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Table 1 Characteristics of Various Zeolites
. : BET Surface Area® Amount of Fe®) Residual Carbon in Used Catalyst

Catalyst Si0,/Al,O; Ratio (m?/g) (Wt%) (Wt%)
H-ZSM-5 240 342 0.0065
H-ZSM-5 150 357 0.0057
H-ZSM-5 70 340 0.0093
H-ZSM-5 40 331 0.0063 0.78» (2.92)®
H-ZSM-5 30 328 0.0033 0.59»
H-M 20 331 0.0209 0.92b
H-Y 5.2 453 2.900
H-ZSM-34 10 334 0.919
Si0,- ALO, 32 518 0.119

2) Before the hydrocracking

b T=573°C

©  The reaction was carried out by using the mixed gas of CgHs and He instead of the mixed gas of C¢Hg and H,.

O T =480°C
* AR
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ZSM-34 (480°C)
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I : SiO,-ALO, (573°C) @ : H-ZSM-5 (573°C) (CH,/He
=3/97)

Fig. 1 Effect of SiO,/Al,O4 Ratio on Hydrocracking of

Benzene over Various Zeolites
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Fig. 2 Effect of SiO,/Al,O; Ratio in H-ZSM-5 Zeolite
on Selectivity for Hydrocracking Products
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Fig. 3 Relationship between Conversion and Selectivity
for Hydrocracking Products over H-ZSM-5
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Fig. 5 Hydrocracking of Benzene over Various H-ZSM-

5 Type Catalysts Modified with Alkaline Earth
Metals
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Table 2 Product Distribution for Hydrocracking of Cyclohexane®)

Selectivity (Cg-2%)
Catalyst Cyclohexane Conv. (9;) S
C, C, C, C, Cs B T X

H-ZSM-5 100 48.4 50.0 0.3 0 0 0.6 0.6 0.1
0 (UK

Ba-H-ZSM-5 100 41.9 49.9 3.9 0.1 0 1.8 1.9 0.5
© 0 ©

H-ZSM-5b) 58.7 11.4 30.5 20.8 7.5 4.4 16.0 7.5 1.9
(0.35) (0.80) (0.96) (0.47)

H-ZSM-5¢) (95.4)® 45.8 46.8 0.7 0 0 4.8 1.9
©) ©

a)

b)

©  Hydrocracking of benzene was carried out.
4 QOlefin fraction.
e)  Benzene conversion.
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Hydrocracking of Benzene over Various Zeolite Catalysts
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Hydrocracking of benzene was investigated over var-
ious zeolites. The reaction was carried out at 300~
600°C under 40 kg/cm?, using a high pressure fixed
bed system. As shown in Fig. 1, the catalytic activity
was dependent on both the kind of zeolite and SiO,/
Al,O, ratio in the used zeolite. ~H-mordenite(H-M)
and H-ZSM-5 showed high activity. In case of H-
ZSM-5, the catalytic activity decreased with increase in
Si0,/Al, O, ratio. However, H-Y, H-ZSM-34 and silica-
alumina showed very low activity. In order to in-
vestigate the effect of impurities contained in the zeolite,
the zeolites were carefully analyzed by X-ray fluores-
ence spectrometry and inductively coupled argon plasma
emission spectrometry. Only a trace amount of Fe was
detected in the zeolite (Table 1). The other metals
were far below the detection limit of the inductively
coupled argon plasma emission spectroscope (Shimadzu
ICPS-50). From these results, it was concluded that
the hydrocracking of benzene takes place on the acidic
sites of the zeolite. Figure 2 shows the product distribu-
tion resulting from the hydrocracking of benzene over
various H-ZSM-5 plotted against SiO,/Al,O, ratio.
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Figures 3 and 4 show the relationship between conver-
sion and selectivity for the hydrocracking products over
H-ZSM-5 (S8i0,/Al,0,=40) and H~M. These results sug-
gest that the product distribution is dependent not on
Si0,/Al,O4 ratio but on conversion. Figure 5 shows
the results of the hydrocracking of benzene over various
H-ZSM-5 type catalysts modified with alkaline earth
metals. The catalytic activity decreased in the fol-
lowing  order: H-ZSM-5> Mg-H-ZSM-5> Ca-H-
ZSM-5> Sr-H-ZSM-5> Ba-H-ZSM-5. The product
distribution on these catalysts was similar to that over
H-ZSM-5 at the same conversion. Moreover, cyclo-
hexane and methylcyclopentane were detected in the
effluent gas when the reaction temperature was about
300°C. In order to clarify the reaction scheme, the
hydrocracking of cyclohexane was carried out by us-
ing H-ZSM-5 and Ba-H-ZSM-5 (Fig. 6 and Table
2). The product distribution on these catalysts was
similar to that resulting from the hydrocracking of ben-
zene over H-ZSM-5. Based on the results obtain-
ed, the plausible reaction scheme was proposed.
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