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LABORATORY AND COMMERCIAL-SCALE
CATALYTIC REACTORS
Designing and using laboratory-scale reactors for studying catalysts can
be a very confusing process. Laboratory catalytic reactors are used for a
variety of objectives including catalyst screening and evaluation, determination
of reaction data, simulation of commercial process conditions, studies of
catalyst pretreatments or aging, etc. Each of these objectives lends itself to a
specific design of the reactor in order to achieve results which are
meaningful. This Altamira Note discusses three common applications of
laboratory-scale reactors and the suitability of various reactor types for
these different research and development applications.

CATALYST EVALUATION
A common use of catalytic reactors in the research laboratory is for the
evaluation or "screening" of catalysts. Often this involves testing tens or
hundreds of catalysts with very similar formulations and simply comparing their
activity and/or selectivities towards a particular reaction. For such cases it
is only necessary that the information obtained represent true trends in the
behavior of these catalysts and fairly simple laboratory reactors may be
suitable.
For these types of studies, small fixed-bed reactors are typically chosen.
Fixed-bed reactors are simple to fabricate, can be satisfactorily operated with
only a small amount of catalyst (an important criterion if one is synthesizing
only laboratory quantities of catalyst), and with proper choice of operating
conditions can be run isothermally and with a minimum of transport effects.
These fixed-bed reactors can be operated in either a differential or integral
mode. However, for meaningful comparisons among catalysts, the overall
conversion should be kept low so that differences in catalytic activity become
readily apparent.
Pulse-type fixed-bed reactors, in which the reactants are periodically
pulsed over a catalyst bed otherwise maintained in an inert gas flow, can also
be used for quick screening of catalysts. However, since data obtained from
these reactors is not obtained under steady-state conditions, one must be
careful when comparing activity or selectivity information from catalysts which
are at different pulse frequencies.
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DETERMINATION OF INTRINSIC KINETIC DATA
When choosing a laboratory-scale catalytic reactor to obtain intrinsic
kinetic data, one is concerned with operating with minimal heat and mass
gradients so that the information obtained accurately reflects the true
chemistry of the reaction and that it is not affected by transport effects. Thus
one would like to use a reactor type which has a well-defined analytical
solution to their kinetic equations. As detailed in a previous Altamira Note,
three such reactor types exist, namely batch, CSTR, and plug-flow. These should
be ideally operated in an isothermal mode and experimental tests for both heat
and mass transfer limitations should be carried out to ensure that the results
obtained are indeed due to the intrinsic kinetics of the reaction.
Of the ideal reactor types, perhaps the most commonly used is the CSTR. A
CSTR is a perfectly mixed flow reactor and is characterized by the reacting
mixture having the same composition as the exit stream. The CSTR can take many
forms, including impeller-mixed vessels, externally recirculating systems using
pumps, and internally recirculating vessels, such as the Berty or Carberry
reactors.

DETERMINATION OF PROCESS PARAMETERS FOR SCALE-UP
In addition to obtaining intrinsic kinetic data, it is sometimes necessary
to operate a reactor so as to mimic as close as possible the behavior of a
large-scale reactor. In these cases one is concerned with designing a reactor
having a distribution of phases which approximate those in the large-scale
reactor of interest and has dimensions and parameters which correspond to the
size of the large-scale reactor. Thus, the type of laboratory reactor used
should be of the same type as the large reactor. Additionally, it should be
operated under conditions of temperature, pressure, reactant concentrations, and
catalyst shape which are substantially the same as will be used in the larger
reactor.

SUMMARY
Table 1 summarizes several common reactor types and some of their
important characteristics. Laboratory reactors can come in a variety of sizes
and types and the best choice of reactor will depend on the objectives which one
desires to meet.
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