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ABSTRACT

In this study, effects of structural properties of new Nafion/Pt/GDL elec-
trode on electrochemical behaviors of electrodes were investigated. For
this purpose a new gas diffusion electrode based on Pt-coated Nafion
membrane was fabricated. Electroless method was used to deposit plati-
num on Nafion membrane. The electrochemical and structural properties
of samples were evaluated by electrochemical impedance spectroscopy
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(EIS), linear sweep voltammetry (LSV), scanning electron microscopy
(SEM) and X-ray diffraction. In the optimum condition; 85 mV dec for
Tafel slope, 2x10 A for exchange current density (i ) and 87 for charge
transfer resistance (R,) were obtained. For this electrode the platinum

particlesizeis4 nm.

INTRODUCTION

Fuel cell systemsmust overcome economicsob-
staclesto become commercially viable. For proton ex-
changemembranefue cdl (PEMFC), thecost of plati-
num catalyst hasaways hindered their commercidiza
tion. Thekinetic of oxygen reduction reaction inthe
PEMFC requiresthe preciousplatinum catalyst dueto
itslower activityl*d, Sinceplatinumisavery rareand
expensvemeta, itisnecessary to havelow platinumin
the el ectrode’®?. In addition to the high cost of plati-
num, the problemreated to thethick catalyst layer was
another reasonto fabricate new MEA withlow loading
of platinum. Catalyst layer with shorter thickness pro-
duce better performance dueto lower diffusion barri-
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ersand better catalyst addition(®9.

Thedectrocata ytic reduction of molecular oxygen
onaplatinum catalyst can belargely affected by cata
lyst particlesizeand surface structure®*Y, Bett et al*?
found that Pt atoms at the corners, edges, and kink
stesor didocation showed lessORR activity than those
onthecrydallitefaces. It wasdemonstrated that vari-
ables such asmembrane modification, hest treatment,
timeof platinum deposition, different reducing agent and
theconcentration of platinum sat play important roles
inthemodification of themorphol ogy of the Pt depos-
tion, improvement inthecatdytic activity of the Pt depo-
sitioni**1, To alleviate theseimpediments, we devel -
oped a new approach to designing the low-Pt
eectrocata ystsfor thed ectrode. Thisapproachinvolves
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press ng Pt-coated Nafion membraneon diffusion layer
to prepare new eectrodewith low platinumloading. In
thiswork platinum e ectrocata yst was deposited on the
Nafion surfaceinstead of using Pt/C (10% or 20%) in
catalyst [ayer inthe conventiona methods.

EXPERIMENTAL

Nafion treatment

Before the deposition of platinum on Nafion sur-
face, themembranesweretreated by immersing them
at 80°C for morethan 1hin 3% H,O,, deionized water
and 0.5M H,SO, solutions.

Platinum deposition

Platinum deposition of Nafion membrane was
achieved by Impregnation /reduction method. Inthis
method thetreated Nafion membraneswereimmerged
indifferent concentrationsof H,PtCl _solution. After the
platinum deposition, the Pt-Nafion membranewas hot
pressed on gasdiffusonlayer tomakegasdiffusondec-
trode. Theloading of platinum for GDE1, GDE2 and
GDE3 were 0.2, 0.28 and 0.12 mg cm respectively.
TABLE 1 summarizestheconditionsof chemical depo-
stion of theanalyzed GDEsdiscussed inthisreport.

TABLE 1: Platinum deposition conditionsof GDEs

Timeof Platinum Deposition

Sample [HPICle|/M deposition Temperature

GDE1 0.05 10 min 40°C

GDE2 0.01 30 min 70°C

GDE3 0.005 30 min 70°C

The platinum precursor was H,PtCl .. 6H.,0 and

thereductant was NaBH,/NaOH.
Analysis

Themorphol ogy of new GDEswas characterized
viaScanning el ectron microscopy (SEM) and X-ray dif-
fraction (XRD). Electrochemica behaviorsof the GDEs
wereinvestigated by e ectrochemical impedance spec-
troscopy (EIS), linear sweep voltammetry (LSV) and
cyclicvoltammetry (CV) measurementin2M H,SO,.

RESULTSAND DISCUSSION

SEM results
Thecharacteristicsof platinum coated ontheNafion
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membranewereexamined by meansof scanning elec-
tron microscopy (SEM). Figure 1 showsscanning elec-
tron micrographsfor GDEs.
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Figurel: SEM imagesof GDEL (a), GDE2 (b) and GDE3(c)

It was believed that some of the cracks have been
probably caused by theresidual stressbetween the Pt
layer and Nafion membrane. After removing of the
Nafion membranefrom water, and dryingit, shrink of
the membrane occurs. Asaresult, some crackswere
developed eventudly in the Pt-films. Figure 1 b shows
scanning e ectron micrographfor GDE2. Scanning elec-
tron mi croscopi ¢ analysesindicate good adhesion be-
tween themetallic el ectrode and the Nafion polymer.
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From Figure 1.bit can be observed that the platinum
particlesare uniformly distributed on the membrane
whichit showstheuniformity of activation of the mem-
branesurface.

