DESCRIPTION
A catalyst to convert hydrocarbons and a catalytic conversion

method using it

Technical Field

The present invention relates to a catalyst to
catalytically convert hydrocarbons and a method for catalytically
converting hydrocarbons. More particularly, the pfesent invention
relates a catalyst to catalytically crack hydrocarbon matérials and
a method for éfficiently and stably producing lower olefins.
containing ethylene, which is wvaluable as a raw material for
petrochemistry, as a main component and monocyclic:aromatié
hydrocarbons containing benzene, toluene and xXylene as main

components.

B;ckground Art

Herétofore, it is known to convert various hydrocarbon
materials by contacting them with a solid acid catalyst,
particularly an acid type (proton type) zeolite, whose alkali is
removed'by acid or an ammonium.salt, and initiating cracking,"
isomerization, disproportionation, aromatization or the like
reaction.

As a representafive'example, conversion of gas oil, heavy
0il or the like into a gasoline fraction is widely conducted in
petroleum refining. Further, there is proposed a method for

converting light hydrocarbons into aromatic compound§ by using a
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proton type ZSM-5 zeolite in Japanese Patent Unexamined Publication
No. 41322/1974 (corresponding to British Patent No. 1381427),
Japanese Patent Unexamined Publication No. 49233/1975

(corresponding to British Patent No. 1394979), Japanese Patent
Unexamined Publication No. 4029/1975 (corresponding to British
Patent No. 1442850) and £he like. There is proposed a method for
converting light hydrocarbons into lower olefins and aromatic
hydrocarbons by using a proton type ZSM-5 zeolite in Japanese
Patent Unexamined Publication No. 222428/1985 and Japanese Patent
Unexamined Publication No. 130236/1991 and the like. There is
proposed a method for converting light hydrocarbons into lower
olefins by using a acid type zeolite containing siiver in U.s.
Patent No. 4361502 and Japanese Patent Unexamined Publication No.
184638/1990.

There is proposed a method for producing arématic
hydrocatbons from ligh£ hydrocarbons in a catalyét bed having
specific temperature distribuﬁions by using a specific zeolite tyﬁe
catalyst in International Patent Application No. PCT/JP95/01059.

As a method for obtaining lower olefins and monocfclic
aromatic hydrocarbons from hydrocarbon materials, heretofore, a
pyrolysis method is widely used. However, the method needs severe

reaction conditions because of use of pyrolysis so that a lot of

' methane, which is difficult to use as a raw material for

petrochemistry, is produced as a by-product. Further, the method

has problems that since the ratio of product yield of olefins such

as ethylene, propylene and the like and monocyclic aromatic
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hydrocarbon such as benzene, toluene and the like is substantially
fixed, product flexibility is poor because of its yield structure,
and the total yield of olefins énd cyclic aromatic hydrocarbons
(effective product yield) does not exceed about 60 % by weight.
Therefore, in order to solve these problems of the
pyrolysis method, heretofore, a mgthod for catalytically cracking
hydrocarbons by using a solid acid catalyst, particularly an acid

type (proton type) zeolite catalyst has been studied. However,

- none of the known methods is satisfactory as a method for

efficiently and stably obtaining both lower olefins (olefins having
2 to 4 carbon atoms, that is, ethylene, propylene and butene)
containing ethylene, which is useful as a raw material for

petrochemistry, as a main component and cyclic aromatic

hydrocarbons (aromatic hydrocarbon having 6 to 9 carbon atoms,

which contain benzene and alkylbenzene), and obtaining a yield of
lower olefins containing ethylene as a main component higher than
that of cyclic aromatic hydrocarbons.

For example, a catalytic convérsion method using Y type
zeolite produces a lot of paraffins, which are low valué, and in.
addition produces extremely little aromatic hydrocarbons. A method
using a proton type ZSM-5' zeolite generaily provides a relatively
high yield of hydrocarbons; a cracking gaé.composition having
mainly light paraffins such as ethane, propane and the like, and
poor selectivity of lower olefins. 1In order to improve selectivity
of lower olefins, a method for introducing copper or silver is

known (Japanese Patent Unexamined Publication Nos. 1413/1990 and
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184638/1990). Howe&er, the method improves the yield of propylene,
but provides low yields of ethylene and aromatic hydrocarbons.

Further, in the above method for catalytically cracking
hydrocarbons by using the acid type zeolite, since coke is
accumulated on the catalyst, a regeneration operation is often
necessary to remove the coke by burning it bff. The above method
has a problem that the catalyét is permanently deactivated because
of the repeated regeneration operation. This phenomenon occurs
because the zeolite is hydrolyzed by steam, which is generated by
burning of coke, and aluminum is released from the zeolite crystal
so that proton active sites disappear. When the proton type
zeolite is used in this kind of the reaction, thi; phenomenon is an
unavoidable big problem. In order to solve this problem, there is
proposed a method for inhibiting the above decrease of activity by
introducing silver intb the proton type zeolite (Japanese Patent
Unexamined Publication No. 117584/1984 and U.S. Patent No.
4845063)1 However, This method has problems that effect of the
inhibition is not sufficient and besides, with respect to yield,
the selectivity of lower olefins is low. Further, in order to
inhibit accumulation of coke, there is proposed a method for
contacting a zeolite'with steam under specific temperature.
distributions in International Patent Unexamined Publication No.
W095/09050.

The present invention provides a stable catalyst for

- conversion of hydrocarbons, which is capable of obtaining olefins.

containing ethylene as a main component and monocyclic aromatic



hydrocarbons with good balance and a high yield, and which is
scarecely deteriorated by steam having a high temperature.
Further, the present invention provides a production method by

using the above method.

Disclosure of the quention

The present inventors have made exténsivé and intensive
studies concerning a method for efficiently obtaining lower olefins
and cyclic aromatic hydrocarbons from raw materials containing one
type or more hydrocarbons; and obtaining a yield of lower olefins
contaiﬁing ethylene as a main component higher than that of cyclic
aromatic hydrocarbons in order to solve the above Eroblems. As a
result, they have found that when a catalyst which comprises a
zeolite containing substantially no protons and having an
intermediate pore diameter and a Group Ib metal is used,
surprisingly, lower olefins and cyclic aromatic hydrocarbons afe
efficiently and stably obtained, and further, lower olefins
containing ethylene as a main component are 6btained with a higher
yield than monocyclic aromatic hydrocarbons.

That is, the present invention provides a catalyst to
convert hydrocarbons, which comprises a zeolite containing
substantially no protons and having an intermediate pore diameter,
a molar ratio of SiO, to Al,0, of at least 20 and one or more metals
belonging to Group Ib of the Periodic Table.

The present invention will be described in more detail

below.



