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1. N; gas 7. Microfeeder
2. Flowmeter 8. Quartz tube
3. Silica-gel 9. Furnace
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5. Evaporator
6. Syringe

Fig. 1

10. Thermocouple
11. Platinum bucket
12. Controller

Experimental Apparatus for Pyridine Adsorption
Measurement
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| 573 | 3.33 2.96
N, | 598 3.65 4.82 63.4
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Table 2 Effect of Process Time on Mean Pore Radius

Diluent Reaction Process Time Mean Pore
Huent | Temp. (K) x10-3 (s) Radius (nm)
1.8 1.89
3.6 1.96
H, 623 12.6 1.88
21.6 1.94
32.4 2.01
3.6 1.93
7.2 1.95
10.8 1.89
N; 623 18.0 1.92
25.2 1.99
32.4 2.02
Fresh Catalyst 1.76
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Table 3 Effect of Process Time on Q

Reaction Temp. (K)

Process Time
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Q x10-4 (J-mol-1)
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25.2 2.25 2.23 2.33
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Deactivation of Silica Alumina Catalyst in Decomposition of Z-Butylbenzene

Takeshige Takauasar* and Koji SAkawaxkr*

The vapor phase de-i-butylation of {-butylbenzene
has been carried out over a commercially obtained silica-
alumina catalyst in a fixed-bed reactor under the fol-
lowing conditions: reaction temperature, 573—623 K;
contact time (W/v), 18—180 kg-s-mol~*; diluent, H, or
N,; and feedstock/diluent ratio, 12/88. Variation in
surface area, micropore distribution, acidity, and acid
strength distribution of the catalyst with process time
were also measured to obtain information about catalyst
deactivation.

The relationship between rate constants in de-¢-butyl-
ation and process time (Fig. 4) is represented by Eq.
(3), and the values of k, and o« are summarized in
Table 1, where k, is a rate constant at zero coke
deposit and « is the deactivation coefficient. The value
of k, obtained under H, dilution is twice that obtained
under N, dilution, but « under H, dilution is almost
the same as that under N, dilution.

The coke content deposited on the used catalyst at
process time 12 ks was measured with a thermanogravi-
metric balance.
and kinds of diluents on coke content are shown in
Fig. 5. The content does not depend upon W/y and
reaction temperature, but it is dependent upon diluents;
under H, dilution, it decreases to about two thirds of
that under N, dilution.
content against process time on a log-log scale is shown

Effects of W/v, reaction temperature,

A typical linear plot of coke

in Fig. 6. The content can be represented by process
time Eq. (4). The slope of the line in Fig. 6 becomes
about 0.5 as suggested by Voorhies.!®

* Department of Chemical Engineering, Faculty of Engi-
neering, Kagoshima University (1-21-40, Korimoto,
Kagoshima 890)

Keywords

The nitrogen adsorption isotherm of the catalyst was
measured, and the surface area and micropore distribu-
tion, were determined by the BET and Cranston-Inkley
methods, respectively. The relationship between surface
area and process time is shown in Fig. 7. It decreased
about 109, within the process time of 1ks, but after
that no significant decrease was observed. The micro-
pore distribution curves shown in Fig. 8 changed only
in the early periods of the reaction due to blockage of
the fine micropores less than 3nm by coke deposition
on the catalyst.

Fig. 9 shows a typical linear relationship between
adsorption temperature and the amount of pyridine
chemisorbed by the catalyst. The amount of chemi-
sorbed pyridine decreased with increasing process time.

Fig. 10 gives the relationship that can be represented
by Eq. (5), between chemisorbed pyridine and adsorp-
tion temperature. In Eq. (5), Q calculated from the
slopes of the lines in Fig. 10 means the temperature
dependency factor of the amount of chemisorbed pyri-
dine. Since Q represents the acid strength distribution
of the catalyst, the fact that the same Q can be used
for used catalyst as well as for fresh one implies that
catalyst deactivation occurs uniformly throughout the
whole range of acid strength. However, it is found
that values of Q of used catalysts tend to increase with
the process time as shown in Table 3. It means that
sites of stronger acid strengths rather than those of
weaker acid strengths are attacked by the coke. This
consideration is supported by the linear relationship
found between Q and coke content in the used catalyst
as shown in Fig. 11.

Acidity, Catalytic cracking, Deactivation, Micropore distribution, Silica alumina, Surface area
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