DESCRIPTION PROCESS FOR PRODUCING AROMATIC HYDROCARBON TECHNICAL FIELD
5[0001] The present invention relates to a process for producing an aromatic hydrocarbon from a
lower hydrocarbon gas. More particularly, the presént invention relates to a process for efficiently
producing an aromatic hydrocarbon useful as a chemical 10 industrial raw material from a lower
hydrocarbon gas containing methane as a major component byactivatingamolybdenum-containing
solid catalyst. TECHNICAL BACKGROUND [0002] 15Conventionally, most of aromatic hydrocarbons
represented by benzene, toluene, xylene, etc. are produced as a by-product of gasoline production in
petroleum refinery industry or as a by-product of ethylene production in petrochemical industry. The
yields of aromatic hydrocarbons based on ciadeCaif, Battichiis a 20 starting raw material, are not high
because the aromatic hydrocarbons are not targeted products in any of the industries. Furthermore,
the production of aromeRECOyEHcatForPERdDIiteivty trendemand trepdsof esck targeted product.
[0003] 2 As a process for producing an aromatic hydrocarbon as an targeted product, processes of
employin@ &ight cat.camponent derived from crude oil, for example, a process of using LPG or C3-C4
‘naphtha such as Cyclar process, Z-forming process, 5 Aroforming process and M2 forming process; a
procéss of ®&mdoying a 06-07 naphtha such as AROMAX process or RZ-Platformer process and alpha
process of employing cracked olefins, and other processes have been developed, and some of the

processes have heen gorsmencialized Howeversthedqueduelion ghyomaticchydracarbon,

an aromatic hydrocarbon from a lower hydrocarbon gas. DMore
particularly, the present invention relates to a process for
efficiently producing an aromatic hydrocarbon useful as a chemical

10 industrial raw material from a lower hydrocarbon gas containing
methaneaseamajorcomponentquactivatimgeamolybdenum—containing
solid catalyst.
TECHNICAL BACKGROUND
[0002]

15 Conventionally, most of arcmatic hydrocarbons represented
by benzene, toluene, xylene, etc. are produced as a by~-product
of gasoline production in petroleum refinery industry or as a
by-productofethyleneproductionin;&trochemicalindustry. The
vields of aromatic hydrocarbons based on crude 0ll, which i1s a

20 starting raw material, are not high because the arcmatic
hydrocarbons are not targeted products in any of the industries.
Furthermore, the production of aromatic hydrocarbon is limited
by the'demand trends of each targeted product.

[0003]



10 still remains low. [0004] Meanwhile, it is said that the natural gas reserves in the whole world
are 6000 TCF. However, the transportation cost of the natural gas is generally high and most of the
natural gas is 15 unevenly distributed in the limited areas. Therefore, most of the natural gas is not
utilized effectively. For example, associated gas produced together with crude oil contains a large
amount of methane, but recovery and transportation of methane have many problems so that methane
is generally disposed by incineration. 20 The technology for producing aromatic hydrocarbons from

methane, which isi& nzain conponent of paiualgiasgisHrot Hly.a precessthat abundant natyral gas
can be converted into essentially high-value-added liquid chemical products, which is more easily

transporteth but also pprocess fhatworayy: atedal sgglgq%g,fm?f rgnka{i&g{ydégﬁa@gg{&\ggiéﬁ iz one

important chemical and industrial raw material, can be switched to non-crude oil resources.

commerciatzationcofthemrecessdhas beerr desieedRf0Q05] . 1 Example ffﬁgﬁgoc%?n‘fﬁé for.

producing aromatic hydrocarbons from methane include a process of producing aromatics by a

multiple-step teactiemand a progess of Qro@m%grorgqtgéedg@ectlyg)yf%g g-step rq,a%igg. An
example of the former process 10 is a process that a water gas is produce Tlrsqu from methane,

methanol as thesrprodyced dram the.waies gas-and g gasoling component containing aromatics is
finally produced by MTG reaction. Alternatively, Pataér% docume’ntallglrﬂ%%ést%n? %dn(?c ent 2 disclose

processes. of produgingra- gas §gg§n'é%0@;§5}jg;@<ag Jia{) atic 42 *ﬁ/ﬁi%a%{@gn using a mixture

essentially containing ethane and ethylene obtainable by an oxidative ¢oup fﬁﬁn}% ctior6fméthane as

a raw material. %LA%}%Q%S for digectly §l§]ing methane jnto aromatics, 20 there have been
disclosed a report that methane is aIIowed%t%I} ngtacgwi%rS%e% p? pea#grist'o 4arfh% afSmatic

compounds-{Nan-Ratent dacument.l) and reports by. 0. V. Bragin, at a/. that an aromatic compound
such as benzene and the like is prepared %ﬁbvﬁﬁé r%%%%r??tgk&%ﬁﬁ@ﬁﬁﬁﬁ ST AEKRIRDMprising

platinum dopmercialized. dowever, the production of aromatic hydrocarbon
10 still remains low.
[0004]

Meanwhile, it is said that the natural.gas reserves in the
whole world are 6000 TCrE. However, the transportation cost of
the natural gas is generally high and most of the natural gas is

15 unevenly distributed in the limited areas. Therefore, most of the
natural gas isruﬁ:utiiized»effectively; For example, associated
gas produced together with crude cil contains a large amount of
methane, but recovery and transportation of methane have many
problems so that methane is generally disposed by incineration.

20 The technology for producing arcmatic hydrocarbons from methane,
which is a main component of natural gas, 1s not only a process
that abundant natural gas can be converted inte essentially
high~value-added liquid chemical products, which is more easily

transported, but alsoc a process that a raw material source of



or chromium supported on zeolite (Non-Patent document 2 and Non-Patent document 3). [0007]
Patent document 3 discloses that when methane is fed to Ca-Cr-Pt/alumina at about 700C, ethylene,
benzene and the like are obtained in small amounts: Patent documents 4 to 6 disclose that slight
amounts of aromatics can be synthesized from ethane using boron nitride, silicon carbide or a metal
oxide, as a catalyst, at a high temperature of over 1000C. 10[0008] Patent document 7 discloses a
method of producing a product containing aromatics and olefins from hydrocarbon by using a catalyst,
which comprigesZinc, anothecmetaland zealite, basnogxamples of employing.a raw, material
containing methane is 15disclosed. [0009] Patent document 8 discloses a method of producing a
liquid richindrermatie hydrecarhoas drora methane by bsing,Ga/ZSM-5.91 H:ZSM:5. as a catalyst.
Patent document 9 discloses a method that 20 benzene is produced from methane using a

carbonaceeussulistance atleast pasthecontaininga g@mogg—lik&grugyg% 49%10% antte%t %%cument
10 discloses a method that a liquid rich 5 methane, as a main component, using a'catalyéet containing

a VIIB metalssuchdas gallium, rhenium and the like and an aluminosilicate having a ratio of silica to
alumina of not less than 5. Patent document 11 discloses a method that a lower hydrocarbon such as
5 methané@ntlsthe like is aromatized using a catalyst, which comprises metallosilicate and any one of
zinc, gallium and cobalt. Patent document 12 discloses a method that an aromatic hydrocarbon is

prepared from methang using a ¢atal which ¢ ises, gallium_and a pentasil type zeolite, and an
B el S o

alumina modified with 10 phosphorus in combination. Moreover; Patent docUMERt 13

method tatéan afemate hydiaearhgn isaprgq%ctgzéj from methane mixed with any one of 02 to C4
olefins, propane and n-hexane in an amouft of 40 to 195 miolv BasedbnTh&hana oY 15Patent

documen$4 angd Ratent.document 15 disclose methods that benzene and the like are prepared from

a lower hydrocarbon such as methane and the li e%léﬁl%eas éatglyst%ﬁgﬁ%bﬁ%riélé?&%ﬁ&% support,

rhenium and-apy ope-of irqn, cobalt inum. and the like, or a catalyst which comprises rhenium
supported on 20 m%ta osilica e. [OOE%&%Q(Ljl Asa Widz\ﬁ} RAOWIT Catalyst havirg Bfcelsit peperties

which hag beenstudied most earnestly for producing an aromatic hydrocarbon using methane as a
raw material, a catalyst comprising - 2o =S Produced firstly from methane,

methanol is then produced from the water gas and a gasoline
componentcontaininqaromaticsjjsfinally;moducedknfMTGxeaction.
Alternatively, Patent document 1 and Patent document 2 disclose
processes of producing a gas stream centaining an aromatic
15  hydrocarbon using a mixture essentially containing ethane and
ethylene obtainable by an oxidative coupling reaction of methane

as a raw material,

[0006]

As a process for directly making methane into aromatics,

20 there have been disclosed a report that methane is allowed to
contact with silica to prepare 1 to 4 ring arcmatic compounds
(Non-Patent document 1) and reports by 0. V. Bragin, et al. that

an aromatic compound such as benzene and the like is prepared by

allowing methane to contact with & Ccatalyst comprising platinum



6 molybdenum supported on a zeolite' developed by L. Wang, at al. in 1993 can be cited (Non-Patent
document 4). This document discloses a method of using the catalyst in the reaction after treatment
with air at 700C. [0013] Patent document 16 discloses a method of preparing a Mo/ZSM-5 catalyst
by a mixing and heating process or a CVD process. However, the performance is not sufficient since
the aromatic yield is low and the catalyst life is not studied sufficiently. 10 Patent document 17
discloses a method of preparing a Mo/ZSM-5 catalyst used for accurately controlling a moisture
removal SrocesstnEidrying stey afteda suppotrting.step. Paterfddciment d8uwhiscloses aemethod of
preparing a shaped catalyst which prevents an active component from being supported onto a binder.
HoweverNtBlagedrdiny wtherexamples thereof, the deterioration of the catalyst activity with time
progresses very rapidly and sufficient capabilities cannot be obtained. [0014] Patent document 11,
Patent docurient 19 and Non-Patent 20 documents 5 to 9 disclose methods of preparing aromatics
from a lower hydrocarbon such as methane and the like using a catalyst obtainable by adding, to a
catalyst which coryrises mlybdenum and tretaliesilicate, anywone-ofnzine gadlium, gobaltrehromium,
lanthanum, neodymium, samarium, yttrium, iron, cobalt, nickel, platinum, zirconium, tungsten,
vanadiung; patladibmy, alithehituma irididmy itaniuncrhaedivm . ehenjume geleh silwer-and soppek
However, the performance is not sufficient since the aromatic yield is low and the catalyst life is not
studied sufficientlyabl0015]n srBaterddogument 20-diseleses aunethod ar aromatizingmethane
using a catalyst obtainable by introducing molybdenum into a MFI type zeolite having a ratio of silica to

alumina afrabous 50y putensurface agidity ohuwhichsisipactivatedwith. an amorhous siliea 1Q layer,
and a process of activating the molybdenum-containing aluminosilicate catalyst in which molybdenum

is introduged furthermare, Patentdocuments 21 10:23,disglose methods of prepating a, . 5

molybdenum-containing catalyst by carbonization treatment. 15[0016] Patent documents 24 to 28

disclose mgthods.of improving, the catalyst life:hy.adding gatbon;magexide, carbon dioxide, hydrogen

or a mixture of hydrogen and water to a reaction gas in production of a omatics from methane using a
catalyst whighy gomprises 20 molybdenum andmetallosilicate. Moreover, Patent document 28 and
Patent document 29 disclose methods of keeping the catalyst, activity by feeding a reaction gas and a

hydrogen-containing gas altamatively in eraducion otbeazenc.and the e fram methane using a

catalyst which comprises molybdenum and meta Iosmcate

containing aromatics and olefins from hydrocarbon by using a

catalyst, which comprises zinc, another metal and zeolite, but

nc examples of employing a raw material containing methane is
15 discliosed.

[0009]

Patent document 8 discloses a method of producing a liguid
rich in aromatic hydrocarbons from methane by using Ga/ZSM-5 or
H-Z8M~5, as a catalyst. Patent document 9 discloses a methed that

20 benzene is produced from methane using a carbonaceous substance
at least partly containing a diamond-like structure.
F0010]
Patent document 10 discloses a method that a liguid rich

in aromatic hydrocarbons is produced from a hydrocarbon containing



However, in any of the methods, the improvement is effected but is not sufficient necessarily, and still
the yield of the aromatics in any of the methods is low. [00171 Patent document 30 discloses a
process of preparing a non-aromatic cyclic hydrocarbon such as cyclohexane and the like by
converting methane, which is mixed with a least one selected from hydrogen, water, carbon monoxide
and carbon dioxide, with a Mo/ZSM-5 catalyst and subsequently allowing an effluent 10 containing the
resulting aromatics such as benzene and the like to react with hydrogen. Patent document 31
discloses'& protess Gfpreparing arvarohatic-compouacby: egacting methaneiobtaimah|& fiiEn reaction
of hydrogen and carbon monoxide or carbon dioxide, using a Mo/ZSM-5 catalyst. 15[0018] In
most of theserdoeunients, 3lae catalystilife determined by |0werngraf the yieldnohtheiaromatic
hydrocarbon with time is insufficient from the industrial viewpoint, or necessary examinations on the
catalyst life:arengotcarrieticout finssdme 20taf theunethads in mnich thescatalyst tife isslengnthe yield of
the aromatic hydrocarbon is suppressed to be low level. Therefore, the development of a technique
capable afkeeping:-ahigh yield ofthe arameatichydregarkor foradongpesiod of sime has heen
desired. Patent document 1. USP4,822,944 Patent document 2: USP 5,336,825 Patent document
3. USP41239:658: Patent doeunieite is aromatized using a catalyst, which
comprisesmetallosilicate and any one of zing, gallium and cobalt.
Patent document 12 discloses amethod that an aromatic hydrocarbon
is prepared frommethane using a catalyst, which comprises gallium
and a pentasil type zeolite, and an alumina modified with
10  phosphorus in combination. Moreover, Patent document 13
disclosed a method that an aromatic hydrocarbon is produced from
methane mixed with any one of C2 to C4 olefins, propane and n-hexane
in an amount of 40 to 103 mol% based on methane.
[C011]
15 Patent document 14 and Patent document 15 disclose methods
that benzene and the like are prepared from a lower hydrocarboen
such as methane and the like using a catalyst which comprises a
porous support, rhenium and any one of iron, cobalt, platinum and
the like, or a catalyst which comprises rhenium supported on
20 metzlleosilicate.
[0012]
As a widely known catalyst having excellent properties which

has been studied most earnestly for producing an aromatic

hydrocarbon using methane as a rawmaterial, a catalyst comprising



4: OSP4,507,517 5 Patent document 5: USP4,567,311 Patent document 6: USP4,734,537 Patent
document 7: WO0-A-98/51409 Patent document 8: EP-B-216491 Patent document 9: OSP5,557,022
10 3

molybdenum supported on a zeclite developed by L. Wang, et al.
in 1993 can be cited (Nen-Patent document 4). This document
discloses a method of using the catalyst in the reaction after
treatment with air at 700°C.

5 [00132]

Patent decument 16 discloses a method of preparing a
Mo/ZSM—5catalystknfanaxingandrmatingprocessoreaCVDprocess.
However, the performance i1s not sufficient since the aromatic
yvield is low and the catalyst life is not studied sufficiently.

10 Patent document 17 discloses a method of preparing a Mo/ZSM-5
catalyst used for accurately controlling a moisture removal
process in a drying step after a supporting step. Patent document
18 discloses a method of preparing a shaped catalyst which prevents
an active component from being supported onto a binder. However,

15  according to the examples thereof, the deterioration of the
catalyst activitywith time progresses very rapidly and sufficient
capabilities cannot be obtained.

[(0014]

Patent document 11, Patent document 1¢ and Non~Patent

20 documents 5 to 9 disclose methods of preparing aromatics from a
lower hydrocarbon such as methane and the like using a catalyst
obtainable by adding, to a catalyst which comprises molybdenum
and metallosilicate, any one of zing, gallium, cobalt, chromium,

lanthanum, neocdymium, samarium, yttrium, iron, cobalt, nickel,



Patent document 10: EP-B-228267 Patent document 11: JP-A-H10(1998)-272366 Patent document
12: OSP 5,026,937 Patent document 13: USP5,936,135 Patent document 14: USP6,239,057 15
Patent document 15: JP-A-2001-334151

platinum, zircenium, tungsten, vanadium, palladium, ruthenium,

iridium, titanium, rhodium, rhenium, gold, silver and copper.

However, the performance iz not sufficient since the aromatic

yield is low and the catalyst life is not studied sufficiently.
5 [0015]

Patent document 20 discloses amethod of aromatizing methane
using a catalyst obtainable by introducing molybdenum into a MFI
type zeclite having a ratio of silica to alumina of about 50, outer
surface acidity of which is inactivated with an amorphous silica

10 layer, and a process of activating the molybdenum-containing
aluminosilicate catalyst in which molybdenum is introduced.
Furthermore, Patent documents 21 to 23 disclose methods of
preparing a molybdenum-ceontaining catalyst by carbonization
treatment.

