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Polymer electrolyte membrane (PEM) fuel cell stack requires gaskets and seals in each cell to keep the
reactant gases (hydrogen and oxygen) within their respective regions. The stability of the gaskets/seals is
critical to the operating life as well as the electrochemical performance of the fuel cell. The time-dependant
chemical and mechanical degradation of two commercially available silicones-based elastomeric gasket
materials in a simulated fuel cell environment was investigated in this work. Two temperatures based on
actual fuel cell operation were selected and used in this study. Using optical microscopy, the topographical
damage on the sample surface due to the acidic environment was revealed. Atomic adsorption spectrometer
analysis shows that silicon, calcium, and magnesium were leached from the materials into the soaking
solution. Attenuated total reflection Fourier transform infrared (ATR-FTIR) spectroscopy and X-ray
photoelectron spectroscopy (XPS) were employed to study the surface chemistry of the elastomeric gasket
materials before and after exposure to the simulated fuel cell environment over time. The ATR-FTIR and
XPS test results indicate that the surface chemistry changed significantly and the chemical degradation
mechanism is de-crosslinking and chain scission in the backbone. The microindentation test results show
that the mechanical properties of the silicone materials changed significantly after exposure to the simulated
PEM fuel cell environment over time.

Keywords ATR-FTIR, degradation, elastomeric gasket material,
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1. Introduction

A single proton exchange membrane (PEM) cell consists of
end plates, current collectors, flow field channel plates, gaskets,
gas diffusion layers, and a membrane electrode assembly
(MEA). All these components must be carefully assembled and
sealed with gaskets. A typical PEM fuel cell stack used in
automotive application may contain over 100 cells. If any gasket
degrades or fails during operation or standby, the reactant gases
(O2 and H2) can leak overboard or mix each other directly. This
will affect the overall operation and performance of the fuel
cells, e.g., the cathode cannot be electrically insulated to anode.

Gaskets in PEM fuel cell are typically elastomeric material
and are exposed to acidic liquid solution, humid air and
hydrogen, as well as subjected to mechanical stress. The long-
term stability and durability of the gaskets are critical to both
sealing and the electrochemical performance of the fuel cells. In
open literatures, there are many reports in which the major

emphasis is on both thermal and irradiative degradation on
polymeric materials (Ref 1-17). For instance, Youn and Huh
(Ref 3) reported the surface degradation of silicone rubber and
EPDM under accelerated ultraviolet weathering condition. A
severe degradation of the silicone elastomer in a sub-station
environment was studied in Ref 17. Chemical degradation of the
elastomeric materials was reported in Ref 18-27. A review on
the effects and degradation process of silicones in outdoor
environment can be found in Graiver et al. (Ref 18). Mitra et al.
(Ref 19, 20) investigated the chemical degradation of cross-
linked EPDM rubber in 20% Cr/H2SO4 acidic environment.
Time-dependent chemical degradation of a fluoroelastomer in an
alkaline environment can be found in Ref 22. Schulze et al.
(Ref 23) investigated the degradation of seals in polymer
electrolyte fuel cells during fuel cell operation. Although there is
a substantial literature discussing chemical degradation of
elastomeric gasket materials, few results were reported con-
cerning the degradation and its mechanisms in PEM fuel cell
environment.

In this article, the chemical and mechanical degradation of
two commercially available elastomeric gasket materials was
investigated in a simulated fuel cell environment. The aim of
the present study is to study the degree of the degradation and
its mechanisms. In an effort toward predicting lifetime, an
accelerated durability test (ADT) solution and two temperatures
were used in the short-term, accelerated aging tests of the
gasket materials. Surface changes were examined using optical
microscopy and weight loss was monitored on the samples
exposed to the simulated fuel cell environment at selected
exposure time. The chemical degradation on the surface of the
gasket materials after exposure to the simulated fuel cell
environment over time was studied using ATR-FTIR spectros-
copy and XPS. Atomic adsorption spectrometry was used to
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identify the chemicals leached from the gasket samples into the
soaking solution. The microindentation test method was used to
assess the change of mechanical properties of the materials
before and after exposure to the environment.