A zeolite having an intermediate pore diameter of in the
present invention has a pore diameter between that of a zeolite
including A type zeolite as a representative small diameter example
and that of a zeolite including mordenite, X type zeolite and Y
type zeolite as representative large diameter examples. The
zeolite having a intermediate pore diameter has.an effective pore
diameter of about 5 to about 6.5 A. Representative examples of the
zeolites having an intermediate pore diameter include ZSM-5, 2ZSM-8,
ZsM-11, ZSM-12, ZSM-21, ZSM-23, ZSM-35 aﬁd ZSM-38. ZSM-5 group
zeolites such as ZSM-5, ZSM-11 and ZSM-8, and ZSM-38 are preferred.

ZsSM-5 is particularly preferred. Further, there can be used a
zeolite similar to ZSM-5 and ZSM-11 described in Pi A. Jacobs and
J. A. Martens, "Stud. Surf. Sci. Catal." 33, PP. 167- 215 (1987,
Holland).

Further, it is necessary that the zeolite of the present
invention has a molar ratioc of SiO, to Al,0, of at least 20 in fiew
of stability of the catalyst. The maximum of the molar ratio of
$i0, to Al,0, is not particularly limited. However, generally, a
zeolite having a molar ratio of SiO, to Al,0, of 20 to 500,
preferably 28 to 300 is used.

In the catalyst of the present invention, it is necessary
that the zeolite having an intermediate pore diameter contains
substantially no protons. “Substantially no proton" mentioned here
means that the amount of protons measured by ion exchange in a
liquid phase—titrétion by the filtered liquid method is 0.02

millimole/ 1 g of the zeolite or less, preferably 0.01 millimole/ 1



g of the zeolite or less. The ion exchange in a liquid
phase-titration by the filtered.liquid method is described in
Intraszeolite Chemistry, "ACS Symp. Ser.", 218, pp. 369-382 (1983,
America), Nippon Ragaku Kaishi [3], pp- 521—527.(1989) and the
like.

The ion exchange in a liquid phase-titration by the
filtered liquid method mentioned in the'present invention is a
method which comprises calcining a zeolite in air at a temperature
of 400.to 600 °cC, conducting ion exchange of 1.5 g of the calcined
zeolite in 25 m{ of a 3.4 mole/! NaCl solution under ice cooling
for 10 min., filtering the solution, washing the zeolite with 50 m/
of pure water, recovering the total amount of a fiitered liquid,
and measuring.the amount of protons of the zeolite from the
neutralization point by titrating the filtered liquid to neutralize
it with a 0.1 N NaOH aqueous solution. It is known that an
ammonium ion type zeolite and a multivalent metal cation type
zeolite such as a rare earth metal ion type zeolite generate
protons by heat.treatment. Theréfore, when the amount of protons
is measured, it is necessary to use a sample‘subjected to the above
burning treatment énd conduct measurement.

One prefer;ed embodiment of the zeolite containing
substantially no protons of the present invention is an alkali
metal ion and/or alkali earth metal ion type zeolite. An alkali
metal ion type is preferred. Na and/or K ion type zeolite having
an intermediate pore diameter is particularly pfeferred. A zeolite

- having an intermediate pore diameter, which comprises both Na



and/or K ion and an alkali earth metal ion, can be preferably used.

The method for producing an alkali metal ion and/or alkali
earth metal ion type zeolite having an intermediate pore diameter
is not particularly limited. A known ion exchange method may be
used. Anyway, in order to substantially remove an acid site of a
zeolite, it is important to sufficiently conduct ion exchange with
an alkali metal ion and/or an alkali earth metal ion.

- Another preferred embodiment of the zeolite containing
substantially no protons of the present invention is a zeolite
subjected to heat.treatment, preferably heat treatment in the
presence of steam, or a zeolite subjected to pretreatment by
repeating reactionéregeneration and the like. He;t treatment is
conducted, preferably at a temperature of 500 °C or more, more’
preferably at a temperature of 500 to 900 °C. Steam treatment is
condqcted in conditions_of pfeﬁerqbly a temperature of 500 °C or
more, more preferably a temperature of 500 to 900 °C, and a s£eam
partial pressure of 0.01 atmospheric pressure. The above treatment
may be_conducted before introducing one or more metals belonging to
Group Ib of the Periodic Table. However, the above treatment is
preferably conducted after the introduction of the metal.

In the present invention, it is necessary to introduce one
or more metals belonging to Group Ib of the Periodic Table to the
above zeolite. Among metals belonging to Group Ib of the Periodic
Table, copper and silver are preferred. Silver is particularly
preferred. Methods for introducing one or more metals belonging to-

Group Ib of the Periodic Table include an ion exchange method,



which is conventionally conducted, an impregnation method and a
kneading method. The ion exchange method is particularly
preferred. An introduced Group Ib metal may exist in a form of an
oxide. However, at least part of it must exist as a cation in a
zeoiite. Metal salts to be used include silver nitrate, silver
acetate, silver sulfate, copper chloride, copper sulfate and gold
chloride. The content of Group Ib metal based on the zeolite is
preferably 0.1 to 10 % By weight, more preferably 0.2 to 5 % by
weight. If the content of the Group Ib metal is leéss than 0.1 % by
weight, activity is not sufficient. Even if more than 10 $ by
weight is added, the performance of the catalyst is not further
improved. — ‘

The order or time to introduce an alkali metal ion and/or
alkali earth metal ion, and the Group Ib metal is not particularly
limited.  After the zeolite is changed to the alkali metal ion
and/or alkali earth metal ion type, the Group Ib metal may be
introduced. Conversely, after the Group Ib metal is introduced,
the zedlite may be changed to the alkali metal ion and/or alkali
earth metal ion type. Iﬁ either case, it is important ﬁo prepare
the zeolite so that the prepared_zeolite may contain substantially
no acid sites.

If necessary, these zeolites can be used after calcining.
The calcining temperature is generally 500 °C to 900 °C.

Further, in order to impart an appropriate particle form
in use, a porous material of refractory inorganic oxides such as

. @alumina, silica, silica-alumina, zirconia, titania, diatomaceous
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earth and clay can be incorporated into a zeolite as a matrix or a
binder, and molded.

Raw materials containing one or more hydrocarbons in the
present invention include a normal paraffin having about 2 to about
25 carbon atoms, an isoparaffin having about 2 to about 25 carbon
atoms, an olefin having about 2 to about 25 carbon atoms, a
cycloparaffin having about 4 to about 25 carbon atoms and a
cycloparaffin having about 4 to about 25 carbon atoms and an alkyl
group of a side chain, as a main component. For example, there are
gases such as ethane, propane, butane and butene; péntane, peﬁtene,
hexane, heptane, octane and a light naphtha containing them as main
components; a heavy naphtha; a straight-run naphtﬁa; coal and gas
oil fraction mainly éontaining'cm to ¢,,; and gas oil fraction
obtained under a reduced pressure, which contains C,, to ¢,
Particuiarly, propane, butane, butene, pentane,'pentehe, a mixture
of them and a naphtha fraction afe preferred.

