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Abstract :A particularly desgned H - type cell was used to smulate the operating condition of
a hydrogen-air proton exchange membrane fuel cdl (PEMFC). The eectrocatalytic activity,
morphology , structure and lifetime of commercialy available catalysts, carbon support platinum
(Pt/ © and unsupported platinum-ruthenium (Pt-Ru) , were preliminary studied by carrying out
electrochemica measurements and by SEM , XRD techniques. The cataysts were 9 multaneoudy
tested in the H-cell under operation, and a separately tested in a conventional electrochemical
cel for comparioon. It wasfound that the characteristic peaks of hydrogen adsorption/ desorption
on cyclic voltammograms shifted congderably to a more podtive direction for Pt/ C, while a more
negative direction for Pt-Ru. The magnitude of the peak current dendtieson CV curves, egecial-
ly observed from Pt/ C catalyst , tended to reduce ater the lifetime tests. The eectrocatalytic ac
tivity of Pt-Ru was ggnificantly lower due to carbon monoxide poison, and the efect of CO on
catadyst wasirrevershle.
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1 Introduction

Proton exchange membrane fuel cells (PEM FC) are promising in both stationary power gen-
eration and as vehicular power ources due to their high operationd efficiencies, ambient operating
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conditions and exceptiond clean environments. However , one challenge for the commercidization
of PEMFC isto improve lifetime. Catayst plays a key rolein PEM FC and has attracted dgnifi-
cant attention in recent researched . Platinum or platinumrruthenium are still consdered to be
the best cataystsfor PEM FC among dl those studied. Mot works have been focused in improve-
ment of catays utilization and syntheds of new and high performance catdysts; however , little
information is available for catalyst lifetime.

In this work , an H-cell was egecidly desgned and used to investigate the lifetime and activ-
ity of two commercid catalysts, carbon supported platinum (Pt/ C) and unsupported plati nunr
ruthenium (Pt-Ru) , in a smulating cell operating condition. The results were a0 compared with
those obtained from a conventional 3-electrode cell measurement. The catalysts were d  exanr

ined by XRD and SEM for microstructure and morphology information.
2 Experimental

2.1 Mateials

Two commercid catalysts, unsupported Pt-Ru (11) and carbon supported 40 % Pt (Johnson
Matthey) and glassy carbon (GC) rods 5 x 100 mm, Alfa Aesar) were used in the preparation of
working electrodes. The gases used in this work including nitrogen, hydrogen, air and carbon
monoxide were of high-purity ( > 99. 99 %) and the chemicas were of analytica grade. The
deionized water of 18 MQ was used to prepare al the aqueous sl utions.

2.2 Hectrochemical Measurements

A oonventional 3-electrode cell was fabricated and used in electrochemicad measurements.
The working electrodes were GC, or cataysts on GC dectrodes, repectively. The counter and
reference eectrodes were a platinized platinum electrode and a standard cdome electrode (SCE)
which is separated from the working electrode compartment by a closed eectrolyte bridge in order
to avoid chloride contamination. The supporting electrolyte was 0.5 mol- L~ * sulfuric acid.

The GC dectrode was polished with diamond paste (0. 25U m, Beulhur) on a polishing
cloth, cleaned ultrasonicdly in DI water, dried in an oven (120 , 1 h) , and then weighed.
The catalyst inks were made by proportionally mixing the catalysts with iopropanol , 5 % Nafion
lution (Blectrochem, Inc.) and DI water. The inks were continuoudy agitated for at least 48h
or until they were thoroughly mixed. Camel hair brushes were used to caref ully paint theinkson-
to the polished end surface of the GC dectrode. After painting two to three layers, the dectrode
was dried (120 , 1 h) and weighed again.

Bectrochemica measurements were performed usng an Autolab general-purpose eectro-
chemica system (Ecochemie, Netherlands). The data were acquired with a persond computer.
The lutions were purged by continuoudy passng nitrogen gas at least 30 minutes before each
measurement. The nitrogen atmogphere was al© maintained during the electrochemical measure-
ment. Unless state otherwise, dl potentials are reported with regect to the RHE.
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2.3 Hcdl Tests

A ecidly desgned H-cell was used in order to dmulating conti nuous operating condition of
a hydrogenrair proton exchange membrane fuel cell (PEMFC). The H-cdl condsts essentidly of
two regective compartments which are connected by a Na‘ionE 112 membrane in the centra
part. The cell can be operated by feeding fuels, regectively , from each compartment and the de-
sred eectrochemica measurements can a0 be readily made within the cell.

