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MODERN TECHNIQUES FOR TESTING THE CATALYTIC ACTIVITY
AND KINETICS OF CATALYTIC REACTIONS

V.N. Parmon, N.N. Bobrov, L.I. Bobrova, I.Yu. Pakharukov and M.M. Matrosova
Boreskov Institute of Catalysis BB RAS, 630090, Novosibirsk, Russia

Activity of heterogeneous catalysts is defined as the specific (in respect to, e.g., the
catalyst mass) stationary rate of the catalytic reaction at the given temperature, pressure, and
composition of the reaction mixture being in contact with the catalyst. However, at the
experimental practice, this correct kinetic approach to the notion of the catalytic activity is
used very seldom because the correct catalyst testing is associated with a number of
complicated methodological and technical problems. As a result, the experiments on testing
the catalytic activity are generally labor consuming and expensive while the obtained kinetic
data are not sufficiently reliable from the point of view of the correct kinetics definition.

Usually, the catalyst testing is performed in simple plug-flow reactors and the results of
the respective experiments are presented as degree of conversion versus the reaction mixture
" residence time" or VHSE. The results of such testing can be considered as integral ones and
give only approximate kinetics data. Indeed, it is known that the reaction rate depends on
many catalyst properties (technique of its preparation, its chemical composition, texture,
shape, particle size, etc.) as well as on the process parameters (temperature, pressure,
composition of the reaction mixture, heat-and-mass transfer, etc.) which vary along the
reactor. For this reason yet in the quite old [UPAC recommendations [1] it was noted that
" contact time" or " residence time" are terms which may be misleading for flow systems in
heterogeneous catalysis and thus should be avoided.

The development of reliable experimental methods and devices for correct testing the
catalyst activity and kinetics of heterogeneous catalytic reactions is carried out in the Boreskov
Institute of Catalysis for more than 20 years [2]. The developed methods allow one to receive
one-parameter dependencies of the catalyst activity on the parameters of both the catalyst and
the process. The main problem for such experiments appears to be the actual complexity of
measuring the reaction rate under the given reaction mixture composition for the processes with
the preliminary unknown formal kinetics. Indeed, this is quite usual situation not only for new

catalysts but also for many known catalysts. Also, there are many technical problems in

maintaining the same temperature of the catalytic bed for different catalysts.
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Many of the mentioned problems are solved at the use of the flow-recycling method
(FRM) for catalyst activity testing. The flow-recycling method (or the differential circulation
method, as it is somewhere called as well) is one of the so-called " gradientless” methods in
which a catalytic microreactor is combined with a mixing device (a recycling pump) placed
outside of the reaction volume (Fig. 1). The respective FRM-based catalyst testing set ups are

now manufactured in commercial amount by the Boreskov Institute of Catalysis.
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The situation when the operation of the system can be really considered as a gradientless
one, is attained at a sufficiently large values of ratio V/v°.

In the lecture, several examples will be given which demonstrate how informative can be
the kinetics studies with the use of the FRM-based gradientless reactors against studies in
common plug-flow reactors. The examples are processes of deep oxidation of several
compounds, steam reforming of methane, partial oxidation of methane to formaldehyde,
decomposition of methanol, and alkylation of benzene with ethylene. So, for the reaction of
steam reforming of methane over nickel- or ruthenium-based catalysts it was found that the
reaction proceeds as a homo-heterogeneous one. Studies on the catalytic activity in the partial
oxidation of methane to formaldehyde demonstrate also the homo-heterogeneous nature of the
process: the best catalysts appeared to be simple SiO, rather than VPO, etc. The kinetic
studies on the decomposition of methanol exhibit a strong retardation of the process rate by

the adsorption of formats formed, etc.
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FAST DEVELOPMENT OF INNOVATIVE CATALYSTS APPLYING
HIGH-THROUGHPUT KINETIC SCREENING METHODS

H.W. Zanthoff, R.W. Mayer, T. Riermeier

Degussa AG, Paul-Baumann-Strabe 1 45764 Marl, Germany
E-mail: horst-wer ner.zanthoff @degussa.com; Fax: +49 2365 49 5589

Effective and cost efficient catalysis was and is the key technology to most commercial
processes in chemistry. Over the years research has focussed on both, optimising existing
materials and finding new or more effective catalysts. Rational methods have dominated
catalyst research for the last 100 years. However, the classical development chain can be slow
and expensive whereas time-to-market is steadily decreasing and research budgets are
shortened more and more. Therefore, researchers are requested to develop new, faster and
more efficient tools to speed up research and development of new catalysts.

Some 15 years ago, a new idea of how to deal with this problem came into focus of
catalysis research: combinatorial discovery - a technique that revolutionized drug discovery
and material science. The combinatorial chemistry method involves (i) the generation of large
number of compounds by randomly joining various building blocks together (ii) high-
throughput screening methods by which the library can be screened for a specific property
and (ii1) the identification of active compounds by a specific analysis method.

In the euphoric phase of the adaptation for applications in catalysis research, these
combinatorial techniques also seemed to initiate a paradigm change in the catalysis research
approach. The words “combinatorial”, “random”, “large libraries”, ‘“statistic approach”
pressed into the headlines of scientific catalysis research articles — and still remained.

Today, fast screening methods evolved to standard techniques at least for the large
companies in chemical industry. High-Throughput-Development of catalysts has inspired a
number of start-up companies which entered business by offering high-throughput
development as a service. Large chemical companies also developed this technology platform
for their own needs and applications. In academic research, however, high-throughput
technologies are still not broadly established, i.e. the total workflow from preparation to
evaluation is rarely used.

The present lecture will give an overview on state-of-the-art methods in catalyst
development focussing on Degussa’s fast preparation and kinetic screening approach as well

as an evaluation of their efficiency in homogeneous and heterogeneous catalysis.
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ISOTOPIC STUDIES OF THE KINETICS AND MECHANISMS OF
HETEROGENEOUS CATALYTIC REACTIONS

C. Mirodatos

Institut de Recherches sur la Catalyse, CNRS
2 Avenue Albert Einstein, Villeurbanne Cédex, France

In order to improve industrial catalytic processes or design new ones, a precise knowledge of the
related mechanisms and micro-kinetics is required to obtain reliable kinetics for engineering studies.

Within the frame of a study confined to the steady-state kinetics, only lumped kinetic parameters
can be estimated from a regression of steady-state kinetic data.

By generating transients input signals, such as step functions in the gas concentration, one
observes signals out of the steady-state (transient decrease of the product yield, thermodesorption), the
relaxation of which may be related to the time scale on which the corresponding global reaction occurs
at the steady-state. One unique way to get these time constants pertaining to steady-state conditions is
to generate isotopic step functions, which let the overall surface occupancy unperturbed and therefore
gives access to true time constants of the reactive intermediates and to their concentration. This
technique is referred as steady-state isotopic transient kinetic analysis (SSITKA). It can also be
combined with in situ physical techniques such as the diffuse reflectance infrared spectroscopy
(DRIFT) or the electrical conductivity, leading to a simultaneous observation of the transient changes
in surface/bulk and gas composition [1].

Another way to generate transient kinetics consists in pulsing small and known amounts of
reactants through a catalyst bed maintained under vacuum and analysing the pulse expansion and
relaxation at the reactor exit with a time resolution below the millisecond. This is the temporal analysis
of product (TAP) technique [2].

Numerous papers/conferences devoted to these techniques and their advanced mathematical
treatment demonstrate the utmost interest to approach as much as possible the reality of the catalytic
phenomena (non uniform surface, combination of kinetic, thermal and hydrodynamic parameters) [3-
5]. Another direct application of the transient kinetics is to understand and model catalytic processes
which are run under non steady-state conditions, such as the circulating beds (FCC) or the reverse
flow reactors. Finally, emerging applications related to domestic and on-board catalytic reactors (e.g.
for generating hydrogen for fuel cells), require to strictly control the frequent unsteady-state regimes
like start-up, shut-down procedures, abrupt changes in reactor productivity.

This course will provide the basic concepts involved in the transient kinetic approach, the tools
which are available today and several applications in the field of the gas/solid heterogeneous catalysis
will be described. As case studies, two major domains such as syngas generation, hydrogen
purification and the selective reduction of NO by methane will be considered in detail.

Syngas generation from natural gas reforming and hydrogen purification

The methane activation occurring on metal surfaces is first considered. The formed C, CH, and H
fragments may recombine on the surface either into higher hydrocarbons in the absence of oxygen
(case of the non oxidative homologation), or into carbon monoxide and hydrogen in the presence of
oxidising species. For the case of partial oxidation and dry reforming by CO,, advanced quantitative
SSITK and TAP data are presented, which demonstrate the major influence of the metal (noble or non
noble), of the support (inert as silica or co-catalyst as ceria, lanthana and/or alumina) and on the
operating conditions (contact time, temperature) on the mechanism and the kinetics of the reaction [7].
A mathematical model is proposed to determine the combined hydrodynamic and catalytic kinetic
parameters from the TAP data [8]. A sequential non steady-state process for methane activation will
also illustrate to way to investigate its mechanism by combining several techniques [9].

The activation on basic oxides involving either an heterolytic splitting into CH;” and H', or an
homolytic splitting leading directly to methyl radicals CHj is illustrated by SSITK and TAP
experiments designed for investigating the oxidative activation of methane into higher hydrocarbons.

10
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For this case, the role of surface and lattice oxygen species (nature, rate of surface and bulk migration)
is emphasised as controlling the overall selectivity.

Finally, SSITK and TAP results obtained for the activation of methane into aromatics [10] which
may involve the heterolytic activation over carbide-like active sites are presented.

Selective catalytic reduction of NO with CH, over Co-ZSM-5

Despite numerous studies, the kinetic understanding of the selective reduction of NO with CH,4 in
the presence of excess oxygen process remains controversial. This course will present in Situ transient
DRIFT (Diffuse Reflectance Infrared Fourier Transform) and SSITKA (Steady State Isotopic
Transient Kinetic Analysis) studies carried out over ion-exchanged Co-ZSM-5 catalysts. Emphasis is
focused on elucidating the nature of surface intermediate NO species (and the associated cobalt
species) and their relative activity with methane. Based on a proposed reaction mechanism, a
quantitative kinetic model has been derived and it will be demonstrated that various kinetic approaches
(SSITKA and steady-state) can converge towards an advanced and consolidated mechanism.

Thus, the surface coverage analysis derived from two formal steady-state kinetic models is
compared to values directly obtained from SSITKA/DRIFT for the selective catalytic reduction (SCR)
of NO by CH,4 over Co-ZSM-5 catalysts. It is shown that the most abundant reacting intermediates are
NOx adspecies, though no clear differentiation between the various adspecies identified by DRIFT
spectroscopy was achieved. Less numerous carbon containing adspecies were identified and quantified
in the reacting system, essentially as methoxy species. Nitromethane-like intermediates remained
undetectable due to a very rapid transformation into N, and CO,. On the basis of these converging
kinetic analyses related to each elementary step of the SCR process, a microkinetic model can be
derived, which allows describing transient operation, in view of a non steady-state application [11,
12].

Conclusions

The fruitful and complementary approach by kinetic, spectroscopic and possibly theoretical
(Monte-Carlo and Quantum Molecular Dynamics) techniques is emphasised. Ideally, the transient
kinetics evaluate the concentration and reactivity of the active sites. The spectroscopies (TEM, IR,
UV-vis, XPS, ...) reveal the nature of the surface/adsorbates entities. The theory may validate the
resulting advanced description of the working catalyst.
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IN SITU AND OPERANDO MAS NMR SPECTROSCOPY IN
HETEROGENEOUS CATALYSIS: ADVANCES AND PERSPECTIVES

L.I. Ivanova

Moscow Lomonosov Sate University, Chemistry Department, Lenin Hills, 1, bld. 3, Moscow
119992, Russia, Fax: +7(495)9328846, E-mail: 111vanova@phys.chem.msu.ru

The growing role of heterogeneous catalysis in chemical technology, biotechnology and
ecology has been repeatedly emphasized during the last years. However the progress in this
field, in particular, in tuning and mastering of the catalytic properties of the existing catalysts
and in the development of new methods of catalyst preparation is limited because of the lack
of detailed information on the reaction mechanisms and the nature of active sites.
Heterogeneous catalytic reactions are usually studied by analysis of the desorbed reactants
and products. This method however does not give information on “working” catalyst directly
in course of the catalytic reaction. This information can be best obtained by means of recently
developed in situ and Operando spectroscopic techniques (IR, UV-vis, ESR, NMR, etc.),
among which NMR spectroscopy is considered to be one of the most informative.

The aim of this contribution is to review the advances in the in Situ and Operando MAS
NMR techniques for the unravel of the mechanisms of heterogeneous catalytic reactions. In
the first part of the lecture, the different techniques for NMR experiments in static and flow
conditions will be briefly considered. The experimental approaches including temperature-
switch and pulse-quench methods, aimed at the investigation of fast reactions and stopped-
flow and separated-step techniques, directed at the study of stable reaction intermediates in
continuous flow and batch conditions will be discussed.

In the second part, the main application areas and the capabilities of the MAS NMR
techniques will be analyzed. It will be demonstrated that in situ and Operando MAS NMR
techniques can be used for the determination of surface active sites and their interaction with
adsorbed reactants; the analysis of the state and mobility of adsorbed reactants and products;
the identification of surface species formed and the investigation of their reactivity; the direct
observation and the indirect identification of reaction intermediates; the studies of reaction
kinetics; the observation of real primary products; the probing of reaction mechanisms using

Bc tracing techniques and various probe molecules (Hp, Oz, HyO, CO, CgHg etc.); finally,

12
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the direct observation of the shape selectivity, confinement effects in molecular-sieve
catalysts and catalysts deactivation.

The advantages of the MAS NMR techniques will be illustrated with examples taken
from the literature. The emphasis will be made on the reactions, for which in situ and
Operando MAS NMR was of particular help for the understanding the reaction mechanism.
Three types of reactions will be considered in more details: catalytic conversion of olefins and
alcohols over acidic zeolites, alkanes activation over bifunctional zeolite catalysts and
alkylation of polar aromatics with alcohols over acidic and basic zeolites.

In the case of the reactions of olefins and alcohols the main attention will be focused at
the determination of the intermediate species formed over zeolite catalysts using NMR
techniques. In particular, the formation of alkoxide or carbenim ion type intermediates will be
discussed. Methanol conversion will receive a special attention, due to the unique peculiarities
of the mechanism of its transformation on zeolites and zeolite-like materials. In this case, the
key question will be the mechanism of C-C bond formation.

While discussing the conversion of alkanes, the main emphasis will be given to the
application of in situ °C tracer techniques and H/D exchange between zeolite protons and
deuterated compounds, which were of great help for the elucidation of the mechanism of this
class of reactions. A special attention will be focused at the studies of the early stages of light
alkanes transformation over Ga- and Zn-containing zeolite catalysts, which show the best
performance in aromatization. Different mechanisms proposed for propane activation over
Ga- and Zn-containing zeolites will be considered in detail.

Finally, in the case of alkylation reaction, the application of *C MAS NMR techniques
for the determination of the main reaction intermediates and elucidation of the mechanisms of
N-, O- and C-alkylation of aromatic compounds over acidic and basic zeolite catalysts will be
reviewed.

In the last part of the lecture, the perspectives of the in situ and Operando MAS NMR

techniques will be considered.
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STUDIES ON MECHANISMS OF CATALYTIC REACTIONS

V.I. Bukhtiyarov

Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia, e-mail: vib@catalysis.ru

For a long time, studying the mechanisms of catalytic reactions is an attractive task for
many researchers. For homogeneous catalytic reactions, there are many excellent examples of
elucidation of the mechanisms. Success of these studies has been achieved by application of a
number of physical methods. More complex situation is observed for heterogeneous catalytic
reactions. The real solid catalysts are morphologically complex multi-component systems,
often with microscopic dimensions that limit the application of surface sensitive physical
methods to elucidate the nature of the catalyst active sites. To tackle this problem surface
science approach to heterogeneous catalysts has been developed. This approach uses
simplified model versions of real catalytic systems. Undoubtedly, the profound fundamental
investigations, using various spectroscopic and structural surface science techniques have
yielded very important detailed information about (i) the elementary steps of surface
reactions, as molecular dissociation, adsorption, desorption and interaction between the
species present on the surface, (ii) the response of the surface geometric and electronic
structure to the presence of atoms and molecules, which are participants in the catalytic
reactions, (iii) the surface dynamics, such as propagation of reaction fronts and related to that
formation of stationary patterns, which may act as local chemical micro-reactors, etc. This
information provides basic knowledge about the elementary steps of the surface reactions
used in modeling the chemical reactivity and the mechanism of the catalytic processes.

The major drawback of this ‘bottom-up’ approach is so-called ‘pressure gap’. The
realistic operation pressures in catalytic reactions are orders of magnitude higher and the
chemical potential of the gas, neglected in the UHV experiments, becomes significant
contribution to the free energy of the surface layer. This means that the structures monitored
under non-realistic UHV conditions does not necessarily involve the equilibrium structures
that play role in the catalytic reaction. Along with classical thermodynamic considerations,
the significant changes in the morphology of the catalysts can occur, due to dynamic
structural rearrangements induced by the reaction participants. The compositional and
structural changes of the catalyst surface exert dramatic effect not only on the reaction
mechanism.

Physical methods working at high pressures should be applied to tackle this problem.
Following this tendency, researchers have developed recently a number of novel physical

methods and have modified existing ones for in Situ measurements at higher pressures.

14



L-5

Among them are X-ray absorption and X-ray photoelectron spectroscopy (XAS and XPS),
infra-red absorption spectroscopy (IRAS), polarization-modulated (PM) IRAS, sum frequency
generation (SFG) spectroscopy, etc. However, the measurements in millibar pressure range do
not mean a-priori in Situ investigation of the mechanisms of catalytic reactions, since the
surface species observed on the catalyst surface under realistic conditions can be not
catalytically active or the reaction intermediates. To avoid this disadvantage, in Situ surface
analysis has to be combined with the testing of catalytic properties using mass-spectrometry.

In this presentation I will demonstrate the efficiency of this approach on a number of
examples: oxidation of CO over Pt(110) surface; methanol dehydrogenation over Pd(111);
partial oxidation of methanol to formaldehyde over copper and ethylene epoxidation over
silver. It has been demonstrated that in all cases increase in pressure of reaction mixtures
leads to catalytically active species which are not observed under high vacuum conditions.
The nature of these species has been identified with surface science methods, and the
conclusion about their role in catalytic reactions has been made. On the basis of these data the
mechanisms of the above mentioned reactions have been developed or defined more exactly.

For example, ethylene epoxidation over silver polycrystalline foil has been studied using
in situ XPS and proton transfer reaction mass-spectrometry (PTR-MS). Silver is shown to be
practically inactive to synthesis of ethylene oxide at T<100°C due to blocking the surface
with carbonate groups COs> and adsorbed carbon-containing species CH,. When the sample
is heated to 150°C, the carbonates are decomposed and CHy species burnt, ethylene oxide
being detected by PTRMS among the reaction products at the reaction mixture (O, + C,H4)
pressure higher than 0.1 mbar. There are two types of adsorbed oxygen species, nucleophilic
and electrophilic, on the active silver surface. The further heating leads to an increase in the
C,H40 yield but the surface is deactivated that is most likely due to the surface blocking with
the surface oxygen species. A relationship is established between the ethylene oxide yield and
the concentration of electrophilic oxygen. A change in slope of the relevant plot allows the
activation energy of the key stage to be determined (~ 50 kJ/mol), this being identical to the
literature data for epoxidation of C,H,. These data lead to conclude that the electrophilic
oxygen is an ethylene epoxidizing species. Based on this result along with the data of isotope
experiments obtained before, a new reaction mechanism is suggested which involves three
pathways for the formation of the complete oxidation products CO;, and H,O: one is the
interaction of ethylene with nucleophilic oxygen, another is mediated by acetaldehyde formed
through the same intermediate (oxametallocycle) as ethylene oxide and last one is secondary
oxidation of ethylene oxide.

This and other examples of model investigations of catalytic systems indicate
unambiguously that in situ study of the surface of an operating catalyst allows one to

elucidate real reaction mechanisms of heterogeneous catalytic reactions.
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STUDY OF CATALYST MICROSTRUCTURE

Dangsheng Su

Department of Inorganic Chemistry, Fritz Haber Institute of the Max Planck Society,
Faradayweg 4-6. D-14195 Berlin, Germany

The key issue for the rational design of novel high-performance catalyst with low cost
and long life time is the knowledge about the activity-structure correlation at the atomic scale.
Electron microscopy and the related techniques (Transmission and Scanning electron
microscopy TEM and SEM, electron energy-loss spectroscopy EELS, Energy-dispersive
X-ray spectroscopy EDXS) are very powerful and versatile research tools to investigate
directly the local structure and chemistry of complex heterogeneous catalysts from the
macroscopic to the atomic level. The powerful traditional approaches to exploring catalysts
based on indirect chemical and spectroscopic methods, results from large areas are averaged.
Constructing models of the structure and mechanisms of the changing reactions over complex
catalysts needs more precise pictures of the process at nanometer range.

Modern high-resolution analytic electron microscopy provides local structural
information at sub-nanometer resolution about the surface and the bulk of the sample,
together with chemical, electronic and three-dimensional structural information. In this
presentation, case studies using atomic-resolution environmental transmission electron
microscopy for directly probing the catalyst’s behaviour during the reaction at the atomic
level, field-emission low voltage high-resolution scanning electron microscopy, and
Cs-corrected high-resolution transmission electron microscopy (Fig. 1) will be discussed

addressing the fundamental issues of the materials and processes in catalysis.

(002) = 2.04A

Fig. 1. High-resolution image of the surface profile of a working Ag/SiO, catalyst for hydrogenation of
acrolein, taken on a Cs-corrected field-emission TEM. The image reveals the steps and kinks that may
accommodate the active sites.
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Besides the well-known structural information provided by TEM with a spatial resolution
adequate to distinguish each phase individually, electron energy-loss spectroscopy (EELS)
provides a series of information, for instance, the distribution of light elements, sample
thickness, crystallographic structure, bond character and electronic structure. The combination
of electron energy-loss spectroscopy with TEM makes spatially resolved studies possible and
structure-property relationships can be explored in greater detail with this source of spatially
resolved information. This is an excellent advantage of EELS/TEM compared with
conventional X-ray spectroscopy.

SEM utilizes a focused electron beam that scans across the surface of a sample. SEM is
widely used to characterize the surface topography of bulk powders or pellets. New ultra
high-resolution low-voltage SEM with field emission gun, integrated with high-sensitivity
EDXS has become nowadays commercialized to explore high-resolution imaging and

chemical microanalysis in reflection from bulk samples.

Fig. 2. left, Ag nano-particles supported on SAB-15. The ordered meso-channels of the silicate is cleared
imaged. Right: Surface morphology of a multi-walled carbon nanotubes.

Examples of data analysis using TEM, SEM, electron diffraction, EELS and EDXS will
be presented in the study of Ag/SiO, for hydrogenation of acrolein, nanocarbon for

dehydrogenation of ethylbenzene, MoOy/carbon for selective oxidation of n-butane.
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THE ROLE OF THE FERMI SURFACE IN ADSORBATE-METAL
INTERACTIONS: AN ENERGY DECOMPOSITION ANALYSIS

Evert Jan Baerends, P.H.T. Philipsen

Section Theoretical Chemistry, Faculty of Exact Sciences,
Vrije Universiteit, De Boelelaan 1083, 1081 HV Amsterdam, The Netherlands

The interpretation of chemical bonding and reactivity has been greatly aided by the
development of energy decomposition methods, which afford a quantification of concepts such
as Pauli repulsion, electrostatic interaction, (frontier) orbital interaction [1]. Such concepts have
been based primarily on orbital models such as the Hartree-Fock model. The Kohn-Sham
model of DFT also uses molecular orbitals. It is sometimes stated that the Kohn-Sham MOs do
not have physical meaning, in the same sense as the Hartree-Fock orbitals do. We will argue
that, on the contrary, Kohn-Sham MOs are physically quite sensible, and indeed have
advantages over Hartree-Fock orbitals, and maybe over any orbitals defined to date. The
Kohn-Sham orbitals are indeed eminently suitable for energy decomposition analyis of
chemical bonding [2]. The Kohn-Sham orbital energies are likewise physically meaningful,
being closely related to ionization energies [3].

We will in this lecture start with a brief overview of elementary concepts of chemical
bonding in the case of finite systems (molecules). Traditionally, much emphasis has been put on
the frontier orbital interactions, and on bonding interactions in general. We will, however, stress
the importance of the Pauli repulsion, which is a direct consequence of the Pauli principle.
Repulsive interactions are equally important as bonding interactions. They determine for
instance the inner repulsive wall of the potential energy curve when one varies a bond length.
They also cause steric hindrance. And most important for reactivity: they also cause the
existence of transition state barriers for most reactions.

It is possible to highlight the importance of steric repulsion by using energy decomposition
methods in which an energy component like the Pauli repulsion is explicitly evaluated.
Together with the evaluation of electrostatic interactions between (molecular) fragments and
orbital interaction energies (both donor-acceptor type of interactions and electron pair bond
formation) they afford a virtually complete analysis of chemical bonding. The actual
calculation of energy components was introduced in quantum chemistry by Morokuma a long

time ago [4], and is now standard in available codes like ADF [5].
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In order to understand the special role of metal surfaces in catalysis, we need to apply
similar energy decomposition methods as used for molecules to infinite periodic systems. We
will discuss the extension of energy decomposition methods to extended systems, in particular
for chemisorption of a molecule on a metal slab. This introduces a new energy component,
which we call the relief of the Pauli repulsion due to the existence of the Fermi level in the
metal: antibonding levels that rise above the Fermi level will not remain occupied, but they will
be depleted by electrons falling down into the Fermi sea. In finite systems, there is a
HOMO-LUMO gap, and the destabilization of occupied orbitals due to occupied-occupied
antibonding interactions, which embody the steric (Pauli) repulsion, can continue until the
highest antibonding level “meets” the lowest empty level. This causes the transition state barrier.
When electrons are transferred to the empty level, other bonds are formed, i.e. the reaction
proceeds. If there is no gap between occupied and unoccupied states, as in metals, the
antibonding states much sooner “meet” empty levels. The antibonding electrons are transferred
to states at the Fermi level, preventing that a high barrier is built up.

We will use our implementation of an energy decomposition method for a periodic system
to highlight the significance of a Fermi level in metallic systems as the key factor that gives
them their singular reactivity properties, which are so much exploited in heterogeneous
catalysis.[6] As a typical example we will discuss the difference in transition state barrier for H,

dissociation over Cu (a barrier of ca. 0.5 eV) and over Pd (no barrier).
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IN SITUMETHODS FOR THE SURFACE
CHARACTERIZATION OF CATALYSTS

Giinther Rupprechter

Institute of Materials Chemistry, Vienna University of Technology,
Veterinarplatz 1, A-1210 Vienna, Austria grupp@imc.tuwien.ac.at

Surface microscopy and surface spectroscopy have made significant advances in recent
years. Processes on planar model catalysts as well as on high-surface-area technical catalysts
can now be studied under realistic catalytic conditions, i.e. at mbar to bar gas pressure. For
technical catalysts we may utilize in situ (or high-pressure; HP) spectroscopic and
microscopic methods, such as in situ infrared spectroscopy (FTIR), HP-X-ray photoelectron
spectroscopy (HP-XPS) and environmental transmission electron microscopy (ETEM).
Nevertheless, the complex (porous) structure of technical catalysts makes such studies often
very difficult to interpret.

Planar model catalysts, prepared under well-controlled conditions, allow for an easier
approach, provided that the models mimic a real catalyst sufficiently well. The recent
development of nanoparticle model catalysts, consisting of well-defined metal particles
supported on thin oxide films, now provides a route to model an increasing number of
technical catalysts [1-3]. Thin (~nm) crystalline oxide films are grown on suitable conducting
substrates and provide the support for noble metal nanoparticles. Preparation under ultrahigh
vacuum (UHV) using ultra pure materials guarantees the absence of undesired elements that
are sometimes difficult to avoid (and detect) for conventional catalysts. The mean particle size
(~2-10 nm) as well as the particle morphology and defect structure can be accurately
controlled (Figure 1). Furthermore, the planarity and electrical and thermal conductivity of the
model systems allows applying a wide range of surface sensitive imaging (STM) and
spectroscopic (XPS, IRAS, SFG, TPD, etc) techniques. To date, various combinations of Pd,
Pt, Rh, Ag, Au, Pd/Co, etc nanoparticles supported by Al,Os, SiO,, Fe;04, Nb,Os, etc have
been examined.

In parallel, significant advances have been made in carrying out model studies under non-
UHV conditions, i.e. at mbar to atmospheric pressure. Photon-based methods such as sum
frequency generation (SFG) vibrational spectroscopy [1,3,4] or polarization-modulation
infrared reflection absorption spectroscopy (PM-IRAS) [1,5], together with high-pressure X-ray
photoelectron spectroscopy (HP-XPS) [6] and high-pressure scanning tunneling microscopy
(HP-STM) are among the prime techniques for in Situ studies of surface processes or catalytic
reactions on model systems. Nevertheless, studies on single crystals as well as “classical” UHV
experiments are still inevitable to better understand the ambient pressure processes.

Combining nanoparticle model catalysts with in situ surface spectroscopy at elevated
pressure, utilizing suitable UHV-systems equipped with high-pressure reaction cells
connected to on-line gas chromatography [1], now allows monitoring catalytic reactions under
conditions approaching technical systems. The model studies can then help in the
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interpretation of in situ studies on technical catalysts, e.g. by FTIR, HP-XPS and ETEM.

In this lecture, a number of case studies will be presented, dealing both with model and
real catalysts, including CO adsorption and hydrogenation [7,8,10,11], partial methanol
oxidation [5] and olefin and diene hydrogenation [7,8,9], carried out on e.g. Pd-Al,O3,
Pd-Nb,Os and Pd-Fe;O4 model catalysts.

For example, Figure 1 shows PM-IRAS spectra measured during methanol decomposition
and oxidation on Pd [5], which eventually revealed that the reaction proceeded via methanol
dehydrogenation to CH,O, which either desorbed or was further dehydrogenated to CO and
subsequently oxidized to CO,. Although the observed vibrational frequencies of adsorbed CO
were compatible to metallic Pd, XPS spectra pointed to a partial oxidation of Pd nanoparticles
under reaction conditions. XPS also detected significant amounts of CHy species that were
present during the oxidation reaction. Time-dependent PM-IRAS and XPS measurements at
low pressure (~10~ mbar) showed a correlation between the formation of CHy and of CH,O
which suggests a favourable effect of CHy on the reaction selectivity [5]. The CHy layers were
further analyzed by STM.

Corresponding studies on well-defined technical (impregnated) catalysts will be utilized
to illustrate the close relationships between real and model systems [10,11]. Finally, examples
for more complex catalysts (SMSI on Pd-Nb,Os [12]) and for more complex reactions
(selective butadiene hydrogenation [9]) will be discussed.
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Figure 1. STM and HR-TEM images of planar Pd-Al,O; model catalysts [1,2]. In situ PM-IRAS spectra of
methanol partial oxidation on a Pd model catalyst are shown on the right, displaying only signatures of surface
adsorbed species|[5].
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POLYOXOMETALATES AS CATALYSTS FOR FINE
CHEMICAL SYNTHESIS

1.V. Kozhevnikov

Department of Chemistry, University of Liverpool, Liverpool L69 7ZD, UK;
e-mail: kozhev@liverpool.ac.uk

The chemistry of polyoxometalates (POM), also known as heteropoly compounds, is a
rapidly developing field interconnected with many disciplines. Among numerous applications
of POM, catalysis is by far the most important [1-5], followed by electrochemistry (e.g.
proton conductive membranes, solid electrolytes and sensors), separation (selective
adsorbents), analytical chemistry, etc. [5]. Arguably, catalysis by POM is one of the most
successful areas in fundamental and applied catalysis in the last few decades.

POM are composed of heteropoly anions (nanosized metal-oxygen cluster anions) and

countercations (e.g. H', metal ions, etc.) [1,3]. Many structural types of POM are known to

date. The best known and most important for catalysis POM adopt
the Keggin structure which involves heteropoly anions of the
formula [XM,040]" (Fig. 1), where M is the addenda atom (Mo°",
wo, v etc.) and X is the heteroatom (P5+, si*", B¥, etc.). The

Keggin anion is composed of a central tetrahedron XO4 surrounded

by 12 edge- and corner-sharing metal-oxygen octahedra MOg. .
Fig. 1. The structure of

Typical examples are heteropoly acids H3[PW,040], Ha[SiW1,049] | Keggin anion.

and H3[PMo0;,049] which are commercially available and widely
used for catalysis.

As catalysts, POM have several advantages, with multifunctionality and structural
mobility the most important [1,3]. On the one hand, they have a very strong Brensted acidity
(heteropoly acids, HPA); on the other, they are efficient oxidants. Their acid-base and redox
properties can be varied over a wide range by changing the structure and chemical
composition of POM. In the last three decades, POM have found application as acid and
oxidation catalysts in several large-scale industrial processes such as hydration of olefins,
oxidation of methacrolein to methacrylic acid, oxidation of ethylene to acetic acid and

synthesis of ethyl acetate [3].
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Due to their enormous versatility POM have the potential to be used effectively as
catalysts for clean synthesis of fine and specialty chemicals, offering significant economical
and environmental benefits [3,4]. The aim of this lecture is to discuss the scope of application
of POM as the catalysts for fine chemical synthesis. The main focus is on the acid and
oxidation catalysis by POM in homogeneous, heterogeneous and biphasic reactions in liquid
phase. These involve many practically important reactions such as acid-catalyzed Friedel-
Crafts alkylation and acylation [6], hydration, esterification, isomerisation and condensation
[4]; selective oxidation of organic compounds by oxygen and hydrogen peroxide [7]; and

cascade reactions using multifunctional catalysts based on POM [8].
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RECENT TRENDS IN CATALYSTS PREPARATION
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The first part of this talk will review some examples of the most up-to-date trends in
catalysts preparation, as presented at the 9th International Symposium on the Scientific Bases
for the Preparation of Heterogeneous Catalysts (held in Louvain-la-Neuve on Sept. 10-14,
2006). Nowadays the range of materials used as catalysts is as wide as ever, and the
techniques used to prepare them vary as much as their nature. However, some general
tendencies can be identified and summarized, by taking as a basis the content of the keynote
lectures of the Symposium.

First, microporous and mesoporous oxides remain useful and highly selective catalysts,
hence the techniques developed for their synthesis are continuously refined. Research in this
area focuses mainly on preparing composite materials with tailored properties, and
understanding/directing the effect of the templating agents. Post-synthetic modifications, such
as surface grafting and functionalization, play an important role in defining the final physico-
chemical characteristics of the porous solids.

Secondly, an important parameter than can now be controlled is particle size, with a
general trend towards keeping it in the nanometer range, this being true for the grains of bulk
oxides or the metallic/oxide particles of supported catalysts. In particular, the deposition-
precipitation technique is very useful to control the size of supported metallic particles. Other
aspects of the oxide or support morphology that may be controlled through the preparation
method are the porosity, grain shape or crystal phase. Going one step further, investigations
aim at preparing nano-structured or hybrid materials, with not only a control on the size but
also on the chemical nature of each building block. Support functionalization is sometimes the
starting point of such a synthetic strategy, but sol-gel and colloidal chemistry are also widely
used. In parallel, the development of macroscopic structures such as monolith, foams, layered

materials or films is also important, with crucial questions related to scaling up.
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Thirdly, much effort aims today at rational syntheses or preparation methods that are
controlled at each step. These developments are usually linked to the application of in situ
characterization techniques, which allow the monitoring of the catalyst at each stage of its
genesis. In this context, the use of model systems, atomically-defined, is another useful tool.

Finally, recent ideas, such as bio-mimetic strategies or the concepts of self-assembly, are
also applied to catalysts preparation. The introduction of polymers (or dendrimers) as
supports, within a composite, or as sacrificial matrixes, is also an emerging field. Relatively
recent techniques, such as the use of microwaves, magnetron sputtering, supercritical fluids,
inductive plasma torch, flame spray pyrolysis, CVD, etc. are developed as well for solid
materials synthesis.

The second part of this talk will be devoted to specific examples developed in our own
research groups. The first example concerns the use of zwitterionic polymers as sacrificial
matrices for the preparation of well-defined transition metal oxides. The idea here is to use the
charges of opposite signs present on the polymer backbone to direct the interaction with metal
salts, in order to ensure site-isolation and high dispersion. The hybrid organic-inorganic
species is then calcined to produce the desired oxide.

The second example also takes advantage of electrostatic interactions at the precursor
stage. It is based on the idea that by knowing the point-of-zero charge of a carbonaceous
support and the nature of metallic species present in aqueous solution over the whole pH
range, it is possible to optimize the metal species/support interaction during impregnation and
hence the final dispersion. This has been applied to the preparation of Pd/C catalysts to be
used in liquid-phase selective oxidations. To direct even more the interactions between
metallic precursors and support, the concept of grafting has been applied in our groups for
various applications. First, palladium complexes have been grafted onto oxygenated functions
formerly introduced on a carbon surface. Secondly, organic (alkoxides) or inorganic
(chlorides) precursors have been used to modulate the properties of inorganic oxides by
grafting. The obtained catalysts are active in methane selective oxidation and combustion.

The last example concerns the use of molecularly defined hetero-metallic precursors to
prepare, from a single source, multi-metallic oxides or bimetallic supported catalysts. For
instance, hetero-polyacids of the early transition metals or noble metal cluster compounds

may be used to produce oxides or bimetallic nanoparticles, respectively.
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DEVELOPMENT OF CATALYTIC REACTORS CONTAINING
ZEOLITE FILMS AND COATINGS

J. Santamaria
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e-mail: iqcatal @unizar.es, fax: +34 976762142

A strong interest has emerged on the development of zeolite coatings on a variety of surfaces of industrial
interest. These zeolite films constitute a special type of nanostructured interfaces capable of very specific
interactions with individual molecules. Because of this, in many cases it is possible to implement molecular
recognition functions, resulting in selective transport across the interface, in addition to exploiting other well
known zeolite properties such as their catalytic properties and adsorption capabilities. This lecture reviews
examples of zeolite films for reaction and reaction/separation applications.

Zeolites have a remarkable ability to grow, either as individual crystals or as films on a
wide variety of supports. This has made them ideal candidates for applications where a large
contact area per unit volume is required. Progress on the growth of zeolite films (mostly in the
form of membranes) has been the subject of a number of reviews in recent years [e.g., 1-3]. In
this work some recent developments, taken mainly from our own laboratory are presented,
concerning new applications of zeolite films. These include membrane reactors, where
reaction and separation processes are combined, unconventional uses of membranes (e.g. in
electrochemical sensors or in drug-delivery capsules) and applications where a zeolite film is
grown on a structured support to provide a high surface area per unit volume to be used in

adsorption and/or reaction applications.

Zeolite membrane reactors

The uses of zeolites include both conversion-enhancement (e.g., product permeation in
equilibrium-limited reactions, removal of inhibitors), and selectivity-enhancement (extraction
of valuable intermediate products in consecutive reaction networks, control of the residence
time of different species in the reactor) applications. As a consequence, zeolite membranes
have been advocated for a variety of esterification reactions, Fischer-Tropsch processes,

dehydrogenation of isobutane or ethylbenzene, isobutene oligomerization, etc.

Zeolite-modified sensors
Zeolites have attracted considerable attention in the field of chemical sensors, both
reactive and non-reactive with the aim of increasing their sensitivity and selectivity [e.g. 4-6].

We have shown the advantages of zeolite films as selective barriers between the sensing
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element (Pd-catalyzed SnO;) and the atmosphere in reactive gas sensors. Other research
currently under way involves deposition of zeolite films on piezoelectric and capacitive
sensors that use the adsorption properties of different zeolites. It is certainly possible to
envision a battery of zeolite-coated mass sensors (QCMs, cantilevers) each responding mainly
to a different species thanks to a zeolite coating that has been carefully tailored in terms of

pore sizes, hidrophilicity and chemical affinity.

Zeolite films on structured supports and microreactors

The readiness of zeolite films to grow on a variety of surfaces has been used to prepare
coatings on different supports, mainly for catalytic applications. Among recent developments
in this field are the preparation of zeolite membranes on wire mesh supports [7] and on
monoliths [8], where zeolite loadings of up to 50% by weight have been obtained, while
preserving the accessibility of individual zeolite crystals.

Another area of rapid development concerns the microreactor field. Among the works in
this area, Rebrov et al. [9] coated 500 um channels on a stainless-steel plate with ZSM-5
crystals and used the resulting microreactor in the selective catalytic reduction of NO with
ammonia. Yeung and coworkers [10] have used semiconductor fabrication procedures to
prepare microreactors containing zeolite membranes and used them in several reactions. In
our laboratory, we have prepared zeolite micromembranes on laser-perforated stainless steel
sheets [11], a support that presents very interesting properties in terms of flexibility and heat

exchange capability.
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The World of Olefins

The vigorous development of the human society in the second half of the 20™ century has
been sustained by the use of Oil and Gas as energy sources, and as raw materials.
Unfortunately, the geo-biological processes that generated the natural fossil resources have
formed mainly saturated or aromatic hydrocarbons. As a consequence, available primary
feedstock for chemical industry, contain mainly saturated, paraffinic and naphthenic
hydrocarbons and paraffins generally show feeblish or unselective reactivity.

The manufacture of some of the most important chemicals, such as polymers, synthetic
fibers, elastomers, detergents and fuel components, has been based on the use of molecules
offering a definite attack point for further selective reactions, like olefins in particular.
Therefore light olefins are favored feedstock fundamental and building blocks for the
petrochemical downstream and the refining industry. Ethylene and propylene derivatives form
the core of the commodities chemical industry and Cs—Cs olefins are transformed into
valuable components for fuels. Light olefins production requires sophisticated technologies
highly demanding in terms of energy and investment, like cracking and deydrogenation.
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Dehydrogenation reactions are practiced industrially for the dehydrogenation of light
alkanes (propane to propylene for polymers and isobutane to iso-butylene for gasoline and
polymers) as well as long linear ones (C;0-Cis to linear-alkyl-benzenes) and the
dehydrogenation of ethylbenzene to styrene. The dehydrogenation of alcohols to ketones and
aldehydes is another reaction worth mentioning. The light paraffins dehydrogenation sustains
a network of technologies allowing an integrated approach to create value from Natural Gas.
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Dehydrogenation Characteristics
Dehydrogenation reaction characteristics give some constraints to its technological

implementation.

e Conversion is limited by thermodynamics and equilibrium conversion increases with
temperature. Commercially viable conversions require reaction temperature exceeding
500 °C.

e Dehydrogenation is strongly endothermic resulting in a higher heat demand.

e Reactions increase the number of moles: High pressure adversely affects the reactions.

e Coke is a fatal by—product formed on the catalyst. A catalyst periodical regeneration is
mandatory.