In the present inventioﬁ, the above catalyst is used in a
catalytic cracking reaction, that is, lower olefins and monocyclic
‘aromatic hydrocarbon can be produced by contacting the above
hydrocarbon materials with the catalyst for conversion of |
hydrocarbons at a high temperature. _

The conditions for the catalytic cracking reaction in the
present invention depend on the hydrocarbon materials. However, a
temperature of 550 to 750 °C and a partial pressure of hydrocarbons

of 0.1 to 10 atmospheric pressure are preferred. More preferably,

a temperature of 570 to 700 °C and a partial pressure of
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hydrocarbons of 0.2 to 8 atmospheric pressure are used.

It is necessary to control the contact time of hydrocarbon.
materials with the catalyst by taking the pyrolysis properties of
hydrocarbon materials and the reaction temperature into
consideration so that effect of pyrblysis may not become excessive.

However, generally, 1 second or less is approp.riat-e.

In the catalytic cracking reaction of the present
invenﬁion, any reaction style, for example, a fixed-bed type, a
moviﬁg—bed type, a fluidized-bed type and an air flow carrier type,
is acceptable. However, reaction styles of a fluid catalytic
cracking (FCC) type, in which a catalyst can be continuously
regenerated, and a quick contact (QC) type can be';referably used.
QC type reaction style is described in "QC-A New Reaction System",
1989 Inter-national Fluidization Conference, Fluidization VI
Proceedings, Banff, Canada, May 7-12.

In the catalytic cracking reaction, regeneration of the
catalyst.is conducted by generally burning coke on the catalyst to
remove it in inert gas containing air or oxygen at a temperature of
400 to 900 °C. When a FCC type reaction apparatus is used, a
regeneration temperature higher than the reaction temperature is
necessary to provide reaction heat. However, the catalyst of the
present invention is hardly deteriorated and stable in regeneration
having such a high temperature because the catalyst of the present
invention has high water heat stability.

Further, the catalyst of the present invention can be used

in a catalytic cyclization reaction by adding a metal component for
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hydrogenation or dehydrogenation. Particularly, when at least one
metal selected from metals belonging Group IIb, Group IIIb and
Group VIII of the Periodic Table and compounds of them is added,
dehydrogenation and cyclization performance of the zeolite is
improved. Therefore, an appropriate catalyst can be obtained to
produce a monocyclic aromatic.hydrocarbon from a ligh; hydrocarbon.
metals belonging to Group IIb, Group IIIb and Group VIII of the
Periodic Table and compounds of them are preferably zinc, gallium,
inﬁium, nickel, palladium, platinum, an oxide of them and a
composite oxide of theﬁ, more preferably zinc, zinc oxide and a
composite oxide of zinc such as zinc aluminate. The amount of
metals belonging to Group IIb, Group IIIb énd GréuE VIII of the
Periodic Table and compounds of them based on the zeolite is
preferably 0.1 to 20 % by weight.

Conditions of the catalytic cyclization reaction in the
present invention depend on the hydrocarbon materials, particuiarly
the amount ratio of olefins and paraffins. However, a temperature
of 300 to 650 °C , a partial pressure of hydrocarbons of 1 to 30
atmospheric pressure and a weight hour space velocity (WHSV) of 0.1
to 50 hr™ are preferred. A temperaﬁure of 400 té 600 °C is more
preferred.

In the catalytic cyclization reaction of the presént
invention, any reactor of a fixed;bed type, a moving-bed type and a
fluidized-bed type can be used. The reaction style is not
particularly limited. However, a preferable reactor is a

fixed-bed, adiabatic reactor having a simple structure.
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In the catalytic cyclization reaction, regeneration of the
catalyst is conducted by generally burning coke on the catalyst to
remove it in inert gas containing air or oxygen at a temperature of

400 to 700 °cC.

Best Mode for Carrying Out the Invention

'Hereinafter, the present invention will be described in
more detail with reference to examples and the like.
{Example 1)

A.ZSM—S type zeolite- (Si0,/A1,0,=126) was prepared by
filtering, washing with water, drying and calcining in.air at 550 °C
after hydrothermal synthesis. A Ndbfype ZSM-5 wa; prepared by
subjecting the ZSM-5 type zeolite to ion exchange in a 3.4 N sodium
chlb:ide aqueous solution (10 mé/g-zeolite) at 90 °C for 3 houré,
filtering, washing with water and drying at 110 °C. Next, catalyst
1 was prepared by sﬁbjecting the Na' type ZSM-5 to ion exchangé at
room temperature for 3'hours by a 0.021N silver nitrate aqueous

solution (10 m¢{/g-zeolite), filtering, washing with water, drying

—

and calcining in air at 550 °C. The amount of acid in the catalyst
measured by ion exchange in a liquid phase-titration by the

filtered liqﬁid method was 0.004 mmol/g. From the result of

analysis, the composition represented by a molar ratioc of a oxide

based on an anhydride is as follows:
0.492g9,0,0.61Na,0,A1,0,,1265i0,
Performance to convert hydrocarbons was examined by using

Catalyst 1. 2 g of the sifted catalyst having a particle size of 8
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to 16 mesh was charged into a quartz reaction tube (inside
diameter: 16 mm@). The temperature was raised to a determined
temperature under atmospheric pressure while nitrogen was passed at
100 cc/min. Next, a raw material naphtha (specific gravity:
0.684, composition: 79 % by weight of paraffins, 15 % by weight of
naphthenes, 5.9 % by.weight of aromatic hydrocarbons, 0.1 % by
weight of olefins) was fed into the reaction tube at 31.3 cc/hr.
The composition was analyzed by directly introducing a reaction
product obtained 6 min. from the beginning of naphtha feed into a
gas chromatograph. The result of reaction at 680 °C was shown
Table 1.

(Comparative Example 1)

Conversion reaction of the naphtha was conducted under the
same conditions as in Example 1 except that Na’' type ZSM-5
(Comparative Catalyst 1) obtained in Example 1 was used without
further treatment. The amount of acid in the catalyst was 0.006
mmol/g. The result is shown in Table 1.

