CATL 1

Plasma-CVD-coated glass beads as photocatalysts for water decontamination
Marcus Morsteinl, Martin Karches2, Roberto Pozzo3, Jose L. Giombi3, and Miguel A.
Baltanas3. (1) Laboratory for Surface Science and Technology, ETH Zurich,
Department of Materials, ETH-Zentrum NO H59, Sonneggstr, 5, Zurich CH-8092,
Switzerland, Fax: 41-1-633 1027, morstein@surface.mat.ethz.ch, (2) Institute of
Process Engineering, ETH Zurich, (3) Reaction and Reactor Engineering Area, INTEC,
Guemes 3450, Santa Fe 3000, Argentina, Fax: 54-42-455 0944, rpozzo@intec.unl.edu.ar
Photocatalytically active titania (TiO2) films were deposited on 125 um glass beads by
means of low-temperature plasma-CV D in avacuum fluidized bed, using titanium
t-butoxide as precursor. The deposited amounts of titania were determined by digestion
with (NH4)2S04/H2S04 and the coatings were analyzed by XPS, ToF-SIMS, and
HR-TEM. Glass particles coated with films of different thicknesses (10 - 100 nm) were
tested as photocatal ysts for water decontamination. The photocatal ytic activity was
evaluated in afully irradiated, fluidized-bed photoreactor by monitoring the
decomposition rate of oxalic acid in agueous solution at 298 K. The as-deposited TiO2
was amorphous and only after crystallization, induced by calcination at 450°C, the
materials were catal ytically active, with good abrasion resistance. The plasma-CVD
films were about 50% as efficient as the reference material, P-25 immobilized on quartz
sand.

CATL 2

Fused hollow cathode cold atmospheric plasma sour ce for gas treatment

Hana Barankova, and Ladislav Bardos, Angstrom Laboratory, Uppsala University,

Box 534, 751 21 Uppsala, Sweden, Fax: 46-18-555095,

Hana Barankova@Angstrom.uu.se

A new type of the Cold Atmospheric Plasma source for catalytic plasma treatment of
gasis presented. The Fused Hollow Cathode (FHC) source is based on simultaneous rf
generation of hollow cathode dischargesin an integrated, open structure, with flowing
gas. The resulting Fused Hollow Cathode discharge is very stable, homogeneous,
luminous, volume filling, without streamers. The power consumption is very low, of the
order of tenths of Watt per cm2 of the electrode structure area. Experimental results for
the hollow electrode integrated open structure up to 20 cm2 show the Fused Hollow
Cathode performance with respect to varying process characteristics. The concept of

the source is extremely suitable for scaling up for different gas throughputs. The Fused
Hollow Cathode source represents a new non-equilibrium atmospheric plasma source
for transformation of gas. Its design offers both - catalytic reactions in the bulk of plasma
and at solid surfaces composing the open structure.

CATL 3

Plasmachemical synthesis and/or regeneration of ultradispersed catalysts
Gheorghi P. Vissokov, Institute of Electronics, Bulgarian Academy of Sciences, 72
Tzarigradsko Chaussee Blvd, 1784 Sofia, Bulgaria, Fax: (+359 2) 975 32 01
Abstract text not available.
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CATL 4

Transfor mations on the alkali-halide crystals surface by the high energy irradiation
and old air plasmainfluence

I. A. Korobetskii, E. S. Shudrikov, S. A. Nazimov, and T. V. Gubareva, COAL-C,

Ltd, Clean Coa Technology & Certification Center, P.O. 2309, Kemerovo 650044,
Russia, Fax: 7-3842250895, evgeniy@coal-c.ru

Physicochemical transformations on the alkali-halide crystals surface by the high-energy
irradiation and cold air plasma influence were studied. The formation of the new
compounds such as MeNO3, MeNO2, MeXO3, MeXO4 was set up by the

| R-spectroscopy.

