
Electrochemical Stability and Postmortem Studies of Pt/SiC Catalysts
for Polymer Electrolyte Membrane Fuel Cells
Serban N. Stamatin,†,§ Jozsef Speder,‡ Rajnish Dhiman,*,† Matthias Arenz,‡ and Eivind M. Skou†

†Department of Chemical Engineering, Biotechnology and Environmental Technology, University of Southern Denmark, Niels Bohrs
Alle 1, DK-5230 Odense M, Denmark
‡Department of Chemistry and Nano Science Center, University of Copenhagen, Universitetsparken 5, DK-2100 Copenhagen,
Denmark

*S Supporting Information

ABSTRACT: In the presented work, the electrochemical stability of platinized
silicon carbide is studied. Postmortem transmission electron microscopy and X-
ray photoelectron spectroscopy were used to document the change in the
morphology and structure upon potential cycling of Pt/SiC catalysts. Two
different potential cycle aging tests were used in order to accelerate the support
corrosion, simulating start-up/shutdown and load cycling. On the basis of the
results, we draw two main conclusions. First, platinized silicon carbide exhibits
improved electrochemical stability over platinized active carbons. Second,
silicon carbide undergoes at least mild oxidation if not even silicon leaching.

KEYWORDS: electrochemical stability, electrochemical surface area, accelerated stress test, postmortem XPS, postmortem TEM,
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1. INTRODUCTION

Electrochemical energy conversion and storage are of the
utmost importance in future energy systems. The performance
of such devices is governed by the electrochemical reactions
taking place at the electrodes. Therefore, the activity and
stability of the electrodes have a direct effect on the overall
power output. Fuel cells are electrochemical energy devices that
convert the energy of a fuel into useful energy. The reactions in
polymer electrolyte membrane fuel cells (PEMFCs) take place
at the surface of the catalyst, i.e., usually platinum in the form of
nanoparticles that are supported on active carbons. Unfortu-
nately, a key fuel cell performance loss is carbon corrosion,
which has been established as a primary degradation
phenomenon of the catalyst.1 Several alternative carbon
nanomaterials as support have been proposed to replace the
active carbons.2−5 However, at the applied conditions, carbon is
thermodynamically unstable, and it is further reported that
carbon nanostructures are undergoing mild corrosion in the
presence of platinum, which promotes their degradation.6,7 In
this respect, carbides,8−10 oxides,11−13 and nitrides14,15 have
recently attracted wide interest because of their chemical
inertness and possible interaction with platinum.
In the quest for stable electrocatalyst supports for phosphoric

acid fuel cells, Honji et al. tested silicon carbide (SiC) as early
as 1988.16 The reasoning behind this was the good chemical
stability of SiC in hot phosphoric acid. However, even though
the sample exhibited potential−current density values similar to
platinum (Pt)/carbon (C), no electrochemical stability studies
followed. This early study16 led to the use of nano-SiC as an
electrocatalyst support for PEMFCs.17 Lv et al. showed using

postmortem electron microscopy that Pt/SiC/C has an
improved electrochemical stability over Pt/C at potentials up
to 1.2 VRHE.

18 Nevertheless, support-related performance loss
occurs at potentials as high as 1.5 VRHE, which are encountered
during start-up/shutdown periods, fuel starvation, or the
reverse current region. Recently, silicon carbide−carbon
(SiC−C) composites were tested as electrocatalyst supports
for methanol oxidation and the oxygen reduction reaction
(ORR).18−20 Electrochemical stability studies showed a
reduced degradation trend for SiC−C after 800 cycles.19,20 It
is well-known that the thermodynamic stability limitation of
carbon in acidic media is at 0.207 VRHE, as seen in its Pourbaix
diagram.21 Because of sluggish electrode kinetics, no carbon
dioxide is formed at these low potentials. Nonetheless,
corrosion is enhanced significantly at higher potentials. A
similar trend was observed recently for titanium-coated SiC.22

