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2 Diels Alder Polymerization: Poly(phenylene)
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• Tailorable molecular weight
• Highly stable
• Can be functionalized for different
app(ications: ex Fuels Cells 

., Hickner, M. A., Cornelius, C. J., Et 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 (METI), 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." (1)azem, 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" (Iathis & Thornhill, 2019)



4 DOE Projected LS Hydrogen Economy
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5 Cationic (PEM) and Anionic (AEM) Exchange Fuel Cells
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lon Exchange Membrane Evaluation Metrics

• lon Exchange Capacity[mmol ion/g]: IEC

• Water Uptake[%]: [14/wet-W ard x 100%
W

dry

• lon Conductivity [mS/cm2]: k = v
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7 Functionalization

140

120

u) 100

80

-0
60

0

° 40
2
a_

20

0

Fixed anionic groups

Conductivity vs RH at 80 C

- — Nafion 212 Standard

16-98 80C

- • Nafion 212 Test

20 30 40 50 60 70 80 90

CH2Cl2

CISO3H

Benefits of PEMFC 
• Highly stable
. High TRL

L High performance at high voltage

Limitations of  PEMFC 
• Precious metal catalyst

1,,•. Low temperatures
High hydration
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8 Functionalization: Fixed cationic groups

6-bromohexanoyl chloride
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various cations. Journal of Polymer Science Part B: Polymer Physics, 51(24), 1736-1742



9 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

PF1 Non-degraded (L) and degraded (R): PF2 Non-degraded (L) and degraded (R): PAES Non-degraded (L) and degraded (R):

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):

r-PPN6 Non-degraded (L) and degraded (171

PS3 Non-degraded (L) and degraded (R): 1



Post Degredation IEC and Conductivity
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11 AEMFC Polyphenylene performance
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Benefits of AEMFC 
• 1 W/cm2 PEMFC Standard, 1.2 W/cm2
• 200-300 mW/cm2 standard for AEMFC8
• Alkaline environment may accept non-
I PGM catalyst

•

Limitations of AEMFC 
• Degradation due to CO2

Requires high humidity (90%) which
complicates engineering

1

Test Credit: Yu Seung Kim (LANL)
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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.,
Et 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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Conclusions

Fujimoto's material shows promising results in
enhancing fuel cell operation
Continuing work with LANL
Investigating commercialization interest

Solutions in other sectors
LANL high temperature electrolysis
University partner for water treatment
Flow battery research at SNL
Industrial companies for process implementation
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Thanks for listening.

Contact: edbaca@sandia.gov 


