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Abstract
Proton exchange membranes were synthetized by SEBS
copolymer for his application in fuel cells, and silica gel was
used as load to improve physicochemical characteristics.
Water uptake, ion exchange capacity (IEC), oxidative
stability, FTIR spectroscopy and mechanical properties test
were measured to characterize the membranes. Highest Water
Uptake value was present for membrane with load 3% (4,1%),
while IEC for membrane without load presents the highest
value (1.6 meq/g). Mechanical properties were affected by
silica being more stable and strong the membrane without
load obtaining highest tensile stretch value (13,06 N). This
type of membranes is a possible alternative for proton
exchange membranes.
Keywords: membrane, fuel cell, SEBS, Silica Gel.

INTRODUCTION
Solution for the energetic and environmental problems are the
alternative energy sources, among which are the Proton
Exchange Membrane Fuel Cells (PEMFC), these devices
produce clean and efficient energy, because use hydrogen as
fuel. The system of fuel cell is integrated by a pair of
electrodes (anode and cathode) and a membrane (MEA)
where reaction for produce electric energy is carried out
[1][2]. Proton exchange membrane is the most important part
of the fuel cell due to this allows the conduction of protons
from anode to cathode [3].
Currently proton exchange membranes perfluorinated by
Dupont are used in fuel cell, however these present several
constraints such as low operating temperature and high cost,
which has limited its commercialization [4]. Due this, many
researches are searching for an alternative for PEM materials,
which should present features such as high ionic conductivity,
minimal water transport, high resistance to oxidation,
reduction and hydrolysis, and low cost [5], materials like
SEPS, natural latex, vinyl acetate - acrylic Ester, SEBS
fortiprene, unsaturated polyester, among others have been
used for obtained proton exchange membranes, carried out
modifications as combinations of some of them, the addition
of inorganic load among which are titanium dioxide and
vanadium pentoxide, and the inclusion of sulfonic groups to
improve the conductivity, ionic exchange, water uptake and
mechanical properties [6-11].
In this paper SEBS copolymer is used for the synthesis of
proton exchange membranes, due to resistance to high
temperature and low cost, making the membranes an

alternative for perfluorinated polymers, furthermore it was
modified with silica gel, for developing its conductivity and
mechanical properties to use in a fuel cell, and compared with
materials used in others researches.

EXPERIMENTAL PROCEDURES
Materials
SEBS copolymer, silica gel and toluene are materials used in
synthesis of proton membranes.

Synthesis Method
For preparation of PEM, initially copolymer SEBS is dissolve
in toluene at 5% P/V by agitation for an hour, immediately,
the solution is put in a petri dish and waits for the solvent to
evaporate. For loaded membranes, silica gel is added to
solution in agitation and waits an hour, then proceed the
lamination.

Membrane Characterization
For determine the performance of ion conductivity in a PEM
is necessary the measure of water uptake due to this
characteristic is dependent on water content. Initially, the
membranes samples are dried in an oven at 80°C for 24 hours
and weighted, then they were submerged in deionized water at
room temperature for 24h. After water on the surface of
wetted samples was removed and weighed again [12]. Ion
exchange capacity is the measure of relative concentration of
acids groups within polymer electrolyte membranes. The ion
content in a membrane is characterized by the mass of dry
membranes per molar equivalents of ion conductor and it is
expressed as mequiv/g. IEC of membranes is determined by
titration at room temperature, first membranes in acidic form
are immersed in NaCl solutions for 24 hours to exchange the
H+ ions to Na+ ions. Then, the exchanged H+ ions within
solution are titrated with 0.01 N NaOH solution [13]. Stability
oxidative was carried out by the immersion in a H 2O2 3%
solution, samples 1x1cm was weighed for 10 days to
determine the weigh lost respect to time. FTIR Spectroscopy:
Fourier-transform infrared (FTIR) spectra were used in this
study to verify the interaction between polymeric material and
inorganic load. The test was conducted on a Nicolet 6700
Fourier Transform Spectrophotometer, obtaining the spectrum
in the range of 500 - 4000 cm-1. The mechanical properties of
the membranes were measured using a Universal Tester EZ -
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S Shimadzu, at a crosshead speed of 250 mm/min. The
samples were carefully cut into a size of 25 mm x 70 mm,
which was needed for the calculation of tensile strength.

RESULTS AND DISCUSSION
Proton exchange membranes loaded 0%,2% and 3% was
obtained, figure 1 shows prepared membranes, it observed
that membranes present a similar aspect, to determine his
behavior were characterized.

