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DESCRIPTION
CATALYST COMPOSITION AND PROCESS FOR PRODUCING ARCMATIC HYDROCARBON

USING THE CATALYST COMPOSITION

Technical Field
[0001]

The present invention relates to & catalyst composition
comprising mclybdenum, a second metal that iws not molybdenum, and
a crystalline metallosilicate. Further, the present invention
relates toaprocess forefficientlyproducing an aromatichydrocarbon
useful as a chemical industrial rawmaterial from a lower hydrocarbon

such as methane in the presence of the catalyst composition.

Background Art
[0002]

Most of aromatic hydrocarbons 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 production in
the petroleum refining industry or ethylene production in the
petrochemical industry. In either 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 production is controlled by the supply~demand situation on the

side of each desired product. As aproduction process for an aromatic
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hydrocarbonthat isadesiredproduct, aprocessusinga light component
derived from crude oil has been developed, and a part of it has been
commercialized, but the production thereof still remains small.
[0003]

On the other hand, the amounts of natural gas reserves in the
whole world are said to be about 6600 TCE (1 TCF is an abbreviation
of one trillion cubic feet), but most of them have not been used
effectively. The technique to produce an aromatic hydrocarbon from
methane that is a main component of natural gas 1s a method capable
of not only adding a high value to abundant natural gas but also
converting raw material sources of aromatic hydrocarbons that are
important chemical industrial rawmaterials from crude oil 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 aromatic
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
technigues having been disclosed so far, crystalline metallosilicate
having a transition metal supported thereon, particularly, MEI-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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preducing an aromatic hydrocarbon from methane efficiently.
[0C05]

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

[C006]

Moreover, it ig known that a carbonaceous substance is deposited
on the above catalyst during the reaction and causes deactivation
of the catalyst. The carbonaceous substancedepesitedonthecatalyst
is burned off in a high-temperature oxygen-containing atmosphere.
Then, in order to use the catalyst for a long period of time, 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, if the reaction step and the regeneration step are

alternatelyrepeatedactually, thecatalystisgraduallydeteriorated,

and production of an aromatic compound cannot be carried out over
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a long period of time, so that this method has not been put to practical
use yet (e.g., non patent literature 2).
[0008]

The cause of deteriorationof thecatalyst hasnotbeenclarified
sufficiently, but some estimated mechanisms described below have been
proposed. That is to say, a theory that a part of a crystalline
structure of a crystalline metallosilicate is thermally collapsed
under the high-temperature conditions to thereby exhibit lower
catalytic performance (non patent literature 3), a theory that the
melting point of molybdenum oxide is as low as 795°C, and therefore,
if catalyst regeneration treatment inanoxygen-containing atmosphere
is carried ocut at a high temperature, decrease in the number of active
sites due to vaporization 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 form an inert Al {(MoQ,) 3 species, and this leads to decrease
in the number of active sites (non patent literatures 5, 6 and 7),
etc. can be mentioned.

[000%]

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 i1f the treatment temperature can be

lowered in the catalyst regeneration step, the deterioration can be
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inhibited. However, if the treatment temperature in the catalyst

regeneration step is low, removal of the deposited carbonacecus

substance by burning becomes insufficient, and the catalyticactivity

cannot be completely recovered. On that account, the deposited
carbonaceocus substance 1s 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 xegenera‘tioﬁ temperature.
[00101

In order 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 carbonaceous substance removing treatment using an oxidizing
gas has been proposed in, for example, a patent literature 3. In
a non patent literature 8, in order to reduce catalyst deterioration
in the regeneration step for a catalyst, an attempt to lower the
regeneration temperature has been made by adding & small amount of
nitrogenmonexide to alr that is a regenerationgas. Inthe nonpatent
literature 8, it is described that as compared with & 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 monoxide is used, and as a result, the number of

regeneration times of the catalyst can be increased. However, it
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is said that even if a regeneration method using air 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.

