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Temperature profiles and exit conversion have been studied for different inlet poison con-
centrations, overall amount of poison fed to the reactor, and inlet concentration of the key com-
ponent. The catalyst used in this study was industrial-type Pt—Al,Q; (approx 0.1 wt%, Pt),
and the reaction conducted was the CO oxidation. CS, was used as catalyst poison, and
the deactivation process was reversible. It was observed experimentally that, during the deac-
tivation process, excessive hot spots occurred which moved downstream. Qualitative agreement
between the observed results and those predicted from theory was obtained.

INTRODUCTION

Catalyst deactivation is of major concern
in catalyst development and design of
packed-bed reactors. The interaction of the
chemical and physical processes taking place
in a porous catalyst may give rise to un-
expected trends; for instance, recently
Ervin and Luss (I) and Blaum (2) have
theoretically predicted that, for an exother-
mic reaction, the temperature in the bed in
the course of the deactivation process may
greatly exceed the adiabatic temperature.

So far there are only a few papers that
have been published that give experimental
measurements of temperature and concen-
tration profiles in a deactivating packed
bed where an exothermic reaction occurs
(2-8). In all these measurements, with the
exception of the work of Blaum (2), the
value of the hot spot temperature decreases
as a result of a particular deactivation
process.

The main objective of this paper is to

1 Present address: Czechoslovak Academy of
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obtain experimental information on the hot
spot temperature in a poisoned fixed bed
and to support the theoretical conclusions
of Luss (f) and Blaum (2) with experi-
mental observations.

EXPERIMENTAL

Oxidation of CO in a deactivating bed
was studied in an adiabatic tubular reactor
provided with an evacuated jacket covered
by a silver coating (cf. Fig. 1). The char-
acteristics of the reactor and catalyst used
are presented in Table 1 and Table 2.

The reactor temperature was measured
by an iron—constantan thermocouple placed
in an axial thermowell. Since the value of
the overall heat transfer coefficient was
lower than 10~ kcal/m? sec °K and the
reactor diameter was small, the radial tem-
perature gradients have not been con-
sidered. The value of the overall heat
transfer coefficient was determined experi-
mentally from measurements performed in
the absence of a chemical reaction; this
value was confirmed also by calculations
considering all radial thermal resistances.

ISSN 0021-9517



CATALYST DEACTIVATION 99

TABLE 1

Characteristics of Reactor and Catalyst

Reactor length 0.56 m

Reactor internal diameter 0.026 m

Reactor external diameter 0.060 m

Catalyst bed length 0.16 m

Catalyst Pt-Al, 04, spherical
particles

Catalyst diameter 0.0034 m

The poison, CS,, was injected as a liquid
in a preheated gas stream (CO, O,), and
immediate evaporation resulted. The rate
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Fia. 1. Laboratory tubular adiabatic reactor : (1)

internal tube, (2) external tube, (3) evacuated
jacket with silver coating, (4) ground joints, (5)
silicon rubber packing gland, (6) thermowell, (7)
scale, (8) auxiliary preheater of inlet gas, (9) inlet
of reacting gas, (10) glass beads, (11) catalyst, (12)
gas exit.
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Fic. 2. Transient temperature and conversion
profiles in the bed. Continuous deactivation. Inlet
CO concentration: 3%, CO; inlet poison concentra-
tion: 0.00639; CS:; G = 3.95-1075 kg/sec.

of deactivation, i.e., the poison concentra-
tion, was selected in such a way that the
temperature profile did not change during
measurements (approx 60 sec). The com-
position of the exit gas was analyzed by a
thermal conductivity cell.

TABLE 2

Characteristic Operating Conditions and Ranges
for the Variables

Volumetric flow rate (stan-
dard conditions)

Linear flow rate (interstitial,
standard conditions)

1.78-1.9 liter/min

13.9 -14.9 em/sec

Inlet CO concentration 1 or 39,
Inlet temperature 150°C
Nre 9.6
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Fig. 3. Transient temperature and conversion
profiles in the bed. Continuous deactivation. Inlet
CO concentration: 3%, ; inlet poison concentration:
0.0239%, CS,; G = 3.95-1078 kg /sec.