However, the use of active carbon or titanium, materials that
are not stable in PEMFC operating conditions, in corroboration
with a presumable stable material, such as SiC, does not seem
to be the most self-evident solution. In the case of ceramic
materials, electrochemical stability studies should be accom-
panied by surface chemistry characterization in order to reveal
any surface composition change. This has proven useful for
other carbides, such as tungsten carbide (WC), where above 0.8
VRHE the WC transforms into at least two WOx species, leading
to significant platinum detachment.23
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In our previous work, we reported on a synthesis method of
Pt/SiC, in which the addition of carbon is not necessary.24 The
electrochemical activity values for methanol oxidation and the
ORR were similar to those obtained for Pt/C.25 In spite of the
several studies concerned with the use of SiC as an
electrocatalyst support, so far there is no work concerning
the surface chemistry of Pt/SiC after extended cycling periods
in simulated start-up/shutdown conditions (where carbon is
known to corrode). Herein, we report for the first time the
electrochemical stability of Pt/SiC and its change in surface
chemistry upon simulated PEMFC operating conditions.

2. EXPERIMENTAL SECTION
2.1. Materials and Synthesis. SiC was synthesized using a

method reported elsewhere.26 Briefly, wooden samples were dried at
353 K for 4 h and heated to 773 at 1 K min−1 heating rate, followed by
another heat treatment at 1473 K for 6 h at a heating rate of 5 K
min−1. The synthesis took place in a horizontal alumina-tube-lined
furnace (Lenton Thermal Designs Ltd.). Argon was purged at 300 mL
min−1. After cooling to room temperature, silicon and silicon dioxide
(99.5%, Sigma-Aldrich) were mixed in a 1:1 molar mixture and placed
in an alumina crucible next to the pyrolyzed wood. Then, this was
heated to 1723 at 5 K min−1 and dwelled for 16 h under a 300 mL
min−1 argon flow. The obtained material contained a C−SiC mixture.
This was placed in a funnel containing a 1:1 mixture of chloroform
(99.9%, CHROMASOLV Plus, Sigma-Aldrich) and toluene (99.9%,
CHROMASOLV Plus, Sigma-Aldrich). A two-phase solution was
obtained after mechanical stirring, which allowed the separation of SiC
from unreacted carbon. This procedure was repeated 10 times, and the
resulting material was dried at 353 K for 12 h and denoted as SiC.
Prior to platinization, SiC followed an acid treatment described

elsewhere.24 The deposition of platinum was performed using a
modified polyol method.27 A total of 150 mg of SiC was added to 20
mL of ethylene glycol (99%, VWR) and mixed with 20 mL of a 9.6
mM K2PtCl4 (46.75% Pt, Alfa-Aesar)/ethylene glycol solution. The
mixture was stirred for 30 min at room temperature and then refluxed
at 423 K for 3 h under constant argon purging. After cooling to room
temperature, Pt/SiC was cleaned five times by a 10 min centrifugation
at 4500 rcf (Eppendorf 5804). The solvent was removed by drying for
12 h at 363 K. This procedure of platinization with given amounts of
reactants produced 37 mg of metallic platinum on SiC, which
translates into 20 wt % platinum in Pt/SiC.
2.2. Physicochemical Characterization. X-ray diffraction

(XRD) was performed by means of a Siemens D-5000 X-ray
diffractometer equipped with Cu Kα (1.5418 Å) and measured in
the 2θ = 20−85° range with a 0.02° s−1 step and a 10 s step−1 dwelling
time.
X-ray photoelectron spectroscopy (XPS) was carried out using a

SPECS spectrometer and a Mg Kα source (1253.2 eV). The survey
spectra were measured in 200−1260 eV kinetic energy and had a
resolution of 2.5 eV. The high-resolution spectra were recorded at a
resolution of 1.3 eV. CasaXPS was used to deconvolute the peaks to
pure Gaussians using a “Shirley” background. Peak deconvolution was
performed similarly to our previous studies on Pt/SiC.24,25