[0011]

From the above, improvement in thermal stability (durability)
of acatalystisanindustrial problemfromthe viewpoint of thecatalyst
life. Withregardtoacatalyst for producing anaromatic hydrocarbon
from a hydrocarbeon containing methane as a main component, it has
been found in, forexample, apatent literature 2that thermal stability
of a crystalline metallosilicate can be improved by combining
inhibition of elimination of a metal from the crystalline
metallosilicate with a surface modification treatment using a

ransition metal or an alkaline earth metal. However, a specific
technique tco inhibit lowering of activity accompanying repetition
of the reaction step and the regeneration step has not been disclosed
at all.
[oo12;

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

and zeolite is disclesed. 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
comprisingastepofheatingacatalystprecursorcontainingmolybdenum
and aluminosilicate in the presence of a treating gas containing
propane in order to improve efficiency of the methane
dehydroaromatization catalyst, is disclosed, andit is described that
the catalyst precursor preferably contains a metal (Ga, Zn, Nb, 7r,
La, Co, Fe, Ce, Ay, Y, V, Sr, W, ¥Yb, Sm, Ni, Ru, Rh, Pt, Cu, Au, Al,
Ti, Pb, Re, Ir, 8i, 8n 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 technigue of, for example, preliminarily contacting the catalyst
with a certain kind of a gas prior to the reaction, but description
of heat resistance (thermal stability) of amolybdenum-based supported
catalyst, namely, descriptionof amethod forefficiently regenerating
acatalyst whose activityhasbeen lowered, by removing carbon produced
on the catalyst as a by-product at a high temperature during
aromatization reaction of a hydrocarbon such as methane, is not
observed.

[0013]

Further, it 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 9, non patent literature 10}, but it cannot be said vyet

that the stability of catalytic activity is satisfactory.
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Summazry
[0015a]

In a first aspect of the present disclosure, there is provided
a catalyst composition for producing an aromatic hydrocarbon by
contacting at least one hydrocarbon with the catalyst composition,

comprising molybdenum, a second metal that is
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at least one metal selected from the group consisting of Sc, Y and
lanthanoids (La, Ce, Pr, Nd, Pm, Sm, G4, Tb, Dy, Ho, Er, Tm, Yb or
Lu), 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 5 to 20%
by weight in terms of a metal atom and

a ratio (y/x) of the content (y mol) of the second metal atom
to the content (x mol) of the molybdenum atom is 0.4 to 15.
[0015Db]

In a second aspect of the present disclosure, there is provided
a process for producing an aromatic hydrocarbon comprising a step
of contacting at least one hydrocarbon with the catalyst composition

according to the first aspect.

Technical Problem
[0016]

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

an oxygen-containing atmosphere. It is another object of the present
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invention to provide a process for producing an aromatic hydrocarbon
from a lower hydrocarbon, in which deterioration of performance of

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

Sclution to Problem
10017}

The present inventors have presumed that if a zeolite-supported
molybdenum catalyst on which a carbcnaceocus substance has been
deposited is heat-treated in an oxygen-containing atmosphere in order
to regenerate the catalyst, migration property of the molybdenum
species on the catalyst surface is enhanced to increase freguency
of reaction of molybdenum with aluminum in a zeolite framework, and
as a result, formation of Al;(MoO;); species, destruction of a
crystalline structure of zeclite and rupture of acidic active sites
of zeolite are brought about, and a cause-eifect relationship among
a series of these phenomena is a cause of deterioration of the
zeolite-supperted molybdenum catalyst. On the Dbasis c¢f this
presumption, the present inventors have earnestly studied a method
for lowering migration property of the molybdenum species in the
regeneration step, and as a result, they have got an idea that by
incorporating, as a second metal, a metal oxide capable of forming
a compositeoxidetogetherwithmolybdenumoxide toazeclite-supported
molybdenum catalyst, migration property of the molybdenum specie

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.

10018]

That istosay, the catalyst compositionof thepresent invention
is as follows.

[1]Acatalystcomposition forproducing anaromatichydrocarbon
by contacting at least one hydrocarbon with the catalyst composition,
comprising molybdenum, 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 1s 2 to 20% by weight in terms of a metal atom.

[2] The catalyst composition as stated in the above [1], wherein
thesecondmeﬁalisatleastonemetalselectedfromthegroupconsisting
of Sc, Y and lanthanoids (La, Ce, Pr, Nd, Pm, Sm, Gd, Tb, Dy, Ho,
Er, Tm, Yb or Lu}.

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

[0019]
C=100 A/B;

wherein,
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A is a weight variation in terms of %, which is defined as a
deviationinweight at a temperature of 900°Cbased on a weight measured
at a temperature of 6530°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 weight 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 wt%
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-raydiffractionanalysisof saidcatalyst composition,
at least one peak attributed to a compesite 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 observed.

