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Abstract

The HzS-tolerance of SrFeo.7sM00.2503.5 (SFM) electrodes has been investigated in symmetric
proton ceramic fuel cells (PCFC) with BaZrosCeo1Y0.10s-5 (BZCY81) electrolyte. The ionic
conductivity of the electrolyte under wet reducing conditions was found to be insignificantly
affected in the presence of up to 5000 ppm H2S. The fuel cell exhibited an OCV of about 0.9 V
at 700 °C, which dropped to about 0.6 V and 0.4 V upon exposure to 500 and 5000 ppm H>S,
respectively, on the fuel side. Post characterization of the fuel cell revealed significant
degradation of the anode in terms of microstructure and chemical composition due to formation
of sulfides such as SrS, MoS> and FesSs. Nevertheless, the fuel cell was still functional due to

the sufficient electronic conductivity of some of these sulfides.

Keywords: proton ceramic fuel cells (PCFC), sulfur tolerance, H>S, strontium ferrite, barium
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1. Introduction

Fuel cells represent a clean and efficient technology of converting chemical to electrical
energy in which Hz fuel is electrochemically converted with air to H-O, electricity and heat [1].
Apart from hydrogen, these electrochemical devices can utilize various hydrogen containing
fuels [2,3], of which biogas is of particular interest [4]. The exact composition of the biogas is
important for its further application and this highly depends on the production process and type
of organic matter [5]. Biogas typically consists of 35 — 75 vol.% of methane and 25 — 40 vol.%
of carbon dioxide with small amounts of other components such as water vapour and HS [5,6].

The H2S concentration in biogas is typically in the range of tens to thousands ppm, and can



reach up to 2 vol.% in extreme cases [5-8]. The presence of H2S in the biogas is considered to
be especially troublesome due to its corrosive nature and threat to health and environment, and
it can form even more toxic and environmentally hazardous compounds such as SO, SO3z, and
H>S04 [6,9,10]. In fuel cells, H2S can poison or lead to decomposition of fuel side electrodes
[11-14], and it is particularly detrimental to the performance of Ni, acommon anode component
[12-14]. While gas purification processes such as chemical absorption, scrubbing, or biological
purification can be applied to remove H»S, these processes can be limited by scalability, low
sustainability or high investment and/or running costs [6-8,10,15,16]. Furthermore, single-step
purification processes cannot easily offer sufficient gas purity for fuel cell technologies, which
typically requires H.S concentrations lower than 1 ppm [10,15]. The prospect of H.S tolerant
anode materials is therefore particularly attractive.

Biogas can be converted into hydrogen via dry or steam reforming. Both processes require
temperatures in the range of 600 — 800 °C in order to achieve high conversion and prevent
carbon deposition [17-22]. Fuel cells operating in this temperature range therefore open the
possibility for direct reforming of biogas. Moreover, it has been shown that formation of
sulfides is restrained at temperatures above 500 °C [14], which makes high temperature devices

promising in terms of H»S tolerance.

Solid electrolyte fuel cells operating at high temperatures comprise the solid oxide fuel
cell (SOFC) and proton ceramic fuel cell (PCFC). The former utilizes an oxide ion conducting
electrolyte in which oxide ions migrate from the cathode to the anode. At the anode, the oxide
ions may react with H»S to form SO and H20. In PCFCs on the other hand, protons migrate
from the anode to the cathode, where they react with oxygen and form water vapour. Since
there are no oxide ions transported to the anode, sulfur dioxide formation is suppressed [23—
26]. In combination with the rather high operation temperature (typically 350 — 800 °C [27]),
PCFCs are hence particularly interesting for the application of alternative fuels in which the
presence of low H»S concentrations cannot be avoided. The prospect of sulfur containing proton
conducting electrolytes which may be stable under H>S-rich conditions has recently been

investigated by first-principle calculations [28].

