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DESCRIPTION
CATALYST COMPCOSITION AND PROCESS FOR PRODUCING ARCMATIC HYDROCARBON

USING THE CATALYST COMPOSITION

Technical Field
[CO01]

The present invention relates to a catalyst composition
comprising molybdenum, a second metal that is not molybdenum, and
a crystalline metallosilicate. Further, the present invention
relates toaprocess forefficientlyproducing an aromatic hydrocarkon
useful as a chemical industrial rawmaterial froma lower hydrocarkon

such as methane in the presence of the catalyst composition.

Background Art
[0002]

Most of aromatic hydrocarbens which are useful as chemical
industrial raw materials, such as benzene, toluene and xylene, have
been produced in the past as by-products in gasoline prcduction in
the petroleum refining industry or ethylene production in the
petrochemical industry. In elther case, such aromatic hydrocarbons
are not the desired products, and therefore, yields on the basis of
crude oil that is a starting raw material are not high. Further,
the producticon is controlied by the supply-demand situation on the

side of each desired product. As a productionprocess for anaromatic
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hydrocarbon that isadesiredproduct, aprocessusinga light component
derived from crude oil has been developed, and a part of it has been
commercialized, but the production therecf still remains small.
(0003]

On the other hand, the amcunts of natural gas reserves in the
whole world are saild to be about €600 TCF (1 TCF is an abbreviation
of one trillion cubic feet), but most of them have not been used
effectively. The techniqgue to produce an aromatic hydrocarbon from
methane that is a main component of natural gas is a method capable
of not only adding a high value to abundant natural gas but also
cenverting raw material scurces of arcmatic hydrocarbons that are
important chemical industrial rawmaterials from crude oll resources
into non-crude oil resources, and practical use thereof has been
desired.

[0004]

As a catalyst which is widely known to exhibit excellent
performance as a catalyst capable of directly producing an arcmatic
hydrocarbon using methane as a raw material and which has been best
studied, a zeolite-supported molybdenum catalyst (non patent
literature 1) found by L. Wang, et al. in 1993 can be mentioned. In
techniques having been disclosed so far, crystallinemetallosilicate
having a transiticn metal supported therecn, particularly, MFI~type
zeolite or MWW-type zeolite having molybdenum, tungsten or rhenium

supported thereon, is widely known as a catalyst capable of directly
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producing an aromatic hydrcocarbon f£rom methane efficiently.
[0005]

As the temperature becomes higher in the reaction to produce
an arcmatic hydrocarbon from methane, the reaction becomes more
advantageous because of thermodynamic equilibrium. For example, in
the reaction to produce benzene from methane, the egquilibrium
conversion in the reactionat 700°C isabout 11%, while theeguilibrium
conversion in the reaction at 800°C is estimated to be about 20%.
In order to efficiently produce an arcmatic hydrocarben, therefore,
the reaction temperature of this reaction system is limited to 600°C
or higher, preferably 700°C or higher.

[000¢]

Morecver, it ig known that a carbonaceous substance is deposited
on the above catalyst during the reaction and causes deactivaticn
of thecatalyst. Thecarbonaceous substancedepositedonthecatalyst
is burned off in a high-temperature oxygen-centaining atmosphere.
Then, in order To use the catalyst for a long periocd of Lime, a method
of alternately repeating a reaction step and a catalyst regeneration
step of heat-treating the catalyst in an oxygen-containing atmosphere
has been proposed.

(0007

However, 1f the reactlion step and the regeneration step are

alternatelyrepeatedactually, thecatalyst isgraduallydeteriorated,

and production of an aromatic compound cannot ke carried out over
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a long periodof time, so that this method has not been put to practical
use yet (e.g., non patent literature 2).
[6008]

The causeof deteriocrationocf thecatalyst hasnot beenclarified
sufficiently, but some estimated mechanisms described below have been
proposed. That is to say, a thecry that a part of a crystalliine
structure of a crystalline metallosilicate is thermally collapsed
under the high=-temperature conditicns to thereby exhibit lower
catalytic performance (non patent literature 3), a theory that the
melting point of molybdenum oxide is as low as 785°C, and therefore,
if catalyst regeneration treatment inanoxygen—-containingatmosphere
is carried out at a high temperature, decrease in the number of active
gsites due to vapcrization or sintering is brought about {(non patent
literature 4}, a theory that at a high temperature, molybdenum
partially reacts with an aluminum atom in a metallosilicate crystal
lattice to forman inert Al, (MoQ4): species, and this leads to decreass
in the number of active sites (ncn patent literatures 5, 6 and 7},
etc. can be menticned.

[0009]

Thereisapossibilitythatthecatalystdeteriorationisbrought
about by exposure of the catalyst containing molybdenum oxide to a
high temperature whatever the deterioration mechanism may be, and
therefore, it is thought that if the treatment temperature can be

lowered in the catalyst regeneration step, the deterioration can be
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inhibited. However, 1f the treatment temperature in the catalyst
regeneraticn step i1s low, remcval of the deposited carbonaceous
substance by burning becomes insufficient, and the catalyticactivity
cannct be completely recovered. On that account, the depcsited
carbcnaceous substance is removed with inhibiting catalyst
deterioration in the catalyst regeneration step, and therefore, the
catalyst regeneration temperature is limited. For example, in a
patent literature 1, a temperature of 400 to 500°C is given as an
example of the catalyst regeneratioﬁ temperature.
(00107

In crder to efficiently remove the carbonaceous substance in
the catalyst regeneration step, a method of combining a carbonaceous
substance removing treatment using a reducing gas such as hydrogen
with a carbonaceocus substance remcving treatment using an oxidizing
gas has been proposed in, for example, a patent literature 3. In
a ncn patent literature &, in order to reduce catalyst detericration
in the regeneration step for a catalyst, an attempt to lower the
regeneration temperature has been made by adding a small amount of
nitrogenmonoxide toeir that is a regenerationgas. Inthencnpatent
literature 8, it is described that as compared with a case where a
catalyst is regenerated in air at 550°C, the regeneration temperature
can be lowered down to 450°C in the case where a mixed gas of air
and nitrogen menoxide is used, and as a result, the number of

regeneration times of the catalyst can be increased. However, it
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1s said that even if a regeneration method using alr to which a small
amount of nitrogen monoxide has been added is used, the catalytic
activity is gradually lost by repeating the reaction step and the
regeneration step, and therefore, a more efficient catalyst
regeneration method has been desired by the industry.