[5] The catalyst composition as stated in the above [1] or [2],
wherein in a Raman spectroanalysis the ratio (Y/X) of a maximum peak
strength of the spectrum in the range of 980 to 1020 cm™* {Y) to a
naximum peak strength of the spectrum in the range of 900 to 970 cn™
{(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 one metal selected
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from the group consisting of Ce, Pr, Tb and Y.

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

[8] The catalyst conposition as stated in any one of the above
[11 o [7], wherein the second metal 1s 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 atom to the content (x
mol) of the molybdenum atom is 0.2 to 15.

[9] The catalyst compesition as stated in any one of the above
[11 to [8], wherein the crystalline metallosilicate has a pore having
a diameter of 4 to 9 A.

[10] Thecatalyst compositionasstatedinthe above [9], wherein
the crystalline metallosilicate has a MEI-type or a MWW~type
crystalline structure.

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

[12] A process for producing an aromatic hydrocarbon comprising
a step of contacting at least one hydrocarbon with the catalyst
composition as stated in any one of the above [1] to [11].

[13] The process for producing anaromatichydrocarbonas stated
in the above (121, wherein the hydrocarbon is an aliphatichydrocarbon

~

having 1 to & carbon atoms.
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[14] The process for preducing anaromatichydrocarbon as stated
in the abcove [121 or [131, which further comprises a regeneration
step of heating the catalyst under an oxygen-centaining atmosphere

to a temperature of 400°C or higher.

Advantageous Effects of Invention
[0020]

The catalyst composition 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 conditions 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
regeneration time can be shortened by treating the catalyst at a high
temperature, and therefore, economical efficiency of the production

process can be enhanced.

Brief Description of Drawings
[oo211

[Fig. 1] Fig. 1 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
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a catalyst composition 1, thereafter a catalyst regeneration step
(inair, 600°C, 1lhour) iscarriedout, and then a second aromatization
reaction of methane is carried out.

[Fig. 2] Pig. 2 is view showing a change of a benzene yieid
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 composition 9, thereafter a catalyst regeneration step
(inair, 600°C, 1hour) is carried out, and then a second arocmatization
reaction of methane 1s carried out.

[Fig. 3] Fig. 3isaview indicating that catalyst deterioration
of the catalyst composition of the present invention due to repetition
of a reaction step and a catalyst regeneration step has been inhibited.

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

[Fig. ba] Fig. 5a is a view in which measurement results of
Raman pectroscopy of catalyst compositions 1, 4, 5 and 9 are

multiple-plotted.

{3

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

[Fig. 5¢] Pig. Scshows results of anX-raydiffractionanalysis
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. 53 is a graph showing diffraction peak positions
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and strength ratios of JCPDS30-0303.

Description of Embodiments
[0022]

The catalystcompositionof 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 orxder 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
crystallinemetallosilicate. Molybdenum is preferably contained in
an amount of 1 to 20% by weight, more preferably 2 to 15% by weight,
in terms of a metal atom. The term "% by weight” occupied by the
molybdenum 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 or the second metal contained and addition
of a third component such as a binder. Alscwith regard to the content

of the second metal, the same definition as above is used.
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{0023]

The molybdenum raw material for preparing the catalyst
composition is not specifically limited and all available molybdenum
compounds andmetallicmolybdenumcanbe used. Examplesof molybdenum
rawmaterials that arerelativelyeasilyobtainable includemolybdenum
oxide, molybdenum caxrbide, molybdenum sulfide, ammonium
heptamolybdate, sodium molybdate, ammonium paramolybdate,
12-molybdophosphoric acid and 1Z2-molybdosilicic acid.

[0024]

The second metal 1s at least one metal selected from a group
of metals, such as alkaline metals (Li, Na, K, R, Cs, Sc), alkaline
earth metals (Mg, Ca, Sr, Ba) and rare earth metals (Y, La, Ce, Pr,
Nd, Pm, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, Lu). Preferable are rare
earth metals, and more preferable is at least one metal selected from
Ce, PrandTb. Thesecondmetal ispreferablycontainedinthecatalyst
compositioninanamountof 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 mol) of the second metal atom to the content (x
mol) of the molybdenum atom is one of its characteristics, and the

valueof y/x isusually 0.1 to 15, preferably 0.2 to 10, more preferably
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Examples of the crystallinemetallosilicates to constitute the