CATL 5

Microwave plasma tor ch production of supported metal particles

Jonathan Phillipsl, Chun-Ku Chen2, Seth Gleimanl, and Hyunsup Shim2. (1)
Engineering Sciences and Applications Division, Los Alamos Nationa Laboratory,
P.O.Box 1663, MS C930, Los Alamos, NM 87545, Fax: 505-277-1024,
jphillips@lanl.gov, (2) Chemical Engineering Department, Pennsylvania State
University, 121 Fenske Lab, University Park, PA 16802, Fax: 505-277-1024,
cXch2@psu.edu

A low power, atmospheric pressure, microwave plasmatorch was used to make
alumina supported catalysts from aersosols. The aerosols consisted of mixtures of metal
precursors and alumina, with metal weight content generally around 1 percent. These
aerosols were passed through a variety (Argon, nitrogen, hydrogen or mixtures) of
atmospheric pressure, low power (<1kW) plasmas at rates of the order of 5
liters/minute. The basis for this procedure was a simple hypothesis: in a mixture of metal
particles and support materials metal atoms, generated during the passage of the input
particles/salt precursors (<0.1 seconds in the 'hot zone') through the plasmatorch, will
coat the refractory support material. Metal particles will nucleate and grow on the
surface of the refractory support in the cooler environment of the afterglow. To test the
above hypothesis and potentially develop anovel technology, catalysts were initially
created from inert gas/palladium particle-alumina particle aerosol s which were passed
through the center of atmospheric pressure, microwave generated, plasmas. Based on
the results, variations were also tried. In particular, in later trials palladium salts were
substituted for palladium metal particles. All the catalysts were found to be active for the
test reaction, selective hydrogenation of 1-butene. Activity was found to be a strong
function of the identity of the palladium precursor as well as the plasma and aerosol
operating parameters. Also, the selectivity of al the plasma generated catal ysts was
better than that of catalysts produced using a conventional method. In fact, particles
made by incipient wetness, but on plasma treated alumina, were also found to have the
higher selectivity.

ACS Catalysis Secretariat Abstracts
Washington DC National Meeting, Fall 2001
Copyright 2001 American Chemical Society



CATL 6

Reaction mechanism study of lean NOx reduction using plasma catalysis

[.S. Yoon, R.G. Tonkyn, A.G. Panov, A.C. Kolwaite, S.E. Barlow, and M. L. Balmer,
P.O. Box 999, MSIN K8-93, Pacific Northwest National Lab, 902 Battelle Blvd.,
Richland, WA 99353, |ou.balmer@pnl.gov

Low temperature plasma devices combined with select catalysts have been shown to
reduce 60% or more of the NOX in simulated lean-burn exhaust gases between
150-350°C. Despite alarge interest in thisfield, very little has been reported about
reaction mechanisms. This work elucidates reaction mechanisms for plasma catalytic
NOX reduction using two catalysts, sodium Zeolite-Y and gamma alumina. With plasma
and NaY extrudates, we have previously shown conversion of NO to N2 and N20 in
simulated exhaust gas. Using NO2 as the feed gas at a catalyst temperature of 225°C,
we were able to achieve 25% conversion of NOX to N2 and N20 thermally. With
plasma, 55% conversion of NOX to N2 and N20 was achieved. Using agamma
alumina catalyst at 340°C, 60% conversion with plasma was observed using NO2 as
the feed gas. However, no thermal conversion was observed with the gamma aumina,
suggesting a different mechanism than NaY . Reports in the literature suggest that the
critical role of the plasmais simply to oxidize NO to NO2, however our results suggest
that plasma-generated partially oxidized hydrocarbons are also important for optimum
catalyst performance.

CATL 7

Plasma decomposition of NO in the presence of TiO2 photocatalysts

Y uji Hayashi, Fujitsu Laboratoratories Ltd, Kawasaki, Kanagawa, Japan,
D3697@so.daido.co.jp, Kanji Irie, Daido Steel Co., Ltd, Goro Yamamuchi, Daido
Institute of Technology, and Steven L. Suib, Department of Chemistry, University of
Connecticut

Plasma Assisted Catalytic Technology (PACT) chemical reactors have been newly
developed. Synergetic effects between plasma excitation and catal ytic activation may be
expected in PACT which isastable dielectric barrier discharge between the electrodes
coated with catalytic metals at atmospheric pressure. We reported catalytic effects of
metal electrodes for Pt, Rh, Pd, Au, Cu and Ni for the decomposition of NO(Rh>Fe),
CO2(Rh>Pt=Cu>Pd>Au) and H20(Au>Rh>Pd). Photocatalytic TiO2 particles are
dispersed on the surface of Ag electrodesin PACT by internal oxidation methods and
photocatal ytic effects of the plasmaradiation in NO reactions were observed. The
discharge can be formed between the 1 mm gap with a2~8kV sin-wave (~10kHz). We
found 100% decomposition (2NO ®N2+02) at an initial [NO] of 50ppm even in 20%
02 which was only observed for precious metalsin the presence of dispersed TiO2
particles. The decomposition of NO depends upon the O2 concentration. It is difficult to
decompose NO efficiently at more than around 7% O2 in N2 with PACT reactors. A
CCD camera system was used to clarify transitions of radicals. Radiation energy around
337 nm from the second positive band of N2 may be effectivein using TiO2 asa
photocatal yst.
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CATL 8