2. Experiments

2.1 Materials and Simulated Fuel Cell Environment

Two commercial elastomeric sealing materials, silicone S
and silicone G, were used in this study. The silicone S rubber is
a two-part formulation liquid injection molded material. It
mainly contains polydimethylsilicoxane with vinyl functional-
ities in part A and polydimethylsilicoxane with hydrosilylation
functionalities in part B. Parts A and B (1:1) were combined
and heated to crosslink under the platinum catalyzed reaction.
The crosslinking reaction mechanism is hydrosilylation. The
chemistry for the silicone G rubber is similar to that for silicone
S. Silicone materials are chosen because of their wide
temperature operating range, low cost, and ease of fabrication,
and are widely used as sealing materials, including in fuel cells
(Ref 23, 28).

An accelerated durability test (ADT) solution for short-term
accelerated aging tests was used as the simulated fuel cell
environment for this study. Forty-eight percent HF and ninety-
eight percent H2SO4 were dissolved in balance reagent grade
water to make the ADT solution. The composition of the ADT
solution is 1 M H2SO4, 10 ppm HF and reagent grade water
having 18 MX resistance as the exposure medium.

The test temperatures were 80 and 60 �C, which are close to
the operating temperatures of actual PEM fuel cells.

2.2 Aging and Characterization Methods

Rectangular-shaped specimens were prepared and exposed
to the ADT solution. The dimensions of the silicone S specimen
are 40 mm in length, 10 mm in width, and 1.0 mm in
thickness. The dimensions for the silicone G specimen are
40 mm in length, 10 mm in width, and 3.2 mm in thickness.
The tests were performed at temperatures of 80 and 60 �C and
exposed to ADT solutions from 1 to 45 weeks. The change in
weight over time was monitored on the samples. The surface
conditions of the samples were examined before and after
exposure to the solutions using optical microscope (Leco,
OLYMPUS PME-3) at selected times.

The samples were submerged in the ADT solution bottles at
80 and 60 �C. The aged samples were taken out of the test bottle
at selected times. The ATR-FTIR spectroscopy was performed
on the surface of the gasket samples using a Nexus Model 670
Instrument (Nicolet Instrument Corporation) and run with 128
scans at a resolution of 4 cm-1. The infrared radiation (IR)
penetrates the surface of the test sample to approximately 1 lm.

Samples with 15 mm in length, 10 mm in width, and
1-3.2 mm in thickness were prepared and exposed to ADT
solution at 80 and 60 �C. The aged samples were taken out
of the test bottles at selected times for XPS analysis using a
Kratos AXIS 165 spectrometer with monochromatic Al Ka

(1486.71 eV) X-ray source operated at a take-off angle of 90�
in a probe depth of 3-5 nm. The pressure used in the XPS
chamber was about 2.67 · 10-7 Pa and increased to approxi-
mately 2.53 · 10-5 Pa during ion bombardment. The survey
spectra in the range of 0-1200 eV were recorded in 1 eV step

for each sample. Atomic concentrations of each element were
calculated by determining the relevant integral peak intensities.
High-resolution analysis was performed in the carbon 1s (C1s)
and the silicon 2p (Si2p) regions. The spectra were deconvo-
luted by curve fitting. The high-resolution spectra were
recorded in 0.1 eV steps from which the detailed compositions
were calculated. The full width at half maximum (FWHM) for
all peaks were constrained to 1-2.0 eV.

Note that in order to avoid the effect of the remaining ADT
solution on the sample surface on the ATR-FTIR and XPS
results, the surface of the samples was cleaned using reagent
grade water having 18 MX resistance to remove the excess of
free acids and made dry at room temperature before the ATR-
FTIR and XPS analysis.

In order to assess the mechanical properties of the samples
after exposure to the simulated PEM fuel cell environment,
microindentation tests were performed on the samples after
exposure of 45 weeks. The microindenter (CETR, Campbell
CA) monitors and records the load and displacement of the
indenter. The tip of the indenter is a stainless steel ball with a
radius of 1.98 mm. The instrument has a force resolution of
0.5 mN and a displacement resolution of 0.1 lm. In all the
analysis, the materials without exposure to the ADT solution
were also characterized for comparison.

In addition, the solution exposed to each sample was taken
out at selected time and analyzed for leachants using atomic
adsorption spectrometry (Perkin Elmer 3300).

3. Results and Discussion

3.1 Microscopy

Optical microscopy was used to visually observe the
degradation of the surface of the material in our study.
Figures 1 and 2 show the optical micrographs for silicone S,
silicone G, respectively, before and after exposure to ADT
solution at 80 and 60 �C at selected times. The magnification
used was 500·.