G

catalyst composition of the present invention include zeolite,

aluminosilicate, gallogilicate, galloaluminosilicate, borosilicate
and phosphoaluminesilicate. The pore diameters of thess
metallosilicates are preferably 4 to 9 A, more preferably 4 to 6 A.
[0027]

Of

r‘{

the above crystalline metallosilicates, preferable are

crystallinemetallosilicates having structures of FAU~type, LTL-type,

EA-type, MOR-type, FER~type, MFI-type, MTW-type, M

e

El~type, CHA~Type,
MTT-type, DON-type, TON-type, M@W-type, NES-type, MES-typs, STEF~type,

P B

5TT-type, SEFG-type, KPi-type, IWR-Type, ITH-type, IWW-type, etc.,

and of these, zeolite is particularly preferable. Still more
preferable lg MFI-type zeolite such as Z5M-5-typs zeolite or MWW-Lype

zeolite such as MCM-Z2-type zeolite.
[cozel

When the above zeolite is used, it can have a silice-alumina
ratio of such an arbitrary range that the stability of the zeolite

structur

@

is not impaired. The silica/alumina ratio is preferably

maller, 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. i1though the lower 1imit of the silica/alumina
ratio is not specifically restricted, it is usually about 25. In
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this case, zeolite synthesizedin suchamanner that thesilica/alumina
ratio becomes the above 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 cut a publicly known method such
as dealumination prior to use.

[0029]

One of the characteristics of the catalyst composition of the
present invention is low migration property of a molybdenum species
in the regeneration step. After the catalyst composition is
heat~treated in an oxygen-containing atmosphere, a composite oxide
of molybdenum and the second metal has been formed in some cases.
Migiration property of the molybdenum species can be evaluated using,
as an indication, “weight reduction due to sublimation of molybdenum
oxide” observed when molybdenum oxide 1s heat~treated by increase
in temperature in alr atmosphere. That is to say, the ratioc of a
measured weight variation to a content (wt%) of molybdenum coxide in
the catalyst composition is calculatedas a relative weight reduction
ratio (%).

{00307

Specifically, in the first place, using a differential
thermogravimetric analyzer, the measurement is conducted by heating
the catalyst composition from room temperature up to 800°C in an air
atmosphere under the conditions of a temperature increase rate of

5°C/min. Inthis measurement, 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 (B wt%) of molybdenum 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 weight reduction ratio (C) is calculated from the
following formula.
[0031]

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

For example, when a HZSM-5 zeolite 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 900 °C in the measurement
uging a differential thermogravimetric analyzer, the relative weight
reduction ratio is determined as follows. The Mo/Ce/zeolite 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
MoO3/Ce02/zeolite 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 16.63%. Consequently, 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 (C) of the catalyst

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

One of methods to detect formation of a composite oxide of
molybdenum and the second metal in the catalyst composition of the
present invention is XRD measurement, and powder X-ray diffraction
measursement using a powder of a catalyst composition is commonly used.
Peakpositionsof crystalline phases of compesite oxides of molybdenum
and a secondmetal aredifferent ineverycomposite oxide, andtherefore,
it is difficult to define, as a specific diffraction angle, a peak
positicn of a compeosite oxide phase detected in the catalyst
composition of the present invention. When crystalline structure
data of a ?ublicly known molybdenum~containing composite oxide phase
are compared with the measured data, at least one peak corresponding
to the composite oxide phase is exhibited, whereby forﬁation 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
Diffraction Standards) 33~033C, 30-0303, 33-0936, 31~-0330, 35-1477,
28-0861, 25-0934 and 33-083¢.

[0034]

Another method to detect formation of the composite oxide is
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 e, Then, if a maximum peak strength
in the range of 900 to 870 cn™® is represented by X and a maximum peak
strength in the range of 980 to 1020 cnt is represented b.y Y and if
a raticof ¥Y/X is small, it can be considered that a metal oxide phase
containing molybdenum and the second metal has been formed. The ¥/X
ratio of the catalyst composition of the present invention is 0.8
orless, preferably0.50rless, morepreferably(.Z2orless. Acatalyst
composition exhibiting no peak in the range of 980 to 1020 cm™t (that
is, Y=0) is particularly preferable.

