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Fuel cells are considered one of the most promising power 

sources for mobile and stationary applications due to their 

high energy conversion efficiency, low operating 

temperature, low pollutant emissions, easy fuel feed and ease 

of use. A fuel cell is a device that converts chemical energy 

directly into electricity. Among the different fuel cell types, 

the proton exchange membrane (PEM) fuel cell has shown 

great potential in mobile applications due to low operating 

temperature, solid state electrolyte and compactness. 

Carbonaceous nanomaterials have unusual dimensions and 

surface properties (eg morphological, electrical, optical and 

mechanical) that are effective in enhancing the energy 

conversion performance of fuel cells. Specifically, 

carbonaceous materials improve the electrochemical active 

surface area (ECSA) of the electrocatalyst, which provides a 

high amount of mass transfer to the electrocatalyst. Among 

these materials, the most remarkable one is the modified 

graphene (graphene oxide, reduced graphene oxide, graphene 

aerogel) structures.  

In this study, thermally reduced graphene oxide and its 

associated graphene aerogel synthesis were performed to be 

used as support material in PEM fuel cells. In the synthesis of 

Pt electrocatalyst, 1,5-dimethyl platinum cyclooctadiene 

Pt(COD)Me2 precursor was used as Pt source. Supercritical 

carbon dioxide (ScCO2) deposition technique was used in the 

catalyst synthesis [1]. It is aimed to use platinum (Pt) in the 

most efficient way with this technique.  

Graphene oxide synthesized by the Hummer method was 

used as the precursor material in the synthesis of reduced 

graphene oxide [2]. In this study, the synthesis of reduced 

graphene oxide was carried out by thermal reduction to 

graphite oxide. The specified amount of GO was placed in 

the tubular furnace and kept in argon (Ar) atmosphere at 500 

°C for 2 hours.  

Aerogels are synthesized by the reaction of resorcinol and 

formaldehyde. Sodium carbonate (Na2CO3) was used as a 

catalyst. Drying process was carried out in ScCO2 

environment after gelation and solvent exchange with 

acetone. As a result of these processes, the hydrogel structure 

has been achieved. Finally, aerogel structures were obtained 

after being kept in the pyrolysis furnace in nitrogen 

environment for 4 hours at 1000 0C [3]. Unlike carbon 

aerogel (CA) synthesis, graphene aerogel synthesis was made 

by adding T-RGO to the sol-gel solution at a certain amount 

(Figure 1). Thus, electrochemical and physicochemical 

changes in the structure of T-RGO added to aerogel will be 

examined. 
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Figure 1. Digital photographs after gelation of  (a) CA and 

(b) GA 

 

In the synthesis of Pt electrocatalyst, 1,5-dimethyl platinum 

cyclooctadiene Pt(COD)Me2 precursor was used as Pt source. 

Catalyst synthesis consists of two stages. The first stage is the 

adsorption of Pt precursor over graphene and the second 

stage is the thermal reduction of these precursors to Pt.  
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