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i

Abstract — The preparation and characterization of new polymer composite membranes containing polyphenylene
oxide (PPO) thin films with hetropoly acid (HPA) are presented. PPO thin films with phosphotungstic acid (PWA) or
phosphomolybdic acid (PMA) have been prepared by using the solvent mixture. The PWA and PPO can be blended
using the solvent mixture, because PPO and PWA are not soluble in the same solvent. In this study, methanol was used
as a solvent dissolving PWA and chloroform was used as a solvent dissolving PPO. PPO-PWA solutions were cast onto
a glass plate with uniform thickness. The composite membranes were prepared by casting Nafion mixture on porous
PPO-PWA films. The morphology and structure of these PPO-PWA films were observed with scanning electron micros-
copy (SEM) and energy dispersive spectrometer (EDS). The composite membranes were characterized by measuring
their ion conductivity and methanol permeability. The performance was evaluated with composite membranes as elec-
trolytes in fuel cell conditions. The methanol cross-over of composite membranes containing PPO-PWA barrier films in
the DMFC reduced by 66%.
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Fig. 1. Chemical structure of (a) H;PMo,;,0,, (PMA)/H;PW,,0,,
(PWA), (b) poly-2,6-dimethyl-1,4-phenylene oxide(PPO).



sElZEThke 7Ist Bt Az 189

PPO(0.9g each) +
Methanol(3ml each) Chloroform(14-20 ml each)

\ / Mixing for 24h

[ PPO-HPA-MC solution |

HPA(D.5g) +

4 Casting at room Temp.

| PPO-HPA films |

Nafion® solution
A

[ Nafion/PPO-HPA fims |

Casting at 80T for 8h

Fig. 2. Preparation procedures of Nafion / PPO-HPA composite
membranes.
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Fig. 3. Scanning electron micrographs of (a) 14 ml, (b) 16 ml, (c) 18 ml,
(d) 20 ml, amounts of chloroform on PPO-PWA-MC films.
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Fig. 4. Model for pore formation and PWA distribution through
PPO-PWA.
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Fig. 5. (a) EDS spectra of PPO-PWA thin films, (b) Cross-sectional EDS image of PPO-PWA thin films by mapping on tungsten(W).
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Fig. 6. Effect of various amounts of chloroform in composite mem-
branes on performance of single-cell DMFC at 80 °C.
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Fig. 7. Scanning electron micrographs of (a) PPO-PMA, (b) PPO-
PWA films.
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Table 1. Comparison of ion conductivity and methanol permeability
of composite membranes at room temperature

Type of membranes Ton C(osr/l(c:lrl:lc;twlty Methan(()(l:n]zgg;leablllty
Nafion 115 0.0385 329 107°
Nafion/PPO-PMA 0.0341 2.01x 107
Nafion/PPO-PWA 0.0272 1.12% 107

—&— Nafion 115
—¥— 0.5gPWA

0.4 1

0.3 A

Cell Voltage (V)

0.2 4

0.1 4

0.0 T T T
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Current Density (mA/cm?)

Fig. 8. Single—cell DMFC performance of composite membranes at
80 °C.
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