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The purpose of the work reported hereisto
determine whether dired formic add fuel cdls (DFAFC)
areviable dternativesto dired methanol fuel cdls
(DMFC) in micropower applications. Formic add isa
liquid fuel. It has alower energy content than methanol,
but a higher theoreticd reversible open circuit voltage
(EMF) than methanol, 1.45V vs. 1.18V, respedively.

Formic add eledrooxidation occurs via two
readion pathways. One of the pathwaysis vary similar to
methanol eledrooxidation, forming CO asareadion
intermediate. Formic add electrooxidation readion

pathway #1:
HCOOH+ M* - M-CO + H, (1)
H,O0+M° - M-OH+ H* + ¢ 2
M-CO+M-OH - 2M°+ CO, +H" + € ()

The dluggish rate of step (3) slows down the overall
readion rate, by blocking the surfacesitesto further
formic add adsorption. The second readion pathway does
not form CO as areadion intermediate. Formic add
eledrooxidation readion pathway #2:

HCOOH+M* = CO, + M%+ 2H" + 2¢ (4)
The product CO, isformed diredly thru step (4),
circumventing the M-CO poisoning step. The key feaure
informic add fuel cdlsisthe aility to preferentially
oxidizing formic add through readion pathway #2, by
seledive cdalyst modifications. Catalyst type canaid in
forcing formic add to axidizethru readion pathway #2.
We have designed a new caalyst (UIUC-B) to enhance
formic add oxidation thru readion pathway #2.

Methanol crossover isamajor limitation for
dired methanol fuel cdls. Both methanol and water are
transported aaossthe proton conducting membrane, due
to eledro asmotic drag, from the anode side to the
cahode side of the membrane dedrode asmbly (MEA).
The methanol that reaches the cahode side alsorbs onto
the cahode caalyst, blocking readion sites and lowering
the cdl potential, thereby deaeasing the overall cdl
efficiency. The phenomenon of fuel crosover is
significantly deaeased for formic add, due to anionic
repulsive forces. Formic add disociates when disolved
in water, forming an anion (HCOQ)) that isrepelled by
the anionic sulfate groups (SO, ) within the solid
polymer eledrolyte membrane. Thereby, hindering
osmotic drag of formic add throughthe membrane to the
cathode.

A standard 5cm® MEA was prepared in house.
The MEA consisted of a Pt bladk (Johnson Matthey)
cahode caalyst (7 mg/cm?), a propriety anode cadalyst
UIUC-B (4 mg/cm?), and a Nafion® 117 membrane.
Compared to dred methanol fuel cdls (on Pt-Ru
caalyst), the on-set of formic add oxidation (on the
UIUC-B caalyst) isdeaeased by approximately 0.1 V vs.
DHE. A power density of 50 mW/cm? is attained at 60°C
with formic add on the anode and O, on the cahode.
Formic add oxidation is much more dficient than
methanol in the complete mnversion to the CO, end
product. At 0.3 V vs. DHE formic add current densities
on the UIUC-B caayst are doseto 8times greder than
those for methanol on Pt-Ru catalyst. These results show

formic add as an attracive fuel for portable power
applicaions.

Overall, wefind that formic add isaviable
alternative to methanol for micropower applicdions.
Dired formic add fuel cdls show eight times higher
currents than dired methanol fuel cdls, lower fuel
crossover, and much simpler water management.