The pristine and electrochemically treated electrocatalyst samples
were characterized by transmission electron microscopy (TEM) using
a Tecnai T20 G2 microscope (Philips FEI, Hillsboro, OR) equipped
with a thermionic electron gun operated at 200 kV.
2.3. Electrochemical Stability Studies. An all-glass two-

compartment three-electrode cell setup was used throughout this
work. A 0.12 cm2 gold plate was used as the working electrode.
Catalyst inks were prepared by dispersing the required amount of
catalyst in 5 mL of ultrapure water, suspending it over the working
electrode, and leaving it to dry under an IR lamp. The platinum
electrode loading was maintained at 125 μgPt cmgeo

−2. The counter
electrode consisted of a platinum wire with approximately 40 windings
and encapsulated in a glass tube with a bottom ceramic frit. A dynamic
hydrogen electrode (Hydroflex, Gaskatel) was used as the reference

electrode. A Pine Instrument bipotentiostat (operated in potentiostat
mode) was used throughout this work. The aged materials deposited
on gold electrodes were used for the postmortem XPS studies. Gold
electrodes were used only for postmortem XPS analysis because of the
convenience of mounting them on the XPS sample holder and then
transfering them inside the UHV chamber. For postmortem TEM
studies, a home-built multielectrode setup with eight glassy carbon
electrodes was used as the working electrode and placed in an all-
Teflon three-compartment electrochemical cell without stirring. The
reference electrode [Schott Ag/AgCl/KCl(sat.)] was separated by a
Nafion membrane,28 and a graphite rod was used as the counter
electrode. The electrodes were controlled by a potentiostat (Princeton
Applied Research 263A). All potentials are referred to the reversible
hydrogen electrode (RHE). The experiments took place at room
temperature in approximately 200 mL of freshly prepared argon-
saturated 0.1 M HClO4 (TraceSelect, Sigma-Aldrich).

Two individual aging tests were used in order to test the
electrochemical stability of Pt/SiC. These are well-known degradation
protocols, proposed by the Fuel Cell Commercialization Conference
of Japan (FCCJ), that separate the electrocatalyst degradation from the
support degradation when two types of experiments are performed.29

In the first step, herein denoted FCCJ I, the working electrode is
exposed to a square-wave potential with two steps, 0.6 and 1 VRHE, and
a 3 s step−1 hold, hence 6 s cycle−1. In this work, the sample was
subjected to 10000 cycles (approximately 17 h) and the electro-
chemical surface area (ESA; determined from Hupd

30) was measured
every 1000 cycles. In the other step, herein denoted as FCCJ II, the
electrode is subjected to a triangular wave potential between 1 and 1.5
VRHE at 0.5 V s−1 for 30000 cycles (approximately 17 h). In this case,
the ESA was measured every 2500 cycles.

3. RESULTS AND DISCUSSION
3.1. Physicochemical Characterization. The successful

deposition of metallic platinum on the SiC support is
confirmed by the X-ray diffractogram shown in Figure 1.

Peaks corresponding to SiC(111), SiC(220), and SiC(311) are
clearly observed at 2θ = 35.5°, 59.9°, and 71.7° (ICDD: 00-
029-1131). Platinum characteristic peaks are observed at 2θ =
39.6°, 46.1°, and 67.4°, corresponding to the diffraction from
Pt(111), Pt(200), and Pt(220). The platinum peaks are
assigned according to the International Centre for Diffraction
Data PDF 00-004-0802 and show a face-centered-cubic crystal
structure for platinum. A double type of peak is observed for

Figure 1. XRD pattern of the synthesized Pt/SiC catalysts. The
individual diffraction peaks of the platinum and SiC support are
assigned according to the International Centre for Diffraction Data
PDF 00-029-1131 for platinum and 00-004-0802 for SiC.
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Pt(111), which is due to the SiC(200) situated at 2θ = 41.2°.25

