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PT-CATALYZED MEMBRANES FOR SOLI
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Abstract:

Solid polymer electrolyte (SPE) technology used in water elec-
trolysis represents an extremely promising system for on-board
production of pure oxygen in submarines and for energy storage
purposes in spacecraft. Respect to the classical alkaline water
electrolysis, these systems present many advantages: among
them a greater safety, since no corrosive liquids are employed,
a good reliability and a significant increase in operating cell ef-
ficiency up to several A cm-2 [1]. Moreover SPE electrolyzers
are very compacts and characterized by a low weight. Above-
described features are strictly connected with the presence
of the Nafion membrane (acting as electrolyte) in SPE. In fact,

this polymeric materials allows to achieve good performances,

due to his excellent chemical and mechanical stability as well
as high ionic conductivity and good gas impermeability. Any-
way, to a large-scale SPEs production and diffusion it is nec-
essary to overcome some drawbacks, which are so far mainly
economic factors. The price of both Nafion membranes and of
noble metal (e.g. platinum) based electrocatalysts used (neces-
sary for their high acidic corrosion resistence) is nowadays still
remaining somewhat high. Furthermore, because of the severe
operating conditions (the electrode have to support either the
strong acidity of the Nafion membrane either high mechanical
tension during gas evolution), much attention must be posed
on the electrode structure, in order to strengthen the bonding
between electrocatalyst and polymeric membrane [2-4]. In this
work Pt-catalyzed Nafion membranes have been prepared [5,
6] following an optimized procedure: the noble metal cationic
species are chemically reduced directly within the solid polymer
electrolyte, showing good results. The structure of the precipi-
tates have been investigated by scanning electron microscopy
(SEM) and electrochemical characterization has been carried
out by electrochemical impedence spectroscopy (EIS) and by
electrolysis measurements. By the electrochemical results sum-
marized in Tab1, related to the tree samples M01, MQO7 and M08
prepared in different conditions, it is possible to observe that
their behaviour is strictly related to many factors: materials em-
ployed, thickness and morphology of platinum deposit, prepara-
tion steps and so on. In particular, platinum distribution across
the polymeric membrane and on its surface is a key parameter
for the electrolysis performances. In fact, to realize an efficient
SPE composites, the bonding of the electrocatalyst onto the
polymeric membrane is critical.

Therefore, metal has to be located not too far inside the mem-
brane to avoid shortening and low faradic yield due to gas dif-
fusion through the membrane. Besides, metallic nanoparticles
must be simultaneously present inside the membrane (acting as
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electrocatalyst) and on the uppermost membrane surface (as
current collector). Furthermore, those two regions must be in
contact, to ensure electron transport and good adherence of the
electrode under high mechanical tension during gas evolution.

membranes. | em’ | @2VimAcm’
MO1 0,95 47,0
Mo7 1,67 29,30
M08 1,04 24,58

Tab.1: EIS characterizations of SPE composits

Morphological studies seem to confirm completely these theo-
retical considerations and in addition clarify the influence of de-
posit structure on electrochemical performances (Fig.1).
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Fig.6: SEM images at 10KX: a) M01, b) MO7 and c) MO2.

The differences are extremely evident: MO1 and MQ7 have a sur-
face characterized by a lot of creeks and hole, while M02 shows
a more homogeneous and compact surface, without breaks.
Based on these considerations, electrochemical behaviour of
these samples could be easy explained: when a not closed
structure is present, a better reaction involved gases crossing
is allowed, giving enhanced performances. On the contrary, a
sensible resistance increase is measured, causing a noticeable
worsening in electrolytic results. In conclusion, the SPE-electro-
catalyst composits investigated in this work, are characterized
by low noble metal loadings, excellent electrochemical proper-
ties and strong adhesion of the electrodes onto the polymeric
membrane.
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