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Oxygen reduction reaction (ORR) is a cathode reaction in Polymer Electrolyte Fuel Cell (PEFC). It
is usually promoted by platinum based catalysts; however, the amount of platinum catalyst
required for cathode is greater compared to that required for anode. This is recognized as an issue
for commercialization of PEFC due to a high cost of platinum. Carbon cathode catalysts attract
attentions to solve the above issue. We have developed carbon alloy catalysts, nanoshell-
containing carbons (NSCCs) and the doped carbons simultaneously with nitrogen and boron. The
study of NSCC convinced us an importance of carbon structure in promoting ORR. The surface
of the NS with higher ORR activity was found to have rough surfaces formed by corrugated
graphitic layers, which made us to postulate the corrugated graphitic layer is responsible for ORR
activity. This idea is supported by the carbons with similar surface structures prepared from nano
diamonds. We claim that two factors are
important for enhancing the activity of carbon
alloy catalysts in the ORR: the formation of a
nanoshell structure (including corrugated
graphitic layer) and doping with hetero atoms
such as boron and nitrogen. Herein, we
introduce some strategy toward enhancing
the activity and discuss about the findings for
active sites formed in carbon alloy catalysts.
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Figure 1. Carbon alloy catalyst for polymer
electrolyte fuel cell.
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Figure 2.
model of nanoshell carbon.
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Figure 3. A correlation between the degree
of nanoshell structure development in NSCCs
(fnap) and ORR activities (E,, ), including the
effect of nitrogen doping on the activity.
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Figure 4. A structural image of the surface of
NSCC.
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Figure 5. TEM images of onion like carbons
prepared at several heat-treatment
temperatures. ND indicates a pristine nano
diamond sample. ND1400, ND1600 and
ND2000 indicate the onion like carbons
obtained by the heat treatment at 1400, 1600
and 2000 °C, respectively.
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Figure 6. ORR voltammograms of onion like
carbons in an O2 saturated 0.5 mol L' H2SO4
aqueous solution.
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Figure 7. A molecular structure model of
BN doped carbon.
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Figure 8. XPS spectra of the (a) N 1s and (b) B
1s regions of BN-NSCC.
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Figure 9. The results of electrochemical measurements for BN-NSCC (red lines) and NSCC (black
lines): (a) ORR voltammograms of potential vs. calculated kinetic current density i obtained in Oz
saturated 0.5 mol L' H2SO4 aqueous solution. (b) The dependence of the number of participating
electrons, n, on the catalyst loading. (c) Linar-sweep voltammograms for NSCC and BN-NSCC in

aqueous H20:. (d) Tafel plots derived from i.
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Figure 10. LSV curves of the Fe-Cu carbon alloy
catalyst in an O2 saturated 0.5 mol L' H2SO4
aqueous solution at a scan rate of 1 mV s™' using
RHE as a reference electrode.
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