On theinteraction between plasmas and catalyst for the utilization of greenhouse
gases

Chang-jun Liu, and Gen-hui Xu, State Key Laboratory of C1 Chemica Technology,
Tianjin University, 92 Wei Jin Road, Tianjin 300072, China, changliu@public.tpt.tj.cn
Since gas discharge plasmais a mixture of electrons, highly excited atoms and
molecules, ions, radicals, photons, etc, the chemistry isvery complex. A very selective
product from this plasma chemistry could become very expensive. To improve the
selectivity of plasma synthesis a heterogeneous catalyst has been introduced into the
plasma reactor. The experiment confirmed that the use of heterogeneous catalyst
improves the selectivity of objective hydrocarbons. The use of heterogeneous catalyst,
however, induces some difficulties in understanding of interactions between plasmas and
catalyst.Moreover, the conventional parameters like pressure and gas temperature are
not enough to describe such a catal ytic plasma conversion. In this presentation, some
aspects of interactions between plasmas and catalyst have been investigateded, including
effects of catalyst surface area, XPS analysis of plasma-used catal ysts and charge
anaysis of acatalyst involved in the gas discharge reactions.

CATL 9

Selective hydrogenation of acetylene to ethylene during the conver sion of methane
in a catalytic dc plasma reactor

Christopher L. Gordon, Richard G. Mallinson, and Lance L. Lobban, School of
Chemical Engineering and Materials Science, University of Oklahoma, 100 East Boyd,
SEC Room T335, Norman, OK 73019, Fax: 405-325-5813, clgordon@ou.edu

Plasma reactors have been found to be an effective method for the conversion of
methane at low temperatures. The use of NaOH Y zeolite stabilizes the streamer
discharges that otherwise would not exist, and modifies reaction selectivities. Using
NaOH Y zeolite, high methane conversions (68%) and high yields of C2 hydrocarbons
(primarily as acetylene) (47%), hydrogen (52%), and carbon monoxide (21%) have
been obtained at room temperature in a catalytic dc plasma reactor. However, the
industrial demand for acetyleneisrelatively low and itsinherent safety issues make it
non-transportable. Therefore, a desirable alternative is to control the product distribution
towards ethylene by the use of selective hydrogenation catalysis. Palladium catalysts are
commonly used for the selective hydrogenation of acetylene to ethylene. In this study,
palladium metal was deposited onthe Y zeolite using a CVD technique with metal
loadings between 0.05 wt% and 1.0 wt%. The addition of palladium tothe Y zeolitein
the dc plasma reactor shifted the product selectivity from acetylene to ethylene and
ethane with no change in methane conversion. However, the C2 selectivities were
affected by the amount of palladium loading. The 0.05% wt did not completely remove
all of the acetylene, but did show a high selectivity towards ethylene with some ethane.
On the other hand, the 1.0% wt. completely converted al of the acetylene, but over
hydrogenated it to ethane.
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CATL 10

Plasma catalysisfor natural gas conversion

Tecle S. Rufael, James F. Stevens, and David A. Storm, Upstream Technology,

Texaco Inc, 4800 Fournace Pl, Bellaire, TX 77401, Fax: 713-432-6908,

ruf aets@texaco.com

The growing demand for inexpensive, ultra-clean and more efficient energy sources has
undoubtedly been the major driving force in today’ s petroleum, energy, and automobile
industries as well as government spending and policies. As aresult, thereis arebirth of
Gas-to-Liquids (GTL) technologies for converting the huge supply of stranded natural
gas reserves into clean, high value liquid fuels, mostly through the traditional
Fischer-Tropsch processes. However, research in aternative and less-proven methods,
namely plasma catalysis, has emerged as potentially economical route of upgrading
natural gasto other fuels. In this paper, we present areview, based on recent literature
and our analysis, of the promises and limitations of various plasma-based techniques for

the conversion of natural gas to other valuable products, such as higher hydrocarbons,
methanol, syngas, or fuel hydrogen. Both thermal and non-thermal plasma sources
(gliding arc, corona, dielectric barrier and microwave discharges) are discussed with

technical aswell as prevailing economic and environmenta considerations.