(00117

From the above, improvement in thermal stability (durability)
ofacatalystisanindustrialproblemfromtheviewpoint of thecatalyst
life. Withregardtoacatalyst forpreducinganaromatic hydrocarbon
from a hydrocarbon containing methane as a main compcnent, it has
peenfound in, forexample, apatent literature 2 that thermal stability
of a crystalline metallesilicate can be improved by combining
inhibition of elimination of a metal from the crystalline
metallosilicate with a surface modification treatment using a
transition metal or an alkaline earth metal. However, a specific
technigue to inhibit lowering of activity accompanying repetition
cf the reaction step and the regeneraticon step hag not been disclosed
at all.

[0012]

Morecover, several technigques to improve catalytic performance
by adding & second metal compcnent have been disclosed so far. For
example, in a patent literature 4, performance of a catalyst
constituted cof at least one metal selected from Mo, Ce and Cs, La

and zeclite is disclosed. In a patent literature 5, performance of
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a catalyst constituted of Mo, a transition metal (at least one metal
selected from Ti, Zr, Cr, W, Co, Ru and Ni}, a rare earth metal (at
least one metal selected from La, Ce, Pr, Nd and Sm) and zeolite is
disclosed. In a patent literature 6, a preparation process for a
methane dehydroaromatization catalyst, which is characterized by
comprisingastepofheatingacatalystprecursor centainingmelybdenum
and aluminosilicate in the presence of a treating gas containing
propane in order to improve efficiency of the methane
dehydrcarcomatization catalyst, isdisclosed, and it is described that
the catalyst precursor preferably contains a metal (Ga, Zn, Nb, Zr,
La, Co, Fe, Ce, Ag, Y, V, 8r, W, Yb, Sm, Ni, Ru, Rh, Pt, Cu, Au, Al,
Ti, Pb, Re, Ir, S8i, Sn and Pd) as a promoter. That is to say, this
process relates to an invention in which a catalyst is changed to
be in such a state that it can maintain a high yield for a long time
by a technique of, for example, preliminarily contacting the catalyst
with a certain kind of a gas prior to the reaction, but description
cfheat resistance (thermal stability) of amolybdenum-based supported
catalyst, namely, descriptioncfamethod forefficiently regenerating
acatalystwhoseactivityhasbeen lowered, by removing carbon produced
on the catalyst as a by-product at a high temperature during
arcmatization reaction of a hydrocarbon such as methane, is not
observed.

[0013]

Further, 1t is disclosed that the chemical properties of Mo
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are changed by the addition of a second metal {(e.g., non patent
literature 89, non patent literature 10), but it cannct be said yet

that the stability of catalytic activity is satisfactory.
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Summary of Inventicn
Technical Problem
[6016]

It is an cbiject of the present invention to provide a catalyst
composition which is excellent in stability under the conditicns of
catalyst regeneration wherein the catalyst composition is heated in

an oxygen-containing atmosphere. It isanocther obiect of the present
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invention to provide a process for producing an aromatic hydrocarbon
from a ilower hydrocarben, in which deterioration of performance of

the catalyst composition is inhibited over a long period of time.

Solution to Preoblem
[0017]

The present inventors have presumed that if a zeclite-supported
molybdenum catalyst on which a carbonaceocus substance has Dpeen
deposited is heat-treated inan oxygen—containing atmosphere in ocrder
to regenerate the catalyst, migration property of the molybdenum
species on the catalyst surface is enhanced to increase frequency
of reaction of molybdenum with aluminum in a zeclite framework, and
as a result, formation of Al;{Mol;); species, destruction of a
crystalline structure of zeclite and rupture of acidic active sites
of zeollite are brought about, and a cause-effect relationship among
a series of these phenomena 1s a cause of deterioration of the
zeolite-supported molybdenum catalyst. On the basis of this
presumption, the present inventors have earnestly studied a method
for lowering migration property ¢f the molvbdenum species in the
regeneration step, and as a result, they have got an idea that by
inceorporating, as a second metal, a metal oxide capzble of Zorming
acompositeoxide togetherwithmolybdenumoxide toa zeolite~supported
molybdenum catalyst, migration property of the molybdenum species

is lowered. As a result of further studies, the present inventors
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have found that by incorporating a specific second metal in a
molybdenum—-containing catalyst, heat resistance (thermal stability)
of a catalyst composition is improved, and catalyst deterioration
in the catalyst regeneration step is inhibited. Thus, the present
invention has been accomplished.

[6018]

That istosay, thecatalyst compositionof thepresent invention
is as follows.

(1] Acatalystcompositionforpreoducinganarcmatichydrocarbon
by contacting at least one hydrocarbon with the catalyst composition,
comprising molybkdenum, a second metal that is not molybdenum, and
a crystalline metallosilicate, wherein the content of molybdenum is
1 to 20% by weight in terms of a molybdenum atom and the content of
the second metal is 2 to 20% by weight in terms of a metal atom.

[2] The catalyst composition as stated in the above [1], wherein
the secondmetal isat least onemetal selected fromthegroupconsisting
of Sc, Y and lanthancids (La, Ce, Pr, Nd, Pm, Sm, Gd, Th, Dy, Ho,
Er, Tm, Yb or Lu}.

[3] The catalyst composition as stated in the above [1] ¢r [2],
wherein a relative weight reduction ratio (C) defined by the following
formula is 60% or less;

[C0129]
C=100 A/B;

wherein,
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A is a weight variation in terms of %, which is defined as a
deviation inweight at a temperature of 800 °Cbased on a weight measured
at a temperature of 650°C wherein the measurement is conducted by
heating the catalyst composition with a differential
thermogravimetric analyzer at a temperature increase rate of 5°C per
minute from a room temperature to 900°C in air atmosphere, wherein
the weilght of the catalyst composition is normalized such that the
welght of the catalyst composition at 650°C is 100%,

B is molybdenum oxide content in terms of wt$% to the total wtg
of a catalyst composition (100 wt%) in which both of the molybdenum
and the second metal are present in the form of oxides.

[4] The catalyst composition as stated in the above [1] or [2],
whereininanx-raydiffractionanalysiscof saidcatalyst composition,
at least one peak attributed to a composite oxide phase of molybdenum
and the second metal, which is different from a peak attributed to
a single phase of each of molybdenum oxide and the second metal oxide,
is cbserved.

[5] The catalyst composition as stated in the above [1] or (21,
wherein in a Raman spectrcanalysis the ratio (Y/X) of a maximum peak
strength of the spectrum in the range of 980 to 1020 cm™ (Y) to a
maximum peak strength of the spectrum in the range of 900 to 970 cm™
(X) is 0.8 or lower.

