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ABSTRACT

Fischer-Tropsch synthesis (FTS) plays an important role in the production of ultra-clean transportation fuels, chem-
icals, and other hydrocarbon products. In this work, a novel combination of fixed-bed and slurry bubble column
membrane reactor for Fischer-Tropsch synthesis has been proposed. In the first catalyst bed, the synthesis gas is
partially converted to hydrocarbons in a water-cooled reactor which is fixed bed. In the second bed which is a mem-
brane assisted slurry bubble column reactor, the heat of reaction is used to preheat the feed synthesis gas to the
first reactor. Due to the decrease of H,/CO to values far from optimum reactants ratio, the membrane concept is
suggested to control hydrogen addition. A one-dimensional packed-bed model has been used for modeling of fixed-
bed reactor. Also a one-dimensional model with plug flow pattern for gas phase and an axial dispersion pattern for
liquid-solid suspension have been developed for modeling of slurry bubble column reactor. Proficiency of a mem-
brane FTS reactor (MR) and a conventional FTS reactor (CR) at identical process conditions has been used as a basis
for comparison in terms of temperature, gasoline yield, H, and CO conversion as well as selectivity. Results show a
favorable temperature profile along the proposed concept, an enhancement in the gasoline yield and, thus a main
decrease in undesirable product formation. The results suggest that utilizing this type of reactor could be feasible
and beneficial. Experimental proof of concept is needed to establish the validity and safe operation of the proposed
reactor.
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on gasoline in the world and its higher price relative to
that of diesel, production of gasoline from the FT process
becomes more favorable. FTS is either low temperature pro-
cess (LTFT) or high temperature process (HTFT) depending
on the product required. High temperature process oper-

1. Introduction
1.1. GTL technology

Recently, the high oil price has created considerable interest

in the development of alternative technology for the manufac-
ture of transportation fuels. Natural gas in remote areas can
be converted to shippable liquid fuels (e.g., gasoline, diesel,
and wax) through the gas-to-liquid (GTL) process (Schulz,
1999; Hall, 2005). In the GTL process, Fischer-Tropsch syn-
thesis (FTS) is the key technology for converting synthesis
gas (mixture of CO and Hj) to liquid fuels. The develop-
ment of an effective catalyst and reactor system is the
most competitive issue in FTS. Owing to the high demand

ates at 300-350°C on Fe-based catalysts and is mainly used
for the production of C5* and linear olefins while the low
temperature process operates at 200-240°C and is applied
for the production of waxy material (Akhtar et al., 2006).
The various types of reactors (including fixed-bed, fluidized
bed, and slurry phase) have been considered in the his-
tory of FTS process development, characterizing with the
most suitable particle size of the catalyst used (Wang et al.,
2003).

Abbreviations: CR, conventional reactor; FMDR, fluidized-bed membrane dual type reactor; FTS, Fischer-Tropsch synthesis; HTFT, high
temperature Fischer-Tropsch process; LTFT, low temperature Fischer-Tropsch process.

* Corresponding author. Tel.: +98 711 2303071; fax: +98 711 6287294.

E-mail address: rahimpor@shirazu.ac.ir (M.R. Rahimpour).

Received 13 July 2010; Received in revised form 7 July 2011; Accepted 20 July 2011
0263-8762/$ - see front matter © 2011 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

doi:10.1016/j.cherd.2011.07.014


http://www.sciencedirect.com/science/journal/02638762
www.elsevier.com/locate/cherd
mailto:rahimpor@shirazu.ac.ir
dx.doi.org/10.1016/j.cherd.2011.07.014

384

CHEMICAL ENGINEERING RESEARCH AND DESIGN 90 (2012) 383-396

Nomenclature

Ac cross section area of each tube, m?

A; inner area of each tube, m?

A, outer area of each tube, m?

Ag lateral area of each tube, m?

Ashell cross section area of shell, m?

a interface area between gas and slurry phase,
m2

ay specific surface area of catalyst pellet, m?> m—3

Ay cooling tube specific external surface area
referred to the total reactor volume, m2 m~3

Cig concentration of i in the gas phase at reactor
inlet, molm—3

Gil concentration of i in the liquid phase at reactor
inlet, molm—3

Cpg specific heat of the gas at constant pressure,
Jmol-1k-1

Cph specific heat of the hydrogen at constant pres-
sure, Jmol~1k~!

