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Operating a protomxchange membran®EM) fuel
cell with deadenced amode may lead to local fuel
starvation due tahe excessiveaccumulation of liquid
water and possibly nitrogen and oxygen (because of
membrane crossoveih the anode compartmenidigh
concentrations of these speciesentail a dilution of
hydrogenandbr a diffusion barrieleading tothe fuel cell
performancedecrease Such fuel-starvation events may
remain undetectebut couldlead to significant rise of the
anode (andhus cathode) potentials and accelecatdon
corrosion and catalyst degradatiowhich can be
particularly damaging to the cell performance3|1

By monitoring simultaneously the local potersial
and current denséts during operatin, we canassess the
impact of eventssuch aslocal fuel starvationduring
steadystate and transient operatiomodes (including
deadenced mode, startp and shutdown)We present
experimental reswdtobtained with a2D segmented cell
(Fig. 1) with reference electrodes along the (parallel) gas
channels used to record local anode and cathode
potentials. Apart from the reference electrodessttell is
similar to that described in [4]: active area ofrfh by 30
cm, 5 parallel channels, and 20 segments along the
cathodechannel lengthThe segmemstare numbered from
1 to 20 in the direction of the air flow: segment=air
inlet/H, outlet (Fig.2). The reference electrodes are
suppliedwith hydrogen through an independent channel
on the anode side arate electrically isolated from the
anode flow-field plate. To complenent the electrical
measurementsand evalate carbon corrosion CO,
emissions were measureat the anode andcathode
exhaust

The membraneelectrode assembliesMEAS) were
fabricatedby lon Power Inc. In the example shown in
Figures1 and 2, the MEA consisted of &5 pum thick
multilayer membrangXL by DuPont") and 210 pm
thick SGL Carbon24BC gas diffusion layeiGDL) with a
micro-porous layer(MPL) on both anode and cathode
The catalyst layersonsisted of Pt supported on Vulcan
XC72 carbon with anode/cathode Pt loadingf
0.080.2 mge/cm?2

The fuel cell was operatedt a constant (averade
current densityn deadend mode. In the example shown
in Fig. 2 the operationtime betweentwo successi
hydrogen purges wa4600s (greaterthan in realuse
conditiong. In the segments located close to the anode
outlet,the anode and cathode potentials started to2tse
to 40 second after the H, outlet was closed After
300secondsthe anode potentiah segment #2ose from
0 V to 0.2 Vwhile the cathode potentiedse from 0.73 V
to 0.92V. Simultaneouslythe fuel cell voltage decreased

only from 0.73 to 0.72 VDuring this test, the highest
anode potential was 0.6 V anihe highestcathode
potential was 1.24 Vsegment #3at 1600 3. Local
cathode potentials inhé upstream portion of the cell
(segments #9 throug20) were closethe cell potential
throughout the cell operation

Aging protocols consisting of repeated deadd
operation sequencesere also performed to assess the
impact of hydroge starvation on thdocal fuel cell
performance. We observed raniform ECSA losses and
performance degradati@along the cell area. The damage
wasmore pronounced in the regions suffering litvegest
from fuel starvation: i.e. close toehexit of the anode
compartment.
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Figure 1. Anode flowfield plate(not segmentedgndthe
MEA of the segmentegtathode PEM fuel cd with
reference electrodes along the gas channels.
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Figure 2. Time evolution ofthe anode and cathodiecal
potentials along the gas channel between two successive
purges of the hydrogen compartment. The hydrogen outlet
remained closed during 1600Esachpurgelasted 1 s.
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