Dehydrogenation Catalysts

The main types of dehydrogenation catalysts reported in the patent and scientific
literature are: a) supported platinum/tin, with promoters (for light and C;o-C;4 paraffins);
b) Chromium oxides on alumina or zirconia, with promoters (for light paraftins); c) Fe oxides,
with promoters (for EB to SM); d) Cu for alcohols to aldehydes. Recent literature is paying
attention to Ga oxide supported or included in zeolites. The principles of conceptual catalyst
design are described.

Dehydrogenation in industrial applications

The promoted and optimized catalytic systems Pt-Sn/Al,Os; and Cr,O3/Al,O; show
comparable performances in terms of selectivity to olefins.

A periodical regeneration with air is mandatory for all the catalysts to burn off the coke
exposing the catalysts to alternating oxidizing and reducing atmospheres.

Heat must be supplied to the process stream at temperature above 550 °C in such a way
that it reduces the reactor AT within the range of catalyst activity (< 50-60 °C)

These constraints have stimulated the fantasy of engineers in finding suitable solutions.
Available technologies are characterized by different choices as concerns the system catalyst /
heat supply mode / catalyst regeneration mode.

Commercial dehydrogenation technologies are Catofin (Houdry Technology), Oleflex,
STAR (Steam Activated Reforming), PDH (Propane Dehydrogenation) and FBD (Fluidized
Bed Dehydrogenation).

Future of Olefin Technologies
An impressive number of attempts by R&D are devoted to the development of improved
or new routes to olefins. Only a few have real chances of being developed into commercial
technologies because of the intrinsic technical and economic difficulties connected with the
feedstock value/availability.
Pacing technologies for olefins are following several routes:
o Improvements of the dehydrogenation route with new catalytic formulations and/or new
reactor concepts.
o The integration of ethylene or propylene production with their downstream use (e.g.
production of styrene or cumene).
o Non-conventional cracking processes including catalytic steam cracking.
o Oxidative dehydrogenation of paraffins by burning the produced H,, with molecular or
"structural" O,.
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CATALYTIC HYDROCARBON PRODUCTION
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Electronic structure methods based on density functional theory have reached a level of
sophistication where they can be used to describe complete catalytic reactions on transition
metal surfaces. This gives an unprecedented insight into these processes, and it allows us to
pinpoint the origin of the catalytic activity of a metal in terms of its electronic structure. We
use the approach to understand in detail the catalytic production of hydrocarbons, focussing in
particular on the methanation reaction (CO + 3H, — CHy4 + H;0) [1]. It is discussed how the
activation of CO depends on the metal and surface geometry and the d band model is
introduced to understand these variations [2-4]. The full reaction is described theoretically,
and it is shown that a volcano curve is found, when the activity is plotted against the
dissociative CO chemisorption energy [5,6]. Finally, it is shown how this insight can be used

to search for new catalysts [1].

1. M. Andersson, T. Bligaard, A. Kustov, J. Greeley, T. Johannessen, A. Larsen, C. H. Christensen,
J. K. Norskov, J. Catal. (2006) doi:10.1016
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3. M. Mavrikakis, B. Hammer, and J.K. Nerskov, Phys.Rev.Lett. 81, 2819 (1998).

4. A.Nilsson, L. G. M. Pettersson, B. Hammer, T. Bligaard, C. H. Christensen, J. K. Norskov, Catal. Lett. 100,
111 (2005).
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Z. Sljivancanin, M. Mavrikakis, Y. Xu, S. Dahl, and C.J.H. Jacobsen, J. Catal. 209, 275 (2002)
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MICROCHANNEL REACTORS IN CHEMISTRY AND CATALYSIS
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Fine chemistry applications

Significant revenue shares for fine-chemical plants refer to raw-material supply, waste disposal, operator
salaries, and finally the investment of the plant itself. Microstructured reactors may improve selectivity and in
this way reduce the two first portions, leading to higher marginal income. In some preferred cases this can be
achieved by simply transferring a batch protocol into a continuous-flow microreactor operation with increased
mass and heat transfer and kinetically-derived (shorter) residence times. Often overlooked so far, however, is the
potential of microstructured reactors for process intensification in the truest sense, i.e. an order-of-magnitude
change in productivity or respectively decrease in plant size per given production rate, targeting the latter two
cost portions. This is achieved by not only exploiting the engineering potential of microstructured reactors, but
by using the latter to utilize essentially novel organic chemistry — e.g. at high temperatures combined with high
pressures and very short residence times, say {>200°C; >50 bar; <1 s} — alike gas-phase chemistry, termed
‘high-p,T processing’. Other means are the solvent-free processing, reduction of steps in multi-step synthesis,
simplification of protocols, and exploration of so far ‘hidden’ explosive regimes. At the example of the aqueous
Kolbe-Schmitt synthesis to di- and tri-hydroxy benzoic acids, the ‘high-p,T’ concept will be demonstrated.
Increases in productivity by three orders of magnitude were achieved. Mechanistic and calorimetric studies help
to optimize further the reaction studies, e.g. by (high-pressure) DSC, TGA and EGA studies.

The commercial transfer demands for tailored reactor solutions meeting production demands and robust
scale-out concepts in conjunction with competitive plant & process design to maximise annual earnings and Rol.
Scale-out concepts to reach production (for 100 to a few 1000 t/a; or more) included use of simple pilot-sized
micromixer-tube reactors in selected cases, internal and external numbering-up, multi-scaled architectures, plate
architectures with no real dimensional limitation for width and length, substitution of structural by process
approaches (‘micro effects’), and plant upgrading by retrofit. The pharmaceutical nitroglycerine manufacture and
the customized imidazole-based ionic-liquid synthesis will be presented. Cost analyses will be given for micro-
chemical production plants, at the two extremes of operator-cost (above mentioned Kolbe-Schmitt synthesis) and
high-value raw material (4-cyano phenyl boronic acid synthesis) dominance. The latter is a commercial chemical
product of the custom manufacturer AzurChem, an IMM spin-off, using micro process technology.

Catalysis applicationsin fuel processing

Microstructured reactors provide both an entirely new reactor and processing concept with highly intensified
mass and heat transfer, whereas their construction and operation may result in higher technical expenditure as
compared to traditional reactors such as fixed-bed reactors. Thus, in order to fully exploit their beneficial
properties at the expense of the drawbacks and the risk of facing the “unknown”, the development of tailored
catalysts and the reactor system design are and remain the major issues. Following today’s dominant application,
which is fuel processing for fuel cells, the main issues are described - catalyst and catalytic reactor development
as well as system-level analysis.

The finding of highly active catalytic systems is the major issue for alcohol fuels such as methanol and
ethanol, since the operating temperature of the reformer itself is significantly lower compared to hydrocarbon
reforming. On the contrary, catalyst activity typically is given for high-temperature micro-fuel processor
operation, but then to have catalyst stability is most relevant. This holds for propane, butane and mixtures such
as LPG. The higher operating temperature, normally exceeding 700°C, promotes catalyst deactivation, e.g. by
sintering procedures. WHSV values of up to 2400 Ndm?/(h g.,) were achieved for the partial oxidation of
propane. For gasoline, deactivation by coking gets more an issue compared to light hydrocarbons. The addition
of air to the reformer feed is one viable option to cope with coking problems. Advanced catalyst coating- and
reactor material technology is crucial for steam reforming of higher hydrocarbon fuels such as diesel due to the
very high reaction temperature exceeding 800°C. A microstructured heat-exchanger / reactor was developed and
operated for more than 40 hours already, which completely converts diesel fuel.

While much attention has so far been paid to the above mentioned reactor and process engineering as well as
experimental catalyst studies, a bottom-up engineering of the catalyst itself for micro-channel layers is missing,
with the goal to achieve a counterpart in regularity and functionality on the nano-scale to the microengineered
reactor: ‘structured reactors — structured catalysts’. As one first step, highly homogeneous sub-micronscale
catalyst structures were prepared. These inverse-opal silica and alumina coatings owe uniform pore size,
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interconnected pore network with ordered structure and regular pore wall, and tailored surface properties and are
being tested for preferential carbon monoxide oxidation and propane catalytic combustion.

Inverse opals as novel nanostructured catalyst carriers made out of different materials.

System integration is the final challenging task and will be exemplified by integrated plate heat-exchanger
reactors for the combined propane steam reforming / propane combustion, diesel steam reforming / combustion
and for the steam generation fed by hydrocarbon combustion. These devices are operated at temperatures
>750°C and up to a size range of 5 kW, of the fuel cells supplied. Cooling capabilities have been introduced into
reactors designed for the partial oxidation of propane, the water-gas shift and the preferential oxidation of carbon
monoxide. Balance-of-plant components such as cross-flow heat-exchangers working up to 900°C, evaporators,
condensers and pre-heaters for fuel cells and fuel processors complete this list. At IMM, a complete fuel
processor capable of feeding a 5 kW, fuel cell and working with autothermal reforming of iso-octane as a model
for gasoline has been assembled and successfully put into operation. At TU/e, issues of heat management were
largely resolved for the preferential oxidation, which resulted in a tailored integrated design with three micro-
structured heat exchangers and one reactor. Flow distribution issues were addressed for the same purpose.
Recently, such complex reactor system modelling was extended to a process system engineering with an exergy
analysis and a performance benchmarking to fixed-bed reactors.
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CATALYTIC COMBUSTION FOR ADVANCED ENERGY
GENERATION TECHNOLOGIES AND ENVIRONMENTAL
PROTECTION

Z.R. Ismagilov

Boreskov Institute of Catalysis SB RAS, 5, Pr. Akademika Lavrentieva, Novosibirsk 630090,

Zri@catalysis.nsk.ru

For the past 20 years extensive R&D work on catalytic fuel combustion for energy
production and the application of catalysis for environmental protection has been carried
worldwide.

Catalytic combustion is proved to be effective technique for clean combustion of fuels. It
is fundamentally different from traditional flame combustion because fuels are oxidized
flamelessly on the surface of catalysts at relatively low temperatures: 400-1000 °C.

In many laboratories the fundamental research was conducted in following main
directions:

e study of kinetics and mechanism of catalytic combustion of organic compounds of

various nature (hydrocarbons, alcohols, amines, etc);

e synthesis and characterization of novel efficient combustion catalysts containing both
transition metal oxides and noble metals. Methods of catalyst preparation in shape of
granulated, honeycomb, fibrous, foam material supported, etc. have been developed.

e modeling of catalytic combustion

e development of technologies for practical application

A very attractive feature of catalytic combustion is the possibility to reduce drastically
NOy emissions. Rather low temperature of catalytic combustion allows nearly complete
elimination of thermal NOy. The problem of fuel NOy control was reliably solved by studying
kinetics of oxidation of a series of N-containing compounds, choosing selective catalysts and
providing conditions of prevailing conversion of fixed N to No.

The future prospects of application of catalytic combustion for gas turbine catalytic
chambers and organic fuel reformers for all types fuel cells will be discussed in detail.

A review of main types of processes and apparatuses for catalytic fuel combustion

developed at BIC will be presented:

33



L-15

Catalytic heat generators (CHG) based on the use of fluidized bed of granulated
spherical catalyst particles with a capacity of 10-1000 kW. The CHGs provide high heat
efficiency due to the use of fluidized bed and catalysts with high performance. Pilot and
industrial CHGs were tested with various fuels: natural gas, diesel fuel, residual oil, etc. They
were shown to be efficient for heat production, drying and thermal treatment of powder
materials, treatment of dust loaded off-gases, treatment of waste water containing organic
admixtures and hazardous organic wastes.

Catalytic air heaters working on natural gas with a capacity 70-1000 kW. Air heater
performance is based on two-stage combustion. At the first stage flame combustion proceeds
under fuel rich conditions at 0=0.95-0.98. Then the combustion products with additionally
injected air pass into the second chamber equipped with an assembly of honeycomb
monolithic catalyst. The catalyst provides total oxidation of CO and HC and reduction of
NOy. The purified flue gas is further diluted with air behind the catalyst and ejected from the
apparatus to heat premises.

Catalytic gas burning domestic space heaters with a capacity of 2-3 kW. Two types of
heaters were developed: for combustion of city gas from cylinders and natural gas. The active
component comprising combination of transition metal oxides and Pt is supported on silica-
alumina fiber mat (Termocat-1), or on multichannel ceramic plates (Termocat-2, 3). The
original construction and use of high performance catalytic materials provides complete
burning of fuel and concentrations of NOx and CO in flue gases below sanitary standards.

Catalytic water-heating boiler based on foam catalysts with a capacity of 20 kW. The
boiler works with natural gas. It operates with original catalysts supported on highly porous
foam materials and catalytic heat exchangers. The heat efficiency of the boiler is 88-94%. The
concentrations of CO and NO, in the flue gas are below 5 mg/m’.

Recent advances in application of catalytic combustion to problems of waste destruction
and off-gas treatment in the nuclear and space industries are presented: destruction of mixed
organic wastes in a fluidized catalyst bed , mixed waste oxidation in catalytically active

molten salts and catalytic treatment of liquid rocket fuel — unsymmetrical dimethylhydrazine.
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CHEMICALS FROM RENEWABLES AND BIOMASS:
ROLE OF CATALYSIS

Dmitry Yu. Murzin

Abo Akademi University, Turku, Finland

Derivatives of wood and other biomass serve as raw materials for a large number of other
chemical and reprocessing industries. End uses are as diverse as liquid fuels, explosives,
pharmaceuticals, food products and paints. Chemical wood pulping processes also extract
many other chemicals from wood - depending on the chemistry of the wood being pulped and
the chemical process used. The liquors produced during kraft pulping cooking contain
significant quantities of resin acids, tall oil, complex sugars and other organic compounds.

Since wood extractives cannot be used per se chemicals transformations of them are
required. Catalytic processes in particular bring advantages being environmentally benign and
industrially attractive. While the use catalysis for production of e.g. sugar alcohols as well as
in terpene transformations is well known, catalytic processes for utilization of fatty acids,
phytosterols and lignans as raw materials are very scarcely reported.

The lecture will summarize the recent research activities in the laboratory of the author as
well as literature data on kinetics, deactivation, stereo- and chemoselectivity of several
reactions of biomass derived chemicals, which represent different typical cases of multiphase

organic catalytic transformations.
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IS IT POSSIBLE TO GENERALIZE THE PROBLEMS OF CATALYSTS
SUPRAMOLECULAR AND ATOMIC STRUCTURE (TEXTURE AND
STRUCTURE) FORMATION AND CONTROLLING?

Vladimir B. Fenelonov, Maxim S. Mel'gunov and Valentin N. Parmon

Boreskov Institute of Catalysis SB RAS, Prospekt Akad. Lavrentieva 5,
Novosibirsk, 630090, Russia, e-mail: 2max@bk.ru

Formation of the majority of modern catalysts, adsorbents and other materials is
considered from uniform fundamental position based on allocation of two different but
general levels of the materials science: molecular (atomic) and supramolecular (textural). We
consider interconnections between molecular and supramolecular levels, the laws of colloid,
surface and supramolecular chemistry and physics, stereochemistry and crystallography,
modern molecular physics and statistical thermodynamics, topology and morphology from
geometry, etc. These fundamental relationships and laws are discussed in application to
several typical examples of formation of catalysts and adsorbents texture and structure. Such
approach open way for conversion from multitude “scientific basis of catalysis preparation” to

a general fundamental theory.
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NMR IMAGING AS A METHOD TO STUDY
CATALYSTS AND CATALYTIC PROCESSES

A.A. Lysova™”, L.V. Koptyug®, R.Z. Sagdeev®, V.N. Parmon”

8 nternational Tomography Center SB RAS, Institutskaya &. 3A, Novosibirsk 630090, Russia
PBoreskov I nstitute of Catalysis, acad. Lavrentiev Pr. 5, Novosibirsk 630090, Russia,
Fax: +7 383 3331399, e-mail: lysova@tomo.ncs.ru

The necessity to elaborate new efficient catalysts and catalytic processes requires the
development of the instrumental methods of investigation, especially in situ methods, which
allow one to study the peculiarities of the occurrence of various processes in the real reaction
conditions. From this point of view one of the most promising methods for the in situ
investigations of catalysts and catalytic processes seems to be NMR imaging (MRI) that
allows one to get nondestructively the spatially resolved information about the distribution of
a liquid phase, diffusion coefficients, flow velocities, temperatures, etc., in the object under
study.

MRI has been used in this work to study the transport of a precursor of an active
component and different additives inside the support pellet in the course of the supported
catalyst preparation, as well as the distribution of an active component and additives inside
the catalyst pellet after the drying stage. The objects under study were Co-Mo-containing
catalysts widely used in industry for the hydrotreating processes. The influence of the
conditions of the impregnation process (concentrations, additives, pH) on the distribution of
an active component in the catalyst pellet in a liquid phase during impregnation and in a solid
phase after drying has been studied.

In situ MRI has been also employed to characterize the operation of a trickle bed reactor,
in which a heterogeneous catalytic reaction of hydrogenation of octene has been performed.
MRI has allowed us to directly visualize the existence of dry and partially wetted pellets
inside the catalyst bed, permanently supplied with a liquid reagent and hydrogen. Their
existence is concerned with the heat generation in the course of an exothermic reaction.
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ELECTROCHEMICAL CATALYST POTENTIAL AS A PARAMETER
FOR “IN-SITU” MONITORING OF SURFACE PROCESSES
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The value of catalyst potential is related to processes taking place on the metal surface of
a catalyst [1]. Therefore, catalyst potential is sensitive to all parameters affecting the rate of a
chemical reaction, such as pH, temperature and feed rate of the reactants [2]. In the present
study catalytic experiments were performed in a semi-batch mode. A tailor made shaker
reactor was applied for “in situ” catalyst potential measurements. High shaking frequency
was applied resulting in the elimination of stagnant zones in reaction mixture, and improved
gas-to-liquid mass transfer. Catalyst potential behaviour was studied over different supported
metal catalysts in three phase reaction of lactose oxidation. Several reaction parameters were
varied to investigate the possibility to predict catalyst activity as well as deactivation from the
measured values of catalyst potential. In the latter case the behaviour of catalyst potential was
related to the surface processes such as oxygen poisoning, coke formation, or oxygen feed
limited regime which can be the reasons for poor reaction performance. The example,
represented in the Fig. 1, demonstrates a possibility to indicate unfavorable temperature

regime almost immediately after reaction start up.
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Figure 1. The influence of temperature on lactose oxidation over Pd (5 wt. %) /AL,O;, m=0.5 g, at pH = 8§,
oxygen feed rate 2.5 ml/min: a) product concentration (lactobionic acid), b) catalyst potential (the trend indicated
by arrows), c¢) by-products concentrations.
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Supported Pd catalysts are used for a variety of technologically important processes,
especially for hydrogenation reactions. Vibrational spectroscopy of CO adsorbed on metal
catalysts is a very useful tool for investigating the properties of the metal and can provide
much information. However, it is often difficult to interpret the obtained information and to
deduce structural information on the catalysts. Thus, model systems with well-defined surface
structure have been used for comparison with technical catalysts [1,2]. For instance, single
crystal surfaces and well-defined (evaporated) Pd nanoparticles can be utilized for assigning
CO bands. The findings obtained from the model systems can then be applied to interpret CO
spectra of technical catalysts for determination of the available adsorption sites, which also
provides information on the morphology of the technical Pd catalysts [3,4].

Pd supported on various oxidic carrier materials was prepared by incipient wetness
impregnation at different metal loadings. Characterization of the catalysts was done by IR
spectroscopy after CO adsorption, TPD, XRD and XPS. FTIR measurements on the technical
systems were carried out in transmission mode in a heating vacuum cell, which allowed in
situ pre-treatment of the samples. Adsorption of CO on the model systems was studied by
vibrational sum frequency generation spectroscopy and polarization-modulation infrared
reflection absorption spectroscopy.

As test reactions selective hydrogenation of dienes and hydrodehalogenation of

chlorinated compounds were chosen.
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References:

[1] H. Unterhalt, G. Rupprechter, H.J. Freund, J. Phys. Chem. B 106 (2002) 356.
[2] H.J. Freund, M. Baumer, J. Libuda, T. Risse, G. Rupprechter, S. Shaikhutdinov, J. Catal. 216 (2003) 223.
[3] T. Lear, R. Marshall, J.A. Lopez-Sanchez, S.D. Jackson, T. Klapotke, M. Bdumer, G. Rupprechter,
H.J. Freund, D. Lennon, J. Chem. Phys. 123 (2005) 174706.
[4]7J. Sa, H. Vinek, Appl. Cat. B: Environmental 57 (2005) 247.

41



0-4
UNSTEADY STATE PHENOMENA IN CO OXIDATION ON Pd(110)

Matveev A.V.

Boreskov Institute of Catalysis SB RAS Pr. Ak. Lavrentieva 5, Novosibirsk 630090, Russia,
fax: +7 383 330 80 56, matveev@catalysis.ru

The unsteady state phenomena (hysteresis and oscillations) in CO+O, reaction on Pd, Pt
and Ir were observed for the first time in 80-s by Sales, Turner and Maple [1], who
proposed the reversible formation of oxide layer PdOy in reaction conditions (~ 1 mbar).
Afterwards Ladas, Imbihl and Ertl [2] found the unsteady state phenomena on Pd(110)
single crystal surface at lower pressures (< 10> mbar) and deduced that the formation of
“subsurface oxygen” species (Ogups) Was a driving force for reaction rate oscillations. Till
now there is still no common agreement in the nature of such unusual phenomena in CO
oxidation on Pd(110) [3].

Using the X-ray photoelectronic spectroscopy (XPS) we found, that on a polycrystalline
palladium surface in conditions P(0,)=107 mbar, P(CO)~10"° mbar (P(O,)/P(CO)~10%,
T=525 K, close to conditions of self-oscillation regime on Pd(110), oxide formation did not
occur but there was a penetration of oxygen atoms into the top layer of metal and formation of
subsurface oxygen layer. Transient kinetic experiments on Pd(110) showed that COggs
molecules did not react chemically with subsurface oxygen below 300 K. O, atoms are
highly active compared to Ogyps species due to the rapid reaction with CO,q4s beginning at
temperature ~ 150 K. Based on experimental data, the detailed mechanism of CO oxidation
on Pd(110) was proposed. During the imitating experiments, carried out by Monte Carlo
calculations, the set of parameters has been found where the model showed a self-oscillatory
regime. The hysteresis in oscillatory behaviour was observed under step-by-step variation of
oxygen partial pressure. Two different oscillatory regimes exist at one and the same
parameters of the reaction. The parameters of oscillations (amplitude, period and the shape of
the waves on the surface) depend on the kinetic prehistory of the system. The possibility for
the appearance of the cellular and turbulent patterns, spiral, ring and stripe oxygen waves on
the surface has been shown.
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Foundation, INTAS # 05-109-5039 and partially by NWO # 047.015.002.
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Switzerland
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In situ Attenuated Total Reflection Infrared (ATR-IR) spectroscopy has been used to study

band gap irradiation of TiO, (P25) particle thin film in contact with organic and inorganic

species. [1] The method is well suited to study the solid-liquid interfaces of powders yielding

molecular level insight into the processes that occur at the solid-liquid interface. In this lecture

we will consider photocatalytic mineralization of dicarboxylic acids over TiO; thin film,

studied by in situ ATR-IR spectroscopy (Figure 1). [2] Upon illumination the coverage of

adsorbed malonic acid is decreasing and oxalic acid is observed on the TiO; surface. During

band-gap illumination a large fraction of the surface is not covered by acid. Oxalate is a major

uv

glass

catalyst window

References:

intermediate in the mineralization of malonic
acid. However, the observed transient kinetics of
adsorbed malonic and oxalic acid indicates
additional pathways not involving oxalate. The
rate constant of oxalic acid is slightly larger than
the one for malonic acid. The modulation of the
light flux and a phase sensitive detection yields
even more details about the processes occurring

at the catalytic solid-liquid interface.

Figure 1: Schematic set-up for in situ ATR-IR
spectroscopy of photocatalytic reaction in a small
volume flow-through cell.
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SSITKA STUDY OF deNOx REACTION MECHANISM
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This work is devoted to in situ study of deNOx reaction mechanisms (selective NO

reduction with methane over Co-ZSM-5 and fiberglass catalysts) with Steady-State Isotope
Transient Kinetic Analysis (SSITKA) technique [1]. The dynamics of "°N, "0 and *C label

transfer from reagents to the reaction products was investigated allowing us to determine

the scheme of the reaction mechanism as well as to estimate both the concentrations of

intermediate surface species and the rates of separate reaction steps. In particular, it was

found that:

deNOx reaction over Co-ZSM-5 catalyst proceeded via two parallel route with
participation of both nitrite-nitrate complexes and NO,®" species. These reactions were
proved to take place over cobalt cations and Co...OH paired sites, respectively. As a
result, an influence of acid sites on the reaction kinetics was quantitatively estimated. The
rate-determine reaction steps were revealed, which was adsorbed complexes formation for
nitrite-nitrates and interaction with methane for N026+. It was shown that turnover number
(TON) of the reaction was about 20 times hither for Co...OH paired sites [2,3].

Original results were obtained on the kinetics of NO interaction with Pt-containing
fiberglass catalysts. The rate constants of NO interaction with both Pt sites and OH groups
of the fiberglass were estimated. The mass-transfer processes in the fiberglass materials
were also studied, and diffusion coefficients of NO and H,O into the fiberglass bulk were

determined, which were found to be abnormally high [4].
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Introduction - In recent years, the interest in formaldehyde production by the oxidative
dehydrogenation of methanol has strongly increased, provided that high activities and
selectivities can be achieved under mild conditions of temperature (140-250 °C) and pressure
(1 atm). Supported vanadium oxide based nanoparticles have been found to be active and
selective. A large number of factors may determine their catalytic performances such as:
(1) the nature, dispersion and structure of the active sites; (ii) preparation method; (iii) acid-
base properties of the support and (iv) vanadium loading.

Objectives - The aim of the present contribution was to develop a detailed kinetic
analysis of methanol ODH reaction to formaldehyde on a nano-structured vanadium oxide
supported catalyst selected in a preliminary screening phase.

Experimental - The selected vanadium catalyst, supported on TiO,/SiO,, has been
prepared by grafting vanadyl alkoxide, dissolved in dioxane, and characterized by BET, XRD,
Raman, XPS and SEM. An exhaustive set of experimental runs has been conducted in an
isothermal packed bed tubular reactor by investigating several operative conditions such as:
temperature, contact time, methanol/oxygen feed molar ratio and water feed concentration.

Results and Discussion - Depending on the operative conditions adopted, the main
products observed were formaldehyde and dimethoxymethane while lower amounts of methyl
formate and CO, were also found. At low contact time the main reaction product was
dimethoxymethane which was then converted into formaldehyde through the reverse
equilibrium reaction with water. As a confirmation of this observation, a peculiar behaviour
was detected consisting in an increase of selectivity to formaldehyde by increasing methanol
conversion. The obtained experimental data of methanol conversion and products selectivity
were modelled by means of an integral reactor model and the related kinetic parameters were
determined by non-linear regression. The adopted reaction rate expression was of the Mars
van Krevelen — Langmuir Hinshelwood type and a good agreement was found between the
theoretical prediction and the experimental data.

Conclusions - A new reaction mechanism (rake-type) and a detailed kinetic scheme were
proposed for methanol ODH on a nano-structured catalyst that was able to interpret correctly

the collected experimental observations.
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Last years high-throughput experimentation techniques (HTET) are widely used in various
areas of materials research. In the area of heterogeneous catalysis HTET is often combined with
combinatorial approaches. In this presentation we shall describe the application of HTET both
in catalyst screening using Temperature Programmed Reaction (TPR) technique and in reaction
kinetic studies. The oxidation of carbon monoxide was chosen as a model reaction using MS
method for product analysis. The high-throughput reactor had 16 channels and was connected
via a flow selector valve to a quadruple mass spectrometer. The whole system is fully computer
controlled. 12-14 channels were used to test the catalysts, while 2-4 channels were applied to
get the background MS signals. The amount of catalysts was in the range of 10-30 mg, while
the flow rate varied between 10-60 ml/min.
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Figure 1 Figure 2

Supported gold catalysts, such as Au/Al,O;, Au/Mg/Al,O3;, Au/CoO/Al,03,
Au/MnO/AlL O3, Au/Fe,03/Al,053 and Au/MnAl,O4 were tested. HAuCly was used as the gold
precursor. The kinetic experiments were performed between 40 and 70 °C, while TPR runs
were carried out between 25 and 300 °C investigating both the increase and the decrease
parts. Typical TPR curves are shown in Figure 1 and 2. The results show that the modifier
enhances the activity of the parent Au/Al,O3 catalyst. Further TPR and kinetic results will be
shown and discussed in this presentation. Results obtained in this study provided
unambiguous proof that HTET can be used in catalysis research. This new approach provides

reliable and reproducible data and improves the efficiency of research more than one order.
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The CO oxidation is one of the key reactions in exhaust gas emission control, both in the
cleanup of vehicle emissions, especially during the cold start of engines, and the purification
of breathing air in enclosed spaces. Consequently, there is a strong interest to developing of
catalysts with better oxidation activity at low temperatures. Since the pioneering work of
Haruta (1), several research groups confirmed that low-temperature CO oxidation is
successfully catalysed by 4u nanoparticles highly dispersed on appropriate supports (2). The
clue to produce active Au catalyst lies in obtaining well-dispersed particles in the range of the
nanometer size. The unique redox properties, high lability of lattice oxygen, high thermal
stability and the ability of promoting dispersion of noble metals lead us to choose CeO-ZrO,
as a support for Au. So far, CeO,-ZrO, systems, widely studied in other applications (3), have
not been examined as Au supports in the CO oxidation.

The aim of this work was the dispersion of Au nanoparticles on different Ce;..Zr.O;
mixed oxides (Ce/Zr molar ratio=3, 1, 0.33), CeO; and ZrO; and the attempt of understanding
the relationship between the nature of the support, catalytic activity and Au dispersion.

The Ce,..Zr.O; solid solutions, CeO; and ZrO, were prepared by sol-gel method. The 2
and 5 wt. % Au catalysts were prepared by DAE (Direct Anionic Exchange) method (4). The
obtained systems were characterized by XRD, BET, H>-TPR, CO-TPR, AAS, TEM and tested
in the CO oxidation reaction, using different gas mixtures (rich, stoichiometric and lean in
0;). The effect of the particular stages of the preparation on the properties of the obtained
catalysts was also investigated. The poisoning effect of chloride was confirmed. The average
Au particle size was higher for the catalysts prepared without washing of chloride. In order to
remove residual CI" from the catalysts, different washing procedures were used. According to
the washing procedure, changes in activity and particle size were observed. In general, the
highest activity was obtained over Au/Ce,;5Zr250, washed in ammonia. It was observed that
catalytic performance of Au catalysts in CO oxidation highly depends on the properties of the
supports, particularly on their reducibility.

This work has been supported by European Social Fund and Polish State in the frame of the Mechanizm
WIDDOK programme (contract number WIDDOK/SM/2006/7)
This research has been additionally supported by Grant PBZ-KBN-116/T09/2004 (No. K124/1B/2005)
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The aim of this work is determination of the role of gold addition to nickel catalysts
supported on ALL,CrOg and Al,MgO, for partial methane oxidation to syngas production. The
surface area, phase composition, the reduction behavior and the catalytic activity of nickel-
gold supported on different supports (Al,Os, Cr,03, MgO, Al;CrO¢ and MgAl,O4) were
examined. Supported mono and bimetallic nickel-gold catalysts containing 5% Ni and 2% Au
respectively were prepared by conventional wetness impregnation. As precursors of active
phase Ni(NOs),-6H,O and HAuCly were used. The supports were prepared from:
Cr(NO3)3-9H,0, AI(NO3)3-9H,0 and Mg(NO;3),-6H,O compounds. Mono-oxide (MgO,
AL O3, Cr;03) and two-oxide supports (Al;06Cr contained Cr and Al with molar ratio 1:3 and
Al,MgO, with molar ratio Mg/Al = 1:2) were prepared by ammonia precipitation or co-
precipitation method; next samples were dried and calcined in air at 400°C for 4h. Active
phase was introduced on appropriate supports by impregnation method and then supported
catalysts were dried at 105°C and finally calcined in air at 400°C for 4h. Results of specific
surface area measurements show that the addition of alumina leads to increase the surface
area of Cr,O; as well as MgO support. The surface area depends on the kind of the support
and it is in the range from 6 m*/g (for Cr,03) up to 360 m?/g (for ALO3). The promoting
effect of gold addition, especially for magnesium containing catalysts, was confirmed by TPR
method. It changes the shape of TPR profile and moves it into lower temperature region.
Phase composition was determined by XRD method. Only the traces of Cr,O; phase were
found in the case of Al3CrOg support. The expected spinel as well as Al,O3; phase were not
experimentally detected. The XRD measurements for MgAl,O4 support show only MgAl,O4
spinel phase. In the case of supported nickel-gold catalysts the additional phases of gold and
nickel were found. High temperature reduction leads to nickel-gold alloy formation. Those
catalysts revealed high activity in POM reaction. Syngas formation is observed above
650° C. The 100% selectivity to syngas can be reached in temperature range 700-850°C. Gold
addition to nickel supported on alumina or MgAl,O4 catalysts resulted in high activity system,
but in the case of catalysts supported on Al;CrOg the slightly decreasing of activity was
observed.

Acknowledgements. This work was partially supported by Grant No. 3T09B 050 29 of the
State Committee for Scientific Research.
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The catalytic dehydrogenation of light alkanes is an important reaction, much due to the
growing demand for light alkenes as propene and ethene as feedstock in chemical industry.
The catalytic dehydrogenation, e.g. of propane, is strongly endothermic (AH"9g = 124 kJ/mol)
and is favoured by low pressures due to the stoichiometry. The produced hydrogen can be
combusted catalytically to provide in Situ heating, and can be coupled with the
dehydrogenation reaction in an autothermal process [1, 2]. At 500 °C the heat of combustion
of hydrogen is approximately twice the heat required for propane dehydrogenation, thus, to
get a heat-balanced process it is necessary to combust approximately half of the hydrogen
produced in the dehydrogenation. The key issue in this process is to avoid the nonselective
combustion of the hydrocarbons.

The catalysts reported here are 1.5, 3 and 5 wt% Au, prepared by a sol technique and
supported on TiO,. All catalysts were tested in a fixed-bed quartz reactor, placed inside an
electrical furnace. The total flow of feed gas was 100 ml/min, the H,-flow was 2 ml/min, and
in some experiments C;Hg was added (10 ml/min). The O, flow was varied to achieve
different H,/O, ratios, the balance being He. The experiments were done at temperatures
between 20 and 550 °C and 1 atm, with a loading of 0.15 g catalyst.

The Au based catalysts are active for the hydrogen oxidation reaction, both in an inert gas
and in the presence of propane. Around 100 °C the catalyst are active for hydrogen oxidation,
achieving full conversion at approximately 140 °C. But at 500 and 550 °C temperatures
dehydrogenation occurs, the selectivity is dependent of the H,/O, ratio. As longs as the
H, : O, ratio exceeds 2 (stoichiometry), the oxygen reacts preferably with H, than H,O. The

CO and CO; selectivity increases when the ratio is reduced.
Acknowledgements. We thank the Norwegian Research Council for financial support.
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Hydrogen production from renewable sources such as biomass, is gaining attention as a
CO; neutral energy supply. Steam reforming of pyrolysis oil (bio-oil) is one of the promising
routes for hydrogen production. The water-rich phase of the bio-oil containing mostly
carbohydrate-derived compounds consists of 20% organics and 80% water. We report here
experimental results for steam reforming of acetic acid, representative compound of bio-oil,
over Ni and Rh catalysts.

A number of different catalysts containing Ni and Rh were synthesized using the wet
impregnation technique. The supports used were calcium aluminates with Ca/Al ratios 1/2
and 12/7 and ceria-zirconia with Ce/Zr ratio 1/5. The activity of the catalysts in the steam
reforming of acetic acid was tested in an experimental setup employing a fixed bed reactor at
steam/carbon ratio 3 and high space velocity G¢HSV=33500 h™'.

Both the nature of the support and the active metal affect the conversion of acetic acid
and the hydrogen yield. The catalysts supported on calcium aluminates showed interesting
results with most promising one the 5% Ni supported on CaO-2Al,03 catalyst. Full
conversion of acetic acid was obtained at 750°C with hydrogen yield approaching 90%.

Ni and especially Rh catalysts supported on Ce/ZrO, exhibit unique performance in acetic
acid reforming. Their activity is extremely high with almost full conversion of acetic acid at
temperatures as low as 550°C. The yield to hydrogen is high approaching that of
thermodynamic equilibrium. Their advantage over the calcium aluminate supported catalysts
lies in the much lower tendency for carbon formation. The amount of coke deposited after 3h
time on stream with the 5%Ni/Ce-ZrO, catalyst is 3 times lower than that of the catalyst
supported on calcium aluminate. The performance of 0.5%Rh/Ce-ZrO, catalyst is very
promising. The affinity of the catalyst for carbon formation in acetic acid steam reforming is
even less. Combined with the high hydrogen yield, this catalyst formulation deserves further

testing and characterization.
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Solid Polymer Fuel Cells operate on H,, which can be obtained on-board from a methanol
processor via catalytic steam reforming (SRM) and preferential CO oxidation (PROX)
reactions. Using O, with steam (combined steam reforming of methanol, CSRM) offers
advantages such as high reaction rates and thermo-balanced conditions. On the other hand,
purification of H, can be achieved via the PROX process. In this work, the results of a
detailed study of the effects of copper content and preparation method (i.e. combustion
method) on the catalytic properties of CuO-CeQO, catalysts are reported and related with their
performance in SRM, CSRM and PROX processes. Catalytic tests were performed in a
typical flow system, with varied contact times (0.03-0.257 g's cm™).

Samples prepared with excess urea were more active and selective than those prepared
with stoichiometric quantity, in agreement with BET and XRD measurements. XPS studies
revealed surface segregation with both Cu®” and Cu'" species. H,-TPR profiles consisted of
three overlapping peaks in the temperature range of 150-250 °C compared to a single peak at
290 °C for unsupported CuO. TPD experiments showed that adsorbed CO desorbs mainly as
CO; (peak maxima at ~100-120 °C) and as CO at ~70 °C. O,-TPSR experiments showed that
adsorbed CO reacts fully with gaseous O, and desorbs as CO,. The catalytic activity was
maximized for both processes for the catalyst prepared with 75% excess of urea and
Cu/(Cut+Ce) = 0.15. Under autothermal conditions (CSRM process) the catalytic behavior
was improved and 99.8% MeOH conversion was obtained at 280 °C (>97% H, selectivity)
with Cuy 15Cegss catalyst. The same trend was observed in more concentrated feeds (20%
MeOH, autothermal conditions), where 99.7% MeOH conversion was achieved at 320 °C
(95% H; selectivity). CuO-CeO; catalysts showed ideal selectivity up to 120-170 °C for
PROX reaction. These catalysts were considerably more active than unsupported CuO. In
tests with simulated reformate gas (co-addition of HO and CO,), inhibition of the oxidation
reaction was more severe for pure CuO. Compared to catalysts used in powder form, the foam
catalysts prepared via the in-situ combustion method exhibited similar catalytic performance.
Based on the adsorbed quantity of CO, the TOF of CO oxidation was calculated. The
promoting effect of CeO, can be attributed on the creation of additional active sites, probably

at the interface between the two oxides.
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Reforming of methane to synthesis gas is one of the main processes in industrial
chemistry. Partial oxidation of methane (POM) is an alternative method of CO and H,
mixture production. This paper is focused on the relationship between the activity of Ni-
Au/AlLbMgOy catalyst in POM reaction and its physico-chemical properties: specific surface
area, reduction behavior and phase composition.

Catalysts containing 5 % Ni and 2 % Au were obtained by wet co-impregnation of
Ni(NO3)-6H,0 and HAuCl4 on support Al,MgO, surface. The catalyst support was prepared
from precursors: AI(NO;3)-9H,0 and MgNO;-6H,0O by ammonia co-precipitation. Finally they
were dried and calcined in 400°C during 4 hours. The results of specific surface area of
catalysts after previous calcination at 400°C, selectivity to CO and conversion of CHy4 at
900°C in POM reaction are presented in Table 1.

Table 1. Catalysts characterization

Metal/support Specific surface area Selectivity to CO | Conversion of CHy
catalyst (m’/g) (%) (%)
5%NiI/A,MgO, 66 90 90
5%Ni-2%Auw/AL,MgO, 63 10 61
5%Ni/ALO; 168 84 97
5%Ni/MgO 59 77 38

A simple correlation between catalyst specific surface area and its activity was not
observed. The catalyst 5%Ni/Al,MgO,4 had the highest selectivity to CO in POM reaction.
The conversion degree of CH4 for 5%Ni/Al,MgO4 and 5%Ni/Al,O; catalysts was similar and
above 90%. The NiO reduction effect was observed on TPR profiles. In the case of
5%Ni/Al,MgOy catalyst wide peak was found in temperature range 250-500°C. Sharp and
symmetrical peak representing NiO reduction for 5%Ni-2%Au/AlLbMgO, catalyst was
observed. The addition of gold to nickel catalyst resulted in uniform NiO crystallite phase.
The formation of MgAl,O4 spinel was confirmed by XRD method. The increase of
crystallinity was observed with temperature of calcination. The Au metallic phase was
observed in nickel-gold/support catalysts, however NiO phase was not observed, probably

because of the high metal dispersion on catalyst surface.
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Ceria-zirconia-based systems are promising as components of three-way catalysts,
catalysts of selective oxidation/autothermal reforming of hydrocarbons into syngas at short
contact times, oxide ion conductors for oxygen sensors application and cathodes/anodes in
solid oxide fuel cells (SOFC). Doping this system with low-valence cations allows stabilizing
this solid solution in hydrothermal conditions and tuning the lattice oxygen mobility due to
formation of oxygen vacancies or more complex defects.

In this work, nanocrystalline samples of Pr- or Gd- doped ceria-zirconia
Pr/Gdy(CeZr)1x2025 (x (Pr, Gd)=0,05-0.3) prepared by polymerized precursor (Pechini)
route and calcined at 500 °C were studied. Pt (1.4 wt.%) was supported by incipient wetness
impregnation with H,PtCls solution. The samples were characterized by using XRD, XPS,
EXAFS, FTIRS of adsorbed CO test molecules, and oxygen mobility was estimated by using
oxygen isotope exchange. Catalytic properties of Pt-loaded samples were studied in the
reactions of syngas generation by methane selective oxidation and acetone autothermal
reforming at short contact times.

For studied systems, supported Pt mainly present as cationic Pt*" species, which is
explained by ability of fluorite-like oxide supports to stabilize these cations at surface defects,
probably, in vicinity of domain boundaries. At high (880 °C) temperatures, the rate of syngas
generation in both reactions correlates with the lattice oxygen mobility as well as
concentration of Pt*" species — precursors of small reactive Pt° clusters. This suggests
bi-functional mechanism of these reactions occurring at Pt-support interface. At lower
(680-780 °C) temperatures, the rate of syngas generation from acetone correlates with
concentration of unsaturated isolated Me*" cations (Ce*", Zr*") probably due to a partial
blocking of Pt by coke.

This work is in part supported by RGBR-CNRS 0503-34-761 and INTAS 05-7663

Projects.
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Oxygen species and their reactivity in La;,CaMnOs:y perovskites prepared by
mechanochemical and ceramic routes were studied by temperature-programmed reduction
(TPR) by hydrogen. The experimental data were compared with data on the catalytic activities
in oxidation reactions along with real structure and surface compositions of the samples,
investigated in details earlier in [1].