15 (0016}

Patent documents 24 to 28 disclose methods of improving the
catalyst life by adding carbon monoxide, carbon dioxide, hydrogen
or a mixture of hydrogen and water to a reaction gas in production
of aromatics from methane using a catalyst which comprises

20 molybdenumandmetalleosilicate. Moreover, Patent document 28 and
Patent document 29 disclose methods of keeping the catalyst.
activity by feeding a reaction gas and a hydrogen-containing gas
alternatively in production of benzene and the like from methane

using a catalyst which comprises molvbdenum and metallosilicate.



Patent document 16: JP-A-2002-336704 Patent document 17: JP-A-2004-97891 Patent doc.uiment
18: JP-A-2005-144360 Patent document 19: JP-A-H11(1999)-47606 20 Patent document 20:

WO-A-02/10099 Patent document 21: 8

However, in any of the methods, the improvement is effected but
isnotsufficientnecessarily,andstilltheyiebjofthearomatics
in any of the methods is low.

[0017]

5 Patent document 30 discloses a process of preparing a
non-aromatic cyclic hydrocarbon such as cyclcohexane and the like
by converting methane, which is mixed with at least one selected
from hydrogen, water, carbon monoxide and carborn dicoxide, with
a Mo/ZSM-5 catalyst and subsequently allowing an effluent

10 containing the resulting eromatics such as benzene and the like
to react with hydrogen. Patent document 31 discloses a process
of preparing an aromatic compound by reacting methane obtainable
from reaction of hydrogen and carbon monoxide or carbon dioxide,

using a Mo/ZSM-5 catalyst.

—
(93]

[0018]

In most of these documents, the catalyst life determined
by lowering of the vield of the aromatic hydrocarbon with time
is insufficient from the industrial viewpoint, or necessary
examinations on the catalyst life are not carried out. In some
20 of the methods in which the catalyst life is long, the vield of
the aromatic:hydrocarbonjjssuppressedtx>beExwwlevel. Therefore,
the development of a Technique capable of keeping a high vyield
of the aromatic hydrocarbon for a long period of time has been

desired.



WO-A-2005/28105 Patent document 22: JP-A-2005-254120 Patent document 23:
JP-A-2005-254121 Patent document 24: JP-A-H11(1999)-60514 10 Patent document 25:
JP-A-2004-269398 Patent document 26: JP-A-2005-255605 Patent document 27:

Patent document 1: USSP 4,822,944
Patent document 2: USP 5,336,825
Patent document 3: USP 4,239,658
Patent document 4: USPE 4,507,517
5 Patent document 5: USP 4,567,311

Patent document €: USP 4,734,537
Patent document 7: WO-A-98/51400
Patent document 8: EP-B-2164061
Patent document 9: USP &§,557,022

10 Patent document 10: EP-B-228267
Patent document 11: JP-A-H10(199R)-272366
Patent document 12: USP 5,024,937
Patent document 13: USP 5,936,135
Patent document 14: USP 6,239,057

15 Patent document 15: JP-A-2001-334151
Patent document 16: JP-A-2002-336704
Patent document 17: JP-A-2004-97891
Patent document 18: JP-A-2005-144360
Patent document 19: JP-A-H11(1999)-47606

20  Patent document 20: WO-2-02/1009%
Patent document 21: WO-A-2005/28105
Fatent document 22: JP-A-2005-254120
Patent document 23: JP-A-2005-254121
Patent document 24: JP~A-H11(1999)-60514



JP-A-2005-343879 Patent document 28: WO-A-2006/11568 Patent document 29: 'JP-R-2003-26613
Patent document 30: WO-A-2006/83409 Patent document 31: WO-A-2006/8797_1 Non-P_atent _
document 1: Science Vol.153 Page 1393(1966) Nen-Patent document 2: Russian Chemical Bulletin

Vol.31

Patent document 25: JP-A~2004-260398
Patent document 26: JP-A-2005-255605
Patent document 27: JpP-A-2005-343879
Patent document 28: WO-A-2006/11588
> Patent document 2%: JP-A-2003-26613
Fatent document 30: WO-A-2006/83409
Patent document 31: WOG~A-2006/87971

Non-FPatent document 1: Science Vel, 153 Page 1383 (1966

[N}

Non-Patent document Russian Chemical Bulletin Vol. 31 No. 4
10 Page 847 (1982)
Non-Patent document 3: Russian Chemical Bulletin Vol. 38 No., 3
Pege &80 (1989)

Non-Patent document 4: Catalysis Letters Vol. 21 Page 35 (19863

Non-Patent document 5: Catalysis Letters Vol. 20 Page 169 (1994}

[
i

Noanatentdocument6:AppliedCatalysis]%Vol.152?&ge173(199ﬁ
Non-Patent document 7: Reaction Kinetics and Catalysis Letters
Vol. 61 Page 391 (19%87)
Non“PatentdocumentB:;burnalobetalysisVol.l7OPagell(1997)
Non-Patent document 9: Journal of Natural Gas Chemistry Vol. 13
20 Page 36 (2004)

DISCLOSURE OF THE INVENTION

SUBJECT TC BE SOLVED BY THE INVENTION

[60181

It is an object of the present invention to provide a process



No.4 10 Page847(1982) Non-Patent document 3: Russian Chemical Bulletin Vol.38 No.3
Page680(1989)  Non-Patent document 4: Catalysis Letters Vol. 21 Page 35 (1993) Non-Patent
document 5: 11

for producing an aromatic hydrocarbon using a

molybdenum-containing solid catalyst, more specifically to

provide a process for producing an arcmatic hydrocarbon

efficiently from a lower hydrocarbon gas essentially containing
.5 H@thaneknractivatingarmﬂybdenumncontainingsolidcatalystwith

maintaining a high yield for a long period of time.

MEANS FOR SOLVING THE SUBJECT

[0020]

The present inventors have been earnestly studied in order

10 tosolve the above subjects and found that in producing an aromatic

hydrocarbon from a lower hydrocarbon gas essentially containing

methanejjlthepresenceofeamolybdenum—containingsolidcatalyst,

the molybdenum-containing catalyst is allowed to preliminarily

contact with a pre-contacting gas (G1) comprising at least one
15 selected from a lower hydrocarbon and a hydrogen gas at a

temperature lower than a reaction temperature and.ﬁhen,to contact

with a lower hydrocarbon gas essentially containing methane which

is a raw material gas (3G2), to carry out a reaction and thereby

g sufficiently high yield of the aromatic hydrccarbon can be
20  maintained industrially for z long time period of time. Thus,

the present inventicon has been accomplished.

00217

That is to say, the process for producing an aromatic

hydrocarbon of the present invention comprises:



Catalysis Letters Vol. 39 Page 169 (1996) 15 Non-Patent document 6: Applied Catalys s A Vol . 152
Page 173 (1997) Non-Patent document 7: Reaction Kinetics and Catalysis Letters Vol. 61 Page 391
(1997) Non-Patent document 8: Journal of Catalysis Vol. 170 Page 11 (1997) Non-Patent document
9: Journal of Natural Gas Chemistry Vol. 13 20Page 36 (2004) DISCLOSURE OF THE INVENTION
SUBJECT TO BE SOLVED BY THE INVENTION [0019] It is an object of the present invention to
provide a process 11 forproducinganaromatichydrocarbonusinga molybdenum-containing solid
catalyst, more spexificalyctorprevide mgprotess ddr protueingaan: atematie bydiacarhpn.efficiently from
a lower hydrocarbon gas essentially containing methane by activating a molybdenum-containing solid
catalyst with baintaininglayhigh yield farreclong perioghof ime, ME&I};J&F&@;@%LV&@Q ThE SUBJECT
[0020] The present inventors have been earnestly studied in order 10 to solve the above subjects and
found thatingroducing ancaroseatic bydrogarbosfeomarlower hydrecarhon gas essentially,containing
methane in the presence of a molybdenum-containing solid catalyst, the molybdenum-containing
catalyst israliowegkto prekminatidy contact with a pre-contacting gas (G1) comprising at least one 15
selected from a lower hydrocarbon and a hydrogen gas at a temperature lower than a reaction
température and then te£optactwith g&@@ger h)g}rocag:ibiom%%sseng@gyco tggliré%m%?g{lg dwhich is
a raw material gas (G2), to carry out a reaction and thereby a sufficiently hignh yiel of the aromatic
hydrocarhen candee, 20 meaintained ingdustrially.fora long.fime pce_c!'o%8%%28{“#&%“‘999?&%
invention has been accomplished. [0021] 12 a pre-contacting step of allowing a
molybdenggt-eentaimi li al with a pre-contacting gas (G1) comprising at least
one selected from a Iorﬁéohﬁérﬁgia}%ﬁgaﬁ%g?%dr%gér%%s% a%%gr&gr%gn =sEeReINNfY

Sareactiopgiepefaflowingtheprercontacted .o r ot e tne aromaric hydrocarbon,
whereﬂ1thestartingtemperaturejj1thepre~contactingstep
10 is lower than the reaction temperature (Tr) in the reaction step,
and the temperature during pre-contacting step from the beginning
to the end is not over the reaction temperature (Tr).

[0022]

In the process for producing an aromatic hydrocarbon

on

[

according to the present invention, the starting temperature in
the pre-contacting step is preferably not higher than 350° ¢ and
the pre-contacting temperaturs is preferably increased with
passage of time.

[6023]

20 In the process for producing an aromatic hydrocarbon
according to the present invention, in the pre-contacting step,
the contact of the molybdenum-containing solid catalyst and the
pre-contacting gas (G1) ispreferablyc&r:iedcxﬁ:withnmintaining

the temperature at a holding temperature (Th) which is lower than



molybdenum-containing solid catalyst to contact with a raw material gas (G2) comprising a lower
hydrocarbon essentially containing methane, to generate the aromatic hydrocarbon, wherein the
starting temperature in the pre-contacting step 10 {s9lower than the reaction temperature (Tr) in the
reaction step, and the temperature during pre-contacting step from the beginning to the end is not over
the reaction temperature (Tr). [0022] In the process for producing an aromatic hydrocarbon R 5,
according to the present invention, the starting temperature in the pre-contacting step is preferably not
higher than'3555C ahdtheFrERDAtECHRG teRiperdRiretispraterablyinoreasedaritvpassage of time.
[0023] 20In the process for producing an aromatic hydrocarbon according to the present invention, in
the pre-cONtABHRG stephEToRtact Giitheimolisdemmaontaining solicheatalystand then1 v
pre-contacting as (Cl) is preferably carried out withmaintaining the temperature at a holding
temperatdre™(TophicHizriowst thana48 thetréaition temperature (lekfor aceertaintimeg -Moreover, the

holding temperature (Th) in the pre-contacting step is preferably not lower than 400 C and not higher
than the r€agtion temperature (Tr). 5[0024] In the process for producing an aromatic hydrocarbon
according to the present invention, the reaction step is preferably started after when the temperature of
the are-cdRt@éting step reaches to the reaction temperature (Tr), the 10 pre-contacting gas (Cl) is
changed to the raw material gas (02). [0025]

In the process for producing an aromatic hydrocarbon
according to the present invention, the reaction step is
preferably started after when the temperaturse éf the
pre-contacting step reaches to the reaction Lemperature {(Tr), the

10 pre-contacting gas (Gl) is changed to the raw material gas (GZ).
[0025]

In the process for producing an aromatic hydrocarbon
acceording to the present invention, the pre-contacting gas (31)
is preferably a mixed gas comprising hydrogen and a lower

15 hydrocarbon essentially containing methane, more preferably a
mixed gas comprising methane and hydrogen. Moreover, the mixad
Gas preferably comprises 5 or more moles of hydrogen per 1 mole
of methane, more preferably the mixed gas comprises 10 or more
moles of hydrogen per 1 mole of methane.

20 [002¢]

in the process for producing an aromatic hydrocarbon
according to the present invention, in the pre-contacting step,

the flow rate of the pre-contacting gas (Gl) preferably satisfies

at least one condition of a condition such that the flow rate of



in the process for producing an aromatic hydrocarbon according to the present invention, the
pre-contacting gas is preferably a mixed gas comprising hydrogen and a lo 15 hydrocarbon essentially
containing methane, more preferably a mixed gas-edmprising methane and hydrogen. Moreover, the
mixed gas preferably comprises 5 or more moles of hydrogen per 1 mole of methane, more preferably
the mixed gas comprises 10 or more moles of hydrogen per 1 mole of methane. 20[0026] In the
process for producing an aromatic hydrocarbon according to the present invention, in the
pre-contacliRgratep Cthi TRW Fate o #5e ré-contaBtinigeyas éol) iprefarabhssatistissat astvne
condition of a condition such that the flow rate of 14 the pre-contacting gas (51) is more than two
times as Righas tesfloW rafeot greedetion @as (B2) and @ eonditidn such thatthezatio (EAW) of the
flow rate (F) of the pre-contacting gas (CI) to the catalyst weight(W) is not less than 50 cc/(g.min).
5[0027] ralhché Pprécessifor peodicing smtaronfaticdydrbearboa-accotding to:theypeesent jnvention,
after the atmospheric gas of a catalyst layer is purged with an inert gas, the pre-contacting step is
preferably catriet outtandyfattheetheitertiperatare: of-the<lOspurging With aninert:gas jis more
preferably not higher than 350" C. [0026] In the process for producing an aromatic hydrocarbon
according ttCtheélpresent invention, the raw material gas (02) 15 preferably does not contain hydrogen
substantially. [0029] In the process for producing an aromatic hydrocarbon according to the
present invention] the halybdenumscontainingosalidatalyst prefesablyeemprisesmealyhdensmanda
crystalline 20 metallosilicate, the crystalline metallosilicate is preferably an MEI type zeal te or an
MWW typeczeofite agdimoteeyver: thesmolybdenun is-preferably supperted ipan amountof 2 to 20 %
by weight on the molybdenum-containing solid catalyst. EFFECT OF THE INVENTION 15 [0030]

The presentigventiest can previde & process.fot predyucing an yrematigpydrocarban efficiently from a
lower hydrocarbon gas comprising methane as a main component and other natural gas by
activatingsa sjolybdepurecamaining solid satalystwith simple.and ecanomical.procedytes and thereby
maintaining a high reaction yield for a long period of time in no need of changing a device

configurati licated ¢ y ification.treatment or.the use of a special treatment gas. in
therl pgesi%%%l%%ﬁgomrﬁ ﬁ?d%ggg%ﬁgggro%ﬁgﬂ% e%;\%g% vxrl?#gt e Ié?d’m%"ﬁg ?ﬁ%ggr%o%l:%gnd thereby
it is also useful as a process for producing hydrogen from methane. BEST EMBODIMENT FOR
CARRYING OUT THE INVENTION

[00628]

In the process for producing an aromatic hydrocarbon

according to the present invention, the raw material gas (G2)
15>  preferably does not contain hydrogen substantially.
(0029]

In the process for producing an aromatic hydrocarbon
according to the present invention, the molybdenum~containing
sclid catalyst preferably comprises molybdenum and a crystalline

20 metallosilicate, the crystalline metallosilicate is preferably
ann MFI Ttype zeolite or an MWW type zeolite and morecver, the
molybdenum is preferably supported in an azmount of 7 to 20 & by
welght on the molybdenum-containing solid catalyst.