[0035]

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

[6036]

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

After the metal components are supported on the catalyst, the
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catalyst may be calcined in air or an inert gas such as nitrogen prior
to use, 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 composition of the present invention
is not specifically restricted, and a powdery or massive catalyst
composition may be used as it is or may be used after it is molded
into an arbitrary shape. Examples of shapes of molded catalysts
include cylindrical shape, spherical shape, granular shape, ring shape,
extruded shape, round granular shape and honeycomb shape. These
shapes can be formed by publicly known arbitrarymethods respectively
suitable forthem. Thesizeofthecatalystcanbearbitrarilyselected
from such a range as accords with the size of the reactor. For these
molded products, a binder can be used when needed. For example, an
inorganic solid having high heat resistance, particularly an oxide
carrier, is used as the binder. Specific examples thereof include
silica, alumira, zirconia, titania and magnesia. Of these, silica
and alumina are preferable, andsilica ismore preferable. The amount
of the binder is preferably 5 to 70% by weight, more preferably 10
to 50% by weight, based on the weight c¢f the catalyst.

[Process for producing arcmatic hydrocarbon]

The process for producing an aromatic hydrocarbeon of the present

invention is a process comprising contacting a raw material gas
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cohtaining at least one hydrocarbon with the catalyst composition.
(00391

The hydrocarbon may be any of a straight-chain hydrocarbon,
a hydrocarbon having a branched chain and a hydrocarbon having a ring
structure in at least a part of it, as long as it i1s a hydrocarbon
of 1 to 8 carbon atoms. An aiiphat'ic hydrocarbon of 1 to 6 carbon
atoms is preferable, and an aliphatic hydrocarbon of 1 to 4 caxbon
atoms is more preferable. The raw material gas has only to be a gas
at least a part of which is a hydrocarbon, and it may be a gas having
been diluted with an inert gas.

<Reaction conditions and reaction device>

The reaction temperattiz:e {catalyst layer temperature) is 300
to 950°C. 2An arbitrary temperature in the above range is adopted
according tothehydrocarbonusedastherawmaterialgas. Forexample,
when methane is mainly used as the hydrocarbon, the reaction
temperature is preferably 600 to 200°C, more preferably 650 to 850°C.
[0040]

The reaction may be carried out under normal pressure, under
increased pressure or under reduced pressure. The reaction pressure
is usually 0.0 to 0.8 MPa (megapascal), preiferably 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 therecf, 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 hydrogen or the like produced as
a by-product, may be combined.

[0042] .

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

[Regeneration of catalyst]

The production process ¢f the present invention may comprise
a catalyst regeneration step of heating the catalyst in an
oxyvgen—~containing atmosphere, and by selecting optimum regeneration
conditions, a carbonaceous substance deposited during the reaction
can be efficiently removed. Specifically, the catalyst regeneration
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
not 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 continuously.
[0043]

The regeneration temperature (catalyst layer temperature) is
usually 350to 700°C, preferably 400to700°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
out by cooling the catalyst down to a low temperature temporarily
in an inert gas atmosphere, changing the gas to a regensration gas
and then heating the catalyst up to the desired temperature in a
regeneration gas atmosphere. Further, the regeneration treatment
may be carried out at a temperature nearly egual tc the reaction
temperature without cooling the catalyst.

(00447

The catalyst regeneration time is 10 minutes to & hours,
desirably 30minutes to 1 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 othexr
hand, if the treatment time is excessively long, the ratic of the
regeneration step to the reaction step is high, and lowering of
productivity of the process is sometimes brought about. Althcugh
the catalyst regeneration may be carried out under normal pressure,

under increased pressure or under reduced pressure, the regeneration
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pressure is usually about 0 to .9 MPa, preferably CG.1 to 0.5 MPs,
in terms of an absolute pressure.'
[0045]

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

invention is in no way limited to those examples.

Examples
[004¢6]

InanX-raydiffraction analysis, a powder X~-ray diffractometer
MultiFlex 2kw (Rigaku Corporaticon) was used, in a Raman spectroscopy,
a Microscopic Raman System JRS-SYSTEM 2000 (RENISHAW) was used, and
in a weight variation analysis of a catalyst, a differential
thermogravimetric 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 amount thereof based on
the whole catalyst might become 10% by weight after the catalyst
preparation {(the amount of molybdenumafter the catalyst preparation
was controlled to 12% by weight based on the whole catalyst). In
the solution, 10 g of ammonium type ZSM-5 zeolite (manufactured by
Zeolyst Internaticnal) 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 ilon-exchanged watsr in which ammonium
heptamolybdate ({(NH;)Mor024+ 4H20, manufactured by Wako Pure Chemical
Industries, Ltd.) had been dissolved, the cerium~containing zeolite
was suspended. The amount of molybdenum was controlled so that the
amount thereof based on the whole catalyst might become 12% by weight
after the catalyst preparation (Ce/Mo molar ratio = 0.57). The
resulting suspension was stirred for a while, then dried at 120°C
and calcined at 500°C to prepare a catalyst composition 1.

