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Table 1 Catalytic activities of various solid
catalysts for the cracking of ethanethiol at
400°C.

Carrier gas flow ratea=30 ml/min
Volume of reactant pulse=2yl

Catalyst N Diethylsulfide
Catalysts Weight Gon(\;;r)smn Formation
(8) ° (%)
CaO 0.10 0 0
Si0, 0.10 0 0
Al,O4 0.01 58.8 26.6
Si0,~Al,O4 0.10 23.3 0
©SPA 0.10 43.8 0
NaY 0.10 47.4 0
HHY 0.08 74.2 0
»ZnY 0.01 75.6 0
»CoY 0.01 89.1 0
»CdY 0.01 74.3 0

a) Solid phosphoric acid.
b) % ion-exchanged (HY, ZnY : 78.69, CoY:
71.49%, CdY :75.2%).
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Fig. 1 Changes of activities of HY zeolite for
the cracking of ethanethiol and cumene by
the calcination temperature.
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Fig. 2 Infrared spectra of ethanethiol ad-
sotbed on HY at room temperature.
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Scheme I Dehydrosulfurization of ethanethiol
over HY zeolite.
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Table 2 Catalytic activities of various MeY
zeolites for the cracking of ethanethiol at
400°C.

% 1 Electro- (ml /Acnf";yka .
Catalysts 0 "0n- | negativit m’/g-mun

4 Exchanged g 1 24 » ke
NiY 68.8 9.0 93.0 55.9
CoY 71.4 9.0 70.6 72.7
ZnY 78.6 8.0 42.6 101.0
CdY 75.2 8.5 32.3 18.5
CuY 77.3 9.5 32.2 45.7
AgY 93.9 5.7 18.4 46.3
PbY 90.6 9.0 22.8 0
MnY 69.3 7.5 13.4 28.1
AlY 82.1 10.5 8.0 3.3
BaY 79.5 4.5 7.0 0
CrY 98.3 11.2 5.2 0.6
CaY 73.8 5.0 4.1 20.4
MgY 69.2 6.0 3.2 31.2
NaY — 2.7 1.9 0
FeYa) 92.9 12.6 0.9 0

a) Fes+

b) Initial activity in the cracking of ethanethiol.
c) [Initial activity in the cracking of cumene.
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Fig. 3 Relationship between the electronega-
tivity X; of metal ions in MeY zeolites and
the logarithms of the initial activity of MeY
in the dehydrosulfurization of ethanethiol
at 400°C.
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Scheme II Dehydrosulfurization of ethanethiol
over MeY zeolite.
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Cat.wt.= 0.10g, Carrier gas(He) flow rate = 30 ml/min.

Fig. 4 Cracking of thiophene over HY zeolite
at 400°C.
(1) Fresh HY, (2) HY regenerated by the
calcination in Oy stream at 500°C, (3) HY
poisoned by pyridine.
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Fig. 5 Changes of activities of HY zeolite for
the cracking of thiophene and cumene by
the calcination temperature.
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Fig. 6 Infrared spectra of thiophene adsorbed
on HY zeolite.
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Fig. 7 Catalytic activities of Me®Y zeolites for
the hydrodesulfurization of thiophene at
400°C. Numbers in parentheses represent
the percentage of ion-exchange of MeY.
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Fig. 8 Comparison of catalytic activity of
Ni°Y zeolite with those of various kinds of
catalysts for the hydrodesulfurization of
thiophene at 400°C.
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Fig. 9 Infrared spectra of thiophene adsorbed
on Ni’Y zeolite.
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Scheme IV Hydrodesulfurization of thiophene
over Me®Y zeolite.
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Fig. 11 Catalytic activities of. various H-
zeolites for the cracking of thiophene at
400°C.
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Table 3 Catalytic activities of various H-
zeolites for the cracking of thiophene and
cumene at 400°C.

Cat.wt. = 0.05g, Carrier gas(He) flow rate = 30 ml/min.

Thiophene injection = 2 pl

Conversion (%)

Catalyst

Thiophene Cumene
usy 82.0 100.0
susy 53.7 100.0
HY 19.6 95.4
H-Mordenite 11.6 64.3
HZSM-5 9.8 94.8
Si0,+Al,0, 0.6 51.9
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Fig. 12 Catalytic activities of transition metal/
USY for the hydrodesulfurization of thio-
phene at 400°C.
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Development of Highly Active Zeolite-Based Hydrodesulfurization Catalysts

Masatoshi Sucioxa
Department of Applied Chemistry, Muroran Institute of Technology,
27-1 Mizumoto-cho, Muroran 050,

Zeolites are aluminosilicate crystallines and their crystal structure, surface nature and cata-
lytic properties, etc. are well defined in comparison with other solid materials. By these
reasons, the catalyst design based on molecular or atomic levels is possible for the development
of zeolite-based highly active catalysts. On the other hand, the invesigation of catalytic
desulfurization is an important subject for the development of highly active hydrodesulfu-
rization catalysts to produce enviromental friendly super clean fuels.
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The authors have systematically investigated the active sites and reaction mechanisms in
the dehydrosulfurization of aliphatic thiols and hydrodesulfurization of thiophene over
various zeolites in order to develop highly active zeolite-based hydrodesulfurization catalysts.
We revealed that the acid sites of HY and MeY zeolites act as the active site for the dehydro-
sulfurization of aliphatic thiols. In the hydrodesulfurization of thiophene over zeolites, the
reduced MeY zeolites (Me®Y) were effective for the hydrodesulfurization of thiophene and
both Bronsted acid sites and metal particles on Me®Y zeolites act as active sites for the hydro-
desulfurization of thiophene. From our systematic studies concerning these catalytic desulfu-
rization reactions over zeolites, a general rule was derived that the combination of strong
Bronsted acid sites and highly dispersed metal particles with high ability for hydrogenation on
zeolites provide high catalytic activity for the hydrodesulfurization of organic sulfur com-
pounds. On the basis of this rule for the development of highly active hydrodesulfurization
catalysts, we could develop much more active Rh/USY catalyst than commercial CoMo/Al, O3
catalyst as second generation highly active zeolite-based hydrodesulfurization catalysts.

Key words: Catalyst development, Zeolites, High activity, Hydrodesulfurization, Thiol,
Thiophene.