EFFECT OF THE INVENTION



[0031] 15The present invention will be described in detail below. [0032] The process for producing
an aromatic hydrocarbon of the present invention comprises: a pre-contacting step of allowing
a molybdenum-containing 20 solid catalyst to contact with a pre-contacting gas (Cl) comprising at least
one selected from a lower hydrocarbon and a hydrogen gas; and areaction stepofallowing the
pre-contacted molybdenum-containing solid catalyst to contact with a raw 16 material gas (G2)
comprising a lower hydrocarbon essentially containing methane, to generate the aromatic

hydrocar 9%3] Pre-contacting step In the pre-contacting step of the present invention, the
molybdenum-containing solid catalyst is allowed to contact with the pre-contacting gas (51) comprising
at least one selectdefirartsE ftter-Aydrotamon @it & hydrodenigas.0084] I0r producing
Molybdenum-containing solid catalyst As the molybdenum-containing solid catalyst of the present
invention &t p6Ssivle totide s kaswRmeibdengm contdinimy solidwatalystiprepared-hy g known
process. That is to say, it is possible to use a molybdenum compound itself, a molybdenum metal 15
or a molyBa&RUM bR oime SUPpcriedonal supporEorecatalyst preparedray-mixing @amolybdenum
metal or a molybdenum compound with an inorganic solid physically. The catalyst may be calcined in
the air or #Fan ekl aspherib gaswuchastritrogenygas lafte rsuppopting.artnixingpanddhen maybe
submitted to use. The 20 catalyst may be calcined preferably in the air at a temperature of 250 to
800C, mate preferablyl 350 to-600Cs furthermote=preferably 450:10650€ and, sylamittedto:use.
Particularly, it is preferred to use the molybdenum compound supported on a support as the catalyst.
17 [0035]yield for a long period of time in no need of changing a device

configuration, a complicated catalyst modification treatment or
the use of a special treatment gas. In the present invention,
10 hydrogen can be produced teogether with the aromatic hydrocarbon,
and thereby it is also useful as a process for producing hydrogen
from methane.
- BEST EMBODIMENT FOR CARRYING OUT THE INVENTION
(003173
15 The present invention will be described in detzil below.
[6032)
The precess for producing an aromatic hydrocarbon of the
present invention comprises:
a pre-contacting step of allowing a molybdenum~containing
20 solid catalyst to contact with a pre-contacting gas (G1)
comprising at least one selected from a lower hydrocarbon and a
hydrogen gas; and
a reaction step of allowing the pre-~contacted

molybdenum-containing solid catalyst to contact with a raw



The amount of the molybdenum component supported or mixed is, in terms of the molybdenum etal as
a percentage of the total weight of the support or the inorganic solid, 1 to 50 % by weight, 5 preferably
5 to 20 % by weight, more preferably 7 to 20 % byMeight, furthermore preferably 8 to 15 % by weight,
particularly preferably 10 to 12 % by weight [0036] There is no particular limitation on the molybdenum
source. 10 As the molybdenum source, commercially available molybdenum metals and various
molybdenum compounds can be used. Examples thereof, which are easily available relatively, are
molybdenuat exide, molbdesam cachide,imotybdie atity sedivgumetddate, agypanivm.molybdate,
ammonium heptamolybdate, ammonium 15 paramolybdate, 12-molybdophosphoric acid an
12-molybdositici¢ mtity [@@37 AAlhen molyhdentun er thesmelybdenum copapeundissypported on the
support, various known methods can be used, for example, 20 impregnation methods such as pore
filling method 3ikicipient wetness method, equilibrium adsorption method, evaporation to dryness
method or spray drying method, a deposition method, an ion exchange method and a chemical vapor
depositio® methec.:@Ethese raethpds, the impregnation methods are preferable because 18 their
procedures are relatively simple and a special device is unnecessary. [0038] When the catalyst is used

in a shaped form.hiscpassihle Sdo-erapley agy one:ofie pracess of carying. ol he aove supporting

procedure to a powdery support to prepare a supported catalyst powder and then shaping, and a

process of preparing & shaped bady, only.eampoged 0 gé%%ﬁ%‘é;ga”w%%'td%%%@%.°f a

molybdenum component on the body. 10[0039] The catalyst is preferably used after calcinating

thereof indfe geAftet:suppetting g5 he ening.eLihe oalybdenum, and befare the coloinating thereol

it is preferred to dry it sufficiently. The drying is carried out at a temperature o 0T Ot]f more

preferably 190 4@ 120G guernightar for 4 day.and-night; [9940]

(0034}

10 Molybdenum~containing solid catalyst

As theInolybdenumwcontaining solid catalyst of the present
invention, it is possible to use a known molybdenum-containing
sclid catalyst prepared by a known process. That is to say, it
ispossibletouseeamolybd@numcompounditself,anmlybdenumnetal

15  or a molybdenum compound supported on a support or a catalyst
prepared by mixing a molybdenum metal or a molybdenum compound
with an inorganic solid physically. The catalyst may be calcined
in the air or in an inert atmospheric gas such as nitrogen gas
after supporting or mixing, and then may be submitted to use. The

20 catalyst may be calcined preferably in the air at a temperature
of 250 to 800°C, more preferably 350 to 600°C, furthermore
praferably 450 to 550°C and submitted to use. Particularly, it
is preferred to use the molybdenum compound supperted on a support

as the catalyst.



In addition to molybdenum, at least one other metal component can be supported or mixed in order to
improve the 20 activity, selectivity, catalyst life or ease of regeneration. Examples of the metal
component are titanium, vanadium, chromium, mariganese, iron, cobalt, nickel, copper, zinc,
aluminum, gallium, yttrium, zirconium, ruthenium, rhodium, palladium, silver, lanthanum, neodymium,
samarium, tungsten, rhenium, iridium, 19 platinum and gold. Of these, preferred are zirconium,
tungsten or rhenium, iron, cobalt or nickel (iron group), ruthenium, rhodium, palladium or platinum
(platinum{gYeap) and copper, silver or zinc. In this case, there is no limitation on the order or 5 the
method of supporting or mixing the two or more components. These components can be introduced
simultaneously of seceessively by dnharbitrdryidethiod. {0041 Asrthe slhove supportronthednorganic
solid, it is possible 10 to use a commercially available one as it is, or one obtainable by synthesizing
from an inerganic tempourd tdwe mateviall asimg arknewnasethgd: Mereover twid ohmaretsupports or
inorganic solids can be used in combination. As the support or inorganic solid, inorganic solids having
high heatwesistance areaisedognd: 1 5cparticaldny, anzoxide suppart is used freguentlye Specifically, it is
possible to use crystalline or non-crystalline oxides such as silica, alumina, titania, zirconia, magnesia,
silica-alumiree; ssriidattitaniacoe silica-magnesia;, crystalline«oxidesiaving migcopaseswior gxample,
zeolites or aluminosilicates, 20 crystalline metallosilicates illustrated by gallosilicate,
galloaluminaesilicatecherosticat=erphaspioaluminasilicate,:and grystalhne apurinophosphates; and
MOM-41, MOM-48, MOM-SO, SBA 15, and FSM-16 which have mesopores, and those obtainable by
regulating theserpaye-diametess withschemigaligadification, 20 These bore diameters are preferably
from 0.4 to 0.9 nanomecer, more preferably 0.5 to 0.6 nanometer. [0042]

Amongtheaboysg, particularly,crystalline 5 metallosilicates having a FAU, LTL, SEA, NOR, FIR, MFI,
MTW, MEL, CHA, MTT, DON, TON, MWW, NES, MFS, STF, STT, SFG, KFI, IWR, ITH or IWW type

structure are prefepredzand fistharmore, zeolites.are preferred, Marequer, srystaliing metallosilicates
illustratedby the names, for example, ALPO-5, EMM-1, EMM-2, FIB-1, 10 ETS-2, ETS-10, ITO-1,

ITQ:2, ITRe13, FEQ 223 LiQr2iull Q24 /1Q-23, J1Q:26, {-zeqlite, MOM:22, MGM 136, MCM49,
MCM-56, MCM-68, NU-1, NU-86, NU-87, PSH-3, SAP0-5, SAP0-11, SAPO-17, SAPO-34, SAP0-35,

SAPO- 4%§%21§5a§§zé%1%%‘é 2e0H1e: X2E R, 28R VR!-% £K B ZRE L, ZSM: 21 5SS,

ZSM-11, ZSM-12, ZSM-22

thereof, which are easily available relatively, are molybdenum

oxlide, molybdenum carbide, molybdic acid, sodium molybdate,

ammonium molybdate, ammenium heptamolybdate, ammonium

15> paramolybdate, 12Z-molybdophosphoric acid and i12-molybdosilicic
acid.
[C037]

When molybdenum or the melybdenum compound is supported on

the support, varicus known methods can be used, for example,

20  impregnation methods such as pore f£illing method, incipient

wetness method, equilibrium adsorption method, evaporation to

dryness'method or spray drying method, a deposition method, an

ion exchange method and a chemical vapor deposition method. Of

these methods, the impregnation methods are preferable because



15 ZSM-23, ZSM-35, ZSM-48, ZSM-57, silicalite, ferrierite, beta-zeolite, mordenite and Molecular
Sieve 5A are preferred, and among them, zeolites are more preferred. Especially, MEI type zeolites
typified by ZSM-5 type zeol.te, and MWW type zedlites typified by MCM-22 type zeolite are preferred.
20[0043] In the case of using these zeolites, the ratio of silica to alumina is preferably smaller as
long as any loss of the stability of the zeolite structure is avoided, for example, preferably not more
than 100, more preferably not more than 55, 21 furthermore preferably not more than 45, still
preferably het.mare thaat8F ctillfutheepeeferablynetimeredhan 30 I this case zeplite-synthesized
so as to have such a ratio of silica to alumina can be used, or the ratio of silica to alumina of zeolite
can be 5 regudatedde tige before or after the molybdenum introduction by a known method such as
dealumination and the like. [0044] The above supports or inorganic solids preferably have solid
acid propértiess and known solid acids can be used as the support. 10 in the case of using zeolite or
methallosilicate, the solid can possess acid properties by using proton type or ammonium type zeolite

as the raw materightof the catalystipreparationsanby cogverting-other type of.zeql teinto;preton type
by a known method after the catalyst preparation. 15[0045] The catalyst has no limitation on its

shape angdcambedisedip sitbes pawder:-atump shape, ok in shapedfarms.such as granylar,

cylindrical, spherical, ring, extruded, round-grain, and honeycomb. The shape of the catalyst'can be

formed by akhown-aiethod. 20 syifabi feugach shape gad e eizg of the catals! can be, sglected
odli now

arbitrarily in accordance with the size of a reactor. Moreovetr, to the shaped bodies, sﬁaping

assistanty SELOB BRI ALET AnRoremaKgRgENt Gan be added needeg. [0044],, 2 Fre:contacting

gas (G1) The pre-contacting gas (G1) used in the pre-contacting step of the pPesen frivention

comprises,af least.qne selected fromulower hydrogarbons and a hydrogen gas, 5100471 The |
pre-contacting gas (G1) used in the present invention
molybdenum compeonent on the body.
i0 [0039]

The catalyst is preferably used after calcinating thereof
in the air. After supporting or the mixing of the molybdenum,
and before the calcinating thereof, it is preferred to dry it
sufficiently. The drying is carried out at a temperature of 80

5 to 150°C, more preferably 100 to 120°C overnight or for a day and
night.
[0040]
In addition to molybdenum, at least one other metal
component can be supported or mixed in order to improve the
20 activity, selectivity, catalyst life or ease of regeneration.
Examples of the metal component are titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc, aluminum, gallium,
yttrium, =zirconium, ruthenium, rhodium, palladium, silver,

lanthanum, neodymium, samarium, <tungsten, rhenium, iridium,



can be arbitrarily selected from at least one or both of hydrogen and lower hydrocarbons which
comprise, as a main component, methane, ethane, propane, butane, ethylene, propylene and butene.
10 The content of the main component in the lowek hiydrocarbon constituting the pre-contacting gas
(01) is usually not less than 50 % by volume, preferably not less than 70 % by volume, more preferably
not less than 90 % by volume, still preferably not less than 99 % by volume, especially not less than
99.9 % by volume. 15 The lower hydrocarbons constituting the pre-contacting gas (01) may contain
componepisaduchias aitcbgen; heliudt, arjensoxymenf earben dioxideiantbthedike inwstightamounts
incapable of affecting the pre-contacting step. Examples of the pre-contacting gas (01) are lower
hydrocarlsonsmssentially containing aiethanes 20 fowerdiydrotarbong essentjally contairiing ethane,
lower hydrocarbons essentially containing a mixture of methane and ethane, lower hydrocarbons
essentiallyrconfaining a mixturerobmethane rethafie’and. prapane, hydroge s eomixed gaswf hydrogen
and a lower hydrocarbon essentially containing methane, a mixed 23 gas of hydrogen and a lower
hydrocarlson essentialljrcontainingzethane, s mixedsgas oflHydregen and @lowes hydeasarkan
essentially containing a mixture of methane and ethane, or a mixed gas of hydrogen and a lower

hydrécarhoreessertiady contairipg meathane 5 ethaneanthpropanes preferably-the pixedgas of
hydrogen and a lower hydrocarbon essentially containing methane, more preferably the mixed gas of

methane 2nd dydregeanMateover ibis pessibletodise twe: or mose kinds ef-gasdyeswitching each
other during the treatment, for example, two or more kinds of gas 10 selected from methane, hydrogen

and a mixed gas aefimethaneangthydrggen, or two or more kinds of methane-hydrogen mixed gas
having a different mixed ratio.
[0041]
As the above support cor the inorganic solid, it is possible
i0 Lo use a commercially availablie one as it is, or one obtainable
by synthesizing from an inorganic compound raw material using a
known method. Moreovear, £wo or more supports or inorganic solids
can be used in combination. As the support or inorganic solid,
inorganic sclids having high heat resistance are used and
15  particularly, anoxide support is used freguently. Specifically,
it is possible to use crystalline or non-crystalline oxides such
as silica, alumina, titania, zirconia, magnesia, silica-alumina,
silica~titania or silica-magnesia; crystalline oxides having
micropores, for example, zeolites or aluminosilicates,
20 crystalline metallosilicates illustrated by gallosilicate,
galloaluminosilicate, borcosilicate or phosphoaluminosilicate,
and crystalline aluminophosphates; and MCM-41, MCM-48, MCM-50,
SBA-15, and FSM-16 which have mesopores, and those obtainable by

regulating these pore diameters with chemical modification.



[0048] In the case of using the mixed gas of hydrogen and a lower 15 hydrocarbon essentially
containing methane, or a mixed gas of methane and hydrogen as the pre-contacting gas (G1), the
mixed ratio of hydrogen to methane (molar ratio) irZ the mixed gas is preferably more than 1, more
preferably more than 4, furthermore preferably more than 5, especially not less than 10. That is to 20
say, the mixed gas contains, based on 1 mol of methane, hydrogen in an amount of preferably more
than 1 mol, more preferably more than 4 mol, furthermore preferably more than 5 mol, especially not
less than T0afR6!. {00249]d24reecontactingore fdndha pre-contacting stepoiithegresentdayention,
the above molybdenum-containing solid catalyst is allowed to contact with the pre-contacting gas (G1).
5[0050] mcir ther preseabinvedtion, priol 16 thespraneantacting step, the atmospheric gas in the
catalyst layer may be purged with a non-oxidizing inert gas such as nitrogen, helium, argon, etc. The
purge of the@dmbspheric gas in the catalyst layer with this inert 10 gas is preferably carried out at a
temperature not higher than 350C. The purge of the atmospheric gas in the catalyst layer with this

inert gas is preferabtyrearried attbefore e start of the,gnecgga_@gtmstep beg%lg,sgecg'@l
pre-contacting treatment step can be more favorably carried out in a non-oxidizing as condltlon [0051]

In thé preseartadtingi stepzof dkerpiesen iaventions.the, cantactgbthe pre-contacting-gasy91) and the
above molybdenum-containing solid catalyst is initiated at a low 20° temperature and thereafter, the

temperatangzof the catalyst, layeris mﬁteraglggncqxegydgq@he §ag streap. %&eglflc%lx t% ntact of
the pre-contacting gas (01) and the catalyst is started at a temperature of preferably not hlgher than

350C, mase preferablyaot higher than 25QC The overall reaction-Stepis - ore, zeolites
are preferred. Moreover, crystalline metallosilicates
illustratedknzthenames,forexampie,ALPO—S,EMM-I,EMM~2,ERB—1,
10 ETS~-2, ETS-10, ITQ-1, ITQ-Z, ITQ-13, ITQ-22, ITQ-23, ITQ-24,
ITQ—25,ITQ—26,Lzeolite,MCM*EZ,MCM~36,MCMm49,MCM—56,MCM—68,
NU-1, NU-8€, NU-87, PSH-3, SAPO-5, SAPO~11, SAPO~17, SAPO-34,
SAPC-35, BSAPO-41, 85z-25, SSZ-58, USY zeolite, X zeolite, Y
zeolite, VPI-5, ZK-5, ZRP-1, 25M-5, ZSM-8, Z8M-11, 7Z8SM-12, ZSM-22,
15 Z8M-23, ZSM=-35, Z5M-4%, Z8M~-57, silicalite, ferrierite,
beta-zeolite, mordenite and Molecular Sieve S5A are preferred, and
among them, zeclites are more preferred. Especially, MFI type
zeolites typified by ZSM-5 type zeolite, and MWW type zeclites
typified by MCM-22 type zeolite are preferred.
20 [0043J
In the case of using these zeolites, the ratio of silica
to alumina is preferably smaller as long as any loss of the

stability of the zeoclite structure is avoided, for example,

preferably not more than 100, more preferably not more than 55,



25 desirably carried outin a non-oxidizing condition. Namely, from the start of the pre-contacting step
to the start of the reaction step, it is preferred to carry out the procedure in a condition such that the
catalyst is not contacted with air or oxygen. 5[0052} Moreover, after the initiation of the
pre-contacting, the pre-contacting temperature (the temperature of the catalyst layer) is increased and
held at a holding temperature (Th), which is lower than the reaction temperature (Tr) in the reaction
step, 10 and thereafter, the reaction is preferably initiated with changing the feeding gas to the reaction
gas. Theolding &mperatifé $Tolspreferablynst tovier fian AO0L] moes preferably Totdower than
500C. [0053] 15Furthermore, after the start of the pre-contacting treatment, the pre-contacting
temperatbfe {theSteraperatufe: of- thercarat/st el vis incraased té seadl the Teactiors teawperature (Tr)
and then held for a certain period of time. Thereafter, the feeding gas is preferably changed to the
reaction gas:-20{60541 the Alteevativelys dftehthednitiatiors of #he. preftentacting treatmeritnthe
pre-contacting temperature (the temperature of the catalyst layer) is increased and reaches the
reaction températwredr),cand thereafter; the feeding gasdsprefeially changed o <26 4he seaction gas
without holding time. [0055] In the pre-contacting step, the pre-contacting gas (G1) is preferably
fed at a feedingaatecof:-the.certain fatecormoxé tatis teast thel samerastherftoys tate {feeding ate) of the
reaction gas (G2) in the following reaction step, that is to say, based on the flow rate (feeding rate) of
the reactionigas«{G2)dnlthel reaction stepjconetine Of morezprefenablyitivestimes or more, more
preferably more than 5 times, especially preferably 10 times 10 or more. Alternatively, the ratio (F/W)
of the flowates(F) of the pre-contacting gas (G1) to the catalyst weigh (W) is not less than 50
cc/(g.min), preferably not less than 100 cc/(g.min), more preferably not less than 200 cc/(g.min). [0056]
15In the present invention; dhegrewontagtingrsiep is, preferally earried opt i a reagtorimwhich the
following reaction step is carried out. Alternatively, it is also preferred to carry out the pre-contacting

step and the reaction-stepsespestivelyusing seactors conanegted mutually-hy mevingthe catalyst from
one
16 In the case of using zeolite or methallosilicate, the solid can
possess acld properties by using proton type or ammonium type
zeoLite as the raw material for the catalyst preparation or by
converting other type of zeclite into proton type by 2 known method
after the catalyst preparation.
15 [0045]

The catalyst has no limitation on its shape and can be used
ineitherpowderycw:1umpshape,orjjzshapedfoxmssuchasgﬂaﬁular,
cylindrical, spherical, ring, extruded, round-grain, and
honeycomb. The shape of the catalyst can be formed by & known method

20 sultable for each shape and the size ¢f the catalyst can be selected
arbiltrarily in accordance with the size of a reactor. Moreover,
Lo the shaped bodies, known shaping assistants, strength improver
or pere making agent can be added 1f needed.