[6] The catalyst composition as stated in any one of the above

[1] to [5], wherein the second metal is at least cne metal selected
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from the group consisting of Ce, Pr, Tb and Y.

[7] The catalyst compesiticn as stated in any one of the above
[1] to [6], wherein the ratio {(y/x}) of the content {y mel) of the
second metal atom to the content {(x mol) of the molybdenum atom is
0.2 to 15.

[8] The catalyst composition as stated in any one of the above
1] to [7], wherein the second metal is at least one metal selected
from the group consisting of Ce, Pr, Tb and Y, and the ratio (y/x)
cf the content (y mol} of the second metal atcm to the content (x
mol) of the molybdenum atom is 0.2 to 15.

[9] The catalyst composition as stated in any one of the above
[1] tc [8], wherein the crystallinemetallosilicate has a pore having
a diameter of 4 to 9 A.

[10] Thecatalyst compositionasstatedinthe above [9], wherein
the crystalline metallosilicate has a MFI-type or a MWW-type
crystalliine structurs,

[11] The catalyst compcsition as stated in the above [10],
wherein the crystalline metallosilicate is aluminosilicate.

[12] Aprocess for producing an arcmatic hydrocarbon comprising
a step of contacting at least one hydrocarbon with the catalyst
composition as stated in any one of the above [1] to [111].

[13] The process for producinganaromatic hydrocarbon as stated
in the above [12], wherein the hydrocarbon is an aliphatic hydrocarbon

having 1 to ¢ carbon atoms.
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[14] The process for preducing an aromatic hydrocarbon as stated
in the above {12] or [13], which further comprises a regeneration
step of heating the catalyst under an oxygen-containing atmosphere

to a temperature of 400°C or higher.

Advantageous Effects of Inventicn
100207

The catalyst compesition of the present invention exerts an
effect that it has high stability even when it is subjected to a
regeneration treatment under the high-temperature conditicns and it
is hardly deteriorated in performance. Further, even if a
regeneration step is repeated in the process for producing an aromatic
hydrocarbon from a lower hydrocarbon, deterioration of catalytic
performance can be inhibited over a long period of type by using the
catalyst composition of the present invention. Furthermore, the
regeneraticn time can be shortened by treating the catalyst at a high
temperature, and therefecre, econcmical efficiency of the production

process can be enhanced.

Brief Descripticn of Drawings
[0021]

fFig. 1] Fig. 1 is view showing a change of a benzene yield
with time in each reacticn in the case where a first aromatization

reaction of methane (700°C, ncrmal pressure) is carried out using
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a catalyst composition 1, thereafter a catalyst regeneration step
(inair, 600°C, 1hour) iscarriedout, and then a second arcmatization
reaction of methane is carried out.

[Fig. 2] Fig. 2 is view showing a change of a benzene yield
with time in each reaction in the case where a first aromatization
reaction of methane (700°C, normal pressure} is carried out using
a catalyst compesition 9, thereafter a catalyst regeneration step
(inair, 600°C, 1 hour) is carriedout, and then a second aromatization
reaction of methane is carried ocut.

[Fig. 3] Fig. 3isaviewindicating that catalyst deterioration
of the catalyst composition of the present invention due to repetition
cf areactionstepandacatalyst regeneratiocn stephasbeen inhibited.

[Fig. 4] Fig. 4 isaview indicating that catalyst deterioration
of the catalyst composition of the present invention due to repetition
of a reaction stepandacatalyst regeneration stephas been inhibited.

[Fig. ba] Fig. 5a is a view in which measurement results of
Raman pectroscepy of catalyst compositions 1, 4, > and 9 are
multiple-plotted.

[Fig. 5b] Fig. 5b is an enlarged view of the 800 to 1100 cm™
portion in Fig. ba.

[Fig. 5¢c] Fig. 5¢c shows results of an X-raydiffraction analysis
of a catalyst composition 1 after the catalyst composition 1 was used
in Example 1 and subjected to the sixth regeneration treatment.

[Fig. 5d] Fig. 5d is a graph showing diffraction peak positions
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and strength ratios of JCPDS30-0303.

Degcription of Embodiments
[0022]

The catalyst compositionof thepresent inventionandtheprocess
for producing an aromatic hydrocarbon using the catalyst composition
are specifically described hereinafter. The embodiments given here
are those specifically explaining the present invention in order that
the idea of the present invention might be better understood, and
the present invention is in no way limited to them.

[Catalyst composition]

The catalyst composition of the present invention comprises
molybdenum, a second metal that is not molybdenum (sometimes called
a “"second metal” for short in the following description) and a
crystalliine metallcsilicate. Molybdenum is preferably contained in
an amount of 1 te 20% by weight, more preferably 2 to 15% by weight,
in terms of a metal atom. The term “% by weight” occupied by the
melybdenum atom in the catalyst composition means a value based on
the total weight of the molybdenum atom, the second metal atom and
the crystalline metallosilicate. This is a value independent of a
weight variation of oxygen atomor carbon atomattributable to a change
of the state of melybdenum ¢r the second metal contained and addition
of a third component such as a binder. Alsowith regard to the content

of the second metal, the same definition as above is used.
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[0cz23]

The molybdenum raw material for preparing the catalyst

'compositi,on is not specifically limited and all available molybdenum

compounds andmetallicmolybdenumcanbe used. Examplesof molybdenum
rawmaterialsthatarerelativelyeasilyobtainable includemolybdenum
exide, molybdenum carbkide, mclybdenum sulfide, ammonium
heptameclybdate, sodium mclybdate, ammenium paramolybdate,
1Z2-molybdophosphoric acid and 12-molybdosilicic acid.

[0024]

The second metal 1s at least one metal selected from a group
of metals, such as alkaline metals (Li, Na, K, Rb, Cs, Sc), alkzline
earth metals (Mg, Ca, Sr, Ba) and rare earth metals (Y, La, Ce, Pr,
Nd, Pm, Sm, Bu, G4, Tb, Dy, Ho, Er, Tm, Yb, Lu). Preferable are rare
egrth metals, and more preferable is at least one metal selected from
Ce, PrandTb. The secondmetal ispreferablycontainedinthecatalyst
compesiticninanamount of 2%byweight to20%byweight, morepreferably
more than 2% by weight but not more than 20% by weight, particularly
preferably not less than 5% by weight but not more than 20% by weight,
in terms of a metal atom.