(Comparative Example 2)

A H*'type ZSM-5 was prepared by subjecting the ZSM-5 type
zéolite (8i0,/A1,0,=126) used in Example 1 to ion exchange in a 1 N
nitric acid aqueous solution (10 nw/gQZeolite) éEﬁfoom temperature
for 3 hours, filtering, washing with water and drying at 110 °C.
Next, a H type ZSM-5 containing silver (Comparative Catalyst 2)
was prepared by subjecting the H+3type ZSM-5 to ion exchange at
room temperature for 3 hours by a 0.1 N silver nitratelaqueous

solution (10 m//g-zeolite), filtering, washing with water, drying
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and calcining in air at 550 °C. The amount of acid in the catalyst
was 0.055 mmol/g. From the result of analysis, the composition
represented by a molar ratio of a oxide based on an anhydride is as
follows:

0.48Ag,0,31,0,,126Si0,

Conversion reaction of the naphtha by using Comparative
Catalyst 2 was conducted under the same conditions as in Example 1.
The result is shown in Table 1.

(Comparative Example 3)

Following the procedure of Example 1, pyrolysis of the
naphtha was conducted at 680 °C except that porcelain Raschig rings
(outside'diameterz 3 mm@d, length: 3 mm) were charjgd instead of the
zeolite. The result is shown in Table 1.

(Example 2)

A Na’ type ZSM-S containing copper was prepared as in
Example 1 except that a 0.1 N copper chloride aqueous solution was
used instead of the 0.02 N silver nitrate aqueocus solution. The
amount of acid in the catalyst was 0.006 mmol/g. From the result
of analysis, the composition represented by a molar ratio of a
oxide based on an anhydride is as follows:

0.50Cu,0,0.40Na,0,A1,0,,126Si0,

- Conversion reaction of the naphtha ﬁsing the catalyst was
conducted. under the same conditions as in Example 1. The result is
shown in Table 1. |

In Table 1, it is found that the Na' type ZSM-5 exhibits

little cracking activity of the naphtha and cracking activity is
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extremely improved by introducing silver or copper into the Na'
type ZSM-5. Further, selectivity of lower olefins containing
ethylene as a main component is ektremely improved in yield
composition obtained by using AgNa' type ZSM-5, which is extremely
different from that obtained by using AgH' type ZSM-5 obtained by
introducing silver into acid type ZSM-S5.

(Example 3)

A Na' type ZSM-5 containing silver (Catalyst 2) was.
prepared by the p;ocedure of Example 1 except that a concentration
of the silver nitrate aqueous solution was changed to 0.1 N. The
amount in acid of the catalyst was 0.004 mmol/g. From the result
of analysis, the composition represented by a mola; ratio of a
oxide based on an anhydride is as follows:

0.88aq9,0,0.15Na,0,A1,0,,126S10,

Conversion reaction of the naphtha by using Catalyst 2 was
conducted uﬁder the séﬁe conditions as in Example 1 exceét that the
reaction temperature was changed to 660 °C. The result is shown in
Table 2. | -~
(Example 4)

Using the procedure of Example 3, Conversion reaction of
the naphtha was conducted except that the reaction temperature was
changed to 680 °C. The result is shown in Table 2.

(Example 5)

K" type ZSM-5 containing silver (Catalyst 3) was prepared

as in Example 1 except that sodium chloride was changed to

potassium chloride and the concentration of the silver nitrate



17

aqueous solution was changed tolo.l N. The amount of acid in the
catalyst was 0.002 mmol/g. From the result of analysis, the
composition represented by a molar ratio of a oxide based on an
anhydride is as follows:

0.60Ag,0,0.44K,0,A1,0,,126Si0,

Conversion reaction of the naphtha using Catalyst 3 was
condﬁcted under the same conditions as in Example 1 except that the
reaction temperature was changed to 660 °C. The result is shown in
Table 2.

(Example 6)

Conversion reaction of the naphtha was conducted under the
same conditions as in Example 5 except that the a&ount of charged
catalyst was change from 2 g to 3 g and the reaction temperature
was changed to 680 °C. The result is shown in Table 2.
(Comparative Example 4)

Py;olysis of the naphtha was conducted under the same.
conditions as in Comparative Example 3 except that the reaction
temperature was changed to 790 °C. The result is shown in iable 2.

As shown in Table 2, according to the method of the
present invention, yields of methane and heavy fractions, which are
low value, are lower than those of the pyrolysis technique,
effective yield (the total yield of ethylene, propylene and Css
aromatic hydrocarbons) can be extremely higher than that using
pyrolysis and selectivity is excellent.

(Example 7)

Catalyst 4 was prepared by subjecting Na’ type ZSM-5
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(sio,/Al,0,=91) to ion exchange at room temperature for 3 hours by
a 0.05 N silver nitrate aqueous solution (10 mé/g-zeoclite),
filtering, washing with water, drying and burning in air at 550 °C.
The amount of acid of the catalyst was 0.002 mmol/g. Erom the
result of analysis, the composition represented by a molar ratio of
a oxide based on an anhydride is as follows:

0.61Ag,0,0.26Na,0,A1,0,,91Si0,

2 g of Catalyst 4 was charged into the quartz reaction
tube used in Example 1. The température was raised to a
predetermined temperature under atmospheric pressure while nitrogen
was passed at 100 cc/min. Passing of nitrogen was stopped to
conduct a reaction in the condition of no dilutiog and then the

same raw material of naphtha as used in Example 1 was fed into the

reaction tube at 46.8 cc/hr. The reaction'pfoduct obtained 6 min.

from the beginning of naphtha feed was analyzed. The result is

'shown in Table 3.

(Example 8)

Catalyst 5 was prepared by subjecting a Na' type ZSM-5

(Si0,/Al1,0,=30) to ion exchange at room temperature for 3 hours by

a 0.03 N silver nitrate aqueous solution (10 mé/g-zeolite),
washing with water, drying and calcining in air at 550 °C. The
amount of acid in the catalyst was 0.002 mmol/g. From the result
of analysis, the composition represented by a molar ratio of a
oxide based on an anhydride is as follows:

0.24Aq,0,0.79Na,0,A1,0,,305i0,

Conversion reaction of the naphtha by using Catalyst 5 was
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conducted under the same conditions as in Example 1. The result is
shown in Table 3.
(Comparative Example 5)

An experiment was conducted under the same conditions as
in Example 7 except that the H' type ZSM-5 zeolite from Comparative
Example 2 was used and the amount of the catalyst was 1 g. The
result is shown in Table 3.

(Comparative Example 6)

A H type ZSM-5 was prepared by subjecting the Na' ZSM-5
typé'zeolite used in Example 8 to ion exchange at room temperature
for 3 hr. by using a 1 N nitric acid aqueous solution (10
m{/g-zeolite). Next, Comparative Catalyst 3 was p;epared by
conducting ion exchange in a 0.03 N silver nitrate aqueous solution
(10 nw/g—zeélite) at room temperature'for 3 hr. The amount of acid
in the catalyst was 0.42 mmol/g. In the result of analysis, the
composition represented by a molar ratio of a oxide based on an _
anhydride is as follows:

0.16ag,0,A1,0,,30Si0,

Conversioh reaction of the naphtha by using Comparative
Catalyst 3 was conducted under the same conditions as in Example 1
except that the amount of the charged catalyst was changed to 1 g.
The Result is shown in Table 3.