[0C4e]



20 reactor to the other reactor. In the present invention, the pre-contacting step and the reaction step
are preferably carried out continuously without contacting the pre-contacted molybdenum-containing
solid catalyst with air. Moreover, the pre-contacted?@molybdenum-containing solid catalyst is preferably
27 submitted to the reaction step without cooling because the steps can be carried out economically in
good energy efficiency. [0057] Reaction step 5Raw material gas (G2) In the reaction step of the
present invention, a lower hydrocarbon gas, which comprises methane as a main component

(hereinaftBE sometinresrefarrat:to d$idw material gas (02)) is used as a reaction raw material.
10[0058] The raw material gas (02) is a lower hydrocarbon gas which comprises methane as a
main component,Tard portaimsiunethdnesinyan armaunt sbustally netdess-thents0-%; by, velurpe,
preferably not less than 70 % by volume, more preferably not less than 90 % by 15 volume,

furthermoré pieferatsly aot less/thanias Wdwpolume, especially aotless than9 8% by velume. The
raw material gas (02) may contain a lower hydrocarbon having 2 to 6 carbon atoms as a component
other thah methane:-HExamples thereobareyalkanesssuch as ethane, propane, etc. and alkenes such as
ethylene, 20 propylene, etc. Moreover, the raw material gas (02) may contain nitrogen, helium, argon,
oxygen, carlodry dioxide, etc. in a slight amount such that they do not affect the reaction. [0059] 28
unconventional natural gas obtainable in petrochemical industries or petroleum refining industries such

as off-gas, methanedysirate-coal-hedimethane, ol shade gas; Riegas, biamass 9as.9as-qbiginable by

gasification of biomass, swamp gas and the 5 like. These kinds of gas can be used as they are or after

regulating-the Bempositiondy:. mixing themewith,ather.gas o temaving and separating a pa:: of them,
as the raw material gas (G2) according to the present invention. Moreover, methane prepared by the

reaction afyyaterayith: carhen sanaxide and,the 10 ike cane used as the raw magerial gas (G2) in
place of the above mentioned kinds of gas. [0060]
methane,ethane,propane,butane,ethylene,propyleneandbmtene.
10 The content of the main component in the lower hydreccarbon
constituting the pre-contacting gas (Gl) is usually not less than
50 & by volume, preferably not less than 70 % by volume, more
preferably not less than 90 %kurvolﬁme, still preferably not less
than 929 % by volume, especially not less than 99.9 % by volume.
15 The lower hydrocarbons constituting the pre-contacting gas (G1)
may contain components such as nitrogen, helium, argon, oxygen,
carbon dioxide and the like in slight amounts incapable of
affectingtheprewcontactingstep.Examplescﬁftheprewcontacting
gas (Gl) are lower hydreocarbons essentially containing methane,
20 lower hydrocarbons essentially containing ethane, lower
hydrocarbons essentially containing a mixture of methane and
ethane, lower hydrocarbons essentially containing a mixture of
methane, ethane and propane, hydrogen, a mixed gas of hydrogen

and a lower hydrocarbon essentially containing methane, a mixed



The raw material gas (02) preferably dees not contain any substances that may cause the activity
deterioration of the 15 catalyst. In accordance with necessity, before the reaction step, a process to
separate and remove compounds containing nitrogeén, sulfur, phosphorus, etc., or a large amount of
water, hydrogen, carbon monoxide, carbon dioxide, etc. can be provided to regulate the concentration.
20[0061] When the raw material gas (02) for feeding the reaction step contains hydrogen, the
yield of the aromatic hydrocarbon is lowered. Therefore, the raw material gas (02) preferably has a
smaller cgrtent 6f & hwdragen gasiand beskably has achydroger s2%vaneentrationrof pieferaply less
than B % by volume, more preferably less than 5 % by volume, furthermore preferably less than 4 %
by volumejstilrmore preterdlbly dess tham:2%Ebyarotume pespetiatly tessrthan E%bdanvalamey most
preferably less than 0.5% 5 by volume. [0062] Reaction In the reaction step of the present
invention cthetadlybdenumrcontainingsdlideatalgstewhichbasheamt0 pre-cantactedwithitheo £
pre-contacting gas (G1) by the above pre-contacting step (hereinafter sometimes referred to as
pre-contactetteatatysihis allowed torcamtact avithdhesravematesial gasctG2) whieh; cesptises,a lower
hydrocarbon essentially containing methane to generate the aromatic hydrocarbon. 15[0063]

When the=remerateriad gas{22h ko feeding thesneactinn step-eentgins hydregen dhe yield of the
aromatic hydrocarbon is lowered. Accordingly, in the case of using the gas containing hydrogen, it Is

preferred 1o vegulate the-hydregen concentration 20 previoushubefore feedingithe gas tothednlet of
the reactor and to feed the raw material gas (22) substantially free of hydrogen into the reactor. The

eXpreSSiOgB'r"éh‘!E%@Bt@*MH%%@EM@@Q@‘"&F%&QE%@ﬁ@%ﬁ@@oﬁ}@%g%&?h a fact the influepce of

decrease of the yield of aromatics caused by the presence of 30 hydrogen is as low as a negligible

level. As desgrihed ahqve cthe raw materialgas (G2} forfeedingthe teactar has a hydragen .

concentration of preferably less than 8 %, more preferably less than 5 %, furthérmore preferably less

than 4 %, stil preferably $ less.than 2 %Sl r@%gfg%,rabéwss‘ﬁh%%o’ gsnegially fess than 0.5%.

[0064] The reaction temperature (the temperature of the catalyst layer), which is not particularly

limited in the, present ipyeptign, 10is, prefgably, 600, t, 330G, M%@fgghéab&é eR2 0. 800G, furinermore

preferably 700 to 750C. When the reaction temperature is too low, a hi erJ]d cannot be attained by

eqL_JiIib_riugg ( ngg'ﬁt; M%%WB%Q?J%?:EHS temp: tature is too, hi hérf_lc_)rrn@%téo oaf c%k%_su%stgnces,
which is a gg)e reaction, 15 is increased, which is un%avora Ie?yom e V|ewp0|nt§T of both the yield and
thecauﬂxgtggfferent mixed ratio.
[0048]
In the case of using the mixed gas of hydrogen and a lower
15  hydrocarbon essentially containing methane, or a mixed gas of
methane and hydrogen as the pre-contacting gas (Gl), the mixed
ratio of hydrogen to methane (molar ratio) in the mixed gas is
preferably more than 1, more preferably more than 4, furthermore
preferably more than 5, especially not less than 10. That is to
20 say, the mixed gas contains, based on 1 mol of methane, hydrogen
in an amount of preferably more than 1 mol, more preferably more
than 4 mol, furthermore preferably mocre than 5 mol, especially

not less than 10 mol.

[0049]



[00651 The reaction can be carried out in any one condition of at ordinary pressure, under pressure
and under reduced pressure. 20 The reaction pressure is preferably about from 0.1 to 0.8 MPa, more
preferably about from 0.1 to 0.4 MPa, furthermore preferably about from 0.1 to 0.3 MPa, still preferably
about 0.1 to 0.2 MPa. In the viewpoint of the efficiency of the reactor, a high pressure is favorable,
while in the viewpoint of equilibrium constraint, 31 the reaction is favorably carried out at a low
pressurePlL\le_qu(I)ensg 19 @:grg the present invention should not be limited in the above pressure range.
[0066] be also carried out in a diluted condition such that an inert gas is

separately adde(#jlnt%tlhe reraec_tiog s%/stetm in ad%ition to the raw material gas (G2). Examples of the
inert gas may include nﬁré@en, ﬁeﬁ}urﬁf:arlg%% and-tnei e%@fﬁﬁﬁgtihéﬂypeél he e Et%r, itis

possible to emplo arbitrary type such as a fixed bed type, a flyidized bed type, a moving bed type,
B ransp G BE GRS R B RSB & b or T deafbiaon GAF B 56b E6r S,

the fixed bed, any one of a packed-bed type, a radial flow type, a monolith 15 type and the like can be
arbitrarily’ sétectedCartt the difectioh ot heé?gas fiGwis not particularly limited. Moreover, in the fluidized

bed, the maoving bed or the transport bed, the moving rate of the catalyst particles and the flow rate of
the aas c[%oééﬂarbitrarily selected in the range that the reaction system can 20 be conducted
respectively. [0068] As the method of heat transfer of the reactor, it is possible to employ any one
of a heat insulating meth8d aR8R heaTExchaPGng Fiethot® BetausetheGeaétidn % eredthermic
reaction absorbing 32 large amount of heat, it is preferred to employ ,in the heat insulating method, a
multi-sta§é Fe&dtor systemiwitly Reatiny fayRrs BefveshttheFE&&0FS In five RRABELCHEHgING method, it

is possible to employ an electric heating method, a heat medium
non-oxidizing inert gas such as nitrogen, helium, argen, etc. The

purge of the atmospheric gas in the catalyst layer with this inert
10 gas is preferably carried out at a temperature not higher than

350°C. The purge of the atmespheric gas in the catalyst layer

with this inert gas is preferably carried out before the start

of the pre-contacting step because the pre-contacting treatment

step can be more favorably carried out in a non-oxidizing
15 condition.

[0051]

In the pre-contacting step of the present invention, the
contact o©f the pre-contacting gas {(Gl} and the above
molybdenum~-containing solid catalyst is initiated at a low

20  temperature and thereafter, the temperature of the catalyst layer
is preferably increased in the gas stream. Specifically, the
contact of the pre-contacting gas (Gl) and the catalyst is started
at a temperature of preferably not higher than 350°C, more

preferably not higher than 250°C. The overall reaction step is



5 heating method or a direct heating method. Particularly, it is preferred to employ the direct heating
method capable of carrying out the reaction at a high temperature. On the same reasons as above, it
is preferred to compensate the temperature drop #¥éuced by the reaction by dividing the heating zone
into multiple zones 10 and controlling them. [0069] Regarding the reactor, only one reactor can be
used, or alternatively, two or more reactors connected in series can be used in such a way that an
outlet gas of one reactor is fed to 15 the next reactor so that the conversion can be enhanced. In the
case of eAfFIOVIAE IW-GrMb RS eaGtors, betweenthe iwé reactors; idtherngas Yaayehe mikedior a part
of the gas may be separated and removed for regulating the composition or heating the gas again.
[0070] 20Aftersthe Téactioh [ theoreaction producty candge sepatatedtand-redovéredisysa khown
separation method. Unreacted lower hydrocarbons such as methane and the like can be separated by
a known method andirecpcled eMorsbver, hydrogemucoprodugedohy therkreaction, aorebctedmethane
and the like can be separated and 33 recovered by a known method and can be utilized as a raw
material erarmenergy sowecesfor deyother reactorscExampled00% 15T he present investian will be
described in more detail with reference to the following examples, but it should not be limited by these
exarfiples] J0GZ2] Reaction method 10For the catalyst evaluation, a fixed bed flow type reactor was
used. [0073] In the following Examples and Comparative Examples, unless otherwise stated, pure

methane (supplied-byedR)was fised asa 1breactien gas {raw material-gas: (G2)) ang todhe pure
methane, high-purity nitrogen was mixed in an amount of 10% of methane and fed as an internal

standard fer-analysis.dvorepvere upless otherwiserstatedtbe feeding ratg ofypethane was 45 cc/min,
[0074] 20As a reaction tube, a double tube having a quartz inner tube

layer) is increased and held at a helding temperature {Th), which

is lower than the reaction temperature (Tr) in the reaction step,

10 and thereafter, the reaction is preferably initiated with changing
the feeding gas to the reacticon gas. The holding temperature (Tr)
is preferably not lower‘than 400°C, more preferably not lower than
500¢°cC.

[0053)

15 Furthermore, after the start of the pre-contacting
treatment, the pre-contacting temperature (the temperature of the
catalyst layer) is increased te reach the reaction temperature
(Tr} and then held for a certain periocd of time. Thereafter, the
feeding gas is preferably changed to the reaction gas.

20 [0054]

Alternatively, after the initiation of the pre-contacting
treatment, the pre-contacting temperature (the temperature of the

catalyst layer) is increased and reaches the reaction temperature

(Tr), and thereafter, the feeding gas is preferably changed to



(inner diameter 7 mm) and a Hastelloy 0276 outer tube was used. Unless otherwise stated, the
reaction was carried out at 700C at atmospheric pressure. [0075] 34 Analysis and Evaluation methods
An outlet gas from a reactor was directly analyzedy an on-line gas chromatograph (GC2014, GC14A
or GC8A, manufactured by Shimadzu Co.). 5[0076] With regard to the concentration of each
component in a generated gas stream, the concentration of an inorganic gas component was
determined with reference to the internal standard nitrogen and that of an organic substance was
determinéd withereferénce thamethianeowhichdsd guantified-dsy. the above-mentioned method referenced
to nitrogen. [0077] The yield of benzene was defined by the following formula 1, and the activity
preservatiéiiElib was defined by the following formula 2, respectively. A catalyst is judged excellent

when both of the indices are high. Formula 1 Yield of benzene (%) =100 x Amount of benzene
generated (mol) X 6 /Amauntef-methartel 26fedt (pgl) Fosmta 2 Astivity preseryationdatio (%) = 100 x

(Yield of benzene (%) at 18.5 hr after the start of the reaction) / (Maximum value of yield of benzene

(%)) 35 Catafyst PréparationaExampie:d i Reeparation of me/ZSM-5:-Gatalyst (CatalystA)  at

Ammonium heptamolybdate ((14H4)6Mo07024.4H20, Special grade, purchased from Wako Pure

Chemicallladustriesclighhwas dissobvetiow rate (feeding rate) of the reaction
gas (GZ) in the following reaction step, that is to say, based
on the flow rate (feeding rate) of the reaction gas (GZ2) in the
reaction step, one time or more, preferably two times or more,
more preferably more than 5 times, especially preferably 10 times

16 or more. RAlternatively, the ratioc (F/W) of the flow rate (F) of
the pre-contacting gas (Gl) to the catalyst weight (W) is not less
than 50 ce/(g-min), preferably not less than 100 cc/ (g-min), more
preferably not less than 200 co/(g-min}.