For the silicone S samples, the optical micrographs in Fig. 1
clearly show that surface conditions were changed over time
from initially smooth to rough, cracked surface and finally crack
propagation. Small cracks appeared on the surface at 80 �C after
3 weeks exposure to ADT solution (see Fig. 1). The crack size
increased with exposure time after that, and eventually the
sample became colored on the surface and broke after 45 weeks.
The extent of surface damage at 80 �C is more severe compared
to 60 �C under identical conditions (see Fig. 1d-h).

Figure 2 shows optical micrographs of silicone G samples
before and after 17 weeks exposure to ADT solution. It can be
seen that the surface conditions of the samples were changed
over time from initially smooth to rough (see Fig. 2b and c),
but no cracks up to 45 weeks. Relatively, silicone G sample is
more stable than silicone S sample under the same test
environment.

It can be concluded that (a) the surface topography of the
two materials exhibits time-dependent chemical degradation,
(b) temperature has a significant effect, and (c) silicone S
degraded more severely for the two materials.

3.2 Weight Loss

The samples were taken out from the test chamber at
selected times. The surface of the sample was cleaned using
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reagent grade water having 18 MX resistance to remove the
excess acids and made dry at room temperature before the
weight change was monitored. Figure 3 shows the change of
weight from the samples in the ADT solution at 80 and 60 �C.
In the figure, silicone S and silicone G are represented by SS
and SG, respectively. It is shown that silicone S is the most
affected. The weight loss was about 58.5% (not shown in
Fig. 3) for silicone S after 45 weeks in the ADT solution at
80 �C. About 14.7% (not shown in Fig. 3) was found after
exposure of 45 weeks in the ADT solution at 60 �C. The
weight lost for silicone G was 6.0 and 2.4% (not shown in
Fig. 3) after 45 weeks in the ADT solution at 80 and 60 �C,
respectively. The results from weight loss in this current study
is similar to those in our previous work (Ref 26, 27) in which
samples having 90 and 120� bend angles were investigated.

It can be concluded from this study that (a) temperature has
a significant effect on the weight loss and (b) comparatively
silicone S had the more weight loss.

3.3 ATR-FTIR

The aim of the ATR-FTIR analysis is to determine the
chemistry changes as an indication of chemical degradation that
occurred to the elastomeric gasket materials in the simulated
PEM fuel cell environment. The spectra for the two materials
before and after various exposure times to the simulated fuel
cell environment are shown in Fig. 4-6.

3.3.1 Silicone S. Figure 4 shows the results of ATR-FTIR
for the silicone S sample before exposure (a) and after 17 week
(b) exposure to ADT solution at 80 �C. Figure 5 shows the

(a)
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 (g)

10µ m 10µ m 

10µ m 

(b) (c)

(f)(e)

(h)

Fig. 1 Optical micrographs of silicone S samples before and after exposure to ADT solution at 80 and 60 �C at various exposure times.
(a) Before exposure, (b) 1-week exposure at 80 �C, (c) 3-week exposure at 80 �C, (d) 5-week exposure at 80 �C, (e) 17-week exposure at
80 �C, (f) 5-week exposure at 60 �C, (g) 17-week exposure at 60 �C, and (h) 45-week exposure at 60 �C

(a)

10µ m 

(b)  (c)

Fig. 2 Optical micrographs of silicone G samples before and after exposure to ADT solution at 80 and 60 �C at various exposure times.
(a) Before exposure, (b) 17-week exposure at 80 �C, and (c) 17-week exposure at 60 �C
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results of the ATR-FTIR analysis for silicone S sample before
exposure (a) and after 1 week (b), 3 week (c), 5 week (d), and
7 week (e) exposure to the ADT solution at 60 �C. As
expected, both spectra of the unexposed virgin samples [see
Fig. 4A(a) and 5A(a)] are the same. The strongest and broadest
peaks for the unexposed samples [shown in Fig. 4A(a) and
5A(a)] are between 1020 and 1090 cm-1 which are from the
stretching vibrations of Si-O-Si present in the silicone S

backbone. The correspondence between the spectrum and the
vibration mode, here and throughout the rest of the article, was
obtained from the handbook (Ref 29). It can also be seen that
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Fig. 3 Weight change with exposure time for the samples

