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Introduction 
 

Recent studies have revealed that apart from extremely high 

electrical conductivity, graphene also possesses quite 

impressive proton conductivity that makes it suitable to be 

used in Polymer Electrolyte Fuel Cells (PEFCs). In the 

present study, the author explored the possibility to introduce 

graphene in PEFCs with two ideas for solving the problems 

associated with fuel cells. 

           First, the author introduces monolayer graphene as 

reinforcement on a very thin layer of 

sulfonated tetrafluoroethylene (Nafion®) as a substrate. 

Monolayer graphene in the MEA is intended to act as filter to 

ensure only protons pass through it. This idea gives 

possibility to make a much thinner membrane which will 

have Nafion® layer only for electron insulation and the proton 

conduction as well as gas blockage is achieved by graphene 

monolayer.  

         Second, the author introduces idea of using graphene 

nano platelets (GNPs) as a support material for platinum 

instead of conventional carbon black. Conventionally 

platinum nanoparticles supported on carbon support is mixed 

with solvents involving water, alcohol and Nafion® ionomer 

to make catalyst layer. The catalyst layer must act as electro 

catalyst as well as medium for species transport. The 

movement of electrons within the catalyst layer takes place 

through the carbon support and that of protons takes place 

through the ionomer. But the presence of ionomer also 

reduces gas concentration at platinum surface by increasing 

the oxygen transport resistance. At cathode, oxygen must 

diffuse through the ionomer layer to come in contact with 

platinum surface for oxygen reduction reaction to occur. In 

presence of ionomer, the oxygen gas concentration available 

at platinum surface is significantly low as compared to the 

gas phase oxygen concentration in cathode catalyst layer. 

Therefore, an ionomer free catalyst layer can be visualized to 

have significantly low oxygen transport resistance and much 

better platinum utilization. The author tried to fabricate a 

GNP based catalyst layer that may not require Nafion® 

ionomer for proton transport. Monolayer GNP being 

conductive to movement of protons as well as electron may 

act as a transportation medium for both, eliminating the need 

of Nafion® ionomer except for being a binder in catalyst 

layer. 

 
Outline of Experiments 
 

For the first idea, graphene was required to be transferred on 

the thin Nafion® substrate to make the reinforced membrane. 

Graphene is produced by chemical vapor deposition (CVD)  

on single crystals of metals (like Ni, Cu etc.). Monolayer 

graphene on Cu (1-inch x 1-inch) obtained from Graphenea 

was attached with Nafion® film and sandwiched between 

teflon sheets. This assembly was then placed between two 

silicone sheets and hot pressed. Copper was dissolved by 

putting it in copper etchant CE-100. Proton conductivity of 

graphene reinforced membrane was measured using two 

electrode method. Membrane electrode assembly prepared 

using reinforced membrane was mounted on single fuel cell 

and tested for electrochemical performance. Gas crossover 

was measured with perforated membranes and performance 

was compared with and without graphene reinforcement.  

           For the second idea (GNP based catalyst layer), 

platinum particles were uniformly distributed on the GNP 

using chemical deposition technique. Catalyst ink was 

prepared by mixing Pt loaded GNP with Nafion® solution, 

propanol and water. MEA prepared using this ink was 

mounted on single fuel cell and tested for electrochemical 

performance. 

 

Results and Discussions 
 

Proton conductivity of reinforced membrane is reduced but 

found sufficient to be used in PEM fuel cells (Fig. 1). 

Graphene reinforcement acts as a sieve that significantly 

reduces gas crossover (Fig. 2). Cell performance was found to 

be approaching equivalent to conventional membrane at high 

humidity (Fig. 3).  

 

 
Fig. 1 Proton conductivity 

 

For the second idea, performance of GNP based catalyst layer 

has been found to be comparable with the conventional 

catalyst layer. The performance has been found to improve 

with reducing ionomer/carbon ratio (IC ratio) as shown in 

Fig. 4). Proton conductivity of graphene played an important 

role in the better performance of GNP based catalyst layer. 
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Fig. 2 Reduced gas crossover with reinforced membrane 

 

 

 
Fig. 3 Cell performance with reinforced membrane 

 

 

 
Fig. 4 GNP based CL with change in IC ratio 

 

 

Conclusion 
 

Graphene has been found to be effective for improving 

performance of PEM fuel cells. Graphene based 

membranes offer various exciting possibilities for solving 

water transport and fuel crossover related problems. 

Catalyst layer made up of GNP is expected to improve 

platinum utilisation in PEM fuel cells.  
 

 

 

 

 



 


