exothermic processes).
Between 400 and 700 °C, a further weight loss accompanied
by small exothermic effects was observed, also due to combus-
tion of organic residues. The TGA curve showed an additional
weight loss of about 1.8 wt.% accompanied by an endothermic
peak with its maximum at about 1130°C (Fig. 1, inset). The
weight remained constant above 1150 °C.

To clarify the thermal effects observed above 300 °C, a sam-
ple of the Lag 75519 25Crp 5sMng 503_s perovskite precursor gel
dried at 110°C was fired at 300 °C for 3 h. Fig. 2 shows the
TGA-DTA curves of the sample. In this case, the total weight
loss from room temperature to 1250 °C was approximately
20.68 wt.%. A weight loss of about 2.5 wt.% was observed at
the vicinity of 300 °C, which can be attributed to the reaction
between the residual nitrate and citric acid after the decompo-
sition of the precursor and subsequent combustion of organic
components. The exothermic combustion in the air of the
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Fig. 2. TGA/DTA curves of the Lag 75Sr(25Crg sMng 5s03_s perovskite precur-
sor dried at 110 °C and then fired at 300 °C for 2 h.
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Fig. 3. X-ray diffraction patterns of the perovskite powder calcined at 1000 °C
for 2h. The unmarked peaks correspond to the Lag75Srp25Cro5Mngs503_5
structure.

dried polyester showed a weight loss steps, accompanied by an
exothermic peak with its maximum at 450 °C. A weight loss of
1.0 wt.% was observed in the temperature range 1140-1160 °C,
accompanied by a small endothermic peak with its minimum
at 1140 °C, showing that the decomposition process occurs in a
step. No weight loss was observed above 1160 °C.

X-ray diffraction (XRD) analysis was performed to elucidate
the endothermic decomposition process at about 1150 °C. Fig. 3
shows the XRD pattern of the Lag 75Sr9.25Crg 5sMng 503_5 pow-
der calcined at 1000 °C for 2h. Apart from the peaks of the
Lag.75S19.25Crg 5sMng 503_s perovskite-type structures, SrCO3
and Cry O3 phases were detected as impurities.

Fig. 4 shows the XRD pattern of the Lag 7551 25Cro.sMng 5
O3_s powder calcined at 1200 °C for 2 h. The thermal treatment
at 1200 °C left only the Cr,O3 phase detectable as an impu-
rity. The patterns are identical to the Lag 75519 25Crp 5sMng 503_s
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Fig. 4. X-ray diffraction patterns of the perovskite powder calcined at 1200 °C
for 2h. The unmarked peaks correspond to the Lag75Srp25Cros5Mngs503_5
structure.

powder obtained at 1400 °C [21], indicating the formation of the
perovskite phase of the LSCM powder. Therefore, the endother-
mic weight loss should be ascribed to the complete decompo-
sition of SrCOj3. The presence of a small amount of SrCO3 in
the perovskite-type oxide powders calcined at 1000 °C should be
due to the reaction between SrO, formed from the nitrate decom-
position, and CO,, produced from combustion processes. The
nitrate—citrate processes can also lead to the presence of residual
carbon after the precursor decomposition/oxidation [24]. Giving
the combined results of TGA-DTA and XRD analyses, showing
that the powder calcined at 1200 °C was made nearly entirely
of LSCM single-phase, the films for electrochemical charac-
terization were prepared by screen-printing the LSCM powder
calcined at 1200 °C on the side of the tape cast LSGM.