2.4 Characterization of Catalysts
X-ray diffraction (XRD) analyssof commercial cataysts was carried out with a Rigaku D/
max- RC diff ractometer using a CuK( source. Scanning electron microsoopic (SEM) imagesof the

cataysts were obtained usng aL EO 1530 microscope. The cataysts were analyzed without coat-
ing and at an accelerating voltage of 20 keV.

3 Resultsand Discussion
3.1 Morphology and Sructure of Catalysts

The surface morphologies of two commercia cataystson the glassy carbon (GC) are shown
in Fig.1. By compari®on, it was found that the Pt/ C catalyst particles appeared better-defined
granular structure than the Pt-Ru catayst particles which tended to be aggregated each other.
The less sluble nature of Pt-Ru could lead to itspoor digpersein theink , hence reduced its gran-
ular property.

Typical XRD gpectra obtained from the
two cataysts and GC éectrode are compared ©*
with those of platinum foil and activated car- &
bon , reectively , in Fig. 2. The dashed lines | &
represent five characterigtic diff raction peaks of
Pt fcc structure which were well matched by
those of Pt foil and Pt/ C. A dgnificant shift to
higher 28 values was observed for the diffrac-
tion peaksin the Pt-Ru catdyst with regect to
the Pt/ C catdyst. The lattice parameters were
determined to be 0.390 6 nm in Pt/ C and Fig.1 SEM micrographs of commercia cataysts on
0.389 2 nm in Pt-Ru catalysts, regectivey, gassy carbon dectrodes @) , &) PUCH) , d)
by fitting the peak profile of (220) reflection. Pt-Ru
The observed smaller lattice parameter for the

Pt- Ru sample acoountsfor the presence of lid olutionof Pt and Ru with Ru atom having smaller
radius (rp =0.138 nm; rry=0.1322 nm) 8!, Mean particle szesfor the meta crystallitesof 3.
2nmand 2.6 nm in the Pt/ C and Pt-Ru cataysts, regectively , were a9 evauated by usng
Sherrer equation. Three diff raction peaks observed from the GC were virtualy identical to those

)
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of the activated carbon as evident in Fig. 2(b) .
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Fig.2 Comparionsof XRD patternsor commercia cataysts with Pufoii (a) ,glassy carbon with activated car-

bon (b) can rae:0. 06 degrae- st

3.2 Hectrocatalytic Behavior of Catalysts

Typical cyclic voltammograms of the two commercia catalysts obtained in a conventiona 3
electrode cell and in 0.5 mol- L~ ! H,S0, olution at three different scan rates are compared in
Fig.3. Two characteristic peaks corregponding to hydrogen adsorption/ desorption were seen from
Pt/ C, while the hydrogen adsrption/ deorption peaksof Pt-Ru were less define and became more
sendtive to the change of scan rates. In addition, the reduction peak of metal oxidefor Pt-Ru (0.
4 V) occurred more cathodically than that for Pt/ C (0.8 V). The variations in scan rates
changed the peaksof hydrogen adsorption/ desorption and peak of metal oxide reduction in Pt-Ru
more dgnificantly than those in Pt/ C.
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Fig.3 Typica cydic vdtammograms of commercia cataystsin 0.5 mol-L ™! H,S0, olutions scan rate/ mv-
s':a 10, b) 20,¢) 50

The CV curvesin the same potentia regionsasin Fig. 3 but obtained from the H-cell are pre-
sentedin Fig. 4. The key feature of the H-cell is that two haf-cels are tightly connected by a
Naion membrane  that two ddesof the Hcell can act as an anode and a cathode to Smulate a
dngle-cell operation, i.e. the cathode sde with Pt/ C and aerated with air , the anode Sde with
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Pt-Ru and aerated with H,. No
matter whether the cel was
haf-cdl (one sde repective
operation) or full-cell (two-sde
smultaneous operation) opera
tion, the characterigtic peaks
observed previoudy with the
conventiona 3-electrode mea
surements remained unchanged
and were quite reproducible as
compared with those in Fg. 3 :
at different scan rates. Eslf

Fig. 5 shows the efect of ol
scan rates on the eectrochemi-

v
i- -:lt—lRu 2

20 mv-s™

—PtC
---- Pt-Ru
50 mv-s™

00 0.2 04 06 0.8 1.0 0.0 02 04 06 08 10
ca regponses of the two catar EN Ev

lysts under full-cell operation.
The magnitude of current den-
gtiesfor Pt/ Cincreased cond d-
erably with the increase of scan
rates, however, the i E be
havior of Pt-Ru gppeared more