Increasing of the calcium content in the La;CaMnOs.y system increases reduction
degree of these samples and results in the shifts of the maximums sets (Tyax) of the peaks of
TPR-H; curves to the region of lower temperatures. Thus, an increase of calcium content
promotes the diversity and reactivity of oxygen forms in La;«CaMnOs., system. It was
concluded that subsurface process of reduction Mn**—Mn”" occurs in region of low and
moderate temperature of TPR experiments. In the region of high temperatures, the process of
bulk reduction Mn®>*—Mn*" takes place. The influence of preparation conditions (synthesis
route) on oxygen species and their reactivity was studied also. Increase of the temperature and
time of calcination leads to the decrease of relative oxygen amounts removed in the course of
TPR according to corresponding peaks and results in the shifts of temperature maximums sets
of the peaks to the region of higher temperatures. Observed differences for synthesis routes
are supposed to be concerned with different structures and compositions of surface/subsurface
layers. So, samples of mechanochemical series are characterized by the calcium segregation
in subsurface layer, whereas samples of ceramic series are microheterogeneous composites,
according to [1].

Specific catalytic activity of the La;Ca,MnOs., samples in the reaction of CO catalytic
oxidation, was found to correlate with the amount of reactive oxygen forms easily removed
by H»-TPR at temperatures ~ 250-300 °C. There is no correlation between lattice oxygen

amounts removed at high temperatures of H,-TPR processes and catalytic activity values.
1. L.A Isupova, SV. Tsybulya et al. // Solid St. Ionics. 2001. V.141-142. P. 417.
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Hydrolysis of sodium borohydrate is seen to be a safe and portable hydrogen production
route, because it is stable under ordinary conditions and liberates pure H, in a safe and
controllable way. NaBH4 contains 10.8%wt of hydrogen. In the presence of a selected
catalyst, hydrolysis reaction of NaBH4 solution gives 4 moles of H, and half of the produced
hydrogen comes from water. The aim of the study is to develop an active Pt/LiCoQO, catalyst
using LiCoO; support obtained by different methods.

The first method studied for preparation of LiCoO, was solid state reaction. Li,O,
Co(NOs3),-6H,0 and heat generating material were used as precursors and by investigation of
preparation parameters an ideal preparation route has been developed. LiCoO, was also
prepared by the precipitation method. Effect of preparation parameters, such as compositions
of LiNO;, Co(NOs3),-6H,0 and citric acid, pH, temperature and solvent type, on catalyst
activity were investigated. All prepared LiCoO; supports were impregnated with 1.5 wt% Pt
and these catalysts were tested in reaction of H, production. XRD analyses of the prepared
supports were performed to determine the catalyst structure. The activity of catalysts in
hydrolysis of NaBH4 was measured in a semi-batch jacketed reactor at atmospheric pressure
and room temperature. Reaction parameters of H, production from NaBH; were also
investigated.

Our results showed that preparation of LiCoO, by solid state reaction gave higher
hydrogen production rates than precipitation. In preparation of LiCoO, by solid state reaction
method, equal amounts of heat generating material to the reactants was determined as
optimum amount. NH4sNO; was chosen as an ideal heat generating material. Samples calcined
between 500-700 °C showed approximate H, production rates, but samples calcined at higher
temperatures showed less activity. Investigated hydrolysis reaction parameters were NaBH4
and NaOH concentrations, reaction temperature and catalyst amount. Decreasing of NaBH4
and NaOH concentrations leads to the increasing of H, production. Increase of the reaction

temperature and catalyst amount also increases productivity to Hs.
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Thin mesoporous silica films with an ultrahigh specific surface area and a tunable pore
size distribution have a large potential as a catalyst support in microstructured reactors. These
materials allow processing of larger organic molecules, which are usually intermediates in the
production of fine chemicals. In this work, thin (300-1000 nm) mesoporous silica films with

hexagonal and cubic (Im§m) mesostructures have been prepared on Pyrex® 7740 borosilicate
glass substrates by the evaporation induced self assembly assisted sol-gel route. Prior to the
films synthesis, a 50 nm TiO; layer has been deposited on the glass substrate by atomic layer
deposition from titanium tetrachloride and water to reach better adhesion of the films to the walls
of the substrate. The mesoporous films were produced by templating a silica precursor (TEOS)
with an EOPOyEO, amphiphilic triblock copolymer (EO = ethylene oxide, PO = propylene
oxide, x = 106, y = 70) at a pH of 2. A surfactant/silica ratio of 0.0076 was found to be
optimal at a spinning rate of 1500 rpm to obtain films with a surface area above 500 m*/g and
a monomodal pore size distribution with a mean pore size of 6.9 nm.

Well-ordered hexagonal and cubic mesostructured thin films with a mean pore size from
3 to 8 nm were prepared by using ionic and non-ionic surfactants as the structure-directing
agent in the spin coating process. The dried films were then calcined in flowing air with slow
heating rate. The surfactant removal procedures were optimized based on the results of
Thermogravimetric Analysis (TGA) and Fourier Transform Infrared Spectroscopy (FTIR).
The obtained films were characterized by 1D and 2D X-Ray diffraction and high resolution
transmission electron microscopy (HR TEM). The morphology of the films was studied by
scanning electron microscopy. Ellipsometric porosimetry (EP) was used to determine the
mean pore size and pore size distribution.

A mixed-metal cluster precursor [PhsP]o[RusPtC(CO);s] was deposited on the
mesoporous silica films. Then, the mesoporo-encapsulated clusters were activated by gentle
heating in vacuo at 200 °C to obtain bimetallic catalysts. The supported bimetallic catalysts
were characterized by HR TEM. The average diameter of the resulting, well-dispersed,
isolated and anchored bimetallic nanoparticles is 1.4 nm. By this approach, the functionality
of the relatively fragile metallic clusters is mediated through the rigid inorganic framework
providing protection and the 3D distribution of the catalytic function. The resulting films will
be used in a number of fine chemicals synthesis reactions in microstructured reactors (e.g.,
selective oxidation, hydrogenation).
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Ammonia has gained significant interest as hydrogen carrier for fuel cells. Stored safely, the
ammonia can become a favorable energy source [1, 2], but for use in low temperature fuel cells
it must be catalytically decomposed to the elements before it can be utilized in the fuel cell.

One perceived area where fuel cells could make great impact is for miniaturized systems
known as “lab on a chip”. Often, power supplies or batteries for such systems are very bulky
compared to the system it supports. Thin fuel cells would be optimal for solving this problem,
if the fuel could be delivered from an equally compact system.

Promoted Ru catalyst on porous graphitized carbon is generally recognized as the most
active for decomposition of ammonia [3, 4]. So far, it has not been possible to integrate
significant amounts of porous graphitized carbon support in micro-fabricated reactors, and the
best miniaturized systems have thus used less optimal supports [5, 6].

Here, a method for such incorporation is presented, and high activities for ammonia
decomposition are demonstrated. Furthermore, micro-fabricated reactors are well suited for
catalyst studies, as the reactors can be kept absolutely isothermal under reaction conditions
and the gas flow stays laminar over a large range of space velocities. This has been used to
investigate promotion of the Ru/C system with Cs and Ba.
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Carbon nanotubes have great scientific interest, both from a fundamental point of view
and for future applications. The main question in their synthesis consist in creation of scalable
industrial process for reproducible obtaining of nanotubes with given structure (chirality) and
enough purity. The most promising way for solving indicated problems consists in application
of catalytic chemical vapor deposition (CVD) from carbon-containing compounds on the
surface of nanostructured catalyst.

In this work we synthesized carbon nanotubes in a CVD catalytic process in atmosphere
of ethylene in presence of water vapors. Water selectively removes amorphous carbon but not
damages the nanotubes at the growth temperature, because coating of the catalyst particles by
amorphous carbon during chemical vapor deposition (CVD) reduces their activity and
lifetime [1]. We changed in experiments concentration of ethylene and water in gas mixture
with argon and hydrogen. Chemical structure of SWNTs and their physicochemical properties
were examined by transmission electron microscopy and Raman spectroscopy. Varying of
ethylene concentration in gas mixture causes changing of intensity of characteristic lines in
Raman spectra which correspond to nanotubes with various diameter. This fact allowed us to
make some conclusions about possible chemical mechanism of carbon nanotubes growth and
influence of changing of concentration of ethylene and water for obtaining nanotubes with

necessary chirality.
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SiC whiskers have many superior properties, such as high hardness and strength, Young’s
module, and chemical inertness. This material can be used as good reinforcing component for
different ceramic and polymer composites. Another possible way of the usage of SiC
whiskers is linked with their good semi-conducting properties, such as wide bandgap
(2.4-4 eV depending on the polytype of SiC). Silicon carbide whiskers can be used in various
electronic devices, such as sensors, emitters etc.

Nowadays the most perspective way of synthesis of the SiC whiskers is usage of metal
catalysts, such as transition metals (Fe, Ni, Co). Usual temperature of catalytic synthesis of
SiC whiskers is 1200-1300 °C, which is less acceptable for high-tech applications because of
the low control of the crystal parameters, such as type of crystal lattice and potential risk of
thermal damaging of the substrate.

In this work we used analysis of the phase diagrams of various multi-component systems,
based on transition metals combined with thermodynamic analysis of the nucleation step for
the metal-SiC system for development of new low-temperature catalysts for synthesis a SiC
whiskers. It was shown that this approach may be successfully used for design of new
catalysts, working at low temperatures. Different methods were used for preparation of mono-
and bimetallic catalysts. Catalysts prepared were tested in synthesis of silicon carbide
whiskers under various experimental conditions, such as temperature and pressure (1000-
1200 °C, 0.01-1 bar). Decomposition of methyltrichlorosilane and dimethyldichlorosilane in
hydrogen atmosphere was used for production of C- and Si-containing gaseous precursors.

Synthesized crystals were investigated using different physical-chemical methods, such as
TEM, SEM, XRD. Relationship between reaction conditions (temperature, pressure, catalyst
and precursor composition etc.) and morphology and properties of SiC whiskers was also

investigated.

This work was financially supported by Russian Foundation for Basic Research (grant
Ne 05-03-32901-a).
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The catalytic hydrogenation of organic functional group is probably the most common
application of heterogeneous catalysis in the synthesis of organic compounds. Catalytic
hydrogenation of a,B-unsaturated aldehydes to unsaturated alcohols is an important step in
preparation of various fine chemical products. Desirable is to find catalyst which preferably
hydrogenate C=0 bond and keep olefinic double bond inact. Ga,O; and GeO, may be
considered as a reducible oxide of potential usefulness as a catalyst support.

In this work hydrogenation of crotonaldehyde in the gas phase at atmospheric pressure
over Ru/support (5, 2 and 1 wt. % Ru) catalysts was investigated.

The catalysts were prepared by wet impregnation method using Ru(NO)(NOs); and
RuCl3-3H,0, and three supports: a-Ga,O; (home-made from metallic gallium), B-Ga,Os
(Aldrich, 99,99%) and a-GeO; (Teck Cominco Metals Ltd.). The catalysts were calcined at
400 °C. BET, TPR, XRD, IR methods were applied to characterized the catalytic systems.
Catalytic tests were carried out at the temperature 80 °C. Before the reaction the catalysts
were reduced in hydrogen at the temperature range from 80 to 300 °C.

XRD and TPR results show that for all catalysts reduction starts at the temperature about
75 °C and is completed at about 160 °C (Ru crystallites on the surface).

Catalytic tests in the reaction of hydrogenation of crotonaldehyde in a gas phase were
carried at 80 °C. For catalysts supported on both a-Ga,03; and B-Ga,0O; the optimum reduction
temperature was 250 °C and for the germania supported catalyst — 200 °C. The row of the
catalytic performance of the catalysts is as follows: Ru/a-Ga,O; > Ru/B-Ga,03; > Ru/a-GeOs.
The best catalyst was 5 wt. % Ru/a-Ga,O3; which shows high selectivity (above 85%) at the
activity ca. 300 pmole s ' ggy .

To sum up we can say that ruthenium catalyst, especially those supported on gallium
oxide, show high activity and selectivity in the reaction of selective hydrogenation of
crotonaldehyde in a gas phase. Optimum reaction parameters are: calcination temperature
400 °C, reduction temperature 250 °C (catalysts supported on a and B-Ga,0Os) and 200 °C

(catalyst supported on a-GeO,) and reaction temperature 80 °C.
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Ethylene polymerization kinetics is studied using five catalyst systems based on titanium

complexes with phenoxy-imine ligands differing mainly by the substituents at imine nitrogen

I: R =H, R®=Me, R’ ="Bu

II: R'° =H,R*7 ='Bu

IIL: R! = cyclopentyl, R*> = H, R7 ='Bu

IV: R! = cyclohexyl, R =H, R*7 ='Bu

V: R! = cyclohexyl, R** = H, R’ =Me, R®7 ='Bu

The polymerizations were performed using methylalumoxane (MAO) as a cocatalyst at
temperatures 10-70 °C, ethylene pressure 0.3 MPa and different MAO:Ti ratios.

The polymerization rate is found to significantly depend on the bulk of substituents in the
aryl ring at imine nitrogen according to the following trend:

n>1>I1v>1>v

The complexes I and II provide living ethylene polymerization with polyethylene
molecular weight linearly growing with the process time within 5-20 min followed by the
further slight increase. The living polymerization mechanism is confirmed by obtaining
ethylene — 1-hexene block-copolymers.

The prepared polymers are featured with high melting temperatures (Tm = 140-145 °C),

linear structure and high molecular weights.
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The autocatalytic oligomerisation of formaldehyde in aqueous alkaline media yielding
“formose” - a complex mixture of monosaccharides, polyols and organic acids, is known as
Formose reaction. The control of the selectivity of this reaction is very promising for the
purpose of rare monosaccharides synthesis. In this work we describe the significant increase
of the process selectivity in the presence of phosphate catalysts in neutral aqueous medium.

Natural mineral apatite Cas(PO4);(OH, CI, F), synthetic hydroxylapatite Cas(PO4);(OH),
calcium phosphate and carbonate were used as heterogeneous catalysts. The initial solutions
contained formaldehyde and one of the lower carbohydrates (dihydroxyacetone,
glycolaldehyde and glyceraldehyde) at pH = 7.3. The products of the reaction were analyzed
using HPLC, GLC, GLC MS, 'H- and *C-NMR spectroscopy.

It turned out that in such conditions the interaction between formaldehyde and
dihydroxyacetone leads to the preferential formation of erythrulose (45%) and 3-pentulose
(40%). Branched ketohexulose and ketopentulose were also detected in the reaction mixture.

To establish the role of the heterogeneous catalyst the reaction was carried out in presence
of natural apatite and after 35% conversion of dihydroxyacetone the catalyst was removed
from the reaction mixture. The removal of the apatite led to more than 10-fold decrease of the
reaction rate. Nevertheless, the process did not stop. Several experiments were carried out in
the homogeneous solution of the phosphate buffer (Na,HPO4+KH,POs). Homogeneous
catalyst was found to be even more active than heterogeneous. The reaction rate is
proportional to the phosphate buffer concentration. Therefore one can suppose that both
heterogeneous and homogeneous phosphates perform a specific catalytic action on the

reaction under discussion. The overall scheme of the investigated process is proposed below.

CH,OH C|H20H CH,OH
?HZOH +HPO,> $:o +H,PO, o CH,O CIHOH CH-O ?HOH
(IjzO HzPoi y CHOH H;O ;‘ (lj:O HPE) o ?Z HP20 o $:O
CH,0H ( 4 CHOH 4 CHOH 4+ HOC—CH,0H
CH,O CH,OH CH,OH (IDHZOH
Dihydroxyacetone Erythrulose ~ 3-pentulose Branched ketohexose

The financial support of RFBR (Grant No. 05-03-32862), program of Presidium of RAS «Origin and evolution
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RNP.2.1.1.1969) and «Scientific schools of Russia» (Grant No.N.Sh. 6526.2006.3) is gratefully acknowledged.
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Zeolites ZSM-5 are applied as very active and selective catalysts. The MFI structure can
be obtained also as metallosilicate with various framework metal atoms. The isomorphous
substitution of Al for other elements affects substantially the catalytic properties of the
products. Zeolite ZSM-5 modified with Cu*" cations have been found a very active but not
stable catalysts for decomposition of nitrogen oxides. The main aim of the study is to check
whether copper introduced into the framework positions of metallosilicalite-1 can be also
used as active catalyst for NOy abatement.

The coppersilicalites were prepared by means of conventional crystallization of the initial
gel formed from the mixture of water glass, CuSO,4 (Si/Cu = 12.5-100) and template. The
products were modified with H", Cu®". The products showed a high crystallinity (XRD)
particularly at low metal loading. IR spectra showed weak band at ca. 960 cm™' that could
result from Cu-O vibration. The band vanished after heating which could reflect a migration
of some Cu atoms from the framework. *’Si MAS NMR spectra of the as made samples show
two signals: at —104 ppm assigned to Q3 (3Si, 1Cu) and at —115 ppm due to Q4 (4Si, 0Cu).
The first signal decreased on heating, which confirms the conclusion suggested by IR spectra.
The in situ DRIFT spectra of H- and Cu-forms of the samples, showed the bands of bridging
OH groups (3600 cm ") and of silanol groups (3730 cm™"). The IR spectra of NO adsorbed on
H forms indicated two significant bands at 1880 and 1635 cm ', due to Cu*"NO bonds and
Cu*" combined with NO, or NO; , respectively. Contrary to Cu-ZSM-5 the band at
1810 cm ' assigned to Cu” complex with NO has never been recorded in our samples. It
reflects the different nature of copper moieties. The catalytic activity of the series for
propan-2-ol decomposition increased with growing metal content up to Si/Cu=16 and then it
declined with further metal loading. The dehydration prevailed over the low metal loaded
samples, whereas the metal rich samples led the reaction to acetone. The H forms of the
studied metallosilicalites showed a considerable activity in the NO reduction with propene.
The starting activity was comparable to that of Cu-ZSM-5, but contrary to the latter, it
increased with time. The activity always declines with growing Cu content. An introduction
of Cu®*" cations into the copper-silicalite samples always resulted in drastic decrease in

activity.
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An economical and effective way for destructive removal of chlorinated volatile organic
compounds (VOCs) is the catalytic oxidation of the compounds to carbon dioxide, HC] and
water. The subject of the present work is to investigate the potentialities of developing new
active and thermally stable catalysts on the basis of mixed heteropoly compounds with
Keggin structure for total oxidation of Cl-benzene. It was studied the effect of the temperature
treatment, the number of V atoms and the kind of peripheral atoms (Mo or W) on the surface
and catalytic properties of the mixed heteropoly catalysts.

The catalysts were obtained by wetness impregnation of synthesized mixed heteropoly
compounds H3x[PMo12.xVxO40] and H3:x[PW12.xVxO4], X =1 or 3, on TiO; support. The
structure and availability of crystal phases were measured by X-ray diffraction (XRD),
infrared spectroscopy (IR) and X-ray photoelectron spectroscopy (XPS).

The IR spectra of mixed MoV and WV heteropoly catalysts show that tungstophosphate
heteropolyanions are more thermally stable than molybdophosphate heteropolyanions. On the
other hand, increasing the number of V atoms introduced into heteropolyanions leads to
improving its thermal stability. Increasing the temperature of treatment and the number of
introduced V atoms leads to increase of the dispersion of molybdenum, tungsten and
vanadium-oxide species, which is observed by XRD and is suggested by calculated values of
the XPS Mo/Ti and W/Ti atomic ratios. Vanadium centers are quite stable in the Keggin
anion and may act as a structural promoter in the catalyst precursor facilitating the formation
of the active (Mo,V or W,V) oxide species. In this way, the presence of these vanadium
centers appears to be responsible for the activity enhancement in total oxidation of
Cl-benzene. Molybdenum-vanadium catalysts show higher catalytic activity in the reaction of

total oxidation of Cl-benzene compared to tungsten-vanadium catalysts.
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Selective oxidation of hydrocarbons towards oxygenates is one of the most difficult fields
in catalytic chemistry. Recently, one of the most promising reagents for oxidative
functionalisation of hydrocarbons has appeared to be nitrous oxide (N,O). The use of iron
modified zeolite ZSM-5 in the presence of N,O as an oxidant has opened a new perspective in
selective oxidation of both aromatic and aliphatic hydrocarbons [1-3].

The presented study was focused on the catalytic oxidation processes performed on iron
modified zeolites ZSM-5, in the presence of N,O as an oxidant. The interaction of hydrocarbons
and N,O with active centers of catalytic surface has been defined by means of spectroscopic
techniques (FT-IR and EPR). Iron modified samples were also characterised by means of XRD
measurements and UV-Vis spectroscopy. Catalysts were prepared on the base of commercial
zeolites of MFI structure. Zeolites were modified with iron (III) ions by means of ionic
exchange from aqueous solution, followed by calcinations at 600 or 900°C. Acidity of the
samples calcined at different temperatures (600 or 900°C) was estimated on the grounds of
FT-IR spectra of adsorbed pyridine and by TPD of ammonia. The samples were tested in the
reaction of benzene to phenol hydroxylation and also in light paraffins oxidation. The catalytic
tests were performed in continuous flow reactor, in the range of temperature 350-450°C.

Catalytic performance of Fe-ZSM-5 was significantly affected by the nature of the
oxidized molecule. In catalytic oxidation of benzene the oxygen insertion with OH group
formation was predominant reaction, whereas light paraffins oxidation resulted in oxidative
dehydrogenation with the formation of carbon - carbon double bond and production of
corresponding olefins. Both activity and selectivity of oxidation processes over iron modified
zeolites was influenced by the samples acidity, iron concentration, temperature of calcination
and Si/Al ratio of zeolite matrix.
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Ethene is an important feedstock for many chemical processes. Traditionally ethene is
produced by steam cracking. However, steam cracking suffers from several limitations. One
promising alternative to this process is oxidative dehydrogenation of ethane which offers
advantages such as short contact time, adiabatic operation and reduced reactor volumes. It has
been shown that high yields of ethene can be obtained by oxidative dehydrogenation of ethane
at short contact times using Pt-Sn monoliths and co-feeding hydrogen [1-4].

Cylindrical pieces of cordierite (Corning) were used as support. The monoliths were
washcoated with y-alumina before impregnation with Pt and Sn. The monoliths were reduced
In Situ prior to the experiment in a flow of hydrogen. Experiments were carried out at
atmospheric pressure and in the temperature range of 600 — 900 °C in a conventional flow
apparatus consisting of a quartz reactor with an inner diameter of 15 mm. The coated
monolith was placed between two inert monoliths acting as radiation shields. The furnace
temperature was measured at the outlet of the active monolith. Two condensers at the reactor
outlet removed any water from the product gas. The dry samples were analyzed by two on-
line gas chromatographs.

Results from experiments with catalyst were compared to results using only a washcoated
monolith at different temperatures and C,He/O,-ratios. These experiments showed that the
catalyst increased the conversion and selectivity significantly at the lower furnace
temperatures, but when the temperature was increased to 800 °C and more, the gas phase
reactions start to dominate.

Experiments were also run with different loadings of catalysts. Practically no effect was
observed on the conversion or product distribution when reducing the Pt loading from 1 wt%

to 0.1 wt%. The Pt/Sn-ratio was 0.5 in all experiments.
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Introduction: The skeletal isomerization of n-alkanes to iso-alkanes over solid acid
catalysts is one of the important technologies for improvement of the octane number in oil
refining. The importance increases as environmental regulations on gasoline composition
continue to grow. Pt promoted sulfated zirconia (Pt/SZ) attracted a lot of interest due to its
high activity for the isomerization at low temperatures. Until now a discussion exists about
the nature of the active sites on SZ. The aim of this work is to investigate the influence of the
sulfate and platinum content of Pt/SZ on the catalytic activity for n-hexane and n-heptane
conversion and further to point out what criteria must be met in order to obtain an active

catalyst.

Experimental: Self-prepared and commercial SZ catalysts obtained from MEL chemicals
were used in this study. Sulfation and platination of the zirconium hydroxide was done via
impregnation with sulfuric acid and PtCls-solution respectively. Afterwards, the samples were
calcined at 873 K. The catalysts were characterized by BET, XRD, TG/DSC, TPD and IR
methods after pyridine and CO adsorption and kinetic measurements were carried out in a

fixed-bed plug-flow reactor at 423-523 K in hydrogen atmosphere.

Results and Discussion: It can be concluded that the catalytic activity for n-alkane
conversion increases with the sulfate and platinum content. With increasing sulfate content
the ratio of Brensted (BS) to Lewis-acid sites (LS) increases. A catalyst without BS is found
to be inactive. Furthermore there are at least two different sulfate species present on the
surface of sulfated zirconia. The sulfate species, which are more weakly bonded to the surface
after a reductive step and are thus evolved at lower temperatures (below 873 K) in inert gas,
are essential for catalytic activity, whereas the sulfate groups, which are removed at
temperatures above 873 K under the same conditions, are inactive for n-alkane conversion. A
strong interaction between metal and acid sites was observed, which had a significant impact
on the properties of both types of sites and thus on the catalytic activity and isomerization

selectivity of the catalysts.
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Since the pioneering work of Hino and Arata, [1] tungstated zirconias have been
considered active for n-alkane isomerization only when obtained by impregnation of

amorphous support. Catalysts synthesized from a crystallized zirconia were essentially

inactive. We have recently shown that the structure, the acidity and the catalytic activity of
these catalysts were not significantly affected by the initial state of the support, Zr
oxyhydroxide (amorphous) or crystallized (mainly tetragonal) zirconia. The results suggest
that the reported influence of the crystalline nature of the support is due to its presence in
monoclinic form. The objective of the present work was to extend the study to the
corresponding titania-based system. Specifically, it seeks to determine the eventual influence
of the initial form of the support (amorphous Ti-oxyhydroxide or crystalline titania in anatase
form) on the surface structure, acidity and activity of WO,/Ti10; catalysts.

Two series of WO,/TiO; catalysts (0-4.4 at.-W/nm?) prepared either from titania (anatase
form) or from Ti oxyhydroxide were characterized by XRD, Raman and IR spectroscopy. The
catalytic activity was tested for isopropanol dehydration and n-hexane isomerization.

For a given W surface density, XRD and Raman results showed that the crystalline
composition of the support and the nature of the W species of solids of both series were
similar. W, in all catalysts, was present as a surface phase. IR results indicated an increase in
the degree of polymerisation of W species with increasing W surface density. For both series,
lutidine adsorption results, followed by IR spectroscopy, showed that Bronsted acid sites were
only present above a threshold of 1.3 at. W/ nm®. The abundance of these sites was correlated
with the formation of polymeric W species and with isopropanol dehydration activity. For
both catalytic tests, the activity, for a given W surface density, was little affected by the initial
form of the support. A minimum of W surface density (1.3 at.W/nm?” for isopropanol
dehydration and 3.6 at.W/nm® for n-hexane isomerization) appears to be required for the
development of activity. The shift in the W threshold was attributed to the more demanding
character of the latter reaction. The overall results clearly show that the surface structure,
acidity and catalytic properties of WO,/ TiO; catalyst are not determined by the initial form of

the support (amorphous Ti-oxyhydroxide or crystalline titania in anatase form).

1. Arata, K.; Hino, M. in Proc. 9th |.C.C.; Philips, M. J., Ternan, M., Eds., 1988; pp 1727
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Hydrogen forms of ZSM-5 zeolite modified with gallium are known to be active catalysts
for light alkane aromatization [1]. A generalized mechanism consists of activation of
paraffinic molecules by dehydrogenation over the modifying cation and subsequent
oligomerization of the resulting olefin over Bronsted acid site. Recent experimental study [2]
on the propane dehydrogenation over well-defined Ga/ZSM-5 zeolites prepared via chemical
vapor deposition of Ga(CHj3)3 to the hydrogen form of ZSM-5 has shown that the activity of
the samples strongly depends on the pretreatment procedure of the catalyst and, hence, on the
nature of the active sites. It was suggested that the catalyst predominantly containing [Ga=0]"
exchanged species exhibit the highest initial activity, whereas [GaH,]™ sites are almost
inactive initially. However, both these active sites decomposed during the catalytic reaction
and the activity of the sample became equal to that one obtained for the zeolite predominantly
containing Ga' sites.

In the present work different pathways of ethane dehydrogenation, as a model reaction,
over different Ga-containing active sites in ZSM-5 were studied using a density functional
theory. The results obtained very well agree with the experimental data. The mechanism of
the decomposition of [Ga=0]" and [GaH,] " species is described. The very high initial activity
of the exchanged oxo-gallyl ion is explained with secondary reactions of molecular ethane
with very stable intermediates formed during the primary C,Hg dehydrogenation path over
[Ga=0]" sites. The initial activation of C;Hg over Ga' cation exchanged in ZSM-5 zeolite is
shown to be resulted from indirect “oxidative addition” reaction, which proceeds via two-step
mechanism: the first step is heterolytic dissociation of C-H bond of the adsorbed ethane
resulting in formation of Ga-C,Hs species and Bronsted acid site, which easily interact on the
next step with each other resulting in formation of the product of oxidative addition of C,Hg
to Ga' ion: [H-Ga-C,H;s]". To our knowledge such mechanism has never been reported before

for this type of reactions.

[1] A.Hagen and F. Roessner, Catal. Rev. 42 (2000) 403.
[2] N. Rane, A.R. Overweg, V.B. Kazansky, R.A. van Santen and E.J.M. Hensen, accepted in J. Catal.
doi:10.1016/].jcat.2006.03.004
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S. Abate, G. Centi, S. Perathoner
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ELCASS, European Lab. for Surface Science and Catalysis), University of Messina,
Salita Sperone 31, 98166 Messina, Italy. e-mail: sabate@ingegneria.unime.it

Recently, there is an increasing interest to the catalytic membranes applications for
continuous on-line separation of H, from steam reforming gases or direct synthesis of
hydrogen peroxide from hydrogen and oxygen. While the latter process is only starting to be
investigated, the use of Pd-based membranes for the separation of H, is a more extensively
studied field. However, dense Pd-based membranes are essentially used. In order to have
enough H, flux and thus productivity, thin membranes are necessary, but this creates
problems of wrinkling and stability. There is thus an increasing interest towards the
development of thin Pd-based films on ceramic membranes in order to combine the selectivity
characteristics of the Pd thin film to the robustness characteristics of the ceramic membrane.
But this poses new questions regarding the ceramic-metallic adherence and interface, the
central aspect investigated in this communication.

For our experiments we used as supported ceramic membranes consisting of an a-alumina
macroporous support (3 um pore size) with a a-alumina mesoporous layer (pore size 50 —
100 nm) on which Pd was deposited as a thin layer (1-10 um) by electroless plating
deposition. In this technique palladium metallic particles are produced by reduction from the
plating bath consisting of amine-complexes of palladium in the presence of a reducing agent.
Metallic particles grow on palladium nuclei which have been pre-seeded on the substrate
surface through a successive activation and sensitisation procedure and which also act as a
catalyst for the reduction of the palladium complexes.

For practical applications, catalytic membranes based on pure palladium metallic films
cannot be used for the direct oxidation of hydrogen to H,O, or for hydrogen separation due to
their structural instability. In fact, when a pure palladium membrane operates below 300 °C, a
B-palladium hydride phase is formed, which is accompanied by a discontinuous lattice

expansion. This phase transformation leads to the formation of pinholes and ultimately to the
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rupture of the Pd-membrane, and consequently the permeselectivity of the Pd-membrane for
hydrogen is lost.

We will demonstrate in this contribution that the f-hydride phase formation is avoided
or suppressed by formation of an intermediate layer of palladium alloy with group IB
metals. In this communication we report the results on membranes where between the
a-alumina support and the external metallic Pd film an interlayer of a Pd-Ag alloy was
created. This layer was obtained also by electroless plating deposition through reactions
involving both the Pd-amine and Ag-amine complexes and hydrazine as the reducing agent.
For alloy formation, the membranes were heated after deposition and drying at 773 K in a
nitrogen atmosphere for 5 hours.

Both types of membranes were characterized by optical and electronic microscopy, as
well as XRD, which demonstrated clearly the formation of the intermediate alloy and
permitted to follow the different morphological characteristics of the Pd film grown or
directly on the a-alumina membrane or on the Pd-Ag alloy. Moreover it was possible to
follow the stability of the external Pd film in both cases during several hours of time on
stream of hydrogen during hydrogen peroxide synthesis. Data evidenced that in the absence of
the intermediate layer of the Pd-Ag alloy just after 10 hours of time on stream a clear
detachment of the Pd film was detected (Figure 1). Whereas in the case of the presence of the

Pd-Ag alloy a good stability in reaction condition was observed.

Tpauils K3, Sep, a mum 0ope, 21298 SRt '

!

Figure 1 — SEM of palladium film before and after 10 h in flow of H,

This work was realized in part in the frame of the EU Contract NEOPS (G5RD-CT2002-
00678). Dr. H. Richer (HITK) is also gratefully acknowledged for supplying the ceramic
membranes used in the experimentation.
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ABOUT THE MECHANISM OF FORMATION
OF POROUS STRUCTURE OF ALUMINUM HYDROXIDE
IN NON-STATIONARY CONDITIONS OF SYNTHESIS
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Researches of last years have shown importance of creation of carriers and catalysts with
the set of structural and textural characteristics since they are determining factors of effective
work of catalytic systems. Widespread carrier and the catalyst in many large-tonnage
industrial processes is alumina which is produced mainly by thermal processing of its
predecessor — aluminum hydroxides. It is known, that each separate stage of multiphase
manufacture of aluminum hydroxides brings the contribution to formation of a structure of the
resulting product. Therefore purposeful industrial synthesis of alumina with required
structural and textural characteristics demands studying of the character of transformation of
porous structure aluminum hydroxides.

The purpose of work consists in revealing the mechanism of formation of porous
structure of aluminum hydroxides in conditions of industrial synthesis.

Experimental part

The objects of research are the samples of aluminum hydroxides, taken on different stages
of industrial synthesis: 1 - sedimentation; 2 - stabilization during T =90 min; 3 - stabilization
during 240 min; 4 - hashing; 5 - on filter-press; 6 - repulping. Sedimentation was carried out
on sulfo-aluminate from solutions of aluminate of sodium and sulfate of aluminium at
constant pH.

Researches were carried out with the help of the following physical and chemical
methods: XRD, DTA, IR spectroscopy, SEM and low temperature adsorptions of nitrogen.
Mathematical processing of X-ray diffraction spectra was carried out with the help of the
software package «Material Analysis Using Diffraction » (MAUD).

Discussion of results

XRD and DTA methods were used to investigate phase structure and morphology of
samples of aluminum hydroxides at separate stages of synthesis. Calculation of experimental
X-ray diffraction spectra has allowed to establish formation in industrial aluminum

hydroxides of two morphological phases of pseudoboehmite (designated as Pbl and Pb2)
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which differ by structural characteristics: phase Pbl is characterized by the significant content
(1.48-1.78 mol H,O/mol Al,O3) of structural water, the size of microcrystallites 11-165 A and
the content of planar defects in a direction [020]; phase Pb2 is characterized by the content of
1.17-0.89 mol H,O/mol Al,O3 in crystal lattices and large primary particles with the size up to
650-900 A.

According to differential curves of distribution of pore volume, a well defined maximum
is shown for pores with diameters: ~ 22, ~ 34, ~ 46, ~ 55, ~ 64, ~ 76, ~ 82 and ~ 90 A caused
by the directed coordination of relatively similar microcrystalline Pbl. Pores of the given
diameter bring the basic contribution to the porous volume V (up to 93 %) and specific
surface S (up to 79 %).

It is proved, that the directed mutual coordination of microcrystalline Pbl occurs on
crystalline planes (020) therefore formation of two types of primary porous fragments is
revealed: fragment I is formed by coordination of two microcrystallites on a plane (020) with
corresponding diameter 34 A; the fragment II - microcrystallites on a plane (020) — with
corresponding diameter 46 A. The maximum at 22 A on all curves of pore distribution s is
caused by porous wedges structures.

Proceeding from this model of a structure of a porous skeleton, the mechanism of
formation of porous structure is developed. In a case of lability of contacts between
microcrystallites Pbl on planes (020), formation of wide cavities will occur by mutual

introduction of porous fragments I and II in places wedges backlashes along a direction [020]

(fig.).

[020] [020]
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Figure. The circuit of transformation of primary porous fragments.

Transformations of thin pores with the size ~ 34 and ~ 46 A in a cavity diameters ~ 72,
~ 82 and ~ 90 A can be achieved as a result of direct mutual transition of one size to another
or consecutive transition through intermediate state (~ 54 and ~ 64 A) by discrete translation

of fragments I and II.
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Cerium-zirconium mixed oxide has been the subject of extensive study in recent years
mainly because of its high oxygen storage efficiency in the latest generation of the three-way
catalysts (TWCs) used for purifying automobile exhaust gases, and other applications such as
its use as ionic conductor (e.g., in fuel cells) or as active support in catalysts for reforming or
water gas shift reactions.

In the present work, CeO,-ZrO, thin films were deposited on stainless steel by cathodic
deposition. The electrodeposition offers the advantages of low processing temperature,
normal handling pressure, high purity of deposition and controlled thickness of the film.
XRD, SEM and XPS methods were used to investigate the structure, surface morphology,
composition and chemical state of Ce;ZriO, thin films (0.1<x<0.9), after deposition and
after thermal treatment at 450 °C. It was found that the composition and structure, which are
strongly related to oxygen storage capacity, depended on the parameters of deposition. X-ray
diffraction analysis indicated that the electrochemical deposition induces the formation of
solid solution with a contraction of the cell parameter for cubic ceria following the
introduction of Zr into the lattice. SEM study showed that with increasing ZrO, content, the
crystallite size of the mixed oxide decreased. The specific conditions of cathodic deposition
may cause specific distribution and coordination of the Ce and Zr ions in the deposited thin
films. To study this effect we used the concept of Auger parameter (o) since in mixed oxides
the Auger transitions involving only core level electrons can be used to interpret changes of o
with composition in terms of changes in ground-state electronic structure, e.g. electron
transfer and hybridization between different valence orbitals. This information can make an
important contribution to the understanding of mixed-oxide formation at the electronic

structure level.
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OF Cu-Co SPINEL PHASE — XPS INVESTIGATION

LA. Avramova’, D.D. Stoyanova1 and N.A. Kassabova®

! nstitute of General and Inorganic Chemistry, Bulgarian Academy of Sciences,
Acad. G. Bonchev Str., Bl. 11, Sofia-1113, Bulgaria, e-mail: iva@svr.igic.bas.bg
University of Chemical Technology and Metallurgy, 8 KI. Ohridski bul.,
Sofia-1756, Bulgaria

The increasing environmental protection requirements provoke serious efforts for
improvement of the emission control technology. Due to its excellent physicochemical
characteristics, aluminum oxide is one of the most important supports in catalysis.
Introduction of promoters as Mg, Ca, Cu and etcetera will improve mechanochemical
parameters of the support (Al,O3) and increase it’s catalytic activity on one side, and ensure
the better formation of active phase on the other side. The purpose of the present study is to
investigate the influence of the promoter on the formation of active Cu-Co spinel phase by
X-ray Photoelectron Spectroscopy (XPS). The following samples have been prepared:
v-Al,03-4 wt% MgO; v-Al,03-8 wt% MgO; y-Al,03-8 wt% MgO-3 wt% CuO and calcinated
at 1000 °C for 3h. Then the active Cu-Co phase was deposited by impregnation in a mixture
of Cu(NOs3),-3H,0 and Co(NOs3),-6H,0 in a respective stoichiometric quantity (1:2). After
that they were calcinated at 550 °C for 3h. XPS results lead to the evaluation of the valence
state of the constituent element at the surface of the samples. For the system y-Al,O3 - X wt%
MgO (X =4, 8), XPS data indicate the formation of stoichiometric spinel (Cu:Co=1:2). In the
case when the sample contain 4 wt% MgO additional CuO phase have been detected. For the
other system y-Al,03-8 wt% MgO-3 wt% CuO the formation of separate Co3;O4 and CuO
have been observed. The results conformed the other obtained by X-ray Diffraction analysis
as well as the catalytic activity towards NOy for these systems. The highest activity has the

sample with Cu:Co ratio approach to 1:2.
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Molybdenum(VI) complexes are versatile catalysts for the oxidation of organic
compounds [1]. In recent years, complexes of the type [MoO(O,)(Li)(L2)] and
[MoO,X,(L1)(L2)] (X = Cl, Br, CH3) with different combinations of base ligands L; and L,
have been extensively investigated as catalysts for epoxidation reactions, usually employing
tert-butyl hydroperoxide (TBHP) as the mono-oxygen source [2]. It is thought that the
variable catalytic activities observed for these complexes are due, at least in part, to
differences in the Lewis acidity of the metal centre as a result of the different donor properties
of the ligands.

The high potential of substituted pyrazolylpyridines as supporting ligands for
oxomolybdenum catalysts has already been well established for oxodiperoxo complexes of
the type [MoO(O,);L] [3]. In this work, dioxomolybdenum complexes with substituted
pyrazolylpyridines [MoO,X,L,] (X = CI, OSiPhs; L, = 2-(1-butyl-3-pyrazolyl)pyridine,
ethyl[3-(2-pyridyl)-1-pyrazolyl]acetate) were prepared and characterized by 'H-NMR, IR and
Raman spectroscopy. The catalytic performance of these materials was studied in the
epoxidation of several olefins, such as 1-octene, 2-octene, limonene, cyclododecene and
cyclooctene, using TBHP as the oxidant. The influence of the nature of the X and L ligands

and of the reaction conditions on the catalytic results was investigated.
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In nanotechnology, industry and medicine, pyridine N-oxides are important. These
compounds are also versatile synthetic intermediates and the chemistry and applications of
them have recently received much attention [1,2]. Recently, pyridine N-oxide derivatives
represented a new class of anti-HIV compounds [3]. In addition, in the nanotechnology field,
has been shown that nanoshampo including carboxylic acid pyridine N-oxide is a very
powerful hair growth stimulator with a high level of safety [4].

With respect to the pyridine N-oxides usually are prepared by oxidation of pyridines
using peracids such as meta-chloroperbenzoic acid and peracetic acid, from the esters of
N-hydroxy-2-thipyridone, by ring transformation of isoxazolesand through cycloaddition
reactions and metal complex catalysts [5-10], there is still a good scope for research towards
finding green and eco-friendly catalysts.

Recently, interest has been directed towards potential applications of heteropolyacids
(HPAs). It was shown that HPAs exhibited interesting catalytic properties as catalysts for both
redox and/or acid-base type reactions.

Until now, most of the research concerning catalytic properties of HPAs has been carried
out using, Keggin structure and its derivatives. In the recent years, the interest in other HPAs,
has been growing. However, the catalytic behavior of sodium-30 tungstopentaphosphate, so-
called Preyssler’s anion, has been largely overlooked.

In continuation of our researches on catalytic properties of HPAs [11], in this research,
the catalytic oxidation of some pyridine carboxylic acids to the corresponding N-oxides has
been studied using the Preyssler’s catalyst in homogeneous and heterogeneous conditions.

