
I N T R O D U C T IO N

S tyrene is one o f  the m ost im portant m em bers o f  a series o f  unsaturated  
arom atic  m onom ers. S tyrene is used extensively for the m anufac tu re  o f  plastics, 
inc lud ing  crysta lline  polystyrene, rubber-m odified  im pact po lysty rene , acrylonitrile- 
b u ta d ie n e -s ty re n e  te rpo lym er(A B S ), s ty rene-acry lon itrile  co p o ly m er(S A N ) and 
sty rene-bu tad iene  rubber(SB R ). M any different techniques have  been  investiga ted  for 
the m anufac tu re  o f  styrene. M ore than 90%  o f  the w orldw ide  capacity  to  produce 
styrene is based  on catalytic dehydrogenation  o f  ethylbenzene.

T h e  p ro b le m s  e n c o u n te re d  in the  e th y lb en zen e  d e h y d ro g e n a tio n  in 
conven tional reactors, as w ell as the possib le solutions, are sim ila r to those m et in the 
d eh y d ro g en a tio n  o f  alkanes. The m ain problem s in the  actual ethy lbenzene 
d eh y drogenation  process are:

1. low  conversion  : due to therm odynam ic lim ita tions(equ ilib rium  conversion  
around 40%  at 900 K  under atm ospheric pressure);

2. h igh  endotherm icity  o f  the reaction  (a H °98 = 28. lkcal /  m ol).

D uring  the  past decade, the concept o f  m em brane reac to r has been  intensively  
in v estiga ted  for a variety  o f  d ifferent reactions. A m em brane reacto r com bines a 
reac tion  w ith  a separation  process in a single unit. A  m ajor advan tage  o f  m em brane 
reac to r op era tio n  is that a conversion beyond its equilib rium  value can be ach ieved  by 
con tinuous rem oval o f  one or m ore reaction  products using  a m em brane  as show n in 
F igure 1.1. T he dehydrogenation  o f  ethylbenzene to styrene is one o f  the reactions o f  
in terest in  th is  type o f  applications. Im provem ent in m em brane reac to r perfo rm ance 
can  be o b ta in ed  w hen  using  a m em brane w ith  h ig h  H 2 perm eab ility  and 
perm se lec tiv ity  fo r rem oving  the product แ 2 and, consequen tly  th e  reac tio n  m ixture 
does no t reach  the  equilib rium  and the p roduction  o f  styrene shou ld  increase.
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F ig u re l. l  Membrane reactor concept for dehydrogenation reaction.

There are various types o f membranes employed for high temperature 
dehydrogenation reactions such as dense metal membranes (e.g. Pd or Pd-alloys), 
porous membranes (e.g. alumina, titania, zirconia, or vycor glass), and composite 
membranes (e.g. metal/alumina, metal/vycor glass, or metal/stainless steel). The most 
promising membrane for hydrogen separation nowadays is a palladium-based 
composite membrane because o f  high permeability and high permselectivity. The 
driving force fo r the removal o f  hydrogen form  the catalyst bed is a gradient o f  the 
chemical potential between reaction and separation sides. D ifferent options exist to 
establish this gradient, i.e. using vacuum, a pressure difference, inert sweep gas, or 
reactive sweep gas (i.e. air). A l l  these methods decrease the partial pressure o f 
hydrogen on the separation side to establish a hydrogen partial pressure gradient 
across the membrane.
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Although a number o f research has been carried out in the area including 

modeling o f  ethylbenzene dehydrogenation in membrane reactors, there is little  effort 

in considering the effect o f  radial dispersion and non-isothermal condition. The 

objectives o f  this research are to use the two-dimensional mathematical simulation to 

investigate:

1) the effect o f  radial concentration and temperature profile;

2) the effect o f  operating parameters on the performance o f  a fixed-bed 

reactor and a palladium membrane reactor.
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