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Abstract

Data are presented to quantify how common air non-condensable impurities such,aS@®ICand HS show a negative effect on the
performance of PEMFCs. The severity of the effects of these impurities varies depending on the impurity, concentration, and dosage bu
in general the impurities containing sulfur showed a stronger effect than Gi@nplete recovery of the cell performance is obtained after
applying neat air following exposure to a total N@osage of 61.8mol. However, to completely recover the cathode exposed to either
118.5umol SG, or 2160umol H,S, cyclic voltammetry is required to oxidize the sulfur adsorbed on the Pt. The sulfur species formed on the
Pt cathode after exposure to these impurities appear to be the same and it appears as strongly and weakly adsorbed sulfur on the Pt.

The data show that the rate of poisoning of PEMFCs by, [d@es not strongly depend on N®ulk concentration but the rate of $O
poisoning of the cathode appear to be strongly dependent on the concentrationofl8bulk. Relatively high concentrations of impurities
were used and the data also show that the cell performance could be totally recovered fronnétDair after repetitive cycles of exposure/no
exposure of 5 ppm N©Ofor 12 h for three cycles (185idmol total dosage). On the other hand, only partial recovery from 5 pppv&d
observed in each cycle and the performance continued to decrease in all the five poisoning cyclesi{6b@l dosage).
© 2004 Published by Elsevier B.V.
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1. Introduction applied to the cell (i.e. the total dosage was 200 ppb h fos NO
and 250 ppb h for Sg). Clearly, tests of the cumulative effect
The effects of the air impurities such as SQO,, HoS, of these species at the EPA levels are not practical and conse-

