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The magor comporent in a proton exchange
membrane fuel cdl (PEMFC), form an
eledrochemicd engineeing Over the past four
yeas, MicroCoating Tedndogies (MCT) has
developed its patented Combustion Chemicd Vapor
Deposition (CCVD) techndogy for the synthesis of
Pt nanoperticles for use in proton exchange
membrane fuel cdl (PEMFC) applicaions. The
ability to continuowsly produce nanoparticles
couped with a spray polymer deposition strategy
that utili zes bath micron-sized droplet formation and
extremely flexible solution composition limits has
tremendows promise. The large-scde fabricaion d
low Pt loading / high performance ®mposite
eledrode layers is widely accepted as one of the
most crucial requirements for the succesdul
commercialization d fuel cdls.

The development focus a8 MCT has been on
composite dedrode layer production and process
scde-up; however, fundamental information onthe
structure and adivity of the flame-produced Pt
nanoparticles is necessary in order to establish
baseline kinetic performance This paper ceptures
some of the ongoing efforts underway at MCT and
Brookhaven National Laboratory to more
thoroughly charaderize Pt nanoparticles produced
viaCCVD.

Recent advances at MCT have dlowed for the
colledion d nanopowders on the grams per hou
scde. This now alows for the structural and
eledrochemicd charaderization d the unsuppated
nanoscde  dedrocaalyst particles, withou
complicaions due to ionamer or suppat materials.

Transmisdgon electron microscopy (TEM), X-ray
phaoeledron spedroscopy (XPS and X-ray
diffradion (XRD) measurements are used to
structural charaderize the unsuppated caalyst
particles. A variety of preaursor compositions,
combustion parameters and renoparticle lledion
condtions are utilized in the nanopowvder
fabricdion/colledion process Thus particle size,
particle size distributions, degree of agglomeration
and surface oxidation states can now be, in effed,
‘didedin’

Rotating disc dedrode measurements with
eledrocaalysts deposited on glasy cabon
eledrodes and badh urcovered and covered with a
thin Nafion® layer are used to investigate the mass
spedfic adivity for oxygen reduction.

Fig. 1 compares the rotating disk eledrode
(RDE) measurements for two dfferent Pt loadings
of a particular Pt nanoperticle (vide infra). For this
nanopavder produwction run, a durry colledion
scheme was utilized, with several liters of slurry
colleaed with a Pt particle oncentration d 14 g/L.

Polarization curves obtained with RDE
measurements $own in Fig. 1 indicae a high
caalytic adivity of this unsuppated caalyst.
Particularly important is the high orset potential of
O, reduction. A considerably lower half-wave
potential for the reacion onthe caalyst with lower
Pt loading is indicaive of inadequate cdalyst
dispersion. Rotating disk-ring measurements will
provide alditional insights on the cdalytic
properties of this caalyst.

Figure 1. Comparison d hydrodynamic
polarization curves for two dfferent Pt loadings,
----- 500 pg/cn, 50ug/cm, dispersed
onaglasy caboneledrode. The thin adive layer
consists of Pt nanoparticles only.
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The presentation will compare aseries of CCVD-
produced Pt nanoparticles with resped to formation
condtions,  structural  charaderization  and
eledrocaalytic adivity. For example, for the
unsuppated caayst used in the dedrochemicd
measurements own in Fig. 1, the TEM data
indicae an average particle size of ~8 nm with bah
very small, < 2 nm and large, ~ 30 m, particles
present. From the XRD pe& widths, a 5 mm
crystalite size can be cdculated. The XPS shows
~15% of the surface @&omsin the +2 oxidation state
with chemica shifts consistent to a mix of PtO and
Pt(OH),.

Other nanopowder production runs under
different sets of condtions have produced smaller
(and larger) particle sizes, less (and more)
agdomeration and undttedable (to nealy complete)
surfaceoxidation.



