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Accelerated Stress Testing by Rotating Disk Electrode for Carbon
Corrosion in Fuel Cell Catalyst Supports
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Durability is one of the key remaining challenges to widespread adoption of proton exchange membrane fuel cells (PEMFCs). The
durability and continued high performance of a PEMFC using carbon supported catalysts is highly dependent on the stability of
the carbon support. Presently, there are a multitude of accelerated stress test (AST) protocols using rotating disk electrode (RDE)
voltammetry to study the corrosion of carbon catalyst support materials, though it remains unclear whether all of these tests provide
meaningful reproduction of in-situ membrane electrode assembly (MEA) test results. We evaluate two carbon corrosion ASTs and
compare results to MEA data for three well known carbon supported catalysts. Physical characterization of each carbon type by gas
sorption, XRD, and Raman, is used to elucidate the observed trends in corrosion resistance and the effects of testing temperature,
scan rate, and upper potential limit are examined. We find that AST results are highly dependent on temperature and total testing
time, concluding that the first protocol is only valid at 60°C, while the second accurately represents MEA data. This study highlights
the importance of different RDE AST parameters when developing ASTs that correlate with in-situ MEA testing.
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The widespread adoption of proton exchange membrane fuel cells
(PEMFC:s) for both motive and stationary applications is strongly de-
pendent on reducing costs and improving the durability of the mem-
brane electrode assembly (MEA). Prolonged use can be highly stress-
ful on the MEA, making the loss of performance over the lifetime
of the PEMFC one of the key limitations of the technology. Thus
the durability of the cathodic catalyst, which facilitates the otherwise
sluggish kinetics of the oxygen reduction reaction (ORR), is of partic-
ular importance. State of the art PEMFC catalysts use Pt nanoparticles
supported by a network of conducting carbon material. These catalyst
particles and the supporting carbon must endure harsh operating con-
ditions which include high electrode potentials, acidic environment,
and temperatures up to 100°C. Pt catalyst degradation may proceed
by several mechanisms including dissolution, Ostwald ripening, and
physical agglomeration. The latter two mechanisms are exacerbated
by carbon corrosion, which results in a reduction of the overall cat-
alyst surface area.'=> In addition to this, severe carbon corrosion can
lead to physical detachment of the Pt nanoparticle catalysts from the
electrode structure, resulting in a total loss of catalytic activity toward
the ORR from those detached particles.!*?

Carbon corrosion, especially by electrochemical oxidation, has
been extensively studied.**'* Corrosion may occur by partial oxi-
dation to intermediate surface groups (CO) or via multi-step oxida-
tion to gaseous CO,. Carbon surface groups may include quinones/
hydroquinones, lactones, phenols, carbonyls, and carboxyls.!'-'3 One
proposed mechanisms of oxidation is:®'*!3

C—>Cr+e [1]
Ct+H,0 - CO+2H" + e~ 2]
2C0 + Hy0 — CO + Oy + 2H + 26 3]

While the oxidation of carbon is thermodynamically possible at
>0.207 V vs SHE, the kinetics of this reaction are extremely slug-
gish below 0.9 V. However, in the presence of Pt carbon oxidation
may take place as low as 0.6 V.8 These conditions, plus high hu-
midity and an acidic environment, make degradation of the support
material a point of particular concern. Indeed, carbon corrosion is
observed both in real fuel cell systems, especially during start-up and
shutdown, and in single cell testing of the MEA. To reach the DOE
targeted fuel cell lifetime of 5,000 and 30,000 hours for automotive
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and stationary power applications, respectively,'® it is necessary to
use accelerated stress tests (AST) which simulate a long performance
lifetime on a timescale that is practical for research and engineering
purposes.

Using single fuel cell test stations to test MEAs is a highly effective
method for studying the performance of catalysts, catalyst supports,
and membranes.”> MEA testing can be used to demonstrate the ac-
tivity and durability of a fuel cell in an integrated way because it
replicates the variety of operating conditions present in a real-world
system. The disadvantage of this method, however, is that it can be
difficult to decouple the effects of the myriad parameters and compo-
nents involved in the system which makes interpreting AST data more
complex.