(EXample 9)

A Mg”Na' type 2ZSM-5 was prepared by subjecting a Na' type

ZSM-5 zeolite (Si0,/Al,0,=91) to ion exchange in a 1 N magnesium |

nitrate aqueous solution (10 mf/g-zeolite) at 90 °C for 2 hr.,
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filtering, washing with water and drying at 110 °C. Next, a

Mg>'Na® type ZSM-5 containing silver (Catalyst 6) was prepared by
subjecting the Mg”Ndptype ZSM-5 to ion exchange at room
temperature for 3 hr. using a 0.1 N silver nitrate aqueous solution
(10 mé{/g-zeolite), filtering, washing with water, drying and
calcining in air at 550 °C. The amount of acid in the catalyst was
0.002 mmol/g. From the result of analysis, the composition
represented by a molar ratio of a oxide based on an anhydride is as
follows:

0.58ag,0,0.36Mg0,0.08Na,0,A1,0,,91S1i0,

Convérsion'reaction of the naphtha using Catalyst 6 was
conducted uqder the same conditions as in Example:l except that the
reaction product obtained 4 min. from the beginning of naphtha feed
was analyzed. The Result is shown in Table 4.

(Example 10)

A Ca”Nd'type ZSM-5 containing silver was prepared as.in
Example 9 except that magnesium nitrate was changed to calcium
nitrate. Theuamount of acid in the catalyst was 0.003 mmol/g.

From the result of analysis, the composition represented by a molar
ratio of a oxide based on an anhydride is as follows:
0.60Ag,0,0.32Ca0,0.08Na,0,Al,0,,91Si0,

Conversion reaction of the naphtha using the catalyst was
conducté; under the same conditions as in Example 9. The Rgsult is
shown in Table 4.

(example 11)

A Ba*'Na’ type ZSM-5 containing silver was prepared as in
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Example 9 except that magnesium nitrate was changed to barium

nitrate. The amount of acid in the catalyst was 0.002 mmol/g.

From thé result of analysis, the composition represented by a molar

ratio of a.oxide based on an anhydride is as féllows:
0.46Ag,0,0.60Ba0,0.04Na,0,A1,0,,9181i0,

Conversion reaction of the naphtha using the catalyst was
conducted under the same conditions as in Example 9. The Result is
shown in Table 4.

(Example 12)

A Ba®Na' type ZSM-5 containing silver was prepared as in
Example 11 except that ZSM-5 type zeolite (Si0,/Al1,0,=91) was
changed to ZSM-5 type zeolite (Si0,/A1,0,=175). Th; amount of acid
in the catalyst was 0.002 mmol/g. From the result of analysis, the
composition represented by a molar ratio of a oxide based on an
anhydride is as follows:

0.78ag,0,0.02Ba0, 0.20Na,0,A1,0,,175Si0,

Conversion reaction of the naphtha using the catalyst was
conducted under the same conditions as in Example 1. The Result is
- shown in Table 4.

(Exaﬁple 13)

A catalyst containing 0.3 % by weight of silver was
prepared by subjecting a H ZSM-5 type zeolite (Si0,/A1,0,=175) to
ion exchahge in a 0.006 N nitric acid aqueous solution (10
mé{/g-zeoclite) at room temperature for 3 hr., washing with water,
drying and calcining in air at 550 °C. Next, nitrogen was passed

at a flow rate of 485 cc/min. under atmospheric pressure and the
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temperature of the catalyst layer was controlled at 750 °C.
Steaming treatment was conducted under the conditions of a
.temperature of 750.°C and a steam partial pressure of 0.4 atm. for
40 min. by running pure water at a flow rate of 15.6 cc/min for 40
min. After steam treatment, the amount of acid in the catalyst was
0.618 mmol/g. -

Conversion reaction of the naphtha using the catalyst was
conducted under the same conditions as in Example 1. The Result
was shown in Table 5.

(Example 14)

A catalyst containing 1.3 % of silver by weight was
prepared as in Example 13 except that a concentraéion of the silver
nitrate was changed to 0.1 N. 'Steaming treatment was conducted
under the same conditions as in Example 13. After steaming
treatment, the amount of acid of the catalyst was 0.013 mmol/g.

Conversion reaé;ion of the naphtha using thé catalyst ﬁas
conducted under the same conditions as in Example 1. The result is
shown in Table 5.

(Comparative Exémple 7)

Conversion reaction of the naphtha using the zeolite used
in Example 13 but, which was not subjected to the steam treatment
described in Example 13 was conducted under the same conditions as
in Example 1. The Result is shown in Table 5. The amount of acid
in the catalyst was 0.118 mmol/g. ‘

(Comparative Example 8)

Conversion reaction of the naphtha using the zeolite
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described in Example 14, but which was not subjected to the steam
treatment of Example 14 was conducted under the same conditions as
in Example 1. The result is shown in Table 5. The amount of acid
in the catalyst was 0.055 mmol/g.

(Example 15)

The following experiments were conducted to compare
‘resistance to catalyst deterioration caused by steam having a high
temperature. ’

2 g of the same catalfst as Catalyst 2 prepared in Example.
3 was charged into a quartz“reaction tube. Nitrogen was passed at
a flow rate of 485 cc/min under atmospheric pressure and the
temperature of the catalfst layer was controlled ;t 750 °C.
Steaming treatment was conducted under the conditions of a
temperature of 750 °C and a steam partial pressure of 0.4 atm. for
2 hr. by feeding pure water at a flo& rate of 15.6 cc/min for 2 hr.

Next, conversion reaction of the naphtha was conducted under fhe
same conditions as in Example 1 in order to evaluate reaction
activity of the catalyst. A linear reaction rate constant was
calculated from a conversion of n-pentane contained in £he naphtha
according the following equation (l1). The result is shown in Table
6. The calculation of contact time was conductea baséd on a vacant
column by using average compositions of the inlet and outlet.

R=0"x 1n{l/(1-y)} (1)

1

R: Reaction rate constant of naphtha cracking (sec.)
0: contact time (sec.)

y; conversion of n- pentane
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y =(a-b)/a

a: amount of n-pentane in naphtha (wt. %)

b: amount of n-pentane in reaction product (wt. %)
(Comparative Example S)

The same experiment as in Example 15 was conducted except
that the catalyst, the charged amount and steaming treatment time
were changed to H' type ZSM-5 zeolite used in Comparative Example
2, 4 g and 40 min. respectively. The result is shown in Table 6.
(éomparative Example 10)

The same experiment as in Example 15 was conducted except
that the catalyst was changed to Comparative Catalyst 2 used in
Comparative Example 2. The result is shown in Tabié 6.