For this reason, the average platinum crystallite size was
calculated from Pt(220) using the Scherrer formula, resulting in
a size of approximately 5.7 nm.
TEM analysis was performed in order to observe the

morphology of the obtained catalyst material. As seen, the SiC
particle size is in the micrometer range, as was also reported in
our previous studies.24,25 Platinum nanoparticles are presented
as dark particles supported on light-gray SiC, as seen in Figure
2. TEM indicated that the platinum nanoparticles appear as
bunches on the SiC surface, forming an interconnected
network. According to the platinum particle histogram obtained
from TEM micrographs (Figure S1 in the Supporting
Information, SI), the average particle size is approximately 5.8

± 1.9 nm, which is in line with the crystallite size obtained from
XRD.
The XPS survey of Pt/SiC (Figure 3A) reveals the presence

of carbon, oxygen, silicon, and platinum. No other peaks are
observed, indicating that no contaminants are present in the
sample. The surface elemental composition as obtained from
the XPS survey leads to a C/O/Si/Pt elemental composition of
29/28/33/10 (Table 1). That is the platinum content is only
10%, which is significantly lower than the expected 20% based
on the ratio of used materials in the synthesis. This difference in
composition could be due to the fact that XPS is a surface
science technique that samples only the first few top
nanometers of the sample. In addition, XPS indicates that the
content of oxygen is rather high, which might suggest that SiC

Figure 2. TEM micrographs of Pt/SiC at different magnifications, where platinum nanoparticles and SiC are marked by red and green arrows,
respectively.

Figure 3. XPS survey spectrum of the prepared Pt/SiC catalyst ink (A) with high-resolution XPS of C 1s (B), Si 2p (C), and Pt 4f (D).
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is already oxidized. However, it should be taken into account
that XPS was performed from a few drops of the catalyst ink,
which contained Pt/SiC and water. The large fraction of oxygen
might therefore come from surface-adsorbed water or organic
impurities. In powder-based form, the XPS data are similar to
those previously reported.24,25

The high-resolution XPS spectrum of the C 1s binding
energy (Figure 3 B) reveals that the major component is SiC
(Table 1), with a contribution of C−C. The large amount of
C−C species might be due to some unreacted carbon left from
the synthesis or from organic contaminants. Oxygen functional
groups are present as well, and it is well-known that these are
serving as nucleation sites for platinum.31 Further, deconvolu-
tion of the O 1s peak indicates that some of the platinum
surface (14%) is oxidized. Similar to the C 1s peak, the major
component in the Si 2p peak comes from SiC. The ratio
between SiC determined from C 1s and Si 2p peaks is
approximately 1:1, which indicates a very pure SiC.26 The Pt 4f
high-resolution XPS spectrum confirms that most of the
platinum is in metallic form, confirming that platinum
reduction was successful.
3.2. Electrochemical Stability Studies. In the previous

subsection, it was shown that platinum nanoparticles with an
average size of 6 nm are evenly distributed on the surface of

SiC. We have previously shown that Pt/SiC exhibits an
electrochemical activity similar to commercially available Pt/
C.24,25 The purpose of this study is to investigate the
electrochemical stability under simulated load cycles and
start-up/shutdown conditions. In this respect, we have used a
two-step degradation protocol as proposed by the FCCJ29 and
performed postmortem TEM and XPS studies in order to shed
some light on the electrochemical stability of SiC.
Several differences are observed between the cyclic

voltammetry (CV) at the beginning of test (BOT) and that
at the end of test (EOT) in the case of Pt/SiC treated with the
FCCJ protocol I (Figure 4A). The initial specific electro-
chemical surface area (ECSA) was 52.2 m2 gPt