Strontium ferrite partially substituted with molybdenum is known for its mixed
electronic-ionic conductivity and stability over a wide range of oxygen partial pressures [29-
33]. Reported conductivity values for SrFeo.7sM00.2503-5 (SFM) lie in the order of 0.1 S/cm at
400-800 °C in both oxidising (air) and reducing (dry 5% Hy) conditions [31]. The electronic
conductivity in strontium ferrites is dominated by a small polaron hopping [30,34]. Under
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oxidizing conditions, the material is predominantly a p-type conductor where hole polarons
jump between Fe®* and Fe** ions, whereas electrons jump between Fe?* and Fe®*in the n-type
regime at low oxygen partial pressures. In both cases, the ionic conductivity is about two orders
of magnitude lower than the electronic [30]. These properties make SFM an interesting
candidate for electrode materials in SOFCs [31,33,35]. Zheng et al. [33,35] recently
investigated an SOFC with symmetric SFM electrodes and a CeogGdo 2019 electrolyte and
obtained a peak power density of about 15 mW/cm? at 800 °C. The effects of various biogas
components, including CO, CHa [33,35] and H2S [35], were studied and Mo-doped strontium
ferrites were found to be coke resistant. SFM electrodes were exposed to 800 ppm HS for 12
h under steam reforming conditions and characterized by thermogravimetry (TG) and X-ray
photoelectron spectroscopy (XPS): sulfur-containing compounds were formed on the surface,
but the overall microstructure of the material remained quite intact. Considering the high
concentration of H2S in those experiments (800 ppm), SFM may be a promising H»S tolerant

electrode material.

The influence of H2S on the performance of the SFM anode in a fuel cell has, however,
not yet been investigated. Here, we present studies of symmetric PCFCs with SFM electrodes
and BaZrogCeo1Y0.103-5 electrolyte. The stability and performance of the button cell were
investigated in the presence of 500 and 5000 ppm H.S in the fuel.

2. Experimental

2.1. SrFeo.7sMo00.2503-5 materials synthesis

SrFeo.7sM00.2503.5 (SFM) powders were synthesized according to a solid state reaction
method. First, stoichiometric amounts of SrCOs (Aldrich, 99.9%), Fe>O3 (Alfa Aesar, 99.5%)
and MoOs (Alfa Aesar, 99.5%) were weighed and milled in isopropanol for 2 h at 300 rpm in
a planetary ball mill using agate balls and container. The obtained slurry was dried at 100 °C
overnight in a heating cabinet. The resulting powders were ground in a mortar and uniaxially
pressed into pellets and calcined in air at 1100 °C for 30 h. The pellets obtained from the
calcination were crushed, milled and dried in a process analogous to that before the calcination.
The phase purity of the synthesized powder was characterized by X-ray diffraction (XRD) using
a Bruker D8 Discover with a Cu Ka radiation source in a 20 range of 10-90° and a scan step
of 0.05°.

2.2. Cell fabrication
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The electrolytes used in this study were BaZro.sCeo1Y0.1035 (BZCY81) pellets fabricated
by CoorsTek (USA) according to a solid state reactive sintering method with NiO as a sintering
aid. The sintering was followed by NiO leaching process resulting in a virtually Ni-free
electrolyte with a relative density higher than 95% [36]. The thickness of the pellets was about

1.2 mm.

The chemical compatibility between SFM and BaZrogsY0.1503-5 (BZY) was investigated
by firing 1:1 wt.% powder mixtures at different temperatures. BZY powder from CerPoTech
(Norway) and SFM powder were mixed and milled in isopropanol at 350 rpm for 30 minutes
using the same ball mill. The slurry obtained from milling was then dried overnight at 120 °C.
The dried powders were fired at 1200 and 1400 °C for 2 hours and XRD measurements were

performed after each firing.

For the electrodes, inks were prepared as a suspension of electrode powder in an organic
ink vehicle, VEH (NexTech Materials). A BZY-SFM interlayer between the electrolyte and the
electrodes was introduced in order to compensate for the thermal mismatch between the SFM
and BZCY81, which otherwise would lead to delamination of the electrode in fuel cells if the
SFM layer was deposited directly on the electrolyte. The thermal expansion coefficient (TEC)
of SFM is reported to be 15.8x107® K™ in the temperature range of 25-800 °C [35], whereas
BaZrOs-related compounds typically exhibit TEC values of 7-9 10°® K™ in the same
temperature range [37-39]. Accordingly, two types of inks were made for application on the
electrolyte pellet: the first layer from an ink consisting of 1:1 wt.% SFM and BZY, and the
second layer of an ink with pure SFM.

