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Metal-Nitrogen-Carbon (MNC) based catalysts show
superior activity and stability for oxygen reduction
(ORR). Among the transition metals used in MNC
catalysts, iron yields the highest ORR activity. These
catalysts are synthesized by pyrolyzing iron in the form of
iron acetate, melamine as a nitrogen precursor, and a
carbon (Ketjenblack® 600JD) in a closed ampoule [1].
Excess iron that is unreacted during synthesis needs to be
removed to avoid contamination of the fuel cell
electrolyte. This is accomplished by leaching, a process
that involves dispersing the synthesized catalyst with 0.5
M sulfuric acid at 80°C for five hours. However, this
leaves an uncertain amount of iron in the catalyst after the
leaching process. To understand the ORR mechanism on
MNC catalysts it is important to know the exact quantity
of iron in the catalyst, because this allows for an
understanding of active sites that lead to high activity.

The present study, iron loading in MNC catalysts was
varied from 1.15 wt. % to 4.6 wt. % and unreacted iron
was leached from the catalysts. A quantitative estimation
of Fe*" in the leached solution was performed using UV-
VIS spectroscopy with 1, 10 phenanthroline penev [2].
Iron content in the catalyst was calculated based on the
concentration of Fe*" in the leached solution as compared
to the nominal amount of added during synthesis

The amount of iron that was leached from the catalysts
with greater weight percent iron increased between the
1.15 wt. % iron and the 4.6 wt. % iron. However, the
amount of iron was leached at high iron loadings was
small, and did not increase proportionally with nominal
iron loading (Fig.1).

In order to understand the contribution of iron in MNC
catalyst on ORR, MNC catalyst comprising 4.6 wt. % iron
was leached with hot aqua regia for 24 h to remove the
entire iron from MNC. The ORR performance of resulting
catalyst was carried out in oxygen saturated 0.5 M H,SO,
and compared with un-leached MNC catalyst (Fig. 2). In
addition, ORR performance of MNC prepared without
iron also included. These results clearly indicate that iron
participating as one of the components of MNC’s active
site.
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Figure 1. Estimation of iron in the leached solution
of MNC catalysts using UV-VIS spectroscopy at
room temperature.
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Figure 2. ORR performance for various MNC
based catalysts in oxygen saturated 0.5M H,SO,
scan rate: 5 mV/s, rotation rate: 1200 rpm at
room temperature.