−1 with a 2.3
standard error (SE), while the final ECSA was 41.7 m2 gPt

−1

with a 2.6 SE. The obtained ECSA is high in spite of the
apparent agglomeration visible in Figure 2 and the relatively
large platinum particle size. This translates into a loss in ESA of
approximately 20% (Figure 4B). Furthermore, the platinum
oxide region (blue circle in Figure 4A) exhibits a significant
decrease as well. Consequently, the platinum oxide reduction
region decreases in the cathodic sweep. At BOT, the peak
current density in the cathodic sweep is situated at a potential
of 0.75 VRHE. At EOT, the peak potential is shifted toward
larger values, indicating particle growth as a result of the
degradation test. Such a behavior was previously also observed
for carbon-based samples.7,32,33 These differences in the CV at
BOT and EOT were expected because of the fact that the FCCJ
protocol I primarily degrades the active platinum nanoparticles,
via a mixed degradation mechanism composed of platinum
dissolution, agglomeration, growth, and Ostwald ripening.
Therefore, changing the support should not result in increased
stability of the catalyst, which is also consistent with previous

Table 1. Surface Elemental Composition (%) Obtained from
XPS Analysis

29% C 1s 28% O 1s 33% Si 2p 10% Pt 4f

SiC C−C OCGa PtO2 OCGa SiC SiO2 Pt0 Pt−O

Pt/SiC 54 26 20 14 86 66 34 77 23
aOxygen-containing group.

Figure 4. CVs at BOT (black line) and EOT (red line) of Pt/SiC treated with FCCJ I (A) and FCCJ II (C). Degradation profile of Pt/SiC during
FCCJ I (B) and FCCJ II (D).
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studies.34 It is, however, interesting that an almost linear
degradation behavior is observed, indicating that there is
continuous loss in ESA and, hence, in the electrochemical
performance. Furthermore, a larger loss in ESA (i.e., 40−50%)
is observed for Pt/C degraded under similar conditions.35,36

Even though one might ascribe the smaller ESA loss of Pt/SiC
to a stabilizing effect of SiC, it should be taken into
consideration that in the Pt/SiC catalyst the initial size of the
platinum nanoparticles is larger than that in the Pt/C reference,
and it is therefore expected that platinum is more stable.37

Upon application of the FCCJ protocol II, the Pt/SiC
catalyst does not undergo severe electrochemical change
(Figure 4C). The only difference observed in the CVs at
BOT and EOT is a minor reduction in the current densities at
EOT. While for Pt/C treated under similar conditions a large
peak emerges between 0.5 and 0.7 VRHE

36,38 that is associated
with a quinone/hydroquinone couple, such behavior is not
observed for Pt/SiC. Furthermore, no potential difference is
observed in the platinum oxide reduction region as found for
the sample treated with the FCCJ protocol I. Moreover, no
additional peaks are observed in the CV that might suggest SiC
oxidation. The initial ECSA was 53.9 m2 gPt

−1 with a 4.6 SE,
while the final ECSA was 49.4 m2 gPt

−1 with a 3.8 SE. The

degradation profile of Pt/SiC during FCCJ II (Figure 4D)
shows that only 8.5% of the initial ESA is lost. This is
remarkable considering that for amorphous carbon and
multiwalled carbon nanotubes the ESA loss ranged between
10 and 20% under similar conditions.7,33

In order to determine the degradation mechanism, initially
identical-location TEM was pursued. However, this was
abandoned because of the very low SiC BET surface area
(approximately 20 m2 g−1) and its larger density than carbon.
Usually loadings below 2 μgPt cm

−2 are used for identical-
location TEM1,39−41 in order to avoid sample agglomeration on
the grid, but this could not be achieved for the Pt/SiC sample.
Moreover, platinum completely covers the surface of the SiC
support, which makes the use of identical-location TEM
difficult. Thus, postmortem TEM has been chosen instead of
identical-location TEM to investigate the degradation mecha-
nism.
Postmortem particle histograms along with the TEM

micrographs are presented in Figure 5. At first sight, no
striking difference can be observed between the TEM images at
BOT (Figure 2) and EOT (Figure 5B,D). There is no
morphological transformation of the support, which is
commonly found in carbon-based materials.7,32 The platinum