XRD results

XRD diffractogram of GDEZ2 has been shownin
Figure2. The XRD patternsreveded themetalic poly-
crystalline platinum peaks. This electrode shows a
strong peak at 40 (°26) correspondingto Pt (111). The
characterigtic diffraction pesksof the FCC Pt highlighted
the successful reduction of Pt precursor tometalicform.
Amorphous band at ca.18°related to the crystalline
peak of Nafion. Considering the Pt (111) peak, it can
be seen that this peak iswide, thusindicating that the
procedureisgood enough to form nanoclusters of me-
tallic platinum. The Scherer formulaisused to assess
theparticlesize.

t =nA/bcosd (@)
n = constant coefficient, A = wavelength, b = peak breadth

From the extent of theline broadening of (111) at
27 of 40, theaverageplatinum partidlesizeof thissample
was estimated to be about 4 nm.
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Figure2: XRD patternsof GDE2

Thesizeof particle can be controlled by manipu-
lating the synthesistemperature. By increasing the
temperature, asmaller particlesize achieved®. From
the XRD diagrams of GDE1 and GDES, the plati-
num particlesizefor GDE1 and GDE3 were cal cu-
lated to be 6 and 8 nm respectively, also XRD re-
sultsarein good agreement with SEM results. Both
techniques suggest that high temperature and long
deposition time have good effect on chemical char-
acteristics of new electrode. The surface of GDE2
shows better structural characteristicsin related to

other €l ectrodes.
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Electr ochemical measur ements

Inorder toinvestigate the el ectrochemical charac-
terigticsof e ectrodes, theA.C impedance spectrum of
each el ectrode was obtained at potential of 0.3/V.AC
Impedance measurementswere carried out inthe pres-
enceof O,. TheNyquist plotsof electrodesare shown
inFigure3.
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Figure3: Nyquist plotsof impedanceresponsefrom 30kHz
to10mHz.at0.3Vin2M H,SO,.

As can be seen, the spectrum of each electrode
takestheform of asingle semi- circular curve. How-
ever thediameter of thesemi-circlefor GDE2islower
than other €l ectrodes, which meansthat thisel ectrode
has lower charge transfer resistance (R,,) and better
performance than other electrodes. The chargetrans-
fer resstance (R, for thisoptimum electrodeis8 ohm.

Figure4 showsthe polarization curvesfor GDEs.
Ascan beseeninthisgraph, GDE2 hashigher current
inthe—220/ mV than other electrodes. This result con-
firmsthat of theimpedancetechnique.
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Figure4: Polarization curvesfor electr odes, with scanrate5
mV s*in2M H_SO,
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Thekinetic parametersof the ORR for electrodes
can beobtained from the pol arization data. Thekinet-
icsdatawere obtained using the semi-empirical equa
tions
E=E,-blogi - Ri )
E,=E, +blogi, 2
WhereE isthereversiblepotential for theelectrode; i,
theexchange current density for the ORR; b the Tafel
slope; i the current density and Rrepresentsthetotal
contributionsof polarization components. Thekinetics
parametersfor GDEsarelistedinTABLE 2.

TABLE 2: Kineticsparameter sfor ORR

Electrode b (mv dec?) Rct (Q)
GDE1 91 8
GDE2 108 11
GDE3 110 13

Accordingtoresultsof TABLE 2, GDE2 withlower
Tafel slopeand Rct, hasthe highest el ectrochemical
activity toward the ORR among thethree el ectrodes.
TheOCV (open circulate voltage) valuefor thisopti-
mum electrodeis0.819V.

CONCLUSION

Inthepresent study new GDE (based on Pt/Nafion
membrane) have been fabricated. Electrochemical re-
sultsshowed that, GDE2 hasthehighest el ectrochemi-
cd activity toward theORR among thethreee ectrodes.
The results showed that the deposition time and the
temperaturehavesgnificant effectson el ectrochemica
behavior of Nafion/Pt/GDL eectrode. Thesedatasug-
gested the enhancement of e ectrode performancewith
increas ng platinum deposition temperature. The SEM
and XRD findings showed that platinum layer can be
attached to Nafion membrane closdy and firmly with
strong peak correspond to (111) crystalineface. The
resultsillustrate that placing aPt monolayer onaNafion
membraneisan attractiveway of designing better O,
reduction el ectrocatalystswith very low Pt contents.
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