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The ORR catalyst for PEMFC needs to be improved in 

terms of catalytic activity, stability, and reduction of Pt 

loading to be viable for fuel cell vehicle applications. A 

drawback of state-of-the-art dispersed platinum 

nanoparticles on carbon is the corrosion of carbon in the 

PEMFC vehicle under operation conditions, which also 

exacerbates the agglomeration of Pt nano-particles. This 
results in a limited life of the vehicular fuel cell. 

Conductive metal oxide supported Pt-based ORR 

catalysts nanoparticles have been studied extensively and 

showed improved electrochemical stability and catalytic 

activity through d-band interaction [1,2,3].  However, 

crystalline conductive metal oxides such as NbO and 

NbO2 are not stable in the fuel cell [1]. This work uses a 

carbon-supported amorphous conductive metal oxide as 

Pt-based catalyst support for ORR in PEMFC. 

Amorphous conductive metal oxides have neither grain 

boundaries, nor the long-range atomic order to be easily 
transformed into insulating crystalline structure, i.e. 

amorphous conductive metal oxides are resistant to 

oxygen incorporation, thus preserving the structural 

stability and electric conductivity. 

 

Amorphous NbOx conductive metal oxide is magnetron 

sputtered from either Nb2O5 in Ar or Nb in a gas mixture 

of 30 vol.% of O2 in Ar onto a 5 mm diameter glassy 

carbon rod. The morphology of the obtained NbOx on 

glassy carbon is isolated amorphous island, with the value 

of x between 1 and 2 as shown in Figure 1 (a) and (b). 

When a 24Ǻ of Pt is deposited onto the formed NbOx, the 
obtained ORR results are shown in Figure 2 for ECSA 

and ORR (a) and (b). The kinetic current is about 1900 

µA/cm2-Pt, close to the ORR activity of bulk Pt. The 
temperature, vacuum level, and gas composition used to 

generate the plasma are the control parameters for making 

the amorphous conductive metal oxides. 

 

When the substrate temperature is appropriate, that is 

above 300oC but below the crystallization temperature of 

about 700oC, the Pt deposited on the amorphous 

conductive metal oxide forms a 2-D percolated Pt 

network. The obtained Pt based ORR catalyst on 

conductive amorphous metal oxide substrate exhibits 
bulk-like ORR activity.  
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Fig. 1 The isolated island morphology and distribution 
sputtered NbOx (a), SAED confirms the NbOx is 

amorphous (b) 
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Fig.2    The electrochemical surface area (ECSA) (a), the 

ORR at 1600 rpm, 0.1 M HClO3 (b). 
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