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Summary

A SMBR with adiabatic segments is used for an &etohal operation. Feed mixtures are common in
industry which motivates a thorough investigatidrihee steady state properties and the dynamickeof t
reactor. Based on experimental work the operationews are acquired and discussed.
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I ntroduction

In recent years energy savings have become a trucidirection of the gas flow (fig. 1). After a specifime the

reactor design criterion. Thereby heat integratencepts
can offer substantial advantages in contrast tditiomal
processes and have been investigated theoretaallyalso
experimentally.

For gas phase reactions conducted in catalytia fixed
reactors it was shown that regenerative heat exgehan
very efficient, especially for the purification ofdustrial
waste gases by catalytic total oxidation. Thisdsduse the
application of heat exchangers
exchange) offers only a limited performance duehtr
unfavorable ratio between heat exchange area iprequt
size. The unsteady operated reverse flow reactaioleed
by Matros and co-workers exploits the regenerakigat
exchange in a fixed bed and is industrially appli€bld
feed gases are entering a catalytic fixed bed amd
converted within a narrow reaction front, which pagates
in the direction of the gas flow. Before leaving tfixed
bed the flow direction is reversed and a heat frooves in
the opposite direction. This process shows als@raév
unwanted features. Reversing the flow directiorseto a
release of unconverted material immediately aftee t
switching event. This “slip” can be reduced e.gthwthe
help of guard beds. An also undesired propertijiésnon-
uniform catalyst exploitation due to the narrowioegthe
heat front repeatedly moves along.

Another attractive option to achieve an autothermal

operation is the simulated moving bed reactor ggested

(recuperative heat

feed and product ports are switched in the floveaion
by one reactor segment. Hereby the cold feed segisien
shifted to the end of the cascade and is rehegtsd.a
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Fig.: 1 Principle of a simulated moving bed reactor

This operation has the advantage of an unidireation

apropagation of the heat front and a uniform expltain of

all fixed beds. Although direct dynamic calulatigrevide

a valuable description of the process dynamics,i®aéso
interested in methods describing the qualitativieav@ur

in terms of process parameters. In our recent stiedijave
developed a reduced model to approximate the gderiod
process and to predict the transition between egniénd
extinguished states of the reactdt was shown that the
following reduced switching time is usefull to irstigate

parameter dependencies for simple reactions.
taNsy Uy

V= (A-¢&)L, Le

e.g. by Haynes a Cardth The reactor is equipped with a Wherets, is the switching timeNeg, Lg ande are scaling

certain number of adiabatic fixed bed segments ected
in series. Again the cold feed gas is entering réetor
and a heat front propagates through the segmentsein

* To whom all correspondence should be addressed

parametersyy is the inlet gas velocity ande the Lewis
number. Our present work is devoted to experimbntal
and theoretically analyze the reactor behavior deecof



more complex reaction mixtures. Due to differertctéon
enthalpies and activation energies the operatiardeowi
can be affected significantly. Different reactornuol
schemes and the self-adaptivity of the reactostudied.

Procedure and Results

The total oxidation of

was analyzed and kinetic parameters have beenfiddnt

The dynamics of the propagating reaction zone wa

investigated for the pure components and for theure

on large fixed beds. Model based analysis of thes
identify appropriate transpor

experiments helped to
parameters and to perform further theoretical studi

The intrinsic property of the simulated moving lyedctor
is a solution isola with respect to the switchinget,
meaning, that if the switching time is adjustedhe front
velocity, accumulation of energy is possible. Tkiisd of
focusing leads to a high temperature stable solutith
full conversion, separated from the stable extisiged by

an unstable one.
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Fig.: 2 A family of isola solutions of a mixture of ethépmpene
corresponding to a total adiabatic temperature afs80 °C at a
constant low inlet temperature of 300 °C (extinpei solutions
not shown).

ethene and propene on
CuCrQ/Al 05 was investigated. A large set of kinetic data <

become larger and finally at very high inlet tengteres
an auto ignition is possible (fig. 3). This anadyslucidates
the influence of the activation energies.
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Fig.: 3 A family of limit point curves enclosing the regiof three
steady states in the parameter plane of the floevretioy and the
inlet temperature if. The solutions of mixtures (ethen /propene) are
shown. The graphs right illustrate the maximum terafures.

It will illustrated that an isola center possesHes most
singular behavior and our method allows for a fast
evaluation of the reactor performance under various
conditions. Also control schemes which are capable
stabilize the reactor are compared.

Summary and Outlook

This contribution investigates the behavior of diabatic
simulated moving bed reactor to totally oxidize tunes of
hydrocarbons. The analysis is based on experimeratd
of short chained hydrocarbons. It exploits singtyar
analysis to calculate dependencies. Dynamic siiuisit
demonstrate the stability of control schemes.
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