
A Theorem Regarding the Poisoning of Fixed C,atalyst 

Recently, Anderson and Whitehouse (1) 
considered the poisoning of fixed catalyst 
beds by an impurity in the feed and prc- 
sented calculations based on simple hypo- 
thetical poisoning and poison distribution 
equations. In many of the examples in this 
paper (1) the relative activity of the bed 
decreased linearly with poison concentra- 
tion of the bed at the start of the poison- 
ing. The present note considers certain con- 
ditions under which this linear relationship 
is obtained. This work is a part of Bureau 
of Mines’ research on the poisoning of 
catalysts used in converting coal to liquid 
and gaseous fuels. 

The present development is limited to 
poisoning processes in which the concen- 
tration of poison on the inlet portion of the 
bed attains a constant value, S,, at the be- 
ginning of the poisoning, and the concen- 
tration of poison at any distance, x, from 
the inlet is a given function of bx, where b 
is a constant at any given time. The value 
of b, however, decreases as the average 
poison concentration of the bed increases. 
Under these conditions increasing the poi- 
son concentration of a given bed or de- 
creasing the length of the bed is equiva- 
lent. 

The observed relative activity of the 
catalyst bed, F’,” is the average value of 
relative activity along the bed, 

Fl = /d FJx, 

and the poison concentration in the bed, 3, 
is a similar average 

Sl = [ S&x. 

*Relative activity is defined as acti\-itp of 
poisoned catalyst divided by ncti\5ty of un- 
poisoned catalyst. Activity should be expressed 
in a proper form, such as the rate constant of 
the kinetic equation for a reaction in an iso- 
thermal bed of catalyst. The relative activity 
of an increment of the bed is a function only of 
the poison concentration in that increment. 

In an increment of bed at a distance X- 
from the inlet, the relative activity and 
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poison concentration are F, and S,, respec- 
tively, and the bed length is 1. We non 
differentiate the expressions for F and s 
with respect to I, and obtain 

d~/cll = (Fz - @/I 

as/cl1 = (S, - @/I 

d@dS = (Fl - &/(S, - $) (1) 

where subscript 1 denotes the values of F, 
and S, at the end of the bed. If none of the 
poison reaches the end of the bed, SL = 0. 
and FL = 1, and Eq. 1 becomes 

dF/dS = - (1 - F)/S (2) 

which is the differential equation of a 
straight line, 

F=l-23 (3) 

where a! is a constant, --(Y = clF/&. Equa- 
tion 3 is valid only when S1 = 0, except 
when the poisoning equation for an incre- 
ment of the bed has the form F, = 1 --(Y&. 

For all the poisoning processes in fixed 
beds for which 5, is a function of bx, as 
defined above, WC may state as theorems: 

The relative activity, F, decreases 
linearly with poison concentration, 
s, at least as long as the concentra- 
tion of poison at the outlet end of 
the bed is zero. 
The poison conccntrntion, 2, at 
which this linear relationship fails, 
corresponds to the point where part 
of the poison begins to pass through 
the bed, except where F, = 1 ---a&. 
For F, = 1 --(YS~, the relative ac- 
tivity, F, decreases linearly as poi- 
son concentration, 3, is increased, 
until F = 0, irrespective of the dis- 
tribution of poison as a function of 
bed length (1). 

As an example, equat.ions for (Y were ob- 
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tained for the poisoning equation F, = 
(1 + uS,)-~ and three poison distribution 
equations from the previous paper, (1) as 
shown in Table 1. For distribution equa- 
tions A and B, St approaches 0 asymptot- 
ically, and (Y must be evaluated as 

Liuni; ( (1 - B>/S) 

For distribution equation A the linear 

of the poison for different distribution 
equations increases in the order C, A, B. 

The same arguments may be applied to 
adsorption processes. If the distribution of 
adsorbate is a function of bx as defined 
previously, the differential heat of adsorp- 
tion is constant as long as the concentra- 
tion of adsorbate at the outlet end of the 
bed is zero. 

TABLE 1 
INITIAL SLOPE OF POISONING-CONCENTRATION CURVES FOR POISONING EQUATION F, = (I -t US&~ 

Slope, (I, of initial linear portion of poisoning equation 

Poison distribution 
equation. SJS0 = LX= 

Numerical xl”,” ;o” 
a=1 

A exp (-6x) (~/SO) In (1 + aS0) 0.24 

B (1 + bz)-’ a 1.00 
C (1 - bx) @/SO) (1 - WaS0) In (1 + aSo) 1 0.15 

equation is usually valid to values of S/S, REFERENCE 

as large as 0.15. For equation B the linear 1. ANDERSON, R. B., AND WHITEHOU~E, A. M., 
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of S/S,, as the poison is never completely 
adsorbed in the bed according to this dis- 
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