An optimized fuel cell preparation procedure was realized via a two-step electrode
deposition. In the first step, a layer of SFM—BZY ink was painted on each side of the electrolyte
pellet and fired at 1200 °C for 5 h. In the second step, a layer of SFM ink was painted on the
SFM-BZY layers and fired under the same conditions. This fabrication process thereby resulted
in a symmetric SFM|SFM-BZY|BZCY81|SFM-BZY|SFM cell, with an electrode area of 0.5
cm?. The estimated thicknesses of the SFM and SMF-BZY layers were 40 and 10 um,

respectively.
2.3. Materials and fuel cell performance characterization

The conductivity of the electrolyte was measured in order to determine the influence of
H>S on its electrical properties. A BZCY81 sample of 1.2 mm thickness was measured from

800 to 500 °C using a ProboStat sample holder (NorECs, Norway) in a standard two-electrode
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four-wire setup with Au paint and mesh as electrodes (2 = 8 mm) using a HIOKI, IM 3533-01
LCR METER (10 kHz).

The gas compositions were controlled by a two-stage gas mixing system. First, a mixture
of H> and Ar was passed through a saturated aqueous KBr solution, yielding gas mixtures with
approx. 2.5% H>O (80% relative humidity at room temperature). The wetted gas was
subsequently mixed with a dry premixed gas of 1% H>S in Ar in ratios yielding final H>S
contents of 500 and 5000 ppm. Due to this second mixing stage, the final concentration of H.O
was lowered to approx. 1.3 % in the 5000 ppm H2S mixture, while it was essentially unchanged

at approximately 2.5% in the 500 ppm H>S mixture.

The microstructures of the SFM electrodes before and after fuel cell tests were studied by
means of scanning electron microscopy (SEM) supported by energy dispersive X-ray

spectroscopy (EDS) using a FEI Quanta FEG 200 microscope in high vacuum mode.

The fuel cells were studied by measuring the open circuit voltage (OCV), I-V curves, and
the electrochemical impedance. All of these measurements were performed with different
modules of a Gamry Reference 3000 Potentiostat. The I-V curves were measured by varying
the voltage applied across the button cells (fuel cell mode) in the range from 0 to 0.9 V with a
2 mV step while the current was recorded. Impedance spectroscopy was performed under open-
circuit conditions in the 0.01 Hz — 1 MHz range with 25 mV rms amplitude. The impedance
data were deconvoluted using the Equivalent Circuit for Windows software [40]. Model circuits
used for fitting were typically a series of inductance (L) and ohmic resistance (Ronm) elements
followed by a series of (RQ) elements. An (RQ) element is a parallel connection of a resistor,
R, and a capacitive constant phase element, Q. The total electrode polarisation resistance of the
fuel cell, Rpol, containing contributions from both anode and cathode, was determined as the
sum of all resistances from the (RQ) elements. The ohmic and polarization resistances were
then normalized by the electrode surface area to obtain area specific resistances (ASR).

3. Results

Fig. 1 presents AC conductivity of the BZCY81 electrolyte as a function of temperature
under wet reducing conditions and with 500 and 5000 ppm H>S. Overall, it is clear that H2S
does not have a significant impact on the conductivity. In the most extreme case, when
5000 ppm H.S was introduced into the gas mixture at 800 °C, the change in conductivity was
not larger than 30% of the initial value. Moreover, this change cannot be attributed solely to the

H>S introduction but may reflect the simultaneous change in water vapour concentration from

5


http://mostwiedzy.pl

2.5 % to 1.3 %, which can be expected to result in a drop in the total conductivity of a proton
conductor due to dehydration, see e.g. [41]. Therefore, any effect of H»S itself would be less
pronounced than that observed in Fig. 1 and the differences in the measured conductivities with

and without H>S are not sufficiently consistent to be considered significant.
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Figure 1. 10 kHz AC conductivity of BZCY81 electrolyte as a function of temperature in wet
reducing conditions with 0, 500 and 5000 ppm H.S.

Fig. 2 a presents the XRD pattern of as synthesized SFM powder, displaying the Pm-
3m perovskite structure characteristic for this compound [35], and no impurities were detected.
Fig. 2 b shows the result of XRD measurement of the mixture of SFM and BZY before and
after firing at 1200 °C and 1400 °C for 2 hours. It can be seen that the mixture shows two clearly
distinguishable patterns of SFM and BZY before firing. The diffractogram also shows peaks
which can be attributed to BaCOz. These probably originate from the carbonates formed on the
surface of barium zirconate [42-44]. Nevertheless, the carbonate phase disappears after firing
and does not affect the experiment outcome. The shift in the peak positions after firing at
1200 °C indicates interdiffusion between the two phases. However, two distinct phases are still
observed, whereas at 1400 °C a new phase is formed. Therefore, 1200 °C is suggested as a
maximum temperature for fabrication of fuel cells of BZY-based electrolytes and SFM
electrodes. At temperatures lower than 1200 °C, sufficient adhesion of electrode layers to the
electrolyte could not be obtained even for prolonged sintering times.
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Figure 2. X-ray powder diffraction patterns: (a) SrFeo.2sM00.2503.5 (SFM), (b) a BZY-SFM
powder mixture before and after firing for 2 hours at 71200 °C and 1400 °C.