CATL 11

Analysis of a high frequency pulsed plasma for methane conversion

Shuiliang Y ao, Eiji Suzuki, and AkiraNakayama, Catalysis Science Laboratory,
Research Institute of Innovative Technology for the Earth, Kyoto 619-0292, Japan,
yao@rite.or.jp

Methane conversion to more valuable chemicals has been received much more attention
during past decades. A widely used process of acetylene production from methaneisa
pyrolysis that a high reaction temperature is maintained by preheating and partial
oxidation. A large amount of carbon dioxide is emitted from the process. An arc plasma
of methane to produce acetylene was developed many years ago. The extremely high
reaction temperature enhanced by arc plasma and the deposit of carbon in the plasma
space are the defects although this arc plasma has arelatively high energy efficiency.
Last year, we developed a new pulsed plasma for methane conversion to acetylene and
hydrogen. The energy efficiency increased dramatically with increasing pul se frequency.
In this paper, the mechanism and future development of a high frequency pulsed plasma
are discussed.
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CATL 12

New approach in the electron theory of catalysis. Electrodynamical & quantum
mechanical model

Alexander V. Glushkov, Physical-Chemical Engineering Centre & Institution, Appl.
Math. OHMI, Odessa-9 65009, Ukrai, Ukraine, glushkov@paco.net

A development of the comprehensive electron catalysis theory and a study of catalytic
activity of the different materials (f.e., metal & semiconductors materials) is of a great
importance,especially under construction of the fuel e ements, electrochemical and
plasma chemical generators etc. In our paper we propose a new approach in the
electron theory of catalysis, based on the electrodynamical and quantum-chemical
modeling of catalytic processes on the metallic and non-metallic materials[1]. On the
example of the ssmple model reactions:. the hydrogen ionization reaction and oxygen
electrorestoring there are found the electron structure parameters ( the Fermi surface
states density, the Fermi momentum and statical dielectrical permeability) which
determine the catalytic activity of the metallic and semiconductive materials on relation
to indicated reactions. The key moment of modelsis in adequate choice of the effective
potential field of materials medium and obtaining the direct link between electron
structure parameters of materials and catalytic activity properties with further numeral
solution of equations of the Schrodinger type [2,3]. Some important catalytic activity
predictions are made for some metal-porphirines ( in particular, phtalociamine etc.) and
also biocatalysts [4]. It is carried out the model calculations for catalytic processes and
considered some possibilities of improving the technological characteristics for the
plasma chemical reactors processes. As an example, the model consideration of the
excitation process for the vibration levelsin the ammoniain its diluted mixture with
argonis carried out.

CATL 13

Oxidation of toluenein a low-pressur e plasma catalytic fluidised-bed reactor
Simeon Cavadias, Muriel Langleron, and Jacques Amouroux, Laboratoire de Génie

des Procédés Plasmas, ENSCP - Univ. P. et M. Curie, 11 rue P. et M. Curie, 75005
Paris, France, Fax: + 33 1 43 26 58 13, snc@ext.jussieu.fr

Abstract Plasma technology has been used for the study of the oxidation of toluene.
Experiments have been performed in alow-pressure plasma catal ytic fluidized-bed
reactor supplied by an RF 13.56 MHz generator. On-line mass spectrometry and

off-line gas chromatography were used for a qualitative and quantitative analysis of the
products. The products of the oxidation of toluene, under the same operating conditions,
depend on the catal yst used. The use of NiO-WO3 on alumina catalyst leads to the total
oxidation of toluene. The use of the zeolite Y Na( faujasite) leads to the partial oxidation
of toluene and the formation of cresols while the use of the zeolite ZM 760 (mordenite)
enhances the phenol formation and improves the liquid products formation. The influence
of the parameters such as characteristics and the nature of the particles, the reaction time
and the reaction mechanisms are discussed.
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CATL 14