Cyclic voltammetry by thin film rotating disk electrode (RDE)
is a convenient alternative for testing fuel cell catalysts and catalyst
support materials. Compared to in-situ MEA testing, RDE is advanta-
geous in that catalyst activity can be easily de-convoluted from other
components. It requires only small amounts of catalyst material, can
often be done within a day, and needs far less of the complicated
equipment and infrastructure needed for MEA testing. Though RDE
is limited in terms of reproducing the complex environment of a real
PEMFC environment, it is highly effective for screening and compar-
ing catalysts and its minimal material requirements make it ideal for
research purposes.!” Currently, there are a wide variety of RDE test
protocols employed by different research groups around the world.
Due to the nature of RDE testing, variations in test procedures can
often lead to vastly different results from one lab to the next.!® Thus,
there is currently a trend to move toward standardization of protocols
for catalyst activity and durability to allow more direct comparison of
results.!”2!

Herein we study the effectiveness of RDE AST protocols for eval-
uating fuel cell catalyst support corrosion. We use three Pt catalysts
supported on well-studied carbons: high surface area carbon (HSC),
Vulcan carbon (VC), and a highly graphitized, low surface area carbon
(LSC). Our test procedures are based on two test protocols suggested
by the United States Department of Energy (DOE) for accelerated
stress testing of catalyst supports by RDE.?? By using these protocols
we hoped to identify trends in carbon corrosion based on changes in
electrochemical surface area (ECSA) and mass activity. Our aim is
to determine whether these protocols can predict the trends observed
during in-situ MEA testing.?* It is expected that not all RDE ASTs
can accurately represent the catalyst support durability observed in
real fuel cell systems. In a broader sense, the goal of this study is
to highlight the disparities between the data from ASTs done in-situ
(MEA) versus those done ex-situ (RDE), and to suggest that a careful
selection and evaluation of RDE AST parameters is needed.
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Experimental

The carbons used in this work were: high surface area carbon
(HSC), Vulcan carbon (VC), and low surface area, graphitized carbon
(LSC). HSC and LSC were supplied by TKK and VC was supplied
by Cabot. Catalysts used were 47 wt.% Pt/HSC, 50 wt% Pt/VC, and
47 wt% Pt/LSC. Catalyst inks were prepared by mixing 3 mg of cata-
lyst, 3 ml of an 80:20 (wt./wt.) mixture of ultra-pure H,O to isopropyl
alcohol, and 30 1 of 5 wt% Nafion in alcoholic solution. The mixture
was then sonicated to ensure good dispersion and wetting of the cat-
alyst. Two 10 pl aliquots of ink were deposited onto a polished gold
electrode (Pine, AFESTOS0AUHT, 5.0 mm dia.) and allowed to dry
in air. The electrodes were kept stationary during drying. All electro-
chemical measurements were carried out in 0.09 M H,SOy electrolyte
using a Pt wire as the counter electrode and a reversible hydrogen elec-
trode (RHE) as the reference electrode. All potentials reported hence-
forth are vs. RHE. Each catalyst was activated by cycling from 0.05
to 1.0 at 100 mV/s in N, until no changes were observed in the cyclic
voltammetry (CV) curve. CVs were recorded scanning from 0.05-
1.0 V at 20 mV/s in N,. ORR activity was measured at 0.9 V on the
anodic scan in O,. ORR and mass activity values are corrected for
a baseline scan under N,. The ECSA was calculated by integrating
the area of the CV curve in the hydrogen underpotential deposition
(HUPD) region and using the charge value of 210 wC/cm?p,, corre-
sponding to a monolayer of adsorbed hydrogen atoms on Pt.

Test protocols were as follows. Protocol A: 5000 cycles,
1.0-1.5 V, scan rate 500 mV/s. This protocol was tested at 25, 40,
50, and 60°C. CVs in N, and ORR activity were recorded at 0, 1000,
3000, and 5000 cycles. Protocol B: 6000 cycles, 1.0-1.6 V, scan rate
100 mV/s, tested at 25°C with CVs recorded under N, every 1000
cycles and ORR activity recorded at 0, 1000, 2000, and 6000 cycles.

Water vapor sorption analysis was carried out on carbon samples
at 40°C using a Quantachrome Hydrosorb-1000. The samples were
degassed under vacuum for 18 h at 120°C before analysis. Nitrogen gas
sorption data was acquired using a Quantachrome Nova 2000e surface
area & pore size analyzer after a degassing at 120°C for minimum
4 hours. X-ray diffraction (XRD) spectroscopy was performed on
HSC and VC using a Bruker D8 Advance (Cu-Ka source, 40 kV,
40 mA). Raman spectroscopy was performed on HSC and VC using
a HORIBA Scientific LabRAM HR Raman spectrometer system with
a 532.4 nm laser and optical microscope at room temperature.

