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Lynntech

Privately owned technology development company

170,000 sq ft facility in College Station, Texas for Technology
Development, Engineering, Prototyping, and Specialized
Fabrication

Multi-Disciplinary Collaboration - 130 employees
(115 FT & 15 PT) (35 Ph.D.’s)
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20 years history of developing electrochemical devices

Fuel Cells, Electrolyzers, Electrochemical ozone generators,
Electrochemical hydrogen peroxide generators '\
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Motivation
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Methanol Crossover
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ANODE CATHODE

CH;OH Vapor

Anode: CH,OH+H,O 6H*"+CO,+6e

Cathode: 150,+6H"+6e 3H,0

Crossover of methanol reduces
fuel utilization and efficiency

Fuel must be diluted to 0.5 M ~
1 M to minimize effects of
crossover

Fuel dilution requires complex
water recovery system

Operation with higher
concentration fuels ( 2 M)
greatly increases the
robustness of the system
and reduces the complexity
of the water recovery system
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Solution: Aromatic Membranes

Aromatic backbone
Stronger and more rigid permitting the use of thinner
membranes

Block structure
Permits control and tuning of the ionic domain size to
achieve a more ideal balance of hydrophilic and
hydrophobic domains.
Domains can be sized to permit proton transfer while
Impeding methanol flux

Higher functional group density
Compensates for reduced conductivity due to less water
In smaller ionic domains.
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Solution: Aromatic Membranes
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Crossover vs. Molarit
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Fuel Utilization
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Cell Voltage (V)

Performance vs. Molarit
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Performance vs. Thickness
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20 W Net power (25 W Gross), 72 hour run time
60 T stack temperature, 2 Stoics
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Aromatic membrane , 2 M MeOH, 20 W Net power
(25 W Gross), 72 hour run time, 60 T
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DMFC Stack

Power — 25 W Gross
Weight — 490 g
Size —2.7"x2.2"x3.2"

Power density > 100 mW/cm?
with 2 M MeOH

Power density — 51 W/kg

Efficiency — 25% @ 0.3 A/cm? with
2 M MeOH

Fuel utilization > 60% @ 0.3 A/cm?
with 2 M MeOH

System Energy Density (72 hour mission)
> 300 Wh/kg @ 300 mA/cm? with 2 M MeOH
> 400 Wh/kg @ 300 mA/cm? with 1 M MeOH
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Conclusions

Aromatic membranes achieve higher performance than
Nafion

Aromatic membranes able to operate with high
concentration methanol (2 — 4 M)

Energy density of >300 Wh/kg can be achieved at high
current densities (300 mA/cm?) with 2 M methanol

The ability to operate with 2 — 4 M methanol greatly
reduces the requirements of the water recovery
system — allowing operation in dry environments
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