The fabricated cells consist of two SFM electrodes deposited symmetrically on each side
of the BZCY81 electrolyte (Fig. 3 a). SEM micrographs of the cross-section of the fuel cell are
presented in Fig. 3 b, which clearly shows the layers of SFM, SFM-BZY cercer and the
electrolyte. The EDS line scan across the layers (denoted I, Il and 111 in Fig. 3 ¢ and d) confirms
that there was no significant interdiffusion of the metal cations between the different layers
during the fabrication process. A top view of the SFM and SFM-BZY layers is shown in Fig. 3
e. The SFM-BZY layer was usually slightly larger in diameter than the top SFM layer. Fig. 3 f
shows the microstructure of an SFM layer before fuel cell operation which exhibits good

connectivity between SFM grains and open porosity.
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Figure 3. The fabricated fuel cell: top-view picture of the button cell (a), SEM micrograph of
the cross-section (b), cross-section showing EDS line scan regions (c), EDS line scan of the

cross-section (d), top-view of the deposited layers (e) and microstructure of the SFM layer

(f).
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Fig. 4 presents electrical properties of the fuel cells measured with wet 50 % Hz in Ar
used as the fuel and wet air as the oxidant. A typical measured impedance spectrum is presented
in Fig. 4 a, and the applied model circuit represents the measured data quite well. ASRonm and
ASRpo are plotted as a function of inverse absolute temperature in Fig. 4 b. The slight reduction
in OCV at a higher temperature may be ascribed to increasing electronic leak at higher
temperature [45], or slight variations in the chemical activity of the gases due to gas leakages

between the two chambers.
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Figure 4. Electrical properties of the button cells under wet Hz in Ar as fuel and wet air as
oxidant: (a) impedance complex plot measured at 700 °C (o) with fitting curve (line), (b)
ASRonm and ASRyor plotted as a function of inverse absolute temperature and (c) typical 1-V

curve (line) and power output (dashed line) of the button cells.

The lower limit of ohmic resistance for the fuel cell where only the electrolyte contributes
was estimated from the electrolyte conductivity data from Fig. 1 and is represented by the
dashed line in Fig. 4 b. One can see that the measured and estimated ohmic resistances exhibit
essentially the same activation energy and the difference between these values are within one
order of magnitude. This means that the major contribution to the total resistance of the cell
comes from the rather thick electrolyte, which in turn will limit the fuel cell performance in

terms of power density.
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A qualitative comparison of the obtained fuel cell characteristics can be made with the
work of Zheng et al. [35] who investigated SFM electrodes in a symmetric SOFC with Gd-
doped CeO: electrolyte. The present PCFC study shows a lower activation energy (0.90 eV
compared to 1.11 eV) and hence lower ASRpq in the temperature range of 500-800 °C.

Fig. 4 c. presents a typical I-V curve together with a power output of one of the measured
fuel cells. The maximum power density of the symmetric fuel cell reaches 5.4 and 6.9 mW/cm?
at 700 °C and 800 °C, respectively.

Two different fuel cells were exposed to wet Hz-Ar mixtures containing 5000 and 500
ppm HS. The measured OCV of the fuel cell operating with fuel containing 5000 ppm HzS is
shown as a function of time in Fig. 5 a. At 800 °C, the introduction of H,S caused a decrease in
the OCV which gradually slowed down. After removal of H.S, the OCV returned to 90% of its
initial value. After this measurement, the temperature was decreased to 700 °C and the
procedure was repeated. At 700 °C, the OCV dropped immediately upon introducing H.S and
then continued to decay more slowly than at 800 °C. A similar experiment with continuous
monitoring of the OCV was conducted on another sample in fuel containing 500 ppm H.S at
700 °C (Fig. 5 b). As with the previous experiment, the OCV decreased immediately after the
introduction of H>S and continued to decay, although slower than in 5000 ppm H2S.
Furthermore, fluctuations in the OCV signal were persistent and more prominent in the case of
fuel with 500 ppm HaS.
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Figure 5. Influence of H2S on performance of the fuel cells. Change in the OCV induced by
presence of (a) 5000 and (b) 500 ppm H>S in the fuel. Effect of the 500 ppm H.S on (c)
impedance complex plots, (d) ASRonm and ASRpoi and (e) I-V (solid) and power curves (dashed

lines).

