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Introduction 
Catalyst deactivation by coke deposition is frequently found in hydrocarbon 
conversion processes. The quantitative study of the activity-time relation is important 
to find the optimum design and operation of the reactors for such processes [1,2,3]. 
The first step in treating the problem is the analysis of the behavior at the single 
catalyst particle level. The earliest attempt to solve this problem was developed for an 
isothermal pellet where the irreversible reaction, A → B occurs [3]. In that work the 
effect of deposition on the rate of the main reaction was described by a linear 
relationship. Recently, a semi-analytical solution for the same problem with linear 
and exponential deactivation functions was obtained [4]. 
In this paper, we present an approximate analytical solution for the isothermal 
diffusion-reaction problem in a catalytic pellet where the irreversible reaction, A → 
B, and coke formation occur. The dimensionless form conservation equations for 
coke and the main reaction key component, in a spherical pellet, are given by  
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These are subjected to the following initial and boundary conditions:  
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The method to obtain the analytical solution is based on the linearization of the 
kinetic terms of the reactant transport equations by expansion in Taylor series [5]. 
The analytical expressions for the concentration profiles of the reactants are obtained 
by direct application of the Laplace transform method. This procedure leads to 
analytical expressions for the effectiveness factor, of the main reaction, in terms of 
the Thiele modulus (h) and the time (τ).  
 
Results and Discussion 
The approximate effectiveness factors predictions are compared with the exact results 
obtained by numerical integration of the reactant transport equations [3]. Two types 
of deactivation processes by coke were considered: series and parallel deactivation. 



Figure 1 shows the case where series deactivation is considered. For this case, the 
approximate effectiveness factors predictions are in very good agreement with the 
exact predictions for moderate Thiele modulus values. The approximate predictions 
can be considered good, in the whole range of Thiele modulus-time domain, because 
the maximum deviation from the exact values is less than 20%. 
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Figure 1. Evolution of the effectiveness factor with time (τ ) for series deactivation as 
function of the Thiele modulus. 
 
The figure shows that, for series deactivation, the extent of deactivation increases 
with diffusion resistance (larger Thiele modulus, h). Therefore, the results can be 
used to predict the effect of coke deposition on the activity of the catalyst particle at 
any time for isothermal conditions and first order kinetics. 
Finally, the approximate analytical method can be used to solve diffusion reaction 
problems with higher order kinetics and considering coke deposition described by 
nonlinear relationships. 
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