Results

The MEA baseline to which we compare RDE results was reported
originally by Mukundan et al.>> MEA testing data was collected using
a 50 cm? standard test cell at Ballard Power Systems, Inc. A potential
hold at 1.2 V was used to evaluate the durability of three catalysts
supported by HSC, VC, and LSC. The carbon catalyst support mate-
rials used in the study by Mukundan are the same as those used in this
study, albeit with different Pt loadings. We believe that the differences
in these carbons are significant enough that clearly distinct trends in
durability should be observable despite differences in the Pt loadings.
The absolute ECSAs of each catalyst in the present study are given
below. Polarization curves were recorded for each after 0, 20, and 400
hours with the exception of HSC which was measured after 100 hours
instead of 400 due to a more rapid performance drop. The results
of the MEA ASTs are shown in Fig. 1. Each of the catalysts tested
shows similar beginning of life (BOL) performance. After a 20 hour
potential hold, LSC and VC catalysts remain reasonably stable while
HSC catalyst shows a drastic drop in performance. At 100 hours, the
performance of HSC has dropped so low as to render a longer poten-
tial hold unnecessary. Meanwhile, after 400 hours the performance of
the VC drops considerably while LSC shows very little degradation.

The results of the MEA ASTs are not unexpected. The decrease in
performance can be correlated to trends in the durability of the carbon
support with more stable carbons demonstrating better performance
throughout the AST. The apparent durability of the studied catalyst
supports, then, is in the order LSC > VC > HSC. These trends in
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Figure 1. Polarization curves for catalysts supported on LSC, VC, and HSC
after different hold times at 1.2 V. Tests were carried out using a 50 cm? fuel
cell with serpentine hardware, operated at 80°C in saturated Hy/N» at 150 kPa
absolute pressure for 400 hours. Reproduced from R. Mukundan, et al.>?

durability are linked to differences in the physical properties of each
carbon support, and should be reflected in a well designed RDE AST
protocol.

In order to gain insight into the MEA results, we examined phys-
ical differences in the three support carbons being studied using sev-
eral methods. Water vapor and N, sorption analysis was performed
to determine their sorption properties and surface area while Raman
spectroscopy and X-ray diffraction spectroscopy were used to identify
differences in their relative degrees of graphitization. Figure 2a shows
the N, gas sorption isotherm for each of the carbons. The multi-point
BET surface areas of HSC, VC, and LSC area are 876, 210, and
149 m?/g, respectively. Ignoring, for a moment, the effects of hy-
drophobicity and crystallinity, the surface area and durability of the
carbons are expected to be inversely related. The high surface area
in HSC lends itself to rapid degradation as there are many potential
oxidation sites. In addition to the kinetic losses associated with car-
bon corrosion, a further loss in performance may also occur due to
increased mass transport resistance arising from the collapse and com-
paction of the carbon support as it oxidizes to CO,.?? This compaction
and resulting loss in porosity may be caused by complete oxidation of
the carbon to CO, which can lead to loss of carbon support material
through physical changes to the structure.

The relative hydrophobicity for each of the three carbons was mea-
sured using water vapor sorption analysis. A higher affinity for water
can improve proton conductivity in real fuel cell systems. However,
it also increases the rate of carbon corrosion by oxidation. Increased
contact improves water transport which is the source of oxygen for the
corrosion reaction.'* The results of the water vapor sorption analysis
are shown in Fig. 2b. In this case the volume of adsorbed water is
normalized to each material’s specific surface area. This allows for a
direct comparison of the hydrophobicity of each carbon material by
removing the variance in surface area. The results clearly show that
LSC has the lowest volume of adsorbed water, meaning that it is the
most hydrophobic of the three carbons. VC and HSC showed similar
hydrophobicity but HSC had the highest adsorbed water content, mak-
ing it most hydrophilic. Thus, the hydrophobicity increases as HSC <
VC < LSC, which matches both the trends in surface area (Fig. 2a),
and durability (Fig. 1). The hydrophobicity of LSC may be related to
its higher degree of graphitization compared to the other two carbons.

