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Abstract 

Development of next-generation chemical processes that have zero emissions is a key environmental objective for 

sustainable development.  The manufacture of H2SO4 by the air oxidation of SO2 to SO3 is an important 

technology where an opportunity exists for new catalyst development and process innovation by reducing 

emissions of unconverted SO2 in process reactor tail gases.  However, emissions control technologies using front-

of-pipe technology have greater potential to be more economical versus end-of-pipe scrubbing technologies.  

Development of new catalysts having higher activity, lower pressure drop, and adequate crush strength to meet 

the anticipated reduction in SO2 emissions will potentially benefit by using this more realistic approach for 

particle-scale shape modeling.  Transport-kinetic interactions in commercial porous catalyst shapes used for SO2 

oxidation are analyzed using the Wilke, Wilke-Bosanquet, Maxwell-Stefan, and Dusty-Gas flux models as part of 

an effort to develop insight into the contribution of diffusion mechanism on performance. 
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Sulfuric acid catalyst manufacturers offer a variety of 

catalyst shapes for the air oxidation of SO2 to SO3 using 

adiabatic multi-stage reactor systems.  These shapes 

include solid and hollow cylinders as well as various those 

involving hollow multi-lobe ribs, such as 5-lobe and 6-

lobed shapes.  However, the a priori technological bases 

for specifying a specific catalyst shape over another are 

generally lacking other than macroscopic goals, such as 

maximizing catalyst activity and life, minimizing pressure 

drop, and possessing adequate mechanical strength to meet 

practical attrition requirements.  From a catalyst design 

perspective, specification of catalyst composition, catalyst 

size, catalyst shape and internal pore structure are 

interlinked parameters that have received notable attention 

by catalyst scientists and engineers since these properties 

affect the catalyst effectiveness factor, bed pressure drop, 

rate of catalyst attrition, catalyst mechanical integrity, 

catalyst life, amongst other key measures of performance.  

It is evident that specification of preferred catalyst design 

parameters requires careful optimization since tradeoffs 

exist in how the observed reaction rate and other measures 

of performance may be affected by altering one or both of 

these parameters.   

The primary objective of this work is three-fold: (1) to 

review the current state-of-the art in modeling transport-

kinetic interactions for catalyst particle shapes utilized in 



  
 

the oxidation of SO2 to SO3; (2) to develop a rigorous 

modeling framework that accounts for diffusion and non-

isothermal reaction in various realistic 3-D commercial 

catalyst shapes for the oxidation of SO2 to SO3, such as 

solid cylindrical pellets, rings, and multi-lobe particles, 

using various diffusion flux models; and (3) to employ this 

framework to compare the performance of these various 

catalyst shapes under typical multi-pass convertor 

operation. 

Methods 

Some catalyst shapes that have been proposed for SO2 

oxidation to SO3 are illustrated in Figure 1 (Nagaraj and 

Mills, 2008). The ones shown here are not exhaustive, but 

provide a perspective of shapes that have been proposed in 

various patents and the open literature.  In the case of 

catalyst shapes involving multiple lobes, the shape 

parameters include the number and shape function of the 

lobes, the characteristic dimension of a given lobe, the 

distance from the lobe center to true particle center, and 

the diameter of the hollow center region.  The lobes for 

these shapes are typically based upon various elementary 

functions, such as circles, trigonometric functions (e.g., 

cosine), or triangles. The choice of a particular shape 

function is not a restriction and the choice of other shape 

functions will be discussed.   

 
Figure 1.  Illustration of Various Catalyst Shapes. 

 

The above catalyst shapes and others not shown for 

brevity were constructed using either the drawing tools 

provided in COMSOL Multiphysics, or imported as a .dwg 

file created using a special-purpose program that generates 

the exterior particle coordinates that can be imported in 

AutoCAD.  Both the 2-D and 3-D shapes are provided to 

show that the analysis requires a consideration of all three 

spatial dimensions. 

COMSOL Multiphysics is used to model non-

isothermal diffusion and reaction with compositional and 

temperature dependence of all model parameters, which 

builds upon our previous work (Nagaraj and Mills, 2008). 

The reaction kinetic model is based upon the work of 

Collina et al. (1970) since it accounts for the dependence 

of the SO2 oxidation rate on the partial pressures of SO2, 

O2, and SO3 with inhibition by both SO2 and SO3.  The 

reaction rate and adsorption equilibrium parameters in this 

model are valid from 420-550
o
C, which is within the 

commercial operating range of most convertors.  Various 

diffusion flux models, namely, the Wilke model, the 

Wilke-Bosanquet, and the Dusty Gas model are not 

available in COMSOL so these were coded to compare the 

particle concentration and temperature profiles as well as 

the particle effectiveness factor over typical process 

conditions encountered in multi-pass convertor operation. 

Results and Discussion 

Typical SO2 concentration profiles for a multi-lobe 

particle shape whose lobes are described by a rounded step 

function are shown in Figure 2a.  In this case, the Wilke 

model is used to describe the diffusional fluxes.  Here, the 

particle surface is exposed to a constant bulk concentration 

corresponding to 11.5% SO2 and 9.5% O2 and a bulk 

temperature of 420
o
C, which would be in close proximity 

to typical inlet conditions for pass 1.  The red zone 

indicates a high concentration of SO2 while the red zone is 

a low concentration of SO2 corresponding to a high 

concentration of SO3.  The profiles suggest that significant 

diffusional limitations are present. 

A cross-section of the temperature profiles inside the 

particle at the particle mid-section is shown in Figure 2b.  

The external temperature, which corresponds to 420
o
C, is 

the coolest location as expected for an exothermic reaction 

while the interior regions of the lobes approach a 

maximum temperature of ca. 435
o
C.  It is apparent that the 

particle lobes, while producing a reduced pressure drop 

compared to solid cylinders and ring shapes (not shown 

here for brevity), are a source of diffusional limitations 

which is undesired. The particle model provides the 

starting basis for coupling local particle behavior to the 

external particle field equations, which is an essential 

component of SO2 oxidation reactor modeling.   

Figure 2. SO2 concentration and temperature profiles. 

Conclusions 

Identification of optimal catalyst shapes can be 

approached on various degrees of complexity.  The results 

show that the observed catalyst performance is notably 

affected by the choice of diffusion flux model.  

Experimental verification would provide a means of 

determining which model should be used to describe 

convertor performance. 
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