The effects of various parameters such as the solvent type, the substrate, catalyst type,
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temperature and reaction time have been studied. The results showed that Preyssler’s catalyst
with exclusive properties surpassing the Keggin HPAs, catalyze the reactions with good
yields at especial positions of carboxylic acid to the nitrogen. The catalyst can be recovered

and recycled.
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Esterification of carboxylic acids with alcohols belongs to classical chemical reactions,
widely employed in the syntheses of many fine and specialty chemicals. Typical
homogeneous acid catalysts are mineral inorganic acids, such as H,SO4, HCI, HI, and
CISO;0OH. The disadvantage of mineral acids is their miscibility with the reaction medium,
which causes separation problems and equipment corrosion at higher catalyst concentrations.
Therefore heterogenized acid catalysts provide an attractive alternative to homogeneous
catalysts [1]. Organically modified silica has recently been exploited to prepare sulphonic
acid modified solid catalysts [2]. The aim of this work is to study the preparation of silica
containing perfluorinated sulfonic acid groups.

Samples of perfluorinated sulfonic acid groups were prepared by chemical grafting of a
silica substrate with C3F¢03S. Some of them were modified by treatment with C;oH;(CIF,3Si.
The preparation of silica modified with perfluro sulfonic groups was the following. SiO;
(1.4 ml/g, 213 m?*/g) and C3F¢03S was suspended in toluene under reflux for 4 h. The solid
was filtered and washed with toluene. The silica modified sample was treated with
Ci0H1oCIF3Si to modify the hydrofobicity of the surface. Perfluorinated sulfonic silica was
mixed with C;oH;oCIF5Si in toluene, this mixture was refluxed, filtered and washed. Another
sample was prepared by adding simultaneously both functionalizating groups in toluene.

Thermogravimetric, IR and XPS analysis indicated that the incorporation of
perfluorinated sulfonic acid groups was effective. Clear differences were observed between
samples modified with C;oH;oCIF;3Si. When perflurosulfonic acid and sililant agent were
consecutively added, only a very small amount of sulfonic groups were exposed (XPS) but
the proportion of these sulphonic groups markedly increased when both agents were
simultaneously added. The catalytic performance was assessed with the esterification of acetic
acid with methanol. All the catalysts showed much higher conversion levels than in the
absence of catalyst, pointing to the involvement of the surface acid groups of the
heterogeneous catalyst produced by silica functionalization.
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Titanium dioxide has been the prevailing photocatalyst in heterogeneous photocatalysis
due to its being chemically and biologically inert, non-toxic, inexpensive and environmentally
safe. Some metal sulfides may also be photocatalytic systems, but they have some drawbacks
because of corrosion. Iron oxide may be inexpensive, but it can also be corroded. Zinc oxide
is probably the closest competitor to titanium dioxide but its weaknesses are instability in
some solutions and a tendency for its hydroxide to cover its surface, causing lower
photocatalytic activities [1].

Later studies used titanium dioxide as efficient photocatalysts in the anatase crystal form
[2,3]. Sol-gel synthesis is more perspective among all techniques of preparation of titanium
dioxide because it can give titanium dioxides with desired properties. During sol-gel process
it is possible to control a lot of factors such as rheology [4], porosity [5], structure [6] and it
also allow to add the doping species with homogenous distribution in 1 titanium dioxide bulk.
However the main titanium dioxide sol-gel precursors are titanium tetraalkoxides which are
expensive enough to produce photocatalysts by this technique on industrial scale.

The influence of calcination temperatures on crystallinity was investigated by X-ray
diffraction with Cu K, irradiation. The average crystalline size for TiO, calcined at 450 °C,
obtained from Scherer equation gives a value about 12 nm. Pore diameter distribution
calculated from nitrogen physicosorption-desorption isotherm experiment shows that
investigated photocatalysts has narrow mesoporous distribution with maximum at 7 nm. The
BET surface area is about 230-250 m?*/g for samples calcined at 150 °C and about 130-
140 m?/g for samples calcined at 450 °C.

The photocatalytic properties were tested in reaction of photodegradation of methylene
blue water solution. The synthesized photocatalysts doped with transition metal ions in micro
amounts possess high photoactivity: in comparison with commercial available Degussa P25
they are five times more active if compare the same mass of photocatalyst loading. In
recalculation per unit surface area, for Degussa P25 it is 35-50 m*/g, the activities are similar.
The investigation of kinetics of methylene blue photodegradation indicate that the extent of
decomposition does not depend on rotating speed. This allows us to make a conclusion that
process takes place in kinetic field and does not depend on diffusion.
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Chloroperoxidase (CPO) from Caldariomices Fumago is a heme-containing peroxidase
that has been widely studied in recent years [1]. CPO could catalyse a great number of
reactions, including epoxidation of olefins, with high conversion and enantiomeric excess [2].
Epoxides are useful intermediates in the preparation of optically pure bioactive compounds or
products with biological activity. The main drawbacks related to the industrial-scale use of the
free CPO are its high cost and the difficulties in separation from reaction mixture and reuse in
new catalytic runs. The immobilization of enzymes into porous materials could overcome
these drawbacks, allowing the easy separation of the catalyst and its recycling for new
catalytic runs. In our laboratory CPO was successfully immobilized into silica gel [3] and
used for the enantioselective oxidation of tioanisole with high conversion and excellent
enantiomeric excess (ee >99 %). In this work, CPO immobilized in silica gel is used in the
catalytic epoxidation of Cis-2-heptene with H,O,. To our knowledge, the epoxidation of
olefins with CPO immobilized in a solid matrix has never been reported before. The effect of
different reaction parameters like: i) reaction temperature, ii) pH of the aqueous buffer
(solvent), iii) H,O, concentration, iv) Cis-2-heptene/ H,O, ratio v) quantity of catalysts on the
catalytic activity and enantioselectivity has been examined in order to optimize the reaction
conditions. After 5 h the conversion values are 70 % with an ee % near to 99 %. The as
obtained ee % is comparable with that obtained with free CPO in the same conditions. We
have observed that the CPO gel was recyclable, in fact both conversion and ee % in the

second run were unchanged.

[1] F. van Rantwijk, R. A. Sheldon, Curr. Opin. Biotechnol., 11 (2000) 554.
[2] V. M. Dembitsky, Tetrahedron, 59 (2003) 4701.
[3] V. Trevisan, M. Signoretto, S. Colonna, V. Pironti and G. Strukul, Angew. Chem. Int. Ed. 43, 4097 (2004).
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The excitation of TiO, with visible light for wastewater treatment is a case of many
investigations. Its poor activity in this wavelength range led to modifications of this catalyst
and investigations of semiconductors, more active in the visible range [1]. In this work a
comparison of the photocatalytic activity of TiO, is made with WO3, a semiconductor that can
absorb visible light up to 470 nm [2, 3].

In the treatment of wastewater the separation of the catalyst from the reaction process can
be avoided by immobilization on a glass substrate. The optimum thickness of layers has to be
found, that absorbs most of the incident light on the one hand and activates the whole surface
on the other hand for irradiation of the catalyst through the glass substrate.

The preparation and the thickness of layers coated on a transparent substrate have a great
influence on the crystallinity. This topic has not been investigated sufficiently up to now and
will be presented here.

The excitation of a photocatalyst via irradiation generates electrons and holes. The holes
are the driving force for oxidation of organic contaminants either by direct oxidation of the
pollutant or by the generation of hydroxyl radicals via adsorbed water. The problem of
excessive recombination of photogenerated charge carriers was solved by application of a
small electric potential; oxidative and reductive reaction sites are thus separated, oxidations
occurring on the working electrode (TiO, or WO; on electrically conducting support),
reductions on a counter electrode. Photocurrent and the degradation rate of oxalic acid are
monitored as indicators of catalytic performance.

The action spectrum maximum (photocurrent or degradation quantum yield vs.
wavelength) of a photocatalyst can be shifted into the visible range of light upon replacing

TiO, by WO;. When irradiated with sunlight, WO; can completely mineralize organic waste.

[1] M. Gritzel, NATO ASI Ser., Ser. C, 1988, 237, 367-398

[2] N.S. Gaikwad; G. Waldner; A. Briiger; A. Belaidi; S.M. Chaqour; M. Neumann-Spallart, J. Electrochem.
Soc., 2005, 152(5), G411-16

[3] G. Waldner, A. Briiger, N.S. Gaikwad, M. Neumann-Spallart, "WO3 thin films for photoelectrochemical
purification of water", in preparation for submission to Journal of Applied Catalysis (2006).
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One of the most promising methods of hydrogen production is the reforming of
hydrocarbon fuels, such as natural gas, gasoline, or methanol, followed by a CO shift reaction
to form Hy-rich fuel gases. However, such reformats still contain at least 1% of CO. Owing to
the fact that the anode Pt catalyst in PEFC is very sensitive to poisoning by CO, the
concentration of CO must be reduced to < 10 ppm level. CO levels in the off-gas of a water-
gas-shift reactor typically lie between 0.5 and 2 vol % and not significantly more than 1 vol %
is contained in the off gas of a methanol reformer [1].

Preferential oxidation (PROX) of CO by O, is advantageous over other technologies
because it can operate at relatively low temperatures and atmospheric pressure. It means that
the method result in a compact reforming system that can quickly response to load changes
and frequent starting and stopping of the operation [1].

Zeolite was selected as the most suitable catalyst support for the present application due
to its high specific surface area and uniform pore structure, which acts as a molecular sieve.
Zeolite catalysts loaded with metal such us Pt, Ru or other alloys use the microporous
structure as special reaction spaces. Furthermore, the physical fixation of metals within the
micropores is expected to inhibit sintering, thereby preserving the high catalytic surface area
required for effective operation conditions. Because zeolite have larger molecular weights and
also higher chemisorbing properties than H,, CO and O, are expected to remain longer and
thus have a greater chance of being adsorbed on catalysts in the pores than do conventional
alumina supported catalysts. Accordingly, zeolite-supported catalysts are expected to
selectively promote CO oxidation.

A wide range of zeolite materials, such as MFI, FAU or MOR zeotypes, have been
synthesised by hydrothermal synthesis under autogenous pressure. The preparation of metal
catalysts in zeolite cages in a highly dispersed state was achieved by applying the ion
exchange method, followed by calcination with air and reduction with Hy.

X-ray diffraction pattern performed over ion-exchanged sample, in which a pure zeolite
phase is obtained without any new satellite peaks. TPR
profiles for monometallic Pt catalysts show peaks at
temperatures that indicate the probable position of the
metal cations in the cavities of the zeolite. TEM
photograph (see Fig 1) shows some minority large
particles (2-3 nm) located in the zeolite surface and
majority small particles supported in the zeolite cages
(mordenite pore diameter is 0.65%0.70 nm).

Fig 1. TEM photograph of a Pt-MOR H, reduced sample.

[1]. M. Kotobuki, A. Watanabe, H. Uchida, H. Yamashita, M. Watanabe. Journal of Catalysis 236 (2005), 262-
269.
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The ultrasound combined with a solid catalyst based on activated carbons proves an
efficient and eco-friend route for preparing chalcones in good yields. This organic solvent-
free protocol is valuable since rapid reaction rate, low energy consumption, waste
minimization and simple operation can be achieved. The members of Chalcone and Flavonoid
family are attracting increasing attention due to their applications as antibacterial, antioxidant,
anti-inflammatory and anticancer pharmacological activities [1].

They are commonly synthesized via Claisen-Schmidt condensation between
acetophenone and benzaldehyde [2]. There are many hurdles for the reaction under
homogenous conditions. In this context, heterogeneous catalysts are considered as an eco-
friendly alternative. There is no report in the literature for the use of activated carbons as
catalysts in combination with ultrasounds.

The present paper reports the experimental results for the condensation between
benzaldehyde and acetophenone catalyzed by alkali-doped carbons under ultrasonic
activation, in the absence of any solvent. Recently, activated carbons have been employed to
catalyze fine chemicals reactions, because of their extended surface area, microporous
structure and high degree of surface reactivity [3].

Two alkali-doped catalysts (Na-Norit and Cs-Norit) were used. The catalytic runs were
carried out in a Selecta Ultrasound-H ultrasonic bath (40 KHz, 550 W). Under our
experimental conditions, the corresponding chalcone is selectively obtained. It was found that
there is a substantial enhancing effect in the yield when ultrasound was used. Enhancement
effect on the reaction rate by combining the basicity of the carbon with ultrasound is
presented as an alternative method for the production of chalcones and, in general, for the

production of other fine chemicals due to the mild conditions that this systems offers.

References

[1] S.F. Nielsen, T. Boesen, M. Larsen, K. Schonning , H. Kromann, Bioorg. Med. Chem., 12 (2004) 3047.

[2] M.J. Climent, A. Corma, S. Iborra, A. Velty, J. Catal., 221 (2004) 474.

[3] C.J. Duran-Valle, 1. Fonseca, V. Calvino-Casilda, M. Picallo, A.J. Lopez-Peinado, R.M. Martin-Aranda, Catal.
Today, 107-108 (2005) 500-506.

87



P-13

MWCNT’s FOR LIQUID-PHASE OXIDATION.
FUNCTIONALIZATION, CHARACTERIZATION,
AND CATALYTIC ACTIVITY

A. Cano-Mercado, J.M. Campos-Martin, J.L.G. Fierro

Ingtituto de Catalisis y Petroleoquimica, CSC. ¢/ Marie Curie 2, 28049 Madrid, Spain
e-mail: acanom@icp.csic.es

Replacing stoichiometric oxides such as KMnOy4, Ag,O and CrOs by less environmentally
noxious ones is self-evidently a sensible chemical strategy. Doing so catalytically, with alkyl-
hydroperoxides or hydrogen peroxide as oxidants is an even better one, but best of all would
be to develop catalysts that selectively oxidize hydrocarbons using either molecular oxygen or
air under mild conditions.

Carbon Nanotubes represent a technologically important class of nanostructured
materials. Their small dimensions and mechanical, electrical, and thermal properties put
these mesoporous materials among the best candidates as catalyst supports. In this work, the
morphology and characteristics of multiwalled carbon nanotubes (MWCNT) was modified
with an acid treatment. The catalytic activity of the new structures was studied in liquid-
phase oxidation.

MWCNT (Sunnano MWNT-A-P) were functionalized with HNOj; under reflux for 12 h to
generate functional groups. Then sodium was introduced by exchange of modified MWCNT
with an aqueous solution of Na,COs. The samples were characterized by chemical analysis
(ICP-AES), N, adsorption-desorption at 77 K, IR of diluted samples in KBr, XRD, XPS
TPD-MS analysis in Ar flow. These samples were employed in the oxidation of ethylbenzene
with air. In a typical oxidation with air, 600 ml of ethylbenzene (0.4 wt% of ethylbenzene
hydroperoxide), kindly provided by Repsol-YPF, was mixed with 1 g of the sample. The
reaction temperature was fixed at 421 K, the absolute pressure was 3 bar and the oxygen
concentration at the outlet was controlled at 3 %. The concentration of the main product was
measured by standard iodometric titration, and other by-products were analyzed by GC.

The characterization data of modified samples showed that the functionalization was
effective. A clear increase in CO and CO, profiles was revealed by TPD. The Cls and Ols
spectra measured by XPS of functionalized samples showed the formation of several surface
structures containing both C and O atoms. However, no structural changes of MWCNT were
observed (XRD and N, isotherms). The introduction of the functional groups modifies the
catalytic behaviour of MWCNT in the liquid phase oxidation of ethylbenzene.
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To eliminate undesirable sulfur compounds or to convert them into more innocuous
forms, various processes different from HDS have been employed. These processes include
physical extraction with a liquid, selective adsorption on suitable materials, reductive and
oxidative microbial transformations and catalytic oxidation. In the latter case, oxidants such
as nitrogen oxides, nitric acid, hydrogen peroxide, ozone, t-BuOOH, oxygen, air and peracids
can be used. The liquid phase oxidation process with H,O, produces oxidized compounds that
can be physically separated and may be easily downstream processed. Within this frame, the
aim of this study was two-fold. Firstly, we studied the oxidation with H,O, of several model
molecules in a two Liquid-Liquid (L-L) phase system under very mild reaction conditions
with a titanium heterogeneous catalysts. Secondly, we expected to get information on the
applicability of the oxidation method with hydrogen peroxide in the selective transformation
of the organic sulfur compounds contained in kerosene and a light oils.

The supported titanium catalyst was prepared according to literature reports [1]. These
catalysts were characterized by chemical analysis (ICP-AES), N>-adsorption at 77 K, UV-Vis,
IR, and XPS. The catalytic sulphoxidation of sulphur-containing organic compounds with
hydrogen peroxide was carried out in a 250-mL glass batch reactor, equipped with a magnetic
stirrer, a thermometer, and a condenser using acetonitrile as solvent [2]. The organic
compounds were recovered by decantation and analyzed by GC—FID.

The influence of several reaction parameters such as the ratio between peroxide of
hydrogen and sulphur compound (40 - 2.5), the sulphur compound concentration (5 - 0.2%),
and the nature of the sulphur compound (benzothiophene, dibenzothiophene,
4-ethyl-6-methyl-dibenzothiophene) were studied. These catalysts showed a high activity at
low reaction temperature (353 K). Under these conditions, no side reactions such as alkene
epoxidation took place. As a consequence of the very high reactivity observed, this method

could be employed in the deep desulphurization of middle distillate fuels
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MFI zeolites of alumosilicate, borosilicate and titanosilicate composition were shown to
be inert in the benzene to phenol oxidation by nitrous oxide, but exhibit high activity and

selectivity in this important reaction after the introduction of Fe [1, 2]. The active sites of
zeolite catalysts are extralattice complexes of bivalent iron Fe%{r (o-sites) stabilized in the

zeolite matrix [3]. Upon N>,O decomposition, these sites generate the so-called alpha-oxygen
represented by monatomic oxygen radical O, which is involved in highly selective

oxidation of benzene to phenol.

The catalytic role of o-sites was studied previously in many works. However, a
quantitative correlation between zeolite activity and a-sites concentration (C,) under
comparable conditions did not receive necessary attention. The present work considers the
catalytic properties of Fe-containing zeolite catalysts of various composition with a-sites
concentration varying within two orders of magnitude. The obtained linear dependence of the
reaction rate on C, (Fig. 1) reliably indicates that the reaction proceeds precisely on the

a-sites. This dependence is probably the first example of this type in selective oxidation

catalysis.
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Fig. 1. Rate of benzene oxidation vs. a-sites concentration.
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Catalysts based on supported vanadium oxides are known to be active and selective for a
number of industrially important reactions, in particular they have shown excellent
performance for selective oxidation of ethanol to acetaldehyde [1]. On the other hand,
siliceous mesostructured materials have recently attracted much attention as catalyst supports
since they posses high surface areas, good thermal stability as well as controllable uniform
pore sizes [2]. In the present work Na-promoted vanadium oxide catalysts supported on
MCM-41 and TiO, (anatase) were investigated for the partial oxidation of ethanol to
acetaldehyde. The catalysts were prepared by incipient wetness impregnation with vanadium
content of 6 wt. % and Na was added to the catalyst at different Na/V molar ratios in the
range of 0- 2. The catalyst characterization was performed by X-ray diffraction (XRD), N,
adsorption, temperature programmed reduction (TPR), temperature- programmed oxidation
(TPO) and diffuse reflectance (UV-Vis). Our results indicate that the presence of the Na plays
a strong role in the reducibility of the vanadium species as detected by TPR analysis.
Moreover, TPO from the spent catalysts after ethanol partial oxidation revealed that an
increase in the Na loading decreased the amount of carbon deposited during reaction. UV-vis
revealed that the Na affects the dispersion of the vanadium species on the supports as well.
For the vanadium catalysts supported on MCM-41 an increase of the activity and selectivity
to acetaldehyde was observed in intermediate Na loadings compared to the unpromoted
catalyst. In contrast, in the VO,/Ti0; system the catalytic activity decreased monotonically as

the Na content in the catalyst increased.
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In a previous study, our group has investigated the thermodynamics and kinetics of
homogeneous methane halogenation reactions for the purpose of using halogenated methane
compounds in further methane coupling reactions’. It was observed that bromine was the most
favorable halogen in terms of activity and selectivity. The objective of the work in progress is
to demonstrate the methane coupling reactions in a two step process: (1) the bromination of
methane followed by (2) a metathesis reaction over super acid catalysts. Sulfated zirconia on
SBA-15 was selected as the potential super acid catalyst for methyl bromide methatesis
reaction.

Sulfated zirconia on SBA-15 was prepared and characterized to be used in the methatesis
of halogenated methane compounds. Zirconia modified SBA-15 was prepared by the
introduction of zirconia during the SBA-15 synthesis and sulfation was carried out after the
final oxide was prepared. Zirconia loadings were adjusted in the 5-20 mole % range. The
catalysts were characterized by XRD and CO titration measurements. It was observed that the
long range order of SBA-15 was preserved up to 20 mol % of ZrO,. However, the sulfation
step destroyed the long range orders as revealed by the low angle XRD. The number and
strength of acidic sites of sulfated catalysts are being characterized by measuring the
differential heats of CO adsorption data using a Tian Calvet microcalorimeter connected to a
gas adsorption manifold. The effect of using SBA-15 templates on the acidic characteristics of

sulfated zirconia will be discussed.
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The cyclohexanol dehydrogenation is a very important reaction since it is an industrial
reaction for caprolactam production and also a good model reaction.

Industrial catalysts of dehydrogenation of cyclohexanol to cyclohexanone are generally
based on copper as an active component of catalytic system and usually are used in a
temperature range from 220 to 260 °C. The conversion of cyclohexanol over these catalysts is
close to equilibrium values (50-60%) and selectivity for cyclohexanone is close to 99%.
While various catalysts for dehydrogenation processes of convert cyclohexanol to
cyclohexanone are known generally, there still exists a need to provide catalysts with a
superior conversion and selectivity properties.

A number of investigations have focused on catalysts preparation, determining the
influence of support and active metal loading, influence of oxidation state of copper on the
activity and selectivity of copper-containing catalysts [1-7].

In this communication we report the results of the investigation of catalytic properties of
the systems being formed on the basis of Cu-ZnO-Al,O; with nanosize additives of WO; and
CuOx-WO;.

Catalysts were prepared by methods of coprecipitation and deposition of preformed metal
oxide nanoparticles. The samples were characterized by X-ray diffraction analysis, electron
microscopy, X-ray photoelectron spectroscopy. The catalytic properties were studied in a
continuous flow-type reactor in temperature range 200-300 °C and at flow rates of
cyclohexanol 0,21 mole h™' and nitrogen 0,19 mole h™'. Initially the samples were reduced by
mixture 10-50%H,-N; at 250 °C for 8 h.

It has been shown that modification of Cu-Zn-Al-oxide catalysts by nanosize additive
CuOx-WO; favor the cyclohexanone yield in the reaction of cyclohexanol dehydrogenation

without decrease of the process selectivity.
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Furfural is a key derivative for the production of a wide range of non-petroleum-derived
chemicals. It can be made from agricultural raw materials and surpluses rich in pentosan (in
particular xylan). By aqueous acid catalysis, the xylan is hydrolyzed to xylose, and the latter
is cyclodehydrated into furfural. Known industrial processes of furfural production use
conventional mineral acids, such as sulfuric acid, as catalysts, which are extremely corrosive,
highly toxic, not easily handled and recovered.

In this work we wish to report on the catalytic performance of several heterogeneous
catalysts in the liquid phase cyclodehydration of D-xylose to furfural. Sulfonic acid-
functionalized ordered mesoporous silicas were found to be effective catalysts for this
reaction, using either dimethylsulfoxide as the solvent or a water-toluene mixture [la].
However, a limitation of these catalysts is that the thermal removal of organic matter strongly
adsorbed on the surface of used catalysts is not possible since it requires heating above the
thermal stability limit of the surface-bound alkylsulfonic acid groups. Heteropolyacids
supported on mesoporous silicas were also tested for this reaction, giving furfural yields that
were comparable with those obtained using H,SO,, under similar reaction conditions [1b].
However, the supported heteropolyacids are partially leached into the aqueous phase during
the catalytic reaction, which compromises the reusability of the catalysts. A microporous
niobium silicate, designated as AM-11, was found to be more water-tolerant, and could be
reused without loss of activity or selectivity between recycling runs, yielding more furfural
than HY zeolite or mordenite [1c]. Mesoporous niobosilicates, [Si,Nb]-MCM-41, possess
higher initial activity than AM-11, but lower stability in recycling runs. Mesoporous
aluminosilicates possess lower initial catalytic activity than [Si,Nb]-MCM-41, but eventually

lead to higher furfural yields, without significant loss of catalytic activity in recycling runs.

We wish to thank FCT, POCTI, FEDER (project POCI/QUI/56112/2004) and CICECO (UA) for

financial support.
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Despite the great efforts made, the principles governing the formation of crystalline
porous materials are not yet well understood because of the complexity of the hydrothermal
crystallizations [1]. In this study, we monitored the genesis of AIPO-5 from gels of the same
molar composition Al,Os: P,Os: 250 H,O: R [R= methyldicyclohexylamine (MCHA),
triethylamine (TEA), tripropylamine (TPA) or tetracthyl ammonium hydroxide (TEAOH)] in
the range 130-190 °C. The as-synthesized samples were characterized by XRD, TG&DSC,
FT-Raman, and SEM. Moreover, the template-framework interactions were investigated using
density functional theory (DFT) calculations on periodic models of AIPO-5 employing the
Dmol’ program [3].
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Fig. 1: AIPO-5 products from gel composition AL,O3: P,0s5: 250 H,O at 130 °C (a), and at 145 °C (b) for
20h using various templates: MCHA, TEA, TPA, and TEAOH. (*) reflections are due to AIPO-5 phase

Figure 1 shows that TEAOH has the best
ability to form AIPO-5 structure when compared to
other organic templates. This is explained, using
computational density functional calculations on
periodic models like the one shown in Figure 2, by
the stronger nonbonding interaction between the
tetracthylammonuim ion and the framework.
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Introduction

It is well known that the acidic properties of microporous molecular sieves play a crucial role
regarding their applications in oil refining and petrochemical industries.! Early attempts by Lee,
Parrillo, and co-workers>® to scale the acidity of zeolites viz., H-MOR, H-ZSM-5, H-ZSM-12, and
H-Y wused a series of alkylamines rather than using a single reference basic molecule. It was shown
that the relation between adsorption energies of some molecular bases and its proton affinities in the
gas phase is interesting and important. Here we investigate this relation at the atomic scale using the
periodic density functional theory (PDFT) level aiming first to analyze the interactions between
alkylamines and mordenite framework and further to extend the application of this method to
silicoaluminophosphate-5 (SAPO-5).
Computational method

The whole topology of a molecular sieve model is considered by applying periodic boundary
condition. The method was applied reliably to measure and predict the strength of acidic sites in
various sieves.* PDFT has been used to calculate the structural geometries and energies employing the
Dmol® program.”
Results and Discussion

Table 1 illustrates the comparison between the Calculated

calculated proton affinities of ammonia, some M proton affinity Reported
; olecular base . values

alkylamines, and the reported values. The very in the gas phase (kJ/mol) [3]

small differences between them indicate the (kJ/mol)

accuracy of the computational method that has  ammonia 853.4 858.3

been used. Figure 1 shows the relation between  methylamine 897.4 896.4

proton affinity and adsorption energies for ethylamine 904.3 909.0

mordenite  (H-MOR, red circles) and isopropylamine 9234 918.6

silicoaluminophosphate-5  (SAPO-5,  blue dimethylamine 927.6 923.2

squares). The dashed and solid lines have _trimethylamine 932.4 939.1

slope=1 and pass through the ammonia 250

on H-MOR and SAPO-5, respectively. ®H.MOR

Not only the higher adsorption _ ., | msaros - -

energies of all molecular bases on 2

H-MOR can be observed but also the E

larger  deviations of isopropyl, & °°]

dimethyl, and trimethyl amines from §

the straight lines. Simply one can  § 100

deduce that for applying the gas phase g

proton  affinity-adsorption  energy & , |

relation to scale the acidity of acidic

molecular sieves, short chain primary

amines would give a better fitting than 0820 840 860 880 900 920 940

branched or longer chain amines. Proton affinity
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In the last years intensive efforts have been made for developing of heterogeneous
catalytic process for the direct synthesis of formaldehyde via partial oxidation of methane
(POM). Silica supported oxides are among the best heterogeneous catalysts for POM,
especially the supported oxides of Mo, V, W and Fe. It was established that the performance of
the silica surface is affected by the preparation method and loading of the supported metal oxide.

The aim of this study is to investigate the influence of supported phase on catalytic
activity and selectivity in the reaction of POM.

In order to improve method of syntheses, the 12-tungstophosphoric acid
(H3PW1,049:6H,0) was chosen as precursor of supported WOy species. The impregnated
amount was 60 wt% H3;PW,04 and they were dried at 120 °C. Silica-supported Fe catalysts
were prepared by sol-gel method, which allows obtaining high superficial area of the support
facilitating a high dispersion of the iron on the amorphous surface of the silica. The catalysts
contained different percentages of Fe (0.1-0.5 wt%) and were noted as “heterogeneous”. It
was prepared one sample (Fe=0.5 wt%) with more homogeneous distribution of iron species
due to improved preparation method and it was noted as “homogeneous”. The catalysts were
characterized by XRD, BET, TPR measurement, TEM. The catalytic activity tests are carried
out at atmospheric pressure, reaction mixture CH4/O»/N, =7.5/1/4 and He is used as gas
diluting.

The results show that a good methane conversion (8.60 mol%) with the catalyst Fe=0.5
“homogeneous” was obtained at 650 °C with selectivity to formaldehyde about 50 mol% in
the temperature range 600-650°C. In the case of supported 12-tungstophosphoric acid the
selectivity is almost 30 mol% at 700 °C but the conversion is lowest. The effect of preparation
steps on metal dispersion and consequently on catalytic behavior will be discussed.
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The catalytic hydrogenation of anthraquinones has found an industrial application in the
hydrogen peroxide production. The aim of this work was to study the hydrogenation kinetics
of various substituted anthraquinones. In addition, the solvent effect in the hydrogenation of
2-ethyl-5,6,7,8-tetrahydro-9,10-anthraquinone was also studied.

Hydrogenations were performed in a stirred batch reactor at 313 K and 0.1 MPa in the
presence of a commercial palladium supported catalyst MGSS5-type. The substrates
concentration in the reaction mixture was 84 mmol-dm >. The reaction kinetics was monitored
by measurement of the hydrogen amount consumed in the course of hydrogenation. The
substrates reactivity was expressed as the initial reaction rate. The reaction rates significantly
differed and the differences were not connected with hydrogen solubility. For example, the
rates in protic solvents were 10 times higher than the rates in aromatic solvents.

The solvent effect in the hydrogenation of 2-ethyl-5,6,7,8-tetrahydro-9,10-anthraquinone
was quantified using multiple linear regression by applying linear free energy relationships'.
The regression with two five-parameter models was compared. The Abraham-Kamlet-Taft’s
model showed a better close-fitting than the Koppel-Palm’s model. The most significant
factors influencing the reaction rate were found to be the solvent basicity and its cohesive
energy density. The correlation coefficient was higher than 0.90 in both cases.

The substituent effect in the hydrogenation of 2—substituted anthraquinones (substituents
were —H, —F, —Cl, -OH, —Me, —Et, —tert-Butyl, —tert-Pentyl) was successfully described by

the Taft’s equation® which separates the substituent effect into steric and polar contributions.
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This paper deals with the synthesis of fragrant lactones using acidic-basic catalysts
obtained from layer double hydroxides (LDH) modified by metal (Pd, Sn). The synthesis
consists of three reaction steps: aldolic condensation, hydrogenation and Baeyer-Villiger
oxidation. To make the procedure simpler and faster the possibility of aldolic condensation
and subsequent hydrogenation in a “one-pot” operation was studied. For the aldolic
condensations and reactions “one-pot” were used Pd/LDHs. These catalysts were prepared by
three different methods: coprecipitation, impregnation and intercalation (different properties).
For Baeyer-Villiger oxidation the LDHs were modified by Sn. These catalysts were
characterized by XRD, BET, TPR, TG and TEM methods. The mixed oxides obtained by
calcinations of the precursor LDH lead to acidic-basic catalysts of the Lewis type. The
activity exhibited by these catalysts for aldolic condensations is rather limited. Their
performances could be improved by careful reconstruction of the lamellar structure by
rehydration of the mixed oxides leading to a Broensted type catalyst likely active in
condensation reactions.

The best result of the formation of 2-heptylidencyclopentanone (product of aldolic
condensation) was achieved by using the intercalated catalyst with molar ratio
cyclopentanone : heptanal 2:1 (100 % conversion of heptanal and 50 % conversion of
cyclopentanone with 90 % selectivity after 1,5 h). The selectivity 72% of the product of one-
pot reaction (2-heptylcyclopentanone) with 100 % conversion of heptanal and 50 %
conversion of cyclopentanone was achieved. Baeyer-Villiger oxidations were carried out with

the selectivity 100 %. The yield 60 % of d-dodecalactone after 29 h was obtained.
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Active packaging employs a packaging material that interact with the internal gas
environment to extend the shelf-life and improving food safety and quality [1].

The presence of oxygen in food packages accelerates the spoilage of many foods. Oxygen
can cause change in color, nutrient loss and microbial attack. The promising application of
oxygen scavenging systems in food package is to control mould growth and to delay an
oxidation and subsequently a development of rancidity in products.

There are several technologies applied for scavenging the oxygen from inside of the
package. The most conventional approach is the use of metal-based scavenger such as iron.
Oxygen scavengers or absorbers can be included in packaging system as sachets, closures
(crowns) and in polymer.

We have found that some terpenes such as R-(+)-limonene and o-pinene are susceptible
for oxidation at ambient conditions and can be considered as potential oxygen scavengers.
Terpenes are low-priced naturally occurring products widely used in flavor and fragrance
additive in cleaning and cosmetic products, food and pharmaceuticals cause of their flavoring
and antimicrobial properties.

The aim of the study is to investigate an efficiency of terpenes adsorbed on various
zeolites [2] in a consumption of oxygen in sealed packages. Another target concerned the
catalytic examination of various zeolites and its modifications in oxidation of terpenes.

The effects of research works are promising. Wide pore type of zeolites seems more
efficient oxygen scavengers than the medium pore. The main products of oxidation of
terpenes are oxides and compounds with hydroxyl and carbonyl group (e.g. carveol, carvone,
verbenol, verbenone). The cation modification of zeolites with Fe, Cu increases reactivity
with oxygen, while the hygrogen forms initiate also another reactions (e.g. isomerization).
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Tricarbonyl complexes Cp'Mo(CO);X (Cp' = n°-CsRs; X = Cl, alkyl, or ansa-alkyl) can
be applied directly as catalyst precursors in homogeneous olefin epoxidation, being oxidized
in situ by the oxidant tert-butylhydroperoxide to the Mo"" catalysts [1]. During the in situ
oxidation process, the expected products are Cp'MoO,X and/or Cp'MoO(O;)X. The
homogeneous Mo"" catalysts derived from the parent tricarbonyl complexes can be recovered
from the reaction mixtures and reused, although catalytic activities tend to decrease with
recycling runs. One method to facilitate catalyst/product separation and to improve
recyclability is heterogenization of the catalyst or catalyst precursor on a solid support [2].

An alternative, yet largely unexplored, method for the modification of the catalytic
properties of oxometal complexes is their encapsulation in cyclodextrins (CDs). Metallo-
organic complexes immobilized in CDs often exhibit markedly different physical and
chemical characteristics compared to the bulk material. In the present work, the complex
CpMo(CO)3;CH,CONH; was immobilized in plain B-CD and permethylated 3-CD (TRIMEB),
and the resultant inclusion compounds were characterized by several solid-state techniques.
The inclusion compounds can be used as precursors to homogeneous (TRIMEB as host) or

recyclable heterogeneous (B-CD as host) catalysts for cyclooctene epoxidation.
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Glycerol has attracted attention since it is a highly functionalized compound and it is
readily available from bio sustainable sources. However, in glycerol oxidation it is necessary
to control the distribution of the products by tuning the reaction conditions and design the
appropriate catalyst. Glycerol oxidation has been studied in aqueous phase at moderate
temperature (50-60 °C) using Pt and Pd metals supported on carbon by Kimura [1,2], Gallezot
[3,4], and Au/C by Hutchings [5,6] showing that the distribution of the products can be
controlled from the nature of the catalyst. In particular, high selectivities to glyceric acid
using a Au/C catalyst were obtained at basic conditions [5,6], and we recently have
demonstrated [7] that by tuning reaction conditions it is possible to obtain glyceric acid, with
selectivity closed to 100% at full conversion. Using preformed metallic sols, we were able to
design different catalysts. Using this technique we prepared bimetallic catalysts (Au-Pd,
Au-Pt) supported on carbon in order to study

the effect and the role of Pd and Pt metals on 500-

Au metal. Bimetallic systems showed an ;‘ZZ

enhanced activity and selectivity appeared to be 3501

30,0+

ruled by Pd or Pt, being (Au-Pd) catalysts more s, 50/

selective toward glyceric and tartronic acids, 291

15,0

and (Au-Pt) toward glycolic acid. 100+
5,0+
Table 1. Comparison of different (Pd-Au)/C and °° (Pd-Au)C (PrAw/C
(Pt-Au)/C catalysts at 90% conversion on """ - o
glycerol oxidation at 50 °C. BOXALA 17 21
OHPYA 19 19
BTARAC 15,5 231
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In 80-s' years of 20 century it has been established, that polychlorinated aromatic
compounds (PCAC) are very toxic substances. Processing and recycling of these compounds
are complicated not only by their thermal and chemical stability, but also by formation of very
hazardous pollutants - dioxines. The adsorption technologies developed for waste treatment of
the industry do not solve a problem of the further recycling highly toxic PCAC. The analysis
of various methods of processing PCAC has shown that the most perspective is the catalytic
hydrogenolysis process. The combination of adsorption step and catalytic hydrogenolysis
allows to considerably simplify the scheme of processing PCAC, preventing dioxines
formation and increasing the durability of the equipment.

The goal of the research work is synthesis of the active and stable adsorptive catalysts,
capable to adsorb highly toxic polychlorinated aromatic compounds from objects of an
environment for the further processing.

During this research work the adsorption step of chlorobenzene (CB) from water
solutions was studied and it was shown, that the quantity of adsorbed CB and a kind of
adsorption isotherms are in a good accord with porous structure of carbon adsorbents. The
most effective CB adsorbents are microporous carbons with the high surface area MeKS,
FAS, AG-2000. On the basis of the given carbons, palladium catalysts were synthesized and
their activity in liquid-phase hydrodechlorination of CB by molecular hydrogen was studied.
Conditions of the process were optimized. As a result of the investigation of the prepared
adsorptive catalysts in adsorption catalytic cycle, it was shown, that 1 % Pd/AG-2000
specimen possesses high adsorption capacity in relation to CB and has the highest catalytic
activity under mild conditions (pressure 1 atm and temperature 50 °C).

The authors gratefully acknowledge the Ministry of Education and Science of Russian
Federation for their financial support (state contract 02.442.11.7313)
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The discovery of ordered mesoporous silica of M4ls types' in the early 1990s has
attracted a great interest in many areas of physical, chemical and engineering sciences. The
synthesis of these materials involves the use of a self-assembled molecular array of
surfactants molecules as structure-directing template. The removal of surfactants led to very
ordered mesoporous molecular sieves with adjustable pore sizes ranging from 2 to 10 nm'.
Owing to their special pore properties these materials has been best appreciate in systems
where molecular recognition is needed: selective adsorption and separation process, chemical
sensors, nanotechnology and shape-selective catalysis. In particular, the advantages of using
ordered mesoporous solids in catalysis are the relatively large pores which facilitate mass
transfer and the very high surface area which allows a high concentration of active sites per
mass of material. In order to obtain a solid catalyst characterized by high surface area, ordered
pore structure and active in acid catalyzed reactions, in this study ordered silica mesoporous
materials have been modified with the introduction of sulphated zirconia (S2)** in their
structure’. The silica supports were prepared by the liquid-crystal template method (LCT); the
active phase (SZ) was introduced by incipient wetness impregnation of Zr(SOy), in the as-
synthesized supports, followed by thermal decomposition of precursor in flowing air. The
obtained materials were characterized by ion chromatography (for the determination of
sulphates content), nitrogen-adsorption measurements, X-ray diffraction, FTIR spectroscopy,
TG-DSC analysis and TPR-MS measurements. The catalytic behaviour of the systems of
interest has been investigated towards two different reactions: (i) the gas-phase isomerization
of n-butane and (ii) the liquid-phase acylation of anisole and veratrole with benzoic
anhydride.

A correlation between morphological and chemical physical features of the systems and

their catalytic activity has been proposed.
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The reduction of active component precursor is one of the crucial stages in catalysts
synthesis. The traditional way considers reduction in a flow of hydrogen. However recently
more and more attention is given to using sodium borohydride (NaBHj,) as an alternative and
promising reducing agent. Advantages of this way consist in the possibility of sodium
borohydride to reduce the supported precursors of an active component even at room
temperature with formation of nanodispersed metallic clusters.

The goal of the present work is to investigate the physicochemical and catalytic properties
of Pd and Pd-Pt supported catalysts reduced in water solution of sodium borohydride at room
temperature. Catalysts were prepared by the impregnation method, using a carbonaceous
material, called “Sibunit”, as the support. The state of the active component formed in sodium
borohydride medium was studied by transmission electron microscopy (TEM), X-ray
diffraction analysis (XRD), X-ray fluorescence and X-ray photoelectron spectroscopy (XFS
and XPS).

It was determined, that the sodium borohydride solution at room temperature allows to
reduce completely the supported precursors of active component of Pd/C and Pd-Pt/C
catalysts up to metal state. The average size of supported metal particles was 2-5 nanometers.
Investigation of catalytic activity of samples in liquid-phase hydrodechlorination of
chlorobenzene showed, that bimetallic alloyed Pd-Pt clusters revealed maximal reactivity.
Influence of additional temperature treatment in the reducing and oxidizing medium on a state
of an active component of catalysts, their activity and stability in the hydrodechlorination of
chlorobensene were studied.

The authors gratefully acknowledge the Russian Foundation for Basic Research Ne 04-03-
32208-a and Ne 04-03-32869-a.
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Nowadays, one of the most important problems in catalysis is CO oxidation. Usually
supported noble metals are used in this process as catalysts. Recently it was shown [1] by
theoretically calculations that Ag in nanoparticle state is more active than Au. Also there are some
recent experimental proofs of catalytic activity of supported Ag [2] and Ag-Co mixed oxides [3].

Six catalysts were synthesized in our work. Massive catalyst AgCoO, (sample A) was
prepared by decomposition of nitrates in molten NH4NO;. Three supported catalysts with
5 wt. % AgCoO, were synthesized by coimpregnation of supports (SiO, — 185 m*/g, SiO, —
320 m%/g and y-ALOs — 185 m?/g) with aqueous solutions containing Ag, Co and ammonium
nitrates (samples B, C, D). Two samples 5 % AgCoO,/y-Al,Os; were prepared by wet
impregnation of y-AlL,O; with aqueous solutions of Ag, Co and ammonium nitrates and
decomposition in the sandy bath (sample E) or using microwave radiation (sample F). All
catalysts were calcined at 600 °C (2 h) and were studied in CO oxidation reaction (gas
mixture: 4.0 vol. % CO, 2.1 vol. % O,, 93.9 vol. % He; gas rate was 10000 hfl).