As shown in Table 6, when the acid type zeolite used in
-Comparative Example 8 was contacted with steam hawving a high
temperature, activity was extremely lowered in a short time. To
- the contrary, activity'of the catalyst of the present inventioﬁ was
only sligthly lowered and was stable. Further, the catalyst of the
present invention was extremely improved ip resistance to
deterioration, compared with the acid type zeolite containing
~silver (Comparative Catalyst 2).

(Example 16) |

A Na' type ZSM-5 zeolite catalyst containing silver
(Catalyst 7j-was prepared as in Example 7 except that the
concentration of the silver nitrate was changed to 0.1 N. The
amount of acid in the catalyst was 0.002 mmol/g. From the result

of analysis, the composition represented by a molar ratio of a
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oxide based on an anhydride is as follows:
0.82Ag,0,0.15Na,0,A1,0,,91510,

Conversion reaction of the naphtha using the Catalyst 7
was conducted under the same conditions as in Example 1 for 6 min.
Next, reaction gas in the reaction tube was replaced by passing 100
ce/min for 10 min. of nitrogen for 2 min. and then air was passed.
with 100 cc/min. Coke accumulated on the catalyst was burned off
tolremove it by conversion reaction of the naphtha. Further,
nitrogeh was passed at 100 cc/min. for 2 min. to replace air and
gas produced by burning coke.

Based on 1 cycle as extending from the conversion reaction
of the naphtha to second time of passing nitrogen; 264 cycles were
carried out. The reéults from the first cycle and 264th cycle are
shown in Table 7.

A linear reaction rate constant was measured by replacing
the value of n-pentane with the total value of C,-C, paraffin, ég—cs
naphtenes and C,-C, olefins in equation (1).

(Comparative Example 11)

238 cycles were carried out under the same'conditions as
in Example 16 by using H' type ZSM-5 zeolite ﬁsed in Comparative
Example 2 as a catalyst. The results from the 7th cycle and 238th
cycle are shown in Table 7.

As shown in Table 7, according to the method éf the
present invention, even if the conversion reaction of the naphtha
and regeneration operation were repeated, the catalyst was not

deteriorated and effective product yield and selectivity can be
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maintained.
(Example 17)

Na" type ZSM-5 zeolite (Sio,/Al,0,=73) was subjected to ion
exchange in a 0.1 N silver nitrate aqueous solution (10 ml/g-
zeolite) at room temperature for 3 hr., washed with water and
dried. A catalyst having a average particle diameter of 65 u and
containing 50 % by weight of silica was obtained by adding 10 kg of
SNOWTEX N manufactured by Nissan Chemical Industries, Itd. (3 kg by
weight of siiica) to 3 kg of the dried catalyst and using a spray
dryer.

2.5 g of the catalyst was charged into a reaction tube.
Conversion reaction of the naphtha was conducted &hder the same
conditions as in Example 7 except that sampling was conducted 4.5
min. from the beginning of naphtha feed. The result was shown in
Table 8. The amount of acid in the catalyst was 0.005
mmbl/g-zeolite. From the result o: qﬁalysis, the composition
réprésented by -a molar ratio of a oxide based on an anhydride is as
follows:

0.55Ag,0,0.33Na,0,21,0,,150S10,

(Example 18)

80 parts by weight of Na' type ZSM-5 zeolite (Sio,/Al,0, =
' 50) and 20 parts by weight of y-alumina were kneaded and then
pellets having a diameter of 1.6 mm and a length of 4 to 6 mm were
molded by conducting extrusion molding. Next, a molded ZSM-5
zeolite catalyst was obtained by drying at 120 °C for 4 hr. and

calcining at 500 °C for 3 hr. The catalyst was subjected to ion
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exchange in a 0.1 N silver nitrate agueous solution (10 ml /
g-zeolite) at room temperature 3 hr., washed with water and dried.
At this time, the amount of acid in the catalyst was 0.005
mmol/g-zeolite. A molded ZSM-5 zeolite catalyst containing zinc
(Catalyst 8) was obtained by impregnation in a 3 N silver nitrate
aqueous solution (0.5 ml/g-zeolite) anq calcining. From the result
of analysis, the composition represented by a molar ratio of a
oxide based on an anhydride is as follows:
5.1z2n0,0.40Ag,0,0.34Na,0,8.9A1,0,,50S10,

100 g of Catalyst 8 was charged into a reaction tube made
of stainless steel having a diameter of 1 inch. The temperature of
the catalyst layer was raised to 650 °C under a pféssure 6f 5
Kg/cnf G. Steaming treatment was conducted under the conditions of

a steam partial pressure'of 0.8 atm. for 5 hr. After steaming
treatment, a hydrocarbon material (propane: 0.1 wt. %, propylene:
0.2 wt. %, butane: 7.7 wt. %, butene: 32.0 wt. %, pentane: 45.7 wt.
%, pentene: 14.3 wt. %) was fed into the reaction tube'a; 280
g/hr., and then conversion reaction of the hydrocarbon was
conducted. The reaction results obtained at 4 hr. and 40 hr. from
beginning of the material feed are shown in Table 9.

(Comparative Example 12)

60 parts by weight of H' type ZSM-5 zeolite (Sio,/Al,0, =
50), 15 parts by weight of y-alumina and 25 parts of zinc nitrate
were kneaded and then pellets having a diameter of 1.6 mm and a
length of 4 to 6 mm were molded by conducting extrusion molding.

' Next, the molded H' type 2ZSM-5 zeolite catalyst containing of zinc
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 (Comparative Catalyst 4) was obtained by drying at 120 °C for 4
hours and calcining at 500 °C for 3 hours. The-amount of acid in
the H' type 2SM-5 zeolite was 0.24 mmol/g. From the result of
analysis, the compositioﬁ represented by a molar ratio of a oxide
based on an anhydride is as follows:

5.22n0,8.631,0,,508i0,

Steaming treatment and conversion reaction of the
hydrocarbon wére conducted under the same conditions as in Example
18 using Comparative Catalyst 4. The result is shown Table 9.

As shown in Table 9, according to the method of the
preseﬁt invention, high selecti&ity can be maintained.

(Example 19) .