Figure 5. Particle histogram and postmortem TEM micrographs of Pt/SiC−SMS after 9000 cycles of FCCJ I (A and B) and 30000 cycles of FCCJ II
(C and D). Particle histograms were created from measurement of more than 500 particles from several TEM locations. Green arrows indicate SiC,
while red arrows indicate platinum nanoparticles. FCCJ I: square-wave potential with 3 s step−1 (6 s cycle−1) at 0.6 and 1 VRHE in argon-saturated 0.1
M HClO4. FCCJ II: triangular-wave potential between 1 and 1.5 VRHE at 0.5 V s−1 in argon-saturated 0.1 M HClO4.
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particles appear to be in contact with each other, forming a
network similar to that of the TEM micrographs at BOT.
Moreover, the platinum particles have not significantly
increased in size.
Nonetheless, the platinum particle size histograms show a

slight increase in the particle size from 5.8 ± 1.9 to 7 ± 2.2 and
7 ± 3.1 nm for the samples treated with FCCJ protocols I and
II, respectively. Likewise, the size distribution increased from 3
to 8.5 to 4−10 nm after aging. The increase in both the particle
size and size distribution indicates that the platinum particles
are growing in size. In the initial TEM micrographs, 34% of the
particles are larger than the average particle size (i.e., 6 nm).
However, approximately 85% of the particles are larger than 6
nm after application of the FCCJ protocol I and 75% after
application of the FCCJ protocol II. Thus, even though a
similar particle average is obtained irrespective of the aging
treatment, it seems that an accelerated particle growth occurs
during the FCCJ protocol I. The reader should bear in mind
that only 9000 cycles were performed using the FCCJ protocol
I, whereas the sample was subjected to 30000 cycles of the
FCCJ protocol II. It is expected that, if 9000 cycles of FCCJ I
resulted in platinum degradation similar to that with 30000
cycles of the FCCJ protocol II, increasing the number of cycles
to 30000 cycles of the FCCJ protocol I would lead to a
significant difference in the degradation behavior between the
two protocols. However, for practical reasons of the required
measuring time, this was not feasible. Last but not least, it
should be noticed that, throughout the TEM investigations, no
platinum particles were observed in the proximity of the
support, indicating that there is a reduced corrosion of the
platinum−support interface, if any at all.
The surface composition after aging was examined by XPS.

Gold is present in the wide XPS survey at EOT (Figure S3 in
the SI) in spite of the fact that gold was not observed in the
XPS survey before aging. This may be explained by possible
gold dissolution and redeposition during the aging treatment,
which is in line with previous reports.42 The platinum elemental
composition is 7 and 6% after application of FCCJ protocols I
and II, respectively (Table 2). Compared to the XPS before

aging, a decrease of approximately 3 and 4% is observed for the
sample treated with FCCJ protocols I and II, respectively.
Surprisingly, the silicon amount decreases from 33% to 20%
and 19% for the samples treated with FCCJ protocols I and II,
respectively. It seems that some of the silicon might be leached
out of SiC, taking into account that the carbon concentration
increases from 29% to 35%, irrespective of the aging treatment
(C 1s, Table 2). In addition it is seen that the oxygen content
increased from 28% to 38 and 40%, respectively. This was
expected because of the harsh oxidizing treatment during aging.
The surface composition (as obtained from the XPS survey)
shows a large difference between the pristine and aged samples.
Nonetheless, the difference is too small between the samples
treated with FCCJ protocols I and II to evaluate any surface
structure differences. Therefore, high-resolution XPS is

imperative for assessing the eventual differences in the surface
chemistry.
According to the high-resolution XPS of C 1s (Figure 6A,B),