(A)  ATR-FTIR spectra from 800-1430cm-1

(B)  ATR-FTIR spectra from 2500-3500cm-1
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Fig. 4 Comparison of ATR-FTIR spectra for silicone S in ADT solu-
tion at 80 �C: (a) without exposure and after (b) 17 weeks exposure

Fig. 5 Comparison of ATR-FTIR spectra for silicone S in ADT
solution at 60 �C: (a) without exposure and after (b) 1 week,
(c) 3 weeks, (d) 5 weeks, and (e) 7 weeks exposure

Fig. 6 Comparison of ATR-FTIR spectra for silicone G in ADT
solution at 80 �C: (a) without exposure and after (b) 1 week,
(c) 3 weeks, (d) 5 weeks, (e) 7 weeks, and (f) 10 weeks exposure
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the long chain siloxanes have two broad IR peaks near 1020
and 1090 cm-1. The peaks at 1260 and 866 cm-1 are from the
bending vibration of Si-CH3 and the rocking vibration of
Si-CH3. The peaks at 2960 cm-1 (shown in Fig. 4B and 5B) are
from the stretching vibration mode of CH3. The peaks near
1418 cm-1 (Fig. 4A and 5A) are from the rocking vibration of
–CH2– as a part of the silicone S crosslinked domain.

Test results in our previous work (Ref 27) showed that the
intensities of the peaks at 1020 and 1090, 866, 1260, 1418, and
2960 cm-1 decreased sharply after 1 week exposure and then
almost disappeared after 3-week exposure at 80 �C. In the
present work, these peaks disappeared almost completely after
17-week exposure. A group of new peak apparently appeared at
the spectrum near 1040 cm-1 due to the formation of Si-O as a
consequence of chemical changes (see Fig. 4). Furthermore, the
intensity of the new peak increased with the exposure time
indicating continued evolution of the material.

The trends observed at 60 �C (Fig. 5) are similar to those in
80 �C (Fig. 4) that some peak intensities decreased and some
others emerged after exposure to the solutions. The intensities
at 1020 and 1090, 866, 1260, 1418, and 2960 cm-1 decreased
sharply after 3 weeks and then almost disappeared after
5 weeks as shown in Fig. 5. A new peak was emerged at the
spectrum near 1040 cm-1, which is likely due to stretching
vibration of Si-O as the chemistry changes. Its intensity
increased with the exposed time up to 45 weeks at 60 �C (not
shown in Fig. 5).

It is concluded that there are significant chemical changes in
both rubber backbone and the crosslinked domain for silicone S
samples exposed to ADT solution at 80 and 60 �C over time.
It is believed that the chemical degradation is likely due to
de-crosslinking and chain scissoring in the rubber backbone for
the environment.

3.3.2 Silicone G. The results from the ATR-FTIR analysis
for silicone G samples before and after exposure to ADT
solution at 80 �C at various times are shown in Fig. 6. The
ATR-FTIR spectrum for unexposed silicone G sample is shown
in Fig. 6A(a), which is nearly identical to those shown in
Fig. 4A(a) and 5A(a) for silicone S. The strongest and broadest
peaks for the unexposed data [in Fig. 6A(a)] are between 1010
and 1080 cm-1 due to the stretching vibrations of Si-O-Si in the
backbone. It can also be seen that the long chain siloxanes have
two broad IR peaks near 1010 and 1080 cm-1. The peaks at
1260 and 868 cm-1 are from the bending vibration of Si-CH3

and the rocking vibration of Si-CH3, respectively. The peak at
2960 cm-1 (shown in Fig. 6B) is from the stretching vibrations
of CH3. The peak around 1420 cm-1 is from the rocking
vibration of –CH2– present as a part of the silicone G
crosslinked domain. In Fig. 6, the intensity of the peaks
between 1010 and 1080 cm-1 decreased slightly with exposure
time at 80 �C (see Fig. 6A). The peaks at 868, 1260, and
1420 cm-1 in Fig. 6A and 2960 cm-1 in Fig. 6B also showed
similar trend. Similar observations are made for silicone G
samples exposure to ADT solution at 60 �C, although the
extent of decrease of the intensity at 2960, 868, 1260, 1420,
1010, and 1080 cm-1 at 60 �C is slightly lower than that at
80 �C under identical conditions.

