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Abstract :- This Paper also give the Various range parameter of temperature of using fuel cell and including current voltage power 

characteristic  , uniformity of cell unit voltage, Gas, pressure impact and air flux impact operating temperature of fuel cell has been 

change in anode and cathode side. This paper also give the experimental approach of the fuel cell.  

           The effects of different operating parameters on the performance of proton exchange membrane (PEM) fuel cell have been 

studied experimentally using pure hydrogen on the anode side and air on the cathode side.  
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Introduction : - Proton exchange membrane (PEM) fuel cells have been widely recognized as the most 

promising candidates for future power generating devices in the automotive, distributed power generation and 

portable electronic applications. The proton exchange membrane fuel cell (PEMFC) is of great interest in 

energy research field because of its potential application for direct conversion of chemical energy into electrical 

energy with high efficiency, high power density, low pollution and low operating temperature . 

Proton exchange membrane fuel cell Reactions 

A stream of hydrogen is delivered to the anode side of the membrane electrode assembly (MEA). At the anode 

side it is catalytically split into protons and electrons. This oxidation half-cell reaction or Hydrogen Oxidation 

Reaction (HOR) is represented by: 

At the Anode: 

 

SHE  

 

The newly formed protons permeate through the polymer electrolyte membrane to the cathode side. The 

electrons travel along an external load circuit to the cathode side of the MEA, thus creating the current output of 

http://www.ijergs.org/
http://en.wikipedia.org/wiki/Anode
http://en.wikipedia.org/wiki/Membrane_electrode_assembly
http://en.wikipedia.org/wiki/Catalysis
http://en.wikipedia.org/wiki/Proton
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Redox
http://en.wikipedia.org/wiki/Standard_hydrogen_electrode
http://en.wikipedia.org/wiki/Electrical_network
http://en.wikipedia.org/wiki/Cathode
http://en.wikipedia.org/wiki/Current_(electricity)


International Journal of Engineering Research and General Science Volume 2, Issue 6, October-November, 2014                                                                                   
ISSN 2091-2730 

 

115                                                                                                   www.ijergs.org  
 

the fuel cell. Meanwhile, a stream of oxygen is delivered to the cathode side of the MEA. At the cathode side 

oxygen molecules react with the protons permeating through the polymer electrolyte membrane and the 

electrons arriving through the external circuit to form water molecules. This reduction half-cell reaction or 

oxygen reduction reaction (ORR) is represented by: 

At the cathode: 

 

SHE  

 

Overall reaction: 

 

SHE  

 

The reversible reaction is expressed in the equation and shows the reincorporation of the hydrogen protons and 

electrons together with the oxygen molecule and the formation of one water molecule. 

Polymer electrolyte membrane 

To function, the membrane must conduct hydrogen ions (protons) but not electrons as this would in effect 

"short circuit" the fuel cell. The membrane must also not allow either gas to pass to the other side of the cell, a 

problem known as gas crossover. Finally, the membrane must be resistant to the reducing environment at the 

cathode as well as the harsh oxidative environment at the anode. 

Splitting of the hydrogen molecule is relatively easy by using a platinum catalyst. Unfortunately however, 

splitting the oxygen molecule is more difficult, and this causes significant electric losses. An appropriate 

catalyst material for this process has not been discovered, and platinum is the best option. One promising 

catalyst that uses far less expensive materials—iron, nitrogen, and carbon—has long been known to promote the 

necessary reactions, but at rates that are far too slow to be practical. Recently, a Canadian research institute has 

dramatically increased the performance of this type of iron-based catalyst. Their material produces 99 amperes 

per cubic centimeter at 0.8 volts, a key measurement of catalytic activity. That is 35 times better than the best 

no precious metal catalyst so far, and close to the Department of Energy's goal for fuel-cell catalysts: 130 

A/cm
3
. It also matches the performance of typical platinum catalysts. The only problem at the moment is its 

durability because after only 100 hours of testing the reaction rate dropped to half. Another significant source of 
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losses is the resistance of the membrane to proton flow, which is minimized by making it as thin as possible, on 

the order of 50 µm. 

Fuel cell applications  

1 Transportation  

2 Distributed power generation  

2.1 Grid-connect applications 

2.2 Non-grid connect applications 

3 Residential Power. 

4 Portable Power 

4.1 Direct methanol fuel cells for portable power  

 

Fuel cell systems operate without pollution when run on pure hydrogen, the only by-products being pure water 

and heat. When run on hydrogen-rich reformate gas mixtures, some harmful emissions result although they are 

less than those emitted by an internal combustion engine using conventional fossil fuels. To be fair, internal 

combustion engines that combust lean mixtures of hydrogen and air also result in extremely low pollution levels 

that derive mainly from the incidental burning of lubricating oil.  

 

A PEM fuel cell is an electrochemical cell that is fed hydrogen, which is oxidized at the anode, and oxygen that 

is reduced at the cathode. The protons released during the oxidation of hydrogen are conducted through the 

proton exchange membrane to the cathode. Since the membrane is not electrically conductive, the electrons 

released from the hydrogen travel along the electrical detour provided and an electrical current is generated. 