4 g of Catalyst 8 was charged inté the quartz reaction
tube used in Example 1. Nitrogen was passed at a flow rate of 143
cc/min. under atmospheric pressure and the temperature of the
catalyst layer was controlled at 650 °C. Steaming treatment wés
conducted under the conditions.of a ﬁemperature of 650 °C and ém
steam partial pressure of 0.8 atm. for 5 hr. by feeding pure water
at a flow rate of 27.6 cc)min for 5 hr. After steaminé treatment,

the temperature was raised to a determined temperature and passing

of nitrogen was stopped. A raw material of n-hexane was fed into
the reaction tube at 23.4 cc/hr. The‘composiﬁion of a reaction
product obtained at 30 min. from the beginning of n-hexane feed was
analyzed by directly introducing the reaction product into a gas
chromatograph.

After coke on the catalyst was burned off by passing air
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‘'with 100 cc/min., the above steaming treatment and conversion
reaction of n-hexane were conducted again. The result is shown in
Table 10.

(Comparative Example 13)

An experiment was conducted under the same conditiomns as
in Example 19 except that Comparativé Catalyst 4 was used. The
result is shown in Table 10.

As shown in Table 10, the catalyst of the presént
invention ezhibits high actiﬁity and wastlittle deteriorated by

steam having a high temperature.

Industrial applicability

As mentioned above, a¢cording to the present invention,
thére can be provided a stable catalyst for conversion of
hydrocarbons, which is capable of obtaining olefins containing
ethylene as a main component and monocyclic aromatic hydrocarbéns
with good balance and a high yield, and which is little
deteriorated by steam having a high temperature. Therefore, the
present invention can be widely'used in the petrochemical industry
and petroleum refining. Particularly, the present invention can be
effectively used in production of lower olefins such as ethylene,
propylene and the like, aromatic comgounds and gasoline having high

octane number.
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Table 1
Ex. 1 Comp.Ex. 1ljComp.Ex. 2 |Comp.EX. 3 Ex. 2
Zeolite AgNa type Na type AgE type Pyrelysis | CuNa type
Amount of acid 0.004 0.006 0.055 - 0.006
(mmol/g)
Bydrocarbon material Naphtha Naphtha Naphtha Naphtha Naphtha
Reaction temperature 680 680 680 680 680
(°C)

Yield (wt. %)
Hydrogen 1.2 0.2 4.3 0.1 1.6
Methane 9.3 3.2 8.4 2.6 8.5
Ethylene 22.8 6.1 14.6 5.1 17.8
Propylene 19.5 6.5 8.9 5.6 16.1
Butene 5.4 4.6 1.5 4.1 4.0

- Cs-¢ aromatic 19.8 9.7 45.0 8.9 28.4
hydrocarbon
Cs* hydrocarbon 1.5 1.4 5.5 1.3 1.9
Cs-9 aromatic
hydrocarbon 20.5 11.0 45.9 10.1 29.3
Cz2-4 6lefin 47.7 ©17.2 25.0 14.8 37.9
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hydrocarbon

Table 2
Ex. 3 Ex. 4 Ex. 5 Ex. 6 Comp.Ex. 4
Zeolite AgNa type | AgNa type | AgK type AgK type Pyrolysis
Amount of acid 0.004 0.004 0.002 0.002 -
(mmol/g)
Hydrocarbon matefial Naphtha Naphtha Naphtha Naphtha Naphtha
Reaction temperature 660 680 660 680 790
(°C) ' .
amount of charged _
catalyst (q) 2.0 2.0 2.0 3.0
Yield (wt. %)
Hydrogen 1.5 1.2 1.2 1.5 0.8
Methane 8.5 9.4 7.4 9.5 13.5
Ethylene 22.8 24.1 21.3 24.9 24.6
Propylene 17.2 18.1 1 20.3 17.4 16.7
Butene 4.4 4.9 6.2 4.0 6.2
Ce-s aromatic 23.9 21.2 18.4 22.7 12.1
hydrocarbon - ’ -
Cs* hydrocarbon 1.7 1.4 1.5 2.1 2.7
C2-3 olefin +
Cé-8 aromatic 63.9 63.4 60.0 65.0 53.4
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Table 3
Ex. 7 Ex. 8 Comp.Ex. 5 Comp.Ex. 6
Zeolite AgNa type AgNa type B type AgH type
Hydrocarbon material Naphtha Naphtha Naphtha Naphtha
Amount of acid 0.002 0.002 0.096 0.42
(mmol/g)
Reaction temperature 680 680 680 680
(°c)

Amount of charged
catalyst () 2.0 2.0 1.0 1.0
Yield (wt. %)
Hydrogen 1.0 1.3 1.5 3.1
Methane 10.3 11.4 10.3 11.8
Ethylene 25.2 20.8 20.1 12.8
Propylene 17.9 17.1 14.8 9.5
Butene 2.2 4.5 3.4 2.6

t Ce-s aromatic 24.5 23.7 30.4 35.1
hydrocarbon
Cs~ hydrocarbon 2.8 2.9 3.6 6.9
Cs-9 aromatic ; o
hydrocarbon 26.7 24.4 32.7 36.4
Cz-4 olefin 45.2 42.4 38.2 25.0
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Table 4

Ex. 9 Ex. 10 Ex. 11 Ex..12
Zéolite AgMgNa type | AgCaNa type | AgBaNa type AgBaNa type
Amount of acid 0.002 0.003 0.002 0.002

(mmol/q)

Hydrocarbon material Naphtha Naphtha Naphtha Naphtha
Reaction'temperat?fz) 680 680 680 680
222:§;szf charged (3) 2.0 2.0 2.0 2.0
Yield (wt. %)
Hydrogen 1.1 1.2 1.0 1.3 .
Methane 7.0 7.3 6.9 8.1
Ethylene 21.9 22.4 22.1 21.1
Propylene 21.0 20.6 22.6 20.1
Butene 5.7 5.4 6.3 5.5
ﬁ;;rzzg’;;:;" 21.7 21.9 18.4 22.0
Cs* hydrocarbon 2.2 2.2 1.9 1.3
g;zr:f;:;‘gz:c 23.1 23.2 19.7 22.7
C2-4 olefin. 48.6 . 48.4 50.9 46.7
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Table 5
Ex. 13 Ex. 14 Comp.Ex. 7 Comp.Ex. 8
Amount of silver
.3 1. . .
| (wt. %) 0 3 0.3 1.3
Amount of acid 0.018 0.013 0.118 0.055
{rmol/qg)
Hydrocarbon material Naphtha Naphtha Naphtha Naphtha
Reaction temperature 680 680 680 680
(°C)
Yield (wt. %)
Hydrogen 1.8 2.1 4.1 4.3
Methane 10.1 12.5 10.2 8.4
Ethylene 22.3 23.5 16.7 14.6
Propylene 18.1 13.3 8.2 8.9
Butene 4.5 2.5 1.0 1.5
Cs-8 aromatic -
hydrocarbon 27.4 32.7 42.9 45.0
Cs* hydrocarbon 1.0 1.3 5.8 5.5
Cs-9 aromatic
hydrocarbon 27.9 33.2 43.8 45.9
Cz2~-4 olefin 44.9 39.3 25.9

25.0
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Table 6
Ex. 15 Comp.Ex. 9 Comp.Ex. 10

Catalyst AgNazZSM-5 HZSM-5 AgHZSM-5
Steaming Conditions

Temperature (°C) 750 750 750

Partial Pressure 0.4 0.4 0.4

of steam ° . .