Compared to silicone S, the degradation mechanisms for
silicone G are similar except that the extent of degradation for
silicone S is more severe than that for silicone G. It may be
concluded that silicone G is more stable chemically than
silicone S under the test conditions.

3.4 X-ray Photoelectron Spectroscopy

Figure 7 shows XPS survey spectra for silicone G samples
before and after 4-week exposure to ADT solution at 80 �C.
The spectra revealed the presence of carbon (C), oxygen (O),
silicon (Si), and fluorine (F). The presence of F in Fig. 7B may
result from the environment occurred on the surface of sample.
The atomic concentration of these elements for the silicone G
sample are given in Table 1. Table 1 shows the ratios of
concentration (C/Si and O/Si) before and after exposure time.
The XPS results for silicone S sample in our previous work
(Ref 27) are also listed in Table 1 for comparison. It can
be seen from Table 1 that the C/Si ratio decreased and the
O/Si ratio increased slightly with increasing exposure time for
the silicone G sample. The decrease of C/Si ratio and increase
of O/Si ratio with exposure time could be due to that the methyl
group on the silicon atom was attached and the chain in the
backbone was broken. The change of chemical components
reflects the chemical degradation of the materials exposed to the
environment.

It can be seen from Table 1 that the trends in silicone G are
similar to those in silicone S. The decrease of C/Si ratio and
increase of O/Si ratio for silicone G are less under identical
conditions, e.g., the amount of the decrease of C/Si ratio is 0.38
for silicone G after 4-week exposure, whereas it is 1.60 for
silicone S under the same test conditions. The results indicate
that silicone G is more stable chemically than silicone S. The
XPS results are in agreement with the FTIR observations.

Fig. 7 XPS spectra for silicone G (a) sample before and (b) after
4 week exposure to ADT solution at 80 �C
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3.5 Microindentation Test Results

3.5.1 Indentation Load. Figure 8 shows the indentation
load-depth curves for the unexposed silicone S sample (Fig. 8a)
and the samples after 45-week exposure at 60 �C (Fig. 8b) and
80 �C (Fig. 8c). Figure 9 shows the indentation load-depth
curves for the unexposed silicone G sample (Fig. 9a) and the
samples after 45-week exposure at 60 �C (Fig. 9b) and 80 �C
(Fig. 9c). Displacement controlled test was used in this test at a
peak indentation depth of 0.20 and 0.30 mm for silicone S and
silicone G, respectively. Here, we use the indentation load at the
peak indentation depth as a manifestation of the surface
hardening of the samples. Figure 10 shows bar charts of
indentation load for the silicone G samples before exposure
(unexposed), and after 45-week exposure at 60 �C (SG60) and
80 �C (SG80) at a peak indentation depth of 0.30 mm. In
Fig. 8-10, SS80, SS60, SG80, and SG60 represent the exposed
samples at 80 and 60 �C for silicone S and silicone G,
respectively. From Fig. 8-10, the sample exposed to the ADT
solution at 80 �C has the largest indentation load, followed by
the sample at 60 �C and then the virgin sample. The results
indicate that the samples exposed to the environment hardened
over time. The extent of the surface hardening at 80 �C is more
than that at 60 �C.

3.5.2 Hertz Contact Modeling. Hertz contact theory was
often used to obtain the elastic modulus from the indentation
load-indentation depth curves (Ref 30, 31). Based on the Hertz

theory of elastic contact, considering the contact between a
rigid sphere (the indenter tip) and a flat surface (the silicone
rubber sample), the relationship between the total displacement
of both the indenter and sample, d, and the load P can be
written as (Ref 30)

d ¼ 9P2

16RE�2

� �1=3

ðEq 1Þ

where R is the radius of indenter, E* is a combination of the
modulus of the indenter and the sample and can be given by

1

E�
¼ 1� m2indenter

Eindenter
þ
1� m2sample

Esample
ðEq 2Þ

where Eindenter and Esample are the elastic modulus and mindenter
and msample are the Poisson�s ratios of the indenter and the
sample, respectively. Equation 1 can be rewritten as

E� ¼ 3

4
ffiffiffi
R
p Pd�1:5 ðEq 3Þ

When a rigid indenter compresses a soft flat sample like the
silicone rubber samples used in this study, d is the depth of the

