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by Balázs B. Berkes

Platinum and its alloys are predominantly 
used as electrocatalysts in fuel cells 
for both the hydrogen oxidation and 

the oxygen reduction reactions (ORR). 
However, in fuel cells containing phosphoric 
acid (either as the electrolyte or the dopant 
for the polymer electrolyte membrane – 
PAFCs or PBI/PAFCs1), phosphate anion 
adsorbs on platinum surfaces2 and hinders 
the rate of the oxygen reduction reaction, thus 
contributing to significant overpotenetial 
even though the temperatures of PAFCs 
are larger than that of PEMFCs. This study 
examines a N4-chelated non-precious metal 
catalyst (NPMC)3 which is less sensitive to 
phosphoric acid poisoning and estimates its 
activity at elevated temperatures and will 
compare with Pt/C electrocatalyst under 
normal PEM conditions.

The rotating disk electrode configuration 
was employed for this study of high surface 
area electrocatalyst.4,5 We examined a 
commercial Pt/C catalyst and an iron(III) 
tetramethoxyphenyl porphyrin chloride 
supported on carbon (FeTMPPCl/C) that 
was prepared at Case Western Reserve 
University (CWRU). The catalysts were 
attached to the smoothly polished glassy-
carbon electrode surface in the form of 
a suspension with Nafion® and a film of 
Nafion® was deposited onto the surface. The 
cell potentials were calibrated to the RHE 
as determined by hydrogen evolution under 
operating conditions, and ohmic corrections 
were made using impendence measurements 
at each temperature.

Catalytic activities were compared based 
on measured currents of polarization curves 
in the so called region of kinetic control 
(Fig. 1). For Pt/C catalyst, a potential of 
0.875 V was selected, which is close to the 
usual value of 0.9 V where the influences 
of mass transport are negligible.6 In case 
of the NPMC catalyst, a potential of 0.7 V 
was used in the range of measurable kinetic 
currents. Temperature dependence of O2 
solubility on 1st order kinetics was taken into 
account in estimating the activation energy 
by Arrheinus-plots (Fig. 2.)

We found that the activation energy of 
ORR in the case of the NPMC is smaller 
than that on Pt/C. We will continue to 
analyze this data in more detail to estimate 
NMPC activity at 200 °C in phosphoric acid 
electrolyte and then compare with Pt/C at 
80 °C in perchloric acid electrolyte which 
simulates PEM electrolytes such as Nafion®.

Fig. 1. RDE data for the oxygen reduction reaction at two types of catalysts in 0.1 M HClO4 . All the 
potentials (ET) are temperature-corrected (to 25°C). The kinetic current densities are normalized to mass 
per surface area of the examined catalyst and to the oxygen concentration at the given temperature.

Fig. 2. Arrhenius-plots of corrected kinetic currents from RDE data. Currents are normalized to mass of 
the catalyst and to the solubility of oxygen. The temperature values were measured within the cell.
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