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Abstract 

A 2-D catalyst pellet model coupled with a non-isothermal 1-D heterogeneous axial dispersion reactor 
model was numerically simulated to analyze both particle-level and reactor-level performance of three 
different catalyst particle shapes (sphere, cylinder, and hollow cylinder/ring) for the gas-phase Fischer-
Tropsch Synthesis (FTS).  A Fe-based micro-kinetic olefin re-adsorption model developed by Wang et 
al. (2003) was coupled with the Soave-Redlich-Kwong (SRK) equation of state to describe the particle-
scale transport-kinetic interactions and phase behavior for the gas-phase FTS.  The reactor-scale axial 
temperature and specie concentration profiles, CO conversion, axial diesel range concentration profiles, 
and reactor-scale methane-based diesel selectivity were analyzed to compare the reactor-scale 
performance of spherical, cylindrical and hollow cylindrical catalyst particle shapes. 
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Introduction

Fischer-Tropsch Synthesis (FTS) is a highly 
exothermic polymerization reaction of syngas (CO+H2) in 
the presence of Fe/Co/Ru-based catalysts to produce a 
wide range of paraffins, olefins and oxygenates, which is 
often called syncrude.  Multi-Tubular Fixed Bed Reactors 
(MTFBR) and Slurry Bubble Column reactors (SBCR) are 
widely employed for FTS processes.  A MTFBR, used for 
gas-phase F-T synthesis, is similar to a shell and tube heat 
exchanger with a catalytic reaction taking place on the 
tube-side.  A coolant, generally water, flows on the shell-
side to maintain isothermal conditions in the reactor.  To 
model such a system, detailed knowledge about shell-side 
interactions coupled with tube-side catalytic reaction is 
required, and modeling a single fixed-bed will provide 
information on the reactor-scale fluid-solid transport 
interactions.  

A few reactor models for F-T synthesis have been 
developed in the past to investigate the performance of 
large-scale commercial reactors (Jess and Kern, 2012; Wang 
et al., 2003).  However, all the studies were either based on 

a pseudo-homogeneous reactor model with traditional 
lumped kinetics, or a fixed-bed with only spherical catalyst 
particles.  The use of a pseudo-homogeneous reactor 
model will not capture the intra-particle diffusional 
limitations, and for a complex reaction network with liquid 
products, such as F-T synthesis, the intra-particle diffusion 
limitations severely affect the performance of the reactor.   

In this study, a 1-D heterogeneous axial dispersion 
model is used to describe the reactor-scale species 
balances in a fixed-bed, and a 1-D energy balance is used 
to study the axial temperature gradients.  

A total number of 20 paraffins (C1 to C20), 19 olefins 
(C2 to C20) and 4 key components (H2, CO, CO2, and H2O) 
are considered in the reaction network.  This leads to 43 
nonlinear differential equations for the particle-scale specie 
mass balances, 43 nonlinear differential equations for the 
reactor-scale specie mass balances and one reactor-scale 
energy balance equation.  A total of 87 nonlinear coupled 
ODEs are solved numerically using COMSOL 
MultiphysicsTM.  The catalyst particle shapes used in this 



  
 
study are shown in Figure 1. The reaction rate equations 
for the above species are omitted for brevity, but resemble 
Langmuir-Hinshelwood rate expressions with driving force 
terms in the numerator that are reversible and adsorption 
terms in the denominator with inhibition by various 
species.  The precise functional forms and parameters are 
available in the cited references (Wang et al., 2003) 

 
 

 
 

Figure 1. Catalyst particle shapes used in the F-T 
reactor model. 

Key Results 

Axial Temperature Profiles 

The axial temperature profiles of the fixed-bed for 
different catalyst particle shapes are compared in Figure 2.  
The cylinder and ring catalyst particle shapes predict hot 
spots of a similar magnitude, but higher than the spherical 
catalyst.  The hot spot occurs close to the reactor inlet, and 
the magnitude increases with an increase in operating 
pressure.  The elevated temperature increases the FT 
reaction rate, which results in rapid consumption of the 
reactants.  It has been mentioned in the literature that by 
using a recycle stream, the hot spots will be translated 
further down the reactor, which makes it thermally more 
stable. 

 

 
 

Figure 2. Axial Temperature profiles in the 
fixed-bed (reactor length Lr = 12 m, reactor 

diameter Dr = 5 cm, T = 493 K, P = 25 bar & 30 
bar, and H2/CO = 2). 

 
 

Conclusions   

A 2-D catalyst pellet model coupled with a 1-D 
heterogeneous axial dispersion reactor model using sphere, 
cylinder and ring catalyst particle shapes was successfully 
analyzed for the first time using COMSOL Multiphysics. 
Micro kinetic rate equations, when coupled with 
intraparticle transport effects and vapor-liquid equilibrium 
phenomena, captures the transport-kinetic interactions and 
phase behavior for gas-phase FT catalysts on both the 
particle-scale and reactor-scale.  This work demonstrates 
that COMSOL can be a powerful numerical engine in 
solving highly coupled reactor model, with different 
catalyst particle shapes, by utilizing the in-built extrusion 
coupling and linear projection schemes.  The CO 
conversion, and the reactor-scale diesel range 
concentration profiles results suggest that cylinder and 
hollow ring shapes are preferred over spherical particle 
shapes, but the magnitude of the hot spot is greater for 
those shapes.  This may lead to a higher rate of catalyst 
deactivation, reduce the catalyst mechanical strength and 
generate unsafe reactor operating conditions.  The results 
in the current work show the importance of understanding 
the axial temperature profile of a single fixed-bed in order 
to efficiently design a MTFBR.  
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