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A number of models were proposed in the literature for the 
prediction of deactivation rates of catalysts. Masamune and 
Smith (1966) analyzed the deactivation process by a shell mod- 
el. Krishnaswamy and Kittrell(l981) and Zrncevic (1984) con- 
sidered intraparticle deactivation processes. Diffusional in- 
fluences were also included in the analysis by Krishnaswamy 
and Kittrell. 

Many of the catalyst pellets are made by the agglomeration of 
small microporous particles. Such catalysts have a bidispersed 
pore structure. It was shown by Ors and Dogu (1979) that, for a 
bidispersed catalyst pellet, the effectiveness factor was a func- 
tion of particle Thiele Modulus (ai) and a dimensionless group 
a. This group is proportional to the ratio of diffusion times in the 
macro- and micropore regions of the pellet. Kulkarni et al. 
(1981) and Jayaraman et al. (1983) extended this approach to 
nonlinear rate expressions. KuCiikada and Dogu (1985) general- 
ized the effectiveness factor expression for bidispersed catalysts 
for different geometries and with respect to a. Dilution of active 
material in bidispersed catalysts was investigated by John and 
Varghese (1985a,b). Datar et al. (1986, 1987) extended the Ors 
and Dogu approach to systems with diffusivity variations and to 
nonisothermal systems. Maheshwari et al. (1985) investigated 
the deactivation of bidispersed catalysts assuming a simple, 
first-order, concentration-independent deactivation mechanism 
and predicted the variation of effectiveness factor for this mech- 
anism. In this mechanism, the deactivation rate was considered 
to be uniform throughout the pellet and did not depend on the 
position. 

The objective of the present study was to develop a particle- 
pellet model for the deactivation of bidispersed catalysts in 
which position dependence of activity within the pellet was 
taken into consideration. It was shown that the effectiveness fac- 
tor passed through a maximum at a certain Thiele modulus, 

especially at large times. The significance of a on the deactiva- 
tion rate was also illustrated. 

Particle-Pellet Deactivation Model 
It was considered in this model that a bidispersed catalyst pel- 

let was composed of microporous particles and macropores 
between the agglomerated particles. The surface area of micro- 
pores is much greater than the macropore surface area and most 
of the active sites lie within the microporous region. Considering 
these factors, the microporous particles were taken to be com- 
posed of two regions: deactivated shell and active core regions, 
Figure 1. For a parallel deactivation process, the pseudosteady- 
state, dimensionless species conservation equations were written 
in the active core and deactivated shell regions of a spherical 
microporous particle. 

Active core region (microporous particle): 

Deactivated shell region (microporous particle): 

In writing these equations, a first-order chemical reaction was 
considered. Similarly, the species conservation equation for a 
spherical pellet was expressed as, 

(3) 
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given in Eqs. 6 ,7 ,  8 and 9 gave the concentration profile expres- 
sions in the shell and core regions of a partially deactivated par- 
ticle. 

sinh ( + i U J / a  

The concentration gradient a t  the external surface of the 
deactivating microporous particle was then evaluated as 

Figure 1. Schematic representation of a deactivating bi- 
dispersed catalyst pellet. 

where the dimensionless groups (Pi and a were defined as: 

+-(-) r, QbSk, 112 

3 0, (4) 

where, 

For this model, the boundary conditions were expressed as fol- 
lows. 

Particle boundary conditions: 

Equation 14 was then substituted into Eq. 3. 

d*c 
dt 

- = 0  a t t = O  
The evaluation of concentration profile in the pellet and conse- 
quently the effectiveness factor expression require the solution 
of this equation. For this integration, it is necessary to have some 
knowledge about the dependence of 4,. on A. 

Following a similar approach as Masamune and Smith, the 
movement of the boundary between the active core and the 
deactivated shell regions was related to the total poisoning reac- 
tion within the particle. For a first-order deactivation process, 
the rate of change of ti with respect to time can be written as, 

(9) 

Pellet boundary conditions: 

In these equations, ti corresponds to the dimensionless posi- 
tion of the boundary between the active core and the deactivated 
shell regions of the particle. The value of ti varies with position 
in the pellet and with time. The dimensionless parameter 6 cor- 
responds to the ratio of micropore diffusion coefficients in the 
active core and the deactivated shell regions of the particle. 
Assuming that the pore structure of the active core and the 
deactivated shell regions of the catalyst particles were not very 
much different, the value of this parameter was taken as unity in 
the following analysis. For systems with significant diffusivity 
changes due to deactivation, the analysis should be repeated 
with appropriate 6 values. 