XRD and Raman spectroscopy were also done for HSC and VS,
and are shown in Fig. 2¢ and Fig. 2d. As shown in Fig. 2c, the (002)
peak and (100) peak are clearly visible for both carbon materials.
While the XRD spectra are similar, the (002) peak is broader for
the HSC material, which points to less crystallinity compared with
VC. Raman spectroscopy is another powerful tool for analyzing car-
bon samples. The results of Raman analysis on HSC and VC are
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Figure 2. (a) Sorption isotherms of N; (a) and H>O (b) on HSC, VC, and LSC (exclusive of Pt). (c) XRD and (d) Raman spectra of HSC and VC.

shown in Fig. 2d. The most meaningful range of wavenumbers for
carbon black is between 1000 and 1800 cm~! where the D-band and
G-band appear.?* For the carbon samples, the D-band occurs around
~1345 cm™! and corresponds to amorphous carbon while the
G-band, which appears at ~1580 cm~! corresponds to sp® car-
bon (ie: more graphitic). Others have examined carbon black using
Raman spectroscopy and used the ratio of the integrated intensities of
the D and G bands, Ip/Ig, as a measure of the level of crystallinity
in the sample.>* HSC was measured to have a Ip/Ig value of 1.89,
with D- and G-band peaks at 1338 and 1585 cm™!, respectively. VC
had an Ip/Ig value of 1.83 and D- and G-bands centered at 1347 and
1578 cm™!, respectively. The higher an Ip/Ig value in HSC indicates
a slightly more disordered carbon, although the values are similar.

Taken together, the N, and H,O sorption data (Fig. 2a and 2b),
XRD data (Fig. 2c) and Raman data (Fig. 2d) clearly explain the in-
situ durability trend observed for the three catalysts (Fig. 1). This is
important, as the ultimate goal of this study was to evaluate the ability
of RDE ASTs to accurately predict in-situ MEA trends in catalyst
durability. Clearly, any reliable RDE AST should demonstrate the
following trend in catalyst stability: HSC < VC < LSC.

Many previous studies have used RDE to perform ASTs on carbon
supported catalysts for PEMFCs. Some have investigated the effect
of potential range on the oxidation of carbon,” others have used
RDE ASTs for potential cycling coupled with CO, monitoring or
electron microscopy to investigate the support corrosion.’**” Very
recently, a protocol comparable to one used in this study has been
used to compare HSC with a ceramic catalyst support to highlight
the excellent durability of the latter.”® The AST protocols selected for
this work were suggested by the US Department of Energy,?? and will

herein be referred to as protocol A and protocol B. Protocol A consists
of cycling under N, from 1.0-1.5 V vs. RHE at 500 mV/s for 5000
cycles at 60°C. Protocol B consists of cycling under N, from 1.0-
1.6 V vs. RHE at 100 mV/s for 6000 cycles at 25°C. The former is
done at elevated temperature, but with a lower upper potential limit
(UPL) of 1.5V compared to a UPL of 1.6 V in the protocol B. The two
protocols are alternatives, with one requiring a single 8-hour working
day (protocol A), and one which takes roughly 24 hours to complete
(protocol B). The chosen potential range above 1.0 V prevents the
reduction of formed Pt oxide, minimizing the effect of Pt dissolution
caused by repeated redox reactions, and isolating the effects of carbon
corrosion.?? Although others have shown the presence of Pt to enhance
carbon oxidation®® in PEMFCs, the carbon materials in this study are
significantly different, as seen in the physical characterization data,
to reliably illustrate the different trends seen during in-situ durability
studies.

Using protocol A, we first tested the durability of each carbon
at 25°C. The CVs obtained for Pt/HSC at 0, 1000, 3000, and 5000
cycles are shown in Fig. 3a. As is clear, there is almost no change in
the CV curves before and after the AST at 25°C. The initial ECSA
values of PHSC, Pt/VC, and Pt/LSC at 25°C were 75.1, 39.6, and
45.5 m?/g, respectively. These values very closely agree with those
reported for the catalysts tested in Fig. 1 (HSC: 74 m?/g, LSC: 44
m?/g, VC: not explicitly stated). The inset in Fig. 3a shows a high-
light of the capacitive double layer region from roughly 0.4 0.6 V
for the 25°C AST. Even with this expanded view there is very little
change seen in the curves, suggesting good support durability. This
result is surprising, given that HSC demonstrated rapid performance
loss in MEA testing. It is apparent from the results of the AST that, at
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Figure 3. Cyclic voltammograms of HSC catalyst at different cycles for
(a) 25°C and (b) 60°C. Cycling at 500 mV/s from 1.0-1.5 V vs. RHE in
0.09 M H,SO04.

