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Introduction

While Proton Exchange Membrane Fuel Cells
(PEMFCs) are already entering the portable sectditlae
market of materials handling vehicles, the longnmter
economic growth of this technology remains subject
further advances in electrocatalysis and to the ofs
precious metal catalysts. Today, platinum is useloth
the anode and cathode, although in much greateumtsio
in the latter due to the slower Oxygen Reductioad®en
(ORR). Recent advances in non-precious metal cataly
for the ORR and synthesized from a transition mgtal
Co), a nitrogen and a carbon precursor are encimgrag
[1-2]. However, much remains to be done to contlest
try, especially regarding their durability.

The present work will report on one possible
degradation mechanism of non-precious metal cataigs
practical PEMFCs, namely the reaction betweg@,tand
Fe or Co ions found as active or inactive speaeste
ORR in Fe- or Co/N/C catalysts.,®, is produced in
minor quantities (1-10%) during the ORR on eith&CP
or Fe(Co)/N/C-catalysts [3]. In contrast to Pt/Ce(F
Co)/N/C are very poor electrocatalysts for theOH
electro-reduction to water, but react chemicallya atiow
rate to disproportionate J, [3]. This reaction is
however likely to result in the formation of highly
oxidizing radical species through a mechanism simntib
the Fenton reaction.

Experimental

Fe- and Co/N/C-catalysts were synthesized from
the metal salts, phenanthroline and a Zn-based |meta
organic framework in a 1/20/80 weight ratio [1]. We
impregnation, drying and planetary ballmilling were
performed, followed by a pyrolysis in Ar at 1080and
subsequent acid-washing (labeled Metal-A-AW). Bx-si
Fenton’s test involved 200 mg of catalyst and 1Q0ah
a 3 wt % HO; solution (i.e.ca 0.5 mol HO,/Qcatays). The
Fenton solution was heated at80under reflux for 24 h,
with a 25 cmi NR212 Nafiod™ membrane in it. In order
to detach fluoride species adsorbed on or trappetia
catalyst, the solution was sonicated at maximum grow
before filtration. The fluoride concentration walen
measured by an ion-selective electrode (Orion "$tar
series meter). PEMFC measurements were recorded at
80°C, 100% RH and using,tnd Q gases. The cathode
contained 4 MgaysCM.

Results

Figure 1 shows the fluoride concentrations
measured after a Fenton test on the Fe/N/C- anN/Ce/
catalysts. Significant levels of fluoride above tthaf
deionized water could be measured on the Fe/N/C-
catalyst. The Co/N/C catalyst might also result An
release, but larger amounts of@4 should be used to
detect this. These preliminary results demonstthte
production during the chemical disproportionatioh o
H,0, on Fe-A-AW of radical species, which then attacked
the membrane immersed in solution. In order to test
whether this phenomenon also occurred during PEMFC
operation, we collected the exhaust water from tkibéh
anode and cathode sides and measured the fluoride

concentration. Figure 2a shows the current density
PEMFC measured over 50 h for the Fe- and Co-based
catalysts while Fig. 2b shows the fluoride concatiins

in the collected exhaust water. Here, fluoride asée
could be detected for the Co-based catalyst. Trgela
fluoride concentration measured with the Fe-based
catalyst might explain its faster degradation.
Quantitatively, 4000 ppb [F] in the present PEMGStt
corresponds tea 1.7 pg fluor cm? hr * (0.1 L collected
water and 4.84 ctMEA surface). This is a significant
release, much higher than that observed with Reebas
catalysts especially at 100% RH [4]. Whether the
presence of radical species decreases the catalygty,
ionomer conductivity or mass transport propertiéshe
cathode is unknown at this stage. It might alsoabe
combination of these factors.
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Figure 1. Fluoride concentration measured aftertdfen
test for the Fe- and Co-based catalyst and baseline
(deionized water).
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Figure 2. a) Current density at 0.5 %&. time and b)
fluoride concentration in exhaust water after 5Qith Fe-
A-AW or Co-A-AW as cathode catalysts.

Conclusions

Large amounts of fluoride are released when Fe
or Co/N/C catalysts are placed at the cathode sfda
PEMFC. A Fenton like reaction is suspected. This
reaction must be minimized in the future, usingicad
scavengers or minimizing the,8, side product.
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