Treatment time ' 120 40 120

{min.) ’

s tas Pre- Post- Pre- Post- Pre- Post-
Reaction C?ndltlons treatment |treatment |treatment {treatment |treatment |treatment
Amount of catalyst 2.0 2.0 2.0 4.0 2.0 2.0

(9)
Temperature {°C) 685 677 682 672 683 692
Contact time 0.24 0.24 0.24 0.49 0.24 0.24

(sec.) o

Conversion of 97.5 95.5 98.6 81.2 96.0 91.9
n-pentane (%)
Reaction rate
constant* (sec.w) 14.6 13.2 17.6 3.7 13.2 9.1
(Relative value) (100) (50) (100) (21) {100) (69)

*Amended value at 680° C (activation energy:

22 kcal/mol)
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Table 7
Ex. 16 Comp.Ex. 11
Catalyst AgNa type H type
amount of acid 0.002 0.096
{mmol/q)
Cycle Number 1 264 7 238
Hydrocarbon material Naphtha Naphtha Naphtha ‘Naphtha
Reaction temperature 6§79 685 6§74 687
(°c)
Yield (wt. %)
Hydrogen 1.3 1.5 1.3 1.2
Methane 9.4 9.8 10.1 9.3
Ethylene 21.6 21.4 20.7: 19.4
Propylene 18.3 18.5 16.2 20.3
Butene 4.8 4.9 4.3 6.4
Cs-g aromatic
hydrocarbon 26.7 29.3 28.8 24.5
Cs* hydrocarbon 2.3 1.9 2.2 . 1.5
C2-4 olefin + :
Cs-s aromatic 66.6 69.2 65.7 64.2
hydrocarbon
Conversion of Cs-g PN(()%) 94.9 95.9 94.9 91.0
Reaction rate constan_tl* 12.4 12.5 13.2 9.2
(sec.”™)
(Relative value) (100) (100) (100} (70)

*Amended value at 680° C (activation energy:

Cs-8 PNO:

22 kcal/mol)

Cs-s paraffin, Cs-s naphthene, and Cs-s olefin
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C2-4 olefin

Table 8

Ex. 17
Zeolite AgNa type 2SM-5/5i02
Amount of acid (mmol/g} 0.005
Bydrocarbon material Naphtha
Reaction temperature | (°C) 675
Amouné of charged cataiyst (g) 2.5
Yield (wt. %)
Hydrogen 0.8
Methane 8.6
.Ethylene 22.6 .
Propylene 18.2
Butene 5.2
Cs-8 aromatic hydrocarbon 23.5
Cs* hydrocarbon 2.9
Cs-9 aromatic hydrocarbon 25.1

46.0
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Table 9
Ex. 18 Comp.Ex. 12

Amount of acid (mmol/qg) 0.005 0.24
Reaction time | (hr.) 4 40 4 41
Reaction temperature (°C) 517 517 517 517
Reaction pressure (kg/cm’G) 5.0 5.0 - 5.0 5.0
WHSV (hr.™) 2.81 2.81 2.81 2.81
Yield (wt. %) _
Bydrogen 1.7 1.5 1.3 1.4
Non-arcmatic hydrocarbon 45.4 46.2 53.6 54.7
Cs-8 aromatic . hydrocarbon 46.9 43.8 ::}8 .5 37.9
Co* aromatic hydrocarbon 6.0 6.9 6.6 6.0
ﬁ;g;:g:iggn°f ar“matf:t_ . 52.9 50.7 . 45.1 44.0
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Table 10
Ex. 19 Comp.Ex. 13
Amount of acid- (mmol/g) 0.005 0.24
Steaming treatment time 5 10 5 10
(hr.)

Reaction temperature (°C) 528 528 : 531 530
Conversion of n-hexane (%) 82.2 . 77.7 57.2 41.4
Yield (wt. %)

Cs-9 hydrocarbon 33.8 30.¢9 17.0 11.1
Reaction rate constant . 0.86 0.77 0.40 0.24

(sec.™ ") .

(Relative value) (100) (90) (100) (60)

*amended value at 530° C (activation energy: 22 kcal/mél)
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zeolite containing substantially no protons and having an

A catalyst to convert hydrocarbons, which comprises a

intermediate pore diameter, a molar ratio of SiO, to Al,0, of at

least 20 and one or more metals belonging to Group Ib of the

Periodic Table.

2.

The catalyst to convert hydrocarbons according

wherein the zeolite is an alkali metal ion type and/or

earth metal ion type.

3.

wherein

4.

wherein

5.

wherein

6.

wherein

7.

wherein .

The

the

The

the

The

the

The

the

The

the

catalyst to convert hydrocarbons

Group Ib metal is ‘silver.

catalyst to convert hydrocarbons

Group Ib metal is silver.

catalyst to convert hydrocarbons

zeolite is ZSM-5.

catalyst to convert hydrocarbons

Zzeolite is ZSM-5.

catalyst to convert hydrocarbons

zeolite is ZSN-5.

according

according

according

according

according

to

an

to

to

to

to

to

¢claim 1,

alkali

claim 1,

claim 2,

claim 1,

claim 2,

claim 3,
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8. The catalyst to convert hydrocarbons according to claim 4,

wherein the zeolite is ZSM-5.

9. A method for producing a lower olefin and a monocyclic
aromatic hydrocarbon by contacting a raw material containing one or
more hydrocarbons with the catalyst of any one of claims 1 to 8 at

a temperature of 550 to 750 °C.

10. The catalyst to convert hydrocarbons according to the
catalyst of any one of claims 1 to 8, further comprising at least
one metal belonging to Group IIb; Group IIIb and Group VIII of the

Periodic Table and compounds of them.

11. A method for producing a lower olefin and a monocyclic
aromatic hydrocarbon by contacting a raw material containing one or
more hydrocarbons with the catalyst of claim 10 in the gas phase at

a temperature of 650 °C or less.

12. The catalyst to convert hydrocarbons according to any one
of claims 1 to 8, wherein the molar ratio of SiO, to Al,0, is 20 to

500.

13. The catalyst to convert hydrocarbons according to any one
of claims 1 to 8, wherein the content of Group Ib metal based on

- the zeolite is 0.1 to 10 % by weight.



