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Research Fields

Chemical and Catalytic Reaction Engineering

Kinetic Instabilities, Reactor Dynamics and Control, Chaos, Spatio-Temporal Patterns
Reaction and Diffusion in Porous and Fractal Media

Membrane Reactors

Environmental Catalysis, Adsorption Columns

Application of DFT Methods to study Pd-catalyzed Reactions

Research Topics

Dynamics of Catalytic Reactors

Our research, in nonlinear reactor dynamics led to the discovery of several novel behaviors
and has been a principal contribution in demonstrating the richness of kinetics instabilities and
its impact on kinetic research and on design procedures of commercial reactors. Our work
combines experimental, analytical and numerical studies into such behavior as steady state
multiplicity, periodic and aperiodic motions and spatial symmetry breaking in a diverse array of
chemical reactors: catalytic, electrochemical, biochemical, combustion and homogeneous. The
recent phase of our work deals with the spontaneous emergence of spatiotemporal patterns in
catalytic reactors. One such IR thermography pattern is presented below showing oscillatory
behavior during catalytic oxidation of CO over Pd supported on a glass-fiber catalytic cloth. It
was conducted in a continuous reactor with feed flowing perpendicular to and through the disc-
shaped catalyst. Our recent work deals mainly with patterns in convection-diffusion-reaction
systems, which represent fixed-bed catalytic reactor, the working-horse of many chemical and
petrochemical processes. These works are of great academic interest to mathematicians and
physicists, as well as of practical interest. We have recently derived criteria for the emergence
of transversal patterns (perpendicular to the flow) in fixed bed reactors and verified them by
three-dimensional simulations. These ideas were extended to design novel types of reactors
like loop (ring-shaped) reactors. This work has been supported by the US-Israel BSF for many
years now.

Predicting Adsorption and Catalytic Kinetics

In order to better understand the mechanism and limiting stages of the catalytic reactions
employed in our group (CO oxidation dynamics, see above, water pollutants abatement and
hydrogen production, see below) we have been developing a methodology for a detailed study
of the kinetics of individual surface steps and their integration using simple theoretical models
combined with DFT or molecular mechanics simulations to calculate their energies, energetic
barrier and their rate. We have studied the activation energies and rate constants
characterizing dissociative oxygen adsorption, dissociative water adsorption or CO oxidation on
transition and noble metal surfaces using an analytical formalism previously developed by us.

We also conducted research using Molecular Mechanics to study phenol adsorption on
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activated carbon, modeled as a collection of nanotubes and of hydrogen adsorption and
activation on small palladium clusters and bulk surfaces.

Catalytic Membrane Reactors

Membrane reactors couple catalytic units with separation through a selective membrane that
envelopes them in order to remove a product in equilibrium-limited reactions or to add a
reactant. Our recent study of pure hydrogen generation by methane steam reforming in a
scaled down autothermal unit (which was patented) follows our previous studies of
dehydrogenation reaction using either a Pd/Ag or a carbon membrane. This work led to
contacts with the CARENA (CAtalytic REactors based on New mAterials) and CoMETHy
(Compact Multifuel-Energy to Hydrogen converter, see logos below) consortiums, recently
funded the FP7. Our role is in designing and building a membrane reactor for propane
dehydrogenation in the former or of SR of various feedstocks in the latter project.

Environmental Catalysis

Our group is also leading in the field of catalytic abatement of water pollutants, with a highly
cited review on the subject and several well cited articles on the process of adsorption on and
catalytic regeneration of activated carbon, using an adsorbent impregnated with a catalyst, and
on the catalytic removal of nitrates, nitrites and haloorganics from water. The latter subject has
been patented, endorsed by local water company (Mekorot) and an ‘incubator' company
(WellTodo) has recently been established.
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Patents

D. S. Simakov and M. Sheintuch, " Hydrogen Production by Autothermal Heat Exchanger
Packed-Bed Catalytic Methane Membrane Gas Reformer " International Patent Application No.
PCT/IL2010/000625 , filed on August 2, 2010.
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