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Road map of fuel cell vehicle development (NEDO, 2018)
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performance

 Develop membranes and catalysts that operate at high temperature (120 °C) with

little or no humidification.

* Develop water management strategies that prevent the membrane from either

flooding or dehydrating.

Fuel Cell Subprogram Overview (DOE, 2007)
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Previous hydrocarbon-typed PEM
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S-PEEK (1.26 meq g)
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S-PES (1.28 meq g'!)

= S-PEEK
= S-PES
SPI (1.88 meq g) == Nafion

Problems of hydrocarbon-typed PEM

- Less separated morphology

- Ton channels with dead-end, “pockets”

- Need high water contents
- Operating at around 80 °C
—Due to dehydrating at higher temperature
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Strategy 1: Phase segregation control
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Strategy 2:
Non-aqueous proton conductor
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Oxo-acid

ex. PBI-H,PO,

Ionic liquid O|
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Hydrophilic
polymer domains
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Nano particle

Strategy 3:
Hydrophilic additives

Hydrated acidic oxide
ex. WO,;*2H,0, Sb,0,*nH,0
Proton conductive particle

ex. ZrP
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CF3SO3H pKa=-14 A SR ER
Bordwell, F. G. Acc. Chem. Res. 1988, 21, 456. Nafion®

@—SO3H pKa=-2.8 HR R b1/ 1 1.1
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Watanabe, M. et al. ACS Appl. Mater. Interfaces, 2010, 2, 1714. Relanve hum|d|ty (0/0)
Miyatake, K. et al. RSC Adv., 2012, 2, 5199.
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Proton conductivity o
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Fuel cell performance (80 °C, 0.1 MPaG)
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—(CF2CFa)—(CFCF), — x=5-13.5, y=1000
(OCF3CF);~0~(CF)m=SO3H m=1,n=2
Nafion® CF3

AFM current images

Takimoto, N.; Ohira, A; Takeoka, Y.; Rikukawa, M.

H,0 chiannel Crystalte Chem. Lett. 2008, 37, 164
Schmidt-Rohr, K. et. al. Nat. Mater. 2008, 7, 75.
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Br Br
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R: OC6H13
Yokozawa, T. et. al. J. Am. Chem. Soc. . . X
2006, 128, 16012. RV(TZz=V YDV TES M, /M, =1.18
0C6H13 (|:6H13 0C6H13 CH2002H40C2H40CH3
N I \
m \_/ n m S /n
C6H130 C6H13O
Yokozawa, T. et. al. Macromolecules 2008, 41, 7271. Zhang, X. et. al. Physica B 2013, 420, 49.

OCgH13 CeHi3
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Geng, Y. et. al. Polymer 2009, 50, 6245. 10
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Hickner, M. A. et. al. Macromolecules 2010, 43, 599.

Hickner, M. A. et. al. J. Mater. Chem. 2010, 20, 6316.

Balsara, N. P. et. al. Nano Lett. 2014, 14, 4058.
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Proton conductivity ¢ (80 °C)
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