Roles of catalystsin nonther mal plasma chemical processing of hazardous air
pollutants

Shigeru Futamura, Aihua Zhang, and Hisahiro Einaga, National Institute for Resources
and Environment, Onogawa, Tsukuba, Ibaraki 305-8569, Japan, futamura@nire.go.jp
Nonthermal plasma affords very unique reaction mediawhere low concentrations of
hazardous air pollutants (HAPs) can be efficiently decomposed at short residence times
due to large magnitudes of excited electrons. Only with nonthermal plasma, however, it
isvery difficult to control the abundances of active oxygen species such as ozone,
oxygen atoms, etc. derived from gaseous oxygen and humidity in situ. Perovskite oxides,
which are known to act as catalysts for partial oxidation of hydrocarbons at higher
temperatures, are inherently used as ferroel ectric materials in packed-bed reactors, and
other types of metal catalysts can be used as electrode modifiers and a component in
nonthermal plasma-catalyst hybrid reactors. This paper will discuss the roles of catalysts
such as barium titanate used in packed-bed reactors and metal catalysts hybridized with
silent discharge reactors from the viewpoint of their involvement in the oxidation of
nitrogen, CO, and VOCs.

CATL 15

TOF: Validation of the concept in heter ogeneous catalysis

Michel Boudart, Chemical Engineering Department, Stanford University, Stanford,
CA 94305, Fax: 650-723-9780, lindi @chemeng.standford.edu

Values of TOF reported for reactions on metallic catalysts have been validated by
surface science work on single crystals in a number of cases. The best example of a
TOF on anon-metallic catalyst is that of Haag: it deals with cracking of alkanes on
ZSM5 over more than 3 orders of magnitude of specific rates and single acidic sites. In
the future, as single site catal ysts become the rule rather than the exception, rates will be
routinely reported in reciprocal seconds, i.e., asa TOF. Two advantages of such
reporting are the transparence of the single time unit and its reproducibility from lab to
lab on samples that are well characterized by reported protocols.
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CATL 16

Electrostatic model for QM calculations of hydrocarbonsin zeolites

Rustam Z. Khaliullin, Higher Chemical College, 47 Leninsky pr, room 343, Moscow
117913, Russia, rustyh@mail.ru, Vitalii N. Solkan, N. D. Zelinsky Institute of Organic
Chemistry, and Vladimir B. Kazanskii, N.D.Zelinsky Institute of Organic Chemistry
Conversions of hydrocarbons on zeolites belong to the technologically most important
classes of heterogeneous catalytic reactions. Experimentally, it is often difficult to obtain
information about interaction of hydrocarbon molecules with active sites (AS) of zeolites
and therefore computer simulations could be a possible alternative in these cases. The
molecular cluster approach is the most widely used model for accurate description of
interaction of hydrocarbons with AS at the quantum mechanics (QM) level. But the
crystal environment of zeolite couldn’t be taken in account with this model dueto fast
increasing of calculation time with extending of zeolite cluster. Since hydrocarbons
interaction with atoms of ASis comparatively weak it is possible to presuppose that
changesin properties of adsorbed molecules (e.g. vibrational bands shifting) are
determined with electrostatic influence of zeolite framework and the electronic
contribution to such interactionsis small. QM calculations of vibrational frequencies of
methane molecule proved this presupposition: spectra of methane cal culated using model
where al atoms of AS were replaced with point charges are in good agreement with
cluster model calculations but computational timeisin 10-20 times less

(B3LY P/6-31g**++). Beside this, increasing of atoms number in framework doesn’t
increase amount of CPU time, so electrostatic model can treat all unit cell of zeolite
(approximately 300 atoms or more) (Fig. 1) and predict siting of hydrocarbons
moleculesin pores of different types of zeolites on the ground of experimental IR bands
shifting.