[0025]

In the catalyst composition of the present invention, the ratio
of the content (y mcl) of the second metal atom to the content (x
mel) c¢f the molybdenum atom is one cf its characteristics, and the

valuecf y/xisusually 0.1 tol5, preferably 0.2 to 10, more preferably



i0

15

20

18

0.4 to b.
[0026]

Examples of the crystallinemetallosilicates to constitute the
catalyst composition of the present invention include zeolite,
aluminosilicate, galliosilicate, galloaluminosilicate, borosilicate
and phosphoalumincsilicate. The pore diameters of these
metallosilicates are preferably 4 to 9 A, more preferably 4 to 6 A,
[0027]

Of the above crystalline metallosilicates, preferable are
crystallinemetallosilicates having structures of FAU-type, LTL-type,
BERA-type, MOR-type, FER-Lype, MFI-type, MTW-type, MEL-type, CHA-type,
MTT~type, DON-type, TON-type, MWW-type, NES-type, MFS~type, S5TF-type,
STT-type, SEG-type, KFI-type, IWR-type, ITH-type, IWW-type, etc.,
and of these, zeolite is particularly preferable. 3till more
preferable is MFI-type zeolite such as ZSM-5-type zeolite or MWW-type
zeolite such as MCM-22-type zeolite,

[0028]

When the above zeclite is used, it can have a silica-alumina
ratic of such an arbitrary range that the stability of the zeclite
structure is not impaired. The silica/alumina ratio is preferably
smaller, and is usually 100 or less, preferably 55 or less, more
preferably 45 or less, still more preferably 35 or less, particularly
preferably 30 or less. Although the lower limit of the silica/alumina

ratic is not specifically restricted, it is usually about 25. 1In
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this case, zeclite synthesized in suchamanner thatthesilica/alumina
ratio becomes the sbove value can be also used, or before or after
introduction of molybdenum and the second metal, the silica/alumina
ratio can be controlled by carrying ocut a publicly known method such
as dealumination prior to use.

[0022]

Cne of the characteristics of the catalyst compositicn of the
present invention is low migration property of a molybdenum species
in the regeneration step. After the catalyst compesition is
heat-treated in an oxygen-containing atmosphere, a composite oxide
of molybdenum and the second metal has been formed in some cases.
Migraticn property of the molybdenum species can be evaluated using,
as an indication, “weight reduction due to sublimation of molybdenum
oxide” cobserved when molybkdenum oxide is heat~treated by increase
in temperature in alr atmesphere. That is to say, the ratic of a
measured weight variation te a content (wt%) cof molybdenum oxide in
the catalyst compesition is calculated as a relative weight reduction
ratio (%}.

[0030]

Specifically, in the first place, using a differential
thermogravimetric analyzer, the measurement is conducted by heating
the catalyst composition from rocom temperature up te 900°C in an air
atmosphere under the conditions of a femperature increase rate of

5°C/min. Inthismeasurement, the weight of the catalyst composition
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is normalized such that the weight of the catalyst composition at
650°C is 100%, and a deviation in weight (A wt%) at a temperature
of 900°C is determined. Next, the content (Bwt%) of meclybdenum oxide
to the total weight (100 wt%) of a catalyst composition in which both
of the molybdenum and the second metal are present in the form of
oxides isdetermined. Finally, usingtheAwt%andtheBwt% determined
above, a relative welght reduction ratio (C) is calculated from the
fellowing formula.
[0031]

Relative weight reduction ratic C (%) = 100A/B

For example, when a HZSM-5 zeclite catalyst on which 12 wt%
of molybdenum and 10 wt% of cerium have been supported exhibits a
welght reduction of 0.4 wt% between 650°C and 300°C in the measurement
using a differential thermogravimetric analyzer, the relative weight
reduction ratic is determined as follows. The Mc/Ce/zeclite weight
ratio is 12/10/78, and when this is converted to a ratio in the case
where both of molybdenum and cerium are in the form of oxides, the
Mo0O3/Ce02/zeclite weight ratio is determined as 18.00/12.28/78,
namely, 16.63/11.34/72.03, so that the content (wt%) of the molybdenum
oxide is 10.63%. Ccnseguently, the relative weight reduction ratio
in this case is calculated to be 100X (0.4)/16.32 = 2.4%.
[0032]

The relative weight reduction ratio (A) of the catalyst

compesition of the present invention is 60% or less, preferably 30%
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or lsss, more preferably 10% or less.
[0033]

Cne of methods to detect formation of a composite coxide of
molybdenum and the second metal in the catalyst composition of the
present invention is XRD measurement, and powder X-ray diffraction
measurement using a powder of a catalyst composition is commonly used.
Peak positions of crystalline phases of composite oxides of molybdenum
anda secondmetal aredifferent ineverycomposite oxide, andtherefore,
it is difficult to define, as a specific diffracticn angle, a peak
positicn of a compesite oxide phase detected in the catalyst
composition of the present invention. When crystalline structure
data of a publicly known molybdenum~containing cemposite oxide phase
are compared with the measured data, at least one peak corresponding
to the composite oxide phase is exhibited, whereby formation of a
molybdenum-containing composite oxide can be grasped. Examples of
crystalline structures of publicly known molybdenum-containing
composite oxide phases include JCPDS number (Joint Committee on Powder
Diffracticn Standards) 33-0330, 30-0303, 33-0936, 31-0330, 35-1477,
28-0861, 25-0934 and 33-0936.

[0034]

Another method to detect formation of the composite oxide 1s
Raman spectroscopy. It is known that one of absorption peaks derived
from MoO3 appears in the range of 980 to 1020 cm™, while a

molybdenum~-containing composite oxide exhibits an absorption peak
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in the range of 900 to 970 cm™*. Then, if a maximum peak strength
in the range of 900 to 970 cm™ is represented by X and a maximum peak

strength in the range of 980 to 1020 cm™

is represented by Y and if
aratioof Y/X is small, it can be considered that a metal oxide phase
containing molybdenum and the second metal has been formed. The Y/X
ratio of the catalyst composition of the present invention is 0.8
orless, preferably0.50rless, morepreferably(0.20orless. Acatalyst
composition exhibiting no peak in the range of 980 to 1020 cm ™ (that
is, Y¥=0) is particularly preferable.

(00351

The production process for the catalyst composition of the
present inventicn is not specifically restricted provided that it
is a production process for a heterogenecus catalyst. For the
production, any of publicly known methods, such as an evaporation
drying methed using a metal salt, an incipient wetness method, a pore
filling method and an ilon exchange method, may be used.

