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2 | Diels Alder Polymerization: Poly(phenylene)
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Fujimoto, C. H., Hickner, M. A., Cornelius, C. J., & Loy, D. A. (2005). lonomeric Poly(phenylene) Prepared by

Diels-Alder Polymerization: Synthesis and Physical Properties of a Novel Polyelectrolyte. Macromolecules, 38(12),

5010-5016. doi: 10.1021/ma0482720



3 | Economies prepare for hydrogen: Need for |IEM’s

2016, Japan’s Ministry of Economy, Trade and Industry (METTI), decided that by
2020 there would be some 40,000 hydrogen fuel-cell vehicles (FCVs) on Japan’s roads,

along with 160 fueling stations and 1.4 million residential fuel cells, known as Ene-
Farms” (Hornyak, 2019)

*“Germany’s...hydrogen demand in the transport and industry sectors is set to surge
37% by 2030.” (Dazem, 2019)

*“Renewable hydrogen costs may fall to as low as $1.40 a kilogram by 2030 from the
current range of $2.50 to §6.80” (Mathis & Thornhill, 2019)

“Fool Cells”




s+ | DOE Projected US Hydrogen Economy
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Fuel Cells

https://www.energy.gov/eere/fuelcells/hydrogen-production




s | Cationic (PEM) and Anionic (AEM) Exchange Fuel Cells
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¢ | lon Exchange Membrane Evaluation Metrics

* lon Exchange Capacity[mmol ion/g]: IEC = v
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Functionalization: Fixed anionic groups
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8 | Functionalization: Fixed cationic groups

1. Casted Film
2. Trimethylamine
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Hibbs, M. R. (2013). Alkaline stability of poly (phenylene)-based anion exchange membranes with
various cations. Journal of Polymer Science Part B: Polymer Physics, 51(24), 1736-1742



| NREL Degradation Test

« 1000h in 1M KOH
« 20% of materials tested passed enhanced aging
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Study Credit: Kelly M. Meek and Brian S. Pivovar from NREL

PE1 Non-degraded (L) and degraded (R):

PE2 Non-degraded (L) and degraded (R): PFN1 Non-degraded (L) and degraded (R):

PPN1 Non-degraded (L) and degraded (R): PPN2 Non-degraded (L) and degraded (R): PPN3 Non-degraded (L) and degraded (R):

PPN4 Non-degraded (L) and degraded (R): PPN5 Non-degraded (L) and degraded (R

PS1 Non-degraded (L) and degraded (R):  PS2 Non-degraded (L) and degraded (R):  PS3 Non-degraded (L) and degraded (R):




% IEC loss

Post Degredation |[EC and Conductivity
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cell voltage (V)

power density (W cm™®)

AEMFC Polyphenylene performance
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* 1 W/cm? PEMFC Standard, 1.2 W/cm? |
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* Alkaline environment may accept non-
PGM catalyst
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12 | 'High Temperature
PEMFC: PA-DAPP
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Lee, K.-S., Spendelow, J. S., Choe, Y.-K., Fujimoto, C.,

& Kim, Y. S. (2016). An operationally flexible fuel cell
based on quaternary ammonium-biphosphate ion pairs.
Nature Energy, 1(9). doi: 10.1038/nenergy.2016.120
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13 | Conclusions

*Fujimoto’s material shows promising results 1n
enhancing tuel cell operation

* Continuing work with LANL
* Investigating commercialization interest

*Solutions 1in other sectors
* LANL high temperature electrolysis

*University partner for water treatment
Flow battery research at SNLL
*Industrial companies for process implementation
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Questions?

Thanks for listening.

Contact: edbaca@sandia.gov