Samples B and C show almost no activity in CO oxidation (table 1). Difference in
temperatures of 50 % and 100 % conversion for samples A and D, E, F probably originated
from small specific surface area of AgCoO, and perhaps from the formation of CoAl,O4
which is also active in CO oxidation. The most active sample was F which was prepared
using microwave radiation. Most likely microwave radiation treatment due to quick heating of
the nitrate mixture results in the formation of catalysts with higher specific surface areas of
active component comparing to conveniently prepared samples and as a result with higher
catalytic activity in CO oxidation reaction.

Table 1. CO oxidation over Ag-Co oxide catalysts

catalyst TS()%, °C T100%> °C Catalyst T5o%, °C Tl()()%, °C
A 288 400 D 200 430
B 550 > 650 E 224 448
C 370 > 570 F 155 260

The work was supported by the RFBR (grant 04-03-32734a).
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The nanosized zirconia polycrystals stabilized by yttria have worldwide interest in
heterogeneous catalysis. The reduced particle size not only guarantees an increased specific
surface area (quantitative change of surface reactivity) but also raises the fraction of low-
coordinated surface sites. The aim of this study is the investigation of yttria-stabilized zirconia
with different particle sizes in model reaction of CO oxidation. The characteristics of samples

are presented in Table.

Samples, NoNe Theatings °C Phase composition, % Particle’s size, nm
1 400 Tetragonal + amorph. 10
2 500 Tetragonal 8.9
3 600 Tetragonal 11,8
4 700 Tetragonal 14,4
5 700 Tetragonal 14,4
6 800 99% Tetragonal + 1%Monocline 18,5
7 900 98,5% Tetragonal + 1,5% Monocline 27,1
8 1000 99,2% Tetragonal + 0,8% Monocline 36,2

Fig. shows the light-off temperatures of zirconia catalysts with different particle sizes.
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The catalytic properties of samples were found to be a function of particle size of ZrO,. At

low temperatures the most active was the sample of 10 nm. At high temperatures — 18,5 nm.
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The most of heterogeneous catalytic processes take place in porous catalyst with the
developed surface. During the studying of macrokinetic processes, that take place in these
catalysts, their spatial structure should be taken into account. This structure could be
described using fractal geometry.

We study the influence of fractal properties of silica gel in the diffusion of gases. The
diffusion of gases (H,, CO) is studied in the volume of catalysts with fractal surface according
to diaphragm method. The fractal dimension of silica gel was calculated from adsorption
isotherms of N; according to the BET theory and according to data of capillary condensation
of methanol.

The silica gel samples, which were investigated by us, had fractal dimension in the range
from 2,05 to 2,90. The diffusion dependence of diaphragm fractal dimension was revealed.

It was shown, that the fractal dimension influences not only the diffusion coefficient but

also the type of diffusive equation.
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Methane steam reforming (MSR) is an important technology for synthesis gas and
hydrogen production. Synthesis gas is a key raw material for chemical products
manufacturing, while hydrogen is seeing as a promising clean and efficient fuel for the 21°s
century. Current technologies for MSR are reaching a stagnant performance level. In this
work two types of catalytic membrane reactors are considered for MSR: inert membrane
reactor (IMR) and catalytic film coated membrane reactor (CCMR). Catalytic membrane
reactors can enhance the needs of high hydrogen production, operate at lower temperature
range compared to packed tubular reactors, and simultaneously lead to product separation in a
single unit. Mathematical modeling includes multicomponent mass transfer, membrane flux
characteristics, and the effect of non-infinite hydrogen membrane selectivity. In co-current
operation, both types of membrane reactors can achieve higher conversion than fixed bed
reactors, and overcome the thermodynamic limits of closed systems. In IMR, the sweep flow
control makes possible to attain 100% conversion at equilibrated retentate-permeate pressure.
Reactor performance highly depends on geometric configuration: shell/tube or monolithic.
For some conditions IMR generates ca. 40% more conversion and 20% higher hydrogen

recovery as compared to CCMR.
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The conversion of amines into oxygen containing compounds is an important reaction in
industry and academia. Among the various reported methods, formation of nitro and nitroso
compounds is common and has been most extensively studied while a limited number of
methods have been reported for the preparation of azoxy compounds. The azoxy compounds
are of interest because of their physiological activity, uses in liquid crystal displays and
therapeutic medicines [1,2]. With respect to the most of the reported methods for preparing of
azoxy compounds involves metal catalysts, and the majority of them are usually expensive, of
limited environmental compatibility, and even toxic, there is a good scope for research and
working with green catalysts.

In green chemistry, heteropolyacids (HPAs) as solid catalysts are very important. HPAs
constitute a large class of compounds that are remarkable owing to their physicochemical
properties. They include strong Bronsted acidity, reversible transformations, activation of
molecular oxygen and hydrogen peroxide, high proton mobility and solubility in polar and
nonpolar solvents. These properties have made them more and more popular in many fields,
such as catalysis, biology, medicine, magnetism, photochemistry and material science [3-7].

Although, most of catalytic fundamental investigations used the Keggin HPAs, in recent
times, interest in other HPAs has grown. Among them, the capability of Preyssler catalyst,
[NaP5W300110]14’, still has been largely overlooked and there still is a room to maneuver.

In continuation of our researches on HPAs to various reactions [8] and with the aim of
extending of application of Preyssler catalyst, in this research we report our results on the
oxidation of amines for synthesis of azoxy compounds as a major product in the presence of
Preyssler catalyst. The effects of molar ratio of oxidant, solvent type, and catalyst type,

reaction time and temperature were investigated. The results showed that the oxidation of
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anilines with H,O, catalyzed by Preyssler catalyst proceeds with good yields. The catalyst can

be recovered and reused again.
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Despite the high activity and selectivity of the employed in practice iron-molybdenum
catalysts for selective oxidation of methanol, the quantity of residual methanol contained in
formalyne is between 1,0 and 3,0 % (1). Lowering this quantity under 0,5 % requires
introduction of a supplementary adiabatic layer situated under the main reactor. In spite of the
wide usage of this approach in practice, the scientific literature has not registered any research
in this direction. This requires intuitive work, involving the risk of serious losses resulting
from the secondary oxidation of the obtained in the main reactor formaldehyde.

Very recently Casale Chemicals SA proposed a new, five-stage adiabatic reactor (1) for
selective oxidation of methanol. The same company (2) offers a way of improving the work
of the classic tube reactors by inputting the gas mixture, containing non-reacted methanol
through second catalytic reactor of adiabatic type. However, in this case too there is no data
on the conditions of performing the process.

The purpose of the present work is to define the limit values of the main parameters of the
process of selective oxidation of methanol upon oxide catalysts in the main reactor and in the
adiabatic layer or additional adiabatic reactor, which can guarantee a maximum rate of
methanol conversion at high selectivity.

In performing the experiment a two-stage flow-line equipment is used, allowing for
complete independence of the work of the catalyst in the main reactor and in the auxiliary
reactor, functioning as an adiabatic layer. The composition of the gas mixture entering the
main reactor, space velocity and temperature rate provide conditions for performing the
experiment, which are maximally close to the industrial ones.

The range of the temperature, methanol concentration and space velocity for the obtaining
of acceptable results is outlined. It has been found that besides on temperature, the limits of
applicability of the adiabatic layer depend to a substantial degree on the composition of the
entering gas mixture.
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In this work we report some new non-classical carbonyls of iridium formed after CO
adsorption on Ir-ZSM-5. Mainly Ir" cations were found on sample activated at 523 K and
reduced by CO at the same temperature. With CO they formed Ir'(CO), gem-dicarbonyls
(2104 and 2033 cm ') which decomposed at 673 K without leaving a measurable fraction of
monocarbonyls. The dicarbonyl structure was established by '*CO-">CO coadsortpion
experiments. In the presence of CO in the gaseous phase and at ambient temperature the
Ir'(CO), dicarbonyls were converted into Ir'(CO); species (2182, 2099 and 2033 cm™). At
100 K these complexes are able to accommodate a fourth CO molecule thus producing
tetracarbonyls (2155, 2145, 2125 and 2105 cm'). The results are explained by the high
coordinative unsaturation of the Ir” cations in the ZSM-5 matrix. This is also the reason for
the formation of mixed Ir'(H,O)(CO), species (2087 and 2015 cm') after CO-H,O
coadsortion. Evacuation of the sample at 673 K, followed by reduction with CO at 523 K
generates Ir*" cations. With CO these cations form another kind of geminal complexes,
namely Ir*"(CO), species (2173 and 2129 cm"). Here again, the structure was confirmed by
2C0O-"CO coadsortpion experiments. These dicarbonyls are decomposed at 573 K (without
producing monocarbonyls again) and are able to accommodate additionally neither CO nor
water molecules. The results are explained by the smaller cationic radius of Ir** (as compared
to Ir") which is associated with a decrease of the number of ligands required for coordinative

saturation.
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The natural and artificial ultramarine is a sodium aluminosilicate sodalite that contains the
sulfur anion-radicals combined with sodium cations encapsulated inside the B-cages. The
anion-radicals play a role of chromophores, responsible for the intense coloration. The
colored ultramarine analogs can be also obtained from synthetic zeolites (A, X, cancrinite) by
means of thermal reaction with sulfur radical precursors. The color and structure of the
products can be modified by altering the composition of the initial mixture, particularly its
alkalinity and contribution of cations other than sodium. In many cases zeolite structure is

transformed into sodalite upon thermal procedure, but the original zeolite structure can be

maintained too. Some of the cations (eg. H, transition metal cations) or sulfur species can
play a role of catalytic active sites, which could be especially noticeable in the products of
opened structure of parent zeolites. Catalytic activity of potential pigments is undesired and it
could cause unexpected effects during their application.

The colored samples obtained by thermal treatment of mixtures of zeolite A or cancrinite
with sulfur and alkalis were examined as catalysts in propan-2-ol decomposition. The starting
mixtures contained either the original sodium forms of zeolites or their modifications with
cations such as K', Li", Co*", Ca*", Cu*", Fe’". The catalytic tests indicate that the pigment
samples with SOD structure are inactive or show a negligible activity. The samples of more
opened structures (e.g. LTA, CAN, nepheline hydrate) indicate some activity. The 12 member
ring channels of cancrinite are accessible for the reagent molecules and even the sample
prepared without contribution of any cations, but Na shows a noticeable activity. The
modification of the colored samples with other cations (particularly with transition metal
cations) brings about a substantial increase in activity. It is likely that metal sulfides formed
inside the cavities during an ion-exchange procedure are responsible for the activity of the
samples. It is interesting to notice a considerable contribution of acetone in the products
obtained over Co and Zn modified samples.

The active sites should be eliminated if the samples are applied as pigments to avoid their

interactions with polymers or solvents.
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ZnO-based materials have considerable interest due to their possible applications in many
technologies, such as optoelectronic devices, solar energy conversion, catalysis, etc.

We reported the method for the preparation of the nanostructured system ZnO/MgO with
constant chemical composition and controlled size of ZnO nanoparticles. The method is based
on a deposition of the ZnO colloidal nanoparticles on the MgO. The nanoparticles are
obtained by mixing of isopropanol solutions of zinc acetate and sodium hydroxide. The size
of ZnO nanoparticles is controlled by conditions of their growth: concentration of initial
reagents, temperature, and time. The obtained ZnO/MgO solids contain the ZnO nanoparticles
with diameters in the range of 6-10 nm. The nanoparticle size was obtained from the
absorption edge in diffusion reflection spectra and TEM.

The catalytic properties of obtained solids were tested in the CO oxidation by molecular
oxygen. The non-monotonic dependence of catalytic activity on the size of the ZnO
nanoparticles is obtained. This dependence experimentally proves existence of quantum

confinement effect in catalytic process.
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The development of oxide catalysts of deep oxidation of methane with optimal structural,
dimensional, redox- and acid characteristics will allow to resolve the task of ecologically pure
and resource-saving hydrocarbon fuel combustion.

Catalytic properties of nano-dimensional alumina- and zirconia- supported oxide systems,
nanocomposites with the structure of spinel Me''Fe',0, (Me-Mn, Co, Ni) in the reaction of
deep oxidation of methane have been studied with the use of different techniques: X-ray
powder diffraction, transmission electron microscopy, temperature-programmed reduction by
H,, temperature-programmed desorption of ammonia, X-ray photoelectron- and
IR-spectroscopy. The method of preparation of supported nano-sized catalysts under non-
equilibrium conditions providing high activity and thermal stability of alumina-manganese
catalysts was proposed [1]. Low temperature nano-dimensional catalysts of spinel structure
MeFe,04 (Me = Mn, Co, Ni) synthesized by thermal decomposition of heterometallic
trinuclear acetate complexes of iron (III), including in porous matrixes of carriers (Al,O3,
ZrO,) and in the presence of surface active agents have been developed [2]. As stated,
dimensional factors (revelation of phase, internal dimensional effects) in complex oxide
nanocomposites are the main reason for difference in their catalytic properties (activity and
thermal stability). It has been shown that among supported ferrites and cobalt-zirconia
nanosystems the most active low-temperature catalyst is characterized by the highest amount
and reactivity of oxygen, as well as by presence of strong acidic centres on the surface.

On the basis of zirconia- and alumina- oxide systems with optimal physical-chemical
characteristics (structural, dimensional, red-ox and acid) structured catalysts formed on the
surface of ceramic honeycomb supports have been synthesized. These catalysts provide
100 % conversion of CHy4 to CO, at temperatures 700-750 °C and can be used for processes of
neutralization of coalbed methane exhausts and combustion of gaseous hydrocarbon fuel in

power installations (catalytic heat generators, gas turbines combustion chambers etc.).
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Catalytic oxidative dehydrogenation (ODH) of light alkanes provides a promising
alternative route for the efficient production of C,= - C4= alkenes, which are widely used as
raw materials in the chemical and polymer industry. Among the catalysts that have been
studied, supported vanadium catalysts appeared to be the most active and selective ones for
the oxidative dehydrogenation of propane and of ethane as well. The present work focuses on
vanadium catalysts supported on mesoporous silicate materials with large surface areas and
different pore structures. Mesoporous materials are usually being utilizized as supports in
order to achieve higher metal dispersion at relatively high loadings. The activity and
selectivity in the oxidative dehydrogenation of propane and ethane of the catalysts based on
mesoporous supports were related to their compositional, porosity and surface characteristics
and were compared to the more classical V/y-Al,O; catalysts.

The mesoporous silicates tested as supports were the MCM-41 (with hexagonal channel-
like pore structure and pore diameters of ~2.9 nm) and the HMS (with wormhole-like three-
dimensional pore structure and pore diameters of 2.4 nm) type of materials and were
synthesized based on previously reported methods. Mesoporous-supported vanadia catalysts
were prepared following typical wet impregnation methods in order to obtain 2.5, 5, 10, 20%
V,0s. For comparison, a 10%V,0s/y-Al,O3 catalyst was also prepared by the same method.
All the supported catalysts were calcined at 500 °C under air for 4 hrs prior to catalytic tests
which were carried out in a fixed bed micro-reactor, at 350 — 625 °C and with a 1:1 propane
or ethane to oxygen ratio, diluted with He. The catalytic results of ODH of ethane at 350-
625 °C and of propane at 400-600 °C showed that the vanadium catalysts supported on both
mesoporous silicates exhibited higher selectivity towards propylene and ethylene at high
conversions, compared to the y-Al,O3 based catalysts. No significant differences in activity
and selectivity were observed between the two types of mesoporous supports, while lower V

loadings afforded the most promising catalysts.
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In recent years chemistry of heteropolyacids (HPAs), particularly their application as
catalysts, attracted a lot of attention. Heteropolyacids are complex proton acids and have
strong acidic properties. Structure of HPAs may be easily modified by exchange of addenda
atoms, heteroatom or countercation. Heteropolyacids have well known structure and their
acidic and redox properties are easily controlled. Due to their multifunctionality they can be
useful catalysts in oxidation of organic compounds. Introduction of transition metal ion into
heteropolyacid structure changes their oxidative properties. Those substituted monolacunary
HPAs anions ligate the heterometal in pseudoporphyrin environment.

The most active metalloporphyrins applied in hydrocarbon oxidation are those including
manganese, iron and cobalt. Due to this fact we assumed that HPAs modified with transition
metal ions would be also active in those reactions. In our research we investigated
tetrabutylammonium salts of tungstophosphoric acid with cobalt, manganese and iron as
addenda atoms. We obtained monosubstituted Keggin anions with addenda atom substituted
by cobalt, manganese or iron cation. Introduction of tetrabutylammonium (TBA) salt into the
Keggin anions results in soluble in organic solvent catalysts.

Our catalysts were studied by means of FT-IR, UV-Vis, TG with DSC, and XRD.
In the UV-Vis spectra of tetrabutylammoniumbromide (TBAB) dissolved in diethyl ether we
observed band at 211 nm. After introduction of TBA -cation into the structure of
monosubstituted Keggin anions (TM-HPA) we observed red shift of the band to 235 nm. This
band is absent in the potassium salts of TM-HPAs. FTIR spectrum of HPW demonstrates P-O
stretching vibration band, at 1080 cm ' which splits into 1073 and 1021cm . Thus splitting of
the P-O stretching vibration band is characteristic for lacunary anions. According to the
TG/DSC analysis synthesized catalysts are thermally stable up to 500 K.

The catalytic activity of the TBA-HPA salts including cobalt as addenda atom, was
studied in the liquid phase phenol oxidation reaction with a few oxygen donors. Reaction was
carried out in the glass reactor with acetonitrile as solvent and hydrogen peroxide as oxygen

donor. Reaction mixture was checked once per hour and analyzed with GC.
The authors thank Polish Catalytic Network “Nanomaterials as catalysts for new Environmentally Friendly

Processes” for financial support.
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Introduction

Chromia/alumina catalysts are used in the dehydrogenation of light alkanes. However, the
chromia/alumina catalysts undergo significant deactivation due to loss of dispersion of
surface chromium oxide into aggregates of Cr,O; crystallites. We report the use of operando
Raman-GC to determine the effect of additives on the structure and stabilization of surface
chromate species during propane oxidation to propylene.

Experimental

The Raman spectra were run with a Renishaw Micro-Raman System 1000 (514 nm Ar+).
The operando Raman-GC spectra were run with a home-made operando reaction cell that
consists of a fixed-bed quartz-microreactor contained by quartz wool plugs at both ends.
During the operando Raman-GC study, the catalyst structure and its performance are analyzed
simultaneously. Chromia/alumina catalyst was prepared by impregnation of alumina support,
and P-doped chromia/alumina catalyst was prepared by sequential impregnation. Alumina
was first impregnated with phosphorus, dried, calcined and subsequently impregnated with
chromium solution.

Results and Discussion

The oxidation of propane on a Cr(6+)/Al,Os catalysts shows very high activity, but the
degree of catalyst dispersion rapidly decreases. Operando Raman spectra show intense
reduction of surface chromate sites above 210 °C and the progressive formation of Cr,O3
(Raman band at 550 cm'). The addition of phosphorous shifts the Cr=O mode to lower
frequencies (1010 to 992 cm™'), which implies a weakening (activation) of the Cr=0 bond.
Interestingly, the catalyst becomes less active. It suggests that the Cr=0 bond is not the active
site for propane oxidation. The operando Raman-GC study of propane oxidation on P-doped
chromia/alumina catalyst show a catalyst with lower activity, but significantly higher
selectivity to propylene. The presence of P significantly limits the decreasing of dispersion
degree of surface chromates. Formation of Cr,Os3 is not observed up to 380 °C, i.e., at 170 °C

higher than in the absence of P.
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Chemoselective hydrogenation is an important tool in fine chemicals industry.
Compounds to be hydrogenated often contain several reducible groups and in many cases,
only one of them has to be reduced. This work was focused on the hydrogenation of
unsaturated nitriles of various structure (cinnamonitrile, 1-cyclohexenylacetonitrile,
acrylonitrile, 3,3-dimethylacrylonitrile, geranylnitrile and 2- and 3-pentenenitrile) over
Raney-type catalysts.

Hydrogenations were carried out under optimized reaction conditions for cinnamonitrile’.
The influence of the substitution and the position of the double bond relative to the nitrile
group on the selectivity to unsaturated amines were investigated.

It was found” that the molecular structure of the substrate crucially determined the
selectivity to unsaturated amine. The highest selectivities were obtained when the double
bond was not in conjugation with the nitrile group. Also the distance of the C=C bond from
the C=N influenced positively the selectivity. Another important factor was the substitution of
the double bond. It was more difficult to hydrogenate a sterically hindered double bond. On
the other hand presence of additional substituents at the C=C bond increased the selectivity to
unsaturated amine. The selectivity was also influenced by stabilization of the double bond by
additional conjugation. The molecular structure revealed a similar influence on the reaction
rate. The reaction rate also depended on the conjugation of the C=C bond with the C=N bond

and decreased with a higher degree of substitution.
Acknowledgments
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For existing at present moment gas chromatography sorbents typical is chaotic labyrinth
of pores of various sizes and forms of narrowings and widenings, as well as sorbents in
chromatography columns have low means of surface area about 200 — 500 m*/g. Therefore,
existing columns show specific effectiveness not sufficient for many separations. Also,
irregular structure of pores is the reason for strong dependence of effectiveness on gas-carrier
rate. These factors increase characteristic time of analysis of complicated mixtures to tens
minutes.

In order to improve the parameters of retention we used mesoporous molecular sieves
(MMS) with regular structure of pore space and high surface area. The synthesis of MMS like
MCM-41 [1] involves ionic surfactants as structure directing agents. Precursors of solid phase
(Si0,) concentrate on the surface of micelles which form 2D and 3D hexagonal or cubic
permolecular structures. After condensation of solid phase the surfactants can be deleted by
calcinations, extraction or ion exchange. As a result one obtains solid MMS, which replicate
the removed organic phase.

Typical chromatogram for the mixture of C;-C4 hydrocarbons in capillary column

covered with a film of silica MMS is shown on Figure 1.
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Figure 1. Chromatogram of C,-C4 hydrocarbons mixture separated on the silica mesoporous molecular sieve film.

[1] C.T. Kresge, M.E. Leonowicz, W.J. Rath, J.C. Vartuli, J.C. Beck. Nature. 1992, 28, 57-72.
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The preparation and application of heterogenized metal complexes is a relatively new
field of research resulting in a new way of catalysis. The heterogenized metal complexes can
successfully combine the excellent performance (high activity and selectivity) of
homogeneous catalysts with the easy separation and recycling of the heterogeneous catalysts.
Additionally, in the several cases the immobilization of metal complexes leads to enhanced
stereo-, chemo- and enantioselectivity.

Hydrogenation reactions play an important role in chemical industry. The fact that
homogeneous catalyst is present in the reaction mixture along with products can be main
disadvantage for much wider use of the homogeneous catalysts. One of the effective routes to
solve this problem is immobilization of homogeneous (Wilkinson, etc) catalysts on solid
supports [1]. The main goal of this work on the one hand is the synthesis of different
immobilized Rh(I) metal complexes and their use in hydrogenation reactions and on the other
hand to establish mechanisms of reactions by hydrogenation of suitable substances with para-
hydrogen. The RhCI(PPhs);, RhCICO(PPhs),, Rh,Cl(CO)s, RhCI(P(OCHs3);3); were
impregnated on the different supports (silica gel, alumina, modified silica gel) with the aim of
producing the working catalyst. When RhCI(P(OCHj3)s3); supported on silica gel [2] was used
in the reaction of heterogeneous hydrogenation of styrene (liquid medium) and propylene
(gaseous medium) the products of hydrogenation have been observed. It was shown, that
RhCI(PPh;3); supported on 2-diphenylphosphinoethyl functionalized silica gel is effective

catalyst of heterogeneous hydrogenation of alkenes in liquid phase.

Acknowledgments. The work was supported by grants of the RFBR (05-03-32472), CRDF
(RU-C1-2581-NO-04) and RAS (5.1.1 and 5.2.3)
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Much research effort is currently devoted to the chemical conversion of light alkanes to
valuable chemicals [1]. Especially, oxidative dehydrogenation (ODH) of light paraffins into
olefins has been widely searched during the last few decades, because this process is an
alternative route to production of important base chemicals of the economic benefits [2]. Among
the different catalysts which have been examined for this process, the transition metal ion species
exchanged in zeolites has been discovered as very active and selective oxidation catalysts [3].

The presented study i1s focused on the research of ethane and propane
oxydehydrogenation over iron modified zeolites of different structure (ZSM-5, zeolite-Y,
mordenite). Commercial zeolites were modified with iron (III) ions by means of ionic
exchange from aqueous solution, followed by calcination at 600°C (Fe-ZSMS5, Fe-Y,
Fe-mordenite) or 900°C (Fe-ZSMS5). Hydrocarbons ODH reaction was carried out in the
presence of N,O as an oxidant. Acidity of applied samples was estimated on the grounds of
FT-IR spectra of adsorbed pyridine. Iron concentration was calculated from ICP
measurement. The catalytic tests in ODH reaction were performed at 400°C, in continuous
flow reactor.

Fe-ZSM-5 showed high activity in ethane ODH reaction performed in the presence of
N2O and the only products were ethene and COx. Selectivity towards ethene was 75-85%,
whereas selectivity towards COx did not exceed 20 %.

In ODH of propane selectivity towards propene was lower (45-60%), whereas selectivity
towards COx still did not surpass 20 %. However, besides of propene and COy, the lower
hydrocarbons (C; and C,) being the products of the cracking process have appeared.
Selectivity towards the cracking products reached almost 35%. Selectivity towards mentioned
products in propane oxydehydrogenation reaction was very sensitive to the catalysts acidity
and to previous thermal treatment of the samples.
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Pt-containing zeolite catalysts are effective in reducing NOy with hydrocarbons in diesel
exhaust gas with high oxygen content [1]. Zeolites have an ability to adsorb HC, which also
improves NOy conversion with increasing temperature [2,3]. Deactivation of diesel catalysts
is a problem that has not been solved with the current catalyst technology, and knowledge
about effects related to deactivation of zeolites is still narrow. Deactivation of zeolite
containing catalysts can occur at both low and high temperatures especially in moist
conditions. Contaminants found in aged catalysts include depositions of P, S, Zn, Ca, N, HCs,
and coke. Depositions of P, Zn, Ca, and S are very hard to remove, and therefore they are
associated with irreversible deactivation [4].

In this study, powdered Pt/beta zeolite (Pt 0.85 wt-%, Si/Al, = 300) and Pt/ZSM-5 (Pt
0.85 wt-%, Si/Al, = 29) catalysts were studied as fresh and after two treatments: hydrothermal
ageing and phosphorus poisoning in hydrothermal conditions. The aim was to evaluate effects
of phosphorus on catalytic activity and characteristics of the catalysts at laboratory-scale.
Simplified model components were used in order to obtain detailed knowledge on poisoning
phenomena of these zeolites. The results showed that the deactivating effects of phosphorus
were stronger than the effects of hydrothermal treatment alone. Phosphorus had accumulated
in the samples during the ageing. The decrease in the specific surface area indicated the

possible reason for deactivation.
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Introduction

Technical alumina (hydrargillite — HG) is known to be the raw material for production of
aluminium hydroxide and alumina. The thermoactivation process of HG in a centrifugal flash-
reactor (TSEFLAR) [1] leads under certain conditions to practically full destruction of the HG
crystal structure to give an X-ray amorphous CTA-product [2]. In comparison to HG, the
CTA-product possesses a higher catalytic activity, a large specific surface area and an X-ray
amorphous structure.

The aim of work is study of formation features of aluminium hydroxide with
pseudoboehmite structure (prepared by hydration of the CTA-product) and aluminium oxide
on its basis.

Results and discussion

Aluminium hydroxide samples were prepared by hydration of CTA-product at certain
conditions. Alumina was obtained by thermal treatment at 600-900°C for 4 hours. Physical-
chemical properties of these hydroxides and oxides were studied using atomic absorption
spectroscopy, DTA/TG, XRD, nitrogen adsorption isotherm, HRTEM, FTIR spectroscopy.

It is shown that hydration of the CTA-product in the acid medium allow to prepare a fine
pseudoboehmite. Depending on hydration conditions of the CTA-product formed
pseudoboehmite is more crystallized also can be refer to “finely crystalline”; or less
crystallized and it properties comes nearer to pseudoboehmite, synthesized by precipitation.
Textural characteristics of CTA-oxides are defined by temperature of treatment and the nature
of initial aluminium hydroxide prepared by hydration of the CTA-product. Total
concentration of surface Lewis acid sites of CTA-oxides is essentially higher than for y-Al,Os.
Distinctive feature of CTA-oxides is that on their surface strong Lewis acid sites are present.
Total concentration of basic sites of CTA-oxides is lower in comparison with y-Al,Os,
however in contrast to y-Al,O3 they contain the strong basic sites.
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The natural gas is alternative source to oil to obtain of synfuel and other valuable products
of the petrochemical synthesis. One of the most rational ways of converting natural gas is its
conversion to syngas with the following conversion to the hydrocarbons. The process of
obtaining of olefins and liquid hydrocarbons from the dimethyl ether and methanol seems to
be more efficient in comparison with Fisher-Tropsch method. The technology of obtaining of
olefins in industrial scale is not realized in Russia.

The purpose of this work was to study of the influence the type of zeolites, molar ratio
Si0,/Al,0s3, the nature of the active metals in the composition of zeolite catalysts on their
activity and selectivity in conversion of dimethyl ether and methanol diluted by nitrogen, and
also influence of reaction conditions, for obtaining mainly light olefins.

Catalytic properties of synthesized laboratory samples of metal-containing zeolite
catalysts were studied in the pilot setup of high pressure with twenty-four-hour running,
providing uninterrupted supply of dimethyl ether. The catalyst testing was carried out at
pressure 3 MPa, temperatures from 300°C to 450°C, gas mixture (% vol.): 24 DME, 76 N,
WHSV=1300 Vlx,ch. A sampling of products of the reaction was carried out after 5 and 23
hours of catalyst run at each temperature. Conversion of methanol was carried out at 0,1 MPa
on SAPO-34 (Zeolyst International) catalyst. All the catalytic materials were characterized by
XRD, IRS, TPD NHj.

It was found that the activity and selectivity of studied catalysts depend on the nature of
metals in the composition of catalysts, molar ratio Si0,/Al,O3 and conditions of a reaction.
On ZSM-5 zeolite (ZAO Nizhnegorodskie Sorbenty) catalysts wide range of hydrocarbons is
observed. There is a wide spectrum of C;-Cg hydrocarbons both paraffins and olefins of

n- and iso-structure in gas product.
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Composition of liquid products is characterizes by a wide range of hydrocarbons to Ci;
n- and iso-paraffins, olefins, aromatics and naphthenes. Both metal nature and temperature of
experiment influences on distribution of hydrocarbons in gas product. Liquid hydrocarbon
product is characterized by high octane number (RON) 90-98.

Conversion of DME reaches maximum values at 350°C, however, a further increasing of
temperature results in gradual decreasing of conversion, which, probably, is conditioned by
partial deactivation of a catalyst. Content of CHy4 in hydrocarbon gas was about 5-10%, of
ethylene about 14-16% and of propylene about 10-12% on the best samples of catalysts. For
all catalysts it is observed decrease in catalyst activity after 23 hours, which, probably, is
caused by forming of high-weight molecular products, blocking the access of reactants to the
active sites of catalysts. On SAPO-34 catalysts narrow range of hydrocarbons C; — Cs is
observed. The SAPO-34 is characterized by high conversion (96%) and high yield of C, — C4
olefins (about 84% wt). However, with the exception of ZSM-5, it is deactivated rapidly due
to coke formation. Increasing of zeolite molar ratio leads to enlargement of stable catalyst run
and decreasing of coke-formation probably due to decreasing of the number of weak acid sites
and increasing of the number of strong acid sites in zeolite.

The explanation of a different behavior of catalysts in the process requires further

researches.
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One of the leaf alcohol cis-hex-3-en-1-ol represents interesting and important substance in
fragrance and flavour industry. Many ways for its preparation were tried, but the most
promising could be the selective hydrogenation of sorbic acid with consecutive chemical
reduction. The sorbic acid hydrogenation represents a very complex problem because of the
large amount of different products (unsaturated acids). Lately, the successive system for
sorbic acid hydrogenation to cis-hex-3-enoic acid was found'. This system uses ruthenium
“naked” pentamethylcyclopentadienyl half sandwich complex with the second ligand
presented by the sorbic acid as catalyst.

In general homogeneous and heterogeneous catalysis differ in many aspects - selectivity
and easiness of re-use of the catalyst are the best-known. By a choice of optimal catalyst and
process conditions, it is possible to obtain very high selectivity in homogeneous catalytic
reactions but catalyst recovery is a serious problem especially in industrial practice. Promising
way is combining the advantages of both catalysis types. This process is the immobilization
of homogeneous complex onto the solid surfaces referred to as ‘“heterogenization of
homogeneous catalyst”. Such operation is not easy because of strict demand on keeping the
structure of the complex unchanged due to binding onto heterogeneous support.

One type of the immobilization of used catalyst could be ionic exchange using smectite
group clays as supports. Cationic part of catalyst can be exchanged with solvated cations in
the clay layers. Different types of support and solvents were used for immobilization.
Immobilized catalyst was then used for sorbic acid hydrogenation using different reaction

conditions and its reuse was realized.

The authors wish to acknowledge GACR (Grants 104/03/0409 and 203/03/H 140).
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Peroxypropionic acid (PPA) is important from an industrial viewpoint. Because of its
oxidative properties, it can be used in the destruction of organophosphorus (as paraoxon) and
of sulfurated pollutants. One way to produce this peroxycarboxylic acid is the oxidation of the

parent carboxylic acid by H>O, in presence of an acidic catalyst:

CH;CH,COOH + H,0, = CH;CH,COOOH + H,O

The catalyst generally used for this reaction is sulfuric acid, but the solution is very acidic
leading to several drawbacks including catalyst separation. For these reasons we have
investigated heterogeneous zeolite and mesoporous molecular sieve catalysts. The selected

catalysts were H-ZSM-5, H-beta and H-MCM-41.

They were synthesized and characterized using XRD, nitrogen adsorption, FTIR, X-ray

fluoroscopy and scanning electron microscopy.

Since there are no reports in the literature on application of heterogeneous catalysis to
PPA synthesis one of the main challenges is to find the optimum conditions (initial
concentration, temperature and rotating speed) for this reaction over zeolites. In the
presentation activity of tested catalytic materials will be discussed and related to the catalyst

structure.
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Biodiesel is a renewable fuel formed by transesterification of triglycerides with a short chain
alcohol, typically methanol (Fig.1 below)." Biodiesel can be used as a direct replacement for
diesel in engines and the market has grown rapidly over the last 10 years due to both legislation
and environmental concerns. This growth looks set to continue worldwide and in particular in
Europe where EU legislation has a target of 5.75% of all fuel to be biofuel by 2010.2

Trlglycerlde

Glycerol Strong acid or
MeOH MeOH MeOH

base catalysts can
JL EJL E catalyse this process
with base catalysis by

sodium or potassium

MeO R MeO R MeO R hydroxide or
Methyl ester product - biodiesel methoxide being the
most common

industrial method.’
The wuse of these

alkaline catalysts can
however lead to

problems of

saponification, which

manifest themselves

as costs due to the

T T T TR TR o e need for pure starting
materials and purification of the products.” There is, therefore, a desire to have an improved
catalyst for this process that will simplify the purification step and allow use of less expensive
feedstocks.

This paper describes the development of novel biodiesel catalysts at Johnson Matthey
Catalysts. In particular the use of a heterogeneous catalyst to replace the homogeneous base
will be discussed.
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The development of the autonomous fuel cell generators poses the problem concerning
the production of the pure hydrogen gas, where CO concentration should be less than
10 ppm [1]. Sorption—enhanced reaction process is one of the best solutions. This process
includes steam reforming of the hydrocarbons in the presence of a CO, sorbent, which
increases the methane and CO conversions, thus allowing the production of hydrogen gas
with low COy concentration [2].

In this work the routine synthesis and studies of the lime-based CO, sorbents were
performed. The dynamic CO, capacity and stability of CaO in the cycles of CO,
sorption/CaCOj; decomposition were studied. The influence of the lime additives (like alkali
and barium carbonates, metal oxides etc.) on the capacity and stability of the sorbents was
examinated. Tests of our materials in the sorption—enhanced reaction process showed the fast
deactivation of the catalysts mixed with the sorbents having high content of alkali carbonates.
Although non-promoted CaO has lower CO, capacity, its usage seems to be more preferable
due to the higher stability of CaO. It was shown that the sorption properties of CaO are
determined by its texture and worsening while the dispersion decreases. The sintering of the
monodisperse model CaO system was studied in the cyclic conditions. It was shown that in
isothermal conditions the dynamic capacity (y) of monodisperse CaO depends on the number
of cycle (x) as follow:

(P, -F?X) 2

The influence of the temperature, CO, pressure and cycling time on the sorbent capacity

y P

was studied by thermogravimetry. The results obtained can be explained by the formation of
two CaO phases: a highly reactive surface and a core phase, the latter being forming a rigid
frame of the sorbent. We developed a method of preparation of the mechanically stable CaO
sorbent with dynamic capacity more than 10 wt.%, which is maintained for several thousands
of cycles.
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Microreactors for the methanol steam reforming has many advantages in comparison with
traditional catalytic systems, for example, high heat- and mass-transfer velocities, high value
of the volume to surface ratio and other. The work is aimed at studying the reaction of
methanol steam reforming in a microchannel microreactor and elucidating the effect of
microreactor and microchannel plates design on the microreactor efficiency. We investigate
two types of the microreactors: cylindrical microreactor with disk microchannel plates and
rectangular microreactor with different microchannel plates. This microchannel plates were
made from porous nickel and porous stainless steel. In the all experiments we use CuO/ZnO
catalyst. The microreactors work more efficiency than traditional fixed-bed reactors. Our
experiments revealed that the optimal diameter of the channels in the microchannel plates is
0,2 mm. The most effective was rectangular modular microreactor (the volume of all
microchannel plates is 18 cm’). At the 80% methanol conversion and the W/F=

1.8 g-min/mmol(MeOH) hydrogen production reaches 52 1/h.
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PRODUCTION OF KETONES FROM C;-C4, SATURATED
HYDROCARBONS OVER MoCrGa-POLYOXIDE CATALYSTS
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Supported polyoxide catalysts on the basis of Mo, Cr, Ga, Bi, and Ce as well as natural
clays of Kazakhstan, were tested in the process of oxidative conversion of propane-butane
mixture. The influence of reaction temperature, contact time, composition and content of
active component of catalyst were determined. The experiments were carried out at
atmospheric pressure in a continuous-flow unit with a fixed-bed quartz-tube reactor. The gas
mixture used for oxidation contained C;Hs—C4H ;¢ from 14 to 80% and oxygen from 4 to 18%
in different ratios at 300-700°C and W=330-15000 h™'. Analysis for the reactants and
products was carried out chromatographically with an "Agilent Technologies" instrument.
The catalysts were characterized by XRD and EM analysis, and their surface area, porosity,
and elemental composition were determined.

It was found that the partial oxidation of propane-butane mixture with varying the
catalytic mixture composition and the contact time yielded acetone, methyl ethyl ketone,
methanol, acetaldehyde, crotonic aldehyde, butanol, and acetic acid, as well as C,—C;
unsaturated hydrocarbons. It was shown that conversion proceeds with the formation of
gaseous and liquid products. Important petrochemicals, such as acetone (500-550°C) and
acetaldehyde (300-350°C) are main liquid products. Ethylene is the main product of gas
phase. Yield of ethylene increases beginning from 450°C. Ternary catalyst is more active than
two-component samples. Optimal space velocities for catalysts with different content of
active phase over carriers were determined. Up to 23% of acetone and 35% of methyl ethyl
ketone on 1%MoCrGa/Clay were produced at W=1350 h'. Increase of content of acetone up
to 31% in catalysate was observed at reduction of propane-butane in reaction mixture. The
determination of the product composition showed that the process follows a complex
mechanism including oxidation, oxidative dehydrogenation, and cracking.

This screening study aimed at searching for appropriate compositions and technological
parameters of the oxidative conversion of propane-butane mixture show that the chosen line
of research is promising and makes it possible to obtain good results in the synthesis of

hydrocarbons and oxygenated compounds.
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Pd-BASED THIN FILMS IN CATALYTIC MEMBRANE REACTOR
APPLICATIONS

Astrid L. Mejdell', Hallgeir Klette?, Rune Bredesen” and Hilde J. Venvik'
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(NTNU), NO-7491 Trondheim, Norway
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Palladium-based membranes can be used for separation of hydrogen from gas mixtures
with 100 % selectivity, or directly in catalytic membrane reactors for removal or addition of
hydrogen. Pd alloyed with Ag or Cu may have hydrogen permeation rates that surpass pure
Pd, and the mechanical strength is significantly improved compared to pure Pd.

From a technological point of view, such membranes are relevant in large-scale as well as
miniaturized applications. The separation of hydrogen from carbon containing product
mixtures (fossil or biomass) offers a stream high in CO, concentration as an additional
benefit. Membranes with 100% hydrogen selectivity are especially suited for feeding low
temperature proton exchange membrane fuel cells that have high demands with respect to
impurities in general and CO in particular.

Hydrogen may be produced from various fuels in one step or by consecutive catalytic
reactions. Methanol is a uniform, liquid fuel that can be converted at moderate temperatures
by the steam reforming reaction (1). Depending on the conditions and the catalyst, the water-
gas shift reaction (2) will play a role in the reactant/product mixture given by (1).

CH,OH + H,O0 < CO, + 3H, AH 4 = +49.4 kJ/mol (1)

CO +H,0 « CO,+ H,; AH,, =-413kl/mol (2

For application in separation of product mixtures or in membrane reactors, the
composition of the gas mixture as well as process conditions such as temperature and pressure
will influence the membrane performance. Molecules present may adsorb and block sites for
hydrogen adsorption and dissociation. The adsorption of CO on Pd is strongly dependent on
temperature, and even small amounts of unconverted methanol are reported to considerably
reduce hydrogen transport.

The impact of surface processes increases with decreasing membrane thickness, where
the transport is not necessarily limited by bulk diffusion. A unique technique for fabrication
of free-standing Pd-based membranes of thickness down to 1 um has been developed at
SINTEF Materials and Chemistry. Permeances of more than 7 x 10°° mol/(m” s Pa) have been
reported for such Pd/Ag membranes at 300°C.