and G on the performance of proton exchange membrane quentially there is a need to establish accelerated durability
fuel cells (PEMFCs) have not been studied extensively in tests (ADTs) which allow for the development of new ma-
the literature and it is believe that continual exposure to low terials and proper filtration devices. Here we present data at
concentration of these impurities might be detrimental to cell higher concentrations that should help establish performance
performance. The concentration of 8&hd NG in the atmo- baselines as a function of concentration and dosage.
sphere should not exceed 0.05 pprg,d@ncentration should H>S and SQ adsorption on Pt catalysts has been reported
not be higher than 0.20 ppm, an@$lis limited to less than  in the literature in the aqueous phase. Contractor and Hira
1 ppb as specified by the environmental protectionaggjcy ~ [3] reported the end products of $@dsorption on Pt elec-
Moore et al[2] studied the effects of common and war zone trode to be linearly and bridge adsorbed sulfur. These two end
air impurities on the performance of PEMFCs and reported products formed on the Pt electrode are similar to the prod-
that low concentrations of SCGand NG did not have detri- ucts formed from the dissociation 068 on the Pt anode on
mental effects on cell performance. We hypothesize that this MEA reported by us in a previous stuf4]. The poisoning
conclusion could be due to the low dosage of these impurities effects of NG on the Pt electrodes have not been reported
and therefore require further investigation. Therefore, the aim
* Corresponding author. Tel.: +1 803 777 2285; fax: +1 803 777 8142. Of the work presented in this paper is to study the long term
E-mail addressvanzee@engr.sc.edu (J.W. Van Zee). effects through using higher dosage of these impurities.
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2. Experimental polarization curves required an additional 4—6 h of exposure
to the contaminant. Following the polarization curves, neat
All experiments were performed using test stations made air was reintroduced to the cathode and this reintroduction
by Fuel Cell Technology Inc. (Albuquerque, NM) or Scribner subjected the cathode to neat air for 24 h after the cathode ex-
Associates Inc. (Southern Pines, NC). The gases used wergosure to N@Q or SG and for 70.5 h after exposure ta8.
high purity neat H (99.997%), 200 ppm 5 in 2% N bal- After exposure to neat air, another polarization curve was
anced with air (diluted from 1% $8/Ny), high purity neat air recorded. If the cell performance did not fully recover in neat
premixed with 5 ppm S& high purity neat air premixed with  air, cyclic voltammetry measurements were made. Following
5ppm NQ, bottled industrial grade air, and high purity N the CV, the impurities were reintroduced to the cathode and
The flow rates were set manually according to the measuredthe process was repeated including another application of CV.
current for a fixed stoichiometry of 1.2 for the anode and 2.0 Polarization curves measurements were carried out after the
for the cathode. A triple path serpentine flow field was used. CVs.
The anode and the cathode flows were co-current. The tem- In an effort to study the impurities on the surface of the
perature of the cell was fixed at 7G for all experiments,and  PEMFC cathode, the CV was measured while flowingN
the pressures were 101 kPa on each side. Each cell was helthe cathode (working electrode) and neat ¢h the anode
at 0.60 V for minimum 60 h before the polarization data were (counter and reference electrode). An EG&G Instruments
obtained. The humidification temperatures were 8575 Model 283A potentiostat/galvanostat was used for the CV
The estimated dew points were 80/T0), respectively, from measurements. The applied potential range was between 0.05
the humidity calibration data. No indication of MEA flood- and 1.4 V. The scanning rate was 5 mV/s and four voltammo-
ing due to excess water was observed at these humidificatiorgrams were measured in each case. Following the CV, the
temperatures during initial experiments in neat hydrogen and current—voltage polarization curves were measured in neat
air. Hy/neat air before the cathode was reexposed to the impuri-
Gore MEA, PRIMEA® Series 5621 (3pm nominal ties.
membrane thickness), were used for all experiments. This  In addition to the constant voltage exposure test, we stud-
MEA has a Pt—Ru alloy of 0.45 mg crA Pt—Ru onthe anode, ied the response in the voltage for various square waves of
and 0.60 mg cm? Pt on the cathode, and our cell used gas- the impurities in air. These were performed by setting the cell
kets so that this MEA has an active area of 23.8 cfine gas currentto 12 A at a stoichiometry of 1.2/2.0 while monitoring
diffusion layers were CARBEI™ CL GDM (16 mils =0.406 the cell voltage change with time during the exposure to the
x 10~3m). Silicon coated glass fiber gaskets with a thickness impurity and during recovery in neat air. The aim of using
of 10 mils (0.254x 10~3m) were used for the anode and the a constant cell current is to enable monitoring the change in
cathode sides. Eight lubricated bolts were threaded into tapecthe cathode overpotential as a function of impurity dosage.
holes on one of the end plates, and the cell was compressed\ dosage of 118.5mol of 5 ppm SQ and of 61.8.mol of
by applying a torque of 50in. jtbolt (5.6 N m/bolt). 5 ppm NG was applied at each poisoning cycle. The cell per-
The current—voltage polarization curves were measured informance was recovered in neat air for approximately 24 h.
neat H/neat air before the MEA was exposed to the selected
contaminant. One set of experiments studied the decay in the
current during continual exposure of relatively high concen- 3. Results and discussions
trations of impurity at a fixed voltage. The exposure occurred
at a constant voltage in the range of 0.68-0.70V because3.1. Part I: effects of HS
these voltages gave 12 A in neat/Heat air prior to expo-
sure to impurity. The flow rate was 101/420¢nelative to The decrease of the cell performance during cathode expo-
0°C and 101 kPa and this corresponds to a stoichiometry of sure to 200 ppm b5 for 10.5 h is shown ifrig. L. Complete
1.2/2.0 at 12 A in neat fHand neat air. The cathode was then deterioration of the cell performance is observed in this time
exposed to the impurity and the cell current was monitored for this high concentratiorfig. 1 also shows that the cell
with time. When the decrease in current approached a steadyperformance was partially recovered as neat air was intro-
state value, additional polarization curves were recorded. Theduced to the cathode side for 70.5 h (i.e. the current density
cathode was exposed to 5 and 2.5 ppm 8 a same total increased up to 170 mA/cih Fig. 2 shows the polarization
dosage of 118.pmol, 2.5 and 5 ppm N@for a same total  curves during poisoning and after recovery of the cathode
dosage of 61.8mol, and to 200 ppm 5 for a total dosage  corresponding to the break at about 10 and 70 h, respectively.
of 2160um. We selected these relatively high concentrations The cell performance was severely degraded by 200 pgpgn H
because we are interested in significant signals that will al- and was partially recovered in neat air. The curves also show
low us to develop accelerated durability tests (ADTs). The thatthe cell performance was significantly recovered after CV
as compared to the performance recovery in neat air. This is
I Our convention for specifying operating conditions is to list the anode due to the oxidation of the_su”ur species formed on the Pt
conditions first followed by the cathode conditions. Thus, the humidification that blocks the @from reacting. The CV data shows that the
temperatures were 8& for the anode and 7% for the cathode. oxidation of two sulfur species occurs during the CV scan as
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Fig. 1. Transient response in 200 ppp3-as it is exposed on the cathode at a cell voltage of 0.68 V.

will be discussed later in details. This oxidation resulted in at 70°C [4]. During the potential sweep, the adsorbed sul-
clearing sulfur occupied Pt sites on the electrode and thus thefur is oxidized to SQ or SQ;~2 according to the following

cell performance recovered. reactions proposed by Loka[6] in the aqueous phase:
The poisoning effects are assigned to stron& lddsorp- N B
tion on Pt causing the Pt sites to be inaccessible to the oxygerP’t = S+ 3H20 < SOz + 6H" 4 6e™ + Pt )

accord_ing to the following mechanism proposed by Mathieu Pt— S+ 4H,0 <> SO;2~ + 8H' + 66 + Pt 3)

and Prime{5].

