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Proton exchange membranes (PEM) are key components in fuel cell
(FC) systems as they allow proton transport between the two electrodes,
without any gas mixing. However, the enhancement of the durability of the
PEM lifetime is critical to viability for the FC. The aging of the membrane
is due to a chemical / electrochemical and a mechanical degradation.
Hydrogen peroxide and its products of decomposition (HO• and HO2•)
generated during the fuel cell operation are considered as one of the
important vectors of the membrane degradation1,2.
The first works devoted to a strategy of chemical stabilization of
membranes appeared only very recently (2003). These works are based on
a radical scavengers approach3, 4. Following a different strategy, our work
intends to develop sacrificial stabilizers able to decompose hydrogen
peroxide formed in fuel cell operation. Two stabilizers based on thiourea
(THP) and tetrasulfide (TS) groups were synthetized. In order to avoid
leaching of the stabilizer induced by membrane swelling in the fuel cell,
the stabilizer were grafted onto SiO2 nanoparticles (figure 1).
Nanoparticles dispersion in the membrane is expected to have a strong
impact on both conductivity and mechanical properties of the membrane,
and was thus thoroughly studied.
AFM analyses performed on the cross section of cryo fractured
membranes have shown an excellent dispersion of functionalized THP
loads whereas the formation of aggregates was observed with
functionalized TS. (figure 2a). The ability of stabilizers to limit the

membrane degradation was evaluated with a sPAEK membrane, for
different aging times in an H2O2 environment. The most efficient stabilizer
appears to be the one based on THP groups. However, this stabilizer
cannot be used because strong acid base interaction with the sulfonic
groups of the polymer reduced the proton conductivity of the membrane
and as a consequence the performances of the FC. On the other hand, the
oxidation of the TS stabilizer leads to the formation of sulfonic groups and
consequently to an increase of the ionic conductivity of the membrane
(figure 2b).
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Figure 1: Synthons grafted on SiO2 particles to produce stabilizing nanoparticles
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Figure2: a-AFM image of cryo-fractured membranes (tapping mode/phase contrast) and bIonic conductivity of the composite membranes versus aging time in H2O2 vapor at 70°C