[0047]

Subseguently, a weight variation as a measure of the amount
ofmolybdenumsublimatedduring the heatingof thecatalyst composition
1 was measured using a differential thermogravimetric analyzer, and
as a result, a weight reduction cf 0.4% by weight was observed.
Specificaelly, the measurement of a weight variation was carried ocut
in the following manner. A sample cup was filled with 0.01 g of the
catalyst composition 1, and in the course of temperature increase
upto 900°Cinastreamof air, the weight of the catalyst was normalized
such that the amount of the catalyst at 650°C was 100%, and a weight
variationof thecatalystat 650°C orlﬁigher wasdetermined. Therefore,
the relative weilght reduction ratioc was 2.4%.

[Catalyst Preparation Example Z]

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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compositlion 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
variation of the catalyst compesition 2 was measured in the same manner
as descﬁibed in Catalyst Preparation Example 1, and as a result, a
weight reduction of 3.1% by weight was cbserved. Therefore, the
relative weight reduction ratic was 18.5%.

[{Catalyst Preparation Example 3]

Using ceriumnitrate in such an amount that the amount of cerium
supported might become 2% by weight (Ce/Mo molar ratio = 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 amocunt of molybdenum supported was
controllied so that the amount thereof based on the whole catalyst
might become 12% by weight after the catalyst preparation. 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 of 9.2% by weight was observed. Therefore, the
relative weight reduction ratio was S4.4%,

[Catalyst Preparation Example 4]

Using ceriumnitrate in such an amount that the amount of cerium
supported might become 5% by weight (Ce/Mo molar ratioc = 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 of 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 composition 4 was measured in the same manner
as described in Catalyst Preparation Example 1, and as a result, a
weight reduction of 0.4% by weight was observed. Therefore, the
relative weight 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 nolybdenum supported was
controlled so that the amount thereof based on the whole catalyst
might become 3% by weight after the catalyst preparation. A weight
variation of the catalyst composition b was measured in the same manner
as described in Catalyst Preparation Example 1, andas a result, weight
reduction was not observed in the temperature increase up to 900°C.
Therefore, the relative welght reduction ratio was 0.0%.

[Catalyst Preparation Example 6]

A catalyst composition € was prepared by the same procedure
as inCatalyst Preparation Example 1, except that praseodymiumnitrate

(Pr (NO3) 5 6H0, manufactured by Sigma-Aldrich Corporation) was used
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instead of ceriumnitrate as a precursor of a secondmetal. The amount
of praseodymium supported was controlled so that the amount thereof
basedonthewholecatalystmightbecome10%byweightafterthecatalysp
preparation. The amount of molybdenum was controlled so that the
amount thereof based on the whole catalyst might become 12% by weight
after the catalyst preparation (Pr/Momolar ratic = 0.57). A weight
variation of the catalyst composition éwas measured in the same manner
as described in Catalyst Preparation Example 1, and as a result, &
welght reduction of 0.1% by welght was observed. Therefore, the

relative welght reduction ratioc was 0.6%.

[Catalyst Preparation Example 7]

B catalyst composition 7 was prepared by the same procedure
as in Catalyst Preparation Example 1, except that terbium nitrate
(Th (NO3) 2+ 5H0, manufactured by Sigma-Aldrich Corporation) was used
insteadof ceriumnitrate as a precursor of a second metal. 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 so that the
amount thereof based on the whole catalyst might become 12% by weight
after the catalyst preparation (Th/Momolar ratio = 0.50). A weight
variation of the catalyst composition 7was measured in the same manner
as described in Catalyst Preparation Example 1, and as a result, a

welight reduction of 1.7% by weight was observed. Therefore, the

relative weight reduction ratio was 10.2%.
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[Catalyst Preparation Example 8]

A catalyst composition 8 was prepared by the same procedure
as in Catalyst Preparation Example 1, except that yttrium nitrate
(Y (NO3) 5+ 6H20, manufactured by Sigma-Aldrich Corporation) was used
as a precursor of a second metal. The amount of yttrium supported
was controlled so that the amount thereof based on the whole catalyst
might become 10% byweight after the catalyst preparation. The amount
of molybdenum was controlled so that the amount thereof based on the
whole catalyst might become 12% by welght after the catalyst
preparation (Y/Mo molar ratio = 0.9). A weight variation of the
catalyst composition 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 temperature increase up to 900°C. Therefore,
the relative weight reduction ratioc was 0.0%.