25°C, this protocol is not aggressive enough to accurately reproduce
the results seen in-situ. In order to improve the predictive capabilities
of the AST, we repeated protocol A at 60°C; the CV curves from this
test are shown in Fig. 3b. There is considerably more degradation of
the carbon sample at 60°C than at 25°C, as seen in the change in CV
curves with cycling. The HUPD region from roughly 0.05-0.4 V de-
creases in size with cycling especially for the 60°C AST, pointing to a
decreasing ECSA. The inset in Fig. 3b highlights the capacitive double
layer region for the 60°C case, showing notable changes in the double
layer capacitance. At the elevated temperature, the double layer ca-
pacitance increases from 0 to 1000 to 3000 cycles, finally decreasing
at 5000 cycles. The increase in the double layer charging current is
likely due to both an increase in the pseudo-capacitive groups on the
surface of the carbon, as well as an increase in the carbon surface
area, which may arise due to the creation of micropores as CO, is
formed. After 5000 cycles the double layer appears to have reduced,
which may indicate the removal of surface species and loss of carbon
material. Indeed, it has been previously reported that severe oxidation
may result in some surface species being removed, hence lowering
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Figure 4. Calculated ECSA at BOL and after 5000 cycles for catalysts on
HSC, VC, and LSC at 25°C (a) and 60°C (b). 5000 cycles at 500 mV/s from
1.0-1.5 V vs. RHE in 0.09 M H,SO4.

the columbic charge in the double layer region.” The changes in the
double layer region for the 60°C AST reflect the extreme degradation
seen in MEA testing for HSC.

Pt/VC and Pt/LSC were also tested using protocol A at 25°C and
60°C, and their ECSA values are plotted, along with those of Pt/HSC,
inFig. 4. Forthe AST at 25°C, Pt/LSC, Pt/VC, and Pt/HSC each retains
96% of their original ESCA after testing. This result is surprising and
clearly not in agreement with MEA data. When the same protocol is
carried out at 60°C, the ECSA values drop from their original value
t0 91%, 61%, and 44% for Pt/LSC, Pt/VC, and Pt/HSC after cycling.
This trend of degradation matches much more closely to that seen in
the MEA data. These results indicate a strong dependence on testing
temperature for AST RDE protocols.

To further examine the influence of temperature on carbon cor-
rosion during ASTS, protocol A was done using Pt/HSC at several
temperatures between 25 and 60°C. The results of these tests are
shown in Fig. 5. There is a clear trend of decreasing ECSA and mass
activity with increasing temperature after the AST. After 5000 cycles
the ECSA decreases from initial values to 96%, 79%, 70%, and 44%
for tests at 25, 40, 50, and 60°C, respectively. Mass activity shows a
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60°C for Pt/HSC. Cycling at 500 mV/s from 1.0-1.5 V vs. RHE in 0.09 M
H,S0q4.

similar trend with post-AST activities of 88%, 68%, 61%, and 44%
of initial values for the 25, 40, 50, and 60°C tests, respectively. We
have found that, at 25°C, protocol A does not accurately predict the
in-situ MEA data. This suggests the need for elevated temperature, or
a more aggressive AST protocol when using ambient temperature, in
order to accurately represent in-situ PEMFC degradation.

While performing protocol A at 60°C does appear to reliably pre-
dict in-situ MEA trends in catalyst stability, it is desirable to have
an RDE AST protocol that can be run at room temperature. This is
because many RDE electrodes cannot be used at temperatures >25°C.
Protocol B uses a lower scan rate of 100 mV/s and is carried out at
25°C, with an UPL of 1.6 V. For Pt/HSC, the ESCA value recorded
after 4000 cycles is just 17% of the original, and after the full 6000
cycles, the carbon has degraded so much that calculation of the ESCA
from the CV curve is not meaningful. Furthermore, the mass activity
for Pt/HSC dropped by 75% after this AST. Meanwhile, for Pt/LSC,
reasonably good durability is seen with ESCA values at 4000 and
6000 cycles of 90% and 86% of the original, respectively. Pt/LSC
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Figure 6. ECSA (a) and mass activity (b) of HSC catalyst at 25°C, cycling
from 1.0-1.6 V vs RHE at 100 mV/s and 500 mV/s, respectively.

exhibited a reduction in mass activity of 34% after AST. Importantly,
the results of these tests align well with in-situ MEA data for the HSC
and LSC supported catalysts.