The solution of Eqs. 1 and 2 with the boundary conditions 

where, 

Equations 13 and 17 were then combined to obtain, 

r 1  1 1  
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Figure 2a. a - 0.1. 

This equation shows that ti is a function of particle Thiele mod- 
ulus (@J, dimensionless time, 0, and macropore concentration 
profile, $o. As the diffusion resistance in the macropores 
becomes significant, the dependence of $a on X and consequently 
the dependence of ti on X increase. The evaluation of concentra- 
tion profile in the pellet requires the simultaneous solution of 
Eq. 16 with Eq. 19. 

Effectiveness Factor for the Deactivating Pellet 

from the diffusion flux at  the external surface of the pellet. 
The effectiveness factor for a bidispersed catalyst was derived 

TJ '(A) 
dh A-3 

By integrating Eq. 3, the concentration gradient a t  the exter- 
nal surface of the macroporous pellet was evaluated and then the 
effectiveness factor was expressed (Kuqiikada, 1986). 

If macropore diffusion is not limiting, which corresponds to 
small values of a, the integration of these equations together 
with Eq. 14 gives. 

wheref(&, ai) is given by Eq. 15. 
The general solution of the model equations requires numer- 

ical analysis. Equations 14, 16 and 19 were solved by using a 
finite-difference method and value of d$,/dA was estimated at  
the external surface of the pellet. Then, effectiveness factor val- 
ues were calculated for different Gi, a, and 0 values. 

Results and Discussion 
The variation of effectiveness factor as  a function of particle 

Thiele Modulus and dimensionless time is illustrated in Figures 
2a and 2b for a = 0.1 and a = 1.0, respectively. The results 
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Figure 2b. a = 1.0. 

showed that, for lower values of the particle Thiele Modulus, Gi, 
deactivation is faster than the diffusion-controlling region. As a 
result, rate of decrease of TJ with time is faster a t  small @i values 
as compared to higher ai values. On the other hand, the reaction 
rate a t  high Thiele Modulus is intrinsically lower than the reac- 
tion rate a t  low Thiele Modulus. As a result of these two factors, 
effectiveness factor passes through a maximum between the 
kinetics- and diffusion-controlling regions. For higher values of 
the particle Thiele modulus, the effectiveness factor curves con- 
verge. 

The increase of the values of the parameter a! has very small 
effect on the effectiveness factor for low values of the Thiele 
Modulus, Figure 3. On the other hand, the effect of a! becomes 
more and more significant as the value of Gi increases. The vari- 
ation of TJ with *i a t  different a values is given in Figure 3 for a 
typical value of dimensionless time, 0 = 2.5. For larger values of 
a,  diffusion resistance in the macropores is larger than the diffu- 
sion resistance in the micropores. As a result, the magnitude of 
effectiveness factor becomes smaller as a increases. This effect 
is significant especially a t  high Thiele modulus values. The anal- 
ysis indicated that the life of the catalyst is longer for larger val- 
ues of a as well as for large values @,. 

Notation 
C. = concentration of reactant A in the macropores 
Ci = concentration of reactant A in the micropores 
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Figure 3. Variation of effectiveness factor with Thiele 
Modulus at 0 = 2.5 for different values of a. 
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C, = external surface concentration of A 
D, = effective macropore diffusion coefficient 
0, = effective micropore diffusion coefficient 
k ,  = surface reaction rate constant 
kd = deactivation rate constant 
Qo = concentration of deposited material per unit volume of catalyst 

pellet 
R = diffusion coordinate in the pellet 

R, = pellet radius 
r = diffusion coordinate in the particle 
r, = radial position of the boundary between the active core and deacti- 

vated shell sections of a particle 
r, = particle radius 
S = surface area per unit mas of catalyst 
t = time 

Greek letters 
a = dimensionless parameter defined by Eq. 5 
t, = macroporosity of the pellet 
7 = pellet effectiveness factor 
Q, = 
Q; = particle density 
@i = particle Thiele modulus defined by Eq. 4 
Jb = dimensionless concentration in the macropores, C,,/C, 
$, = dimensionless concentration in the active core micropores 
GS = dimensionless concentration in the deactivated shell micropores 

1 - c.) pellet density 

f = dimensionless coordinate in the particle, r/(r0/3) 
X = dimensionless coordinate in the pellet, R/(R,/3) 
8 = dimensionless time, defined by Eq. 18 
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