These reactions and pathways are shown schematically in Fig..1 
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Fig.1. 

 

Experimental setup- Experimental setup are the combination of two major plates such as , anode plates and 

cathode plates , which has been well design and construction with using parameter. A single unit cell with 

active surface aria of 7.4 x 7.4 c.m. was used for experiment in this study. The membrane electrode assembly 

(MEA) consists of a Nafion  in combination with platinum loadings of 0:4 mg/cm
2 

per electrode. The gas 

diffusion layers are made of carbon fiber cloth. The MEA positioned between two graphite plates is pressed 

between two gold-plated copper plates. The graphite plates are grooved with serpentine gas channels.  In the 

test station, reactant gases are humidified by passing through external water tanks. Regulating the water 

temperature controls the humidification of the reactant gases.  

 

 

Experimental procedure 

The procedure for each experiment is as follows: 

1. Power on the Fuel Cell Test Station and open the valves of the gas cylinders of hydrogen, oxygen. 

2. Before starting experiments, purge the anode side with hydrogen to ensure no oxygen is present. 

3. Set the experimental parameters of mass flow rate of the gas cylinders of hydrogen, oxygen. 
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4. Set the maximum voltage, minimum voltage and voltage increment step of the fuel cell polarization data by 

A meter and voltmeter 

5. Set the delay between every two voltage and current data points 

 

 

Fig.2. Control pane 

 

 

Fig.3. Pressure gauge 
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Fig.4. Connection pipe 

 

Fig.5. Experimental zone 

Result and discussion- 

Effect of the humidification in plates 

When the anode humidification temperature is at 40◦C, the current density of the fuel cell is the lowest at a 

given voltage. graph shows that the linear portion of the polarization curve for different anode humidification 

temperatures are almost parallel to each other, which indicates that the electrical resistance of the fuel cell 

causing the ohmic losses does not vary significantly.  

 

At low current densities, the lower the anode humidi1cation temperature, the lower the cell voltage. This 

phenomenon could be explained by the decrease of the active catalyst surface area caused by lack of water in 

the catalyst layers. When the anode is dry, the water transfer through the membrane from the cathode side to the 
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anode side due to back-diffusion is dominant. This is even more pronounced at low current densities, when 

water transfer due to electro-osmosis is low.  

 

The result of the combined effect is water de1ciency in the cathode catalyst layer. At higher current densities, 

the cell voltages at different anode humidification temperatures come closer. This, again, could be explained by 

hydration of the catalyst layer. At high current densities, water generation rate is high and water transfer due to 

electro-osmosis is high. Thus the cathode catalyst layer is better hydrated even though the anode humidification 

is low 

 

Table .1.humidification temperature , hydrogen flow rates are 1.0  M
3
/Min. and Oxygen flow rates 2.0 

M
3
/Min. 

 

 

 

 

 

 

 

 

 

 

 

 

Sr. No. Current 

density 

(A/cm
2
) 

Voltage at 

humidification 

temperature 

40 Degree C 

Voltage at 

humidification 

temperature 

50 Degree C 

Voltage at 

humidification 

temperature 

60 Degree C 

1 0.2 0.91 0.92 0.96 

2 0.4 0.79 0.81 0.85 

3 0.6 0.72 0.75 0.77 

4 0.8 0.70 0.72 0.73 

5 1.0 0.68 0.70 0.71 
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Fig.6. 

 

Table .2.humidification temperature , cathode sides and and hydrogen flow rates are 2.0 M
3
/Min. and 

Oxygen flow rates 4.0 M
3
/Min. 
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Sr. No. Current 

density 

(A/cm
2
) 

Voltage at 

humidification 

temperature 

40 Degree C 

Voltage at 

humidification 

temperature 

50 Degree C 

Voltage at 

humidification 

temperature 

60 Degree C 

1 0.2 1.11 1.13 1.20 

2 0.4 0.96 0.98 0.99 

3 0.6 0.94 0.95 0.96 

4 0.8 0.92 0.93 0.94 

5 1.0 0.90 0.91 0.92 
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Fig.7. 

 

Table .3.humidification temperature, hydrogen flow rates are 3.0 M
3
/Min.and Oxygen flow rates 6.0 

M
3
/Min. 
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temperature 
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Voltage at 
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50 Degree C 

Voltage at 

humidification 

temperature 

60 Degree C 

1 0.2 1.08 1.12 1.14 

2 0.4 0.99 1.08 1.09 

3 0.6 1.02 1.04 1.05 

4 0.8 0.96 0.97 0.98 

5 1.0 0.82 0.90 0.93 
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Fig.8. 

Conclusion 

1. The anode humidification temperature has considerable effects on fuel cell performances. In the low current 

density region, the lower the degree of humidification, the lower the fuel cell performances. At high current 

densities, the effect of anode humidi1cation temperature is not significant. 

 

2. The cathode humidification temperature has no significant effects on fuel cell performances, especially at 

high current densities. 
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