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1. Introduction: Fuel Cell
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1. Introduction: Proton Exchange Membrane Fuel Cell (PEMFC)
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Anode reaction: 2𝐻2 → 4𝐻+ + 4𝑒−; ∆Va = 0.00 V

Cathode reaction: 𝑂2+4𝐻
+ + 4𝑒− → 2𝐻2𝑂 ; ∆VC = 1.229 V

Overall reaction: 2𝐻2 + 𝑂2 → 2𝐻2𝑂 ; ∆Vo = 1.229 V

Proton Exchange Membrane Fuel Cell (PEMFC)
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1. Introduction: Proton Exchange Membrane Fuel Cell (PEMFC)

Anode reaction: 2𝐻2 → 4𝐻+ + 4𝑒−; ∆Va = 0.00 V

Cathode reaction: 𝑂2+4𝐻
+ + 4𝑒− → 2𝐻2𝑂 ; ∆VC = 1.229 V

Overall reaction: 2𝐻2 + 𝑂2 → 2𝐻2𝑂 ; ∆Vo = 1.229 V

Proton Exchange Membrane Fuel Cell (PEMFC) Over potential (𝜂) = 𝜂𝑎𝑐𝑡 + 𝜂𝑜ℎ𝑚 + 𝜂𝑐𝑜𝑛

𝜂𝑜ℎ𝑚 = 𝑖𝑅𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙
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• Excellent proton conductivity

• High electric resistivity

• Barrier to gas crossover

• Mechanically strong

• Higher chemical stability

General properties of PEM

1. Introduction: Proton Exchange Membrane (PEM)

Chemical structure of state-of-the-art Nafion® monomer
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Chemical structure of state-of-the-art Nafion® monomer

❖ Proton Transport Mechanisms

• Excellent proton conductivity

• High electric resistivity

• Barrier to gas crossover

• Mechanically strong

• Higher chemical stability

General properties of PEM

1. Introduction: Proton Exchange Membrane (PEM)
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Chemical structure of state-of-the-art Nafion® monomer

❖ Proton Transport Mechanisms

• Excellent proton conductivity

• High electric resistivity

• Barrier to gas crossover

• Mechanically strong

• Higher chemical stability

General properties of PEM

Pros:

• Excellent proton conductivity

• Good chemical stability

• Thermally stable up to 160 oC

Cons:

• Excessive swelling

• Gas permeability

• Low mechanical strength

• Expensive (~ 1000 $/m2)

Nafion® Membrane

1. Introduction: Proton Exchange Membrane (PEM)
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PTFE reinforced Nafion composite membrane:

1. Casting Nafion solution directly on porous PTFE Substrate (PTFE/Nafion)

2. Casting Nafion solution on modified-PTFE substrate (modified-PTFE/Nafion)

Polytetrafluoroethylene 
(PTFE) chemical structure

2. Experiment
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• Reduced swelling ratio
➢ Constrained by PTFE network

• Increased proton conductivity
➢ Packed-acid mechanism

• Enhanced mechanical strength
➢ PTFE support

3. Result and Discussion: General Properties
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3. Result and Discussion: PEMFC performance

Single cell PEMFC performance in (a) H2/O2 and (b) H2/air
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3. Result and Discussion: PEMFC performance and Durability

Single cell PEMFC performance at various RH Membrane durability test at constant current of 0.2 A with 
cell temperature of 90 oC and 30% RH
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• More than 57% lower swelling ratio

• Improved mechanical strength by 1.8-fold

• Improved  PEMFC performance by 52% in O2 and 35% in air

• Long term stability in harsh operating conditions of PEMFC

Compared to the state-of-the-art Nafion® membrane, modified 
PTFE/Nafion electrolyte membrane demonstrates;

4. Conclusion
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𝑉𝑁𝑒𝑟𝑛𝑠𝑡 = ∆𝑉𝑜 +
∆𝑆

𝑛𝐹
(𝑇 − 𝑇𝑜) +

𝑅𝑇

𝑛𝐹
ln(

𝑃𝐻2𝑃𝑂2
ൗ1 2

𝑃𝐻2𝑂
)

Over potential (𝜂) = 𝜂𝑎𝑐𝑡 + 𝜂𝑜ℎ𝑚 + 𝜂𝑐𝑜𝑛

Fuel Cell Potential 𝑉 = 𝑉𝑁𝑒𝑟𝑛𝑠𝑡 − 𝜂

𝜂𝑜ℎ𝑚 = 𝑖𝑅𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙

Thermodynamic potential:

∆𝑆 =  Change in entropy
𝑛 = number of electrons 
involved in the reaction

𝐹 = Faraday’s Constant

∆𝑉𝑜 = Equilibrium cell potential

𝑉𝑁𝑒𝑟𝑛𝑠𝑡 = Nernst Potential

𝑅 = Gas Constant

𝑇 = Operating Temperature

𝑃 = Partial pressure
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