[0056]

15 In the present invention, the pre-contacting step is
preferably carriedout inareactor inwhich the following reaction
step is carried out. Alternatively, it is also preferred to carry
out the pre-contacting step and the reaction step respectively
using reactors connected mutually by moving the catalyst from ons

20 reacter to the other reactor. In the present invention, the
pre-contacting step and the reaction step are preferably carried
out continucusly  without contacting the pre-contacted

molybdenum-containing solid catalyst with air. Moreover, the

pre-contacted molybdenum~containing solid catalyst is preferably



5 in ion-exchanged water. The amount of a molybdenum salt used was determined by such a
calculation that the amount of molybdenum supported was 12 % by weight based on a catalyst after
the preparation. To this solution, 5.0 g of ammoni#m type ZSM-5 zeolite (C3V3024E having a ratio of
silica to alumina of 30, 10 manufactured by Zeolyst International) was suspended and stirred for a
while. Thereafter, the mixture was dried at 120C and calcined at 500C, to prepare a catalyst. The
catalyst was referred as Catalyst A. [0078] 15 Example 1 A reactor was charged with 0.3 g of the
Catalyst A\prEpareddnthetGgtalyst PreparatiorrExXarnbient, and Waspirged with hekumt hereafter,
the temperature was increased to 200C in a helium stream (10 cc/min) and maintained for 30 min.
Subsequently, tite 268 jassfor stydply totheneastidr tube waschangedito & pfe-cartacting gas, which
was a mixed gas of methane (7.5 cc/min) and hydrogen (12 cc/min) and the temperature was
increased td0600C. The temperature was held for 90 min and thereby a pre-contacting was completed.
After completion of the pre-contacting, the mixed gas 36 was changed to the reaction gas, the
temperateawas increased to 700C and held, and thereby the reaction was carried out. The maximum
yield of benzene was 6.9 % and the activity preservation ratio was 79 %. [0079] Example 2 The
reacfion was carriedQuiin ¢z same )manner as in Example 1 except that the holding at 600C in the
pre-contacting step was not carried out and therefore the holding time was 0. The maximum 10 yield of
benzene was 6.3 26 anddhe astivitypreservationrratioavas:63% {0080k kxample 3 = lower

nydrocarbor gas, which comprises methane as a main component
(hereinafter sometimes referred to as raw material gas (G2)) is

used as a reaction raw material.

bt
(4]

[0058]

The raw material gas (GZ) is a lower hydrocarbon gas which
ceomprises methane as a main component, and contains methane in
an amount of usually not less than 50 % by volume, preferably not
less than 70 % by volume, more preferably not less than 90 % by
15  wvolume, furthermore preferably not less than 99 % by volume,

especially net less than 992.9 % by volume. The raw material gas
(GZ) may contain a lower hydrocarbon having 2 to € carbon atoms
as a component other than methane. Examples thereof are alkanes
such as ethane, propane, etc. and alkenes such as ethylene,
20 propylene, etc. Moreover, the raw material gas (G2) may contain
nitrogen, helium, argon, oxygen, carbon dioxide, etc. in a slight
amount such that they do¢ not affect the reaction.
[0059]

Methane is contained in natural gas, associated gas, or



The reaction was carried out in the same manner as in Example 15 1 exceptthat the holding time at
600C in the pre-contacting step was 30 mm. The maximum yield of benzene was 7.0 % and the
activity preservation ratio was 81 %. [0081] ExamBI% 4 20The reaction as carried out in the same
manner as in Example 1 except that the holding time at 600 C in the pre-contacting step was 180 min.
The maximum yield of benzene was 7.0 % and the activity preservation ratio was 78 . [0082] 37
Comparative Example 1 A reactor was charged with the Catalyst A and was purged with helium
in the samBFRENTETALIFEEXanpié 22 8Ad theA the teRipeidieielwas ihtreassk o r0G0C rra helium
stream (10 cc/min) 5 and held for 40 min. Subsequently, the gas was changed to the reaction gas and
the reactiohdves steetedoThed riasimemryiaie of benzZenerwias 8 7i%sansithe agtivityffresemwation ratio
was 6 %. [0083] Examples 5to 7 In each Example, the reaction was carried out in the same
manner assinExaimplalt axeept tial the flonerates of, hydiogérm tethe mixed gas aiséd. asdses
pre-contacting gas were 1.5 cc/min, 30cc/min and 75 cc/min respectively. The maximum yields of
benzene gaeredk? %, 6:8 2ehne 12 %aespgectvelypandithelaciivity 1 Spreservation ratioa svere 29
%, 89 % and 91 % respectively. [0084] Example 8 A reactor was charged with the Catalyst A, and
was purged eith h&lives i thesameaiannes as #anExample 44 Thereafterythe 20 temperature was
increased to 200C in a helium stream (10 cc/min) and held for 30 min. Subsequently, the gas was
changed tegpreicontacting gasrwhieh wasra mixed gasof methane7 Fheceaniny and ydrogen (75
cc/min) and the temperature was increased to 700C. The temperature was held for 80min and thereby
the pre-certacting 38 stepswas compleied. After completion, oftbeqie-cantagting-step) thesmixed gas

was changed to the reaction gas and the reaction was initiated. The maximum vyield of benzene was
7.3 % and H1e activity preseyvation fatio wase983 6. [008hintion. Moreover, methane
prepared by the reaction of water with carbon monoxide and the
10 like can be used as the raw material gas (G2} in place of the above
mentioned kinds of gas.
(0060}
The raw material gas (GZ) preferably doss not contain any
substances that may cause the activity deterioration of the
15 catalyst. Inaccordance with necessity, before the reaction step,
a process to separate and remove compounds containing nitrogen,
sulfur, phosphorus, etc., or a large amount of water, hydrogen,
carbon monoxide, carbon dicxide, etc. can be provided to regulate
the concentration.
20 [G0e1]
When the raw material gas (G2) for feeding the reaction step
contains hydrogen, the yield of the aromatic hydrocarbon is

lowered. Therefore, the raw material gas (G2) preferably has a

smaller content of a hydrogen gas and desirably has a hydrogen



Examples 9 to 11 In each Example, the reaction was carried out in the same manner as in
Example 8 except for using, as the pre-contacting gas, a mixed gas of methane (7.5 cc/min) and
hydrogen (12 cc/min), 10 a mixed gas of methane47.5 cc/min) and hydrogen (100 cc/m ) and only
hydrogen (100 cc/min), respectively. The maximum yields of benzene were 6.4%, 7.2% and 6.9 %
respectively, and the activity preservation ratios were 80 %, 95 % and 94 % respectively. [0086] 15
Examples 12 and 13 In each Example, the reaction was carried out in the same manner as in
Example Scaxeept it it haldingteadperatules in adwelidmstredm werbichangeddts, 35606 and 30C,
respectively. The maximum yields of benzene were 7.1 % and 7.0 %, respectively, and 20 the activity
preservaore fatiosiwerel 82 % and9459¢ réspectively=[0087 Exampte-24pre f Thereactiaswas
carried out in the same manner as in Example 8 except that hydrogen (0.39 cc/min) was added to the
reaction 89ggas. Fheymmaximum yieldiof benzengwassrt.i6 anddbe attivity presefvationtatjo was 92
%. [0088] Example 15 5The reaction was carried out in the same manner as in Example 8 except that
the holdirgstimeiat 7DPAC instheneontacting step with, thespre-coatasting yas was @ min, and the gas
was changed to the reaction gas at the same time that the temperature reached 700C. The maximum
yieldzof berzenelwas 7.2 % and the activity 10 preservation ratio was 91 %. [0089] Example 16

The reaction was carried out in the same manner as in Example 1 except that the flow rate of
hydrogen(indke pre-contacting gas 15 was 75 cc/min, and the holding temperature was changed from
600C to 650C. The maximum yield of benzene was 7.0% and the activity preservation ratio was 92 %.

[0090] Exasaples 47 to 20

In the reaction step of the present invention, the
molybdenum-containing solid catalyst which has been
10 pre-contacted with the pre-contacting gas {(G1) by the above
pre-contacting step (hereinafter sometimes referred to as
pre-contacted catalyst) 1is allowed to contact with the raw
material gas (G2} which comprises a lower hydrocarbon essentially
containing methane to generate the aromatic hydrocarbon.
15 [0063]

When the raw material gas (G2) for feeding the reaction step
contains hydrogen, the yield of the aromatic hydrocarbon is
lowered. Accordingly, in the case of using the gas containing
hydrogen, it is preferred to regulate the hydrogen concentration

20  previously before feeding the gas to the inlet of the reactor and
to feed the raw material gas (G2) substantially free of hydrogen
into the reactor, The expression “substantially free of
hyvdrogen” described above indicates such a fact the influence of

decrease of the yield of arometics caused by the presence of



20In each Example, a reactor was charged with 0.3 g of the Catalyst A, and was purged with helium in
the same manner as in Example 1. Thereafter, the temperature was increased to 200C in a helium
stream (10 cc/min) and held for 30 mm. Subsequér%ly, the gas was changed to a pre-contacting gas,
which was a mixed 40 gas of methane (7.5 cc/min) and hydrogen (75 cc/min) and the temperature
was increased as shown in Table 1 The temperature was held for 80 min and thereby the
pre-contacting step was completed. After completion of the pre-contacting, the mixed gas 5 was
changedtg #eREEtioR gas, Weﬁ?p@raﬂﬁéﬁﬁdﬁﬁér%aé@d’?é 700Esai§ fferidaetion Meassinitiated.
The maximum yields of benzene and the activity preservation ratios are shown in Table 1. [0091]

10Table TExaraplerérnperatufeincieased and Herd{Crintthe preasortactimsMaimunryield of

Benzene(%) Activity preservation ratio(%) 17 600 7.1 90 18 500
concentration c¢f preferably less than 8 %, more preferably less

than 3 %, furthermore preferably less than 4 %, still preferably
5 less than 2 %, still more preferably less than 1%, especially less

than 0.5%.

The reaction temperature (the temperature of the catalyst
layer), which is not particularly limited in the present invention,
10 is preferably 600 to 950°C, more preferably 650 toc 800°C,
furthermore preferably 700 to 750°C. Wnen the reaction
temperature 1is too low, a high vyield canncot be attained by
equilibrium constraint, while when the reaction temperature 1is
too high, formation of coke substances, which is a side reaction,
15 is increased, which i1s unfavorable from the viewpoints of both
the yvield and the catalyst life.
[0065]
The reacticn can be carried out in any one condition of at
ordinary pressure, under pressure and under reduced pregsure.
20 The reaction pressure is preferably about from 0.1 to 0.8 MPa,
more preferably about from 0.1 to 0.4 MPa, furthermore preferably
about from 0.1 to 0.3 MPa, still preferably about 0.1 to 0.2 MPa.
In the viewpoint of the efficiency of the reactor, 2 high pressure

is favorable, while in the viewpoint of eguilibrium constraint,



7.1 90 19 400F5.3F61 20 300F3.5F17 [0092] Examples 21 to 23 In each Example, a reactor was -
charged with 0.3 g of the 15 Catalyst A, and was purged with helium in the same manner as in
Example 1. Thereafter, the temperature was incredded to 200C in a helium stream (10 cc/min) and
held for 30 mm. Subsequently, the gas was changed to a pre-contacting gas, which was a mixed gas
of methane (7.3 cc/min) and hydrogen (30 cc/min) and the 20 temperature was increased as shown in
Table 2. The temperature 41 was held for 80 min and thereby the pre-contacting was completed. After
completicrhef thespreicontastirgy thre: mixed ayas veas changed:ta thegeactionrgas, and: tesreaction
was initiated. The maximum  yields of benzene and the activity preservation ratios are shown 5in
Table 2. [0098Fd, the present invention should not be limited in the above
pressure range.
[0066]
5 The reacticn can pe also carried out in a diluted condition
such that an inert gas is separately added into the reactiocn system
in addition to the raw material gas (G2). Examples of the inert
gas may include nitrogen, helium, argon and the like.
[0067]
10 As the type of the reactor, it is possible to employ an
arbitrary type such as a fixed bed type, a fluidized bed type,
a moving bed type, a transport bed type, a circulating fluidized
bed type or their combination bed types. For example, in the fixed
bed, any one of a packed-bed type, a radial flow type, a monolith
15 type and the like can be arbitrarily selected and the direction
of the gas flow is not particularly limited. Moreover, in the
fluidized bed, the moving bed or the transport bed, the moving
rate of the catalyst particles and the flow rate of the gas can
be arbitrarily selected in the range that the reaction system can
20  be conducted respectively.
[00e8]
As the method of heat transfer of the reactor, it is possible

to employ any one of & heat insulating method and a heat exchanging

method. Because the reaction is a endothermic reaction absorbing



Table 2

10

20

Example Temperature increased and held (C) in the pre-contacting 700 500

32

large amount of heat, it is preferred to employ ,in the heat
insulating method, a multi-stage reactor system with heating
layers between the reactors. In the heat exchanging method, it
is possible to employ an electric heating method, a heat medium
heating method or a direct heating method. Particularly, it is
preferred to employ the direct heating method capable of carrying
out the reaction at a high temperature. On the same reasons as
above, it is preferred to compensate the Temperature drop induced
by the reaction by dividing the heating zone into multiple zcnes
and controlling them.

[(0069]

Regarding the reactor, only one reactor can be used, or
alternatively, two or more reactors connected in series can be
used in such a way that an outlet gas of one reactor is fed +o
the next reactor so that the conversion can be enhanced. In the
case of employing two or more reactors, between the two reactors,
other gas may be mixed or a part of the gas may be separated and
removed for regulating the composition or heating the gas again.
[0070]

fter the reaction, the reaction products can be separated
and recovered by a known separation method. Unreacted lower
hydrocarbons such as methane and the like can be separated by a
known method and recycled. Moreover, hydrogen coproduced by the

reaction, unreacted methane and the like can be separated and



Maximum yield of Benzene (%) Activity preservation ratio (%)
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recovered by a known method and can be utilized as a raw material
Cor an energy source for the other reactors.
Example
(00713

The present invention will be described in more detail with
reference to the following examples, but it should not be limited
by these examples.
[0072]

Reaction method

For the catalyst evaluation, a fixed bed flow type reactor
was used.
(C073]

In the following Examples and Comparative Examples, unless
Otherwise stated, pure methane (supplied by JFP) was used as a
reaction gas (raw material gas (GZ)) and to the pure methane,
high-purity nitrogen was mixed in an amount of 10% of methane and
fed as an internal standard for analysis. Moreover, unless
otherwise stated, the feeding rate of methane was 7.5 ce/min.
[0074]

As & reaction tube, a double tulbbe having a quartz inner tube
(inner diameter 7 mm) and a Hastelloy C276 outer tube was used.
Unless otherwise stated, the reaction was carried out at 700°C
at atmospheric pressure.

00757
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Analysis and Evaluation methods

An outlet gas from a reactor was directly analyzed by an
on-line gas chromatograph (GC2014, GCl4A or GC8A, manufactured
by Shimadzu Co.).

[0076]

With regard to the concentration of each component in a
generated gas stream, the concentration of an incrganic gas
component was determined with reference to the internal standard
nitrogen and that of an organic substance was determined with
reference to methane which is guantified by the above-mentioned
method referenced to nitrogen.

[(0077]

The yield of benzene was defined by the following formula
1,andtﬁmaactivitypreservationratiovmusdefinedknzthefollowing
formula 2, respectively. Acatalyst is judged excellent when both

of the indices are high.

rormula 1

Y
}...J

teld of benzene (%)

= 100 x Amount of benzene generated (mol) x ¢ / Zmount of methane
fed (mol)

Formula 2

Activity preservation ratioc (%)

= 100 x (Yield of benzene (%) at 18.5 hr after the start of the

reaction) / (Maximum value of vield of benzene (%))
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6.8 88

Catalyst Preparation Example 1

Preparation of Mo/ZSM-5 catalyst (Catalyst A)

Ammonium heptamolybdate ((NHs) ¢Mo70,4 4H20, Special grade,
purchased from Wako Pure Chemical Industries, Ltd.) was dissolved
in icon-exchanged water. The amount of @ molybdenum salt used was
determined by such a calculation that the amount ¢of molybdenum
supported was 12 % by weight based on & catalyst after the
preparation. To this sclution, 5.0 g of ammonium type ZSM-5
zeolite (CBV3024E having a ratio of szilica to alumina of 30,
manufactured by Zeolyst International) was suspended and stirred
for a2 while. Thereafter, the mixture was dried at 120°C and
calcined at 500°C, to prepare a catalyst. The catalyst was
referred as Catalyst A.

[0078)
Example 1

A reactor was charged with 0.3 g of the Catalyst A prepared
in the Catalyst Preparation.ﬁxample 1, and was purged with helium.
Thereafter, the temperature was increassed te 200°C in a helium
stream (10 cc/min) and maintained for 30 min. Subseguently, the
gas for supply to the reaction tube was changed to a pre~contacting
gas, which was a mixed gas of methane (7.5 cc/min) and hydrogen
(12 cc/min) and the temperature was increased to 600°C. The

temperature was held for 90 min and thereby a pre-contacting was

completed. After completion of the pre-contacting, the mixed gas
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was changed to the reaction gas, the température was increased
to 700°C and held, and thereby the reaction was carried ouﬁ. The
maximum yield of benzene was 6.9 % and the activity preservation
ratic was 79 %.
[0079]
Example 2

The reaction was carried out in the Same manner as in Example
1 except that the holding at 600°C in the pre-contacting step was
not carried out and therefore the holding time was 0. The maximum
vield of benzene was 6.3 % and the activity preservation ratio
was €3%.
[0080]
Exanmple 3

The reaction was carried out in the Same manner as in Example
1 except that the helding time at 600°C in the pre-contacting step
was 30min. Themaximum yield of benzene was 7.0 % and the activity
breservation ratic was 81 %,
[0081]
Example 4

The reaction was carried out in the same manner as in Example
1 except that the holding time at 600° C in the pre-contacting
step was 180 min. The maximum yield of benzene was 7.0 & and the
activity preservation ratio was 78 %,

(00821



300 3.7 18 [0094] 10 Example 24 The reaction was carried out in the same manner as in
Example 20 except that helium was changed to nitrogen. The maximum yield of benzene was 7.0 %
and the activity preservation ratio was 90 %. [0095] 15 Catalyst Preparation Examples 2 to 8
Preparation of Mo/ZSM-5 catalyst (Catalysts B to H)

Comparative Example 1

A reactor was charged with the Catalyst 2 and was‘purged
with helium in the same manner as in Example 1, and then the
temperature was increased to 700°C in a helium stream (10 cc/min)

5 and held for 40 min. Subsequently, the gas was changed to the
reaction gas and the reaction was started. The maximum yield of

benzene was 3.7 % and the activity preservation ratio was 6

e
.

