FORSCHUNG/TECHNOLOGIE

94

Fuel Cell Technology™

Samuel Stucki*

Since fossil fuels are likely to remain the main energy supply in the near future, conservative
energy use and the application of highly efficient energy conversion processes are still the
only way to alleviate the CO-problem. It has long been recognized that « cold burning» of
fuels in an electrochemical «fuel cell» results in an energy conversion with potentially very
high efficiency. Fuel cells were first put to work with pure hydrogen as the fuel in space
technology in the 1960's. The principles of the technology were developed during that time.
The subsequent developments have focussed on terrestrial applications and on systems
compatible with the use of fossil fuels. There is a large number of possible combinations of
electrode and electrolyte materials to build a fuel cell. The five major types are discussed in
the present article. The hitherto most advanced system is the phosphoric acid fuel cell
(PAFC), which can be operated on reformed natural gas as the fuel; PAFC technology has
been demonstrated on a 4.5 MW scale. More advanced fuel cell systems operating at
temperatures above 600° C are expected to become an efficient and clean alternative to the
established thermal processes in the production of electricity from coal. Fuel cell types
operating at low temperatures are expected to play a future role in decentralized energy use,
transportation, and «hydrogen technology ».

1. Introduction tially very high efficiency. So-called fuel

It has long been recognized that «cold
burning» of fuels in an electrochemical cell
results in an energy conversion with poten-
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cells were defined by Wilhelm Ostwald at
the end of the nineteenth century: a fuel
cell is an electrochemical cell, which trans-
forms the chemical energy of a fuel and an
oxidant into electric energy, whereby the
electrode processes take place in an invari-
ant system of electrodes and electrolyte™.
The second part of this definition
distinguishes fuel cells from primary and
secondary batteries, where the electrode
materials are usually identical with the fuel
or the oxidant. Numerous attempts to
apply the theoretical ideas to a practical
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cell have been made since the turn of the
century. Most of the early attempts failed
because of materials problems, which
could not be mastered at that time, or
because they were too ambitious in that
they were trying to use «natural» fuels
such as coal, gas, or petroleum directly.

The foundations of modern fuel cell
technology were laid technically and
scientifically in the 1950’s: pioneering
work on fuel cell technology was done by
Bacon'®, the fundamentals of electro-
chemical kinetics and electrocatalysis were
established at the same time. The alkaline
cell of Bacon was the first design to use
porous gas electrodes for the synthetic fuel
hydrogen and the oxidant (oxygen or air).
The nickel electrodes, which were used as
anodes and cathodes, had fine pores on the
electrolyte side and coarse pores on the gas
side. In this way it was possible, in a pres-
surized system, to establish the three-
phase-boundary gas/liquid/solid which is
important for the attainment of high cur-
rent densities (see Section 2.3).




















