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Preface

Heterogeneous catalytic processes are among the main ways to decrease the consumption of
raw materials in chemical industries and to decrease the emission of pollutants of all kinds to
the environment via an increase in process selectivity. Selectivity can be improved by the
modification of catalyst composition and surface structure and/or by the modification of
pellet dimensions, shape, and texture, i.e., pore size distribution, pore shape, length, and
cross-sectional surface area (distribution). Until recently, the limiting factor in the latter
modifications has been the particles’ size, to which the length of diffusion in pores is related.
The size should not be too small because of the significantly higher pressure drop for such
small particles. Shell catalysts, which contain catalytic species concentrated near the outer
particles’ surface, are a remedy for improving selectivity and keeping pressure drop at a
reasonable level. Pressure drop can be the limiting factor even for such catalysts, e.g., when
large quantities of raw materials must be processed or when the higher pressure drop results
in a significantly higher consumption of raw materials. For instance, converting huge
amounts of natural gas in remote areas would require equipment characterized by low
pressure drop. Otherwise the cost of processing would be too high to make the process
economical. Too high a pressure drop in catalytic car mufflers would result in an increase in
fuel consumption by several percent. This would mean a several-percent-higher consumption
of crude oil for transportation. An inherent feature of conventional packed-bed reactors is
their random and structural maldistributions. A structural maldistribution in fixed-bed
reactors originates from the looser packing of particles near the reactor walls. This results in a
tendency to bypass the core of the bed, even if the initial distribution of fluid(s) is uniform.
The uniformly distributed liquid tends to flow to the walls, and this can drastically alter its
residence time from the design value. Random maldistributions result in: (1) a nonuniform
access of reactants to the catalytic surface, worsening the overall process performance, and
(2) unexpected hot spots and thermal runaways of exothermic reactions (mainly in three-
phase reactions).

Structured catalysts (reactors) are promising as far as the elimination of these drawbacks
of fixed beds is concerned. Three basic kinds of structured catalysts can be distinguished:

1. Monolithic catalysts (honeycomb catalysts), in the form of continuous unitary
structures that contain small passages. The catalytically active material is present
on or inside the walls of these passages. In the former case, a ceramic or metallic
support is coated with a layer of material in which active ingredients are dispersed.

2. Membrane catalysts are structures with permeable walls between passages. The
membrane walls exhibit selectivity in transport rates for the various components
present. A slow radial mass transport can occur, driven by diffusion or solution/
diffusion mechanisms in the permeable walls.

3. Arranged catalysts. Particulate catalysts arranged in arrays belong to this class of
structured catalysts. Another group of arranged catalysts are structural catalysts,
derived from structural packings for distillation and absorption columns and static
mixers. These are structures consisting of superimposed sheets, possibly corrugated
before stacking. The sheets are covered by an appropriate catalyst support in which
active ingredients are incorporated. The structure is an open cross-flow structure
characterized by intensive radial mixing.
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Usually, structured catalysts are structures of large void fraction ranging from 0.7 to
more than 0.9, compared to 0.5 in packed beds. The path the fluids follow in Structured
reactors is much less twisted (e.g., straight channels in monoliths) than that in conventional
reactors. Finally, structured reactors are operated in a different hydrodynamic regime. For
single-phase flow the regime is laminar, and the eddies characteristic of packed beds
absent. For multiphase systems various regimes exist, but here also eddies are absent. For
these reasons, the pressure drop in structured catalysts is significantly lower than that in

mass transfer within the catalytic layer. In contrast to conventional packed-bed reactors, the
thickness of the catalytic layer in monolithjc reactors can be si

penalty paid for the increase in pressure drop. Membrane catalysts provide a unique
opportunity to supply reactants to the reaction mixture gradually along the reaction route or
to withdraw products from the reaction mixture ag they are formed. The former mode of
carrying out complex reactions might be very effective in controlling undesired reactions
whose rates are strongly dependent on the concentration of the added reactant. The latter
mode might result in higher conversions for reversible reactions, which are damped by
products. The use of catalytic membranes operated in any of these modes can also contribute
to significant improvement in selectivity. The regular structure of the arranged catalysts
prevents the formation of the random maldistributions characteristic of beds of randomly
packed particles. This reduces the probability of the occurrence of hot spots resulting from
flow maldistributions.

Scale-up of monolithjc and membrane reactors can be expected to be straightforward,
since the conditions within the individual channels are scale invariant.

Finally, structured catalysts and reactors constitute a significant contribution to the
search for better catalytic processes via Improving mass transfer in the catalytic layer and
thus Improving activity and selectivity, decreasing operating costs through lowering the
pressure drop, and eliminating maldistributions.

Structured catalysts, mainly monolithic ones, are now used predominantly in environ-
mental applications, first of all in the cleaning of automotive exhaust gases. Monolithic
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