[0083]

-

Examples 5 to 7

10 In each Example, the reaction was carried out in the same
manner as in Example 1 except that the flow rates of hydrogen in
the mixed gas used as the pre-contacting gas were 1.5 co/min, 30
ce/min and 75 ce/min respectively. The maximum vields of benzene
were 4.7 %, 6.8 % and 7.2 % respectively, and the activity
15  preservation ratios were 29 %, 89 % and 91 ¢ respectively.
(00847
Example 8
A reactor was charged with the Catalyst A, and was purged
with helium in the same manner as in Example 1. Thereafter, the
20 temperature was increased to 200°C in a helium stream (10 cc/min)
and held for 30 min. Subsequently, the gas was changed to a
pre-contacting gas, which was & mixed gas of methane (7.5 cc/min)
and hydrogen (75 cc/min) and the temperature was increased to 700°C.

The temperature was held for 80 min and thereby the pre-contacting



In each Example, the catalyst was prepared in the same manner as in Catalyst Preparation Example 1
except that the amounts of  molybdenum supported were 3, 5, 6, 8, 10, 15 and 20 % by weight
20respectively. The resulting catalysts were referrédas Catalysts C, D, E, F, 0 and H, respectively. 42
[0096] Catalyst Preparation Example 9 Preparation of Mo/ZSM-5 catalyst (Catalyst 1) Ammonium
heptamolybdate ((NH4)6Mo07024.4H20, Special grade, 5 purchased from Wako Pure Chemical
Industries, Ltd.) and 5.0 g of ammonium type ZSM-5 zeolite (CBV3024E having a ratio of silica to
alumina of Bep manufactyréd hydZe oy st nterratiobal) veteomixed T he-amoud of apolyhdenum sal*
used was determined by such a calculation that the content of molybdenum was 15 % by weight 10
based on@heatalystafterdbewrepatatinge fhe sesuling-pewdeiwas geiedand-galcingd i theg,same
manner in Catalyst Preparation Example 1, to prepare a catalyst. The catalyst was referred as Catalyst
| [0097] 15CatalystPrepasation Examples i tg 12 1 Rreparation.ef Mo/ZSM-b eatalystsy(GatalystK and
L) In each Example, a catalyst was prepared in the same manner in Catalyst Preparation
Example 9@exteptthabmolheenum-trioxide IMal3; purchased from Wako Pure Chemical Industries,
Ltd.) was 20 used in place of ammonium heptamolybdate and the amounts of molybdenum supported
weres5, 10@nelst5 % by weight respectively. The resulting catalysts were referred as Catalysts C, K
and L, respectively. [0098] 43 Examples 25 to 34 In each Example, a reaction was carried out in
the samennanper-s in Example 1 except for using the Catalysts B, C, E, F, G, H, |, J, Kand L
respectively. The maximum yields of benzene o and the activity preservation ratios are shown in Table

3. [0099] In each Example, the reaction was carried out in the same
manner as in Example 8 except for using, as the pre-contacting
gas, a mixed gas of methane (7.5 cc/min) and hydrogen (12 cc/min),

10 a mixed gas of methane (7.5 cc/min) and hydrogen {100 cc/min) and
only hydrogen (100 cc/min), respectively. The maximum vields of
benzene were 6.4 %, 7.2 % and 6.9 % respectively, and the activity
preservation ratios were 80 %, 95 % and 94 % respectively.
[0086]

1> Examples 12 and 13

In each Example, the reaction was carried ocut in the same

manner as in Example 8 except that the holding temperatures in

a helium stream were changed to 350°C and 30°C, respectively. The

maximum yields of benzene were 7.1 % and 7.0 %, respectively, and

20  the activity preservation ratios were 92 % and 94 % respectively.
[0087]

Example 14

Thereactimawascarriedoutjjzthesamen@nneremsinExampie

8 except that hydrogen (0.39% cc/min) was added to the reaction



Table 3 Example Catalyst Maximum yield of Benzene(%) Activity preservation ratio(%) 25 B 6.1 66

26 C6.381 27 E16981 28 F
3%

gas. The maximum yield of benzene was 5.6 % and the activity

o

preservation ratic was 92
[0088)

Example 15

D The reaction was carried out in the same manner as in Example
8 . except that the holding time at 700°C in the contacting step
with the pre-contacting gas was 0 min, and the gas was changed
to the reaction gas at the same time that the temperature reached
700°C. The maximum yield of benzene was 7.2 % and the activity

10 preservation ratio was 91 %.
[0089]

Example 16

The reaction was carried out in the same manner as in Example
1 except that the flow rate of hydrogen in the pre—-contacting gas
15 was 75 ¢c/min, and the holding temperature was changed from 600°C
to ©50°C. The maximum yvield of benzene was 7.0 % and the activity
preservation ratio was 82 %.
[(C090]

Examples 17 to 20

20 In each Example, & reactor was charged with 0.3 g of the
Catalyst A, and was purged with helium in the same manner as in
Example 1. Thereafter, the temperature was increased to 200°C
in a helium stream {10 cc/min) and held for 30 min. Subseqguently,

the gas was changed to a pre-contacting gas, which was a mixed



6.881 29 G6.773 30 H6.267 31 16.062 32 J6.381

10

15

20

gas of methane

(7.5 cc/min)

and hydrogen

46

temperature was increased as shown in Table 1.

(75 cc/min)

and the

The temperature

was held for 80 min and thereby the pre-contacting step was

compieated.

After completion of the pre-contacting, the mixed gas

was changed to the reaction gas, the temperature was increased

to 700°C and the reaction was initiated,

benzene and the activity preservation ratios are

The maximum yields of

shown 1n Table

1.
[0091)
Tablie 1
Example Temperature Maximum yield Aetivity
increased and | of Benzene (%) preservation
held (°C) in the ratio (%)
pre-contacting
17 600 7.% 90
18 500 7.1 50
19 £00 5.3 61
20 300 3.5 17
160s2]

Examples 21 to 23

In each Example, a reactor was charged with 0.3 g of the

Catalyst A, and was purged with helium in the same manner as in

Example 1.

in a helium stream (10 cc/min) and held for 30 min.

Thereafter,

the temperature was increased to 200°C

Subseqguently,

the gas was changed to a pre-ceontacting gas, which was a mixed

gas of methane

(7.5 cc/min)

and hydrocgen

tenperature was increased as shown in Table 2.

{30 cc/min)

and the

The temperature




33K 6.581 34L 6.4 69 [0100] 10 Examples 35 and 36 In each Example, a reaction was carried
out in the same manner as in Example 8 except for using the Catalysts C and D res_pectlvely in place
of the Catalyst A. The maximum yields of  benzérne were 6.7% and 7.1% respgctlvely and the
activity 15 preservation ratios were 87% and 94% respectively. [0101] Cpmparatlve Examples 2t09
In each Example, a reaction was carried out in the same 44 manner as in Comparative Example 1
except for using the Catalysts B, C, D, E, F, G, Jand K resp(_actlvely in placg of the Catalyst A. The
maximumields=éichénzefié and thmactivity piegervation eatios are shows insTablg4.150102] Table 4
Comparative

After'completion.oftﬂmspre—contacting; the mixed gas was changed

to the reacticn gas, and the reaction was initiated. The maximum

vields of benzene and the activity preservation ratios are shown

5 in Table 2.

100933
Table 2
Example Temperature | Maximum yield Activity
increased and | of Benzene (%) preservation
held (°C) in the ratio (%)
pre-contacting
21 700 6.8 g8
22 500 7.0 88
23 300 3.7 18
[(C094]

10 Example 24
Thereactionwascarriedoutjjlthesam@nwnneras:ﬂquample
20 except that helium was changed to nitrogen. The maximum yield

of benzene was 7.0 % and the activity preservation ratio was 90 %.

[0095]

15 Catalyst Preparation Examples 2 to 8

Preparation of Mo/ZSM-5 catalyst (Catalysts B to H)

Ineachﬁxample,thecatalystwasprepar@dinthesamenmnner
as in Catalyst Preparation Example 1 except that the amounts of
molybdenum supported were 3, 5, 6, 8, 10, 15 and 20 % by weight

20  respectively. Tberesultingcatalystswerereferredasiﬂtalysts

B, ¢, D, E, I, G and H, respectively.



Example Catalyst 1 Maximum yield of Benzene(%) Activity preservation ratio(%) 2 B 5.553 3 C 6.3

50 4510 E45126 .

[0096]

Catalyst Preparation Example &

Preparation of Mo/ZSM-5 catalyst (Catalyst TI)

Ammonium heptamolybdate { (NHg) ¢Mo7C2q' 4H20, Special grade,
5 purchased from Wako Pure Chemical Industries, Ltd.) and 5.0 g of
ammonium type ZSM-5 zeolite {(CBV3(0Z4E having a ratic of silica
to alumina of 30, manufactured by Zeolyst International) were
mixed. The amount of a molybdenum salt used was determined by
suchzacalculationthatthecontentofnmiybd@numwasEji%bymeight
10 based on a catalyst after the preparation. The resulting powder
was dried and calcined in the same manner in Catalyst Preparation
Example 1, to prepare a catalyst. The catalyst was referred as
Catalyst 1.
[0087)

15  Catalyst Preparation Examples 10 to 12

Preparation of Mo/ZSM-5 catalysts [Catalyst J, K and L)

In each Example, a catalyst was prepared in the same manner
in Catalyst Preparation Example 9 except that molybdenum trioxide
{Mo0O3, purchased from Wako Pure Chemical industries, Ltd.) was

20 used in place of ammonium heptamolybdate and the amounts of
melybdenum supported were 5, 10 and 15 % by weight respectively.
The resulting catalysts were referred as Catalysts J, K and L,
respectively.

rooos]



F44127G3.04836.1559K4.921 [0103] Example 37_ 10A reactor was charge_d with 0.3 g of
the Catalyst A, and the temperature was increased to 600C In an air stre.am (10 cc/mln) and held for
30 min. Subsequently, the gas was changed to a pt&-contacting gas, which was a mixed gas of
methane (7.5 cc/min) and hydrogen (30 cc/min) and the temperature was held at _600C 15 for 90 rr?m.
Thereafter, the mixed gas was changed to the reaction gas, the temperature was mcreaseo_l and the
reaction was initiated. The maximum yield of benzene was 6.3 % and the activity preservation ratio

was 73 %Efpmales 25 to 34

In each Example, a reaction was carried out in the same
manner as in Example 1 except for using the Catalysts B, C, E,
F, G, H, I, J,E(and,L:respectively. The maxzimum yields of benzene

5 and the activity preservation ratiocs are shown in Table 3.

[0089]
Table 3
Example Catalyst Maximum yield Activity
of Benzene (%) preservation
ratio (%)
25 B €.1 66
26 C 6.3 81
27 E £.9 81
28 ) 6.8 g1
29 G 6.7 73
30 H 6.2 67
31 I 6.0 62
32 J 6.3 81
33 K 6.5 81
34 L 6.4 69
[0100]

10 Examples 35 and 36

In each Example, 2 reaction was carried out in the same
manner as in Example § except for using the Catalysts C and D
respectively in place of the Catalyst A. The maximum vields of
benzene were 6.7% and 7.1% respectively and the activity
15 preservation ratics were 87% and 94% respectively.
(01017

Comparative Examples 2 to ©

In each Example, a reaction was carried out in the same



45 Comparative Examples 10 and 11 In each Example, a reactor was charged with 0.3 g of the
Catalyst C or J, and the temperature was increased to 700C in an air stream (10 cc/min) and held for
40 mm. Subsequently, purge was carried out W|th4[§assmg helium (100 cc/min) for 5 min while keeping
the temperature. Thereafter, the gas was changed to the reaction gas and the reaction was initiated.
The maximum vyields of benzene were 5.2 % and 4.8% respectively, and the activity preservation
ratios were 40 % and 33% respectively. 10[0105] Catalyst Preparation Examples 13 to 16 Preparation
of Mo/zSMA &Eaf &t 1CatERSEMEe ™ Exangbach Exariple fa tatdystavas prépartlinithe same
manner as in Catalyst Preparation Example 1 except that the amounts of 15 molybdenum supported
were 3, 58 &nd B2 /by wefghtfeapectivelis anecamirohlun tye ZS#-6 Zeolite (83W8524G having
a ratio of silica to alumina of 50, manufactured by Zeolyst International) was used. The resulting
catalystshwerelfeferad ‘a8 Catalyists M, N, Gand Pespedtivély. 20[0106) Qatalyst<Preparation
Examples 17 to 20 Preparation of Mo/ZSM-5 catalysts (Catalyst Q to T) In each Example, a
catalyst was prepared irsthewsarhe niadnet ik Catalyst Preparation Example 1 except that the amounts
of 46 molybdenum supported were 3, 5, 8 and 12 % by weight respectively, and ammonium type
ZSM-5 zddlit@ 2CBV8014 having a ratio of silica to alumina of 80, manufactured by Zeolyst
International) was used. The resulting catalysts were referred as Catalysts Q, R, Sand 5T
respectively. [0107] Example 38 A reactidrewas carried out in the same manner as in Example 8

except for l{:ginﬂ the %ata!yst ITa) nlar\n | Lhu Cata chf A Thn 10 mnwmllm \JIID'PI nf hpn7pnn was 6.5
% and the a&@aﬁﬁﬁervatlon ratio WaS 88 %. [010§f§garPﬁ%?eéf 3%@184 cHEE‘xampIe, a
reaction] was carried out in the same manner as in Examp?e except for us?ngﬁ{% §a ajys?s M, N, O,
2 B 5.5
3 C 6.3 50
4 [y 4.5 10
5 E 4.5 12
6 r 4.4 12
7 G 3.0 4
g8 J 6.1 5o
9 K 4.9 21
[0103]
Example 37
10 A reactor was charged with 0.3 g of the Catalyst A, and the

temperature was increased to 600°C in an air stream (10 co/min)
and held for 30 min. Subseqguently, the gas was changed to a
pre-contacting gas, which was a mixed gas of methane (7.5 cc/min)
and hydrogen (30 cc/min) and the temperature was held at 600°C

15 for 90 min. Thereafter, the mixed gas was changed to the reaction
gas, the temperature was increased and the reaction was initiated.
The maximum yield,.of benzene was 6.3 % and the activity
preservation ratic was 73 %,

[0104]



8, Q, R, S and T respectively in place of the Catalyst A. The maximum vyields of benzene and the
activity preservation ratios are shown in Table 5. [0109] 20 Table 5 Example Catalyst Maximum vyield
of Benzene(%) Activity preservation ratio 39 N 5.059 40N 5.976 41 C 6.4 64

Comparative Examples 10 and 11

In each Example, a reactor was charged with 0.3 g of the
Catalyst C or J, and the temperature was increased to 700°C in

anailr stream (10 cc/min} and held for 40 min. Subseguently, purge

0

was carried out with passing helium (100 cc/min} for 5 min while
keeping the temperature. Thereafter, the gas was changed to the
reaction gas and the reaction was initiated. The maximum yields
of benzene were 5.2 % and 4.8% respectively, and the activity
preservation ratics were 40 % and 33% respectively.

10 10105}

Catalyst Preparation Examples 13 to 16

Preparation of Mo/ZSM~5 catalysts (Catalyst M to P)

In each Example, a catalyst was prepared in the same manner
as in Catalyst Preparation Example 1 except that the amounts of
15 molybdenum supported were 3, 5, 8 and 12 % by weight respectively,
and ammonium type ZSM-5 zeolite (CBV5524G having a ratio of silica
to alumina of 50, manufactured by Zeolyst International) was used.
The resulting catalysts were referred as Catalysts M, N, O and
P respectively.
20 [0106]

Catalyst Preparation Examples 17 toc 20

Preparation of Mo/ZSM-5 catalysts (Catalyst 0 to T)

In each Example, a catalyst was prepared in the same manner

in Catalyst Preparation Example 1 except that the amounts of



47 42F P 6.26043 Q4.42944R453245S54.73346T 4.7 22 [0110]

20

46

molybdenum supported were 3, 5, 8 and 12 % by weight respectively,
and ammonium type Z3M-5 zeolite (CBVB01l4 having a ratio of silica
to alumina of 80, manufactured by Zeclyst International) was used.
The resulting catalysts were referred as Catalysts Q, R, 8 and
T respectively.