CATL 17

Computational studies of olefin epoxidation

Michael R. Salazar, Joel D. Kress, and Antonio Redondo, Theoretical Division,

Group T12, Los Alamos National Laboratory, MS B268, Los Alamos, NM 87545,

Fax: 505-665-3909, salazarm@lanl.gov

The results of density functional calculations that aim at establishing the mechanism for
the epoxidation of ethylene on silver surfaces will be presented. We examined the
binding of ethylene to O atoms on silver, along with the role that cesium (a known
promoter to the silver catalyzed epoxidation of olefins) plays in forming bound
ethylene-oxygen species. Transition state calculations, for the formation of the epoxide
and aldehyde products from ethylene, will also be presented. These calculations form
the basis of our interpretation as to why silver is afacile surface for olefin epoxidation.
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CATL 18
Noble metal catalysed selective oxidation of alcoholsin supercritical carbon dioxide
Shik Chi Tsang, Andrew M. Steele, and Jie Zhu, Department of Chemistry, Catalysis
Research Centre, University of Reading, Reading RG6 6AD, United Kingdom, Fax:
44-118-9316632, s.c.e.tsang@rdg.ac.uk
It has been known that noble metals can catal yse oxidation of organic molecules with
gaseous oxygen in liquid phase. However, the use of organic solventsis strictly
prohibited due to the risk of forming explosive peroxides. Water is the solvent of
industrial consideration. Unfortunately, there are prevailing problems in selectivity,
catalyst deactivation and metal |eaching when the reaction is operated in water. Here we
demonstrate, for the first time, that an extremely good selectivity to carbonyl compounds
(>99%) at high yields is achieved through the oxidation of arange of acohols by
molecular oxygen using carbon-supported noble metal catalystsin supercritical CO2.
On the other hand, a much lower selectivity to carbonyl compounds in aqueous solution
is obtained with a significant quantity of the alcohol being over-oxidized to acid. Hence,
the work suggests clearly that the active noble metal sites can undertake different
mechanisms under different reaction media.

CATL 19

TiO2 - SIO2 Xerogel photocatalyst for decontamination of indoor air

Rena Armstrong, Martina Dreyer, Lance L. Lobban, and Gerard Newman, University

of Oklahoma, 100 East Boyd st. #4, Norman, OK 73019, rjarmstrong@ou.edu

The application of TiO2 for photocatal ytic destruction of organicsin air and water isa
focus of significant research. A new photocatalyst, through the combination of SIO2 and
TiO2, has been synthesized that improves many of the problems faced by commercial
photocatalysts such as P25. The resulting composite material is has high surface area
and good structural strength. This presentation presents the characterization of this
material by atomic absorption, x-ray diffraction (XRD), transmission el ectron
microscopy (TEM), and BET surface area analysis. The BET surface area was found to
be about 500 m2/g. The XRD showed the TiO2 to be anatase crystals with an average
crystal size of 6 nm. TEM clearly shows the structure of the xerogel. The atomic
absorption analysis revealed the composition of the xerogel. Finally, the photocatal ytic
activity under ultra-violet illumination was tested. It was found that the xerogel catalyzed
the complete oxidization of ethylene faster than P25.
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CATL 20

In situ deter mination of catalyst oxidation and reduction kineticsin the selective
oxidation of butane with VPO

Mark A. Barteau, and Daxiang Wang, Center for Catalytic Science and Technology,
University of Delaware, Department of Chemical Engineering, Newark, DE 19716, Fax:
302-831-2085, barteau@che.udel .edu

We have utilized anovel, flow-through microbal ance to measure oxygen uptake and
release from VPO cataysts in the selective oxidation of butane to maleic anhydride. In
addition to oxidation and reduction transients, this method permits determination of
catalyst oxygen content during steady-state operation, as well as the capacity of the
catalyst to deliver oxygen under cyclic redox operating conditions. Comparison of the
kinetics and energetics of the individual catalyst reduction and oxidation steps with those
obtained for steady-state and cyclic operation serves to distinguish the rate determining
processes in butane oxidation under different reaction conditions.

CATL 21

High selective supported Ni catalyst for hydrogenation of furfuryl alcohol to
tetrahydrofurfuryl alcohol

Chenguang Liul, Ruihua Shenl, and Pimu Zhai2. (1) Department of Chemical
Engineering, University of Petroleum, Dongying, Shandong, China, cgliu@hdpu.edu.cn,
(2) Qilu Petrochemica Company