It should be noted that based on our previous studies on the

effect of b'S on the cell performance when exposed on the
The cyclic voltammetry irFig. 3 shows the presence of anode sid¢4], we believe that the sulfur effects we observed

two distinct oxidation peaks at 0.89 V (oxidation peak I) and after poisoning MEA anode in 8 are not limited to the

1.09V (oxidation peak I1). These peaks give evidence of the anode and extends to the MEA cathode through sulfur cross

presence of two forms of chemisorbed sulfur that are strongly over from the anode side.

and weekly bound to the Pt. These two peaks have been ob-

served earlier by us at 0.89 and 1.09V during a potentio- 3.2, Part II: effects of N@and SG

dynamic scan measurements on theshboisoned Pt anode

H,S — Pt— Pt— S+ Hy 1)

3.2.1. Effects of N@on cell performance
o—T—— T T 1 T T T The polarization curves iRig. 4show the effects of 5 ppm
S o P NO; after a total dosage of 6148nol is applied. Performance
loss of the cell occurs, but the reintroduction of neat air on the
contaminated cathode recovers the cell performance as shown
in Figs. 4 and 5Fig. 5shows the percentage of current ob-
served relative to the current in neat air for the clean MEA as
function of exposure time to impurity. Approximately 55%
loss in current after 12 h exposure to impurity is observed.
: To further study the effects of 5 ppm Nf@ir, additional poi-
e soning of the cell in 5ppm N®was made and the data is
j i ‘ ? i -; S i recorded in the polarization curves shownFig. 4. Lower
. = - IO S . performance is obtained as compared to the first polarization
i ' . curve in 5 ppm NQ. Cyclic voltammetry was performed fol-
lowing the second cell exposure to N his is to investigate
the presence of any species adsorbed on the surface of the Pt
Fig. 2. Polarization curves on the effects of 200 pppsten the cell perfor- due to the cathode exposure to N@he CV spectraifrig. 6
mance. compare the data collected before and after exposure to 5 ppm
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Fig. 4. Polarization for steady state performance showing the effects of 5 ppif@aiNO

NO,. Absence of any oxidation peaks corresponding to ad- To study the effects of N@applied with the same to-
sorbed surface species and overlapping of the CV spectratal dosage at lower bulk concentrations on the cell perfor-
for the clean and poisoned MEA reveals that the poisoning mance, the MEA cathode was exposed to 2.5 ppm/Ei©

of NOg is not catalyst surface poisoning and suggests thatfor 24 h (same total dosage as for 5 ppm N&xposure, that
the ionomer and/or the catalyst—ionomer interface could beis a total dosage of 61 8mol), the percentage current as
affected by the exposure to NOWe hypothesize that NO the MEA is exposed to N®is presented irfrig. 5in terms
gets electrochemically reduced on the cathode thus competesf the ratio of the current recorded to the current obtained
with Oy for Pt sites. The product of this reduction is the for- in neat H/neat air prior to cell poisoning. It also compares
mation of NH;™ according to reaction §7]. NHs* is an the effects of 2.5 ppm N@with the 5 ppm NQ. From com-
ionomer poison as reported in previous studies on the effectsparing these two curves, it appears than the rate of poison-
of ammonia on PEMFCs anodp}. ing is not a strong function of the NCroncentration in the
bulk (i.e. the rate of poisoning is not linearly dependent on
_ the concentration of the NQin the bulk). The polarization
NO(g) +8H" +7e” — NHq" + 2H,0, curves inFig. 7 show the effects of 2.5 ppm N@n the cell

E° = 40.897V (4) performance.
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Fig. 5. Transient response comparing the cell performance during and after exposure to same dosage of 2.5 and/appm NO

