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Apparent Kinetics and Catalyst Poisoning in Strong Pore
Diffusion Regimes for nth Order Reactions
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The falsification of kinetics for nth order catalytic reactions due to the poisoning of the
catalyst can be derived by simple relations in connection with strong pore diffusion re-
gimes. Under this hypothesis, the reactant concentration drops to a very small value,
approximatively zero, at the pore ends. Let us consider single-pore and macro-micro-pore

catalyst models and pore-mouth poisoning.

NoTtaTIiON

Co Concentration of reactant at the
pore mouth

D Diffusivity

Ey Reaction activation energy

Eopparent  Apparent reaction activation
energy

fLe Diffusivity of reactant in the
macropore/Diffusivity of reactant
in the micropore

{ Pore length

A Macropore length

ls Micropore length

n Reaction order

Napparens Apparent reaction order

r Pore radius

1 Macropore radius

72 Micropore radius

J 022/391/3

R, Gas constant

T Absolute temperature

Greek Letters

o Fraction of catalyst poisoning

8 Concentration of reactant at the
interface poisoned—unpoisoned
zone/Concentration of reactant at
the pore mouth

0, L/ 2LV 2 512

o1 Rate of transport of reactant into
the poisoned section

@2 Rate of reaction in the unpoisoned
zone

Q Generalized Thiele modulus

SiNGLE-PorE MODEL

Previous authors (1-9) have discussed the
catalyst poisoning which results from either
very rapid adsorption of poison molecules
or contamination by carbon deposition ini-
tiating at the external surface of a porous
catalyst and moving progressively inwards.
Therefore, the pore is divided into two zones,
the first, inactive, starting at the pore mouth
and extending ol distance into the pore and
a second, active, extending from of to . The
rate of transport of reactant into the poi-
soned section is
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The rate of reaction in the unpoisoned zone
of the pore, in the strong pore diffusion
regime, results by applying Petersen’s
asymptotic method (4, 10) to the differential
equation of material balance
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with Q the generalized Thiele modulus for

nth order reactions (4, 11). Equating ¢ and
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The apparent reaction activation energy
Eapparent, deﬁned as
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can be written

dIn(l — 8)

Eapparent = _Rg _5'(1/—71)_— (4)

Clearly from Eq. (3), supposing no influence
of temperature on diffusivity, we have

Eapparent - 1
B, it mrnasE-n @

The apparent reaction order n4pparent, defined
as d In ¢/3 In C,, from the quite general
relation

Ngpparent = 1 +(n - 1)Eapparent/E0 (6)

previously derived (12) for
systems, becomes

isothermal

n—1

Napparent = 1 + 2 + (n + 1)(1/,3 - 1) (7)

The results from Eq. (4) and Eq. (7),
through the Eq. (3), are shown on Figs. 1
and 2 as Fapparent/Fo and Zapparent against
aforn =0,1,2and @ = 10, 20.

A very large drop in the ratio Eapparent/ Fo
is caused by a small amount of poison when
the reaction in the unpoisoned pore is in the
diffusion-influenced region. Correspondently,
the apparent reaction order tends to 1.0
with poisoning. Of course, there is no falsifi-
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SINGLE PORE MODEL
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Fig. 1. Eapparent/Eo against the fraction of
catalyst poisoning « for different reaction orders n
and Thiele moduli Q.

TARTARELLI AND MORELLI

SINGLE PORE MODEL

1_5% Q=20 020

Rapparent

P T
// D nzo0
! 7 n=1
é// —— s — n=2
[¢1:1
0 03 03 03

F1a. 2. Plot of napparent against the fraction of
catalyst poisoning o for different reaction orders
n and Thiele moduli Q.

cation of reaction order for first order re-
actions.

It must be considered, nevertheless, that
the results are valid in the strong pore
diffusion regime; in effect, as o approaches
unity, the reaction must be become kinetics-
controlled. In this last case we obtain

1— Bgni Ca(l — )@ (®)
and Eq. (4) and Eq. (7) become
Eapparent — 1
B, ~i¥aqp-p @
and
-1
Napparent = 1+ T—’-_:(ﬁ_—_l). (10)

Because the overall rate of reaction for the
pore approaches zero, 1/3 is approximatively
1.0 and Eapparent = Eo and Napparent = 7.

Macro—Micro-PorE MobDEL

This eatalyst model, discussed by Mingle
and Smith (13), Carberry (14, 15), and
Tartarelli et al. (12, 16-20), can be visualized
by considering a cylindrical pore of radius
71 (macropore) from which micropores of
radius 7, < r; branch along the length and at
right angles to the macropore. Carbonaceous
deposits can obstruct the micropore mouth,
so that the micropores al; distant from the
macropore mouth are ruled out from the
reactant; the other ones, on the contrary,
are completely active.



CATALYST POISONING IN STRONG PORE DIFFUSION REGIMES

MACRO-MICRO-PORE
MODEL

E apparent[Eo

0.3

F16. 3. Eapparent/Es against the fraction of cata-
lyst poisoning « for different reaction orders n and
J = 022/3 Q3.

Assuming reactant concentrations of zero
at the micropore and macropore ends, and
equating the reactant flux into the poisoned
section and the rate of reaction in the un-
poisoned zone, there is obtained
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Frc. 4. Plot of 7apparent against the fraction of
catalyst poisoning « for different reaction orders
nand J = 82301/,
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with
6, = ll/rll/2l21/2f1’21/2
Therefore
Eapparent 1
= 12
B, itmraap-1n 12
and

n—1
ITmT3/aE -1 1P

In Figs. 3 and 4 E.pparent/ Eo and napparens are
diagrammed against « for n = 0, 1, 2 and
J = 6.2 Q'8 = 50 and 100. In the macro-
micro-pore model qualitative behavior, anal-
ogous to that shown in the single-pore model,
is obtained.

napparen& = 1 +
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