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Abstract— An original approach for the preparation of sgnproton-conducting membranes consisting of
high density polyethylene (PE), silicon dioxidedgrhosphoric acid for the intermediate temperaflisg-
180°C) fuel cell is presented. The base of this meti®d template synthesis of silica phase using
hyperbranched polyethoxysiloxane as a precursdryyolytic condensation reaction within the voluofe
the nanoporous polymer matrix with pore’s diametérabout 10 nm obtained via the mechanism of
delocalized solvent-crazing. The received polynikzas nanocomposites containing up to 40 wt.% dD,Si
were characterized by a structure of two interpatieg networks, and silicon dioxide formed a ritfidee-
dimensional framework. Loading of composites by qgifwric acid was carried out by their heating in an
environment of HPQ, at 160°C that was above the melting point of PE. In thise; the polyethylene melt
migrated from inner volume to surfaces of the cosigowhile emerged pores were filled with acid. The
amount of introduced acid increased linearly witgrawth of silica phase in the composite and maxmu
content of HPQ, equaled to 50 wt.%. The proton-conducting membraotetained are characterized by
conductivity of 0.03 S/cm and the best performasfd@.4 V at current densities of 0.4 A/tat 160°C.

|. INTRODUCTION

Today polymeric materials characterized by the higbton conductivity (18-10" S/cm)
attract the considerable interest because thepraspective as the proton-conducting membranes for
fuel cells (FC). FCs are well known as a promisaitgrnative power sources due to their high
efficiency of energy conversion and low pollutamigsion [1]. Conductive channels in the similar
polymer membranes are usually formed via the mltasp separation of the hydrophobic and
hydrophilic regions as in Nafion, or via loadingaofarge amount of the conductive component (about
5 molecules of the filler per monomer unit) as alypenzimidazoles.

In this paper the conductive channels are proptséam using crazing mechanism, i.e. in the
process of uniaxial stretching of polymer filmsthe liquid medium. It is known [2] that solvent-
crazing allows to create a system of highly dispeisterpenetrating pores in the solid amorphouws an
semi-crystalline polymers, as well as filling thelymer matrices by substances of different nature,
including thermodynamically incompatible with it étal, oxides, salts, etc.).

The aim of this work is the development of an applofor the preparation of proton-
conducting membranes based on high density poligthy(HDPE) and phosphoric acid (PA) using a
process of solvent-crazing.

[I. RESULTS AND DISCUSSION

The matrices characterized by the open nanoportustiee were obtained on a base of the
commercial film of high density polyethylene (M2x1C, degree of crystallinity 70%, /E=130C,
thickness 75um) via the mechanism of delocalized crazing [1].ohder to give HDPE the proton
conductivity, porous films were saturated by 85%utson of PA. These materials possessed relatively
high proton conductivity of about 1xf@®/cm (Fig. 1, curve 2), but they were not stalvlerdgime due
to the exudation of a hydrophilic acid at the scefaf hydrophobic HDPE.

To prevent migration of the proton-conducting commub and to increase the stability of
membranes, the phase of silica that is formed adpydic backbone was synthesized within the
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polymer films. Hyperbranched polyethoxysiloxane B@S (M,=3x10f, density 1.17 g/cfh viscosity
18.8 cP, effective diameter of molecule 2-5 nm) waed as the precursor of SICHPEOS was
introduced into the polymer matrix via crazing dhen it was transformed into silicon dioxide difgct

in the pores’ volume by hydrolytic condensationgass (catalyst — 10% water solution of HCI). The
obtained silica-containing composite was loadedhvabncentrated PA at the room temperature.
Although in this case the content of acid in thembeanes did not exceed the 10 wt%, it is allowed to
receive materials with a comparable level of comgtitg (Fig. 1, curve 4) and significantly increase
their stability in time (the conductivity of the méranes after a year of their storage under room
conditions decreased by one order).

It should be noted that the level of conductivifyl6™ S/cm is insufficient to obtain a proton-
conducting membrane characterized by good perfazmalo increase the acid content, the polymer-
silica composites were heated at 160°C7Qvhich is above the melting point of the polymmatrix, in
the environment of PA during 0.5-2 hrs. After siamih thermal treatment, the content of acid in the
samples was found to greatly rise and the amoutAoincreased linearly with the growth of SiO
content as shown in Fig. 2.

By scanning electron microscopy, it was found thatsurface of a composite was coated with
islands of polyethylene film thickness ofun after the heat treatment (Fig. 3a). Moreover, snaip
the distribution of elements (C, Si and P), obtdibg energy dispersion spectrometry, showed that
carbon as part of a polymer was concentrated osufface of a sample (Figs. 3b,d), silicon as pfrt
silica and phosphorus as part of acid almost umifprdistributed over the whole volume (Fig. 3e).
One can assume that a polymer melts and migrabes fne bulk of the composite at the surface
during the heating. Simultaneously, PA, which idlwempatible with SiQ, flows into a volume of a
composite and fills the formed voids.
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Figure 1 — Dependence of the conductivity of sasiple Figure 2 — Dependence of the amount of introduced
from frequency: (1) initial porous HDPE film, (2) acid from the content of SiGn the composite
HDPE-HPQO,, (3) HDPE-SIQ, (4) HDPE-SIQ-
HsPQ,, (5) HDPE-SiIQ-H3PO, after heat treatment

The obtained materials HDPE-SHBI;PO, were tested in a membrane-electrode assembly a:
proton-conducting membranes. Hydrogen as a fuel @ndas an oxidant were supplied without
excessive pressure and without humidification. dtsviound that these membranes at’C6bave a
conductivity of about 3xI®S/cm and the performance of 0.4 V at current dggi0.4 A/cnf.

[1l. CONCLUSION

Thus, the proton-conducting membranes based omasbntaining polyethylene and
phosphoric acid can compete with commercial memdzamhe combination of sufficiently good
electrical conductivity, performance, mechanicabparties at a relatively low price makes these
materials economically attractive.

53



————20 pm ————20 pm

Figure 3 — SEM-micrographs of HDPE-StM;PO, after heat treatment.

ACKNOWLEDGEMENTS

This work was supported by the Russian FoundabomBésic Research (project 13-03-00652),
by the State Program for Support of Leading Sdien8chools (NSh-324.2012.3), and by Federal
target oriented program "Scientific and educatioeakarch personnel of innovative Russia for 2009-
2013" within the State contract No 16.740.12.07281¢ 2011-1.2.1-212-022-001).

REFERENCES

[1] Y. Wang, K. S. Chen, J. Mishler, S. C. Cho, and CX.Adroher, "A review of polymer
electrolyte membrane fuel cells: technology, agtians, and needs on fundamental research,"
Appl. Energy vol. 88, pp. 981-1007, 2011.

[2] A. L. Volynskii, and N. F. Bakeefolvent crazing of polymer&msterdam: Elsevier, 1995.

[3] E. S. Trofimchuk, E. A. Nesterova, |. B. Meshkov, INNikonorova, A. M. Muzafarov, and N.
Ph. Bakeev, "Polypropylene/silicate composites @ tasis of crazed polymer and
hyperbranched polyethoxysiloxan&jacromoleculesvol. 40, pp. 9111-9115, 2007.

[4] A. S. Gruzd, E. S. Trofimchuk, N. I. Nikonorova, K. Nesterova, |. B. Meshkov, M. O.
Gallyamov, and A. R. Khokhlov, "Novel polyolefiniison dioxide/H3PO4 composite
membranes with spatially heterogeneous structureplfi@sphoric acid fuel cell,Int. J. of
Hydrogen Energyvol. 38, pp. 4132-4143, 2013.

54



