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INTRODUCTION
Component durabili ty remains, in most c ases , a prohibitive barrier to widespread
commercialization of stationa ry and automotive PEMFC systems . Aspects of this topic are difficult
to qu antify and improve not only because of the qu an tity an d duration of testing time required (i.e.,
up to several thousand hours or more ), but also because the fuel cell stack is a system of
components (electrocatalysts , membranes, gas diffusion media, bipolar plates , and gaskets) for
which the degradation mechanisms, component interac ti ons, and effects of operating condi ti ons are
not fully understood . Simply acquiring 5000 hours of durabili ty test data on a fuel cell stack or
single cell will not lead to a comprehensive underst anding of the degradation mech anisms . The
individual components must be well - characte rized du ri ng durability testing to determine and
qu anti fy degradation mech an isms that occur over long periods [1-3] . Chemical degradation
mechan isms in an operating environment are likely interconnected due to trace compounds that
leach out of one component and subsequently affect another [3] . For this re ason , the separate
degradation characteri stics of each individual component must be well understood .

This study focuses on fundamental durability underst an ding of two key stack repeating units, the
membrane electrode assembly ( MEA) an d g as diffusion layer (GDL) . Little has been published in
this area, as most of the histo rical emph asis h as been on stack or component performan ce
improvement ( i.e., beginning of life or sho rt-term data) . In this work it is desired to develop an
initial b asis for tran sitioning the emphas is towards underst anding longer-term ( 1000-5000 hours)
behavior ofexisting technologies, rather than the more common model of continual next - generation
technologies based on only a few 10 ' s or 100 ' s of hours of data.

Even though a given stationary application may have mul ti ple power set points, it will operate
nearly all of the time at a given set point . Therefore , the important design considerati ons should
reflect steady-state operating conditions , where the cell temperature, g as flows, voltage, current
density , etc ., will be maintained for many hours at a time . Automotive applications on the other
h and, will require continual ch anges in load, which may require many system set points to respond
simultaneously . Despite the dras tic difference between automotive and stationary lifetime targets
for PEMFC stacks (5000 vs . 40 , 000 hours , respectively ), the tran sient effects of con ti nual changes
in power set point may induce signific an tly more aggressive degradation conditi ons on the MEA
and GDL materi als . Thus, life testing of single cells is carried out at a given set point to simulate
stationary applications and as a drive cycle with continuously vary ing cell power to simulate
transport ation applications , which yields information about how a given component will behave
under appreciably different opera ting characte ri stics.

EXPERIMENTAL
Identifying chemical degradation/interaction mechanisms of PEMFC components requires
systematic correlation of long-term single -cell data an d robust, ex-situ materials characterizati on.
Single-cell testing methods used in our laborato ri es consist of pe riodic meas urement of polarization
data, collection an d analysis of effluent water, cyclic voltammetry, and cell impedance. This data
is then related to comprehensive methods of mate ri als an d post-mortem characterization such as
mech anical, electri cal , ICPMS , SEM, TEM , XFS, XRD , NR, and EPMA [3 , 4] . A focus is placed
on understanding macroscopic changes in components, as well as microscopic ones ( micron to sub-
micron scale), in order to quantify degradation mechan isms .



Steady-state durability testing, along with dynamic testing that would be more typical of
transportation applications, has been conducted . Post-mortem component characterization was also
conducted to identify potential failure mechanisms of and changes in the catalyst and membrane .
To assist with these analyses, component isolation and leachate chambers were constructed with the
express purpose of PEMFC durability studies in a low-background-contamination environment
where fuel cell operating conditions can be mimicked. With these solid PTFE and stainless steel
chambers, the ultimate goal is to develop accelerated life tests for specific types of GDLs and
MEAs . In addition, they are used to understand precisely what leaches out of a given component
when it is isolated from the others . Mimicked fuel cell conditions can be achieved through setting
the temperature, pressure, sparging gas, and liquid corrosion medium . Single-cell performance of a
component before and after being subjected to accelerated conditions can be easily quantified .

