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ABSTRACT. Proton exchange membrane (PEM). which transfers proton from the anode to the cathode, 1s the key compo-
nent of the proton exchange membrane fuel cell (PEMFC). Nafion 1s widely used as PEM due to its high proton conductivity
as well as excellent chemical and physical stabilities. However, its high cost and the environmental hazards lumt the commmer-
cial application in PEMFCs. To overcome these disadvantages, various alternative polymer electrolytes have been investi-
gated for fuel cell applications. We used densely sulfonated polymers to maximize the ion conductivity of the corresponding
membrane., To overcome high swelling, dipole-dipole interaction was used by introducing nitrile groups mto the polymer
backbone. As a result, physically-crosslinked membranes showed improved swelling ratio despite of high water uptake. All
the membranes with different hydrophilic-hydrophobic compositions showed higher conductivity, despite thew lower IEC,
than that of Nafion-117.
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Figare 1. Principle of proton exchange membrane fuel cell.
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Figure 2. Molecular structure of Nafion.
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Table 1, Typical examples of common hydrocarbon-hased polymers
for PEMEC
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Figure 5. '11 NMR spectra of hydrophilic oligomer 1(a) and
hydrophobic oligomer 2 with repeating unit of 15(b). 17(c), and

26(d).
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6-26(c) block copolymer.
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Figure 8. Photographs of CN-6-15(a). CN-6-17(b), and CN-6-
26(c) membranes.
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Table 2. Solubility data of physically-crosslinked membranes

Table 3. Mechanical properties of physically-crosslinked membranes

Solubility
Membrane
DMF NDMSO DMAcC THT
CN-6-15 SW SW SW X
CN-6-17 SW SW SW X
CN-6-26 SW SW SW X

sw: swelling. or X: insoluble
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CN-6-26 66.5 8.2 113
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Figare 9. TGA graphs of CN-6-15, CN-6-17. and CN-6-26
mcnibrancs.

CN-6-17 1.26 0.12 0.18 0.22 (.25
CN-6-26 0.88 0.08 0.11 0.13 0.17
Nafion-117 0.91 0.08 (.10 0.14 0.16
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Figare 10, Arrhenius plots of CN-6-15. CN-6-17. CN-6-26, and
Nafion-117 membranes.
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Tuble 5. Water uptake and dimensional stability of physically-
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Swelling ratio (%)

Membrane Water uptake (%) At Al
20°C 20°C 20°C
UN-6-15 68 34 23
CN-6-17 58 26 23
CN-6-26 2 15 3
Nafion-117 16 13 9
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