[003¢]

When the catalyst composition of the present invention is
prepared by an impregnation supporting method, there is no limitation
on the order of supporting twe kinds of the metal components and the
method for supporting them, and the metal components can be supported
on a carrier simultanecusly or successively by an arbitrary method.
[0037]

After the metal components are supported on the catalyst, the



10

20

23

catalyst may be calcined in air or an inert gas such as nitrogen prior
touse, and the catalyst is used after it is calcined in air preferably
at 250 to 800°C, more preferably 350 to 600°C, still more preferably
450 to 550°C.

[0038]

The shape of the catalyst compositicn of the present invention
is not specifically restricted, and a powdery or massive catalyst
compeosition may be used as it is or may be used after it is molded
into an arbitrary shape. Examples of shapes of melded catalysts
includecylindrical shape, spherical shape, granular shape, ring shape,
extruded shape, round granular shape and honeycomb shape. These
shapes can be formed by publicly known arbitrary methoeds respectively
suitable forthem. Thesizeofthecatalystcanbearbitrarilyselecied
from such a range as accords with the size of the reactor. For these
meolded products,; a& binder can be used when needed. For example, an
inorganic sclid having high heat resistance, particularly an oxide
carrier, is used as the binder. Specific examples thereof include
silica, alumina, zirconia, titania and magnesia. Of these, silica
and alumina are preferable, andsilica lsmore preferable. The amount
of the binder is preferably 5 to 70% by weight, more preferably 10
to 50% by weight, based on the weight of the catalyst.

[Process for producing arcmatic hydrocarbon]

The process for producing an aromatichydrocarbon of the pressant

invention i1s a process comprising contacting a raw material gas
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centaining at least one hydrocarbon with the catalyst composition.
[0039]

The hydrocarbon may be any ¢f a straight-chain hydrocarbon,
a hydrocarboen having a branched chain and a hydrocarbon having a ring
structure in at least a part of it, as long as it is a hydrocarbon
cf 1 to 8 carbon atoms. An aliphatic hydrocarbon of 1 to 6 carbon
atoms is preferable, and an aliphatic hydrocarbon of 1 to 4 carbon
atoms is more preferable. The raw material gas has only to be a gas
at least a part of which is a hydrocarben, and it may be a gas having
been diluted with an inert gas.

<Reaction conditions and reaction device>

The reaction temperature (catalyst layer temperature) is 300
to 950°C. An arbitrary temperature in the above range is adopted
accordingtothehydrocarbonusedastherawmaterialgas. Forexample,
when methane i1s mainly used as the hydrocarbon, the reaction
temperature is preferably 600 to 300°C, more preferably 650 to 850°C.
[0040]

The reaction may be carried cut under ncormal pressure, under
increased pressure or under reduced pressure. The reaction pressure
is usually 0.0 te 0.8 MPa (megapascal), preferably 0.1 to 0.3 MPa,
in terms of an absolute pressure.

[0041]
As the type of the reactor, any of various types, such as fixed

bed type, fluidized bed type, moving bed type, transport bed type,
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circulating fluidized bed type and combinations thereof, is used.
Further, publicly known process techniques, such as a process of
recovering/reusing at least a part of an unreacted raw material and
a process of membrane-separating nydrocgen or the like produced as
a by-prcduct, may be combined.

[0C42]

Inthepresent invention, atreatment foractivatingthecatalyst
may be carried out prior to the reaction. Specifically, a stream
containing cne or more gases selected from hydrccarbons of 1 to 8
carbon atoms and hydrogen gas is pre-contacted with the catalyst at
a temperature lower than the reaction temperature.

[Regeneraticn of catalyst]

The production process of the present invention may comprise
a catalyst regeneration step of heating the catalyst in an
oxygen-containing atmosphere, and by selecting optimum regeneration
conditions, a carbonaceous substance deposited during the reaction
canbe efficiently removed. Specifically, thecatalyst regeneratiocon
step is carried out by contacting a mixed gas comprising oxygen and
an inert gas (called “regeneration gas” for short hereinafter) with
the catalyst. The oxygen concentration in the regeneration gas is
net less than 0.1% by volume, preferably not less than 1% by volume
but not more than 50% by volume, more preferably not less than 1%
by volume but not more than 25% by volume. The oxygen concentration

may be kept constant throughout this treatment step, or may be changed
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stepwise or ccentinuously.
[0043]

The regeneration temperature (catalyst layer temperature) is
usually 350to 700°C, preferably 400 to 700°C, particularly preferably
600 to 700°C. The catalyst regenerationmay be carried out by cooling
the catalyst down to the desired temperature from the reaction
temperature in an arbitrary inert gas atmosphere after the reaction
and then changing the gas to a regeneration gas, or may be carried
cut by ccoling the catalyst down to a low temperature temporarily
in an inert gas atmosphere, changing the gas to a regeneration gas
and then heating the catalyst up to the desired temperature in a
regeneration gas atmosphere. Further, the regeneration treaiment
may be carried out at a temperature nearly equal to the reaction
temperature without cocling the catalyst.

[0044]

The catalyst regeneratiocn time is 10 minutes to & hours,
desirably 30minutes to 1l hour. If thistreatment time isexcessively
short, removal of the deposited carbonaceous substance is incomplete
and recovery of activity is insufficient in some cases. On the other
hand, if the treatment time is excessively long, the ratio of the
regeneration step to the reaction step is high, and lowering of
productivity of the process is sometimes brought about. Although
the catalyst regeneraticn may be carried out under normal pressure,

under increased pressure or under reduced pressure, the regeneration
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pressure 1s usually about 0 to 0.9 MPa, preferably 0.1 to 0.5 MPa,
in terms of an absolute pressure.
[0045]

The present invention is further described with reference to
the following examples, butf it should be construed that the present

invention is in no way limited fo those examples.

Examples
[0046]

InanX-raydiffractionanalysis, a powder X-ray diffractometer
MultiFlex 2kw (Rigaku Corporation) was used, in a Raman spectroscopy,
a Microscopic Raman System JRS-SYSTEM 2000 (RENISHAW) was used, and
in a weight wvariation analysis of a catalyst, a differential
thermecgravimetric analyzer DTG~60H {Shimadzu Corporation) was used.

