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Traditional deposition techniques such as spraying,
brushing and rolling have been shown to be undeittain
fabrication of MEAs with low catalyst loading anigh
catalytic activity [1,2]. Accordingly, non-traditial
methods have been devised and utilized to attaiterbe
results. One such method is pulsed electrodepnsitio
which nanoparticles are selectively deposited wileeg

are needed. Although the superiority of the above
technique has been proven in other applications sisc
nickel and copper electrodeposition, its use in figls
has been limited to conventional square-pulse veawef
[3,4]. The influence of other types of waveformssize,
distribution and catalytic activity of nano-catakyfias not
been reported in the literature.

In the present study, an attempt was made to faieric
MEAs using pulse current electrodeposition emplgyin
four different pulse waveforms—ramp-up, ramp-down,
triangular and square—to examine their influencettan
quality of electrodeposits in terms of catalytictity,
dispersion and size. Electrodeposition was caroetdat
25°C in a flow cell using an agueous platinum solution
containing 0.05 M tetraamineplatinum (II) chloridA.
galvanostat (PAR 263A, Princeton Applied Research)
was employed to control both the pulse waveformthed
deposition current density. A thin layer of the adpbt
0.35+ 0.02 mg Pt cfi was electrodeposited on wet-
proofed carbon substrates and was then compardd wit
commercial electrodes with platinum loadings of i@
cm?. Electrodeposited catalyst layers were charae@riz
using SEM, TEM, XRD and CV.

Figure 1 compares the performance of a commercial E
TEK MEA with those prepared by pulse current
electrodeposition. The best performance was deld/éry
the MEAs prepared with a ramp-down waveform. The
MEAs fabricated using a triangular waveform perfedm
equally well. This is primarily attributed to thembsition

of smaller platinum crystallites with higher effeet area
for catalyzation. When a rectangular waveform ikzed,

the deposition current density is instantaneoustyeiased

to its maximum and then kept constant for the domabf
the pulse on-time. The continuous high cathodiaerur
encourages crystal growth, leading to formatioriesfer
nuclei and, subsequently, a marked decrease in the
effective surface area of the deposited platinuin ¢
the other hand, when a ramp-down waveform is agplie
the peak deposition current density is sharplygased to
promote nucleation, followed by a gradual decretmse
inhibit crystal growth, while new nuclei can stitle
formed. Similar to ramp-up, the application ofiarigular
waveform results in a sharp increase at the beginof
the pulse, leading to the creation of high conadiutn
overvoltage at the electrolyte-electrode interfazaysing
the electrodeposition process to be dominated by
nucleation. As the electrodeposition continues, dxaw,
the concentration of the electroactive species hat t
interface begins to decrease, resulting in a systeris
now dominated by crystal growth. However, as sosn a
the peak deposition current density is reachechainges
direction and nucleation becomes the dominant psace
This ensures a well-dispersed catalyst layer withh
active surface area [5].

Figure 2 presents TEM images and their correspgndin
histograms of platinum particles deposited usingeeh
different pulse current waveforms all with a peakrent
density of 400 mA cff, a duty cycle of 4% and a catalyst
loading of 0.3%0.02 mg Pt ci. Catalyst layers prepared
by ramp-down and triangular waveforms exhibitedaaen
uniform distribution as well as smaller particlezesi
compared with those obtained by the conventionahiss
pulse waveforms [5].

In summary, MEAS prepared by pulse current
electrodeposition using a ramp-down waveform delave
better performance than the commercial MEAS, biy on
with one-third of the catalyst. This is attributéa the
deposition of smaller, better-dispersed and mdiectbe
nano-catalysts.
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Figure 1 - Cell performance as a function of

electrodeposition waveform ¢HD,, cell temperature of
80°C and fully humidified fuel and oxidant)
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Figure 2 — TEM imgaes and histograms of platinum
catalyst electrodeposited using different pulse efanms
(peak deposition current density of 400 mA ™% duty
cycle and 0.3% 0.02 mg Pt cr per electrode)
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