A comparison of the effects of the two concentrations is ode exposed to same dosage of 5 ppm as comparedto 2.5 ppm
aided by a graph of cathode overpotential such as that showrnNO». This suggests some concentration gradient effect since
in Fig. 8 Thatis, itis difficult to compare the poisoning effects the same dosage is applied of the contaminant as discussed
since the baseline performances with neat hydrogen/neat aitbefore. However, these differences appear not to be linearly
could vary from one MEA to the other. These overpotentials dependentonthe Nf{Zoncentration in the bulk as mentioned
are calculated from the difference between the cell potential earlier.
with neat hydrogen/neat air and the cell potential of interest
at the same current density. Therefore, to call this an over-3.2.2. Effects of S£on cell performance
potential, it is assumed that the hydrogen overpotential with  Fig. 9shows cell current percent of original currentin neat
neat hydrogen is negligible, and that the ohmic contribution air as function of S@ dosage. During the 23 h exposure to
to the cell voltage and the cathodic overpotential depend only 5 ppm SQ/air (total dosage of 1184omol SG), the current
on the current densityig. 8 shows that the overpotentials decreased by approximately 78%, however, after exposure to
obtained are slightly higher (i.e. less than 38%) for the cath- the same dosage of 2.5 ppm 88, the current decreased
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Fig. 6. Cyclic voltammetry spectra obtained after cathode exposure to 5 ppitaiNO
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Fig. 7. Polarization for steady state performance showing the effects of 2.5 ppfaiNO

by approximately 53%. From comparing the transient data performance is obtained after applying CV on the poisoned
during cathode exposure to 5 and 2.5 ppm op Stappears cathode. It should also be noted that the cell recovery after ap-
that the rate of poisoning is a strong function of theo,SO plying 2.5 ppm S@ s lower compared to 5 ppm S$SOThese
concentration in the bulk and that higher poisoning rate is comparisons are discussed below in details.

observed during the exposure to 5 ppm,SThe poisoning A comparison of the effects of the two concentrations is
effects of SQ appear to be severe as seen in the polarization aided by a graph of cathode overpotential such as that shown
curve data irFigs. 10 and 11However, recovery of the cell  in Fig. 12 Fig. 12 shows that the overpotentials obtained
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Fig. 8. Cathode overpotential (calculated by difference) comparing the cell response after exposure to 2.5 and Faipm NO
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120 - idation peaks at approximately 0.89 and 1.05 V. These peaks
" - " d correspond for the presence of two sulfur species adsorbed
100 2.5 ppm SO,/air Vi curve neat air on the surface of the Pt catalyst. Similar peaks were observed
after subjecting the Pt on both the anode and cathode$o H
80 - § . as discussed before. $@dsorption on Pt was studied in
—— 5 ppm SOair
- ) the agueous phase by Contractor and taThey showed
ol B that SQ gets reduced on the Pt electrochemically to sulfur
;" \\m\\_ with formation of SO intermediate as shown in the following
o — reactions:
40 -
=l o SOy + 2H" + 26~ -F% Pt— SO+ H,0 (5)
e e _
5 ppm SQ,/air VIl curve neat air Pt— SO+ 2HT + 2€ ﬂ) P—- S+ HyO (6)
0 T T T T
. 2 4_0 = 80 3.3. Part lll: initial durability tests
Time (h)

Fig.9. Transientbehavior and comparison of the cell response after exposure Fig. l4shows five CyCIeS repregentlng the VOItage decrease
t0 2.5 and 5 ppm Sgair. and recovery as 5ppm $@s applied followed by recovery
in neat air. InFig. 15 a comparison of the steady state perfor-
mance is presented in terms of the polarization curve before

are higher after cathode exposure to 5 ppm as compared t@nd after applying the poisoning and recovery cycles. Itcan be
2.5ppm SQ. This suggests a concentration gradient effect seen that almost total cell performance recovery was achiev-
since the same total dosage is applied as discussed beforeable after applying CV though the cathode was exposed to
Partial recovery is obtained after applying neat air for 24 h five cycles of poisoning in 5 ppm S#ir (592.5.mol total
after the cathode exposure to 5 ppm S@owever, the re-  applied dosage).

covery in neat air after 2.5ppm $@s very small. Perfor- The results obtained after applying 5 ppm M&r on the
mance recovery is obtained after applying cyclic voltamme- cathode are shown iRig. 16 where sustained complete re-
try according to the procedure described before. The cyclic covery of the performance is achieved after applying three
voltammetry spectra iRig. 13shows the presence of two ox-  cycles of the contaminant (185.4nol total applied dosage).
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Fig. 10. Polarization for steady state performance showing the effects of 5 ppfailSO
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