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The dehydrogenation  o f  ethylbenzene to styrene in  palladium  m em brane 
reactor w as studied. The study w as divided into 3 m ain parts: the perform ance o f 
fixed-bed reactor and m em brane reactor, com parison betw een different m athem atical 
m odels and study on the m em brane reactor. M athem atical m odels taking into 
account the non-isotherm al condition and radial heat and m ass d ispersion were 
developed to investigate reactor perform ance at various operating conditions. K inetic 
data o f  FegOa and K 2 O catalyst and perm eation  data o f  gas hydrogen  through a 
pallad ium  m em brane w ith  10 pm  thickness w ere used in the m odeling. The study 
show ed that due to the continuous rem oval o f  hydrogen from  the reaction  zone, the 
conversion and the selectivity o f  the m em brane reactor w as superior to the 
conventional fixed-bed reactor. It was proved  that the assum ption o f  isotherm al and 
plug flow  condition  overestim ated the perform ance o f  the reactors. The m em brane 
reactor w ith  the catalyst packed in the shell side show ed superior perform ance to the 
one w ith  the catalyst packed in the tube side due to the superior heat transfer. It was 
also found that the operating m odes in the separation side p layed an im portant role in 
determ ining the reactor perform ance. The use o f  reactive sw eep gas supplied 
additional heat to the reaction  zone; how ever, the resulting perform ance m ay be 
inferior to the o ther operating m odes such as vacuum  and inert sw eep gas m odes. 
F inally  it w as found that there was an optim um  reactor diam eter to obtain  the highest 
perform ance.
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Ac cross section  area o f  catalyst bed [m 2]
Aik frequency  factor o f  reaction  i [-]
a,c constan t
Co concen tration  o f  dissolved hydrogen in palladium [m ol/m 3]

cP,i heat capacity [J/m olK ]

D m d iffusiv ity  o f  hydrogen [m 2 / ร]
Der effective  radial d iffusion [m 2 / ร]
Dij d iffusion  coefficien t o f  b inary m ixture [m 2 / ร]
E,k activation  energy o f  reaction  i [J/m ol]
AH f enthalpy o f  form ation [J/m ol]

น,ท enthalpy  o f  hydrogen through the m em brane [J/m ol]

Aน  R,i heat o f  reaction  5 N o. i [J/m ol]
IP iso therm al and plug flow  m odel
K e b equ ilib rium  constant for the ethylbenzene
k, reaction  rate constant, i = 1 ,2 ,...,6 [m ol/m 3 sPa]
L dim ension less length [-]
lo entire  length  o f  pallad ium  m em brane [m]
~M1 dim ension less m olar flow  rate o f  species, i [-]
Mi m olar flow  rate o f  species , i [m ol/s]
M r to tal m olar flo w ra te [m ol/s]
N IP non-iso therm al and plug flow  m odel
N IR non-iso therm al and radial d ispersion m odel
Pi partia l p ressure  o f  species, i [Pa]
Pt to tal p ressure [Pa]
Qh perm eation  rate [m ol/sm ]
R dim ension less radius [-]
Rgas gas constant [m 3 .Pa/m ole.K ]
r i r 2,r3 rad ius o f  reactor [m]



Ri rate o f  reaction [mol/kgcatS]
T tem perature [K]
To in itial tem perature [K]
Tss tem perature  at w all o f  stain less steel [K]
T d im ensionless tem perature [-]
T SS d im ensionless tem perature at w all tem perature [-]
Uss overall heat transfer coeffic ien t o f  stain less steel tube [พ /!ท 2 K]
บ,ท overall heat transfe r coeffic ien t o f  m em brane [W /m 2 K]
V bed volum e [m 3]
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Febo feed m olar flow  rate o f  E thylbenzene [mol/s]
Xi m ole fraction [-]
Z length  o f  pallad ium  m em brane [m]

G re e k  le t te r
Pi viscosity  o f  species, i [kg/m s]

p ija viscosity  o f  species, i, in m ixture [kg/m s]

a H perm eability  coefficien t [m ol/m sP a05]

Aer effective radial heat d ispersion  coefficien t [W /m K ]

0, dim ensionless m olar flow  rate [-]
ร porosity  o f  cata lyst bed [-]
Pc density  o f  cata lyst bed [kgcat/m3]

S u b s c r ip t
i species i
m m ixture
rxn reaction  side
sep separation  side
0 in itial condition



Superscrip t
ร shell side
T tube side
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