RESULTS AND DISCUSSION

(a) Reactor Behavior for a Continuous
Deactrvation

The effect of the inlet poison concentra-
tion on reactor dynamics may be inferred
from TFigs. 2-4. It is obvious that the
progress of the hot spot depends on the
inlet poison concentration; the higher
the feed poison concentration the higher the
speed of the moving zone. Similar behavior
also may be observed in Figs. 5 and 6.
Notice that the rate of catalyst deactiva-
tion is higher at low temperatures; this ob-
servation is in accordance with the deac-
tivation mechanism proposed since, at
bigher temperatures, oxidation of CS,
occurs. The speed of the hot spot zone is
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Fic. 4. Transient temperature and conversion
profiles in the bed. Continuous deactivation. Inlet
CO concentration: 39, ; inlet poison concentration:
0.0339% C8S,; G = 3.95-107% kg/sec.
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Fic. 5. Transient temperature profiles in the bed.
Continuous deactivation. Inlet CO concentration:
19,; inlet poison concentration: 000639, CSg;
G = 4.19-1075 kg/sec,
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time-dependent. At first, the deactivation
process occurs slowly because of the high
inlet temperature which results in the com-
bustion of CS,. In the course of the process,
the preheating effect of the dead inlet zone
gives rise to a higher speed for the hot spot
region. For lower values of inlet poison
concentration, the hot spot temperature
reaches a maximum value and then slowly
decreases (see Figs. 2 and 3), while for
higher poison concentrations, the hot spot
temperature increase continuously (ef. Fig.
4),

(b) Reactor Behavior for a Discontinuous
Deactivation

The effect of the integral amount of
poison fed is shown in Figs. 7, 8 and 9. For a
higher inlet poison concentration, the poison
was fed for a shorter period. Evidently, in
the first period, oxidation of the poison
occurs, i.e., the amount of the poison ad-
sorbed is low, and, if the poison inlet con-
centration decreases to zero, only a small
amount of the poison can migrate down-
stream. As a result, the deactivation process
is slower. This conclusion has been verified
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Fra. 6. Transient temperature profiles in the bed.
Continuous deactivation. Inlet CO coneentration:
19,; inlet poison concentration: 0.0239, CS,;
G = 4.19-1075 kg/sec.
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Fic. 7. Transient temperature and conversion
profiles in the bed. Discontinuous deactivation.
Deactivation process stopped after 8100 sec. Inlet
CO concentration: 39, ; inlet poison concentration:
0.0063%, CS,; G = 3.95-1075 kg/sec

experimentally ; when the total amount of
poison was fed as a Dirac function, cata-
lyst deactivation was not observed. The
speed of the hot spot zone is slower in
comparison to the case shown in Figs. 2-4
since the deactivation process is caused
only by poison migration adsorbed in the
front part of the reactor.

The course of the reactor extinction and
ignition can be observed in Fig. 8. If the poi-
son feed concentration decreases to zero,
then the hot spot temperature also de-
creases, and, finally, an extinction process
occurs. This process 1s then followed by a
slow increase in temperature in the whole
reactor, since the majority of poison is de-
sorbed. Finally, this temperature increase
is associated with the reactor ignition
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which occurs in the inlet part of the reactor.

To illustrate the effect of the poison ad-
sorbed in the inlet section, the feed of
poison was stopped if the hot spot reached
a certain position in the reactor. For dif-
ferent feed poison concentrations, different
amounts adsorbed in the same inlet section.
If the given state has been attained by a
reacting gas with higher inlet poison con-
centration, then the time necessary for
reactor extinction is less (cf. Figs. 7 and 8).

CONCLUSIONS

Based on the experimental observations,
the following conclusions can be drawn.
(i) During the deactivation process the
hot spot zone moves downstream. (ii) The
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Fra. 8. Transient temperature and conversion
profiles in the bed. Discontinuous deactivation.
Deactivation process stopped after 3060 sec. Inlet
CO concentration: 3%, inlet poison concentration:
0.0239%, C8;; G = 3.95-1075 kg/sec.

MIKUS, POUR AND HLAVACEK

GLASS

T SEC
SPERES CATALYST SECTION

1
10200

T [s]

L L
0 3600 6600 8400

Fic. 9. Transient temperature and conversion
profiles in the bed. Discontinuous deactivation.
Deactivation process stopped after 1980 sec. Inlet
CO coneentration: 3%, ; inlet poison concentration:
0.0339% C8.; G = 3.95-1075 kg/sec.

speed of the hot spot is not constant. The
slowest progress occurs at the beginning of
the deactivation process, and progress ac-
celerates toward the reactor outlet. (iii)
The temperature in the hot spot increases
in accordance with the rate of deactivation.
(iv) Deactivation by CS; is reversible if an
oxidation reaction occurs. After decreasing
the inlet poison concentration to zero,
poison desorption occurs, and the activity
of the catalyst bed is regenerated. (v) For
a lower inlet poison concentration, deac-
tivation of the bed requires a smaller inte-
gral amount of poison.
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