the concentration of C−Si decreases significantly, while the
surface concentration of C−C and OCG increases (Table 3).
This can be explained by functionalization with aging or silicon
leaching out of the SiC structure. At first sight, functionalization
with aging seems a more viable explanation than silicon
leaching because of the increase in OCG. According to O 1s,
the concentration of O−C exhibits a small decrease,
irrespective of the aging treatment. A small decrease in the
SiC surface concentration is observed that leads to a small
increase in the SiO2 surface concentration (Si 2p; Table 3). The
increase in the C 1s OCG surface concentration is the only
argument that points toward the introduction of functional
groups, while C 1s SiC and C−C, O 1s, and Si 2p indicate that
silicon leaches out. This is in line with previous studies
concerned with the SiC corrosion behavior in acidic and
alkaline solutions43 in the absence of platinum. However,
functionalization should not be excluded completely, as
indicated by the presence of the COOH peak in C 1s (Figure
6A,B), which is completely absent in the pristine sample
(Figure 3B). The XPS findings suggest that part of Si−C on the
surface leaches out, concomitant with the introduction of
functional groups.
The concentration of metallic platinum shows a significant

decrease irrespective of the aging protocol. Surprisingly, a larger
increase in oxidized platinum is observed for the Pt/SiC-FCCJ
protocol I than for the Pt/SiC-FCCJ protocol II. This can be
qualitatively assessed from Figure 6C,D, in which the tail
toward larger binding energies is more pronounced for the Pt/
SiC-FCCJ protocol I (Figure 6C) than for the Pt/SiC-FCCJ
protocol II (Figure 6D). It is expected that after application of
the Pt/SiC-FCCJ protocol II a larger concentration of oxidized
platinum is present because of the presence of a passivating
platinum oxide at potentials larger than 1.15 VRHE.

29,32 The
upper potential limit in the FCCJ protocol I is 1 VRHE, which is
rather close to the place-exchange potential of oxygen and
platinum atoms.44 It is expected that at this potential the oxide
is formed only on the top platinum atoms, with a 0.5 ML of
oxygen being chemisorbed.44 Moving toward more positive
potentials (i.e., 1.5 VRHE), the place exchange is complete and a
Pt−O surface lattice is formed consisting of more than the top
ML of platinum atoms. Therefore, after cycling, there are more
“new” platinum atoms in FCCJ II than in FCCJ I, which is why
there is less Pt0 in the latter (Table3).

4. CONCLUSIONS
The electrochemical stability of platinized SiC at simulated fuel
cell conditions was investigated. Postmortem TEM and XPS
were performed to observe the surface chemistry and
morphology of the samples after aging.
Postmortem TEM showed that the platinum particle size

slightly increases upon application of a degradation protocol.
Even though the platinum average size is similar for the samples
treated with FCCJ protocols I and II, it seems that, after
application of the FCCJ protocol I, a larger number of particles
are larger than the initial average size. No direct evidence of
support corrosion was observed.
XPS revealed that the surface concentration of metallic

platinum decreases with a significant increase of oxidized
platinum. Moreover, SiC undergoes mild oxidation during
electrochemical stability testing. Reduction in the Si−C

Table 2. Surface Composition (%) As Determined from the
Wide XPS Survey

C 1s O 1s Si 2p Pt 4f

Pt/SiC-FCCJ I 35 38 20 7
Pt/SiC-FCCJ II 35 40 19 6
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bonding in both C 1s and Si 2p spectra is an indication that
silicon might leach out or that an extended functionalization
occurs with potential cycling.
In summary, Pt/SiC exhibits an improved stability when

subjected to a support-oriented aging test, while in simulated
load cycle conditions, it behaves similarly to Pt/C. It is still
unclear if the silicon is leaching out of the SiC surface or if the
decrease in the surface silicon is an indirect consequence of
functionalization with aging. Further studies on the electro-
chemical dissolution of SiC might shed some light on this issue.
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