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Proton exchange membrane fuel cell (PEMFC) is an efficient electrochemical energy conversion 

device that directly generates electricity from the chemical energy of fuels without the emission of 

greenhouse gases. The most reliable catalyst in PEMFC is Platinum (Pt) metal nanoparticles (NPs) that 

exhibit excellent electrochemical activity and stability compared to other catalysts. However, using of 

Pt catalyst is limited due to its very high cost and low abundance on Earth. Therefore, it is important to 

use Pt catalyst efficiently for making the PEMFC economically viable. In this regard, several synthesis 

techniques have been developed to reduce the loading and uniform distribution of Pt NPs on carbon 

support with high electrochemically active surface area (ECSA). One of the most efficient techniques 

to uniformly deposit Pt NPs with a controllable size on carbon support is to use a fluidized bed reactor 

(FBR) atomic layer deposition (ALD). Our group recently demonstrated that FBR-ALD Pt/C catalysts 

can exhibit high fuel cell performance and high endurance even with low Pt NPs loading by optimizing 

the surface of carbon supports combined with proper ALD process parameters [1]. However, it is still 

challenging to further improve the fuel cell performance by rational designing the Pt NPs surfaces in 

order to make FBR-ALD into a viable commercial production. 

In this study, a unique way to improve the fuel cell performance was suggested to design and 

optimize atomic scale surface textures of Pt NPs. During the FBR-ALD of Pt NPs, in-situ surface 

modulation of Pt NPs was applied via a proper protective oxide deposition and etching. A careful surface 

studies was performed to analyze the surface morphology, distribution and uniformity of Pt NPs. 

Electrochemical performances were evaluated and optimized by measuring cyclic voltammetry (CV) 

and oxygen reduction reaction (ORR). 
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