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New opportunities exist for the electrocatalysts in oxygen 
reduction reaction (ORR) in alkaline fuel cells (AFCs) in 
terms of electrocatalytic activity and material stability.  In 
alkaline electrolyte, the electrocatalytic process is more 
facile than in acidic electrolyte due to the weakening of 
the competitive adsorption by the unreactive anion (1, 2). 
Compared to acid electrolytes, a much wider range of 
electrode materials are stable in alkaline electrolyte, 
including a number of less expensive materials; therefore, 
less platinum or even some non-noble metals (3-7) can be 
considered..   
 
Recent studies have shown that platinum supported on 
metal oxide MOx (M=Ce, Ti, Mo, W, Nb, Ta) gave 
enhanced electrocatalytic activity for ORR (8-11).  
Recently, we reported high mass and surface area specific 
activity for the ORR using a 3 wt% nanoscale tantalum 
oxy-phosphate/Vulcan carbon supported Pt electrocatalyst 
(Pt/[TaOPO4/VC]) heat treated at 660 °C in a reducing 
atmosphere, when tested in 0.10 M perchloric acid 
electrolyte using the rotating disc electrode (RDE) 
methodology (12, 13).  At 0.90 V vs. RHE, 1600 rpm and 
a potential scan rate of 20 mV s-1, a mass and area-
specific activity of 0.46 A mgPt

-1 and 625 µA cmPt
-2 was 

measured for the heat treated Pt/[TaOPO4/VC] 
electrocatalyst, compared to 0.24 A mgPt

-1 and 333 µA 
cmPt

-2 for a standard Pt/VC electrocatalyst (13).  In 
contrast, a similarly prepared Pt/[TaOPO4/VC] and a 
Pt/[Ta2O5/VC] both heated treated at 200 °C in air 
showed no significant improvement over the Pt/VC 
standard.  The high ORR activity of the Pt/[TaOPO4/VC] 
electrocatalyst heat treated at 660 °C in a reducing 
atmosphere was attributed to an enrichment of the 
concentration of available protons at the Pt surface by the 
tantalum polyphosphate (13).   
 
Here we present our findings on the ORR activity and 
selectivity measured on nanoscale platinum supported on 
tantalum and niobium oxy-phosphate/Vulcan carbon 
(Pt/[TaOPO4/VC] and Pt/[NbOPO4/VC] and nanoscale 
platinum supported on tantalum and niobium 
oxide/Vulcan carbon (Pt/[Ta2O5/VC] and Pt/[Nb2O5/VC]), 
all heat treated at 660 °C in a reducing atmosphere.  Both 
niobium and tantalum oxides are used as screens and 
catalyst supports in the anodes of acidic electrolyzers and 
are significantly more stable than any transition metal or 
rare earth oxides.  The electrocatalytic evaluation is 
carried out using rotating disk electrode (RDE) 
voltammetry in 0.1 M KOH.  The ORR kinetics and Tafel 
slope are discussed, along with the ORR kinetics 
measured on a standard Pt/VC electrocatalysts. 
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Figure 1.  Mass and Area-specific activities of Pt/VC, 
Pt/[TaOPO4/VC], Pt/[Ta2O5/VC], Pt/[NbOPO4/VC] 
and Pt/[Nb2O5/VC] calculated at 0.90 V-iR corrected  
vs. RHE from ORR polarization curves measured in 
0.10 M KOH at a potential scan rate of 20 mV s-1 and 
an electrode rotation rate of 1600 rpm.  Error bars 
represent the standard deviation obtained from five 
independent measurements. 
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