RESULTS & DISCUSSIO N

Long-Term MEA Performance Testing . Figure 1 shows the performance of two in-house
Nafion® N 112 MEAs that were operated with pure H2/Air at constant voltage (0.60 V) for 3500
hours before complete failure . MEA I operated for 3300 hours with nearly no average decrease i n
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Figure 1 . 3500- hr life test of two in-house Nafion®N 112 MEAs ( active area =
50 cm2 . 0. 2 mg-Pdcm'-/electrode ) ; Va11 = 0.60 V . T, = 80°C. Anode/Cathode
Humidifier Temp . = 10S/SOC, Anode/Cathode Gas Pressure = IS/IS psig .
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surface area (EASA) values showed a
reduction of 14%/0% (cathode/anode)
for MEA I and a reduction of
86%/75% (cathode/anode) for MEA 2 ,

and this pronounced difference was not due to differing rates of increase in catalyst particle size .
XRD analysis showed that the average Pt particle size was the same for both MEAs after life
testing (3 .2/2 .2 nm diameter cathode/anode) .

During steady - state durability testing, cyclic voltammograms (CVs) are performed at regular
inte rval s to qu an tify the rate of loss of EASA and membrane H2 permeability . Figure 2 shows the
me asured H2 crossover current for a 5- 4
cm2 single cell (MEA 3, NI1 2
membrane) over a 1000-hour life test. 12 ~
The permeation rate remained almost
constant for the first 500 hours, and 10
then steadily increased beyond tha t
point . This increase may have been
due to membrane thinning, which
eventually leads to pinhole formation 60

and large H2 crossover rates, as
400

Time (hr)

000 ew row

discussed for the tests shown in Figure Figure 2. Measured HZ crossover current density of MEA 3 during a
1 . Cathode effluent water of MEA 3 1000-hr life test (active area = 5 ctu2, 0 .22/0 .23 tug-PI/cm2 anode /cathode) .

was also collected and analyzed for elemental content, ionic content, and pH . A sharp incre ase in
F content (-2-3x) and a noticeable decrease in pH (1 .0-1 .5 units) were found to coincide with the

increased H2 crossover.



Dynamic durability testing was 2 5
conducted using a drive cycle to
continuously vary the power output
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single-cell pol arization curve, and a
fuel-cell power drive-cycle provided b y
NREL [5] . Gas flow rates, o
humidification, and temperature were 0
held constant while the voltage was
varied . Figure 3 compares the
commanded power from the single cell
with its actual power output over the
final drive cycle of a multi-cycle
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Figure 3 . Comparison of command power to actual power for one of the final
drive cycles in a -I200 hour durability test (-3600 cycles at 20 min/cycle) .
Active area = 50 cm2, Nafion® N 112 membrane . 0 .2 mg-Pt/cm2/electrode ; T«u
= 80'C ; constant humidification and anode/cathode flow rates .

durability test . The difference between command power (set point) and actual power (output) was
minimal during the initial drive cycles, but it increased substantially approaching the final cycles
(as shown in Fig . 3) . Single-cell MEA durability for drive-cycle testing was only -1200 hours,
significantly shorter than that for the steady-state testing (-3300 hours) . Operating conditions and
MEA parameters were similar in each case (Fig . I vs . Fig 3) .

Off-line Testing and Characterization . Potential sweeping of an MEA was investigated as a
prospective accelerated testing method . For this study, the anode was exposed to pure hydrogen
while the cathode was exposed to nitrogen . The cathode potential was swept at 10 mV/s from --0 . 1
V to either 1 .0 V or 1 .2 V (i.e. V„ux). 100
After intervals of 300 sweeps, the MEA
polarization curve and EASA wer e
measured . Figure 4 shows the cathode . . .
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was 1 .2 V than when V„,ax was 1 .0 V . Potential Cycle #

Operation at 80°C also caused the Figure 4. Electrochemically active surface area (EASA) in terms of total

EASA to decrease more rapidly than charge vs. number of potential cycles during MEA cathode potential sweeping
experiment . Voltage cycles were from -0 .1 V up to either 1 .0 V or 1 .2 Vat a

operation at 60°C . sweep rate of 10 mV/s, and cell temperatures were either 60°C or 80"C .