01077

Example 38

A reaction was carried out in the same manner as in Example
8 except for using the Catalyst N in place of the Catalyst A. The
maximum yield of benzene was 6.5 % and the activity preservation
ratic was 88 %.
(01083}

Examples 39 to 46

In each Example, a reacticn was carried out in the zame
manner as in Example 1 except for using the Catalysts M, N, O,
P, ©, R, 5 and T respectively in place c¢f the Catalyst A. The
maximum yvields of benzene and the activity preservation ratios

are shown in Table 5.

[0109]
Table 5
Example Catalyst Maximum yield Activity
: of Benzene (%] preservation
ratio
39 M 5.0 59
40 N 5.9 76
41 0 b.4 64




Comparative Examples 12 to 19 In each Example, a reaction was carried out in the same 5
manner as in Comparative Example 1 except for using the Catalysts M, NO, P, Q, R, Sand T
respectively in place of the Catalyst A. The maximtif yields of benzene and the activity preservation
ratios are shown in Table 6. [0111] 10Table 6 Comparative Example Catalyst Maximum yield of
Benzene(%) Activity preservation ratio(%) 12 M 4.2 32 13 N 5.237114 0 3.3

42 P 6.2 60
43 8] 4.4 29
44 R 4.5 32
45 S 4.7 33
46 T 4.7 22

[0110]

Comparative Examples 12 to 19

In each Example, a2 reaction was carried out in the same

5 manner as in Comparative Example 1 except for using the Catalysts
M, N, O, P, Q, R, 8 and T respectively in place of the Catalyst

A, The maximum yields of benzene and the activity preservation

ratics are shown in Table 6.

[0111)
10 Table §
Comparative Catalyst Maximum yield Aetivity
Example of Benzene (%) preservation
ratio (%)
12 M 4,2 32
13 N 5.2 37
14 G 2.3 6
15 P 3.2 5
16 Q Z. 1 22
17 R 2.3 19
18 S 2.5 6
19 T 2.5 6
[0112]

Comparative Example 20

A reactor was charged with 0.3 g ¢of the Catalyst N, and was

[
ot

purged with helium and the temperature was increased to 200°C in
a helium stream {10 cc/min) and held for 30 min. Thersafter, the

temperature was increased to 700°C and held for 40 min.



615P 32516 Q 2.122117P2.319 S25619T 2.5 [0112] Comparative Example 20 A reactor
was charged with 0.3 g of the Catalyst N, and waz ;

Subseguently, the gas was changed to the reaction gas and

ct
r
(0]

reaction was initiated. The maximum vield of benzene was 4.7

o

and the activity preservation ratic was 26 %.
101133

5 Examples 47 to 49

In each Example, a reactor was charged with 0.3 g of the

Catalyst A or N, the inside of the tube was purced with helium

and the temperature was increased to 200°C in a helium stream (10
cc/min) and held for 30 min. Subseguently, the gas was changed

10 to a pre-contacting gas of methane (7.5 cc/min) or hydrogen (12
cc/min)  and the temperature was increased to 600°C. The
temperature was held for 90 min, the gas was changed to the reaction

gas and the reacticn was initlated. The results are shown inTable

7.
15 (0114]
Table 7
Example Catalyst Gas kind Maximum Aetivity
in vield of | preservation
Pre-contacting Benzene ratic (%)
(%)
47 A Methane c.4 60
48 A Hydrogen 5.6 52
49 N Methane 4.9 53
[0115]
Examples 50 and 51
20 In each Example, a reactor was charged with 0.3 g of the

Catalyst A, and was purged with helium and the temperature was



15 purged with helium and the temperature was increased to 200C in a helium stream (10 cc/min) and
held for 30 mi Thereafter, the temperature was increased to 700C and held for 40 min. 48
Subsequently, the gas was changed to the reactidrPgas and the reaction was initiated. The maximum
yield of benzene was 4.7 % and the activity preservation ratio was 26 %. [0113] 5 Examples 47 to 49
In each Example, a reactor was charged with 0.3 g of the Catalyst A or N, the inside of the tube was
purged with helium and the temperature was increased to 200C in a helium stream (10 cc/min) and
held for 30@iie Siisseerfly, the Jasawas ehamyatb 16 tta pré-contanting gasdfimétiafey7.5
cc/min) or hydrogen (12 cc/min) and the temperature was increased to 600C. The temperature was
held for 90°minilthe gasowas ehanded to-the eastion gas had teelireactionpvas- initiated: tEhegresults
are shown in Table 7. 15[0114] Table 7 Example Catalyst Gas kind in Maximum yield of Activityi
preservatiers 10 PPreschatacting Bengéne ratie(®s) the temperature was increased as

shown in Table 8. The temperature was held for the time as shown
S5  in Table 8, to perform a pre-contacting. Thereafter, the gas was
changed to the reaction gas and the reaction was initiated. The
maximum yields of benzene and the activity preservation ratios

are shown in Table B.

[0116]
10 Table 8
Example re-contacting gas Maximum vyield Activity
Temperature Time of Benzene (%) | preservation
(°C) {min) ratio (%)
50 700 80 6.7 56
51 i 600 90 7.2 87
(0117}

Examples 52 to 55

In each Example, a reactor was charged with 0.3 g of the

[
o

Catalyst A, and was purged with helium and the temperature was
increased to 200  C in a helium stream (10 cc/min) and held for
30 min. Subsequently, the gas was changed to a pre-contacting
gas, which was a mixed gas of methane and hydrogen {(the flow rates
as shown in Table 8) and then the temperature was increased to
20 700 C and was held for 80 min. Next, only the hydrogen feeding
was stopped and methane was fed at the same flow rate as the

reaction gas and then the reaction was initiated. The results



(%) 47 A Methane 6.4 60 48 A Hydrogen 5.6 52 49 N Methane 4.9 53 [0115] Examples 50 and 51

50
are shown in Table 9.
[0118]
Table 9
Example Pre-~contacting gas Maximum yield Activity
Methane Hydrogen | of Benzene (%) preservation
flow rate | £low rate ratio {%)
(co/min) (ce/min)
52 2.0 75 7.4 100
53 2.8 75 7.2 100
54 15.0 75 ; 6.8 6o
55 3.8 38 i 7.1 99
5 [C119]

Catalyst Preparation Example 21

Preparation of Mo/Z3M-5 catalyst (Catalyst U)

Ammonium heptamolybdate ((NHi) sMo-0,4 4H0, Special grade,
purchased from Wake Pure Chemical Industries, Ltd.) was dissolved
10 in ion-exchanged water. The amount of a molybdenum salt used was
determined by such a calculation that the amount of molybdenum
supported was 5 % by welight based on a catalyst after the
preparaticn. To the solution, 5.0 ¢ of ammonium type ZSM-5
zeolite (CBVS5524G having a ratio of silica to alumina of 50,
15 manufactured by Zeolyst International) was dissolved and stirred
for a while. Thereafter, the mixture was dried at 120 "¢ and
calcined at 500 ° C, to prepare a molybdenum-supported zeolite
powder.
(01207

20 Furthermore, in ion-exchanged water, lanthanum nitrate



20In each Example, a reactor was charged with 0.3 g of the Catalyst A, and was*purged with helium
and the temperature was 49 increased to 200C in a helium stream (10 cc/min) and held for 30 min.
Subsequently, the gas was changed to a pre-cont%l%ting gas of methane (55 cc/min) and the
temperature was increased as shown in Table 8. The temperature was held for the time as shown 5 in
Table 8, to perform a pre-contacting. Thereafter, the gas was changed to the reaction gas and the
reaction was initiated. The maximum yields of benzene and the activity preservation ratios are shown
in Table 811116} 10Tabi® 8 Exanyple Pre-coHmertintpgas FMaximitnenyicld bf Bedzene(%6F Activity

preservation ratio(%) Temperature (C) Time (min) 50 700
Ltd.) was dissclved in an amount such that the amount of lanthanum

supported in a resulting catalyst was 3 $ by weight, to prepare

a solution. To the solution, the molybdenum-supported zeolite
5 powder was suspended and stirred focr a while. Thereafter, the

suspension was dried at 120°C and calcined at 500°C to prepare

a catalyst. The catalyst was referred as Catalyst U.

{0121}

Catalyst Preparation Examples 22 and 23

10 Preparation of Mo/ZSM-5 catalyst (Catalysts V and W)

In each Example, the procedure cf Catalyst Preparation
Example 21 was repesated except for using, in plaée of lanthanum
nitrate, samariumnitrate (Sm(NO3) s €H:0, purchased from Wako Pure
Chemical industries, Ltd.) in an amount such that the amount of
15 samarium supported in a resulting catalyst was 3 % by weilght and
cobalt nitrate (Co{NCs)sy 6H.0, purchased from Wako Pure Chemical
Industries, Ltd.) in an amount such that the amount of cobalt
supported in a resulting catalyst was 2 % by weilght respectively.
The resulting catalysts were referred as Catalyst V and Catalyst
20 W respectively.
[0122]

Catalyst Preparation Example 24

Preparation of Mo/Z8M~-5 catalyst (Catalyst X)

Ammenium heptamclybdate ([ (NHy) ¢Mo70z4 4H,0, Special grade,



806.7 56 51 600 907.2 87 [0117] Examples 52 to 55 In each Example, a reactor was charged with
0.3 g of the 15 Catalyst A, and was purged with helium and the temperature was increased to 200 C in
a helium stream (10 cc/min) and held for 30 min. §@bsequently, the gas was changed to a
pre-contacting gas, which was a mixed gas of methane and hydrogen (the flow rates as shown in
Table 9) and then the temperature was increased to 20 700' C and was held for 80 min. Next, only the

hydrogen feeding was stopped and methane was fed at the same flow rate as the reaction gas and
then the FEAEHBA WS infttaieli= FReFaSEtS 'BOraresshowr i Table. [D188) Tableg amount

such that the amount of molybdenum supported in a resulting
catalyst was 5 % by weight and ammonium metatungstate
( (NHz) ¢ [HoW12C4g], purchased fr@m Lldrich Co.) in an amount such

5 that the amount of tungsten supported in the resulting catalyst
was 1 % by weight were dissclved in ion-exchanged water to prepare
a seolution. To the soluticn, 5.0 ¢ of ammonium type Z8M-5 zeolite
(CBVDL24G having a ratio of gilica to alumina of 50, manufactured
by Zeclyst International) was suspended and stirred for a while.

10 Thereafter, the suspensionwasdriedat 120°C and calcined at 500°C,
to prepare a catalyst. The catalyst was referred as Catalyst X.
[(0123]

Example 56

A reactor was charged with G.3 g of the Catalyst U, and was

15 purged with helium and the temperature was increased to 200°C in

a helium stream (10 cc/min) and held for 30 min. Subseqguently,

the gas was changed Lo a pre-contacting gas, which was a mixed

gas of methane (7.5 cc/min) and hydrogen {30 cc/min) and the

temperature was increased to 600°C. The temperature increased

20  was held for %0 min. Thereafter, the gas was changed to the

reaction gas and the reaction was initiated. The maximum yield

of benzene was 4.4 % and the activity preservation ratio was 24 %.
[0124]

Example 57




Example Pre-contacting gas Maximum yield of Benzene(%) Activity preservation ratio(%) Methane
flow rate (cc/min) Hydrogen flow rate (cc/min) 525%.0 757.4 100 53 3.8 757.2 100

The procedure of Example 56 was repeated except for using
the Catalyst V in place of the Catalyst U to carry out a reaction.
The maximum yield of benzene was 4.1 % and the activity
preservation ratio was 27 %.

5 [0125]

Examples 58 and 59

In each Example, the procedure of Example 56 was repeated
except for using a mized gas of methane (7.5 co/min) and hydrogen
{75 cc/min) as a pre-contacting gas and using the Catalysts W and
10 X respectively in place of the Catalyst U to carry out a reaction.
The maximum yields of benzene of the catalysts were 4.5 % and 6.3%
respectively and the activity preservation ratios of the catalysts
were 71 % and 79% respectively.
(0126]

15 Comparative Examples 21 to 24

In each Example, the procedure of Comparative Example 1 was
repeated except for using the catalysts U, V, W and X respectively
in place of the catalyst A to carry out a reaction. The maximum
yvields of benzene of the catalysts were 3.2 %, 3.5%, 2.3% and 4.1%

20 respectivelyandthe activitypreservation ratics of the catalysts
were 11 %, 12%, 15% and 24% respectively.
(01271

Catalyst Préparation Examples 25 and 26

Preparation of Mc/ZSM-5 catalysts (Catalysts Y and 7)




5415.0 756.8 69 553.8 387.1 99 5[0119] Catalyst Preparation Example 21 Preparation of Mo/ZSM-5 -
catalyst (Catalyst U) Ammonium heptamolybdate ((NH4)6Mo07024.4H20, Special grade,
purchased from Wako Pure Chemical Industries, fld.) was dissolved 10 in ion-exchanged water. The
amount of a molybdenum salt used was determined by such a calculation that the amount of
molybdenum supported was 5 % by weight based on a catalyst after the preparation. To the solution,
5.0 g of ammonium type ZSM-5 zeolite (C5V55240 having a ratio of silica to alumina of 50, 15

-

manufactured by Zechit ntertionar) wasissbRed HHd stifred for-& whne. THereafs = tHd mixture
was dried at 120 C and calcined at 500 C, to prepare a molybdenum-supported zeolite powder. [0120]
20Furtherire 4R icr-eXEfarfgafmatsd, RriRmumifirates 519La(NO 2RI BHR0, pirchagéd from
Wako Pure Chemical Industries, Ltd.) was dissolved in an amount such that the amount of lanthanum
supportedfia B¥esultintfleatalystiasad ¥ by weight 2e-prepateca SokidA2To tedsBiGomn the
molybdenum-supported zeol te 5 powder was suspended and stirred for a while. Thereafter, the
suspenstoRtvas dfied aEII0T and-calcied at BOD Gt prepafd aadataiBtiTHegaalysewasreferred
as Catalyst U. [0121] Catalyst Preparation Examples 22 and 23 10 Preparation of Mo/ZSM-5 catalyst
(Cafalysts \r&sdWning préadly Example, thedpraceduressfiCatalystPreparation Exampié 21 was
repeated except for using, in place of lanthanum nitrate, samarit nitrate (Sm(NO3)2.6H20, purchased
fromWakoFRuneChemi€alindpstries zlsteld i anranidaht suthithattherameunt bfidustries,

Ltd.) in an amount such that the amount of gallium supported in

a resulting catalyst was 1% by weight in place of ammonium

metatungstate to prepare a catalyst. The resulting catalysts
10  were referred as Catalysts Y and 7.

[01z8]

Catalysi Preparation Example 27

Preparation of Mo/ZSM-5 catalyst (Catalyst AR}

Ammonium heptamclybdate ( (NHg) gMo-024 4H:0, Special grade,

15 purchased from Wako Pure Chemical Industries, Ltd.) was dissolvead
in ion-exchanged water. The amount of a molybdenum salt used was
determined by such a calculation that the amount of molybdenum
supported was 5% by weight based on a catalyst after the
preparaticn. To the solution, 5.0 g of ammonium type ZSM-5

20 zeolite (CBV3024F having a ratio of silica toc alumina of 30,
manufactured by Zeolyst Internatiocnal) was suspended and stirred

for a while. Thereafter, the suspension was dried at 120°C and
calcined at 500°C, to prepare a molybdenum-supported zsolite

powder.



15 samarium supported in a res ng catalyst was 3 % by weight and cobalt nitrate (Co(NO3)3(6H20,
purchased from Wako Pure Chemical Industries, Ltd.) in an amount such that the amount of cobalt
supported in a resulting catalyst was 2 % by Weigﬁl5 respectively. The resulting catalysts were referred
as Catalyst V and Catalyst 20 W respectively. [0122] Catalyst Preparation Example 24 Preparation of
Mo/ZSM-5 catalyst (Catalyst X) Ammon um heptamolybdate ((NR4)6M07024'4H20, Special grade,
52 purchased from Wako Pure Chemical Industries, Ltd.) in an amount such that the amount of
molybderﬁgﬁwzﬁjpported in a resulting catalyst was 5 % by weight and ammonium metatungstate
((NH4)6[H2W 12040], purchased from Aldrich Co.) in an amount such 5 that the amount of tungsten
supported in the TE<iififg CaER/st WasCRoE By Tt Wi dissofed R ToRiéxchaRgetater to
prepare a solution. To the solution, 5.09 of ammonium type ZSM-5 zeolite (CBV5524G having a ratio
of silica @ EIGRATEEef SOCMARITactinel by Z8dIyatIntehatibhal Svas StspelidédariRPstirFédifor a
while. 10 Thereafter, the suspension was dried at 120C and calcined at 500C, to prepare a catalyst.
The catalystwasTerried w8 Catalyst M6 L2 8PExainplel 56 ATERERF Wl Ehatgerikwitty B13g of the
Catalyst U, and was 15 purged with helium and the temperature was increased to 200C in a helium
stream (1@ te/min)andsheld for @oiaint Silssequaritlys thesgdswas thanged-toasprevdoracting gas,
which was a mixed gas of methane (7.5 cc/min) and hydrogen (30 cc/mm) and the temperature was
increased te 600G LERetemperaire incteased 20anasyheld for smin Theecafter thelgaswas
changed to the reaction gas and the reaction was initiated. The maximum vyield of benzene was 4.4 %
and the dotivity préservatiofi vatie was24, %6 {61 24] Hample 57wE3 dr i dhezgroceddre ehExample
56 was repeated except for using the Catalyst V in place of the Catalyst U to carry out a reaction. The
maximun yield okbenzené 0as@. 1-% andcthe activity peeseivation ratihwas-27T 86.,501 254 £xamples
58 and 59 In each Example, the procedure of Example 56 was repeated except for using a mixed
gas of methase {25 ee/minjandAydragen (75 cc/min) as a pre-contacting gas and using the Catalysts
W and 10 X respectively in place of the Catalyst U to carry out a reaction. The maximum yields of
benzene pf thimcatalysts were 4.5 % and 6.3% respectively and the activity preservation ratios of the
catalysts were 71 % and 79% respectively.

