HYDROGENATION OF BENZENE ON TECHNETIUM CATALYSTS
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The problem of performing the hydrogenation of benzene to give cyclohexane in the produc-
tion of caprolactam has led to the search for new efficient catalysts for this reaction.
Kubicka [1] has shown that Tc/y-Al,0, displays activity in the hydrogenation of benzene. We
have studied the activity of technetium on various supports since a significant effect of
the nature of the support om the activity of technetium has been reported [2, 3].

EXPERIMENTAL

The catalysts were prepared by impregnation of various supports by an aqueous solution
of ammonium pertechnetate of a given concentration in a rotary evaporator. The dried catalyst
samples were roasted for 12 h at 700°C in a hydrogen stream. The Tc content in the prepared
catalysts was determined radiometrically. Industrial samples of y-Al,0,, Mg0O, Y,04, Zr0, and
KSK-2 Si0O, were used as the supports. The catalyst activity was studied in a microcatalytic
pulse system at 1 atm. The reaction products were analyzed by gas—liquid chromatography on
an LKhM-8MD chromatograph using a 3 m column packed with 207 tricresyl phosphate on Celite.
Electrolytically pure H, was introduced at 100 cm®/min which for 1 cm® catalyst is vy,1 = 6000
h™'. Benzene was introduced into the reactor in small pulses (11.27:107°% mole benzene or
multiple) using a microsyringe. The total specific surface of the catalyst was determined
by the BET method relative to the low-temperature adsorption of krypton. A relative method
was used for the chemisorption method for the determination of the specific surface of Tc [4,
5]. Preliminary experiments showed that the chemisorption method may be used to find the
specific surface of Tec if its content in the catalyst is £17. For low Tc contents, the mea-
surements led to overestimated chemisorption capacity of the support due to the effect of
the metal [6, 7].

RESULTS AND DISCUSSION

All the catalysts prepared display more or less catalytic activity in the hydrogenation
of benzene except for 57 Tc/Si0, (0.1% conversion). Only cyclohexane is formed at 148-190°C.
The rate of the reverse reaction increases with increasing temperature and lower hydrocarbons
appear (Fig. 1). The benzene conversion depends on the nature of the support (Fig. 2). For
approximately the same technetium content, the catalysts prepared with y-Al,0, are most
active.

In order to compare the catalytic activity of Tc with its chemical analogs, we studied
2% Re/Y-Al,0; under conditions identical to those described above. Figure 2 (curve 2) shows
that the rhenium catalyst is less active at low temperatures and its activity drops sharply
above 180°C, in contrast to the technetium catalyst of the same concentration.

The apparent activation energy calculated for the first-order reaction constants obtained
using the equation of Penchev et al. [8] was close to that obtained by Kubicka [1] (33.0-35.0
kJ/mole) ,

F 1
=whr—x
where ¥ is the rate of the hydrogen flow, ml/min, W is the catalyst mass, g, and X is the
conversion. '

Using the values obtained for the specific surface of Tc, we were able to evaluate the
specific activities of the catalysts studied (Table 1).
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Fig. 1. Change in the composition of the reaction products (%)
relative to temperature on the catalyst 1.9% Tc/y-Al,05: 1) ben-
zene, 2) cyclohexane, 3) C,-Cg hydrocarbons.

Fig. 2. Temperature dependence of conversion on catalysts: 1)
1.9%7 Tc/A1,05, 2) 2.0% Re/Al,05, 3) 1.1% Tc/Y,05, 4) 1.8%7 Tc/Mgo,
5) 1.0% Tc/Si0,, 6) 5.9% Tc/Si0,.

TABLE 1. Catalyst Characteristics

S1e (H, 2
To catalyst, | S, (BET) |chemisorp- | Spcr ™ A mole Gy
% fsupport tion) (in sample | “SP" T wite
m? /g

2,0T¢/ALO; 86,2 30 0,3918 18,4
2,0Tc/ALO; * 86,2 30 0,3067 19,8
1,9Tc/AlL QO3 123,5 20 0,3095 211
0,6Tc/ALLO; 139,5 35 0,1980 13,7
1,8Tc/MgO 66,5 20 0,2961 14,8
1,0T¢/Zr0, 8,2 12 0,1666 23,3
‘1,1TC/Y203 11,8 25 0,3433 27,2
5,0T¢/Si02 86,2 8 0,0135 16,6

*Tests repeated after six months.

Table 1 shows that Asp is virtually the same for all the catalysts with the exception of
1.1% Te/Y,0,, probably due to the participation of yttrium oxide in the catalysis of the hy-
drogenation reaction.

Thus, the effect of the nature of the support on the activity of technetium in hydrogena-
tion is less pronounced than in the case of previously reported processes involving the de-
hydrogenation of alcohols and naphthenes [2, 3].

CONCLUSIONS

1. The specific activity of technetium on various supports in the hydrogenation of ben-
zene is only slightly dependent on the nature of the support.

2. Catalysts containing technetium are more active than those containing rhenium.

LITERATURE CITED

H. Kubicka, J. Catal., 12, 223 (1968).

G. N. Pirogova, N. M. Prokhorets, T. A. Lagutina, and R. I. Korosteleva, Izv. Akad. Nauk

SSSR, Ser. Khim., 850 (1982).

3. V. I. Spitsyn, A. F. Kuzina, G. N. Pirogova, 0. A. Balakhovskii, Advances in Sciences
and Engineering. Inorganic Minerals [in Russian], Vol. 10 (1984), p. 3.

4. G. K. Boreskov and A. P. Karnaukhov, Zh. Fiz. Khim., 26, 1814 (1952).

5. N. E. Buyanova and A. P. Karnaukhov, in: The Mechanism and Kinetics of Catalytic Pro-
cesses [in Russian], Nauka, Novosibirsk (1977), p. 1965.

6. V. I. Spitsyn, G. N. Pirogova, A. F. Kuzina, G. E. Kalinina, T. A. Lagutina, and A. A.

Oblova, Dokl. Akad. Nauk SSSR, 246, 126 (1979).

P. A. Serman and G. C. Bond, J. Chem. Soc., Faraday Trans., 1, 76, 1864 (1980).

V. Penchev, G. Angelova, and T. Drajev, React. Kinet. Catal. Lett., 21, 341 (1982).

N =

o

624



