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Figure  1.  Basic cathode-
electrolyte-anode con-
struction of a fuel cell.

There are many

compounds, such

as metal hydrides,

which can hold

quite large

quantities of

hydrogen in

relation to their

mass.
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 Box 1.  Electrochemistry of the Phosphoric Acid Fuel Cells (PAFCs)

At the cathode:

O2 + 4H+ + 4e– ®  2H2O (E0  = 1.23 V vs.  SHE) . (1)

At the anode:

2H2  ®   4H+ +  4e–  (E0  = 0.0 V vs.  SHE) . (2)

Accordingly, the net cell reaction in the PAFC is given as:

O2  + 2H2 ®  2H2O (Ecell = 1.23 V). (3)

Platinum and

platinum-metal

alloys are

employed in

PAFCs as

electrocatalysts

with carbon-based

electrodes.
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Box 2.  Electrochemistry of the Alkaline Fuel Cells

At the cathode:

O2 + 2H2O +  4 e– ®  4OH– (E0 = 0.4V vs.  SHE). (4)

At the anode:

2H2 + 4OH– ®  4H2O + 4 e– (E0 = –0.83V vs.  SHE). (5)

Accordingly, the net cell reaction is:

O2 + 2H2 ®   2H2O ( Ecell » 1.23 V) . (6)

Alkaline fuel cells

are the most

promising systems

for space

applications and

have been used

successfully in

Apollo and other

space missions.
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Box 3.  Electrochemistry of the Molten Carbonate Fuel Cells

At the cathode:

½ O2 + CO2 + 2e– ®  CO3
2– . (7)

At the anode:

H2 + CO3
2– ®  H2O + CO2 + 2 e– . (8)

Accordingly, the net cell reaction is given as:

H2 + ½ O2 ®  H2O (Ecell » 1.5 V ). (9)

Box 4.  Electrochemistry of the Solid-Oxide Fuel Cells

At the cathode:

O2 + 4e–  ®  2O2– . (10)

At the anode:

2H2 + 2 O2– ®  2H2O + 4 e– (hydrogen) (11)

 or,

 ½CH4 +  2O2– ®   H2O + ½ CO2 + 4e– (methane). (12)

Accordingly, the net cell reactions are given as:

O2+2 H2 ®  2 H2O (Ecell » 1.1 V)  (hydrogen) (13)

or,

O2 + ½ CH4 ®  H2O + ½ CO2 (Ecell » 1.5 V )  (methane). (14)
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Box 5.  Electrochemistry of the Polymer-Electrolyte Fuel Cells

At the cathode:

O2 + 4H+ + 4e– ® 2H2O        (E0 = 1.23 V vs.  SHE ). (15)

At the anode:

2H2 ®  4H+ + 4e– (E0 = 0.0 V vs.  SHE ). (16)

Accordingly, the net cell reaction is given as:

O2+ 2H2 ® 2H2O (Ecell » 1.23 V). (17)

Polymer

electrolytes have

excellent oxygen

solubility and

diffusivity

characteristics and

are therefore

expected to yield

very good

performance.
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Table 1.  Efficiencies and
envisaged applications of
various fuel cell systems.

PAFC PEFC MCFC SOFC AFC DMFC

Electrical System Efficiency (%) 36-45 32-40 43-55 43-55 26-31 ~ 40

Some Applications#    Cogeneration 2 1 3 4 - -

Utility Power 3 - 2 1 - -

Distributed Power 3 4 2 1 - -

Utility Repowering 3 - 2 1 - -

Passenger Vehicles - 3 - - 1 2

Heavy Duty Vehicles 2 4 - 1 - 3

Portable Power - 2 - - - 1

Speciality Power - 3 - - 1 2

#The degree of priority is 4 > 3>2>1.

Electrochemical

supercapacitors

(ECs) or

ultracapacitors are

unique devices

exhibiting 20-200

times larger

capacitance than a

conventional

capacitor.
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Box 6.  Electrochemistry of the Solid-Polymer Electrolyte Direct Methanol Fuel Cells

At the cathode:

3/2 O2 + 6 H+ + 6 e– ®  3 H2O                                  (E0 = 1.23 V vs.  SHE).                                (18)

At the anode:

CH3OH + H2O ®  CO2 + 6 H+ + 6 e–                                   (E0 = 0.02 V vs.  SHE) .                               (19)

Accordingly, the net cell reaction is given as:

3/2 O2 + CH3OH ®  CO2 + 2 H2O                           (Ecell » 1.21 V) .                                           (20)
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Gel electrolytes

hold the promise of

combining the

advantage of solid-

polymer

electrolytes with

the increased

voltage of non-

aqueous systems.
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Figure 2.  A comparison be-
tween charge-discharge
characteristics of a battery
and a supercapacitor.
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