FHg. 4 Typicd cycdic voltammograms of commercia cataysts obtained
from Hcdl in 0.5 mol-L "' H,S0, olutionsat 20 mv-s™* and
50 mV-s ! regectivdy
a) , b) haf-cdl operation, c) ,d) full cel operation
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Fig.5 Cydic voltammogramsof commercia cataysts obtained during H-cell operatio in 0.5 mol-L " * H,S0,
lutions Numbers refer to different scan ratesin mvV-s°* a) Pt/ C, b) P+-Ru

complex. The current dendtiesinitialy went up and the distinct hydrogen peaks shifted to a more

anodic direction when the scan rates became larger. Starting from 70 mV - s™*, the hydrogen
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o
%

peaks became less defined and the voltammograms
.. . I —o—at cell operation
looked very dmilar to those of GC, suggesting that — o— after 12-h cell operation

the amount of Pt-Ru on GC could have been re- ., ©7 165 Arcm™
duced & ter certain period of testing time. :;P 0.6
The discharge curves obtained at 165 U A - ;>5 0.5{
cm’ 2, measured right after H-cell operation and &- 3
0.4 v

ter 12h cdl operation, are givenin Fig.6. It isob-

vious that the initiad discharge voltage obtained 0.3 5 16000”30000 30000 30000
right after the cell operation (Curve 1) dropped tis

repidy before 5 000 s. Astime went on, the volt-
age of Curve 1 was ill unstable. However , ater
the cell wasoperated for 12h, the discharge voltage
values (Curve 2) were higher and the decaying rate
was smaller as compared with the curve 1. Thisphenomenon might be asociated with theinitial

activation process, i.e. the cel was activated during the first period of operation.

3.3 Lifetime of Commercial Catalysts

Figure 7 shows the influence of operating time
on voltammograms obtained during the H-cell operation. It is evident that the hydrogen adsrp-
tion desorption peaks dightly shifted with the increase of testing time. The peaks of Pt-Ru
dightly moved to a more cathodic direction (Fig. 7b) while those of Pt/ C shifted to a more pos-
tive direction (Fig.7a). In addition, the magnitudein current dendtiesof Pt/ C decreased sgnifi-
cantly with the increases of testing time. Thereby , the dectrocataytic behavior of the cataysts
was strongly afected by the lifetime test of H-cdll.

Hg. 6 Discharging curves chicined at 165 mA -
em” 2 under H-cell operation and after 12 h
cdl operation

i/mA * em?

Fig.7 Cydic voltammograms of commercia cataystsin 0.5 mol-L = H, S0, slutions obtained during different
periods of H-cel operation Pt/ C (a) , Pt-Ru (b)
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3.4 Hfect of CO on Catalysts

In an efort to study carbon monoxide effect on cataysts, cycdic voltammograms were ob-
tained with Pt-Ru in the absence and presence of CO gas, the results are provided in Fig. 8. As
evident in Fig. 8a, ater introducing CO into the slution for 15 and 30 min, the distinctive hy-
drogen adrption/ desorption peaks were suppressed and the oxidation peak of CO was observed
near 0.54 V. The voltammogramsobtained ater holding the electrode at constant potential 0. 09
V for 15 min showed that the hydrogen adsorption/ desorption peaks resumed in some extent ,
however , the oxidation peak of CO did not fully disppeared even ater 5 cycles (Fig. 8b) , indi-
cating the irrevergble influence of CO in catayst.

40 i .
Pt-Ru,CO ;g0 30t Pi-Ru,CO s
30} 0.5mol/L H,80, %\ i 0.5 mol/L MH,S0, _,.,_..,_.i
. 20 mV/s TS . 200 20mVs
520 PN £
z ° 10t =
* 104 . =
- -
£ of £ o
i
10t —104- ’
_p_ot i b
. MY L - 4 20— . L . . -
0.0 02 04 06 08 10 0. 0.2 04 06 08 10
EIV EIV

Fig.8 Cydic voltammogramsof Pt-Ruin 0.5 mol-L ~* Na, S04 lutionsin the presence of CO
a) without CO ~—--holding 0.09 V congant for 15 min, holding 0. 09 V congant for 60 min, b)
volatammograms obtained ater holding 0.09 V congtant for 15 min, Numbers refer to ¢ycles

4 Summary and Conclusion

A specid H-type cdl was fabricated to investigate electrocatalytic and lifetime behaviors of
two commercia catalysts. Through this preliminary study it was demonstrated that the informa
tion obtained from the H-cell could provide a better understanding for the performance of commer-
cia cataysts 9nce they could be tested under smulating a cell operating condition. Two commer-
cia catayss, Pt/ C and Pt-Ru, exhibited different morphologies and structures. The hydrogen
adorption/ desorption peaksof Pt/ C and Pt-Ru on cyclic voltammograms shifted more anodically
and cathodicaly , respectively , ater lifetime tests. The effect of CO on eectrocataytic behavior of
Pt-Ru was irreverghble.
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