[Catalyst Preparation Example 1]

Cerium nitrate (Ce({NOs}3+6H0, manufactured by Sigma-Aldrich
Corporation) was dissolved in ion-exchanged water. The amount of
cerium supported was controlled so that the amcunt thereof based on
the wheole catalyst might become 10% by weight after the catalyst
preparaticn (the amount ocf molybdenum after the catalyst preparation
was controlled to 12% by weight based on the whole catalyst). In
the scolutiocn, 10 g of ammonium type ZSM-5 zeolite {(manufactured by
Zeolyst International) having a silica/alumina ratio of 30 was

suspended. The suspension was stirred for a while and then dried
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at 120°C. Thereafter, in ion-exchanged water in which ammonium
heptamolybdate ((NH;) sMo7024- 4H0, manufactured by Wako Pure Chemical
Industries, Ltd.) had been dissolved, the cerium~containing zeolite
was suspended. The amcount of molybdenum was contrclled so that the
amount thereof based on the whole catalyst might become 12% by weight
after the catalyst preparation (Ce/Mo molar ratic = 0.57). The
resulting suspensicn was stirred for a while, then dried at 120°C
and calcined at 500°C to prepare a catalyst composition 1.
(00471

Subseqguently, a weight variation as a measure of the amount
ofmelybdenumsublimatedduringtheheatingofthecatalyst composition
1 was measured using a differential thermogravimetric analyzer, and
a8 a resuit, a weilght reduction cf 0.4% by weight was observed,
Specifically, the measurement of a weight variation was carried out
in the following manner. A sample cup was £illed with 0.01 g of the
catalyst composition 1, and in the course of temperature increase
upto 8900°Cinastreamof air, theweight of thecatalyst was normalized
such that the amount of the catalyst at 650°C was 100%, and a weight
variationofthecatalystat 650 °Corhigherwasdetermined. Therefore,
the relative welcght reduction ratic was 2.4%.

[Catalyst Preparation Example 2]

Using ceriumnitrate in such an amount that the amount of cerium
supported might become 5% by weight {Ce/Mo molar ratio = 0.29) based

on the whole catalyst after the catalyst preparation, a catalyst
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composition 2 was prepared by the same procedure as in Catalyst
Preparation Example 1. The amount of molybdenum supported was
controlled so that the amount thereof based on the whole catalyst
might become 12% by welght after the catalyst preparation. A weight
variationof thecatalyst composition 2 was measured in the same manner
as described in Catalyst Preparation Example 1, and as a result, a
weight reduction of 3.1% by weight was observed. Therefore, the
relative weight reduction ratioc was 18.5%.

[Catalyst Preparaticon Example 3]

Using ceriumnitrate in such an amount that the amount of cerium
supported might become 2% by weight (Ce/Mo molar ratico = 0.11) based
on the whole catalyst after the catalyst preparation, a catalyst
composition 3 was prepared by the same procedure as in Catalyst
Preparation Example 1. The amount of molybdenum supported was
controlled so that the amount therecf based on the whole catalyst
night become 12% by weight after the catalyst preparaticn. A weight
variationof the catalyst composition 3 was measured in the same manner
as described in Catalyst Preparation Example 1, and as a result, a
weight reduction cf 9.2% by weight was observed. Therefore, the
relative weight reduction ratic was 54.4%.

[Catalyst Preparation Exemple 4]

Using ceriumnitrate in such an amount that the amount of cerium
supported might become 5% by welght (Ce/Mo molar ratio = 0.57) based

on the whole catalyst after the catalyst preparation, a catalyst
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composition 4 was prepared by the same procedure as in Catalyst
Preparation Example 1. The amount cof molybdenum supported was
controlled so that the amount thereof based on the whole catalyst
might become 6% by weight after the catalyst preparation. A weight
variation of the catalyst compositicon 4 was measured in the same manner
as described in Catalyst Preparation Example 1, and as a result, a
weight reducticn of 0.4% by weight was cbserved. Therefore, the
reiative welght reduction ratio was 4.6%.

[Catalyst Preparation Example 5]

Using ceriumnitrate in such an amount that the amount of cerium
supported might become 2.5% by weight (Ce/Momolar ratio=0.57) based
on the whole catalyst after the catalyst preparation, a catalyst
composition 5 was prepared by the same procedure as in Catalyst
Preparation Example 1. The amount of molybdenum supported was
contreoiled so that the amount thereof based on the whole catalyst
might beccme 3% by weight after the catalyst preparation. A weight
variation of the catalyst composition 5 wasmeasured in the same manner
asdescribed in Catalyst Preparation Example 1, and as a result, weight
reduction was not observed in the temperature increase up to S00°C.
Therefore, the relative weight reduction ratio was 0.0%.

[Catalyst Preparation Example 6]

A catalyst compeosition 6 was prepared by the same procedure
as inCatalyst PreparaticnExample 1, except that praseodymiumnitrate

(Pr (NC3) 3+ 6HC, manufactured by Sigma-Aldrich Corporation) was used
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insteadof ceriumnitrate as a precursor of a secondmetal. The amount
of praseodymium supported was controlled so that the amount therecof
basedonthewhclecatalystmightbecome 10% byweight afterthecatalyst
preparation. The amcunt of molybdenum was contreoiled sc that the
amount therecf based on the whole catalyst might become 12% by weight
after the catalyst preparation (Pr/Mo molar ratio = 0.57). A weight
variationof thecatalyst composition € was measured in the same manner
as described in Catalyst Preparation Example 1, and as a result, a
weight reduction of 0.1% by weight was observed. Therefore, the
relative weight reduction ratic was 0.6%.

[Catalyst Preparation Example 7]

A catalyst composition 7 was prepared by the same procedure
as in Catalyst Preparation Example 1, except that terbium nitrate
(Th (NC3) 3 5Hz0, manufactured by Sigma-Aldrich Corporation) was used
insteadof ceriumnitrate as a precursor ¢f a secondmetal. The amount
of terbium supported was controlled so that the amount thereof based
on the whole catalyst might become 10% by weight after the catalyst
preparation. The amount of molybdenum was controlled sc that the
amount thereof based on the whole catalyst might become 12% by weight
after the catalyst preparation {Tb/Mo molar ratic =0.530). A weight
variatiocon of the catalyst composition 7 was measured in the same manner
as described in Catalyst Preparatiocn Example 1, and as a result, a
welght reduction of 1.7% by welght was cbserved. Therefore, the

relative weight reduction ratic was 10.2%.
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[Catalyst Preparation Example B8]

A catalyst composition 8 was prepared by the same procedure
as 1n Catalyst Preparation Example 1, except that yttrium nitrate
(Y (NO3) 3- 6H0, manufactured by Sigma-Aldrich Corporation) was used
as a precursor of a second metal. The amount of yttrium supported
was controlled so that the amcunt therecf based on the whole catalyst
might become 10% by weight after the catalvyst preparation. The amount
of molybdenum was controlled so that the amount therecof based on the
whole catalyst might become 12% by weight after the catalyst
preparation (Y¥/Mo molar ratio = 0.8). A weight variation of the
catalyst compositicn 8 was measured in the same manner as described
in Catalyst Preparation Example 1, and as a result, weight reduction
was not observed in the ftemperature increase up to 900°C. Therefore,
the relative weight reduction ratio was 0.0%.

