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The dehydrogenation of ethylbenzene to styrene in palladium membrane
reactor was studied. The study was divided into 3 main parts: the performance of
fixed-bed reactor and membrane reactor, comparison between different mathematical
models and study on the membrane reactor. Mathematical models taking into
account the non-isothermal condition and radial heat and mass dispersion were
developed to investigate reactor performance at various operating conditions. Kinetic
data of FegOa and K.O catalyst and permeation data of gas hydrogen through a
palladium membrane with 10 pm thickness were used in the modeling. The study
showed that due to the continuous removal of hydrogen from the reaction zone, the
conversion and the selectivity of the membrane reactor was superior to the
conventional fixed-bed reactor. It was proved that the assumption of isothermal and
plug flow condition overestimated the ﬁerformance of the reactors. The membrane
reactor with the catalyst packed in the shell side showed superior performance to the
one with the catalyst packed in the tube side due to the superior heat transfer. It was
also found that the operating modes in the separation side played an important role in
determlnm% the reactor performance. The use of reactive sweep gas supplied
additional heat to the reaction zone; however, the resulting performance may be
inferior to the other operating modes such as vacuum and inert sweep gas modes.
Finally it was found that there was an optimum reactor diameter to obtain the highest
performance.
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a,C

cP,i
Dm
Der
Dij
Ek
AHf

NIP
NIR
Pi
Pt
Qh

rr2r3

Nomenclature

cross section area of catalyst bed

frequency factor of reaction i

constant

concentration of dissolved hydrogen in palladium

heat capacity

diffusivity of hydrogen

effective radial diffusion

diffusion coefficient of hinary mixture
activation energy ofreaction i
enthalpy of formation

enthalpy of hydrogen through the membrane
heat of reaction < No. i

isothermal and plug flow model
equilibrium constant for the ethylbenzene
reaction rate constant, i= 1,2,....6
dimensionless length

entire length of palladium membrane

dimensionless molar flow rate of species, i

molar flow rate of species , i

total molar flowrate

non-isothermal and plug flow model
non-isothermal and radial dispersion model
partial pressure of species, i

total pressure

permeation rate

dimensionless radius

gas constant

radius of reactor

[m2]
[

[mol/m3]
[J/molK]
[/ ]
[m./ ]
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[J/mol]
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[J/mol]

[mol/m.sPa]
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[mol/s]
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[mol/sm]
[-]

[m..Pa/mole K]
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Ri rate of reaction

T temperature

To initial temperature

Is temperature at wall of stainless steel

T dimensionless temperature

TS dimensionless temperature at wall temperature

ks overall heat transfer coefficient of stainless steel tube
, overall heat transfer coefficient of membrane

V bed volume

\Wea, weight of catalyst

Febo feed molar flow rate of Ethylbenzene

X mole fraction

Z length of palladium membrane

Greek letter

Pi viscosity of species, i

pija viscosity of species, I, in mixture

aH permeability coefficient

Aer effective radial heat dispersion coefficient

0, dimensionless molar flow rate
porosity of catalyst bed

Pc density of catalyst bed

Subscript

i species |

m mixture

rxn reaction side

sep separation side

initial condition

[mol/kgcatS]
K]

K]

[K]
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[W/m.K]
[m3]
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shell side
T tube side
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