
Catalysis 

Overall effectiveness factor



This lecture presents the effect of external 
mass transfer resistant, internal mass transfer 
resistant and surface reaction resistant.  The 
overall effectiveness factor combines these 
resistances and provides insight of their 
effects on the catalyst activity. 

1. Mass transfer (diffusion) of the reactant(s) (e.g., 
species A) from the bulk fluid to the external
surface of the catalyst pellet

2. Diffusion of the reactant from the pore mouth 
through the catalyst pores to the immediate
vicinity of the internal catalytic surface

3. Adsorption of reactant A onto the catalyst surface
4. Reaction on the surface of the catalyst (e.g., A B)
5. Desorption of the products (e.g., B) from the surface
6. Diffusion of the products from the interior of the 

pellet to the pore mouth at the external
surface

7. Mass transfer of the products from the external 
pellet surface to the bulk fluid 

Resistances affecting catalytic reaction
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Estimation of Diffusion- and Reaction-Limited Regimes

1. Weisz–Prater Criterion for Internal Diffusion

The following criteria are used to determine the rate limited step(s) for the catalytic reactions

This Weisz–Prater Criterion  is used to measure the observed rate of reaction to determine of the 
internal diffusion is the limiting step.

Recall the equation of internal effectiveness factor for first order reaction, for example,

Rearrange this equation 



The left-hand side of the above equation is the 
Weisz–Prater parameter:

Recall that and

Case (1):    if                                             there are no diffusion limitations and consequently no 
concentration gradient exists within the pellet 
                                 

Case (2):    if                                             there is internal diffusion that limits the reaction severely 

                                 



2. Mears’ Criterion for External Diffusion

The Mears criterion uses the measured rate of reaction to learn if mass transfer from the bulk gas phase 
to the catalyst surface can be neglected. Mears proposed that when

Then external mass transfer effects can be neglected



For non-isothermal system Mears also proposed that the bulk fluid temperature, T, will be virtually
the same as the temperature at the external surface of the pellet when



Example: Estimating Thiele Modulus and Effectiveness Factor

The first-order reaction                                    was carried 
out over two different-sized pellets. The results of two 
experimental runs made under identical conditions are 
as given in Table bellow.
 

1. Estimate the Thiele modulus and effectiveness 
factor for each pellet. 

2. How small should the pellets be made to virtually 
eliminate all internal diffusion resistance?

Solution

Letting the subscripts 1 and 2 refer to runs 1 and 2, we apply the equation above to runs 1 and 2 and then take 
the ratio to obtain 

The Thiele modulus is



Taking the ratio of the Thiele moduli for runs 1 and 2, we obtain

Solving the obtained Equation yields 

Then

The corresponding effectiveness factors are
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