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demonstrate results of federally-funded research.
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Abstract of CRADA Work:

Novel fluoropolymer-based anion-exchange membranes as well as membrane-electrode-
assembly comprising such polymers/membranes will be examined for use in fuel cells and/or
regenerative electrolyzers. Specifically, novel perfluorinated polymers will be evaluated and
optimized for performance and durability in alkaline membrane fuel cells (AMFCs). MEG Inc.
will be responsible for providing novel perfluorinated membranes to NREL for evaluation in
AMFCs. MEG Inc. will focus initially on imidazolium tethered functional groups and later
provide materials based on proton/lithium cage structures. NREL will fabricate the supplied
membranes into membrane electrode assemblies (MEAs), using a variety of ionomers and/or
catalysts, and test the resulting MEAs for performance and durability. These results will be
compared to similar results obtained either with commercial materials or NREL’s own
perfluorinated materials. NREL also plans to perform ex-situ tests on membranes to determine
conductivity and durability under ex-situ conditions that mimic or accelerate the conditions that
occur within AMFCs.

Summary of Research Results:

NREL fabricated supplied membranes into membrane electrode assemblies, MEAs, (using a
variety of ionomers and/or catalysts) and tested the resulting MEAs for performance and
durability. These results were compared to similar results obtained either with commercial
materials or NREL’s own perfluorinated materials. NREL performed ex-situ tests on
membranes to determine conductivity and durability under ex-situ conditions that mimicked or
accelerated the conditions that occur within AMFCs.
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The polymer membranes and fuel cells had good performance when tested, particularly for
conductivity and stability, however, upon ion exchange, it was determined that the polymers
were cation exchange membranes and behaving as proton conductors rather than cation exchange
membranes acting as hydroxide conductors. We titrated these materials and found they behaved
as perluorosulfonic acid polymers, which was confirmed by NaCl and HCI titration and
conductivity measurements, shown in Tables below.

Conductivity (NaCl Soak)

Results
Resistance (ohms) Width(cm) Thickness(cm) mS/cm
1 9097.0 0.48 0.005 21.5
2 9092.0 0.50 0.0057 18.1
3 10304.0 0.43 0.0053 20.0
Avg 19.9
Conductivity (HCL soak)
Results
Resistance (ohms) Width(cm) Thickness(cm) mS/cm
1 2177.6 0.398 0.0063 86.1
2 2525.7 0.47 0.0056 71.3
3 2414.9 0.476 0.0059 69.3
Avg 75.6

Anion exchange membranes would be in CI” form for both measurements and not show a change
in conductivity, whereas these samples showed ~4x conductivity increase in H" form compared
to the Na' form as would be expected for a cation exchange membrane. Small molecule studies
were also performed and shared but determined not to be the limiting factor for membrane
performance in this system.

Based on NREL’s experience with other perfluorinated anion exchange membrane synthesis, we
suggested that this was likely due to solubility/reactivity challenges that exist for perfluorinated
polymers. As performing specific chemistries and maintaining solubility of reactants and
products is exceptionally difficult for perfluorinated anion exchange membranes. The approach
was sound, but target materials were never explicitly tested due to the synthesis challenges, and
work was limited to materials supplied and supporting efforts.
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N/A
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