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Non-noble metal caalysts for the reduction of
oxygen in polymer eledrolyte membrane fuel cdls are a
subjed of current interest. It has been known for several
decales that N,-Metal maaocycles (like Fe porphyrins or
phthalocyanins) adsorbed on carbon and hea treged at
various temperatures are cdalysts for O, reduction in
addic medium. The best electrocatalytic adivities have
been shown to occur in the pyrolysis range comprised
between 500and 70CC. In that temperature range, it has
been proposed @ that the caalytic site is N,-Metal (Fe)
bound to the cabon suppat. This ste has been labeled:
the low temperature cdalytic site.

Another caalytic site has also been deteded at
pyrolysis temperatures = 800°C. The entire structure of
this sewnd caaytic site, aso labeled the high
temperature cdalytic site, is not yet known. However,
some information about its formation and its compasition
has been colleded. So far, it is known that:

Q) C, N, Fe a@e necessary to oltain that catalytic
site @. C s either cabon blad or adivated carbon or a
carbon preaursor as perylene tetracaboxylic dianhydride
(PTCDA). The preaursor of N is usually NH; or N-
containing moleaules (like Ny4-Fe) chelates. The
preaursor of Feis either an N4-Fe chelate, but it may also
be asalt like Fe ac¢ate.

(ii) From XPS experiments @, it is known that the
nitrogen atoms on the cabon suppat have to be of the
pyridinic type (N contributes one 1 eledron to the
conjugation and has two ather eledronsin an norbital) in
order to oltain a cdalyst.

(iii) From Time of Flight Secondary lon Mass
spedarometry (ToF IMS) @, it is also known that the
pyridinic nitrogens have to be in a structure of the
phenanthroline type, in order to be able to coordinate the
Feioninthe cdalytic site (see Fig. 1).

‘Fe

Figure 1. Part of the proposed structure for the high
temperature cdalytic site, at the alge of a graphene plane.
The complete mordination of Feis gill unknown.

When such nitrogen atoms exist on the carbon
suppart, adding Fe ions (even 50 ppm) induces caalytic
adivity. Incresing the Fe ntent increases the
concentration of the cdalytic sites until al nitrogens of
the phenanthrolinic type ae used. This happens around
0.5 wt% Fe, when Fe acdate is used as Fe preaursor and
around 2 wt% when a porphyrin like CI-FETMPP is used
as Fe preaursor. Incresing the Fe ontent further
produces Fe metal (or cabide) particles that induce
graphitization around them. These particles are
caalyticdly inadive.

ToF SMS experiments correlated with Rotating
Disk Eledrode (RDE) experiments have been performed
to oktain more information about the structure of both
cdalytic sites. These experiments have been performed
on two types of caalysts using pyrolyzed PTCDA at
900°C in Hy:NH3:Ar ambient as carbon suppart. Thefirst
type of caalysts uses Fe acé¢ate & Fe preaursor with aFe
content of 0.2 wt%. The second type of caalysts uses Cl-
FeTMPP as Fe precursor with also 0.2 wt% as Fe content.
The two Fe preaursors, which are alsorbed on pyrolyzed
PTCDA, are pyrolyzed a second time in Hy: NHs: Ar
ambient at various temperatures ranging from 500 to
1000°C in order to obtain arange of caalytic adivities.

From the mparison, at various pyrolysis
temperatures, between the relative intensities of the
FeN,C," ions obtained by ToF SMS and the ctalytic
adivity of eah cdayst determined by RDE
measurements in O, saturated H,SO, at pH = 1, the
foll owing conclusions have been obtained:

(i Two dfferent caalytic sites exist smultaneously
in both types of caaysts a al pyrolysis temperatures.
Therefore, what was previously labeled as low and high
temperature cdalytic sites exist smultaneously and not
independently at all pyrolysis temperatures.

(i) One of the cdalytic sites (labeled FeN,/C) is
charadterized by the FeN,C," family of ions and ions
coming from the fragmentation of these preaursors. They
may have their origin from what was previoudy labeled
the low temperature cdalytic site. The other catalytic site
(labeled FeN,/C) is charadterized by the FeN,C," family
of ions, with FeN,C," being the main ion in that family.
These ions may have their origin from what was
previously labeled the high temperature caalytic site,
whaose part of the structureisillustrated in Fig.1.

(iii) The occurrence of the FeN,/C caalytic site goes
through a maximum in the pyrolysis temperature range
between 700to 900°C, depending yon the Fe preaursor.
This maximum of occurrencefor FeN,/C correspondsto a
minimum of occurrence for FeN,/C and is particularly
important for catalysts made from a Fe aceate preaursor
for which the FeN,/C caalytic site may represent up to
80% of the two caalytic sites present in the material.
When the porphyrin is used as Fe preaursor, the
maximum occurrence of FeN,/C drops to about 50%.

(iv) FeN,/C caalytic sites are much more ative than
FeN,/C caalytic sites.
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