[Catalyst Preparation Example 9]

Ammeniumheptamolybdate ( (NE.) Moy0240 4H0, manufacturedbyWako
Pure Chemical Industries, Ltd.) was dissolved in ion-exchangedwater,
The amount of molybdenum was controlled so that the amcunt thereof
basedonthewheolecatalystmight become 12%byweight afterthecatalyst
preparation. In the solution, 10 g of ammonium type ZSM-5 zeolite
(manufacturedby Zeolyst International) havingasilica/aluminaratio
of 30 was suspended. The suspension was stirred for a while, then
dried at 120°C and calcined at 500°C to prepare a catalyst composition

9. A welght variation of the catalyst compositicon 9 was measured
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in the same manner as described in Catalyst Preparation Example I,
and as a result, a weight reduction of 10.5% by welight was cobserved.
Therefore, the relative weight reduction ratio was 61.8%,

[Example 1]

Using methane as hydrocarbon gas of a raw material and using
a fixed bed flow type reactor, catalytic performance was evaluated
in the following manner.
[0048]

<Activation treatment>

A reaction tube was filled with 0.3 gram of the catalyst
composition 1, and the temperature was raised up to 200°C in a stream
of helium. Thereafter, a mixed gas of methane and hydrogen
(methane/hydrogen molar ratic = 1/10) was passed through, and the
temperature was raised up to 700°C. The temperature was maintained
at 700°C for 80 minutes.
[0049]

<Reaction step>

After the activation step, the gas was changed to methane (7.5
mL/min) which was a raw material gas, and the reaction was initiated
at 700°Candundernormal pressure. Thereactoroutletgaswasdirectly
introduced intc a gas chromatograph (manufactured by Shimadzu
Corporation, GC2014} and analyzed.
[0050]

<Catalyst regeneration step>
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After the above reaction step of 18.5 hours, the catalyst
regeneration step was carried out in the following manner. The
catalyst was cocled down to room temperature in a stream of helium
and then heated up to 600°C. Air was passed throﬁgh at 600°C, and
the temperature was maintained at 600°C for 1 hour. Thereafter, the
catalyst was cooled down te room temperature again in a stream of
helium. After the same activation treatment stepasabove was carried
out, the catalytic activity after the regeneration was evaluated by
the same procedure as in the above reaction step.

[0051]

The benzene yield {(in terms of carbon} was determined by the
following formula (1). The relative activity of the catalyst having
been subjected tothe regeneration stepwas determinedby the following
formula (2).

[0052]

[Math. 1]

(Benzene production {mol})x 6
(Methane feed (mol))

Benzene yield (%)= x100 (Formuia 1)

(Tolal berzene production based on 8.5 hrs with regenerated catalyst (mol))

e
Relatie actity (k)= (Total benzene production based on 18.5 rs with fresh catalyst (mof)

%400 (Formuia 2)

[0053]
B benzene maximum yield exhibited by the catalyst composition
linthereactionstep, abenzenemaximumyieldexhibitedby thecatalyst

compositionlafter the regeneration treatment anda relative activity
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are set forth in Table 1.

[0054]

A change of the benzene yield with time given when the fresh
catalyst was used and a change of the benzene yield with time given
when the regenerated catalyst obtained in the regeneration step was
subdjected to an activation step and a reaction step again are shown
in Fig. 1. A maximum value of the benzene yield in the case where
the reaction step was carried ocut using the fresh catalyst or the
regenerated catalyst (described as “first reaction” or “second
reaction” in Fig. 1) was read cut from Fig. 1 and taken as a benzens
maximum yield. The relative activity defined by the above formuls
2 was 96€%.

[0055]

These results indicate that durabkility of the catalyst in the
catalyst regeneration step under the high-temperature conditions was
improved by adding cerium in a gpecific amount, and it can be sean
that even if the reaction step and the catalyst regeneration step
are repeated, catalyst deterioration is inhibited over a long period
of time.

[Comparative Example 1]

Catalytic performance was evaluated in the same manner as in
Examplel, except that thecatalyst composition Y9wasusedasacatalyst.
The results are set forth in Table 1. Further, a change of a benzene

yield with time is shown in Fig. 2.
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[0Che]

The activity of the fresh catalyst was nearly equal to that
in the case of Example 1, but the relative activity given when the
reaction step was carried out again after the regeneration step and
the activation step was lowered down fo 83%.

[QC5T]

Fromtheseresults, itisapparentthatinthecaseofthecatalyst
composition containing no cerium, durability of the catalyst was low,
and catalyst deterioration was brought about in the catalyst

regeneration step under the high-temperature conditions.

[C058]
[Table 1]
Catalyst Benzene maximum yield Relative activity
catalyst composition 1 7 00%
Ex.1 catalyst composition 1 (after 7' 1 OD/O 96%
regeneration) e
catalyst composttion 9 7 50%
Comp. Ex. I | catalyst composition 9 (after 6%0%? 83%
regeneration) s
[0Gh8]

[Example 2]

Performance evaluation of the catalyst compositions 1, 3, 4,
5 and 9 was carried out in the same manner as in Example 1, except
that in the catalyst regeneration step, the catalyst was directly
cocled down to 600°C in a stream of helium after the reacticn step,

then air was passed through, the temperature was maintained at 600°C
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for 1 hour, and the activation step, the reaction step and the catalyst
regeneration step were repeated 4 to 6 times. The results are shown
in Fig. 3 and Table Z.
[0060]

From these results, it can be seen that catalyst deterioration
of thecatalyst compositions of thepresent inventiondue to repetition

of the reacticn step and the catalyst regeneration stepwas inhibited.

