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Proton conductive cross-linked membranes (polyacrylate copolymer and polyacrylate-silica
nanocomposites) were synthesized by UV initiated polymerization in situ. Proton conductivity of
membranes, investigated by impedance spectrometry, was found to be sufficiently high. Contact angle
measurements allow to estimate free surface energy of synthesized membranes. The membranes also
exhibit good thermal stability.
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Introduction

A great progress in energy consumption during the last years causes increasing need in
alternative energy sources [1]. One of the most promising energy sources are hydrogen and
alcohols (mainly methanol), which are used as fuel in fuel cells. However, fuel cell technology
needs to be improved significantly for practical realization and commercialization. In particular
the creation of high effective proton exchange membranes is of a great interest as PEM
determines the efficiency of the whole device.

The most commonly used are Nafion membranes which have excellent chemical stability
and high proton conductivity. At the same time they suffer from methanol crossover and
dehydratation at high temperaturers. So, new PEMs such as sulfonated aromatic membranes,
graft membranes, blend membranes have been recently proposed and intensely investigated.
Among different approaches UV curing seems to be suitable as this technique provides high
reaction rate as well as the possibility to obtain thin films.

Results and discussion

Cross-linked copolymer membranes were prepared from the mixture of acrylic monomers,
namely acrylonitrile (35 wt. %), acrylic acid (15 wt. %), 3-sulfopropyl acrylate potassium salt
(25 wt. %) and cross-linker ethyleneglycol dimethacrylate (25 wt. %) by UV initiated
polymerization (photoinitiator DMPA). Polymer-inorganic membranes were prepared from the
same monomers and sol-gel system (SGS : TEOS — ethanol — water) using UV initiated
polymerization in situ. The content of the added sol-gel system (wt. %) in membrane samples
was as follows: S1-0; S2-1;S3-3;S4-5;S5-7.

Gel fractions of all the samples of the obtained membranes were high (>95 %). Membranes
were converted to H ionic form by immersion in HCI 0.1 M for 24 h.

Contact angle measurements using 2 liquids allow to estimate free surface energy and its
components (dispersive and hydrogen ones) of the obtained membranes. The introducing of sol-
gel system into the polymerizing formulations leads to hydrophobization of membrane surface
and decreasing of the free surface energy. The results of the calculations using the known
Owens-Wendt equation are summarized in Table 1.
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Table 1

Values of contact angel measurement and free energy of membrane surface

N Sample 0, degree 0, degree S, AT, As,
C3HsOs CHal2 mN/m mN/m mN/m
1 S1 43,9 39,5 31,09 16,54 47,63
2 S2 39,8 37,1 31,56 18,21 49,77
3 S3 40,2 36,9 31,70 18,01 49,71
4 S4 42,6 35,2 32,16 17,16 49,24
5 S5 43,7 34,9 32,24 16,84 49,08

As one can see the sample S2 (containing 1 % added SGS) shows the increase of the
hydrogen component of free surface energy, total free surface energy also increases. For the
sample S5 (7 % of the added SGS) free surface energy is a bit less than for the sample S2, but it
is larger than for the sample without the added SGS. So, silica component promotes water
retention.

Proton conductivity of the synthesized membranes, measured by impedance spectrometry
at 20°C, is presented in Table 1. The values of proton conductivity are relatively high (10 - 102
Sm/cm).

Table 2

Sample S1 S2 S3 S4 S5
o, Sm/cm 3.53-10* 1.37-10° 1.01-103 9.70-10* 9.27-10*
Thermal behaviour of membranes was investigated by thermogravimetric method (Fig.1).
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Fig.1. Thermogram for the sample S1

The presence of the inorganic component in membrane leads to the increase in thermal
stability — decomposition of sulfo groups in polyacrylic-silica membranes takes place at higher
temperatures.

Conclusion

The synthesized polyacrylic and polyacrylic-silica membranes have high proton
conductivity and thermal stability. The adding of TEOS-based sol-gel system promotes water
retention and thermal stability. The materials are attractive as proton conductive membranes for
fuel cell application.
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