The performance and stability of <2 um thick Pd/Ag and Pd/Cu membranes under water-
gas shift (WGS) and methanol steam reforming (MSR) reaction conditions have been
investigated in a flat, self-supported configuration. By studying thin, unsupported membranes,
surface process influences are enhanced while effects from a support, such as pore diffusion,
are eliminated. Model reaction/product mixtures have been used to identify and isolate effects
on the membrane transport.
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LOW TEMPERATURE NITROGEN THERMODESORPTION:
PROSPECTS AND INSTRUMENTAL REALIZATION

M.S. Mel’gunov, M.B. Demidov, V.P. Titov, V.B. Fenelonov
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Thermoprogrammable desorption (TPD) is widely used to characterize surface properties
of heterogeneous catalysts for decades. H,, Oy, nitrogen oxides, ammonia, CO and some other
gases are used for measuring the accessible surface areas of active components, strength and
concentration of surface active sites, etc. Although, thermodesorption studies in low-
temperature region are not as elaborated as that for high-temperature region.

We constructed a special instrument for low-temperature TPD of N, and argon.
Additionally to adsorption isotherms in a range of 77 — 373 K and 10 — 700 torr, the
instrument allows measuring adsorption isobars and isosteres. Besides, the kinetics of
thermodesorption can be measured in the named range of temperatures and pressures. As a
result in our contribution we present the kinetic thermoprogrammable desorption of N, on
mesoporous and microporous (active carbons and zeolites) adsorbents. Mesoporous materials
show only one peak in a range of 90 — 150 K insignificantly dependent on the chemistry and
geometry of adsorbent surface. Zeolites have at least 3 peaks, which we attribute to desorption
from the external surface (90-150 K), from micropores (150-250 K) and from the sites of N,
strong adsorption (exceeding 250 K). The latter sites are known binding N, due to its strong
quadrupole moment. Active carbons show relatively wide distributions of desorption

temperatures due to disordered system of micropores.
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COORDINATION AND OXIDATION STATE OF COBALT IONS IN
Co-CONTAINING BEA ZEOLITES: XRD, FTIR and TPR
INVESTIGATIONS
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The state of cobalt in two cobalt-containing BEA zeolites was studied by XRD, TPR and
FTIR spectroscopy using CO and NO as probe molecules. One of the samples, CoAIBEA (0.4
wt % of Co), was prepared by conventional ion exchange and the other, CoSiBEA (0.7 wt %
Co), by two-step post-synthesis method using dealuminated SiBEA zeolite. The introduction
of Co to SiBEA led to an increase in unit cell parameters of the BEA structure and to
consumption of silanol groups in vacant T-sites of dealuminated BEA. In contrast, no
structural changed were observed after incorporation of cobalt into AIBEA by ion-exchange
as AIBEA and CoAIBEA have the same unit cell size. The much higher reduction temperature
of Co*" ions in CoSiBEA zeolite (1100 K) than that found for CoAIBEA (780 and 630 K)
indicates a strong interaction of Co>" with SiBEA.,

Low-temperature CO adsorption on CoAIBEA results in (i) species formed with the
support (H-bonded CO showing bands at 2174, 2165 and 2156 cm™), (ii) Co**-CO species
(2208 cm™) and (iii) a small amount of Co*"-CO complexes (2188 cm™). In agreement with
these results, NO adsorption leads to the appearance of (i) NO™ (2133 cm™, formed with the
participation of the zeolite acidic hydroxyls), (ii) Co’-NO (1932 cm™) and (iii) a small
amount of Co>"(NO), species (vs at 1898 and v, at 1814 cm™).

Low temperature CO adsorption on CoSiBEA leads to formation of only one type of
hydrogen bonded CO (2156 cm™, on the silanol groups). In addition, two kinds of Co**-CO
species are found (carbonyl bands at 2185 and 2178 cm™). No Co’" cations have been
detected. Adsorption of NO confirms the absence of Co" ions and acidic hydroxyls (NO" and
Co’*-NO species have not been formed). Instead, two kinds of Co* (NO), species are detected

(vs at 1888 + v, at 1808 cm™! and v, at 1878 and v, at 1799 cm'l, respectively).
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SYNTHESIS OF MODIFIED Al,O; AEROGELS AND THEIR ACTIVITY
IN DEHYDROCHLORINATION OF 1-CHLOROBUTANE AND
(2-CHLOROETHYL)ETHYL SULFIDE

Ilya V. Mishakov, Alexander F. Bedilo, Vladimir 1. ZaikovsKii,
Shawn Fultz*, and Kenneth J. Klabunde*

Boreskov Institute of Catalysis SB RAS, Novosibirsk 630090, Russia
* Department of Chemistry, Kansas Sate University, Manhattan, Kansas 66506

A series of nanoscale aerogel-prepared (AP) alumina, carbon-coated alumina and
sulfated alumina samples have been synthesized and their reactivity in dehydrochlorination
of 1-chlorobutane and (2-chloroethyl)ethyl sulfide has been studied. The effects of solvent
and gel modification with several organic and inorganic acids, and P-diketones on the
textural properties of nanocrystalline alumina synthesized by modified aerogel procedure
have been studied. The highest specific surface areas exceeding 1000 m*/g were obtained
for samples prepared with an ethanol-toluene mixture used as the solvent. Addition of
different agents limiting the growth of alumina nanoparticles in small concentrations had a
positive effect on the surface areas of the aerogels. Carbon-coated alumina samples with
high surface areas were prepared after high-temperature evacuation of alumina aerogels
modified with organic agents.

The activity of high surface area nanocrystalline alumina materials in
dehydrochlorination of (2-chloroethyl)ethyl sulfide and 1-chlorobutane compares favorably
with that of other nanocrystalline metal oxides. For example, the temperature of
1-chlorobutane decomposition could be decreased by ca. 100°C in comparison with AP-MgO
extensively studied earlier while maintaining 98% selectivity to butenes. The initial reaction
rates over alumina-based aerogels could be further significantly increased by surface
modification with sulfate groups achieved by addition of sulfuric acid before gelation.
Sulfated-doped alumina aerogels had high surface areas ca. 600 m*/g after calcination at
600°C and showed excellent acidic properties typical for sulfated alumina. For instance,
(2-chloroethyl)ethyl sulfide conversion in pentane solution at room temperature over sulfated
aerogel alumina was 3 times higher than on AP-Al,0; and 8 times higher than on AP-MgO.

Financial support by the Russian Foundation for Basic Research (Grants 06-03-32712,
05-03-33000, 06-03-32540 and 06-03-33107) and the US Army Research Office is
acknowledged with gratitude.

137



P-61

NANOCRYSTALLINE AEROGEL VOx/MgO CATALYSTS FOR
OXIDATIVE DEHYDROGENATION PROCESSES
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Nanoscale aerogel-prepared (AP) alkaline-earth metal oxides are known for more than a
decade as effective sorbents for neutralization of toxic compounds and wastes [1]. The high
reactivity of AP-MgO is related to high concentration of various active sites on the surface of
3-5 nm oxide nanocrystals with high surface area (~ 500 m%g). AP-MgO has been recently
reported as a promising support in preparation of VOx/MgO catalysts for oxidative
dehydrogenation of butane in the presence of molecular iodine [2].

AP-VO,/MgO catalysts containing various loading of vanadium with high surface area
and good stability were obtained by co-gelation using VO(OC;H7); added to Mg(OCHs),
solution prior to hydrolysis and gelation. The resulting materials were extensively
characterized by physicochemical methods and used as catalysts for oxidative
dehydrogenation of propane (ODP) in the presence of iodine vapor and without it.

Materials after supercritical drying in the autoclave had surface areas as high as 1000-
1300 m*/g. After calcination in air at 600 °C required for synthesis of active catalysts it
decreased to 250-340 m*/g that is still far superior to those obtained by other methods [2].
According to high-resolution TEM data, this synthesis method allowed us to obtain catalysts
with rather small particle size and the most uniform vanadium distribution on the surface.

The catalysts prepared by co-gelation also proved to have high activity and C;Hs
selectivity in ODP reaction at temperature range of 400-600 °C. Their propylene selectivity at
400-450 °C was close to 100% with optimum vanadium concentration 5-10 wt.% V.

Acknowledgment. This study was supported by Russian Foundation for Basic Research

(Grants 06-03-32540, 06-03-32712 and 05-03-33000).

[1] K. J. Klabunde, J. Stark, O. Koper, C. Mohs, D. G. Park, S. Decker, Y. Jiang, I. Lagadic, D. J. Zhang, J.
Phys. Chem., 100 (1996) 12142.
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The selective oxidation of isobutane in order to obtain C4 oxygenated compounds is an
important reaction from theoretical and practical point of view.

For this oxidation the nature of catalyst and the strength of the M-O bond are very
important.

Four

catalysts V,0s5-MoO; (10,30,50,90 %

(NH4)sM070,4-4H,0 and NH4VOs5 precursors.

V,0s, wt) were prepared from

A solution of 15% (NH4)¢Mo070,4-4H,0 was added to a solution of 2% NH4VOs3, and the
obtained solution was heated at 90°C and stirred until water was evaporated.

The precipitate was dried at 100°C for 15h, followed by calcination in air at 200°C for 2h,
400°C for 2h and 600°C for 4h.

The obtained catalysts were characterized from structural and textural point of view by
XRD and BET, respectively.

The phases observed for those catalysts are presented in table 1.

Table 1.The phases observed on M0O3-V,0s5 catalysts

% V,0s5 Phases observed
10 MOO3 VzMOOg - - V02
30 MOO3 VzMOOg M06V9040 V205 V02 -
50 MOO3 VzMOOg - V205 V02 Mo
90 - VzMOOg V205 - -

It can be observed that V,MoOgs phase is present in all samples, MoOj is present in the
first three samples, while V,0Os is present in the last three. The specific area, average pore
diameter and pore volume were determinated by BET.

The results are showed in table 2.

Table 2. The specific area, average pore diameter and pore volume for V-Mo-O catalysts

% V,05 SSA (m’/g) Average pore diameter (nm) V, (cm’/g)
10 1.81 11.09 0.0056
30 1.63 11.97 0.0052
50 0.94 15.27 0.0025
90 2.66 15.38 0.011
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It is observed that the specific area for all samples is small, and decreases until 50% V05
in the catalyst, then increases for the 90% V,Os catalyst. The average pore diameter increases
from the 10% V,0s to the 90% V,0s catalyst.

The four catalysts have been tested in the selective oxidation of isobutane. The catalytic
properties were determined between 350-550°C.

For all catalysts, an increase in the conversion of isobutane was observed when the
temperature increases. For the 10% V,Os catalyst, conversions were between 6.7 and 14%
and, for the 30% V,0s catalyst, between 1.5 and 14%, with smaller conversions at the same
temperature compared with the 10% V,0s sample. For the 50% V,0s and 90% V,0s
catalysts, conversions are much higher, between 8 and 30%. For the 10 and 30% V,Os
catalysts, the selectivity in partial oxidation products is higher (60-95), (the selectivity in
isobutene decreases with increased temperature), while for the 50 and 90% V,0Os catalysts the
selectivity in total oxidation products is high (60-80%).

The high selectivities for total oxidation products for the 50 and 90% V,0Os catalysts can
be explained by the fact that V,0s prevails for these samples, and this is a powerful oxidation

agent in comparison with MoOs, which is predominant in the samples with 10 and 30% V,0Os.
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NEW SUPPORTS FOR Au PROMOTED Co BASED CATALYSTS
FOR HYDRODESULFURIZATION

R. Murania'*, A.M. Venezia®, G. Deganellol’2

'Dpt. Chimica Inorganica ed Analitica“ S Cannizzaro” Univ. Palermo Ve delle Scienze-
Parco d’' Orleans Palermo 1-90128, Italy
|]SMIN-CNR via U. La Malfa, 153, Palermo 1-901486, Italy
*Corresponding author. Tel : +390916809366; Fax :+390916809399;
E-mail: rmurania@libero.it

The ever increasing amounts of heavier feeds and the severe restrictions imposed on the
allowed percentage of sulphur-containing compounds, as well as aromatics in the different
distillates make the hydrodesulfuration (HDS) of petroleum fractions one of the most
important process in the refening industry. The synthesis of more active HDS catalysts are
required [1].

One of the major factors that affect the activity of a HDS catalyst is the interaction
between the active components of the catalyst and the support. Generally, the catalytic
activity rises with increasing active species area. The use of a new family of mesoporous
materials (MCM and HMS) as catalyst support gives possibilities to have the combination of
high surface area and regular pore structure, which enables greater control over catalyst
activity and uniformity of active sites.

In this work mesoporous materials (MCM-41 and HMS) [2-3] were used as supports of
Co and gold promoted Co catalysts. The supports and catalysts were characterized by N,
adsorpition-desorption (Sggt), X-ray diffraction (XRD) and X-ray photoelectron spectroscopy
(XPS). The catalysts were tested in the reaction of hydrodesulfurization (HDS) of thiophene.
The results showed that the high catalytic activity is related to the degree of
oxidation/sulfidation of the Co species. For the single cobalt catalysts the catalytic activity
measured in the HDS of thiophene depended strongly on the cobalt oxide dispersion and on
the Co **/Co *" atomic ratio. The effect of gold is discussed in terms of increased cobalt
dispersion and reducibility.

1. K.G Knudsen, B.H. Cooper, H.Topsoe, Appl. Catal. A, 205, 1999, 189

2. C.T.Kresge, M.E. Leonowicz, W.J. Roth, J.C. Vartuli, J.S. Bech, Nature, 3591992, 710
3. N.M.-Astorga, G. Pecchi, T. J. Pinnavaia, G. A.-Manoli, P. Reyes, J. Mol. Catal. Chem. 247, 2006, 145
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The detoxification of the hydrocarbons pollutants is one of the global environmental
problems. High and stable activity in the reaction of complete benzene oxidation (CBO) over
gold-vanadia catalysts supported on titania and zirconia [1], mesoporous titania and zirconia
[2] and ceria [3], have been already established. One crucial factor for the selection of highly
active gold catalysts is nature of the support. The important role plays the promoter used. The
aim of the present study is to clarify the role of the support nature and the effect of the
promoter on the catalytic activity in CBO over supported gold catalysts. Two series of gold
catalysts, supported on ceria and titania (anataze), were prepared by deposition precipitation
method. Then vanadia or molybdena (4 wt. %) were introduced as promoters via
impregnation. The samples were denoted as AuMoTi, AuVTi, AuMoCe and AuVCe. The
catalysts were characterized by XRD, Raman spectroscopy and TPR measurements. The
catalytic tests have showed that the catalyst supported on ceria exhibit higher activity than
that on titania. These results are explicable in regards to the high ceria oxygen storage
capacity. The interesting result obtained was that the catalytic activity of AuVTi was much
more higher comparing to AuMoTi catalyst but when ceria is used as support the situation is
completely different — the AuVCe sample is less active than AuMoCe one. The lowest
temperature of 100% conversion of benzene (190 °C) is achieved in the presence of AuMoCe
catalyst. For all samples studied the average size of gold particle is < 5 nm. By Raman data
the presence of hepta-molybdate and molybdate in traces was detected in MoTi sample. Less
amount of hepta-molybdate and the coexistence of molybdate were registered for AuMoTi.
The predominant presence of molybdate species was characteristic for MoCe and AuMoCe
catalysts. For the VTi sample the presence of metavanadate was observed while for AuVTi

the strong decrease of metavanadate and pyrovanadate formation is seen. The predominant

142



P-64

part of VOx species in the case of VCe and AuVCe were the distorted metavanadate. The
comparison of the TPR profiles of the samples on titania, promoted by vanadia and
molybdena, showed differences in the reduction activity depending on the promoter. Three
peaks are recorded in the TPR profile of MoTi sample (T at 410, 590 and 710 °C). In the
presence of gold (AuMoTi) only the first peak was shifted towards significantly lower
temperatures (125 °C) while the position of the other peaks was fast the same. The conclusion
is that only a part of MoOy species loaded are influenced by gold and available for the low
temperature CBO. In contrast to these results one main peak of VT sample with Tpax was
observed at 445 °C and in the presence of gold the reduction of VOy species was shifted to
lower temperatures (Tmax 120 °C). By this way, the H, consumption (e.g. the oxygen capacity)
in the low temperature interval was significantly higher for the catalysts promoted by vanadia
then that promoted by molybdena. This result can satisfactory explain the observed much
higher activity in CBO of AuVTi catalyst compared to AuMoTi one. The situation with the
catalysts supported on ceria was different. One complex TPR peak connected to the reduction
both of ceria surface layers and molybdena or vanadia species was shifted toward lower
temperatures in the presence of gold. The H, consumption of AuMoCe is higher than that of
AuVCe which is in agreement with the higher catalytic activity in CBO of gold—molybdena

catalyst supported on ceria.
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Functional polymers revolutionized organic synthesis and catalysis at the end of the
twentieth century. Transformations of functional groups in such polymers (often multi-step)
can lead to immobilization of metal complexes, on the one hand, or certain intermediate
products, on the other one. Other advantages of using polymer matrices are rapid product
purification and ability to complete the reaction through the use of an excess of reagents.
Thanks to these characteristics they can be widely used as supports for catalysts or solid
matrices for organic synthesis (solid phase organic synthesis SPOS) [1,2].

In our presentation new three-components, cross-linked glycidyl methacrylate or
2-hydroxyethyl methacrylate copolymers obtained by a suspension polymerization procedure
are shown. Good swelling characteristics in common organic solvents and loading capacity
(an epoxy or hydroxyl groups content) in range of 1-1.5 mmol per gram of a resin, made
obtained materials (after further chemical modification) interesting as it comes to catalytic
applications. Therefore, the construction of chelating ligands on the polymers was performed.
Series of imine-bound resins were obtained which were then used to complex with cobalt
ions. The catalysts prepared in this way were tested in the reaction of carboxylic acids with

epichlorohydrin. The catalytic activity of mono and diimine systems was compared.
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Pt,Fe-CONTAINING HYPERCROSS-LINKED POLYSTYRENE AS
CATALYST FOR WET AIR OXIDATION OF PHENOL

L.M. Okhapkin, L..M. Bronstein, P.M. Valetsky, I.B. Tsvetkova, N.S. Kushakova,
E.M. Sulman, M.G. Sulman, V.G. Matveeva, V.Y. Doluda, Y.V. Yaminskii,
M.O. Gallyamov, A.R. Khokhlov

Moscow Lomonosov State University, Physics Department, Leninskie Gory,
119992 Moscow, Russia, E-mail: okhapkin@polly.phys.msu.ru

Phenol contaminants of industrial wastewaters are very dangerous for aquatic organisms
and the problem of dephenolization is of vital importance for basins of many rivers. Most
methods of dephenolization boil down to sorption of pollutants by various sorbents. In this
case, the pollutants are extracted from water, however to completely remove phenols from
biosphere the extract should be afterwards buried or additionally processed for degradation of
the contaminants. Direct degradation of phenols in wastewaters may help to resolve the
problem. Catalytic wet-air oxidation (CWAO) is a prospective method for transformation of
phenols to non-toxic products. CWAO consists in complete oxidation of organic compound to
carbon dioxide and water using “pure oxidizers” (ozone, oxygen, etc) in presence of catalyst.
A two-zone filter-reactor will be developed for CWAO of phenols. The first zone will serve
for partial oxidation of phenols (up to 95%), whereas the second zone containing a biocatalyst
will help to completely remove phenols from water.

Pt,Fe-containing polymer composites were chosen as catalysts for partial phenol
oxidation. The catalysts were prepared by impregnation of hexachlorplatinic acid and iron (II)
chloride in porous hypercross-linked polystyrene (HLP). Pt-impregnated HLP beads were
dried in vacuum to obtain Pt-containing clusters of nanometer size. Fe-impregnated HLP
beads were dried in vacuum, subsequently treated with sodium hydroxide and hydrogen
peroxide to obtain nanoparticles of iron (III) oxide. The catalysts obtained were characterized
by transmission electron microscopy (TEM). The TEM studies showed that the catalysts
contained particles of Pt and iron (III) oxide sizing to 2-4 nm. The catalysts were tested in the
processes of CWAO of phenol. The use of the catalysts containing iron (III) oxide
nanoparticles (4,5 wt%) only resulted in 10% phenol conversion. The metal content in the
catalysts containing Pt was varied from 0.1 to 5 wt%. The best results (conversion of 95% and
turnover frequency of 0,64 1/s) were detected for catalysts with metal content of 0.1 wt%.
The Pt-catalysts are prospective for testing in the first zone of the two-zone filter-reactor.

Financial support from NATO Science for Peace Programme, project SfP-981438-
Phenols is highly acknowledged.
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Influence of nature and the content of zeolite in composition of Pt-catalysts on
isomerization and cracking activity in modeling reaction of isomerization of n-hexane and
Cs-Cio gasoline fraction of Fischer-Tropsch synthesis are investigated. It is shown, that
isomerization activity of bifunctional catalysts are determined substantially by zeolite nature,
its content in catalyst, temperature of experience and acid properties of zeolites.

Now isomerization is the most important octane boosting process for the gasoline.

In this work influence of nature and the content of zeolite in Pt-catalysts on isomerization
and cracking activity in reaction of isomerization of n-hexane and hydrocarbons of Cs-Cig
gasoline fraction in conditions of industrial process are investigated.

Catalysts based on zeolites (Y, B, ZSM-5, USY, Mordenite) were obtained by formation
of zeolite with Al,Os3, then dried up and calcinated at 500°C and then impregnated by solution
Pt(NH3)4Cl,. Zeolites were investigated by XRD, IRS, TPD NHs. As a result of the researches
of catalytic properties of Pt-zeolite samples, it was showed, the conversion of n-C¢H4
increases with growth of zeolite content and temperature in the order Y<MOR<B<ZSM for all
samples of catalysts. Selectivity to i-Ce increases in the order ZSM<B<MORK<Y for catalysts
with the same content of zeolite. Higher isomerization activity of Y, 3 catalysts in comparison
with ZSM catalysts may be explained by various structural and acid properties of these
zeolites. Y-to-USY zeolite modification leads to increasing of n-hexane conversion and i-Cg
selectivity.

Catalyst such as Pt-loaded Al,O3; shows isomerization activity only for Cs-hydrocarbons
in hydroisomerization of Cs-Cjo fraction. Pt-loaded zeolite (Y, USY, B) catalysts show
isomerization activity for all gasoline hydrocarbons.

So isomerization activity of bifunctional catalysts is determined by zeolite nature, content

in catalyst and temperature.
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ALUMINA SUPPORTED THIOCUBANE CLUSTER AS A CATALYST
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HYDROGEN SULFIDE
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The problem of utilization of wastes, which negatively affect on national health,
environment ant cultural heritage, is a complex worldwide task, which is stipulated by the
requirements of environmental protection and the necessity of rational approaches, from the
viewpoint of both economy and safety. Large amounts of H,S are produced worldwide,
mostly from natural gas production (yearly tonnage are 14.4 million tons) and oil refining (9.6
million tons). Most of the hydrogen sulfide is processed in a Claus plant where the sulfur is
recovered, but hydrogen is jettisoned as water. As an alternative to this method, a new
catalytic reaction for the hydrogen sulfide decomposition is proposed in the report with
obtaining two marketable products instead of one: hydrogen and sulfur

2 H,S <2 Hy + Y Ssads) » AH 0= — 23.0 keal/mol .

The reaction occurs over typical sulfide HDS catalyst at ambient temperature in two steps
(thermodynamics of the reaction is considered in frame of the DFT method [1]). The first
step, stoichiometric reaction of two H»S molecules adsorbed on two adjacent Co atoms with
formation of S-S bond and release of first hydrogen molecule in gas phase, occurs
spontaneously at room temperature. The second stage, catalytic decomposition of surface
intermediate via release of second hydrogen molecule and recombination of molecular S,
sulfur into cyclooctasulfur Sg, occurs very slowly at room temperature (days). To accelerate
this step, new catalyst is proposed. The catalyst consists of thiocubane cluster with Co,Mo0,S4
core [2] supported on the alumina surface. In the cluster a short Co-Co distance 2.52 A is
realized (instead of 3.16 A in the sulfide HDS catalysts). It was shown that activity of the
alumina supported cubane cluster catalyst is much higher in comparison with the typical HDS
catalysts. Material balance on hydrogen sulfide decomposed and hydrogen and elemental
sulfur formed have been calculated.

The paper is supported by the RFBR grant No 04-03-32188.

1. AN. Startsev, I.I. Zakharov, O.V.Voroshina, A.V. Pashigreva, V.N. Parmon, Docl. Phys. Chem., 2004,

v.399, 1, 283-286.
2. T.R. Halbert, S.A. Cohen, E.I. Stiefel, Organometallics 1985, 4, 1689-1690.
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Nitrous oxide is an important greenhouse gas (270 times higher greenhouse potential than
CO,) with a long lifetime of about 150 years in the atmosphere. Due to its long life time it can
be decomposed in the stratosphere by photolysis and oxidation producing nitrogen oxides
which are leading to stratospheric ozone depletion. N,O is produced by both natural (soils,
oceans, atmospheric chemistry) and anthropogenic sources (agriculture, nitric acid and adipic
acid production, power plants). Several technologies have been developed for the abatement
of N,O which involve thermal decomposition, non selective catalytic reduction, catalytic
decomposition and selective catalytic reduction.

A series of metal (noble and transition) based catalysts supported on y-alumina were used to
decompose catalytically N,O. All catalysts (Table 1) were prepared using the dry impregnation
technique. Evaluation of activity and stability of the prepared catalysts was taken place in a
quartz (U-shape tube) fixed bed reactor over a wide range of temperatures (200-600 °C) in the
absence (Pn2o= 0.12 kPa, balance He, Figure 1) and presence of oxygen (mixtures of Pxyo=
0.12 kPa, Ppy=4.4 kPa, balance He) and by adding reducing agents on the reacting mixture
(Pn20=0.12 kPa, Pp,=4.4 kPa, Pcys= 0.45 kPa or Pcesys= 0.23 kPa, balance He).

Table 1: List of catalysts

Catalyst Precursor Calcination

y-ALO; y-ALO; 600°C, 4h
2%Ru/y-Al,0; RuCIxH,O 500°C, 4h
2%Rh/y-Al, 04 RhCl5x3H,0 600°C, 6h
2%In/y-ALO; In(NO;);x5H,0 600°C, 6h
2%Cu/y-ALO; Cu(NO;),x3H,0 600°C, 6h
2%Pd/y-Al,O5 Pd(NO;),x2H,0 600°C, 6h
2%Ni/y-ALOs Ni(NO3),x6H,0 600°C, 6h
2%Fe/y-ALOs Fe(NO3);x9H,0 600°C, 6h
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Figure 1: Activity Tests in the presence of N,O
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Figure 1 shows that the most active catalysts by far were Ru, Rh and Pd. Similar
behaviour was observed for all gas mixtures (e.g. presence or absence of oxygen and reducing
agents). It was clarified that oxygen inhibited the N,O decomposition rate since the
corresponding activity curves were shifted to higher temperatures, while the presence of a
reducing agent shifted the curves to lower temperatures. C;Hg was more active compared to
methane. Finally, and in order to get a better insight on the most active catalysts, stability tests
(12 hours) and various characterization techniques (e.g. XRD, BET, ICP) were performed
only in the case of Pd, Ru (noble metals) and Cu (transition metal) alumina based catalysts.

The proposed mechanism for N,O decomposition in the presence and absence of oxygen
seems to involve the following reaction paths: reversible N,O adsorption on the catalyst
surface followed by irreversible decomposition of adsorbed N,O, with the simultaneous
formation of gas-phase molecular nitrogen and an adsorbed atomic oxygen species. In the
following gas-phase oxygen was then formed via reversible recombination of the adsorbed
oxygen species. However in the presence of reducing agents, it was clarified that N,O did not
directly interact with propane or methane, but their contribution was targeted to the clean up
of the catalyst surface from the adsorbed oxygen species, which were originated from N,O

decomposition or gas phase O,.
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Chromium-containing catalysts are widely used in industry, e.g. the famous Phillips
catalysts (Cr/SiO;) are applied to the polymerization of ethylene at relatively low pressures to
produce high-density polyethylene (HDPE). Other important reactions with chromium-based
catalysts are hydrogenation—dehydrogenation (e.g. production of dibutadiene from n-butane,
methanol synthesis, WGS reaction), oxidation, isomerization, aromatization and selective
catalytic reduction (SCR) of nitrogen oxides with hydrocarbons. In particular Cr-ZSM-5 has
been reported to be a promising catalyst for SCR with hydrocarbons, dehydrogenation of
propane to propylene, oxidative dehydrogenation of ethane to ethylene with CO,, selective
photocatalytic partial oxidation of propane to acetone, toluene disproportionation,
neutralization of VOCs and chlorinated VOC:s, etc.

The species formed after adsorption of NO on a Cr-ZSM-5 sample pre-subjected to
different red-ox treatments have been studied by FTIR spectroscopy. Only NO+, occupying
cationic positions in the zeolite, is formed on a non-reduced sample. Adsorption of NO on
samples reduced by hydrogen at temperatures between 473 and 773K leads mainly to
formation of different mononitrosyl (1890 and 1815 cm') and dinitrosyl species (1910 +
1780 cm™"). The latter are decomposed without producing a measurable fraction of the
corresponding mononitrosyls. The dinitrosyl complexes are likely produced with the
participation of Cr’~ cations. Some Cr" sites are created after reduction of the sample with
hydrogen at 873 K or with CO at 773 K. These sites form another kind of dinitrosyl species
(bands at 1902 + 1768 cm™') which are converted during evacuation to mononitrosyls (band at
1782 cm'). The assignments of the different bands are supported by “*NO-">NO co-

adsorption experiments.
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Introduction

The development of solid base catalysts for fine chemicals production is nowadays a
subject of increasing interest [1,2]. Hydrotalcites [3], zeolites [4] and sepiolites [5], among
others have shown interesting behavior as base catalysts. Moreover, new technologies are
being employed to accelerate such catalytic reactions under mild conditions. Microwave
irradiation is an alternative heating system to conventional heating methods, which affords
interesting reactivity under mild conditions and very short reaction times [6,7].

Several alkaline sepiolites (doped with alkaline acetates) have been tested as basic
catalysts in the alkylation of imidazole under solvent-free and wasteless conditions, by
using focalized microwaves oven (FMW). The reaction in completed in few minutes,
compared to hours when carried out under conventional heating, affording conversions
and selectivities that can reach 100%, by careful choice of catalyst. The N-alkylated
products, are key intermediates in the synthesis of pharmaceutically important
anticonvulsant [8], bactericidal, fungicidal and protozoacidal compounds [9].

The experiments under FMW irradiation were carried out in a monomode microwave
(PROLABO Synthewave 402) device, provided with a reflux condenser attachment, that
can be used to keep temperature, time or power in a programmed mode, with accurate
measurement of temperature at the surface of the sample by IR detection. Thermally
activated experiments were performed using a batch reactor system under stirring.
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The products were isolated by standard procedures and characterized by FT-IR and
GC-MS. Previously to any experiment blank runs were carried out, which showed that
the reaction in absence of the catalyst when used thermal heating was negligible.

In this work, the influence of external parameters (temperature, catalyst amount,
time of reaction, type of alkali-metal promoter and power of FMW) on the microwave
irradiation reaction is studied.

The Figure (% conversion of product in 5 minutes) shows the comparison between
thermal effect and microwave heating during the alkylation of imidazol with the
2-bromobutane, (in both cases 80 °C and 0,02 g of catalyst).
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Conversion (%) of the only product formed,
CATALYST N-a}kylated imidazole.
Reaction temperature: 80°C

M.W./S5min THERMAL / Smin
Sepiolite-Cs" 100.00 47.24
Sepiolite-K 97.92 35.26
Sepiolite-Na" 72.60 27.29
Sepiolite-Li" 66.55 23.33
Sepiolite S9 50.33 18.26
Blank (imid + 2-BrButane) 21.78 8.99

From these results it can be said that the order of activity is:
Sep-Cs™ > Sep-K' > Sep Na" > Sep-Li" > SepS9 > Blank (imidazol + 2-Bromobutane).

The basicity of alkali-doped sepiolites increases with the size of the alkali-metal cation,
which parallels the order of activity under thermal and focalized dielectric heating activation
at the studied temperature (80 °C).

The conversion is greater for the Sepiolite-Cs™ (more active catalyst), which affords the
highest yields towards N-alkylated imidazole. This is mainly due to the significant increase of
the number of basic sites on the surface of the catalyst. For comparative purposes, focalized
microwaves activation (100% conv. with 100% sel. for 5 min, 0.02 g cat. at 80 °C) leads to
much better results than thermal activation (100% conv. with 100% sel. to 210 min, 0,02 g
cat. at 80 °C).

Conclusions

The combination of focalized dielectric heating with alkaline sepiolites as catalysts in
absence of any solvent has been studied during the alkylation of imidazole with
2-bromobutane. The results demonstrate than it is possible to obtain efficient, mild and
effective synthesis of N-substituted imidazole with excellent selectivity (100%). This method
thus offers a practical alternative to conventional heating and traditional base catalysts. The
process itself is environmentally friendly with minimal waste.
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Low temperature catalytic oxidation of CVOC to desired reaction products such as CO,,
H,0 and HCI appears to be the most promising and effective technology for the CVOC
emission abatement [1]. This technology is especially preferable when emissions contain
mixtures of several compounds and low concentrations of halogenated VOCs [2]. In this work
the activities of 16 different Pt, Pd, and Pt/Pd catalysts supported on four different washcoats
were studied with the aid of laboratory scale light-off tests. DCM (dichloromethane), PCE
(tetrachloroethylene), DMF (dimethylformamide), and EGEE (oxitol) were used as model
compounds alone and in mixtures. The concentration of an individual VOC was 500 ppm,
thus the total concentration in the two component mixture tests were 1000 ppm. The gas
hourly space velocity (GHSV) used was ~28 000 h™'. The effect of additives such as water,
ethanol, and ethylene were also tested. In general, Pt-catalysts showed better activity than Pd-
or Pt/Pd-catalysts in DCM oxidation. On the most active catalysts, the DCM light-off was
achieved at significantly lower temperatures (Tso =~ 290 °C) than the PCE (Tso = 480 °C) light-
off. The total conversion (T;o) in DCM oxidation was achieved at 330°C, however, the
maximum conversion of PCE remained at 98% at 700 °C. At moist conditions DMF affected
the DCM conversion positively, e.g. the Tsp of DCM was decreased by ~140 °C. Both,
ethanol and EGEE decreased slightly the conversion of DCM. Any of the compounds or
additives tested did not have an impact on the PCE conversion. The activity of the Pt/Pd-
catalyst was not decreased during of running the CVOC experiment for ten hours. Removal of
the water from the inlet feed decreased slightly the conversion of DCM, but it affected the
yield of HCI significantly. It was observed that water is needed in CVOC oxidation as a

hydrogen source promoting the selectivity towards HCI.
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We have studied two ceria based mixed oxide catalysts in total oxidation of methane,
from a mixture CHy-air. We chose ceria-like basic oxide because of its properties generated
by surface oxygen species and anionic vacancies.

The M-Ce-O catalysts (M = Fe, Ni) were prepared with an M/Ce atomic ratio equal to
20/80. The preparation method consisted in impregnation of ceria with Fe(NOs); and
Ni(NOs),, respectively, using a solution volume equal to the absorption capacity of ceria. A
paste was obtained in each case. Pastes were dried 1 h at 80°C and 2 h at 120°C. The obtained
solids were calcined under air at 200, 300, 400 and 500°C for 1 h at each temperature, and,
finally, at 700°C for 4 hours. All the solids were grinded and sieved to 2-3 mm before
catalytic test.

Powder X-ray diffraction (XRD) patterns of the catalysts were obtained using Cu Ka
radiation. The diffraction patterns shows the formation of a homogenous mixture of two
oxides, without formation of any compound. The specific surface areas of the two catalysts,
Ce0,-Fe,0O3 and Ce0O;,-NiO, measured by the BET method using nitrogen adsorption, are
small, and their values are: 4,93 m%/g and 4,11 m?/g, respectively. The two catalysts were
characterized by measurements of electrical conductivity and the type of semiconductor was
established.

The samples were tested in the catalytic complete oxidation of methane. The catalytic
activity for each catalyst was evaluated as a function of reaction temperature and gas flow
rate. The two catalysts show a higher catalytic activity than other oxide catalysts in the
catalytic complete oxidation of methane.

Figure shows the methane conversion as a function of reaction temperature over the two
studied catalysts, CeO,-Fe,O3 and CeO,-NiO, respectively, in the catalytic complete oxidation
of methane.
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Influence of temperature on the conversion of methane over CeO,-Fe,0; (a) and CeO,-NiO (b).
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The irreversible deactivation of FCC catalysts due to deposition of heavy metals (Ni, V)
from the FCC feed' was investigated in order to develop a more realistic laboratory procedure
for examining the FCC catalyst’s performance and its tolerance to metal deactivation. Two
fresh and the corresponding equilibrium catalysts were the samples under study. The fresh
FCC catalysts were submitted to the standard protocols of laboratory metal deactivation
(Cyclic Deactivation Unit (CDU) and the Cyclic Propylene Steaming (CPS)). As expected,
both CDU and CPS overemphasized the metal effects. Thus, improvement was attempted by
variation of operating parameters crucial for oxidation state of poisonous metals.

Standard characterization techniques were applied on fresh and deactivated catalytic
samples so as to find the correlation between changes in their properties and their catalytic
activity. Unit Cell Size (UCS) of the catalyst was measured with XRD, surface areas and the
micropore volume was measured with N, physisorption, while bulk concentrations of metals
were determined with ICP. Distribution of the elements throughout the catalyst particles was
additionally examined applying SEM-EDS method. Furthermore, development of a new
chemical method is attempted for the determination of the oxidation state of vanadium, which
is a most crucial factor leading to deleterious metal effects.

All catalytic samples were evaluated in both an SCT-MAT unit using a fixed bed
configuration and an AUTOMAT unit using a fluid bed configuration in order to examine
metal effects on FCC catalysts’ activity and selectivity’. The scope is to determine the best
laboratory evaluation procedure for FCC catalysts, which would retrace their different

tolerance to metal deactivation.
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It was recently found (Haruta et al., 1993) that nanosized gold particles supported on
metal oxides may reveal the significant catalytic activity for various reactions, although bulk
gold metal has been long considered as a poor active catalyst. The catalytic performance of
gold in oxidation processes is extensively studied. The properties of Au nanoparticles towards
the catalytic reactions with participation of dihydrogen are much less known.

In this study, the selective hydrogenation of acetylene and butadiene-1,3 which is
employed in industry to purify the alkene polymerization feed has been investigated over
supported Au/Al,O3 and Au/Sibunit catalysts. The dispersion and chemical state of supported
gold were characterized by XRD, TEM and XPS. The Au/Al,Os catalysts exhibit the
monomodal Au particle size distribution with the mean diameter in the range of 2-13 nm
depending on preparation conditions. The Au/Sibunit samples contain gold mainly on the
outside of support granule and show the bimodal Au particle size distribution. The gold
nanoparticles (0=3-5 nm) are formed from Au(IIl) complexes fixed by the oxygen-containing
groups on the carbon surface, whereas the larger particles (d=20-50 nm) are produced as a
result of electrochemical reduction of Au(Ill) complexes by the surface of Sibunit during the
deposition procedure.

The Au/Al,O5 catalysts demonstrate the significant catalytic activity for hydrogenation of
acetylene and butadiene-1,3 in a flow reactor at 60-300 °C and at H,/C,H4/C,H,=5/1/0.005 or
H,/C4He=5/1, which increases with a decrease in the mean diameter of Au particles size, and
high selectivity (~100 %) for alkenes (ethene or butenes). For hydrogenation of butadiene-1,3,
the distribution of isomer products obtained with the Au catalysts differs from that obtained
with Ni and Pd catalysts in the raised content of buthene-1 with respect to the content of
buthenes-2. The Au/Sibunit catalysts even those contain the significant amount of Au
nanoparticles show much lower activity for hydrogenation of butadiene-1,3 as compared with
the Au/ALLO; catalysts.

The work was supported by the Integration interdisciplinary program of the Siberian

Branch of Russian Academy of Sciences (project No. 79).
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Industrial production of methanol is based on the use of synthesis gas. CO, is added to the
feed only to adjust the stoichiometric requirements of the reactions. This process was
commercialized already in 1923 and today several companies including Imperial Chemical
Industries, Lurgi Corporation and Mitsubishi Gas Chemical Company offer technology
solutions [1]. Despite that, mainly because of increased CO, emissions, methanol synthesis
from CO, and H, has attracted wide interest during the last decade. Since the industrial
methanol synthesis catalysts that are effective for the CO-rich feed are not so effective for the
COs-rich feeds under the similar operation conditions [2], catalyst development work is very
important part of research. The present study reports the performance of Cu/ZrO, catalysts
precipitated with different agents and Cu/ZnO/ZrO, catalysts with different suspension aging
times in the methanol synthesis from CO, and H,. Catalyst samples have been characterized
using different methods; ICP-OES, nitrogen physisorption and XRD. Activity measurements
have been carried out in a continuous laboratory scale stirred tank reactor. The results indicate
that the used precipitation agent in Cu/ZrO, preparation and aging time in Cu/ZnO/ZrO,
preparation influenced greatly the characteristics of these catalysts as well as their activity in
methanol synthesis (see Table 1).

Table 1. Summary of the results from characterization and activity tests (T =250°C and p = 30 bar).

SC;:?S’:: CI(:/III(:;?ll'[S physiggg;':ilon Activity tests
Sample Przgé)rlltacing C}]l Zn Zr Na BET (m%/g) con(\zeorgion t(s)erLe;ttlgilt(})/l
aging time (Wt%) (wWt%)  (wWt%)  (wt%) %) (%)
Cu/ZrO, Na,CO; 27.4 - 329 4.7 19 10.6 5.8
Cu/ZrO, NaOH 31.9 - 353 <05 164 18.2 38.2
Cu/ZrO, NH; 313 - 45.1 - 136 9.3 49.6
Cu/ZnO/Zr0O, 0.5h 327 30.2 6.5 34 42 7.7 14.9
Cu/ZnO/Zr0, 12h 31.8 294 7.7 1.3 74 19.6 23.8
Cu/ZnO/Zr0, 24 h 34.1 31.6 6.9 0.8 99 19.4 29.3

References
[1] S. Lee, Methanol synthesis technology, United States 1990, CRC Press, Inc. 236 p.
[2] T. Inui, H. Hara, T. Takeguchi and J.-B. Kim, Cat. Today 36 (1997) 25-32.
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Copper exchanged zeolites attracted great attention due to their excellent catalytic
properties in NOx decomposition,' as well as due to the catalytic activity they show in many
organic reactions.

We focus on Cu(I) exchanged faujasite (FAU). Cu(]) sites alone and interacting with CO
molecule have been investigated. The combined quantum mechanic/interatomic potential
functions method (QM-Pot)’ is applied. Within this approach lattice is divided into the
cluster, conveniently small for advanced methods of the quantum mechanic (QM) — Density
Functional Theory in our case, and the periodic environment, treated at less computationally
demanding methods of the molecular mechanic (MM). Calculations are performed using the
QMPOT® program, which couple Turbomole® package in QM part with the GULP® program
in MM part. QM-Pot gives more reliable results than free cluster models with less
computational effort than periodic QM calculations.

Our calculations shows that Cu(I) positions with threefold coordination (sites I’ and II)
are more stable then these ones with twofold coordination (site III). CO binding is the
stronger the weaker is Cu(I) binding. Reliable CO frequencies can be obtained using
semiempirical scaling based on the CO bond lengths.® CO frequencies in FAU are site
specific, as well as they depend on the number of Al atoms in the nearest neighborhood of the
adsorbed molecule. All results are in well agreement with experimental data.’