[0061]
[Table 27
Maximum benzene yield in each reaction cvcle/ %
1st 2nd 3rd 4th 5th 6th
Catalyst 70 71 7.0 6.7 6.5 6.1
composition 1
Catalyst 73 66 5.6 43
composition 3
Catalyst 6.8 71 70 67 66
composition 4
Catalyst 45 5.1 48 44 40
composition 5
Catalyst
composition 9 72 5.8 47 3.5 2.6 1.9
{Comp. Ex.)
0062}

[Example 3]

Catalyst performance was evaluated in the same manner as in
Example 2, except that the catalyst compositions 1, €, 7, 8 and 9
and the catalyst composition 8a obtainedby heat~treating the catalyst
composition 8 at 600°C for 168 hours in an air atmosphere were used

as catalysts. The results are shown in Fig. 4 and Table 3.
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[0Ce63]
From these results, it can be seen that catalyst deterioration
of the catalyst compositions of thepresent inventiondue to repetition

of the reaction step and the catalyst regeneration step was inhibited.

5 [0064]
[Table 3]
Maximum benzene yield in each reaction cycle/ %
Ist 2nd 3rd 4th 5th 6th
Catalyst 70 71 70 67 6.5 6.1
composition 1
Catalyst 6.5 73 72 7.0 6.7 65
composition 6
Catalyst 62 71 70 6.8 6.5 6.1
composition 7
Catalyst 12 44 43 3.9 39
composition 8
Catalyst 54 57 56 5.6 55 54
composition 8a
Catalyst
composition 9 7.2 5.8 47 35 2.6 1.9
{(Comp. Ex.)
[0065]

In Fig. 5a, Raman spectroscopy spectra of the catalyst
10 compositions 1, 4, 5 and 9 are shown, and in Fig 5b, an enlarged view
of the 800 to 1100 cm™ portion in Fig. 5a is shown. The Y/X values
obtained from the spectra are set forth in Table 4.
[CO66]

[Table 4]
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a Catalyst Catalyst Catalyst Catalyst
cm ol 2. . .
composition 1 | composition4 | composition 5 | composition 9
X 900-970 28763.21 11996.26 316044 2273.96
Y 980-1020 10486.51 5754.96 1307.24 54568.05
Y/X 0.36 0.48 0.41 24.00
[0067]

As previously described, it is considered that if the Y/X ratio
is small, alayer of ametal oxide containing molybdenum and the second
metal has been formed. The compositions 1, 4 and 5 each had a Y/X
ratio of 0.5 or less and had a value in a preferred range. On the
other hand, the catalyst composition 8 which was a comparative example
had an extremely large Y/X ratic, and it indicates thét a composite
oxide was not Iformed.

[0068]

Measured data of the XRD measurement are shown in Fig. 5¢, and
as a crystalline structure of a publicly known molybdenum~containing
oxide layer, JPDS number 30-0303 is shown in Fig. 5d. It can be
confirmed that in the measured data, at least one peak corresponding
to the JPDS number 30-0303 is shown, and it is indicated that the

catalyst composition has a crystalline structure of a

molybdenum~centaining composite cxide layer.

Industrial Applicability

[0069]



40

The catalyst compositionof thepresent invention canbe applied
to a process for producing an aromatic hydrocarbon frem a lower

hydrocarbon such as methane.
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CLATMS
1. A catalyst composition for producing an arcmatic hydrocarbon
by contacting at least one hydrocarbon with the catalyst composition,
comprising molybdenum, a second metal that is not molybdenum, and
a crystalline metallcosilicate, wherein the content of molybdenum is
1 to 20% by weight in terms of a molybkdenum atom and the content of

the second metal is 2 to 20% by weight in terms of a metal atom.

2. Thecatalyst compositionaccordingtoClaiml, whereinthe second
metal is at least cne metal selected from the group consisting of
Sc, Y and lanthanoids (La, Ce, Pr, Nd, Pm, Sm, Gd, Th, Dy, Ho, Er,

Tm, Yk or Lu).

3. The catalyst composition accerding te Claim 1 cor 2, wherein
arelativeweight reducticnratio (C) definedby the following formula
is 60% or less;
=100 A/B;

wherein,

A is a weight variation in terms of %, which is defined as a deviation
in weight at a temperature of 900 °C based on a weight measured at
a temperature of 650 °Cwherein themeasurement is conducted by heating
the catalyst composition with a differential thermogravimetric
analyzer at a temperature increase rate of 5 °C per minute from a

room temperature to 900 °C in air atmosphere, wherein the weight of
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the catalyst composition i1s normalized such that the weight of the
catalyst compesiticn at 650 °C is 100 %,

B is molybdenum oxide content in terms of wt% to the total wt$% of
a catalyst composition (100 wt%) in which both of the molybdenum and

the second metal are in the form of oxides.

4, The catalyst composition according to Claim 1 or 2, wherein
in an ¥X-ray diffraction analysis of said catalyst composition, at
least one peak attributed to a composite oxide phase of molybdenum
and the second metal, which is different from a peak attributed to
a single phase cof each of melybdenum oxide and the second metal oxide,

is cbserved.

5. The catalyst composition according to Claim 1 or 2, wherein
in a Raman spectroscopy the ratio (Y/X) cf a maximum peak strength
of the spectrum in the range of 980 to 1020 cm™ (Y) to a maximum peak
strength of the spectrum in the range of 900 to 970 cm™ (X) is 0.8

or lower.
6. The catalyst composition according to any cone of Claims 1 to
5, wherein the second metal is at least cne metal selected from the

group consisting cof Ce, Pr, Tb and Y.

7. The catalyst composition according to any one of Claims 1 to
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6, wherein the ratic (y/x) of the content (y mol} of the second metal

atom to the content (x mel) of the molybdenum atom is 0.2 to 15.

8. The catalyst composition according to any one of claims 1 to
7, wherein the second metal is at least one metal selected from the
group consisting of Ce, Pr, ThandY, and the ratio {y/x} of the content
(ymol) of the secondmetal atomto the content (xmol) of the molybdenum

atom is 0.2 to 15.

9. The catalyst composition according to any one of Claims 1 to
8, whereinthecrystallinemetallosilicate hasaporehavingadiameter

of 4 to 9 A.

10. The catalyst composition accerding to Claim 9, wherein the
crystalline metallosilicate has a MFIi-type or a MWW-type crystalline

structure.

11. The catalyst composition according te Claim 10, wherein the

crystalline metallosilicate is alumincsilicate.

12. A process for producing an arcomatic hydrocarbon comprising a
step of contacting at least one hydrocarbon with the catalyst

composition according to any cne of Claims 1 to 11.
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13. The process for producing an aromatic hydrocarbon according
toClaim 12, wherein the hydrocarbon isanaliphatichydrocarbon having

1 to 6 carbon atoms.

14, The preocess for producing an aromatic hydrocarbon according
to Claim 12 or 13, which further comprises a regeneration step of
heating the catalyst under an oxygen—containing atmosphere to a

temperature of 400°C or higher.