Table 1 Surface atomic concentration of each element
and radios of atomic concentrations of O and C to Si

Sample Exposure time

Atomic
concentration, at.%

Ratios
to Si

C O Si F C/Si O/Si

Silicone G Before exposure 53.29 26.0 20.71 0.0 2.57 1.26
1 week exposure 48.69 29.22 21.51 0.58 2.26 1.36
4 week exposure 48.38 28.87 22.03 0.72 2.19 1.31

Silicone
S [27]

Before exposure 51.36 27.56 20.41 0.67 2.52 1.35
1 week exposure 32.82 38.10 23.03 6.05 1.43 1.65
4 week exposure 23.13 51.81 25.06 0.0 0.92 2.07
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indentation because the steel indenter�s deformation is negligi-
ble relative to that of the rubber sample. Based on Eq 3 and
experimental indentation load and indentation depth, the elastic
modulus of the sample can be obtained. The elastic modulus
and Poisson�s ratio of the stainless steel indenter tip were
assumed as 2.0· 1011 Pa and 0.3, respectively (Ref 31). The
Poisson�s ratio for the silicone rubber sample was assumed as
0.49 (Ref 32). Combining Eq 2 and 3, the elastic moduli for the
two materials were calculated and are shown in Fig. 11. It can
be seen from Fig. 11 that the silicone S samples exposed to the
ADT solution at 80 �C show the highest elastic modulus,
followed by the sample at 60 �C and then the unexposed
sample. The tread is similar for silicone G samples. The result is
in agreement with the indentation load result as shown in
Fig. 10. These results indicate that the elastic modulus changed
significantly due to the chemical degradation after exposure to
the solution.

Compared to silicone G, the degradation for silicone S is
similar (see Fig. 11); however, the extent of degradation for
silicone S is more severe than that for silicone G. The results
are in agreement with the FTIR and XPS observations.

3.6 Atomic Adsorption Spectrometry

In order to identify the foreign materials leached from the
gasket samples into the soaking solution, the atomic adsorption
spectrometry was employed to analyze the solution. Silicon,
calcium, and magnesium were identified in the solution.
Table 2 shows the silicon, calcium, and magnesium values
for the samples after 45-week exposure to ADT solution at 80
and 60 �C. Data in Table 2 show that the silicon ions in
solution had the highest concentration under identical test
conditions.

It is noted that fillers in elastomeric compounds are required
to enhance the mechanical properties, e.g., tensile strength,
hardness, resistance to compression set, for gasket or sealing
applications. Our study indicates that when the gasket samples
were submerged in the simulated PEM fuel cell solution, some
of the fillers such as silicon dioxide, magnesium oxide, and
calcium carbonate were attacked by the solution. Consequently,
silicon, calcium, and magnesium were formed and detected in
the soaking solution. These chemicals may be detrimental to
the electro-chemical process of PEM fuel cells.

4. Conclusion

Chemical and mechanical degradation of two available
commercial elastomeric gasket materials was studied in sim-
ulated fuel cell environment in this work. The following
conclusion can be made.

1. The two materials degraded upon exposure to the simu-
lated EPM fuel cell environment. Temperature has a sig-
nificant effect to the degradation. The higher the
temperature, the faster the material degraded. Relatively,
silicone S is more affected by temperature.

2. Optical microscopy shows that the degradation started
from surface roughness and finally resulted in cracks on
the surface after exposure to the environment over time.

3. ATR-FTIR and XPS results reveal that the surface chem-
istry changed significantly, indicating a chemical degrada-
tion of the two materials. The degradation mechanisms of
silicone S proceeded via de-crosslinking and chain scis-
soring in the rubber backbone. The degradation mecha-
nism of silicone G is similar, but with less degree. The
results indicate that silicone G is more stable than sili-
cone S under the same test conditions.

4. The microindentation test results show that the mechani-
cal properties of the two materials changed significantly
after exposure to the simulated PEM fuel cell environ-
ment over time. The extent of degradation for silicone S
is more severe than that for silicone G.

5. Atomic adsorption spectrometry detected silicon, calcium,
and magnesium leached from the gasket materials into
the soaking solution. Among them, the silicon ions in
solution showed the highest concentration under identical
conditions.

6. Based on the present results, it may be concluded that
the silicone G material is a better choice than the silicone
S material for PEM fuel cell applications.
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