Electrochemical impedance spectroscopy showed that both the ohmic and polarization

resistances were affected by H»S. Fig. 5 ¢ shows the impact of exposing the fuel cell to 500

ppm H2S on an impedance complex plot before and after H>S exposure. The ohmic part of the

resistance was subtracted from the data in order to emphasise the change in ASRpol. After H2S
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was introduced a new semicircle appeared in the low frequency range which caused the increase
in ASRpol as shown in Fig. 5 d. ASRonm (also presented in Fig. 5 d) fluctuated around a constant

value and therefore seems comparatively less affected by HsS.

The impact of H2S on the power output of the fuel cell was also investigated. Fig. 5 e
shows the influence of time of exposure to 500 H.S on the I-V and power curves. The maximum
current density and power output decrease with time of exposure. After 137 h of continuous
operation in 500 ppm HS, the maximum power density had dropped to approximately half of

its original value.

SEM images of the fuel cell anodes after operation in 500 and 5000 ppm H2S are shown
in Figs. 6 and 7, respectively. It is clear that exposure to H2S has a severe impact on the
microstructure of the anode. The electrodes did not exhibit the previously observed uniform
microstructure of a porous backbone, and new regions with varying porosity appeared. Signs
of delamination and cracking of the anode are also evident in the micrographs. Moreover,
particles of a varying shape and size formed during operation are visible, e.g., tetragonal crystal

grains (Fig. 6 c), whiskers (Fig. 6 ¢) and microplates (Fig 7 c).

340 A

: o g i ¢ P
Figure 6. SEM images of the SFM anode after operation in the fuel containing 500 ppm H2S
with three highlighted regions at higher magnification (b-d).
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Figure 7. SEM images of the SFM anode after operation in the fuel containing 5000 ppm
H>S with two highlighted regions at higher magnification (b,c).

The compositions of the regions shown in Figs. 6 b—d and 7 b—c were estimated by EDS
as shown in Table 1. It is clear that the compositions differ among the regions. This was
especially apparent for the fuel cell exposed to 5000 ppm H2S (Fig. 7 a), in which the bright
regions were enriched in Sr, whereas the dark regions contained more Fe. While EDS analysis
is not reliable for quantification of oxygen content, qualitative comparisons can be made in the
case of large differences. In general, the oxygen content in the electrode decreased with
increasing H.S concentration in the fuel. In the sample exposed to 500 ppm H.S, the estimated
oxygen content in the different regions varied between 7 and 29 %, whilst it was close to zero
in the sample operating with 5000 ppm H>S. This is consistent with a larger degree of sulfide
formation in the presence of a higher H>S content and a lower H20 content. The particles visible
in the micrographs usually had the same composition as the surrounding microstructure, which
indicates that they are frontiers of growth of the new phase. The tetragonal grains (Fig. 6 ¢)
differ in this respect, since they contain a much higher concentration of iron and sulfur than the

surrounding area as shown by EDS.
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Table 1. Results of EDS analyses of the regions presented in Figs. 6 and 7.

Elements at. %

Fig.6 b Fig.6 ¢ Fig. 6 d Fig.7b Fig.7c
Sr 46 35 43 48 16
Fe 20 9 3 1 21
Mo 9 9 6 n/a n/a
Ba 1 6 3 5 46
Zr 3 16 4 26 <1
@) 12 16 12 2 1
S 21 7 29 18 16

Post-operation XRD shows that new phases such as strontium, iron and molybdenum
sulfides were formed (cf. Fig. 8). Both samples contain multiple phases and some of the XRD
peaks could not be identified. The results could therefore only be analysed in a qualitative
manner. The intensities of the peaks corresponding to the sulfide phases are generally higher
for the sample exposed to higher H.S concentration, i.e., 5000 ppm, and the intensity of the
peaks attributed to SFM were correspondingly lower, in accordance with the SEM-EDS data.
The peaks corresponding to barium zirconate (BZCY81 electrolyte and/or the BZY15
component of the electrode interlayer) are clearly visible in both cases and no sulfur-related

compounds containing barium, zirconium or yttrium were detected.
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Figure 8. XRD patterns of the anode decomposition after exposure to fuel containing 500
and 5000 ppm HaS.

