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A General Criterion to Test the Importance of Diffusion 
Limitations in Bidisperse Porous Catalysts 

In the analysis of solid catalyzed reactions, it is very important 
to know whether transport processes within the micro- and 
macropore regions have any effect on the observed reaction 
rate. Since the kinetic rate expression is usually nonlinear, it is 
difficult to determine the regions of kinetic control and diffusion 
control by solving the controlling differential equations of the 
model, as was done originally by Thiele (1939) for a first-order 
reaction. A detailed review ofdiffusion and reaction processes in 
porous catalysts was done by Aris (1975). 

In order to permit those who work with catalysts to estimate 
the importance of diffusion limitations on the overall rate, a 
number ofcriteria have been derived: Weisz and Prater (1954), 
Bischof (1967), Narshimhan and Guha (1972). Petersen (1965), 
Hutchings and Carberry (1966), and Schneider and Mitschka 
(1966) extended the Weisz-Prater criterion to systems where 
product inhibition is important. Hudgins (1968) developed a 
more general criterion for absence of appreciable diffusion ef- 
fects, applicable for reactions having other than power-type rate 
expressions 

Most of the industrially used catalysts have a bidisperse pore 
structure. In some cases, the intraparticle diffusion might be at 
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least as important as interparticle diffusion and chemical kinet- 
ics. Brown (1972) discussed the intraparticle diffusion effects in 
branched-pore systems. Ors and Do& (1979) show that the 
effectiveness of bidisperse porous catalysts which are formed by 
the agglomeration ofporous particles depends not only upon the 
Thiele Modulus, but also upon another modulus, that they call 
a, which is proportional to the ratio of diffusion times in the 
macro- and micropore regions. In this work, we derive a general 
criterion for negligible macro- and micro-pore diffusion effects 
on the observed rate of catalytic reactions in bidisperse porous 
catalysts. 

The effectiveness factor of a spherical bidisperse porous 
catalyst can be expressed as 

where Ro and ro are the radius of the catalyst pellet and the 
average radius of the particles which make up the pellet, respec- 
tively, and Ci is the concentration ofreactant in the micropores. 

Following the procedure used by Anderson (1963), the rate is 
expanded in a Taylor series about the surface concentration of 
particles, C, ,  which is the concentration of reactant in the 
macropores, and second-order and higher order terms are ne- 
glected. The concentration profile within the particles is approx- 
imated by a simple parabolic function. 
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4 ci = c, - Pi(l - -1 (4) 

Substituting Equations (3) and (4) into Equation (2) and carrying 
out the integration gives, 

By expanding r&,) and r$,J in Taylor series about the surface 
concentration of the pellet, Co, and assuming a parabolic profile 
for concentration C,, 

c, = co - PI, 1 - - ( 3 
and setting up that 11 > 0.95 for negligible diffusion effects 
Equation (5) reduces to 

In this procedure, an average and constant value for P I  is as- 
sumed to hold throughout the pellet. By equating the diffusion 
rate at the surface of the pellet to extensive observed reaction 
rate, an expression for is obtained. By a similar procedurc an 
expression for is obtained, 

where p;, is the particle density, eo is the macropore porosity, 
and D, and Di are the effective macropore and micropore diflu- 
sion coefficients. By substituting P, and & expressions into 
Equation (7), a general citerion for bidisperse porous catalysts is 
obtained. 

where 

The parameter G is proportional to the reciprocal of parameter 
defined by Ors and Dogu (1979), and its magnitude is deter- 
mined by the ratio of diffusion times in the micro and macro- 
pores. G is equal to zero, which corresponds to negligible diffu- 
sion resistance in the micropores, and this criterion reduces to 
the criterion suggested by Hudgins in 1968 (Equation 1). Con- 
sidering the order of magnitudes of effective macro- and micro- 
pore diffusivities,and particle and pellet dimensions reported in 
the literature (Ors and Dogu 1979, Do@ and Smith 1975, 
Hashimoto and Smith 1974), it can be predicted that for most 
practical catalysts, the value of parameter G lies between 10 and 

Especially for systems in which the value ofC is in the order of 
magnitude of lo-’ or higher, diffusion effects in the micropores 
cannot be neglected. For example, for the pellets used by 
Hashimoto and Smith (1974), the order of magnitude of C is 
about one. The value of G strongly depends upon the pore size 
distributions of the catalysts, which determine the ratio of effec- 
tive diffusivities in the micro- and macro-pore regions, and also 
upon the ratio of particle to pellet sizes. 

Otani and Smith (1966) studied the oxidation of carbon 
monoxide in large catalyst pellets (10% NiO-on-alumina). For 
their pellets, the square of the ratio of particle to pellet diame- 
ters is about 2.5 x lo-’. Assuming that the ratio of diffusivities 
D,/Di is on the order of magnitude of 16 (Hashimoto and Smith 

10-3. 

1974) the order of magnitude of G for their system can he 
estimated to be This implies that for large pellet to particle 
size ratios, the effect of micropore diffusion can be negligible. 

We can conclude that unless the value of G is very small, the 
criterion derived in this work is much more conservative than 
the previous criteria reported in the literature. By using this 
criterion, it is also possible to predict the importance ofdiffusion 
limitations in the micropores (with respect to diffusion in the 
macropores), in addition to reaction kinetics. 

NOTATION 

C, = concentration of reactant in the macropores 
= concentration of reactant in the micropores 
= external surface concentration of the reactant 
= effective diffusion coefficient 
= effective macropore diffusion coefficient 
= effective micropore diffusion coefficient 
= defined by Equation (11) 
= radial coordinate for the pellet 
= radius of the pellet 
= radial coordinate for the particle 
= radius of the particle 
= surface reaction rate - 

r, = observed reaction rate 
S = surface area per unit mass of the catalyst 

Greek Letters 

Po 
pi 
E, = macropore porosity 
7 = effectiveness factor 
pI,  
p;, = particle density 

= defined by Equation (8) 
= defined by Equation (9) 

= p,’,(l - E,) = pellet density 
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