Pawel Rejmak thanks Polish Catalytic Network” Nanomaterials as catalysts for new
Environmentally Friendly Processes” for financial support.
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The directed synthesis of monomeric and hard-phase complexes of nickel (II) with

multifunctional polynuclear ligands - benztiazolylformazanes was realized:

s N BOmmcrocn
°R, Ry Ry: H, 4-COOH, 4-SO3H, 5-SO;H,
5-NO,, 4-N(CHs),.

The high flexibility of formazan molecules and an unlimited opportunity of a variation of
fine structure (control of a nature of donor atoms, character of heterocyclic fragments and
substituents R;, R, and Rj) provides firm coordination of metal in compound and makes
possible to conduct directed synthesis of metalcomplexes with designated composition and a
structure.

The carried out spectral researches of complex formation in a solution
benztiazolylformazanes with nickel (II) ions have allowed to reveal participation of o-COOH
or 0-OH - groups in formation of complexes with composition L:Ni=I1:1 involving
coordinately-active oxygen at additional coordinating group in the nearest environment of
nickel ion. In the case of not substituted formazanes formation of complexes is observed
significantly with structure L:Ni (II) =2:1.

The immobilization of sulfurcontaining formazanates of nickel by the ionic mechanism
on anionints AN-18%10 and AN-20x6 provides to retain composition and structure of metal
complex coordination unit.

The catalytic activity of monomeric and hard-phase nickelcontaining complexes are
investigated on an example of decomposition of hydrogen peroxide aqueous solution and
liquid-phase oxidation of sodium sulfide (at 0, 20, 40 and 60°C). The greatest activity and
stability in investigated processes wasobserved for the nickel complexes with mixed
nitrogen—oxygen containing coordinate unit and composition L:Ni=1:1.

The research was supported by RFBR grant Ne 05-03-32023.
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Interactions of transition metal complexes with dioxygen, hydrogen peroxide or
hydroperoxides give various products with incorporated dioxygen named Reactive Oxygen
Species (ROS). Understanding of dioxygen activation mechanism to produce ROS will lead
to developing many fields connected with ,,Green Chemistry”, waste products management,
and biochemical reactions occurring in living organisms. Moreover, ROS can lead to
replacing classical oxidants e.g. heavy metal salts and oxides.

Catalytic properties of manganese (III) complexes with different salen-like ligands in
oxidations of organic compounds with hydrogen peroxide are broadly described in literature.
However, iron-salen complexes were rarely applied as catalysts of above reactions.

In this work we present the results of oxidation of cyclohexene by dioxygen and hydrogen
peroxide catalyzed by metal-salen-like complexes. Products of this reactions are mainly
2-cyclohexen-1-one and 2-cyclohexen-1-ole (in molar ratio 2:1). Cyclohexene oxide is

formed in trace amounts.
Complexes 0 OH
Me - (salen-like)
+ + 0
O, or/and HOOH

The product profiles after 24 and 48 h reaction time indicate that 1.0 mM Fe(salen)/O,

(0.2 atm)/1 M substrate combination is the most reactive (81 and 110 products/catalyst
turnovers, respectively).

Presented results point out that metal-salen-like complexes (especially Fe'

(salen)) are
useful as catalysts in oxidation of unsaturated hydrocarbons by dioxygen. These complexes

can also catalyze oxidation of limonene by dioxygen.
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Three catalyst samples of MgO, CaO, and SrO promoted with 5 mol% Nd,O; have been
studied for the oxidative dehydrogenation of propane. They were prepared from nitrate
solutions of the corresponding metals by evaporation and decomposition of the nitrates to
form intimate oxide mixture of neodymium and alkaline earth (AE) metals. Pure MO oxides
(M=Mg, Ca or Sr) were also prepared to compare catalytic performances. The samples were
calcined at 650 °C for 3h before being put in the reactor and activated at 600 °C in air flow for
1h before catalytic testing.

The specific surface areas equaled: 11 m*/g for MgNd-0, 2.0 for CaNd-O, and 0.5 for
SrNd—O samples. IR spectra showed that the starting nitrates have been decomposed to form
oxides. Lattice M—O vibrations, carbonate species, OH groups, and water were detected.
According to XRD analyses well crystallised MgO, CaO and SrO were formed together with
solid solutions of Nd in AE oxides and of AE metals in Nd,O3;. XPS data, before and after
catalytic reaction, showed no appreciable element segregation toward the surface.

Fixed bed flow reactor, with its free volume filled with quartz particles, was used to study
the reaction. The feed gas composition equaled CsHg/O,/N, = 20/10/70 vol.%, catalyst
weight: 30—110 mg, total gas flow: 30-90 cm’ min . At low conversion of propane at 500 °C
the highest selectivity to propene (20%) was obtained with SrNd—O but it dropped very fast
with increasing conversion. At propane conversion between 6 and 15% CaNd—O manifested
the best selectivity (between 17 and 9%), whereas for MgNd—-O the conversion reached the
highest values (47%) but with low selectivity (about 10%). In general, the selectivity follows
the surface basicity (i.e. Sr>Ca>Mg) and the conversion oppositely. In conclusion, it appears
that pure AE oxides lead the high selectivity and low conversion while the Nd,O3 contributes

to higher conversion.

Acknowledgements: The financial support by the French Ministry of High Education and by the
National Research Science Funds in Bulgaria and Romania within the programmes “Rila” and
“Brancusi” is gratefully acknowledged.
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Approach of fractal geometry has been used for the analysis of a few related problems of
chemistry of surface and heterogeneous catalysis. The effects of complex morphology of
catalysts, adsorbents and surfaces of electrodes on different molecular processes have been
determined theoretically and experimentally. It was shown that fractal geometry can be used
for finding out dependencies between geometry of the surface and functional properties of the
heterogeneous catalysts.

On the basis of developed theoretical approach of fractal analysis the morphology of
surface of polycrystalline gold and carbon nanotubes was studied. Carbon nanotubes were
synthesized in a CVD catalytic process in atmosphere of ethylene in the presence of water
vapors. We have used atomic-force microscopy (AFM), transmission electronic microscopy
(TEM) and cyclic voltammetry (CV) for analysis of details of fractal structures on micro- and
nanoscale level. We have developed the method for determination of roughness of surfaces
based on the calculation of fractal dimension of images of AFM and TEM. The method based
on CV cathode peak current dependency of scan rate was used for calculation of active
surface area of the electrode as well as for determination of its fractal dimension. Application
of fractal analysis in combination with these methods is the useful tool to control the state of

fractal structures of catalysts and their functional properties.

162



P-82

EFFECT OF Ce CONTENT ON THE THERMAL BEHAVIOR
OF NANOSTRUCTURED Ce-TiO, (ANATASE) OXIDES

Shutilov A.A., Zenkovets G.A., Tsybulya S.V., Gavrilov V.Yu., Kryukova G.N.

Boreskov Institute of Catalysis SB RAS,
Novosibirsk, 630090, Russia. E-mail: alshut@mail.ru

Introduction

Titanium dioxides are used as adsorbents, supports and catalysts for different catalytic
reactions. The low thermal stability of titania with anatase structure is the main disadvantage.
The present work is devoted to the study of thermal stability of Ce-doped TiO, (anatase)
during thermal treatment.
Experimental

Ce doped TiO, (3-15% Bec. CeO,) samples were prepared by incipient wetness
impregnation of TiO, (anatase) with cerium nitrate solution, followed by the air calcinations
at 300-900 °C for 4 h. Samples were investigated by XRD, HREM and adsorption methods.
Results

Fig. 1 shows the sharp decrease in the specific surface area of pure TiO, while the heating
temperature is increased. In Ce-doped TiO, the specific surface area remains nearly constant

up to 400 °C and than decreases with growth of the heating temperature.

350 ® TiO, Fig.1. Effect of the heating temperature on the
: 2:;" gegz g;z" 1!82 specific surface area of TiO, and Ce-Ti-O
300 4 o Le), o 110,
v 10% CeO, 90% TiO, samples.
250 * 15% CeO, 85% TiO,

Noncoherent  agglomeration  of

200 TiO, nanocrystals with formation of

150 intergrain boundaries between them is

2 -
Surface area, m g1

100 observed when the calcination

.. temperature is increased above 400 °C.

Cerium ions are stabilized in the

200 300 400 500 600 70 800 vicinity of intergrain boundaries. In the
Temperature, °c . . .

wide range of calcination temperatures

the specific surface area of Ce-Ti-O samples is higher than that of pure TiO,. The presence of

cerium in Ce-Ti-O mixed oxides results in the stabilization of anatase structure and high

specific surface area during the thermal treatment up to 900 °C.
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There are two main, thoroughly studied, approaches for Pd/C catalyst preparation based
on the H,PdCly hydrolysis and palladium hydroxide precipitation onto a carbon surface:
method (1) where an alkali is introduced directly into the H,PdCl4+C suspension [1], and
method (2) where an alkali is gradually added into the aqueous solution of H,PdCl, up to pH
5-6 followed by aging the mixture and contacting it with the support [2]. Another promising
way, but unstudied till now, (method 3) means the solution of H,PdCls to be mixed with an
excess of alkali followed by aging during a period of t (0.25 — 24 h) before the contact with
carbon or it is introduced directly into alkali+C suspension without aging (t=0). At the same
time, it is known that the higher pH of the catalyst precursor solution contacting with the
support grain, the more palladium is located on its periphery [2]. So, it was of interest of
studying the catalyst formation according to the method 3.

In this work an attempt was made to prepare a set of samples of 1%(wt)Pd/C catalysts by
the method 3, with carbonaceous material Sibunit (Sggr= 350 m?/ g, grain size 0.09-0.18 mm)
being chosen as support and Na,CO; solution being used as the alkali agent at Pd/Na ratio of
1:5 - 1:21. For comparison, samples of 1%(wt)Pd/C catalyst were prepared by methods 1 and
2. Catalyst samples were washed, dried and reduced by hydrogen at 423 K. Dispersion of Pd
was determined by the pulse CO chemisorption method and found to be 0.3-0.54. Catalytic
activity and efficiency of the catalyst grain were estimated in liquid-phase hydrogenation of
cyclohexene at 286 K, which is known as a structure-insensitive reaction.

Increasing in the aging time (t) of H,PdCl4+NayCOs solution was shown to decrease Pd
dispersion. While 1=0.25 h, the increase of the Pd/Na ratio from 1:5 to 1:9 gives a rise of
catalyst dispersion from 0.05 to 0.30, but further increase of the Pd/Na ratio doesn’t affect the
dispersion of Pd/C. Comparison of the efficiencies of the catalyst grain of the Pd/C catalysts
prepared by method 3 with the reference to those prepared by methods 1 and 2 indicates that
the method 3 provides egg-shell distribution of Pd throughout the support grain.

1. P.A. Simonov, V.A. Likholobov. Physicochemical aspects of preparation of carbon supported noble metal
catalysts, in: Catalysis at Nanoparticle Surfaces (A. Wieckowski, E.R. Savinova, C.G. Vayenas, eds.), 2003,
Marcel Dekker, Inc., New York, 379-407.

2. P. A. Simonov, S. Yu. Troitskii and V. A. Likholobov, Kinet. Catal. (Russ. Ed.) 41, 281 (2000).

164



P-84

HOMOGENEOUS PYROLYSIS OF C,-C; HYDROCARBONS
UNDER CO,-LASER-INDUCED HEATING

Sklyar O.P.!, Chernih I.G.2

'Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia
Fax: +7 383 330 80 56, E-mail: sklyar _o@gorodok.net
?|nstitute of Computational Mathematics and Mathematical Geophysics SB RAS,
Novosibirsk, Russia
Fax: +7 383 330 87 83, E-mail: chernih@mail.ru

A dehydrogenation of C,-Cs hydrocarbons is an important field of chemical technology’s
development. Reaction investigation in such situation is connected with distinguishing
between homogeneous reactions of hydrocarbons in the reactor’s volume and heterogeneous
processes on the reactor’s walls.

In order to analyze homogeneous reactions dehydrogenation of C,-C; hydrocarbons was
investigated under conditions of a wall-less reactor when heterogeneous processes are
excluded. Reactor was 6.5 cm’ in volume and had a design feature - the heat energy was
supplied directly to the gas at atmospheric pressure using a continuous CO, laser with the
radiation power up to 120 W at the power density up to 10* W/ecm®. Since ethane does not
absorb radiation of the CO, laser, it was mixed with ethylene or propylene which are
characterized by a strong absorption band at 10.6 um. The reactor design ensured the gas flow
to be bifunctional, i.e. a part of the high-dense mixture behave as a heat insulator between the
quartz walls at the temperature not higher than 125 °C and the reaction zone at the
temperature not higher than 1000 °C.

Conversion from C,-C; hydrocarbons to ethylene in a wall-less reactor was studied
theoretically and experimentally. It was designed a mathematical model of homogeneous
pyrolysis of C,-Cs hydrocarbons mixed with ethylene or propylene. In proposed model power
of adsorbed radiation is increased during reaction process with reaction product’s accumulation.
Hence according to this model energy catalytic process takes place in the reactor.

Compare of numerical results with experimental data shows that proposed model

sufficiently describes chemical kinetics in reactor.
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We propose a new approach for catalyst development that combines different scientific
disciplines: experimental design, surface science, reaction kinetics and simulations with the

objective of accelerating catalyst development.

KINETIC
MODEL 1
{simulation)

TESTING [— KINETIC DATA FROM |

{MICROREACTOR) MODEL 2 OTHER :
{simulation) SOURCES |

PREPARATION joumgie

KINETIC
MCDEL n
(simulalion}

MECHANISTIC
INFORMATION

Figure 1. New approach for catalyst development

Figure 1 presents the scheme of the approach; the thicker arrows illustrate the information
flow in the traditional approach. In the new approach information will flow along all the
arrows: Exploration of a new catalyst starts with the proposal of a series of reaction
mechanisms. Microkinetic models are derived for each mechanism [1, 2] and data from other
sources such as spectroscopy, isotopic labeling and DFT calculations are incorporated.
Afterwards a small library of catalysts is tested at a limited number of reaction conditions.
After each measurement, all available information is analyzed, and a new measurement is
proposed in order to rapidly uncover the properties of the catalyst. After several catalysts have
been explored, the observed relation between catalyst composition, structure and activity is
used as a source of inspiration for new preparations.

In this paper we present a study of the possibilities of using small kinetic data sets in
microkinetic modeling, and studies of the required precision of temperature measurement.

References

[1] Stoltze P., Microkinetic simulation of catalytic reactions, Progress in Surface Science 65 (2000) 65-150
[2] Lynggaard H., Andreasen A., Stegelman C., Stoltze P., Analysis of simple kinetic models in heterogeneous
catalysis, Progress in Surface Science 77 (2004) 71-137
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Dimethyl ether steam reforming is one of promising method for hydrogen production.
Preferential oxidation of carbon monoxide is used for conditioning of hydrogen-containing
fuel for PEMFC fueling.

This report presents the results on the development and studies of cupper-cerium mixed
oxide catalysts prepared by different methods for dimethyl ether steam reforming and
preferential oxidation of carbon monoxide in hydrogen-rich gas mixtures. The catalyst
performance was studied in a flow setup with on-line chromatographic analysis of the
reaction products. The dependencies of the catalyst performance on the temperature, inlet
composition and feed rate of the gas mixture have been determined. The experiments were
performed at GHSW = 5000 + 20000 h™' and temperature 150-400 °C for dimethyl ether
steam reforming and 50 + 200 °C for CO preferential oxidation.

The effect of CO, and H,O in the feed on the catalysts activity and selectivity was also
studied. Prepared fresh and spent cupper-cerium oxide systems were characterized by means
of TPR, TPO, TPD, XRD, XPS and TEM techniques. The FTIR spectroscopy in situ was
applied for deep characterization of the functioning catalysts.

Based on the results obtained, the nature of active center, reaction mechanism and
potentials of cupper-cerium oxide catalysts for practical application for hydrogen production

in two-stage reactors have been discussed.
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In recent years, a growing amount of attention has been paid to noble metals-supported
catalysts due to their potential applications in industrially important chemical reactions and
environmental protection. However, the catalytic activity of supported Pt- and Au
nanoparticles is remarkably sensitive to the nature of the matrix, as well as on the pre-
treatment conditions of the sample [1,2]. Mesoporous molecular sieves of MCM-41 type are
new supports for Au and Pt. Therefore, the aim of this study is the preparation of Pt/ or
Au/MCM-41 and Pt/ or Au/NbMCM-41 catalysts (by the impregnation) and the
characterisation of their catalytic properties in the methanol oxidation and SCR-NOXx.

The state of Pt and Au in MCM-41 materials was studies by XRD, UV-VIS and FTIR
with NO adsorption techniques. The results clearly indicated the presence of metallic Pt and
Au on the catalysts surface already after calcination. However, contrary to Au/MCM-41, in
the case of Pt/MCM-41 samples cationic form of Pt was also identified. Moreover, it was also
concluded from the TEM results, that the presence of Nb in MCM-41 affects the properties of
Pt-species. Higher dispersion and smaller particle size of Pt was obtained on NbMCM-41 than
SiMCM-41. The interaction of Pt with Nb protects from Pt migration during heating. It is not
a case of Au/NbMCM-41. The effect oxidation state of the metal and chemical composition
of the matrix was took into account in the consideration of the catalytic activity in the CH;OH
oxidation and SCR-NOx by C;Hg. At lower temperatures Pt-containing samples were more
active than Au-modified ones in methanol oxidation. However, the positive effect of
NbMCM-41 matrix on the conversion and selectivity to formaldehyde was clearly seen for
Au-materials. The FTIR studies combined with NO and C;Hg coadsorption clearly indicated
the effect of Nb in Pt/ or AuMCM-41. NbO™ species present in NbMCM-41 enhance the
oxidative activity of the catalyst in NO to NO, step during HC-SCR process. Pt-species is
responsible for C3Hg activation, whereas metallic gold seems to be not active in SCR-NOx.

One can conclude that the catalytic activity of Pt- or AuMCM-41 strongly depends on
the nature of the matrix and the oxidation state of noble metal. Pt- or Au- supported MCM-41
seems to be attractive catalysts for the potential applications in redox processes. However, in

the case of Au/MCM-41 further studies are needed to obtain high catalytic activity.

[1] I. Sobczak, M. Ziolek, M. Nowacka, Microporous Mesoporous Mat., 78 (2005) 103.
[2] G.J. Hutchings, M. Haruta, App. Catal. A: General 291 (2005) 2.
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The metals of Ib group (copper, silver) are widely used as active components of catalysts
in the processes of complete and partial oxidation. Till recently gold was not used since it was
believed totally inactive. However recently it was surely showed that nanosized gold particles
supported on the reducible metal oxides possess high activity in many catalytic reactions. The
pathways of oxidation are determined to a great extent by oxygen species, so their nature is a
key factor in the understanding of the reaction mechanisms. Unfortunately the coordination
and state of oxygen are not established because of certain difficulties in the application of the
surface analysis methods (XPS, UPS, AES etc.) in the investigation of oxygen species on the
surface of the supported gold catalysts. The investigation of the oxygen species on the gold
surface can be used on the surface of massive samples (foils, single crystals, films) using
atomic oxygen, produced on the hot Pt filament.

The experiments were performed using electron spectrometer equipped with XPS and
TPD methods. The polycrystalline gold foil (99,99%) was used as a sample. No
contaminations presence was found during the experiments. The adsorbed surface oxygen was
characterized by means of XPS (Au4f and Ols spectra) and TPD, the reactivity was tested “in
situ” using gas flow of CO, C,Hy4, H, by means of dynamic-XPS at different temperatures. It
was found that interaction of gold surface with atomic oxygen produces two-dimensional gold
oxide layer. Increasing of the time of interaction leads to formation of three-dimensional
Auy0;. The reactivity of adsorbed oxygen in CO oxidation reaction at room temperature was
found to be %=~0,05. While the reactivity towards H, was observed to be much lower
(x=2*10""). This fact is proposed to be important in the mechanism of the preferential CO

oxidation in CO+H, mixtures.
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It is known that decomposition of nitrous oxide (N,O) on FeZSM-5 zeolites leads to the
formation of a special form of surface oxygen (called a-oxygen), which has been shown to be

anion-radical O adsorbed on iron (III) complexes stabilized in the zeolite matrix [1, 2]:

Fe''( ), + N,O — Fel''O7), + N, (1)

a-Oxygen has a very high reactivity and exhibits unique oxidation chemistry providing, in
particular, selective oxidation of hydrocarbons into hydroxylated products. The most known
example is direct oxidation of benzene to phenol over FeZSM-5 zeolites, which proceeds at
nearly 100% selectivity and suggests a potential alternative to the three-step cumene process.
Because of its remarkable features, o-oxygen is a subject of many theoretical and
experimental studies, which results in some cases lead to significant discrepancies related to

the formation mechanism, reactivity, and concentration measurements of O .

The present work is a thorough mechanistic study of a-oxygen using isotopic, adsorption
and spectroscopic techniques. We discovered that under some conditions typical especially of
the experiments conducted with flow units, ai-oxygen, in the absence of reductant, can interact
further with N,O, transforming successively into NO, NO, and NO3 groups. These secondary
transformations dramatically change the chemistry of o-oxygen and explain most
contradictions accumulated in the literature, which in more detail will be discussed in our

presentation.
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Monoterpenes are widely used in flavor and fragrance industry. Among these compounds
R-(+)-limonene is the most abundant, low priced, naturally occurring product, which is
suitable feedstock for production of important compounds.

We have found that labile iron(II) and manganese(Il) complexes activate dioxygen for

oxidation of limonene to produce carvone, carveol, limonene oxide, and perillaldehyde.

o CH(O)
o) HO
L,>*Mell + O, + — ?

Limonene Carvone Carveol Limonene Perillaldehyde
oxide

Me = Fe, Mn

The product profiles after 24 h reaction time indicate that 1 mM [Fell(bpy)22+]solv/02
(1 atm)/2 M substrate and 1 mM [MnII(bpy)22+]solv/Oz(l atm)/2 M substrate combinations are
the most reactive (156 and 270 products/catalyst turnovers, respectively), whereas in the
absence of the catalyst no products are formed.

Voltammetric measurements show that limonene reduces Fe(Ill) complexes to Fe(Il)
ones, which are active catalysts. This is confirmed by the fact that under argon atmosphere the
use of 50 mM of catalyst and 1 M substrate gives no products in the case of [Fe"(bpy)2® Tsolvs
whereas in the presence of [Fe(bpy),® Jsov small amounts of oxidation products were

observed.
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The metal-sulfur bond energy is supposed to be one of the key parameters in the
desulfurization process because it determines the number of sulfur vacancies. It is reported that
support can play a significant role in transformation of oxide forms to an active sulfided state.

The support may accelerate or slow down the sulfidation process. During activation, the
support may react with molybdenum oxides, so their transformation into sulfides might
depend on the strength of Mo-O-X bond. Moreover, the shape and orientation of MoS,
particles may have an influence on HDS activity.

The aim of this work was to find correlation between activity of the catalyst, studied in
hydrodesulfurization of thiophene and the type of support used.

Nickel-molybdenum catalysts, loading 3 and 10 wt % respectively, were prepared by a
“repeated” wetness impregnation of silica, alumina, zirconia and ceria, first with aqueous
solutions of ammonium heptamolybdate tetrahydrate ((NH4);Mo,0,,-4H,0) and next with
nickel (II) nitrate hexahydrate (Ni(NOs3),-6H,0).

Scanning electron microscopy (SEM-EDS), temperature-programmed reduction (TPR) of
oxides forms and TPR of sulfides were used for characterization of molybdenum catalyst.
HDS activities of the systems were measured in a continuous flow reactor at atmospheric
pressure. The catalyst samples were presulfided in situ with a stream of 10%H,S/H, for
1 hour at 370°C before the catalytic test. The conversion of thiophene was calculated from the
analysis data obtained after a two hour run.

Catalysts activity decreased in the order NiMo/SiO,>NiMo/Al,O3 >>NiMo/ZrO>
NiMo/CeO,. The sulfided NiMo/SiO, and NiMo/Al,O3 showed much easier reducibility than
their oxide counterparts. In the case of NiMo/ZrO, and NiMo/CeO; any reduction peaks were

observed in the temperature reaction range (25-370°C) during TPR oxide and sulfide forms.

The financial support of this work by the Polish Scientific Research Council (grant 4 TO9
B 057 25) is gratefully acknowledged.
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Optically active epoxides are key intermediates in organic chemistry because they can
undergo reactions giving a wide variety of biologically and pharmaceutically important
compounds [1]. Mn(IIT) — salen complexes have been reported as versatile catalysts for
enantioselective epoxidation of non-functionalized alkenes [2,3].

In this communications we report on the synthesis of series of symmetric and asymmetric
chiral Mn(Ill)-salen complexes prepared by refluxing manganese(Il)-acetate and the

respective Schiff bases in the presence of lithium chloride in ethanol.

No_ N N N_
Mn~ Mn”.
o~ |n\O / o~ |n\O 2
Cl R | Cl A s
N N

R=H, 3,5-diCl, 3,5diBr

N N
/ \\\\ /,” \
AN
O ¢ O =
—R
X

R=H, 3,5diCl, 3,5diBr,3,5diOCHj;

The catalytic activity of these complexes has been tested in the reaction of epoxidation of
cyclohexene using hydrogen peroxide as an oxygen donor in the presence of imidazole.
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Metalloporphyrins play an important role in both biocatalytic and catalytic processes.
Their ability to activate dioxygen and oxidize unreactive organic substrates is a subject of
great interest and intensive investigations. The use of molecular oxygen as oxygen donor in
the oxidation processes is beneficial not only from economic but also ecological point of
view, because dioxygen is inexpensive, eco-friendly and easily available oxidant. Catalytic
properties of metalloporphyrins depend on the type of metal center, structure of macrocycle
rings, the type of substituents and the type of axial ligand. By changing these elements it is
possible to tune the catalytic properties to the requirements of different reactions.

In our study, we investigated the catalytic activity of iron porphyrins and their p-oxo
analogues in high pressure oxidation of cyclooctane with dioxygen. Furthermore, various
substituents were introduced into the macrocyclic ring to modify the catalytic activity and
stabilize the porphyrin ring against oxidation.

We prepared and characterized the following iron porphyrins with electron donating
substituents: Fe(T(p-OCH;)PP)Cl, Fe(TTP)Cl, FeTMPCI, Fe(TPP)Cl and -electron
withdrawing substituents: Fe(T(p-Cl))PP)Cl, FeT(p-CF;)PP)CI, Fe(TPFPP) and their p-oxo
iron complexes. The catalytic oxidation of cyclooctane has been carried out in a stainless steel
batch reactor system at the optimum temperature of 120 °C and under the air pressure of
10 atm, with the molar ratio of cyclooctane to oxygen set at 6.5. The main products of this
reaction are cyclooctanone and cyclooctanol.

All synthesized iron porphyrins and iron p-oxo porphyrins with electron-withdrawing and
electron-donating substituents are active in investigated reaction. The activity of such
catalysts appears to be dependent on the character and number of substituents in the
macrocyclic ligand. All simple iron porphyrins show higher catalytic activity than their
iron p-oxo porphyrin analogues. The reason for the lower efficiency in oxidation of
cycloalkanes by p-oxo iron porphyrins in comparison to simple iron porphyrins is probably

connected with blocking of axial coordination positions.

The authors thank the Ministry of Science and Higher Education (grant No: 3 TO9A 167 29) and
Polish Catalytic Network “Nanomaterials as catalysts for new Environmentally Friendly Processes”
for financial support.
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Methanol oxidation is a reaction well adapted to characterize the redox and acidic active
species on the catalyst surface [e.g. 1,2]. The most accurate characterization could be obtained
for the catalysts possessing a single kind of active sites. If the supports contain species which
can also play a role of catalytic active centres it is useful to apply an another additionally test
reaction. A good choice for the second test reaction seems to be methanol sulphurisation, i.e.
the process in which alcohol interacts with the reducing agent (H,S), contrary to the
previously described process in which methanol is in the oxidizing atmosphere. To see how
this two reactions give complementary information the well characterized catalysts, iron
containing mesoporous sieves, in which Fe was introduced by various methods (impregnation
and chemical vapour deposition), were applied in this study.

In both catalytic reactions studied within this work methoxy species are intermediates in
the formation of final products. Moreover, both reactions involve the presence of Lewis acid-
base pairs. A significant role in the process plays a second reagent, i.e. oxygen or hydrogen
sulfide. The first one can be a source of Lewis basic sites, when the oxygen chemisorb on the
catalyst surface (on both iron and the support). As a consequence of such a phenomenon it is
not possible to differentiate the role of iron centres and those originating from the matrix in
oxidation process. The situation differs when one applies hydrogen sulfide as the second
reagent. It is not a source of Lewis basic sites if associatively chemisorbed. Therefore, it is
getting possible to observe the role of iron species playing on their own or together with those
from the matrix. For this reason we could see various product distributions on iron-modified
NbMCM-41 and AIMCM-41 catalysts, which are determined by the participation of active
centres of the support and the nature of iron active species. The latter is conditional upon the
modification procedure. In contrary to oxidation of methanol in which all catalyst used show
high activity, in the sulphurisation process the wetness impregnation of NbMCM-41 and
AIMCM-41 with Fe salt leads to the most effective catalysts for the formation of sulphur
organic products.
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Amorphous vinyl-poly(norbornene) (PNB) is a polymer with very interesting
characteristics for microelectronics application like good mechanical strength, heat resistivity
and optical transparency. In the last years, different nickel catalysts have been proposed for
the vinyl polymerization of norbornene (NB)', but a real rationalisation is still far, in fact the
results have been obtained under very different reaction conditions. In this respect novel
Ni(II) bis(salicylaldiminate) complexes (I-V), having nitro- and/or fluoro- substituents on the
phenol and on the N-aryl ring were tested in the polymerization of NB to give PNB.

To attain the

o . NO Q best catalytic results
Q A N . s high MAO/Ni

N 2 N molar ratio (1000-
NI \2} : TQ\% 2500) and

" F on chlorobenzene as
oo F solvent were

. ' . . necessary. The

Q/ H Q H polymers  showed
{&OQ; /N* F{&OV; /Nf high mo}ecular
PN % > . W e N . weights, with a

m /@ H /@ quite narrow
" ¥ " dispersion.  They

ipy were characterized

o . QN/ by 'H- and "C-
2 VN/ NMR in order to
v — “\02}'“02 confirm vinyl-

! w@ polymerization of

NB and to evidence
the absence of stereoregularity. The presence of electron withdrawing nitro groups on the
phenol moiety of the chelate ligand and the alkyl substituents on the N-aryl ring appeared to
be necessary to maximize the catalytic activity. The system V/MAO was the most active
(productivity up to 35,000 Kg of PNB/mol of Ni x h). On the contrary, the presence of fluoro
substituents both on the phenol moiety and on the N-aryl ring appears detrimental.

"'Sun, W.-H.; Yang, H.; Li, Z.; Li, Y. Organometallics, 22, 3678 (2003)
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2-phenylethanol (2-PEA), the main component of rose oil, is widely used in the perfume
industry. Catalytic hydrogenation of styrene oxide to obtain selectively 2-phenylethanol is a
cleaner alternative to the economical, environmental and purification problems shown by the
classical industrial methods. In a previous work, high activity and high selectivity to 2-PEA
were obtained when using basic Ni-MgO catalysts [1]. Hydrotalcite-like materials are
lamellar hydroxy-compounds having the general formula
[M(ID); xM(III)x(OH),] [Axn" ]'mH0, where M(II) and M(III) are divalent and trivalent cations
and A is the interlayer anion. Hydrotalcites together with the high-area mixed oxides obtained
from their calcination have surface and basic properties which can be interesting for this reaction
and basically depend on their composition and preparation method. The use of microwaves
decreases considerably the preparation times and modifies the properties of hydrotalcites [2].

In this work, we prepared Ni/Mg/Al hydrotalcites with molar ratios 7/1/2 and 3/3/4 by the
coprecipitation method. The gels were aged by conventional refluxing at 70 °C for 18 h or by
microwaves at 180 °C for 2 h. Afterwards, the hydrotalcites were calcined at 350 °C and then
reduced at 350 °C. All samples were characterized by common techniques. Hydrotalcites aged
by microwaves showed higher cristallinity, higher surface area and higher basicity than those
aged by the conventional method. The catalysts were tested in the hydrogenation of styrene
oxide using 1.5 g of catalyst, 4 mmol of styrene oxide and ethanol as a solvent. All the
catalysts gave high conversion (90-100%), high selectivity to 2-PEA (90-100%) and high
stability with the reaction time. The most important differences were observed during
catalytic lifetime studies which can be associated to the differences in basicity observed for
these samples from CO,-TPD studies.
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Investigations and authors considerations about plasma-chemical preparation,
regeneration and activation of nanostructured catalysts in low-temperature plasma conditions
(electric-arc torch, high frequency and other discharges) have been summarized in this
author’s review. The four main trends in the plasma-chemical preparation, regeneration and
activation of catalysts are described [1,2]:

1. Plasma-chemical synthesis and activation of nanodispersed catalysts in the condensed

phase;

2. Plasma-assisted deposition of catalytically active compounds and composites on

various carriers;

3. Plasma-chemical regeneration of spent catalysts, and

4. Activation of catalytic processes in the plasma conditions.

The theoretical basis and advantages of plasma-chemical synthesis and regeneration of
spent catalysts are discussed. And finally the investigations on plasma modification of
catalysts have been reviewed as a new direction in this area.

It is pointed out that the high catalytic activity and thermal stability of plasma-chemical
prepared, modified and regenerated nanostructured catalysts make them a potential competitor

to their industrial analogies.
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Steam reforming of methanol (SRM) is a promising route to produce hydrogen for small
solid polymer fuel cells (SPFS) which can be an attractive power source for on-board or
portable devices. Present-day reforming technologies require a CO clean-up step to the level
not exceeding a few ppm prior to the fuel cell, since CO poisons a Pt electrode in SPFS [1].

Widely used catalysts for generating hydrogen from methanol are copper-based, such as
Cu-ZnO-(AlLyO3). Recently, the catalysts based on Cu-CeO, were found to be more active for
SRM than various Cu-Zn-Al-oxide catalysts whose major shortcomings are the low thermal
and long-term stability especially at temperatures up to 300°C [2].

The objective of the present work is to design active and selective catalysts for SRM
based on CuyCey7.xZr101Y02 (CCZY) promoted by Al,O3; (CCZYA) and Cr (CCZYA+Cr). To
synthesize catalysts the urea-nitrate combustion method was used [3]. Urea CO(NH,), was
added to a mixed solution of Cu, Ce, Zr, Y and Cr nirtates in the appropriate molar ratios.
Al,O3 powder (10-40 w.%) was added to the mixed solution with urea and then it was
steamed until a gel formation followed by calcination in air at 400°C. Catalysts characteristics
were studied by XRD, IR spectroscopy, Differential Dissolution (DD) and H,-TPR.

According to XRD for CCZY samples the solid solutions of fluorite structure are already
formed after calcination at 400°C. CuO phase presents in all CCZY samples. According to
XRD, IR and DD the phase composition of CCZYA and CCZY A+Cr samples is presented as
a solid solution of fluorite type, highly dispersed YCuOy, Al,O3 and Cr,0;.

The specific surface area (SSA) of CCZY samples are in range of 6-33 m*/g. For CCZYA
and CCZYA+Cr samples SSA significantly increases (up to 170 m?/g).

The methanol conversion over CCZY increases with the copper content for all temperatures
and reach 82% for x¢,=0.2 at 350°C. For all samples CO, selectivity is 100% at 250-300°C and
decreases to 98-99% at 350°C. For CCZYA and CCZYA+Cr catalysts methanol conversion
attains 98-100% at 350°C, but CO, selectivities are 68-95%. Investigation of the stability of the
catalysts revealed that CCZYA and CCZYA+Cr are much more stable than CCZY in SRM at
350°C.

This work is supported by INTAS Ne 05-1000005-7663 project.
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The ability to oxidize CO at low temperatures is important in many applications. The use
of a low temperature active catalyst can lower the emissions during a cold-start of a car, and
VOC in exhaust gases from stationary sources might be treated without the need of preheating
the gas. Proton-exchange membrane (PEM) cells are particularly attractive for small-scale and
automotive applications, but they suffer from one major disadvantage: CO contamination in
the hydrogen feed poisons the metal electrodes, and concentrations below 10 ppm are
required for steady-state operation. In this work cobalt oxide supported on carbon surface was
chosen as a model catalyst for a highly active CO oxidation catalyst even in the presence of a
lot of hydrogen.

In our investigation carbon-supported cobalt oxide catalysts were tested in low
temperature CO oxidation and CO oxidation in excess of hydrogen.

The samples were prepared by wet impregnation of activated carbon KAU with Co(NO3),
aqueous solution or Co(acac); in acetonitrile medium, then dried at 110 °C and calcinated in
Ar at 450 °C. After that samples were reduced in H, at 350-600 °C or oxidized in air at
250 °C. Nominal Co loading was 1-5 wt%.

The specific surface area of samples were determined by thermal desorption of argon.
The prepared catalysts were characterized also by XPS and AFM methods. The catalysts were
tested for the CO oxidation using the following feed mixtures: 1%CO, 2%0, and balance He
and 1% CO, 2% O, 50% H,, and balance He, respectively. In both cases the total flow rate
was 30 mL/min.

Investigation of a cobalt nanoclusters structure on the carbon surface show that for
samples synthesized from Co(acac); the formation of nanodispersed oxide particles with the
primary sizes of 60-120 nm is characteristic, while for the samples synthesized from
Co(NOs), they are much larger. Introduction of cobalt oxide on activated carbon less
influences on its porous structure.

The total CO conversion is decreased significantly by decreasing cobalt amount on the
active carbon surface. It was determined the strong influence of activation catalysts conditions
on their activity in CO oxidation: both pretreatments (reduction and oxidation) lead to
increasing of catalytic activity. The temperature of complete CO oxidation on non-treated
samples is 120-170 °C higher in comparison with pretreated catalysts.

Introduction in reaction mixture of hydrogen (up to 50%) less influences on CO
conversion and selectivity of its oxidation. Oxidation of carbon support is suppressed in
reducing atmosphere and stable work of the best catalyst (5%Co/C) over the 10 h without loss
its activity was observed.
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Recently we have shown that nickel complexes are selective and efficient catalysts for
addition of arylthiols to alkynes [1, 2]. Under optimized conditions vinylsulfides (1) were
formed with good yields 50-79% [2].

R
SAr —
R ArS R
2 1% Ni(acac 1
ArSH + = R mol7o ( )2= 2
solvent free
R R
aSAI’
— + —

R ArS R

3 4

Scheme 1
The yields of 1 and 2-4 appeared to depend on ArSH:alkyne ratio. With 2:1 ratio of PhSH
and alkyne vinylsulphide (1) and dienes (2-4) were formed in 50-67% and 33-50% yields,
respectively. Using equimolar ratio of ArSH and alkyne lead to the formation of dienes (2-4)
as major products (60%). The structures of 2-4 were determined with 2D NMR COSY and
NOESY experiments. We have found that slow addition of alkyne to the reaction mixture
allows to suppress the dienes formation, thus increasing the yield of 1. The scope of the
reaction and results of mechanistic investigations will be presented and discussed.
Acknowledgements: The work was supported by the Russian Foundation for Basic
Research (Grants Ne 06-03-32762 and 04-03-32501).
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Propagating reaction fronts nowadays are well-known phenomena of non-linear
dynamics, which arises from complex interaction of an autocatalytic reaction with diffusive
instabilities. It is interesting, that chemotaxis, morphologies of growing bacteria colonies,
heart beats, excitation nerve impulses and many other instances in living nature are also
examples of chemical waves. On the other hand, interface motion and front propagation in
fluids occur in many different areas of interest to science and technology.

The main goal of the present work is to investigate the simplest chemical systems, which
demonstrate wave activity in respect of advection influence on a chemical wave in the
packed-bed reactor. As conventional optical imaging techniques are unable to penetrate the
interior of the packed bed, NMR imaging techniques were used.

In our investigations, two wave active chemical systems were examined. Namely, one is
Co*" to Co®" hydrogen peroxide oxidation reaction [1], and another is Fe*" to Fe*" nitric acid
oxidation reaction [2]. For the Co-system, because of oxygen gassing during the reaction,
only qualitative data were acquired. For the Fe-system quantitative representation was
obtained, that is dimensionless front velocity dependence vs dimensionless fluid velocity.
Also, it was shown that, contrary to BZ [3] no stationary concentration patterns evolve in

Fe-system.

Authors are grateful for support of present work by the RFBR (grant 05-03-32472), scientific
schools support program (grant NSh-4821.2006.3) and SB RAS (integration grant # 11).
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Mixed cerium-zirconium oxides have found a wide use as oxygen storage materials in
preparation of three-way catalysts for purification of harmful automotive exhaust gases. In
this work, we have studied the effect of a high-temperature treatment on physical-chemical
characteristics of CegsZr;,0, mixed oxide and Pt/Ce(sZr(,0, and Pd/CejsZr,0, catalysts
using X-ray Photoelectron Spectroscopy (XPS), X-ray Diffraction (XRD), Transmission
Electron Microscopy (TEM) and other methods.

Based on XRD and TEM data, two types of particles in Ceg3Zr(20; oxide differing in
morphology and chemical composition are identified. Well-crystallized particles of the first
type are 20 nm in average size; they are characterized by relatively low content of Zr.
Particles of the second type are highly dispersed (~ 4 nm) and contain much of Zr. The two-
phase composition of the mixed oxide is responsible for a significant enrichment of its surface
with Zr that is revealed by XPS. Calcination of mixed oxide in air at 1000 °C results in
formation of a cubic fluorite-like phase of a CeO,-ZrO; solid solution with more or less
homogeneous Zr distribution and a monoclinic ZrO, phase.

In Pt/Cey,Zr( 30, catalyst, particles of supported metallic platinum are very small in size
(~ 1.5 nm). Platinum has been found to be predominantly located on the surface of highly
dispersed support particles enriched with Zr. Under calcination in air, platinum particles grow
in size up to ~ 2.5 nm. Pd/Ce 3Zr(,0; catalyst contains palladium in an oxidized form, both
in the initial state and after calcination in air.

The obtained physical-chemical characteristics are used for interpretation of results of
temperature-programmed reduction of CeysZro,0, and supported Pt and Pd catalysts in
hydrogen. The properties of the materials studied are discussed in the light of their practical

application for formulation of catalysts for automotive exhaust purification.
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Mesoporous materials with ordered arrays of uniform nanochannels are special type of
nanomaterials which have important applications in a wide range of fields such as catalysis,
adsorption and separation. Pore size distribution, high surface area and pore volume makes
periodic mesoporous silicas to be promising supports for metal and oxide catalysts. Highly
ordered hexagonal mesochannels, larger pores, thicker walls and higher thermal stability when
compared with other mesoporous silicas make SBA-15 a promising catalyst support.

