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To enhance polymer electrolyte fuel cell (PEFC) performance, cathode ionomer
performance must be improved by developing high oxygen - permeability ionomers (HOPIs)
to mitigate the oxygen reduction reaction rate-limiting process of oxygen transport. We have
developed a synthetic route for a cyclic monomer with a fluorosulfonyl group and
synthesized an ionomer composed entirely of the cyclic monomers. Preliminary investigations
have proven that the expected HOPI performance was achieved while maintaining basic
electrolyte performance. The evaluation of the membrane electrode assembly in the fuel cell,
with the HOPI as a cathode ionomer, showed confirmed improvements, particularly under
low humidity and high current density conditions. The results of overvoltage component
analysis showed a decrease in activation overvoltage and concentration overvoltage because
of improved catalytic activity and enhanced oxygen permeability, respectively. These were
attributed to the abilities of HOPI, including the prevention of specific adsorption between Pt
catalysts and ionomers, improved oxygen transport due to high ionomer permeability, and
increased Knudsen diffusion resulting from pore volume preservation in the catalyst layer.
Cell evaluations combined with a high-performance membrane have shown that an MEA
using the HOPI as a cathode ionomer exhibited enhanced performance and high robustness
against humidity variations. Based on these results, the HOPI can fully demonstrate its
performance under the harsh operating conditions of next-generation PEFCs, such as low
humidity and high current density, indicating its crucial role in realizing high-performance
PEFCs.
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MY E CTH H2-[difluoro (trifluorooxiranyl)
methoxy]l-1,1,2,2-tetrafluoroethanesulfonyl fluoride
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HbEHESMD-E4 [HE A AT 2 ANV K VT
7= LW HTHRELRE ) v —TH ). BIECILE
BEA O AN PSVERC2-PSVED L %2 %
RV —L3RAR), EEDOIECTRHEREDORY <
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IEC/mequiv gt 1.05 1.10
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Fig. 2 Properties of Nafion 520CS and MMD-co-SMD-E4
IEC1.1 ionomer (HOPI) bulk membranes. Humidity
dependence at 80 C of (a) water uptake, (b) A
(H,0/S0;H), (c) proton conductivity, (f) oxygen
permeability. (d) SAXS profiles at 30 °C and 50% RH,
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Fig. 3 Fuel cell performance. IR-included H./air polarization curves and IR of MEAs with Nafion (D520CS) or HOPI (MMD-co-
SMD-E4 IEC1.1 ionomer) at 80 C and (a) 100% RH, (b) 60% RH, and (c) 30% RH. Overvoltage component analysis
results of each MEA at 1.5 A cm™2 and 80 °C, (d) activation overvoltage, (e) ohmic overvoltage, and (f) concentration
overvoltage. Each data point was based on n = 3 averaged using independent MEAs. Error bars represent the standard
deviations. Reprinted from reference 14 under a Creative Commons CCBY 4.0 license.
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Reprinted from reference 14 under a Creative
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Fig. 6 ULV-SEM measurement of cathode CL. (a,b) Nafion
and (c,d) HOPI at I/C = 0.8. Reprinted from reference
14 under a Creative Commons CCBY 4.0 license.
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Fig. 7 (a) Proton transport resistance in CCMs measured
by EIS at 80 °C and 30% RH. The data was based on
n = 3 averaged using independent MEAs. Error bars
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Fig. 9 Fuel cell performance. IR-included H,/air polarization
curves and power densities of MEAs with combination
of NR211/IEC1.25 membranes and Nafion/HOPI
ionomers at 80 C and (a) 100% RH, (b) 20% RH.
Overvoltage component analysis results of the MEAs
composed of IEC1.25 membrane using (c) Nafion
and (d) HOPI at 2.4 A cm™2 and 80 °C . Each data
point was based on n = 3 averaged using independent
MEAs. Error bars represent the standard deviations.
Reprinted from reference 14 under a Creative
Commons CCBY 4.0 license.
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