Liquid hydrogenation of furfuryl acohol was carried out at an autoclave using
Ni-supported catalyst. Experimental results verified that best catalyst preparation
method and procedure for the production of tetrahydrofurfuryl alcohol(THFA). Nickel
supported catalysts with Ni contents 60-20wt% are the most active for the
hydrogenation of furfuryl alcohol. The multiple impregnation method used in this study
can improve obviously the activity and selectivity of the supported nickel catalyst. Under
mild conditions(catalyst concentration 1wt%, 170 C, 5-6MPa, 4-4.5hrs, and agitation
1000rpm), furfuryl alcohol was hydrogenated into THFA with a good yield(95-96%), a
high selectivity(>95%) and total conversion. More than 90% of THFA fraction with
purity higher than 99% was obtained through the vacuum distillation of the product in a
packed column with theoretical plate number 30-40 at vacuum of 730-740mmHg. It
appears that furfuryl acohol hydrogenation could be scaled up using the Ni-supported
catalyst for theindustrial production of THFA.
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CATL 22

Role of vanadia speciesin V/Ti oxide catalystsfor toluene partial oxidation

Dmitri A. Bulushev, Lioubov Kiwi-Minsker, and Albert Renken, Institute of Chemical
Engineering, Swiss Federal Institute of Technology, Lausanne CH-1015, Switzerland,
Fax: +41-21-693-61-61, bulushev@dcmail .epfl.ch

Partial oxidation of toluene on V/Ti oxide catalystsis areaction of industrial interest. In
spite of the detailed study of the nature of surface vanadia species, there is an evident
lack of the information concerning their reactivity. The present work demonstrates an
application of the transient response techniques in combination with "in situ” DRIFT and
FT-Raman spectroscopy for the discrimination of the reactivity of different vanadia
gpecies. Catalysts consisting of 0.35-3.7 monolayers of vanadia on titania were studied.
In anaerobic conditions, conversion of toluene to benzaldehyde (BA) with selectivity
close to 100% was found. BA isformed mainly by nucleophilic (O2-) oxygen in isolated
monomeric vanadia species, while electrophilic oxygen (O-) present in polymeric and
bulk vanadia speciesis responsible for the formation of carbon oxides. An addition of
potassium was observed to increase the yield of BA.

CATL 23

Semi-transparent titanium dioxide aerogels: Catalyst characterization and
photocatalytic oxidation

Martina Dreyer, Lance L. Lobban, and Gerard Newman, School of Chemical
Engineering and Materials Science, University of Oklahoma, 100 East Boyd, Room
T335, Norman, OK 73019, mdreyer@ou.edu

Aerogels as anew form of photocatal ysts could significantly improve the available
technology for photocatal ytic degradation of air contaminants. In this study a pure low
density and an ultra-low density titanium dioxide aerogel have been synthesized and
characterized with respect to surface area, particle size distribution, x-ray diffraction,
and UV light penetration. In addition, photocatal ytic tests have been carried out on
ethylenein air. The same tests have been carried out on the presently most effective
photocatalyst Degussa P25. The effectiveness of the aerogelsin removing ethylene has
been shown to be better in comparison to that of the Degussa. The superiority of the
aerogel ismainly attributed to the larger fraction of interior surface, the high porosity
resulting in a higher accessibility of reaction sites, and the deeper UV light penetration
into the material. The reaction rate constants for ethylene oxidation were determined
assuming a Langmuir-Hinshelwood type rate expression.
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CATL 25

Relationship of chemisor ption- and isotopic tracing-based TOF'sto true site
activitiesfor reactions on metal catalysts

Soo Y. Kim, William D. Rhodes, and James G. Goodwin Jr., Department of

Chemical and Petroleum Engineering, University of Pittsburgh, Pittsburgh, PA 15261,
Fax: 412-624-9639

Turnover frequency (TOF) is, without a doubt, one of the most important conceptsin
heterogeneous catalysis. TOF represents the rate at which a product isformed on an
active site and provides a standardized measure used for elucidating the effects of
catalyst composition and reaction conditions. While the definition of TOF is rather
simple and easy to understand, obtaining an accurate measure of TOF for solid catalysts
continues to be the greatest challenge in the 21st century. Traditionally, TOF is based on
an assumption that the number of active sites on a solid catalyst can be determined by
adsorption characteristics. For supported metal catalysts, the number of exposed metal
atoms, measured by chemisorption of CO or H2, has been used to approximate the
number of active sites. Even though the TOF based on chemisorption, TOFChem, has
been an essential part of supported metal catalysis, the potential gross over-estimation of
the active sites using the number of exposed metal atoms has been well acknowledged.
We consider that the approximation of the number of active sites using the number of the
most active surface intermediates determined via steady-state isotopic transient kinetic
anaysis (SSITKA) isthe most viable means to date to better estimate the site activity.
The values of TOF based on the number of active surface intermediates, TOFITK, have
been compared with those of TOFChem for structure-sensitive and insensitive reactions
on avariety of supported metal catalysts. The advantages and limitations of using
TOFITK to approximate the site activity are discussed.