3.2. Chemical compatibility study

The XRD patterns of the binary-mixed-systems LSGM/
LSCM and LSGM/PCM at different temperature are shown in
Figs. 5 and 6. No additional diffraction peaks were found after
firing mixtures of LSGM/LSCM and LSGM/PCM in the air for
5h, between room temperature and 1200 °C indicating a good
chemical compatibility at intermediate temperature (<800 °C).
Nevertheless, certain reactivity could be observed between
LSGM and LSCM above 1300 °C, between LSGM and PCM
at 1250°C. No reaction was observed for the LSGM/LSCM
system at 1000-1200°C. Du and Sammes [25] reported that
no interactions were detected from XRD data in their experi-
ments of fabrication of bilayer samples of LSGM and LSCM at
1500 °C for 2 h. However, they found severe reactions in samples
after 6 h and over at 1500 °C, forming low conductive phases.
They used energy-dispersive spectrometry (EDS) analysis to
find reaction-diffusion zones in the range 50-150 pm. Never-
theless, they indicate from their overall results that LSCM is a
thermomechanically and chemically compatible anode material
with LSGM electrolyte at the fuel cell operating temperatures
and fuel cell fabrication conditions (at 1500 °C for 2 h). In this
work, LSCM material had been applied to the electrolyte LSGM
at 1200 °C for 3h, and LSGM and LSCM did not show appar-
ently remarkable signs of reaction in fired compacted powder.
These results indicate that LSCM is a thermomechanically and
chemically compatible anode material with LSGM electrolyte
at the fuel cell operating temperatures and fuel cell fabrication
conditions (at 1200 °C for 3 h). However, the XRD pattern of
the mixture LSGM/LSCM at 1300 °C for 3 h (Fig. 5(g)) showed
a reaction which becomes stronger at 1400 °C (Fig. 5(h)). The
interaction between LSGM/LSCM has not been studied further
and more studies are necessary. In the PCM/LSGM case, the
PCM cathode material fired at 1200 °C onto LSGM did not show
obvious signs of reaction.

3.3. Fuel cell tests

3.3.1. Current—voltage measurements

Fig. 7 shows typical voltage and power density versus cur-
rent density for a SOFC with the electrolyte-supported system
LSCM/LSGM/PCM while running on humidified hydrogen
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Fig. 5. XRD patterns of LSGM (a), LSCM (b), and LSGM + LSCM at the fol-
lowing temperatures: room temperature (c), 1000 °C (d), 1100°C (e), 1200 °C
(f), 1300°C (g), 1400 °C (h) (A) and magnification in the 26 range 65-80° (B).

(a) and ethanol stream (b) at 850, 800 and 750 °C, respec-
tively. We could see that the open circuit voltages (OCV) for
H; and C,H50H stream were, respectively, 1.146-1.165 and
1.176-1.164 V in the temperature range. It revealed that LSGM
electrolyte was dense enough that resulted in higher values of
OCV. The performance of the cell while operating on humid-
ified hydrogen was modest with a maximum power density of
165, 99 and 62 mW cm~2 at 850, 800 and 750 °C, respectively.
The highest power density of the cell while operating on ethanol
stream was 160, 101 and 58 mW cm~—2 at 850, 800 and 750 °C,
respectively, which were lower than those on hydrogen. Tak-
ing into consideration the thickness of the LSGM electrolyte
(600 pm) and the LSCM anode (65 wm), we have obtained
feasible performance about the electrolyte-supported system
LSCM/LSGM/PCM while running on humidified hydrogen and
ethanol stream at different temperature. Next work is to decrease
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Fig. 6. XRD patterns of LSGM (a), PCM (b), and LSGM + PCM at the follow-
ing temperatures: room temperature (c), 1100 °C (d), 1200 °C (e), 1250°C (f),
1300 °C (g), 1400°C (h) (A) and magnification in the 26 range 65-80° (B).

the thickness of the LSGM electrolyte and the LSCM anode in
order to improve the cell performance.

A detailed study of cells running on hydrogen has shown
that cell power densities can be limited by a number of factors,
including concentration polarization [26,27]. The decrease in
cell power density for ethanol stream relative to hydrogen may
be related to the higher mass of ethanol molecules, which yields
slower gas-phase diffusion and increased concentration polar-
ization. However, it is also noted that each ethanol molecule
reacts with six times as many oxygen ions as each hydrogen
molecule, so less ethanol gas-phase diffusion is needed to yield
the same cell current density. Another possible explanation is the
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Fig. 7. Voltage and power density vs. current density for a SOFC with the
electrolyte-supported system LSCM/LSGM/PCM at different temperature using
humidified hydrogen (a) or ethanol stream (b) as fuel and oxygen as oxidant:
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difference in the nature of the oxidizing and reducing species,
which makes the charge transfer in ethanol more complex and
difficult. Hy is obviously more active and more effective for
reduction. CoHs5OH is much less reactive than Hj in heteroge-
neous oxidation, thus resulting in a higher polarization resistance
associated with slower electrochemical oxidation of ethanol ver-
sus hydrogen. Therefore, more work is required to do to study
the steps and mechanism of ethanol oxidation by analyzing the
components of the fuel effluent and improve performance of the
cell running on ethanol fuel.

