Title: REFORMULATION OF COAL-DERIVED TRANSPORTATION
FUELS: SELECTIVE OXIDATION OF CARBON MONOXIDE
ON METAL FOAM CATALYSTS

Authors: Pls: George W. Roberts, North Carolina State University
James J. Spivey, Louisiana State University
James G. Goodwin Jr, Richard W. Rice, Clemson University
Ken Butcher, Porvair Advanced Materials
Students Paul Chin, North Carolina State University
Amornmart Sirijaruphan, Clemson University

Primary Pl address: North Carolina State University
Department of Chemical Engineering
Box 7905
Raleigh, NC 27695-7905
Td: (919) 515-7328
Fax: (919) 515-3465
e-mail: groberts@eos.ncsu.edu

Subcontractors: ClemsonUniversity, Department of Chemical Engineering
Industrial Collaborator: Porvair Advanced Materials; Hendersonville, NC

Grant Number: DE-FG26-O1NT41277

Performance Period: 09-25-01 to 09-24-04

Objectives. Coa-derived transportation fuels must be reformed in a series of steps to provide
hydrogen for use in proton exchange membrane (PEM) fuel cells. In the preferential oxidation
(PROX) reaction step, carbon monoxide is selectively oxidized to less than 10 ppm in the
presence of ~40% hydrogen, and steam, to prevent poisoning of the fuel cell anode. This process
requires an active, selective, and stable catalyst.

Structured catalyst supports, such as ceramic monoliths and ceramic foams, have been used for a
variety of applications. One of the most prominent examples is the washcoated, straight-channel
ceramic monolith in the catalytic converter for gasoline-powered automobiles. An aternative to
this ceramic monolith is a structured metal foam These metal foams offer a number of
advantages over the traditional ceramic monoalith: higher thermal conductivity, radial mixing and
heat transport, and a durable, low density, high strength structure. Our research examines the
viability of catalyzed meta foams for PEM fue cell-powered automotive applications, and
compares these materials to ceramic monoliths.



Accomplishments to Date. Using 5% platinum and 0.5% iron catalysts, g-Al,O3 washcoated
metal foams, 2” in length and 1” in diameter, withvarying pores per inch and density were tested
for their activity and selectivity on a CO PROX reaction in the presence of a Hy-rich gas stream.
The activity and selectivity of these metal foams were measured in an adiabatic flow reactor, and
the catalysts were characterized by pulse chemisorption and temperature programmed desorption
(TPD).

Tests on an unwashcoated, uncatalyzed blank metal foam and blank reactor show no CO uptake.

Tests on washcoated supports reveal that the Fe, g-Al,O3 washcoat, or surface impurities, weakly
adsorbs CO, causing an elongated tail during pulse chemisorption.

In our TPD measurements, we observe a similar desorption temperature peak of ~160°C for CO
linearly adsorbed on Pt, as shown by Manasilp and Guilari . The TPD results are lower than the
pulse chemisorption results because the latter accounts for CO adsorption on the Fe, gAl,O3
washcoat, surface impurities, or a combination of the three, in addition to the Pt.

For Fe-promoted Pt/g-Al,O3 catalysts, Liu et a. used TEM and HRTEM to show dispersed Pt
particles with an average size of ~ 2 nm 2, while Sakamoto et al. determined the average dp; to be
~ 20 nm using both XRD and dark fiedld TEM 3. Our d results, using a spherical model, are
higher than Liu and Sakamoto, indicating possible sintering of the catalysts by agglomeration.
Liu et al. and Sakamoto et al. agree that Fe enriches the Pt surface, decreasing the CO uptake by
chemisorption and TPD because the Fe blocks CO adsorption on the Pt surface. We speculate
that the supports with higher CO activity and selectivity will have lower CO uptake because the
Fe is dispersed on the Pt particles * 3.

FutureWork. The work planned for the remaining months of this research grant includes some
of the following tasks:
- Other catalyst characterization techniques (SEM w/ EDAX, TEM, XPS, ICP) that are
destructive to our catalytic supports.
In- house washcoating of catalytic supports.
Testing of different metals (Au, Ru) and/or promoters (Mn, Sn).
Publications of the results acquired in these investigations.
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