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Power generation with pdymer eledrolyte
membrane fuel cdls (PEMFC), particularly those
designed for domestic and transportation applications,
will likely operate on hydrogen reformed from
hydrocarbons.  The primary sources of H, can be
methane (from natural gas), gasoline or diesel fuel.
Unfortunately, the reforming process generates
impuriti es that may negatively affed FC performance
The dfeds of CO impurity have recaéved most of the
attention. However, there ae other impurities that also
may be detrimental to FC operation. Here we present
the dfeds of ammonia, hydrogen sulfide, methane and
ethylene.

Two structural domains of the membrane and
eledrode sssembly (MEA) are usualy affeded by the
presence of a harmful impurity. First, the impurity may
deaeese the ionic conductivity in the cdalyst layer or
in the buk membrane. Semnd, the impurity may
chemisorb onto the anode cdalyst surface suppressng
the caayst adivity for H, oxidation. Catalyst
poisoning by CO is the best known example of this
kind of effed.

Fuel reforming processes [1] generaly involve the
readion o a fuel source with air. The simultaneous
presence of N, and H, may generate NH, in
concentrations of 30 to 90 ppm [1]. The effed of NH;
on performance depends on the impurity concentration
and the time of anode exposure [2]. Higher
concentrations result in more rapid performance
deaeases. If the cdl is exposed to anmonia for about
1 hour and then returned to rea H,, it will recover its
origina performance very slowly (abou 12 frs). This
behavior is quite different from that of CO, which can
be quickly purged from the anode with pure H,,
resulting in complete performance restoration within a
few minutes. Longer exposure times (e.g. >15 hrs) to
ammonia result in severe and irreversible losses in
performance. It seams that replacement of H' ions by
NH," ions, first within the anode caalyst layer and then
in the membrane, is the primary reason for cdl current
losses.

H,S aso adversely affeds FC performance
Figure 1 depicts the aurrent density changes in a FC
exposed to both 1 and 3 pom H,S while operating at a
constant voltage of 0.5 V. As expeded, the greaer the
contamination level the faster the airrent density drops.
Eventually in eah cese the cdl becmes totaly
disabled. The effed H,S appeas to be amulative,
because even sub-ppm H.,S levels will deaease the FC
performance if the exposure is long enough We have
recorded slow current droppings to about 20% of the
initial value dter exposure to concentrations of H,S of
200 parts per billion (10°) for 650 tours. Exposure to
higher concentrations of H,S may bring catastrophic
consequences. We have exposed cdl anodes to H,S
burps of the order of 8 ppm, and observed that the
current at 0.5 V dropped from 1.1 to 0.3 A cm? in just

few minutes.
Figure 2 shows the effect of H,S on cdl
poarization. Curves b and c in this figure were

recorded after 4 and 21 hous of exposure to 1 ppm
H.,S, respedively, while keguing the cdl at a cnstant
voltage of 0.5 V. Regardless impurity concentration
and running time, repladng the cntaminated fuel
strean with pue H, does not allow any recovery as
observed with CO poaisoning. Cyclic voltammmetry
(CV) indicates that H,S chemisorbs very strongly orto
Pt caalyst surface ad high vdtages are required for
full cleansing d the H,S—poisoned adive sites. After
full anode paisoning with H,S (curve c), the dedrode
was subjeded to CV (up to 14 V) and then the
polarizaion curve d (with ned H,) was recorded. The
complete cdl performance recovery is apparent from
thiscurve. A more extended discusson onH,S caalyst
poisoning and cleaning will be presented.

We dso tested methane (0.5 % by vol.) and
ethylene (50 ppm) as potential fuel impurities and we
found no effeds on performance
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Figure 1. Effed of 1 and 3 ppn H,S on anode FC
performance @ 0.5 V and 80 «C. Cell size 5 cm’.
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Figure 2. Effed of 1 ppm H,S on FC performance dter
4 hous (b) and 21 hows (c) of expaosure. Curve (d)
recorded after eledrochemicd cleaning the H,S
poisoned anode. Curve (a) recorded with nea H,.
(Same cdl asabove & 80 «C).