3.3.2. Electrochemical impedance spectroscopy (EIS) study

Fig. 8 shows a comparison of typical EIS results, from
cell with the electrolyte-supported system LSCM/LSGM/PCM
while running on humidified hydrogen (a) and ethanol stream (b)
under open circuit at different temperature, respectively, associ-
ated with the VI curves in Fig. 7. As could be expected through
examination of Fig. 8, the cell exhibits less total impedance
(Rq + Rg) in humidified hydrogen than that in ethanol stream
at different temperature, which is in good agreement with the
results shown in Fig. 7.

Attending to the microstructure, Fig. 9 shows the FE-SEM
micrograph of the LSCM thick film (65 wm) sintered at 1200 °C
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Fig. 8. Electrochemical impedance spectra for a SOFC with the electrolyte-
supported system LSCM/LSGM/PCM at different temperature using humidified
hydrogen (a) or ethanol stream (b) as fuel and oxygen as oxidant under open
circuit.

for 3 h. The microstructure obtained is very promising, a highly
porous structure made of sintered perovskite-structure parti-
cles. Fig. 10 shows the FE-SEM micrograph of the interface
LSGM/LSCM after fuel cell test in ethanol steam at 750 °C for
60 h. In general, the distribution of the grains in the anode mate-
rial is fairly homogeneous with an average grain size of 2 pm.
Moreover, the loss of adherence and partial grain agglomeration
of LSCM material after fuel cell test shown in Fig. 10, is pos-
sibly other reasons for the lower electrochemical performance
respect LSCM material-based systems. In addition, further work
will be done to reduce the thickness of LSCM anode film and
electrolyte layer with a view to achieving comparable perfor-
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Fig. 9. FE-SEM micrograph of the LSCM thick film sintered at 1200 °C for 3 h.

mances of the electrolyte-supported cell LSCM/LSGM/PCM
running on ethanol stream at 750 °C.

3.4. Cell stability tests

The stabilization and degradation of the -electrolyte-
supported cell LSCM/LSGM/PCM were also investigated in
ethanol stream at 750 °C during the measurements. We recorded
the curve of power density as a function of time for the cell
operating on ethanol steam at 750 °C, shown in Fig. 11. We
can find that the performance of the cell almost kept constant
with a little augment of power density with time in the period
of 60 h. In one case, the cell was operated for >60h in ethanol
stream at 750 °C, before the test was stopped with the cell still
running well. Very little carbon was detected on the anodes,
suggesting that carbon deposition was limited during cell
operation. More work is required to do to provide meaningful
information about the stability of the anode component in the
long run.

Fig. 10. FE-SEM micrograph of the interface LSGM/LSCM after fuel cell test
in ethanol steam at 750 °C for 60 h.
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Fig. 11. Power density of a SOFC with the electrolyte-supported system
LSCM/LSGM/PCM using ethanol stream as fuel and oxygen as oxidant at
750 °C during the aging process.

4. Conclusions

Perovskite-structure Lag 75Srg25CrgsMngsO3_s (LSCM)
powders were prepared using a simple combustion pro-
cess. For the electrochemical characterization of fuel cell,
Lag gSrp2GapggMgp203 (LSGM) was used as electrolyte and
(Pro.7Cap3)09MnO3 (PCM) and Lag75S10.25Cro.sMng503_s
(LSCM) as cathode and anode material, respectively. Fuel cell
tests were carried out using humidified hydrogen or ethanol
stream as fuel and oxygen as oxidant. The performance of
the conventional electrolyte-supported cell LSCM/LSGM/PCM
while operating on humidified hydrogen was modest with a max-
imum power density of 165,99 and 62 mW cm 2 at 850, 800 and
750 °C, respectively, the corresponding values for the cell while
operating on ethanol stream was 160, 101 and 58 mW cm™2,
respectively. Cell stability tests indicated no significant degra-
dation in performance had been observed after 60 h of cell testing
when LSCM anode was exposed to ethanol steam at 750 °C, sug-
gesting that carbon deposition was limited during cell operation.
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