[Catalyst Preparation Example 9]

Amroniumheptamolybdate { (NHy) Moq0y4+ 4H,0, manufacturedby Wako
Pure Chemical Industries, Ltd.) was dissolved in ion-exchanged water.
The amount of molybdenum was controlled so that the amount thereof
basedonthewholecatalystmight become 2% byweight afterthecatalyst
preparaticon. In the scolution, 10 g of ammonium type ZSM-5 zeolite
(manufacturedby Zeolyst International) havingasilica/alumina ratio
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 weight variation of the catalyst compositicn 9 was measured
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in the same manner as described in Catalyst Preparation Example 1,
and as a result, a welght reduction of 10.5% by weight was observad.

Therefore, the relative weight reduction ratio was €1.8%.

{Example
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Using methane as hydrocarbon gas of a raw material and using

he

a fixed bed flow type reactor, catalytic performance was evaluated
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in the following msnner.

(0048

<Aotivation 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, & mixe
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temperature was raised up to 700°C. The temperature was maintained
at 700°C for 80 minutes.
100493

<Reaction step>

After the activation step, the gas was changed to methane {7.5
wh/min} which was a raw material gas, and the reaction was initisted

at 700 " Candunderncrmalpressure. Thereactoroutletgaswasdirectly

introduced into 2 gas chromategraph (manufactured by Shimadzu
Corporation, GCZ014) and zanalyzed.

e

0050]

Lot
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After the above reaction step ofi 18.5 hours, the catalyst
regeneration step was carried out in the following manner. The
catalyst was cooled 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 to room temperature again in a stream of
helium. After the same activation treatment stepas above 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 detérmined 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)jx 6
(Methane feed (mol})

Benzene yield (%)= x100 {Formuila 1)

(Total benzene production based on 18.5 frs with regenerated catalyst (mof)
{Total benzene production based or 18.5 hrs with frash catalyst (mof)

Relafive activity (%= x10 {Formua 2)

[C053]
A benzene maximum yield exhibited by the catalyst compogition
linthereactionstep, abenzenemaximumyieldexhibitedbythecatalyst

composition 1 after the regeneration treatment anda relative activity



15

20

)
wm

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
subjected 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 out using the fresh catalyst or the
regenerated catalyst (described as “first reaction” or “secon
reaction” in Fig. 1) was read out from Fig. 1 and taken as a benzene
maximum/yieldJ The relative activity defined by the above formula
2 was 96%.

[0055]

Thesge results indicate that durability of the catalyst in the
catalyst regeneration step under the high~temperature conditions was
improved by adding cerium in a specific amount, and it can be seen
that even if the reaction step and the catalyst regeneration step
are repeated, catalyst deterioration is inhibited over a long pericd
of time.

[Comparative Exampie 1]

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

vield with time is shown in Fig. 2.
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[00586)

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 to 83%.

[0057]

Fromthese results, itisapparentthat inthecaseofthecatalyst
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.

[0058]
[Table 1]
Catalyst Benzene maximum yield |  Relative activity
catalyst composition 1 7.00%
Ex. 1 catalyst composition 1 {(after 7'1 002 96%
~ regeneration) )
catalyst composition 9 7 50%
Comp. Ex. 1 | catalyst composition 9 (after 6'8 0% 83%
regeneration) )
T0058]

[Example 2]

Performance evaluation of the catalyst compositions 1, 3, 4,
5 and 2 was carried out in the same manner as in Example 1, except
that in the catalyst regeneration step, the catalyst was directly
cooled down to 600°C in a stream of helium after the reaction step,

then air was passed through, the temperature was maintained at 600°C
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for 1 hour, Aand 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 2.
[0060]