CATL 26

FCC catalystsfor enhanced LCO and L PG production

Huiping Tian, FCC Catalyst Division, Research Institute of Petroleum Processing,
SINOPEC, 18 Xueyuan Road, Beijing 100083, China, Fax: 86-10-62311290,
hptian@midwest.com.cn

The pore distribution and acidity of zeolite and kaolinite were investigated to elucidate
the coordinative effect of active components and support of catalysts on the enhanced
liquefied petroleum gas and light cycle oil production in afluid catalytic cracking
process. The amount of weak acidity in macro pores was directly related to the
conversion of heavy feedstock. The decrease of strong acidity in FAU zeolite (Y)
inhibited the conversion of light cycle oil, while the addition of MFI zeolite (ZRP-4) in
catalyst formulation selectively cracked the gasoline fraction into liquefied petroleum
gas. VGO cracking reaction network, mechanism and its dependence on the catalytic
materials were discussed.
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Atomic insight into hydrodesulfurization

Patrick Han, S. Alex Kandel, J. G. Kushmerick, and Paul S. Weiss, Department of
Chemistry, Pennsylvania State University, 152 Davey Lab, University Park, PA 16802,
Fax: 814-867-2738, pxh164@psu.edu

We have dosed and imaged Ni atoms on single crystal MoS2 at 4 K using a low
temperature ultrahigh vacuum scanning tunneling microscope. This system was used to
study fundamental aspects of the mechanism of hydrodesulfurization. STM images have
shown that Ni atoms remains highly mobile at 77 K and still can be easily manipulated
by the STM tip at 4 K. Spectroscopic imaging has shown that adsorbed Ni clusters
display empty orbitals that are well suited to bind reactant molecules. STM studies on
the adsorption and chemical changes of thiophenes on single crystal metal surfaces will
also be presented.

CATL 28

XPS study of carbided molybdena-alumina catalyst for the hydrodesulfurization of
thiophene

Masatoshi Nagai, Takayuki Monoe, and Shinzo Omi, B.A.S.E, Tokyo University of
Agriculture & Technology, Nakamachi, Koganei 184-8588, Japan, Fax:

+81-42-388- 7060, mnagai @cc.tuat.ac.jp

The relationship between the molybdenum species of carbided Mo/Al203 catalysts and
the HDS activity of the catalysts was studied by XPS. The HDS of thiophene was
carried out in afixed-bed microreactor at 623 K and atmospheric pressure. The 4.8%
MoOS3/AI203 catalyst was carbided by atemperature-programmed reaction with 20%
CH4/H2. The 873 K carbided catalyst held the highest TOF (Based on CO adsorption).
From XPS analysis, the 873 K carbided molybdenum catalyst was significantly difficult
to sulfide the molybdenum species on the surface of the carbided catalyst. Furthermore,
the molybdenum oxidation states of the carbided Mo/Al203 catal ysts decreased with
increasing carbiding temperature, and Mo3+ ion is predominant on the surface of the
873 K carbided catalyst and was the most active for the HDS of thiophene.

CATL 29

Active sitesin sulfated zirconia catalysts

Robert A. Keogh, Center for Applied Energy Research, University of Kentucky, 2540
Research Park Drive, Fax: 606-257-0302, and Burtron H. Davis, Ctr for Applied
Energy Research, 3572 Irons Works Pike, Fax: 606 257-0302,
davis@alpha.caer.uky.edu

One of the early claims for the sulfated zirconiawas that it was a superacid. Acid sites
have been of great interest because of the wide range of reactions that they catalyze.
Much attention has been devoted to characterizing the Bransted and Lewis acid sites.
Many workers have reported a linear relationship between the number of Brensted acid
sites and the catalytic cracking. Thus, thisis an excellent example of the ability to
determine the number of acid sites and relate it to turnover frequencies (TOF). Attempts
to do thiswith the sulfated zirconia show that a simple structure of the acid sitesis
inadequate for the sulfated zirconia catalyst.
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