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Abstract

Fuel cells have high theoretical energy efficiency because they directly convert the chemical energy of a fuel
to electrical energy. In addition, they pollute less than traditional power sources, producing a little more water
as a by-product, so that they show an environmentally friendly technology. Fuel cells might be needed to con-
struct the real electrical civilization in future instead of current thermal civilization in which the fossil fuels is
used through thermal energy. There are several types of fuel cells : such as polymer electrolyte fuel cell (PEFC),
phosphoric acid fuel cell (PAFC), alkali fuel cell (AFC), molten carbonate fuel cell (MCFC), solid oxide fuel cell
(SOFC), and direct methanol fuel cell (DMFC). Although fuel cells have high theoretical efficiency, the actual
efficiency at low operating temperature is presently not so high due to the large overpotential of the oxygen re-
duction and CO oxidation reaction. On the other hand, although the overpotential of reactions comes to be low
at high operating temperature, the theoretical efficiency becomes low and the materials degradation causes a
serious problem. The significant improvement of every components (anode, cathode, electrolyte, and separator)
would be required to bring out the excellent characteristics of fuel cells, after the fundamental characteristics

were fully understood.
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Fig. 1 Energy of the water formation reaction (25 °C ).
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Table 1 Oxidation reactions of various fuels (25 °C ).

Fuel Reaction kAJ |r_r|1(;)l“ kAJ %OO“ 30 °Z
Hydrogen H,(g) + 1/20,(g) — H,0(1) -286 -237 1.23 83
Methane CH,(g) +20,(g) — CO,(g) + 2H,0(I) -890 -817 1.06 92
Carbon monoxide CO(g) + 1/20,(g) — CO,(g) -283 -257 1.33 91
Carbon C(s) + 0,(g) = CO,(g) -394 -394 1.02 100
Methanol CHZOH(I) + 3/20,(g) — COx(g) + 2H,0(I) -727 -703 1.21 97
Hydrazine NoH, (1) + 04(g8) — Nu(g) + 2H,0(1) -622 -623 1.61 100
Ammonia NHs(g) + 3/40,(g) — 3/2H,0(1) + 1/2N,(g) -383 -339 1.17 89
Di-methyl ether CH30CHy,(g) + 30,(g) — 2C0,(g) + 3H,0(1) -1460 -1390 1.20 95
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Fig. 2 Temperature dependence of theoretical
efficiency of fuel cell.
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Fig. 3 Current-voltage characteristics of fuel cell.
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Table 2 Comparison of fuel cells.

PEFC PAFC MCFC SOFC
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Theoretical .
A e ——
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. e —
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Table 3 Electrochemical energy densities for
various fuels.*

Fuel Volumetric energy  Mass energy density

density / kdml™" /kJ g™
H,(Liquid) 8.3 1176
LaNisHs 10.6 1.6
CH,OH 17.5 221
NoH, 19.9 19.7
Li 21.8 40.8
Zn 34.3 4.8

*Calculated from AG® (25 °C ) of oxidation reaction of fuels.
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