X-ray fluorescence spectroscopy (XFS) measurements of the quantity of Pt remaining in the MEA

after potential sweep testing showed no loss in total Pt . Therefore, either Pt sintering or loss of

electronic and/or protonic interconnectivity caused the measured changes in Pt EASA . Although Pt

migration has been reported [1,2] and Pt has been measured in PEMFC effluent water [3], the

major fraction of Pt mass remains within the MEA . The catalysts were further analyzed by X-ray

Diffraction (XRD) to determine the degree of sintering (Fig . 5) . Anode Pt particle size after the

various durability experiments was nearly uniform at 2 .2 nm for all experiments, except for
significant growth to 4 .8 nm during potential sweeping to 1 .2 V at 80°C . In contrast, cathode Pt

particle size grew in all of the durability experiments, with the amount of growth depending on

temperature, test length, and V,,,,, as shown in Figure 5 . Growth of cathode Pt particle size was
greatest in the potential sweeping experiments and increased with increasing V111ll0 . For the single-

cell durability testing, the cathode Pt particle size grew to a further extent during the drive-cycle
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experiments (3 .5 nm) than during the
steady-state experiments (2 .6 nm at
900 hr and 3 .1 nm at 3500 hr) .

ne testing o a typical GDL
substrate (17 wt% FEP and Toray

o TGP-H) was conducted to quantify
F re sh Prepared 900-hr 3500-h, 1200-hr I S V 1 2 V 1

.2 V h h d h b. .Catalyst MEA Steady Steady Drive Cycling at Cycling at Cycling at c anges m y rop o [city (t.e . ,
State State axle 80'C 60`C 80-C surface energy changes of the porous

Figure 5 . Summary of electrocatalyst average particle size by XRD analysis : matrix). The GDLs were immersed
20% Pt/XC-72R (fresh catalyst), catalyst in prepared MEA, 900-hr steady- in DI water inside the leachate
state test, 3500-hr steady- state test , 1200-hr simulated vehicle drive-cycle test ,
potential cycling to 1 .0 V (1500 cycles, 80 "C), potential cycling to 1 .2 V chambers at two temperatures, 60°C
(1500 cycles, 60 "C), and potential cycling to 1 .2 V (1500 cycles . 80'C). and 80°C, and with either air or

nitrogen sparging . Figure 6 show s

the change in static sessile drop contact-angle, a semi-quantitative measure of the hydrophobicity,
as a function of immersion time . Hydrophobicity of all samples decreased with immersion time,
but those exposed to air decreased by a further amount than those exposed to N2 .
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detaching of Pt clusters from the Figure 6. Static sessile-drop contact- angle measurements of hydrophobized
catalyst layer possibly by ionomer Toray TGP-H GDLs (17 wt% FEP bulk) as a function of immersion time in

dissolution . The decrease in EASA
DI water with nitrogen and air sparging .

occurred primarily in the cathode catalyst and continued throughout a given life test, as determined
by cyclic voltammetry and particle-size measurements . Drive-cycle and potential-sweep testing
increased the cathode Pt particle size growth rate, as did increasing the temperature from 60°C to
80°C . Another area of needed improvement is the failure of MEAs due to H2 crossover, which was
found to steadily increase over a given period of operation . Eventually, small holes in the
membrane form, which cause performance to decrease rapidly due to increased activation
polarization . Changes in cathode effluent pH and F and S042 concentrations may coincide with
the pinhole formation . GDLs show an initial decrease in hydrophobicity, which levels out after an
immersion period of 100-150 hours, a relatively short period compared to the 5000-hr target .
Exposure to air sparging decreased the hydrophobicity more so than exposure to inert N2 sparging .
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