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Rechargeble PEM FC using cyclohexane and 2-propanol as fuels.

Nobuko Kariya, Atsushi Fukuoka, Masaru Ichikawa
Catalyst Research Center, Hokkaido University, Hrein Energy Inc.

The direct methanol fuel cell systems have already proved to be feasible for portable
applications. However, there are still some drawbacks in the direct methanol fuel cells such as
low electrocatalytic activity of the anodes, CO poisoning on Pt-based anode catalysts, and
permeation of methanol through the PEM. To overcome these problems, we applied cyclic
hydrocarbons (such as cyclohexane, methylcyclohexane, and tetralin) and secondary alcohols
(such as 2-propanol and 2-butanol) to the direct PEM fuel cell (D-PEMFC) system. The
dehydrogenation and hydrogenation of cyclic hydrocarbons is reversible and the fuels are
regenerative and recyclable, thus the ‘rechargeable’ D-PEMFC is available by combination
with electrolysis of H2O and electrochemical hydrogenation of hydrocarbons. Based on this
background, we applied cyclic hydrocarbons and secondary alcohols to D-PEMFC, and
observed the polarization curves of the electro-oxidation of cyclic hydrocarbons. High
performance of the PEM fuel cell was achieved by using 2-propanol and 2-butanol as fuels with
zero- CO2 emission and lower-crossover through PEM than with a methanol-based fuel cell.
The performance of cyclohexanewas lower than those of alcohols, but the crossover of
cyclohexane was significantly small, presumably due to the hydrophobicity of cyclohexane. The
electro-reduction of acetone and water electrolysis mediated by the PEM was carried out at 80

°C. Using Pt/C, PtRu/C and Pt black catalysts, 1 — 3 % of conversions of acetone were observed.

Keywords: Hydrogen production, Spray pulse reactor, Organic hydrogen reservoir
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Hy ()
H, +1/20, > H,0 10000 3504 -241.83 1185
Liquid H, tank 511 1831
70 M Pa compressed tank 11.30 -
Cyclohexane
CeHyp + 3120, > CaHe + 3H,0 719 2774 -51958 1.015
Cyclohexene B
CeHyo + O, > CeHg + 2H,0 419 1975 -39537 1.125
Methylcyclohexane
CHy, +3/20, > C;Hg + 3H,0 6.16 2350 -52068 1.021
Isopropyl alcohol }
C3HeO + 1/20, > CiH{O + H,0 335 1306 -186.53 1.077
CH;OH
CH,0 +3/20, > CO, + 2H,0 1258 2469 -67556 1.190
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