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The dehydrogenation of propane in a palladium membrane reactor was
studied. The study was divided into 3 main parts: kinetic  dy of 0.3 wt%Pt-
o 2 Wit%Sn-o .« Wt%K/y-Al.os catalyst, permeation study of hydrogen through a
palladium membrane and study on the membrane reactor. The Pt-Sn-K/y-AhCh was
selected because of its high resistance in catalyst deactivation. Reaction rate
constants for the Pt-Sn-K/y-Alos catalyst were determined by fitting the
experimental results with power-law kinetics at the reaction temperature ranging
between 723 and 873 K. The reaction rate constant based on the active site for the Pt-
Sn-K/y-Al.Gs catalyst at 773 K was 1.40x1 OB mol/(site-s-Pa). In addition, the
frequency factor and the activation energy were 5.68x10'2Z mol/( site-s-Pa) and 60.5
kJ/(mol-K), respectively. The permeation smdy of pure hydrogen through a Pd-Ag
membrane with 5 mm diameter and 0.1 mm thickness was carried at 573, 673 and
773 K. The permeation was assumed to follow Sievert's law. The obtained
permeation coefficient at 773 K was 9.42x10'9 mol/((m2sPal9 and the activation
energy was 9.7 kJ/(mol-K).

In the membrane reactor study, hydrogen was continuously removed from
the reaction zone along the membrane length; thereby equilibrium composition and
the reaction were continuously moved forward. In this work both mathematical
modeling and experimental work were carried out. It was found that simulation
results agree well with experimental values with error about 3 -8 %. Membrane
reactor performance was superior to a conventional packed bed reactor when
operated at high sweep gas flow rate and W/F. This is particularly pronounced with a
membrane with very thm Pd layer thickness. In the range of smdy it was found that
the radial dispersion effect was not significant. Finally, it was concluded that to
obtain the same conversion, the membrane react or can be operated at a lower
temperature, resulting in energy saving.
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Ac

abc

Cp
D ab
Dim
dp

Fi

Jh

kapp

ks

ksite

N a
Pi

PfA
Pt

R

Nomenclature

cross section area of catalyst bed
External surface area per weight of catalyst
constants
concentration of species |
heat capacity
binary diffiisivity coefficient
effective binary diffiisivity
catalyst diameter
molar flow rate of species i
mass flux
jo factor
2 flux through membrane
reaction rate constant based on catalyst volume
reaction rate constant based on catalyst weight
reaction rate constant based on catalyst surface
reaction rate constant based on active site
mass transfer coefficient
equilibrium constant
bed length
dimensionless length
average molecular weight of mixture
mass flux with respect to fixed solid surface
partial pressure
film pressure factor
total pressure

gas constant

ro,ri.f2 r3 reactor radial length

[m2

[m 2/kgcat]

[mol/m3
[J/mole-K ]
[m2 ]

[mZ ]

[m]

[mole/s]
[kg/m2s]

[-]

[mole/m2s ]
[mole/m3s-Pq]
[mole/kgcafS-Pal
[mole/m2s-Pa)
[mole/site-s-Pa]
[m/s]

[Pe]

[m]

[

[mole/kg]
[mole/m2a]
[Pa]

[

[Pal]
[m3-Pa/mole-K]
[m]



y

Re
Sc

Site

Wecat

Xeq
Yi

Ac -
An

Ad

rate of reaction based on catalyst volume
rate of reaction based on catalyst weight
rate of reaction based on catalyst surface
rate of reaction based on active site

Reynolds number

Schmidt number

metal active site

temperature

bed volume

velocity of fluid passed catalyst bed
catalyst weight

Equilibrium conversion

mole fraction

standard Gibb’ free energy change of reaction

standard heat of reaction

standard entropy change of reaction

Greek letter

5a

Peat

Change in the total number of moles per one

mole of A reacted

Ratio of the number of moles of species i

initially to the number of moles of A initially

viscosity

gas density

catalyst density
effectiveness factor
Thiele modulus
fugasity

internal diffusional limitation criterion

[mole/m3-s]
[mol/kgca,e ]
[mol/m2-g]

[mol/m2-site]

[J/mol]
[J/mol]

[J/mol]

(-]

(-1
[kg/nvs]
[kg/m3

[kgca,/m 3]



Vi stoichiometric coefficient

Ch permeability coefficient of H2

Ph dimensionless partial pressure
0, dimensionless molar flow rate
£ Porosity of catalyst bed
Subscript

i species i

m average of mixture

initial condition

T total

Superscript
shell side

T tube side

[-]

[mol/m2-g]
[-]

[-]
[-]
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