4. Discussion

The measured OCV and power density showed continuous degradation of the fuel cells
under H>S exposure (cf. Fig. 5). Post-characterization of the anode by SEM showed that SFM
degraded into metal sulfides during operation with H.S. Considering the fact that the electrolyte
conductivity was not significantly affected by H.S, the reduced fuel cell performance can

reasonably be attributed to the degradation of the SFM anode in the presence of H5S.

The electrochemical impedance measurements showed an increase in the total
polarization resistance in H>S as demonstrated by a semicircle which appeared in the low
frequency range. Low frequency semicircles are typically attributed to mass transport processes
and correlated with the microstructure of the electrodes [46]. As shown in Figs. 6 and 7 the
microstructure changed due to formation of sulfides. Therefore, the increased ASRpo observed
in Fig. 5 d may be explained by a continuous reaction of SFM to form sulfides and simultaneous

degradation of the electrode microstructure, which may limit gas diffusion accordingly.

Another phenomenon observed during the operation — fluctuation in ASRonm — can also
be explained by the formation of sulfides. The delamination of the electrode (Fig. 6 a) can be

expected to lead
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. On the other hand, phase growth along
the electrolyte surface would have the opposite effect, thereby causing the ASRqnm fluctuations
observed in Fig. 5 d.

Another important aspect of the present study is the chemical stability of
BaZrosCeo1Y0.1035 (BZCYB81) in HoS atmospheres. There was no evidence of the BZCY81
electrolyte deterioration, even during prolonged experiments in sulfur-rich environments.
Moreover, the conductivity did not change with hydrogen sulfide partial pressure. Perhaps the
most interesting property of the studied system is that the fuel cell was still functioning even
though the electrode material and microstructure degraded quite significantly. It seems that the
formed sulfides were conductive and thereby served as functional anode materials. In particular,
molybdenum and iron sulfides have previously been studied as candidates for fuel cell operating
in H2S-rich environment [11,47]. Therefore, fuel cells with electrodes comprising sulfides or
mixed sulfide-oxide systems can be considered as a promising direction for developing H.S-
tolerant electrodes. This study may seem contradictory to the reported stability of SFM in up to
800 ppm H2S by Zheng et al. [35]. This however can be explained by the difference in water
vapour partial pressures since it is the H2S/H2O ratio in the gas phase that defines the relative
activities of sulfur and oxygen for a given H> partial pressure. Zheng et al. used simulated steam
reforming conditions with up to 22% steam, while the present work was focused on conditions
typical for a PCFC where the water vapour content was lower than 3%. As a result, it may be
concluded that SFM is not stable in HS-rich fuels as long as high levels of steam are not
present. In comparison with other oxides studied in the literature, SFM has lower stability
towards HS than doped lanthanum chromites [47,48], gadolinates [48] and vanadates [47,49]
or La-doped strontium titanates [47]. Since many sulfur-tolerant perovskites contain La on the
A-site, it may be a good strategy to dope SFM with this element in order to improve its tolerance

towards sulfur.

The maximum power output of 5.4 mW/cm? at 700 °C is much lower than the best PCFCs
operated without H>S [27,50,51]. This can be explained by the high ohmic resistance caused by
our rather thick electrolyte. By using an electrode-supported fuel cell with a 10-pum-thick
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electrolyte, the estimated maximum power density would be around 100 mW/cm? with the
electrodes applied here. It should also be noted that the fuel cells in this study were not
optimized for power output. Given all of these aspects, the symmetric PCFC with SFM

electrodes can be considered eligible for further studies.
5. Conclusions

Symmetric fuel cells with BZCY81 electrolyte and SFM electrodes were studied and the
performance was measured with wet 50% H. in Ar as a fuel and wet air as an oxidant. The
maximum power output of the fabricated fuel cell, 5.4 and 6.9 mW/cm? at 700 °C and 800 °C,
respectively, was limited by the 1.2 mm thick electrolyte. The presence of H>S in the fuel did
not significantly affect the conductivity of BZCY8L1.

Introduction of HS into the fuel caused degradation of the SFM anode material. The fuel
cell exposed to 500 ppm HS for 137 h degraded by 50% in terms of the maximum power
output. Moreover, when 500 and 5000 ppm H2S were introduced, the OCV of the fuel cell
decreased from about 0.9 V to 0.6 and 0.4 V, respectively. Post-characterization of the anode
showed that SFM had reacted with H>S to form metal sulfides. Since the fuel cell was still
functional after degradation, sulfides or mixed sulfide-oxide systems may be considered

promising for novel HzS-tolerant electrodes.
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