Cps specific heat of the catalyst at constant pres-
sure, Jmol-1k-1

Cpst heat capacity of the liquid-solid suspension,
Jmol-1k1

Cs solid volume fraction in gas free slurry, kgm=3

Cs solid hold up in liquid phase, gm~3

Ct total concentration, molm~3

D; tube inside diameter, m

Dy binary diffusion coefficient of component i in
component j, m?s~1

Dim diffusion coefficient of component i in the mix-
ture, m2s-1

Do tube outside diameter, m

DT Reactor diameter, m

dp particle diameter, m

Eg axial dispersion coefficient of gas phase, m? s~1

E axial dispersion coefficient of liquid phase,
m?s~!

F: total molar flow rate in shell side, mols~1

Fsh total molar flow in shell side, moles1

Ft total molar flow per tube, moles—!

F! molar flow in liquid side, moles~?!

F9 molar flow in gas side, moles™?

Fio total molar flow rate in tube side, mols~!

g accelerating due to gravity, ms—2

H Henry’s coefficient, Pa

hy gas-solid heat transfer coefficient, Wm—2K~1

h; heat transfer coefficient between the gas phase
in the tube side and reactor wall, Wm=—2K-1

ho heat transfer coefficient of boiling water in the
shell side, Wm~2K~!

K conductivity of fluid phase, Wm~1K~?

Kpei mass transfer coefficient for component i in
fluidized-bed, ms™!

Kuw thermal conductivity of reactor wall,
Wm-1K-?

Rgi mass transfer coefficient of componentiin gas-
phase, ms™!

L length of reactor, m

M; molecular weight of component i, gmol~!

N number of components

Pt hydrogen partial pressure in tube side, bar

Tshell

Tt
Ushen

Utube

u
Ug
up
usg
Uss
Yi
Yis
Yig
Yil

We

hydrogen partial pressure in shell side, bar
permeability of hydrogen through Pd-Ag layer,
molm~1s~1pa~1/2

pre-exponential factor of hydrogen permeabil-
ity, molm~1s~1pa~?

saturated vapor pressure, Pa

pressure gradient along the column wall,
Pam~!

universal gas constant, Jmol~t K1
Reynolds number

inner radius of Pd-Ag layer, m

outer radius of Pd-Ag layer, m

particle diameter, m

reaction rate of component i, molkg=1s
Schmidt number of component i

bulk gas phase temperature, K

cooling temperature, K

temperature of solid phase, K
temperature of coolant stream, in first reactor,
K

temperature of synthesis gas in tube side, K
overall heat transfer coefficient between
coolant and process streams (gas-cooled
reactor), Wm—2K~1

overall heat transfer coefficient between
coolant and process streams (water-cooled
reactor), Wm—2K~1

superficial velocity of gas through the dense
phase, ms™!

superficial velocity of liquid phase, ms~?
superficial gas velocity, ms~!

linear velocity of liquid phase, ms~?!
superficial gas velocity in slurry reactor, ms—!
superficial slurry velocity, ms=!

mole fraction of componentiin the fluid phase,
molmol~?

mole fraction of componentiin the solid phase,
molmol~?

mole fraction of component i in the gas phase,
molmol~?

mole fraction of component i in the liquid
phase, molmol~?!

weight fraction catalyst in gas free slurry

axial reactor coordinate, m

-1

Greek letters

Qeff
ay

AHﬁI‘
AP
Az
€B
&g
&l
Es
P
PB
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ol

slurry to internal coil wall conversion heat
transfer coefficient, Wm-2K~1
hydrogen  permeation  rate
molm-1s~1pa=0>

enthalpy of formation of component i, J mol~!
pressure difference, kPa

a small increment in vertical distance, m
void fraction of catalyst bed

gas holdup

liquid holdup

void fraction of catalyst

density of fluid phase, kgm~3

density of catalytic bed, kgm—3

density of gas phase, kgm~3

density of liquid phase, kgm—3

constant,
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