AL Chemistry (C. Y. Yeung)

[image: image1.png]Hydrogen is the preferred fuel for fuel cells. It
provides adequate levels of power for
automobiles and produces no harmful
emissions.

The hydrogen gas used in fuel cells must
also be free of impurities that can "poison”
the platinum catalyst at the anode. Catalyst
poisoning can significantly affect fuel cell
performance.

Pure hydrogen is currently expensive,
requires a larger fuel tank onboard a vehicle
than gasoline, and there is no existing
infrastructure for delivering it to consumers.
These obstacles must be overcome.
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A hybrid between “Generator” & “Battery”




---- the “Fuel Cell”
The fuel cell is the device that produces electric power from hydrogen (H2(g)) and oxygen (O2(g)).  Since its discovery by William Grove in 1839, many different types of fuel cells have been invented.  The basic principles behind the technologies remain identical.
Just as in any electrochemical cell (battery), a fuel cell is made of two electrodes and an electrolyte, however, unlike batteries, the electrodes are not "consumed" over time [so it is different from a primary cell!] nor the chemicals stored inside the cell [so it is different from a secondary cell!]. 
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The fuel and oxidant are provided from an external source, and as long as they are provided to the cell, electricity will continue to flow.  A fuel cell can be seen as a hybrid between a battery (electrochemical process) and a generator (fuel fed from outside the system), and thus it is regarded as a “fuel” “cell”.

Hydrogen (fuel) and oxygen (oxidant) are needed to power a fuel cell. Hydrogen is fed to one electrode (the anode) and the oxygen to the other (the

cathode).  Both anode and cathode are placed in contact with an electrolyte that conducts ions.  For example, the following reactions occur spontaneously for a “proton-conducting type” of fuel cell: 
at the anode: 

2H2 —> 4H+ + 4e- 
at the cathode: 
O2 + 4H+ + 4e- —> 2H2O
These take part in the ionic conduction mechanism that characterizes a fuel cell. The protons travel through the electrolyte towards the cathode while the electrons move through an external electric circuit before recombining with protons and oxygen to form water.  The original fuel cell used sulphuric acid (H2SO4) as an electrolyte.  Nevertheless, because of its low boiling point, this electrolyte was found unsuitable for fuel cell applications.
An improved version, the alkaline fuel cell (AFC) has been used since the 1940s and on board of the first manned spacecraft.  The reactions occurring at the anode and cathode are the following, with operating temperatures ranging from 120°C to 250°C: 
at the anode using a nickel, or platinum/palladium catalyst: 
H2 + 2OH- —> 2H2O + 2e- 
at the cathode using a nickel oxide, silver or platinum/gold catalyst: 
O2 + 4e- + 2H2O —> 4OH-
** Cell Diagram

Ni(s) | H2(g) | 2OH- (aq) , 2H2O(l) ( O2(g) | 2H2O(l) , 4OH-(aq) | NiO(s)
In this case the electrolyte (KOH or NaOH, in general) is a hydroxide-conducting electrolyte (OH-).  The electrolyte can react with carbon dioxide to form a carbonate compound that severely decreases the performance of the fuel cell.  The electrodes are usually made of a combination of nickel with an inactive metal such as aluminum decreasing the overall cost of the system.  Metal plated magnesium or graphite composites are used for the bipolar plates, connectors that allow to build a stack by linking many fuel cells in series, so as to provide a higher cell emf.
· Reference:
http://ifci-iipc.nrc-cnrc.gc.ca/technology_fc.html
· Animations: http://static.howstuffworks.com/flash/fuel-cell-animation.swf




http://www.obitet.gazi.edu.tr/Animasyonlar/fuelcell3.swf
http://www.digitalsplashstudios.com/fuel-cell.swf
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