The two protocols originally suggested have different UPL and
different scan rates. Both parameters can affect the outcome of an
AST. Figure 6 shows the ECSA (a) and mass activity (b) of Pt/HSC
tested at 25°C by a modified protocol A with UPL of 1.6 V, rather
than 1.5 V, and protocol B. The modified Protocol A, with scan rate
of 500 mV/s and 5000 cycles has a total cycling time of 200 minutes.
Protocol B has a scan rate of 100 mV/s and 6000 cycles for a total
cycling time of 1200 minutes. It is clear from Fig. 6 that the longer,
slower AST is considerably more aggressive on the carbon supported
catalysts. For protocol B, the hydrogen adsorption region became al-
most negligible beyond 4000 cycles so that no ECSA values could be
reported. If we examine the ECSAs after the first 200 minutes it ap-
pears that the faster scan rate of protocol A is more aggressive. After
200 minutes, the ECSA of Pt/HSC drops to 83%, having cycled 5000
times at 500 mV/s. During the same time in protocol B, having only
completed 1000 cycles at 100 mV/s, the ESCA of Pt/HSC remains
unchanged. We can say, then, that a faster scan rate and increased
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cycle number is more aggressive, if the total test time is kept constant.
However, for a given number of cycles, a slower scan rate of 100
mV/s and correspondingly longer time is drastically more aggressive
than a high scan rate of 500 mV/s with less total test time. This can
be explained by the amount of time spent at high potentials between
1.0-1.6 V where carbon oxidation is favorable. These results imply
that time spent holding the catalyst in this potential range is more effec-
tive in corroding the carbon support than repeated, rapid cycling. Each
of these test protocols was also performed on Pt/LSC with minimal
degradation noted. Even with a UPL of 1.6 V, the more accelerated,
protocol A at room temperature does not produce the same trend of
degradation as seen in the MEA data or in the 60°C test with UPL of
1.5V.

The importance of temperature, scan rate, and total scanning time
has been highlighted. In terms of reproducing the support corrosion
data seen in MEA testing, protocol A is appropriate only when used
at elevated temperature (60°C) and not at room temperature. Proto-
col B reproduces the results from the MEA testing well. While the
comparison with the MEA data is only qualitative, it is the trend in
support degradation that is of importance. This study may be useful
for further development of RDE ASTs not only for carbon corrosion
but for overall catalyst degradation. When selecting AST parameters,
careful consideration should be given to temperature, potential win-
dow, scan rate, UPL, and total scanning time. This study highlights
the need for efforts toward standardized RDE testing and ensuring
that the technique is accurately representing real PEMFC data.

Conclusions

AST protocols designed to study catalyst support corrosion by
RDE were evaluated using three representative carbon types which
have been well studied in previous literature. The objective of this
study is to bring to attention the drastic inconsistencies between MEA
(in-situ) and RDE (ex-situ) carbon durability data that may arise if
the RDE protocol is not carefully considered. As there are many AST
protocols being used by various labs, it is worth highlighting this
potential difference as the trends observed from RDE data may not
accurately represent the durability of catalyst supports in real fuel cell
systems. This is especially important for correctly screening catalyst
support materials which are likely much more similar than those stud-
ied here. It was determined that for protocol A (5000 cycles from
1.0-1.5 V at 500 mV/s), elevated temperature of 60°C is necessary to
reproduce the degradation observed in MEA tests. When performed at
25°C, this particular AST showed no noticeable signs of degradation
to an HSC supported catalyst which is otherwise known to have poor
durability. Thus, temperature is shown to have a considerable effect
on the durability of carbon supports during RDE ASTs. Protocol B
(6000 cycles from 1.0-1.6 V at 100 mV/s) results in carbon corro-
sion data which agrees well with MEA data even when performed
at room temperature. Additionally, potential scan rate is also shown
to affect support durability protocols insofar as they result in longer
exposure to high potentials, which accelerates corrosion. The drastic
differences in end of test ECSAs and activities following these ASTs
provide further evidence that carbon support durability is critical to
overall catalyst durability. Importantly, it is found that not all RDE
AST protocols can accurately represent the durability of carbon sup-

ports in fuel cell systems. Hence, a careful selection of parameters is
needed to produce meaningful results via the RDE method.
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