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Summary

Proton exchange membrane fuel cells employ a polymer ion exchange membrane as the
electrolyte. Due to recent advancement in the technology, both stationary and automobile
applications are thought to give rise to a significant impact on the conventional energy
system. This article describes the background and perspective as well as the principle and
features of the technology. Also, direct methanol fuel cells are briefly covered.

1. Introduction

Proton exchange membrane fuel cells (or PEMFCs) employ polymer ion exchange
membranes as the electrolyte; among their features are a low operating temperature, and
the potential for high output-density operation owing to the fact that the contact area
between electrode catalyst and ion-exchange membrane can be made large.

Initially, such fuel cells were developed by General Electric of the US, with a view to
incorporating them in spacecraft. Thereafter, with further improvements, performance
was dramatically improved in the 1970s, most significantly because of the appearance of
a heat-resistant ion-exchange membrane by Du Pont, called Nafion. The subsequent
development has resulted, in the late 1980s, in the fuel cell stack with new membranes
manufactured by Ballard, a canadian fuel cell developer and manufacturer. The improved
characteristics encouraged the development of PEMFCs. There has also been research
performed on methods for reducing the quantity of platinum catalyst, which had been
necessary in quite large quantities. Expectations are being placed on advances in these
areas.
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Among them, Daimler-Chrysler has announced their future strategy for the fuel cell
vehicle, based on the technology by Ballard. Also, Toyota Automobile has developed fuel
cell driven cars in order to demonstrate the possibility and hurdles for its realization.

Although, there is no doubt that the introduction of fuel cell vehicles helps in increasing
the thermal efficiency in transport sectors and reducing the pollution problems in urban
cities, there are many problems such as cost, performance and infrastructure for fueling.
Apart from the vehicle applications, small scale PEMFCs, for residential use, are being
developed by several manufactures, with a view to introducing a new concept of
“personal power generation.”

Due to its features of low temperature operation and improved membrane performance, it
has become foreseeable that PEMFCs can be used as a practical power source for
automobiles. Since the automobile market will enable considerable mass production of
fuel cells, there is high expectation of reduced cost in future. Also, its environmental
adaptability (or friendliness to the environment) encouraged major car manufacturers to
develop fuel cell driven automobiles.

2. Principle of Operation

The explanation of the operation principle for PEMFCs is similar to that for PAFCs.
Electrode reactions take place upon supplying hydrogen to the fuel electrode and oxygen
to the air electrode, and thus an electric current can be obtained (see Figure 1).

At the fuel electrode, the hydrogen is converted into hydrogen ions and electrons.

Fuel electrode: H2" — 2H™ + 2¢

The hydrogen ions pass through the ion-exchange membrane to reach the opposing air
electrode. At the air electrode, the hydrogen ions combine with the electrons, which have
passed through the external load circuit and with oxygen supplied to the air electrode in a
reaction, which produces water.

Air electrode: 1/20, +2H" +2e — H,0

Apart from the electrode reactions, a key issue is that for this type proton exchange
membrane, ion conductivity will appear only when the membrane appropriately contains
water moisture.

It is therefore important to regulate the water content in the membrane by humidifying the
reactant gases being supplied. Also, because the ion conductivity depends on the
membrane thickness, it should be as thin as the constraints on strength and durability will
allow.

The operating temperature is limited by the heat resistance of the ion-exchange

membrane, though a high temperature is desirable to improve cell characteristics. At
present operating temperatures are around 100 °C.
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Figure 1. Principle of Operation of lon-exchange Membrane Fuel Cells
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