Figure 1. Prepared Membranes: a) Loaded membrane 0%, b)
Loaded membrane 2%, c) Loaded membrane 3%

Ion Exchange Capacity
Ion exchange capacity values for proton exchange membranes
by SEBS loaded with 0%, 2% and 3% (w/w) are reported in
Figure 3, loaded 0% exhibits highest IEC values, it is
observed that the addition decrease the IEC, however, a higher
load amount increases the IEC values, but not enough to get
over unmodified membrane.
The IEC is strongly linked to water uptake in the PEMs, due
to the methods given for the Grothus and vehicular
mechanisms, which protons "jump" from an H + donor site to
any receiving water molecule in the vicinity, forming an H 3O+
complex, while in the vehicular mechanism, protons are
transferred through said hydronium ions [18]. It observed that
in both mechanisms the presence of water is necessary for
conduction, however, although hydrophilic characteristic of
SiO2 is a good property for increase the IEC, is not occurs in
this case, due to the amount used is not enough. Respect with
[16] these values are similar, in same conditions, for SEBS
Functionalized with TMHDA.

Ion Exchange Capacity (meq/g)

1.80

Water Uptake
Water uptake is an important property in a PEM, because the
membranes in his hydrated form dissociate the acid
functionality and increase the proton transport [14]. Figure 2
shows the water uptake results for SEBS loaded membranes
with 0%, 2% and 3% with silica gel (SiO2).Water uptake
increases increasing silica concentration, due to the highly
hydrophilic effects of the group Si-OH [15], furthermore silica
in the membrane increases the surface area, which facilitates
the water absorption.
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The water uptake values observed in this research are lower
than another works what used SEBS copolymer for
synthetized proton exchange membranes [16] however, low
values of water uptake is not too bad, because excessive water
content in a PEM can cause dimensional changes in the
polymer structure, which directly affect the good mechanical
properties of the membrane [17].
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Figure 3. Ion Exchange Capacity for each membrane

Stability Oxidative
Stability oxidative was carried out by the immersion in H 2O2
for each membrane during 10 days. Figure 4 shows the
variation of the weight respect with time (days) and it
observed that proton exchange membrane loaded 0% is more
stable than loaded 2% and 3%. The addition of SiO2 presents
agglomeration in the surface of membranes that is evidence
due to the weight lost in the first days, then of this is observed
that weight is more stable.
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Figure 2. Water Uptake for each membrane
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Figure 4. Stability Oxidative

FTIR
FTIR spectroscopy is used for identified structure of polymer
material and other components used to modify it. Figure 5
shows the spectra for each sample of membrane in the range
500-4000 cm-1, it can observe a peak in 696 cm-1, this is
corresponding to the vibration out of the plane of aromatic
ring C-H bond present in the SEBS molecule [19].
For loaded membranes with 2% and3% were expected
observed bands at the region between 1050-1100 cm-1
corresponding to O-Si-O bonds, however it is not register, due
to silica is dispersed in the surface of membrane, by this there
is not molecular interaction with the copolymer.

uptake capacity, this is reflected in this results due to good
mechanical properties depends on a low water content in the
membrane [20]. Furthermore this would also be attributed to
the inhomogeneous distribution of SiO2 in the membrane [21].
The addition of SiO2, improve the mechanical stability of
PEM, begin more resistant, that observed that the
displacement is higher than unmodified membranes (load 0%)
however is noted that a more amount of load, decrease this
value, due to, the agglomeration in the membrane surface by
mentioned above. Under the same conditions these values are
higher compared to Nafion membrane NRE 211-10 [22][23].

Table 1. Mechanical Properties
Sample
L0%
L2%
L3%

Tensile Strength
(N)
13,06
11,48
11,14

Displacement

Break

2,25
13,32
5,82

12,31
11,28
7,98

CONCLUSIONS

Figure 5. FTIR for each membrane

Mechanical Properties
Table 1 shows that proton exchange membranes loaded 0%
presents highest tensile strength value, as noted above the
membranes loaded with 2% and 3% presents high water

Proton exchange membranes for fuel cell were synthetized by
SEBS copolymer, which were modified with the addition of
inorganic load to different amount, in this case silica gel. The
addition of silica was favorable for water uptake, due to the
hydrophilic characteristic of it, however was noted that the
amount used it was not enough to achieve a high IEC value.
Stability oxidative was also carried out, and it was observed
that membrane more stable is the L0%. The agglomeration of
load in some parts of membrane generates low mechanical
resistance. This material had been used for proton exchange
membranes synthesis, with different modifications that why is
a good alternative for actually commercialized.
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