In the present study, SBA-15 samples are evolved by the incorporation of Co and/or Pb at
different weight loadings via using direct synthesis method. The characterization of the
synthesized samples was executed by powder X-ray diffraction, N, adsorption isotherms and
TEM images. The surface area of pure SBA-15 mesoporous structure is observed to be slowly
diminishing by doping metal oxides into the structure. In the large angle XRD pattern, no
characteristic peaks of metal oxide are observed by the loading of 5, 10, 15 wt %Pb into
SBA-15 structure, which indicates that metal particles are well dispersed in the SiO; structure.
However, 20 wt% Pb loaded SBA-15 showed more appreciable characteristic peaks,
indicating small quantity of crystallites of metal oxide exist on the surface of silica. The
incorporation of high amount of cobalt and lead oxides to SBA-15 resulted in the long range
order according to the low angle XRD patterns. TEM images confirmed the hexagonal
structure of pure SBA-15 and 1-D channel structure in hexagonal type was observed. Besides,
when SBA-15 structures were overloaded with Co, Co was observed to be extending outside
the structure. Studies regarding the performance tests of the materials as methane partial
oxidation catalyst for hydrogen generation are still in research. Furthermore, characterizations

of the samples regarding "H NMR and oxygen adsorption/desorption will be carried out.
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MECHANICAL-CHEMICAL ACTIVATION OF Ni(Co)-Mo/y-Al,O;
CATALYSTS FOR HYDRODESULFURIZATION
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The continuous deterioration of the quality of the extracted oil and the high environment
requirements for reduction of the SO emissions impose the development of more efficient
catalysts for hydrodesulfurization (HDS). The mechanical-chemical activation (MCA) is a
comparatively new method for modification of the catalysts structure, the goal of which is to
increase the catalytic activity and selectivity. In our recent investigation [1], it was established
that the MCA of Ni(Co)-Mo/y-Al,Os catalysts for HDS for 7 hours promoted considerably the
catalytic activity.

The aim of the present study is to carry out a detail research of the changes in the
structure, phase composition, catalytic activity and selectivity of Ni(Co)-Mo/y-Al,Oj3 catalysts
after different MCA times, as well as to establish relationship between catalytic properties and
the duration of the activation.

MCA of the catalysts has been carried out for intervals of 15, 30, 45 and 60 min in a
“Fritish-Pulverizate-7” high-energy planet-ball-mill. As a model reaction for the
determination of the activity and selectivity of the initial and activated samples is used the
reaction of HDS of thiophene at atmospheric pressure. The initial and treated samples have
been characterized by means of X-ray diffraction, X-ray photoelectron spectroscopy and
Temperature-programmed reduction. The specific surface area has been determined by using
BET method.

It is established that samples prepared with MCA for 15 min. exhibit higher HDS activity
than non-treated catalysts. With the increase of the MCA time, the activity of the catalysts
increases, as samples prepared by MCA treatment for 30 min exhibit maximum HDS activity
for the entire investigated temperature interval. The MCA treatment of the samples caused
partial amorphization of the active catalyst components deposited on the support, decrease of
the average particle size and destruction of the crystal structure of MoO; and Al(MoQOs)3
phases. The increase of the time of MCA treatment enhances these effects. The higher HDS
activity of the mechano-chemically activated catalysts most probably is related to the increase
of the number of active sites of the high-dispersed molybdate structures.

References: [1] S.Andonova, Ch. Vladov, B. Kunev, 1. Mitov, G. Tyuliev, J.L.G. Fierro, S. Damyanova and L.
Petrov, Applied Catalysis A: General, 298 (2006) 94-102.

185



P-105

BONDING CONFIGURATIONS OF ADSORBED
1,3-CYCLOHEXADIENE ON Si(100)-(2x1)
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The adsorption and the thermal-induced dissociation of 1,3-cyclohexadiene on a
Si(100)-(2x1) reconstructed surface was studied experimentally by means of high-resolution
electron energy loss spectroscopy and theoretically using density functional theory. At low
temperature of 90 K the hydrocarbon was found to adsorb molecularly. Between 400 K and
700 K a significant desorption of CgHg species was observed. As a result of the
cyclohexadiene decomposition a well-ordered monohydride layer on Si(100)-(2x1) can be
prepared. Theoretically, the surface reconstruction was described by means of periodic slab-
model, whereas 1,3-cyclohexadiene adsorption was studied using cluster approach, cutting
appropriate cluster structures from the optimized Si(001)-(2x1) slab. The vibrational
frequencies of several possible bonding geometries of the adsorbate were calculated and
compared with the experimental results. This comparison between theoretical and
experimental vibrational spectra allowed to distinguish the most probable adsorption

structures of 1,3-cyclohexadiene on Si(100)-(2%1).
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COPPER IONS STABILIZED IN INORGANIC MATRICES FOR
CYCLOHEXANE OXIDATION BY HYDROGEN PEROXIDE
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Copper oxidation chemistry is well known to be a base of numerous biological processes.
Activation of oxygen on Cu protein complexes produces the active intermediates with
Cu"-0,, Cu"™-0/Cu™=0, Cu"-OOH fragments. The biological processes have been
simulated by means of a number of homogeneous and zeolite incorporated Cu complexes
catalyzing hydrocarbon oxidations by HO,. The necessary components of the catalytic
systems are organic ligands which play an important role in oxygen and electron transfer, but
unfortunately, are subjected to oxidative degeneration under reaction conditions. To gain
oxidative resistance, the Cu systems should not contain any organic components.

In the present study inorganic zirconium phosphate (ZF) and glass fiber (GF) matrices
were applied to create the effect of ligand surrounding for cooper ions. Catalysts were
differing by following parameters: (1) the value of copper content varied from 0,07 wt.% for
GF to 3-9 wt.% for ZF; (2) difference between surface area also varied in two orders —
1,2 m*/g for GF and ~ 200 m*/g for ZF; (3) active form of copper ions in ZF were oxidized
state of metal Cu(Il), but in the case of GF active form comprised Cu(I)-Cu(0) species or
small copper oxygen aggregates, state of copper ions varied from 0 to +1.

We compared catalytic activity of 2 inorganic matrices with incorporated copper ions in
cyclohexane oxidation by hydrogen peroxide. Over a Cu-ZF decomposition of H,O, passed
mainly by catalytic way. We have got common pattern in the decomposition of H,O, over a
Cu/GF; based on these results we supposed the branching-chain mechanism. Decomposition
rate of H,O; increased with the rise of the reaction temperature and copper loading. In the
presence of organic substrate (cyclohexane) at the same time occurred its oxidation to the
main products — cyclohexanol and cyclohexanon. We studied basic factors which affected on
oxidation rate of cyhlohexane. Accumulation of products correlated with decomposition of
hydrogen peroxide; hydroxyl radicals were the active intermediates. Oxygen along with H,O,
takes part in a catalytic cycle of oxidation of cyclohexane, as a result effectiveness of the
H,0, using increases by one order. In spite of negligible amount of copper content in Cu/GF,

this type of catalyst showed much higher activity in the catalytic oxidation of cyclohexane.
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REACTIVITY OF VANADIUM OXIDE-BASED CATALYSTS IN
PROPANE OXIDATION: A COMBINATION OF ODH, PARTIAL
OXIDATION AND WGS
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Cedex, France

The oxidation of propane over V,0s and supported vanadium oxide under conditions
which are usually employed for the oxidehydrogenation (ODH) of alkanes (i.e., hydrocarbon-
rich conditions), indeed included several reactions which contributed to the hydrocarbon
conversion. Besides ODH and oxidative fragmentation to oxygenates, catalytic
dehydrogenation and formation of coke precursors became relevant under conditions of total
oxygen consumption. Moreover, in the case of unsupported vanadium oxide, the formation of
H; occurred by combination of propane oxidation to COy and H,O, with the WGS reaction
occurring in the anaerobic section of the reactor, to generate CO; and H,. The latter reaction
was catalyzed by reduced vanadium oxide, which developed in the fraction of the reactor that
operated in the absence of oxygen. When instead vanadium oxide was supported over silica or
over alumina, the catalyst was not able to promote the WGS, and the amount of H, produced

was lower.

188



P-108

USING OF Zr-CONTAINING ZEOLITES AS PERSPECTIVE
CATALYST OF THE JOINT METHANOL
AND ALKANES C;-C4 CONVERSION TO LOWER OLEFINS
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The process of the joint conversion of methanol and low—molecular hydrocarbons is a
new perspective method of obtaining olefins and aromatic compounds. When using non-
modified HZSM-5 the selectivity to olefins formation did not exceed 20% and to aromatic
compounds - 18%. The purpose of this work is to study the possibilities of applying Zr as a
promoting additive to the initial zeolite.

Zr - containing zeolites were prepared in two ways: by ion exchange and a mechanical
mixing. Zr-modified catalysts reveal high catalytic activity for olefins production. The
maximum selectivity to olefins was observed for 5%Zr0O,/ZSM-5 prepared by the mechanical
mixing method. The acid features to the surfaces of the examined samples were determined
by the IR spectroscopy of absorbed CO.

The modification of H/ZSM-5 leads to the reduction of the concentration of B centers at
the expanse of partial exchange of hydrogen in cation sites of zeolite by the modifier ions.
The injection of zirconium by both methods promotes change of the Lewis centers nature and
increasing of their concentrations. In particular, modification by mechanic mixing leads to
formation of rather intensive absorption band connected with zirconium oxide which can be
the carrier of Lewis acidity.

Thus, high dehydration ability of 5%Zr0,/ZSM-5 can be connected with sharp increase in

concentration of Lewis acid centers.
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COPPER AND IRON PILLARED CLAYS FOR THE WHPCO OF
WASTEWATERS FROM OLIVE OIL MILLING PRODUCTION
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Recently, there is a growing attention to the problem of organic effluents reduction in
waste waters using catalytic treatments [1], in particular using hydrogen peroxide as oxidant
to achieve a high conversion of pollutants. This method, if compared with the wet air catalytic
oxidation, avoids the use of costly reactors, can be selective towards the conversion of
specific substrates and is easy manageable. Organic pollutants contained in waste waters, if
treated with H,O; in the precence of Cu or Fe salts, are degraded mostly to CO, and H,O with
a Fenton mechanism, being the active oxidizing species the OH- radicals, generated on the
transition metal cation. Various catalysts based on iron or copper are active as heterogeneous
Fenton-type catalysts, but the majority of them show significant leaching of the active metal.
We will show that it is possible to insert efficiently not only iron but also copper in the pillars
of the clays up to an amount of about 2% wt. The properties of copper-based pillared clays
(Cu-PILC) have been studied and compared with those of the analogous iron-based clays
(Fe-PILC) in the wet hydrogen peroxide catalytic oxidation (WHPCO) with model phenolic
compounds (p-coumaric and p-hydroxybenzoic acids) and real olive oil milling wastewater
(OMW). The screening tests of the prepared catalysts are carried out in a lab scale reactor
(batch type stirred reactor) in the 60-90°C range and at atmospheric pressure. Results will be
presented both in the conversion of (i) model compounds (p-cumaric and p-hydroxybenzoic
acid), and (i1) real waste water stream from olive oil milling. Both catalysts show no leaching
of the transition metal even if the performances of copper pillared clays are better than those
of the analogous Fe-based pillared-clays. In particular, Cu-PILC shows lower formation of
oxalic acid (main reaction recalcitrant intermediate) compared to Fe-PILC. The absence of
leaching and high catalytic activity in the conversion of model compounds and TOC
abatement of real samples show that the iron and copper pillared clays are interesting and
promising catalysts for the oxidative degradation of phytotoxic organic compounds present in

olive oil mills waste water.
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In this study microcalorimetric measurements of carbon monoxide, hydrogen, oxygen,
and ethanol were performed on 5%Pt/y-Al,Os. The catalysts were prepared by incipient
wetness impregnation of PtCl,(NH;3)-2H,O and SnCl,-2H,O salts. Microcalorimetric
measurements were performed at 323 K by using a Tian-Calvet type heat flow calorimeter
(Seteram C-80) connected to a gas handling system and a volumetric adsorption apparatus
employing Baratron capacitance manometers in the range of 10*-10 Torr for precise pressure
measurement. The amount of Sn was adjusted to obtain Pt:Sn atomic ratios varying between
1:0 to 15:1. The initial heats of adsorption, saturation coverages and the saturation coverages
of the defect like sites are presented in Table 1.

Table 1
The microcalorimetric results of carbon monoxide, hydrogen, oxygen,
and ethanol on Al,O; supported Pt-Sn bimetallic catalysts

Edge and Corner Sites

Catalyst Initial H(e;}/;orlfoi(;sorption Sanératioil/ Coverage Saturation Coverage
pmol/g cat.) (umol/g cat

PeSn o H, | CO |0, |EOH | H, |CO | O, H, CO | 0, |EtOH
1:0 101 172 | N/A | N/A 276 | 127 N/A 18 | 11 | N/A | N/A
9:1 (A) 74 142 | 191 | 263 27 19 7.44 13 |8 74 |18
9:1 (B) 105 113 | 136 | 238 79 22 4.70 23 |9 47 |15
6:1 (A) 107 178 | 184 | 172 9 8 2.60 6 8 26 |13
15:1 (A) - - - 195 - - - - - 19

(A) sequential impregnated
(B) co-impregnated

Initial heats of adsorption were influenced in the presence of tin as it can be seen from the
Table 1. 5% Pt-Sn (9:1) catalysts were prepared using two different impregnation techniques.
By the addition of the tin, low and intermediate heats were not observed and there is sharp
decrease indicating the blockage of the adsorption sites with low and intermediate heats with

Sn. Experiments are in progress with Vulcan supported bimetallic catalysts.
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The purpose of this study is to simulate Pt-IB (IB=Ag, Au, Cu) and Pt-Pd bimetallic
catalysts with Monte Carlo method for 201, 586, 1289, and 2406 atom containing clusters in
the temperature range between 298—1000 K. The simulations were based on a coordination-
dependent potential model in which binary interaction parameters were used. The binary
interaction parameters were determined from the available thermodynamic data and classical
thermodynamics mixing rules. The equilibrium structure of the clusters was dictated as a
perfect cubo-octohedral shape. In the first part of this study, Pt-IB bimetallics were modelled
in order to test the Monte Carlo program against the previously published work. In the second
part of the study, the surface composition of Pt-Pd bimetallic catalysts as a function of
temperature and cluster size were estimated in order to offer further insight to the catalytic
activity for CO oxidation reaction. It was found that at low temperatures Pd segregation took
place on the catalyst. The Monte Carlo predictions were in good agreement with the published

experimental data on the surface compositions.
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The linear dimers of vinylarenes, such as styrene and o-methylstyrene, are known to be
practically important oil-producing compounds. Their hydrogenated derivatives are of interest
as a base for synthetic oil lubricants, a high-grade plastificators, growth regulators of polymer
chains and heat-bearers.

The present paper is devoted to development of a high effective and selective method for
preparing vinylarene linear dimers in the presence of active and stable zeolite catalytic systems.

Catalytic properties of different structural type zeolites (X, Y, BEA, ZSM-5, ZSM-12) in
dimerization of vinylarenes were studied.

The products obtained in the presence of all investigating zeolites consist of linear and
cyclic dimers and trimers.

Large-pore zeolites Y, BEA and ZSM-12 are found to be most effective catalysts of
o-methylstyrene dimerization. The o-methylstyrene conversion reach 95-100 wt.% in the
presence of BEA at 20°C, and at 60-80°C in the presence of Y and ZSM-12.

A selectivity (97 %) for a-methylstyrene linear dimers - 4-methyl-2,4-diphenylpenten-1
and 4-methyl-2,4-diphenylpenten-2 — is obtained in the presence of ZSM-12.

The yield of linear dimers sufficiently decreases with catalyst concentration and
temperature rise.

The styrene linear dimer - 1,3-diphenylbytene-1 — is obtained at relatively high
temperature (100 - 130°C) and catalyst concentration (10 — 20 wt.%)

In order to improve the linear dimer’s yield it is necessary to carry out reaction in the
presence of solvent (methyl-, chlorobenzenes). The styrene dimerization in methylbenzenes
solution results in a mixture of styrene dimers and alkylate.

Zeolite BEA appeared to be most active (90 — 100 wt.% styrene conversion) and selective

selectivity for styrene linear dimer - 70 %) catalyst of styrene dimerization.
Y y y y
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In the last decade, proton exchange membrane fuel cell (PEMFC) have been studied and
developed. CO concentration has to be <100 ppm according to poisonous effect on Pt-Ru
PEMFC-electrodes and <10 ppm for standard platinum electrode. CO must be removed at
low temperature (70-250 °C) by preferential oxidation (PROX) in which CO is catalytically
oxidized. Therefore an effective catalyst should be developed to eliminate CO from H, rich
streams at low temperature. Due to limited availability and high costs of precious metals,

transition metal oxide catalysts (Co,Cu,Ce and Zr) attracted attention.

In this study, 20wt.% CoOy — 20wt.% CuOx — 60wt.% CeO, composite catalysts were
prepared by coprecipitation method and tested in a micro-reactor flow system for the low
temperature preferential oxidation of CO in hydrogen rich streams. The effect of reaction
conditions such as temperature (120-160 °C), CO, O,, CO,, and H,O concentrations in the
feed mixture, time-on-stream, space velocity (1-2.5 mg.min/ml) were investigated. The
catalysts were prepared at the optimum conditions pH 10.0 and 37.5 °C in a semibatch
system. Drying time and temperature were 24 hours and 105 °C respectively. Calcination

temperature was 650 °C and calcination time was 5 hours, aging was not applied.

It was found that increasing of both temperature and space velocity caused increase in
conversion. Existence of H,O and CO; in the feed gas reduced both activity and selectivity.
However, negative effect of water vapour was concealed by the presence of CO,. 100 %

conversion was obtained at 150 °C and 1.75 mg.min/ml.
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OF DeSONOx CATALYSTS BASED ON MONTMORILLONITE
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The mineral layered nanomaterials based on modified montmorillonites exemplify
promising material as the DeSONOx type of catalysts. Main goal of this work is preparation
of catalyst. Additionally, the authors studied the influence of different impregnation time on
physico-chemical properties of prepared materials. The studied montmorillonite was prepared
form bentonite from Jelsovy Potok. Support for catalysts was calcined at the temperature
773 K during 2 hours in air. These supports were at the first step impregnated by EDTA
solution at the 373 K by 30 minutes. At the second step the active material was impregnated
by NasV4O; solution during different time: 2, 4, 8, 16, 32 and 64 minutes. The V,0s
supported montmorillonite was studied by methods of low temperature argon sorption, X-ray
diffraction (XRD), bulk density and concentration of vanadium was determined by X-ray
fluorescence (XRF) method.

The catalytic properties were studied in reaction of coal burning in the flow reactor. Hard
coal from Silesian mine “Julian” from Poland with or without the catalysts addition were
burnt in an atmosphere of air at 1123 K during 4 hours and using an electric furnace. The
mass ratio of the DeSONOx catalyst added to the investigated samples of the hard coal was
1:500.

Sulphur concentration in the samples of coal ashes which included DeSONOx catalysts
was determined by the XRF method in the Analytical Laboratory of Chemistry Faculty of
UMCS. The degree of the sulphur removal (Re,) from the coal was calculated according to the
sulphur concentration in the coal ashes.

Burning of coal from the Silesian mine "Julian" in the presence only of supports -
modified montmorillonite did not show any reduction of SO, emission in combustion gases.
For the catalysts over montmorillonite support degree of sulphur removal formed a sequence:

MontV1 < MontV2 =~ MontV32 < MontV64 < MontVE& = MontV 16.
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Pillared clays were studied and used as catalysts for example in Friedel-Crafts reaction,
cracking of heavy oil fractions, DeNOx. These materials are very interesting because texture,
structure, acidity of surface and physical, chemical and catalytic properties can be modified
by different methods. Considering the fact that modification by intercalation of clay with
polycations (e.g. Al, Zr or Ti) increases interlayer distance and specific surface area
interesting nanomaterials as supports of catalysts may be prepared. On the other hand
introduction of active materials as well as Cu?", Fe’", Mn®" increases catalytic activity in
selective catalytic reduction with ammonia or hydrocarbons. This work presents results of
studying of acidity of the ZrO,-pillared montmorillonite from Jelesovy Potok with introduced
Ni, Cu and Mn oxides as active material. Before intercalation a part of clay was activated
with HCl. The prepared material was studied by argon and ammonia sorption and
photoelectron spectroscopy XPS.

The method of determining acidity of activated supports and catalysts according to the
chemisorption of ammonia was used. Ammonia sorption was studied at temperature 273 K
(physical and chemical sorption — first isotherm) and after removal of physically sorbed
ammonia at 273 K (only physical sorption — second isotherm). The amount of chemisorbed
ammonia was determined by the difference in the isotherms I and II patterns. Rectilinear

forms of isotherms were fitted into Dubinin-Raduszkiewicz, Langmuir or BET equations.
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Pillared with ZrO, montmorillonites are very interesting materials. Modification of these
materials may be made by different methods and results in supports of a lot of catalysts. The
subject of this work is comparison of catalytic properties of ZrO,—pillared montmorillonite
used as DeSONOx type catalyst for the coal burn reaction. Series of supports were prepared
as follows: bentonite — Na'-montmorillonite —> H'-montmorillonite. Na'- and H'-
montmorillonite intercalated with Zr*" oligocations and calcinated. The active material V,0s
was impregnated by double impregnation method (DIM)

The activity of catalysts was studied in coal burn reaction in flow reactor. Hard coals
from Silesian mine “Julian” from Poland with or without the catalysts addition were burnt in
an atmosphere of air at 1123 K during 4 hours using an electric furnace. The mass ratio of the
DeSONOXx catalyst added to the investigated samples of the hard coal was 1:500. Sulphur
concentration in the samples of coal ashes which included DeSONOx catalysts were
determined by the XRF method in the Analytical Laboratory of Chemistry Faculty of UMCS.
The degree of the sulphur removal (Re,) from the coal was calculated according to the sulphur
concentration in the coal ashes.

Burning of the coal from the Silesian mine “Julian” in the presence of only supports —
modified montmorillonite - did not show any reduction of SO, emission in combustion gases.
For the catalysts with montmorillonite supports degree of sulphur removal formed a sequence:
Mont-Zr-V (57 %) < Mont-H-V (59 %) < Mont-V (67 %).

Obtained supports based on montmorillonite had specific surface area: Mont — 41 m*/g
for Na-montmorillonite, 190 m*/g for montmorillonite activated with HCI, 300 m*/g for
montmorillonite pillared with ZrO,. After impregnation with NasV40; this parameter
drastically decreased as follows: 2 m*/g, 161 m*/g, 132 m?/g, respectively for catalysts. That
suggests that the active material accumulates on pores exit and plugs them. As a results radius

and size of pores and a specific surface area decrease.
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INVESTIGATION OF CATALYTIC ACTIVITIES OF CERIA BASED
COBALT AND COPPER OXIDE CATALYSTS IN PROX REACTION

E. Ozdemir!, R. Yildirim? A.N. Akin'

'Department of Chemical Engineering, Kocaeli University, 41040 Kocaeli-Turkey
“Department of Chemical Engineering, Bogazici University, 34342 Bebek, Istanbul-Turkey
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INTRODUCTION

Reformed gas contains 0.5-2% CO and it can be ppm level by the selective oxidation of CO
[1]. For use in the fuel cells, hydrogen should be removed form CO because it poisons the
anode catalysts PEMFC and cause decrease in the cell performance [2]. At present, there is a
worldwide interest in development of CO oxidation catalysts [3]. Due to limited availability
and high costs of precious metals, non-noble metal catalysts like cobalt oxide, copper oxide
has been recently widely used for the selective oxidation of carbon monoxide [4].
EXPERIMENTAL

In this study, for the purpose of observing the effect of CoOy loading to CuOx-CeO; catalyst,
catalysts with different metal contents (0-100 %wt.) were prepared for CO oxidation in
hydrogen rich stream. Prepared catalysts were characterized by different physical and
chemical methods using AAS, XRD and N, adsorption-desorption method, respectively.
RESULTS

The results of activity and selectivity tests of prepared catalysts were correlated with their
physical and chemical properties to understand the effect of metal loadings. The results show
that the addition of Co as a second metal leads to bimetallic interaction which gives way to

enhanced activities at very low temperatures.
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DFT SIMULATION OF AlLZr-COMPLEXES AS KEY
INTERMEDIATES OF CATALYTIC OLEFIN HYDROALUMINATION
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Recently the authors investigated the mechanism of olefin hydroalumination by HAIBu',
in presence of Cp,ZrCl, catalyst by means of DNMR spectroscopy and encounter synthesis
[1]. It has been shown that complex 1 is the key intermediate for olefin hydroalumination.

i C C
HAIBu, ot el
+ —_— ... — » BuzAK\Cl':l :\H/:| ’\H/: Bu,
szZfClz Cp Cp 1

In order to understand the mechanism of formation of 1 we performed a series of
calculation of related structures on the DFT level of theory (PBE/3z, program “Priroda 4.07”,
Dr Laikov D., Moscow State University). It was found that the formation of 1 occurs via the
steps a-d (T=203,15K).

a. Cp,ZrCl, + HAIBU, — Cp,ZrCl, « HAIBU, (AH/ =-18.8 kcal/mol)
b. Cp,ZrCl, « HAIBu, — Cp,ZrCIH + CIAIBU, (AH? = 15.0 kcal/mol)
¢. 2Cp,ZrHCI — (Cp,ZrHCl), (AH! = -8.3 kcal/mol)

d. (Cp,ZrHCl), + 2HAIBu, — (Cp,ZrHCl ¢ HAIBU,), (AH =-49.3 kcal/mol)

According to step b the bridged Al Zr-complex 2 dissociates through transition state 3
with activation energy of 2.7 kcal/mol.
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3

Summarised enthalpy of reactions a-d is AH? =-65.0 kcal/mol.
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The presented work continues our study of mechanism of organoaluminium compounds
(OAC) reactions with olefins, acetylenes and dienes in the presence of Cp,ZrCl, catalyst
[1,2]. Despite the fact that the mechanism of olefin carboalumination, which takes place in the
catalytic system mentioned above, was frequently discussed in literature (see, for example,
Ref. [3]), it remains questionable for now on.

Within the mechanism investigation we have studied the influence of OAC nature,
n-ligand environment of Zr atom, solvent type and reagents concentration on the
chemoselectivity of OAC-olefin-Cp,ZrCl, system. The structure of the intermediate
Zr,Al- complexes that appear in the reaction of olefins carboalumination was identified by the
means of dynamic NMR spectroscopy and encounter synthesis; afterwards, the mechanism of
the reaction was proposed (Scheme). The Zr,Al-complex 2 was suggested as a key
intermediate, which coordinates the olefin and gives the carboalumination product 6.
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VARIOUS METAL DOPED VANADIUM MAGNESIUM OXIDE
CATALYSTS IN DEHYDROGENATION OF ISOBUTANE TO
ISOBUTENE WITH CARBON DIOXIDE
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Vanadium magnesium oxide catalysts are known for their activity and selectivity in the
oxidative dehydrogenation of various hydrocarbons: ethane [1, 2], propane [1-3], n-butane [1,
2, 4], isobutane [1, 2], pentane [5], cyclohexane [1, 2] and ethylbenzene [6, 7]. Moreover, the
catalysts show high activity and selectivity when the dehydrogenation is proceeded in the
presence of mild oxidizing agents such as CO; [8-11], SO, [12] and N,O [13]. The influence
of vanadium content and preparation method on the physicochemical properties of VMgOy
system were widely studied [10, 11, 14-17] while the effect of the metal additives attracted
much less attention.

In this investigation, the effect of the addition of twenty-two different elements to VMgOy
catalyst has been studied. The metals were selected from almost all groups of periodic table:
alkali and alkaline earth metals (Be, K, Li, Rb), transition elements (Ag, Bi, Co, Cr, Cu, Fe,
Ga, Mn, Mo, Ni, Sn, W, Y, Zn and Zr) and rare-earth metals from lanthanide series (La, Nd,
Sm). All the catalysts were prepared by citrate method [10, 11] in such manner to yield the
samples with metal: vanadium: magnesium molar ratio equal to 1: 9: 90. Changes in the
catalytic activity and physicochemical properties of VMgOy system caused by a metal
addition were investigated using catalytic tests and temperature-programmed techniques. The

experimental results are discussed in the terms of:

changing of the conversion and selectivity during the isobutane dehydrogenation with
carbon dioxide over modified VMgOy catalysts

— comparison the results with the data on the isobutane dehydrogenation in the inert gas

(helium) atmosphere

— study of reducibility using temperature-programmed analysis (TPR-H,)

— acid-basic properties of the catalyst surface in the presence of helium and carbon

dioxide determined by test reaction (decomposition of 2-propanol)

Obtained results show that addition in small amounts of metal cation to vanadium
magnesium oxides significantly changes their catalytic activity and physicochemical
properties. For example: presence of alkali metals (Li, K, Rb) and rare-earth elements (Nd,
Sm) decreased the isobutane conversion in both reaction atmospheres, however promoting
effect of CO, was observed. On the other hand, additives such as Cu, Ag, Bi and Co improved

the reducibility of VMgOy system at the low temperatures. Moreover, these catalysts were

201



P-120

very active but the isobutene yields in an inert gas atmosphere were much higher in
comparison to dehydrogenation with carbon dioxide. Such differences in the catalytic
performance can be also explained on the basis of 2-propanol test reaction, as the presence of
carbon dioxide in the reaction atmosphere changes the acid-base properties of the catalyst
surface.
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PERFORMANCE OF Cu-Zn-Si OXIDE CATALYSTS IN CO
HYDROGENATION
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Methanol is the main product of CO hydrogenation over copper-containing catalysts.
Cu-Zn-Si oxide catalysts attract much attention due to their higher thermostability comparing to
the industrial Cu-Zn-Al oxide catalysts. Here we report the experimental data on the effect of
the composition and structure of the Cu-Zn-Si catalyst precursor on its performance in CO
hydrogenation. We also consider the experimental FTIR data on coadsorption of CO and H; and
conclude about the nature of the most abundant intermediates on the metallic copper surface.

The Cu-Zn-Si catalysts under the study contain 15 % at. of Cu and were prepared by
deposition-precipitation method. The precursor of Cu-Si (with no Zn) catalyst is amorphous
copper hydroxo-silicate of chrisocolla type structure. Introduction of Zn leads to the formation
of Zn phyllosilicate Zn3[SisO19](OH),-nH,O (zincsilite), which dissolve copper cations.

Increasing Zn content leads to near proportional increase in specific CO hydrogenation

activity (Fig. 1), which correlate to amount of copper cations dissolved in zincsilite phase of

precursor.
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Comparing to the industrial Cu-Zn-Al catalyst, the activity of Cu-Zn-Si catalysts and their
selectivity to methanol is much lower. Cu-Si catalyst is the least selective. It is noteworthy,
that the specific rate of methane formation is similar for all the studied catalysts.

FTIR of CO and H; coadsorption evidence that formate and methoxy groups are the most
abundant species at the copper surface of Cu-Zn catalyst, while methyls prevail at the surface
of Cu-(Zn)-Si catalysts. Thus, the presence of oxygenated species is crucial for methanol

synthesis over metallic copper.
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Quest for new proecological solutions for the existing technologies becomes nowadays one of
the major research problems. Carbon dioxide is attempted to be used in the reaction of oxidative
coupling of methane into hydrocarbons C.

Investigations [1] of a series of lanthanum - magnesium oxide catalysts showed that the
highest activity has the catalytic system with the composition of 10% La,O3/MgO.

On the basis of physico-chemical studies of the catalysts tested, their phase composition,
surface area and thermal decomposition characteristics were described. XRD diffraction pattern
indicated the presence of La,Os;, MgO, La,MgOy or/and La(OH); structures. The TGA- DTA
analysis proved the presence of absorbed water on the surface of the 10%La,O3/MgO catalyst,
which confirmed the presence of La(OH); in the tested samples at room temperature. However,
lanthanum hydroxide does not occur in the process conditions (600-850°C), because it is
decomposed at the temperatures above 400°C. It can be stated that there were no noticeable
changes in the composition of the prepared catalysts within the temperatures range where the
catalytic tests were carried out.

Further research concerned the influence of the kind of carrier and the preparation techniques
of the carrier and the catalysts on the activity of lanthanum system in the process studied.
Comparative tests of 10%LaO3/MgO catalysts indicated the highest activity exhibited by the
catalyst obtained by the method of co-precipitation than by impregnation.

The next step of our research was the determination of changes of catalytic activity of
lanthanum oxide catalysts deposited on magnesium oxide from POCH or the magnesium oxide
obtained by the precipitation and citrate methods. Moreover the following commercial products
were tested as the supports for lanthanum oxide catalysts: silica gel, aluminum oxide (POCH) and
titanium dioxide (BDH Chemicals Ltd). According to literature data, these carriers react at high
temperature with the active phase of catalyst [2,3].
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NH; decomposition to provide COx—free H; for fuel cells has attracted renewed interests
recently due to its unique advantages over conventional routes based on the carbonaceous
materials [1-2]. Although significant research efforts have been made, the influence of
physicochemical properties on reaction rates has not been well studied [3].

Kinetic studies on NH; decomposition over supported Ni and Ru nanoparticles reveal a
pronounced particle size effect [3—4]. The forward turnover frequency increases firstly with
decreasing average particle size of Ni’, passes through a maximum at around 2.2 nm and then
decreases (Fig. 1). This reaction obeys the Temkin—-Pyzhev mechanism, in which the
recombinative desorption step of surface N* is rate-determining. A compensation effect
between the pre—exponential factor (ko) and activation energy (Ea) is well detailed (Fig. 2).
Highly dispersed Ru nanoparticles with mean size of 2.3 nm, which were synthesized by a

novel polyol reduction method, show an outstanding activity for NH3 decomposition [5].
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Fig 1. Particle size effect on the forward Fig 2. Compensation effect over Ni catalysts.
turnover rate for NH; decomposition. (Data from the Temkin-Pyzhev fitting!*").
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SYNTHESIS OF 2-ALKYLIDENMAGNESACYCLOPENT-4-ENES BY
CATALYTIC CYCLOMAGNESIATION OF 1,2-DIENES AND
ACETYLENES

R.A. Zinnurova, V.A. D’yakonov, A.G. Ibragimov, and U.M. Dzhemilev

Institute of Petrochemistry and Catalysis RAS,
141, Prospekt Oktyabrya, Ufa, 450075, Russia
Fax: (3472)312750; E-mail: ink@anrb.ru

In the report the new procedure for the synthesis of 2-alkylidenmagnesacyclopent-4-enes
based on intermolecular cyclomagnesiation of allenes and acetylenes assisted by Ti- and Zr
catalysts is represented.

Intermolecular cyclomagnesiation of equimolecular amounts of acetylenes and allenes
with BuMgX (Et,0, 20 °C, 3 h) affected by 10 mol % Cp,ZrCl, catalyst was shown to afford
2-alkylidenmagnesacyclopent-4-enes with high regioselectivity in ~45-50% yield.
Simultaneously 2,3,4,5-tetraalkylmagnesacyclopenta-2,4-dienes as the minor product (3-8%)
were established to form in the reaction mixture.

Cyclomagnesiation of equimolar mixture acetylenes and allenes with EtMgX in the
presence of magnesium (acceptor of halogenide ions) and Cp,TiCl, catalyst led to the mixture
of 2-alkylidenemagnesacyclopent-4-enes and related 2,5-dialkylidenemagnesacyclopentanes'
at 2:1 ratio in a total yield of ~60%.

[Zr]

BuMgX \ R
[Ti,Mg _~ R

EtMgX

7 \__ R

[Zr] = szerIZ’ [Ti] = Cp,TiCl,; X = CL, Br; R = alkyl, Bn; R' = alkyl

The probable mechanism of 2-alkylidenemagnesacyclopent-4-enes via cyclomagnesiation
of allenes and acetylenes using Grignard reagents in the presence of Ti and Zr catalysts is

discussed.
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The paper discusses the results on a synthesis of magnezacyclopentadienes by
cyclomagnesiation reaction of 1,2-disubstituted alkynes with BuMgHlg (Hlg = Cl, Br)
affected by Zr catalysts.

The interaction between aforesaid alkynes and BuMgHIg (two-fold excess) in the
presence of Cp,ZrCl, catalyst (10 mole %) under reaction conditions (20 °C, 2 h) in ethereal
solvents was found to afford 2,3,4,5-tetraalkylmagnezacyclopenta-2,4-dienes in 50-55 %
yield. Structures of magnezacyclopentadienes obtained was determined by spectral methods

and subsequent chemical transformations.

= _ R' R'
R==-R " 1zy

I B —
BuMgHal O pyg R MeX,

— (A +N)

D qm
[Zr] = Cp,ZrCl,; [Cu] = CuCl; X = Cl, Br; R =R'= Et, Pr, Bu; R = Me,Si, R' = Bu.

The probable mechanism for the formation of unsaturated organomagnesium compounds

under the effect of Cp,ZrCl; catalysts is discussed.
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The preparation of pure hydrogen from hydrocarbons is an important task of hydrogen
energetics. It is known [1], that Ni and Fe based catalysts are active in the methane
decomposition to molecular hydrogen and carbon. The goal of this work is development of
active and stable catalyst of methane decomposition on the basis of Fe-Cr-Al alloy.

The samples preparation includes several stages. Nickel was supported on preliminary
heat-treated Fe-Cr-Al wire. Then the sample was reduced by hydrogen. The activity tests were
conducted at temperature 750-800 °C and residence time 0.5 s. The initial reaction mixture
was natural gas with methane content ~ 96.0%. The test duration for one sample was 10-12 h.
After testing the sample was weighed and the amount of deposited carbon was determined as
the weight difference of sample before and after testing. The reaction rate was determined by
using flow-circular setup with chromatographic analysis of methane and hydrogen. The most
active samples were regenerated in the flow of nitrogen containing water, and then were
retested.

The catalysts before and after testing were investigated by the atomic force microscopy
and X-ray analysis. The content of nickel in the samples was determined by atomic-
absorption spectroscopy.

It was established, that the preliminary treatment of the metal support leads to essential
increasing (in times) of the specific surface and activity of the prepared catalysts.
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EFFECT OF THE DISPERSION OF Ca(NO;), AND LiNO; TO THE
NANOSIZED SCALE ON THE HYDRATION TEMPERATURE

Simonova I.A., Aristov Yu.l.

Boreskov Institute of Catalysis of the Sberian Branch of the Russian Academy of Sciences
Russian Federation, 630090, Novosibirsk, prospekt Akademica Lavrentieva, 5
Fax: +7 (383) 330-95-73. e-mail: sia@catalysis.ru

It is known that the dispersion of a substance to a small size r increases the contribution

of the surface energy u . =o- 2V o the total Gibbs energy of the system Ap® = AH® - TAS®
r

(o is the surface tension, V' is the molar volume). It can result in the change of its properties such
as the temperature of phase transitions, specific heat, sorption equilibrium, etc.

In this work we have found the increase in the temperature of the hydration T" of calcium
and lithium nitrates, confined to silica pores (3.5 - 15 nm in size), in the course of the
reactions:

(1) Ca(NOs3); + 2H,0 — Ca(NO3)2:2H,0 (2) LiNO; + 3H,0 — LiNO3-3H,0.
This increase can be attributed to the above mentioned contribution of the surface energy.
In equilibrium the chemical potential u°(T) of products is equal to that of reagents, that
allows the calculation of the hydration
., kd/mol temperature (see Fig.1) T" = AH(T")/AS*(T"). If
' the surface energy of the confined salt is

superior to the surface energy of the confined
hydrate (as it is demonstrated on Fig. 1) by the
value Apgy, the increase in the hydration
temperature is AT = [d(T )/d(AH")]Aper =
Apsur/ASO(T*). Assuming the difference in the
chemical potentials of the confined Ca(NOs),
T.°C and Ca(NO3);2H,O Apgy = 0.7 klJ/mol, we

5 52 53 . 5 found that the hydration temperature should
Frg. I 'frcmlg_:z' af the chemical I?r:f:'a:f:rﬁ.\' exf haelk (1,

coired ol RS 3} FeaEenis CafNO ). + 2H .”‘,__,,_ el
Fualk (2) and disperse (4) product CafNO ) o 2H (0

increase from 51.7°C for reaction (1) in bulk to
53.7°C — in the confined state (Fig.1). For the
difference of 1.7 kJ/mol it reaches 56.4°C, that
is close to the hydration temperatures observed experimentally in silica pores of 15 nm size
(54-58°C).

Thus, the dispersion of inorganic salts in nanoporous matrices is an effective tool for the
modifying their physicochemical properties, for instance, the hydration temperature, that
could be of practical importance for chemical heat pumps and seasonal storage of heat.

The financial support of RFBR (grants 04-02-81028, 05-02-16953, 05-08-50223), Integration project
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QUANTUM-CHEMICAL STUDIES OF HYDROGEN AND OXYGEN
ATOMS ADSORBED ON Pt(100) AND Pt(111) BY DFT

Sametova A.A., Tsybiktarov V.D., Tapilin V.M., Gorodetskii V.V.

Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia
sametova@catalysis.nsk.su

It’s known that hydrogen oxidation by platinum metals is one of the classical model
reaction of heterogeneous catalysis. The reaction is described by Langmuir-Hinshelwood
stage mechanism, including dissociative hydrogen and oxygen adsorption. Nowadays we can
see many studies of nature of H and O atoms, adsorbed on Pt(100) and Pt(111) surfaces, due
to modern theoretical and experimental surface science techniques.

The aim of this work is to calculate adsorption energies, equilibrium heights above the
surface, vibration frequencies of adsorbed H- and O- atoms on Pt(100) and Pt(111) based on
density functional theory (DFT).

Adsorption of atomic hydrogen and oxygen at coverage of 1 ML has been studied by DFT
within the local density approximation (LDA). The simulations were conducted using
ADF2003-BAND and ESPRESSO-3.1 programs. We have employed a three layer slab for
simulation of Pt(100) and Pt(111) surfaces.

Adsorbing hydrogen and oxygen atoms can occupy following states: two threefold hollow
sites, namely the fcc and hcp, twofold bridge site and on-top. Computed frequency of
symmetrical valence vibrations occurring perpendicular to the surface heavily depends on the
number of metal atoms coordinating with the atom. Vibration frequency dramatically
increases with decreasing of number of bonds in adsorption center.

Table 1. Computed adsorption energies (zero point energy effects have been included),

equilibrium heights above the surface, vibration frequencies of adsorbed H and O atoms (6 = 1 ML)
for following adsorption sites on Pt(100) and Pt(111).

Site E.4, €v/atom 10, A v, cm’!
H/P(I11) on-top 20.99 16 2022
bridge -1.36 1.15 1318
hep -1.48 1.0 1290
fce -1.54 1.0 1281
fec* -0.99 -1.1 752
hcp* -0.50 -0.6 1102
H/P(100) on-top 20.88 1.6 2027
bridge -1.42 1.1 1359
hollow -1.62 0.5 710
O/P(111) on-top 141 1.8 772
bridge -1.47 1.4 642
fce -1.73 1.2 564
hcp -1.22 1.25 611

Threefold hollow sites (fcc and hcp) for adsorption of H and O atoms are preferred
compared to weakly-bond energy sites (on-top or bridge). It is shown that hydrogen atoms
can occupy subsurface sites (fcc*and hep*).
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