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

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

[0061]
[Table 21
Maximum benzene yield in each reaction cycle/ %
1st 2nd 3rd 4th 5th 6th
Catalyst 70 71 7.0 6.7 6.5 61
corposition 1
Catalyst 73 66 5.6 43
composition 3
Catalyst | ¢ 71 7.0 67 66
composition 4
Catalyst 45 51 48 44 40
composition 5
Catalyst
composition 9 7.2 5.8 4.7 3.5 26 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, 6, 7, 8 and 9
and the catalyst composition 8a obtainedby heat~treating the catalyst
composition 8 at 600°C for 168 hours in an alr atmosphere were used

as catalysts. The results are shown in Fig. 4 and Table 3.
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[0063]
From these results, it can be seen that catalyst deterioration
of the catalyst compositions of the present inventiondue to repetition

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

(0064]
[Table 3]
Maximum benzene yield in each reaction cycle/ %
1st 2nd 3rd 4th Sth | 6th
Catalyst 7.0 71 70 6.7 65 | 6l
composition 1
Catalyst 65 73 72 7.0 6.7 65
composition 6
Catalyst 62 71 70 68 6.5 6.1
composition 7 *
Catalyst 12 4.4 43 3.9 39
composition 8
Catalyst 54 57 56 5.6 5.5 54
composition 8a
Catalyst §
composition 9 7.2 5.8 4.7 3.5 26 19
(Comp. Ex.) ‘
[0065]

In Fig. 5a, Raman spectroscopy spectra of the catalyét
compositions 1, 4, 5 and © are shown, and in Fig 3b, an enlarged view
of the 800 to 1100 cm™ portion in Fig. 5a is shown. The Y/X values
cbtained from the spectrs are set forth in Table 4.

[00686]

[Table 4]
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om”! Catalyst Catalyst Catalyst Catalyst
composition 1 | composition4 | composition 5 | composition 9
X 900-970 28763.21 11996.26 3160.44 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 emall, a layer 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 9 which was a comparative example
had an extremely large Y/X ratio, and it indicates that a composite
oxide was not formed.

[0068]

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

catalyst composition has a crystalline structure of a

molybdenum-containing composite oxide layer.

Industrial Applicability

[0069]
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The catalyst composition of the present invention canbe applied
to a process for producing an arocmatic hydrocarbon from a lower

hydrocarbon such as methane.
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CLAIMS

1. A catalyst composition for producing an aromatic hydrocarbon
by contacting at least one hydrocarbon with the catalyst composition,
comprising molybdenum, a second metal that is at least one metal
selected from the group consisting of Sc, Y and lanthanoids (La, Ce,
Pr, Nd, Pm, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb or Lu), 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 5 to 20% by weight in terms
of a metal atom and

a ratio (y/x) of the content (y mol) of the second metal atom

to the content (x mol) of the molybdenum atom is 0.4 to 15.

2. The catalyst composition according to Claim 1, wherein
arelative weight reductionratio (C) definedby the following

formula is 60% or less;
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C=100 A/B;

wherein;

A 1s 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 °C wherein the measurement is conducted by heating

the catalyst composition with a differential thermogravimetric
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analyzer at a temperature increase rate of 5 °C per minute from a

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

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.

3. The catalyst composition according to Claim 1, 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 of each of molybdenum oxide and the second metal oxide, is

observed.

4. The catalyst composition according to Claim 1, wherein in a
Raman spectroscopy 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 ecm™ (X) is 0.8 or lower.
5. The catalyst composition according to any one of Claims 1 to
4, wherein the second wmetal is at least one metal selected from the

group congisting of Ce, Pr, Tb and Y.

6. The catalyst composition according to any one of Claims
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1 to 4, wherein the second metal is at least one metal selected from

the group consisting of Ce, Pr and Tb.
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7. A procegs for producing an aromatic hydrocarbon comprising a
step of contacting at least one hydrocarbon with the catalyst

composition according to any one of Claims 1 to 6.
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8. The process for producing an aromatic hydrocarbon according
to Claim 7, wherein the hydrocarbon is an aliphatic hydrocarbon having

1 to 6 carbon atoms.

9. The process for producing an aromatic hydrocarbon according
to Claim 7 or 8, which further comprises a regeneration step of heating
the catalyst under an oxygen-containing atmosphere to a temperature

of 400 to 700°C.

10. The process for producing an aromatic hydrocarbon according
to Claim 7 or 8, which further comprises a regeneration step of heating
the catalyst under an oxygen-containing atmosphere to a temperature

of 600 to 700°C.