Examples 60 to 62

In sach Example, a reactcr was charged with 0.3 g of the
Catalysts Y, Z or AA, and was purgedwith heliumand the temperature
was increased to 200°C in a helium stream (10 cc/min) and held
15 for 30min. Subseguently, the gas was changed to a pre-contacting
gas, which was a mixed gas of methane (7.5 cc/min) and hydrogen
(7% cc/min) and the temperature was increased to 7060°C. Then,
the gas was changed to the reaction gas and the reaction was
initiated. The maximum yields of benzene of the catalysts were
20 5.1 %, 4.9% and 5.7% respectively and the activity preservation
ratiocs of the catalysts were 70 %, €32% and 75% respectively.
[0131]

Comparative Examples 25 to 27

In each Exanmple, the procedure of Comparative Example 1 was



[0126] 15 Comparative Examples 21 to 24 In each Example, the procedure of o parative Example
1 was repeated except for using the catalysts U, V, W and X respectively in place of the catalyst A to
carry out a reaction. The maximum yields of benzéfie of the catalysts were 3.2 %, 3.5%, 2.3% and
4.1% 20 respectively and the activity preservation ratios of the catalysts were 11 %, 12%, 15% and
24% respectively. [0127] Catalyst Preparation Examples 25 and 26 Preparation of Mo/ZSM-5
catalysts (Catalysts Y and Z) 54 In each Example, the procedure of Catalyst Preparation
Example22R\%as $epEatea excéstfording aiiniriums aitiate SANOB)3.19A20 ipuchased from Wako
Pure Chemical Industries, Ltd.) in an amount such that the amount of aluminum supported in 5 a
resulting eafalyétiRay 65 % by Weighteorigaliumittate (Ga(NO3)8)ké1 20, purehasat:ftgmt\wako Pure
Chemical Industries, 1,1-d ) in an amount such that the amount of gallium supported in a resulting
catalyst was €% byaveight irt plage afranmbnitim metatengstateltp prepdre aleatatyst. ffhetresulting
catalysts 10 were referred as Catalysts Y and Z. [0128] Catalyst Preparation Example 27 Preparation
of Mo/ZSM-5catalysti(@atatyst AA) Arhmomum sieplamalgbdate {NBY)6Mo 702444120, Special
grade, 15 purchased from Wako Pure Chemical Industries, Ltd.) was dissolved in ion-exchanged
water. Thesameaht.okd molybdenum salt used was determined by such a calculation that the amount
of molybdenum supported was 5% by weight based on a catalyst after the preparation. To the solution,
5.0 g of amimdhium type ZSM-5 20 zeolite (CBV3024E having a ratio of silica to alumina of 30,
manufactured by Zeolyst International) was suspended and stirred for a while. Thereafter, the
suspension ws/dried ak 120G and.caiined-akt500@, toprepare a molybdenum-supported zeolite
powder. 55 [0129] Furthermore, in ion-exchanged water, silver nitrate (AgNO3, purchased from
Wako Pure Ehemicallndustrigs,/lidh) veas dissolved dn anamauntisugh thatthe-amoynt efsilver
supported in a resulting catalyst was 2% by weight, to prepare a solution. To thé solution, thé
molybdenum-supported zeolite aawder was suspended.and sfirred fora whilesThereafter, the

suspension was dried at 120C and calcined at 500C to prepare a catalyst. The catalyst was referred
as Catalysk Ae 10[0180}as repeated except for using, in place of silver

nitrate, vitrium nitrate (Y{NO3)3 - 6H,0, purchased from
Sigma~Aldrich Co.) in an amount such that the amount of yttrium
supported in a resulting catalyst was 2% by weight, zirconium
oxynitrate (ZrQ(NGCs)z 2H;0, purchased from Kanto Chemical Co.,

15 Inc.) in an amount such that the amount of zirconium supported
in the resulting catalyst was 2 % by weight, copper nitrate
{(Cu(NCy), 3H;0, purchased from Alfa Resar) ;n an amount such that
the amount of copper supported in the resulting catalyst was 1 %
by welght, or zinc nitrate (Zn(NOC;3), 6H;0, purchased from Kanto

20 Chemical Co., Inc.) in an amount such that the amount of zinc
supported in the resulting catalyst was 1 % by weight, to prepare
a catalyst. The resulting catalysts were referred as Catalysts
BB, CC, DD and EE respectively.

[0133}]



Examples 60 to 62 In each Example, a reactor was charged with 0.3 g of the Catalysts Y, Z or,
AA, and was purgedwithheliumand the temperat age] was increased to 200C in a helium stream (10
cc/min) and held for 30 mm. Subsequently, the gas was changed to a pre-contacting gas, which was a
mixed gas of methane (7.5 cc/min) and hydrogen (75 cc/min) and the temperature was increased to
700C. Then, the gas was changed to the reaction gas and the reaction was initiated. The maximum
yields of benzene of the catalysts were 205.1 %, 4.9% and 5.7% respectively and the activity
preservatbnyatt 6r-63% and 75% respectively. [0131] Comparative
Examples 25 to 27 In each Examle the procedure of Comparatlve Example 1 was 56 repeated
RYHETIY, /' Ace-€ SRlEE R The maximum yields of benzene of

the catalysts were 4 2 % 4, 6% and 4.9% respectlvely and the act|V|ty preservation ratios of the
catalysts were 398 1PHESHIYSS, 5tespechvaly S[B1ET eRaalsstvepdranon Exampled’ss to 31
Preparation of Mo/ZSM-5 catalysts (Catalyst BB, CC, DD and EE) In each Example, the procedure of
Catalyst PeEseratich 2@ ple2 2 vz epealed: ékeapt forl GsingOn plédeof siverditeated trium
nitrate (Y(M03)3 6H20, purchased from Sigma-Aldrich Co.) in an amount such that the amount of
yttriim stpsokéd irPalfesaiting Tatdyst was 296 by sveight: Gir¢oRiluin oX§hbae i ZOtNG3)2E2H20,
purchased from Kanto Chemical Co., 15 Inc.) in an amount such that the amount of zirconium
supported g tigeresultingfeadtalyst wasROW%Ustweight, copper hitrale (EUENO8)2'38-420, purchased
frontAlfa Aesar) in an amount such that the amount of copper supported in the resulting catalyst was 1
% by weighit,7"orizihé nitiaterZi{ NO3)2'61H20 purchased froreKanto 20« emical ©d.alhedtin an
amount such that the amount of zinc supported in the resulting catalyst was 1 % by weight, to prepare
a catalystiTheresultingreatalysts were referrededeCatalysts BBz GO, BB and.EE respectively. [0133]
57 Catalyst Preparation Example 32 Preparation of Mo/ZSM-5 catalyst (Catalyst FF) The
proceduré @f &atalyst Preparation Example 21 was repeated except for using iron nitrate
(Fe(NO3)3-9H20, purchased

10 Catalyst Preparation Example 33

Preparation of Mo/ZSM-5 catalyst (Catalyst GG)

The procedure oI Catalyst Preparation Example 24 was
repeated except for using nickel nitrate (Ni (NOs)g 6H:0, purchased
from Wako Pure Chemiczal Industries, Ltd.} in an amount such that

15> the amount of nickel supported in a resulting catalyst was 0.5%
by weight, in place of ammonium metatungstate, tTo prepare &
catalyst. The resulting catalyst was referred as Catalyst GG.
[0135]

Examples 63 to 68

20 In each Example, a reactor was charged with 0.3 g of the
Catalysts BB, CC, DD, EE, FF or GG, and was purged with helium
and the temperature was increased to 200 C in a helium stream
{10 cc/min) and held for 30 min. Subseguently, the gas was changed

o a pre-contacting gas, which was a mixed gas of methane (7.5



5 from Wako Pure Chemical Industries, Ltd.) in an amount such that the amount of iron supported in a
resulting catalyst was 0.5 % by weight, in place of lanthanum nitrate, to prepare a catalyst. The
resulting catalyst was referred as Catalyst FF. [Oléﬁ] 10 Catalyst Preparation Example 33 Preparation
of Mo/ZSM-5 catalyst (Catalyst GG) The procedure of Catalyst Preparation Example 24 was
repeated except for using nickel nitrate (Ni(NO3)2'6H90, purchased from Wako Pure Chemical
Industries, Ltd.) in an amount such that 15 the amount of nickel supported in a resulting catalyst was
0.5% by ®eight,in plagé of aifffmiim meétatuRgstate to prepdre dcatalyStrEre fastting Tatalyst was
referred as Catalyst GO. [0135] Examples 63 to 68 20In each Example, a reactor was charged with
0.3 g of thaTzalyss BBOCC, (IDDCERE W oh60} arfdwasPurgadwitts hdliurmrerkihe tetiserature
was increased to 200 C in a helium stream (10 cc/min) and held for 30min. Subsequently, the gas was
changed¢ aprecontdcting gaswhich waspimiked gasliofanethdne (A5 68 cofimam)emd hydrogen
(75 cc/min), and the temperature was increased to 700C and held for 80 min and thereby the
pre-contactingsstép wassecompleted.iEhers abé gas wasschangetktosaireadtion gassand the: reaction
was initiated. The results are 5shown in Table 10. [0136] Table 10 Example Catalyst Maximum vyield of
Benzene ) vwActivity pegsesvation ratio(%) 63

[0130]
Table 10
Catalyst Maximum yield Activity
Exampie of Benzene (%) preservation
ratioc {%)
653 BE 4.6 44
64 CC 6.0 81
65 DD 6.1 83
06 EE 7.0 92
&7 FF 5.9 92
o8 GG 4.4 69
[0137]

10 Comparative Examples 28 to 33

In each Example, the procedure of Comparative Example 1 was
repeated except for using the Catalysts BB, CC, DD, EE, FF or GG
in place of the Catalyst A to carry out a reaction. The results

are shown in Table 11.

15 (0138]
Table 11
Comparative Catalyst Maximum yield Activity
Example of Benzene (%) preservation
ratioc (%)
28 BB 5.0 32
29 cC 5.7 42
30 DD 3.7 18
31 EE 5.4 38




BB 4.64464 CC6.08165DD6.18366EE 7.09267FT 5.99268 GG 4.4 69

10

20

59

32 FFE 41

it
il

33 GG 31

[0139]

Catalyst Preparation Examples 24 to 37

Preparation cof Mo/ZSM-5 catalysts (Catalysts HH, II, JJ and KK)

L

In each Example, the procedure of Catalyst Preparatio
Example 27 was repeated except that the amount of molybdenunm
supported was 6 % by welght and in place of sgilver nitrate,
ruthenium chloride (RuCls;- nH;0, purchased from Alfa Aesar),
rhodium chleride (RhCl:- nH0, purchased from Alfa Aesar),
palladium nitrate (Pd(NOs3), nH,0, pﬁrchased_frOHLStrthChemicals,
inc.) or tetraaammineplatinum nitrate {IPL(NH3) 4] (NO3) 5,
purchased from Aldrich Co.} in an amcunt such that the molar ratio
of metal to melybdenum was 0.2, to prepare a catalyst. The
resulting catalysts were referred as Catalysts HHE, II, JJ and KX
respectively.

[0140]

CExamples 09 to 72

In each Example, the procedure of Example 63 was repeated
except for using the Catalysts HH, II, JJ or KK, in place of the
Catalysts BB. The results are shown in Table 12.

Qx4

Table 12

Catalyst Maximum yielid Activity
Example of Benzene (%) preservation




[0137] Comparative Examples 28 to 33 In each Example, the procedure of Comparative Example
1 was repeated except for using the Catalysts BB, CC, DD, EE, FT or GG in place of the Catalyst A to
carry out a reaction. The results are shown in Tabtd 11. 15[0138] Table 11 Comparative Example
Catalyst Maximum yield of Benzene(%) Activity preservation ratio(%) 28 BB 5.0 32 29 CC 5.742 30
DD 3.718

ratio (%)
] EH 7.1 84
70 I1 4.5 &0
71 J 5.2 7L
72 KK 5.8 82
(01427

Comparative Examples 34 to 37

In sach Example, the procedure of Comparative Example 1 was
o repeated except for using the Catalysts HH, I1, JJ or KK, in place

of the catalyst A. The results are shown in Table 13.

(0143]
Table 13
Comparative Catalyst Maximum yield Activity
Example of Benzene (%) preservation
ratio (%)
34 HH 5.5 35
35 II 4.6 27
36 JJ 4.5 23
37 - KK 4.8 21
10 (01447

Catalyst Preparation Example 38

Synthesis of Catalyst Support

A catalyst support was synthesized in accordance with a

method as described in a literature (K. OCkumura, et al., Journal

15 of Catalysis, Vol. 206, P.23 {2002)) in the following manner. An
autoclave made of Teflon™ was charged with ST-4C and
hexamethyleneimine and subjected to hydrothermal synthesis at

150°C. The resulting solid was dried at 120°C and calcined at



31 EE 5.438 59 32 FF 3.7 41 33 GO 3.5 31 [0139] Catalyst Preparation Examples 34 to 37
Preparation of Mo/ZSM-5 catalysts (Catalysts HE, Il, JJ and HE) In each Example, the procedure
of Catalyst Preparation Example 27 was repeate éLxcept that the amount of molybdenum supported
was 6 % by weight and in place of silver nitrate, ruthenium chloride (RuC13 nH20, purchased from Alfa
Aesar), rhodium chloride (RhCI3 nH20, purchased from Alfa Aesar), 10palladium nitrate
(Pd(NO3)2-1-11120, purchased from Strem Chemicals, Inc.) or tetraaammineplatinum nitrate

(IPt(N H3§£]%°\fb3@ puréhased-from Bldrick E99lin BhamBaHtsiich that the Wol&afid ofrRetal to
molybdenum was 0.2, to prepare a catalyst. The resulting catalysts were referred as Catalysts HH, II,
JJ and RRO IS8R &Y. fO A0 BExafptey 69 fprption (2M) of ammonium nitrate

(NH4;NOs, purchased from Wako Pure Chemical Industries, Ltd.) and

then calcined in the same manner. It was found by XRD analysis
5 that the resulting solid had a pure MWW structure and by ICP

analysis that the ratio of siiica to alumina was 23.

[0145]

Preparation of Catalyst

The procedure of Catalyst Preparation 1 was repeated except
10  for using the powder prepared in the above Synthesis of Catalyst
Support in place of ZSM-5 zeolite, tc prepare a catalyst. The
catalyst was referred as Catalvst LL.
r0146]

Example 73

15 The procedure of Example 1 was repeated except for using
the Catalyst LL inplace of the Catalyst A, fto carry out a reactiocn.
The maximum yield of benzene was 8.2 % and the activity
preservation ratio was 68 %.
[0147]

20 Comparative Example 38

The procedure of Comparative Example 1 was repeated except
for using the Catalyst 1L in place of the Catalyst A, to carry
cut a reaction. The maximum yield of benzene was 0.3 % and the

activity preservation ratio was 0%.



In each Example, the procedure of Example 63 was repeated except for using the Catalysts HE, II, JO
or KK, in place of the 20 Catalysts BB. The results are shown in Table 12. [0141] Table 12 Example
,Catalyst Maximum yield of Benzene(%) Activity pﬁé)servation 60 ratio(%) 69 HH 7.1 94 70 11 4.5 60
71

[0148]

Example 74

A reactor was charged with 0.3 g of the Catalyst A, and was

purged with héiium and the temperature was increased to 200°C in

5 a2 helium stream (10 cc/min) and held for 30 min. Subsequently,

the gas was changed to a pre~contacting gas which was ethane (15.7

cc/min), and the temperature was increased to 600°C and held for

90 min and thereby the pre~contacting step was completed. Then,

the gas was changed to the reaction gas, the temperature was

10 Iincreased to 700°C and then the reaction was initiated. The

maximum yield of benzene was 6.5 % and the activity preservation
ratio was 62 %.

10149]

Example 75

15 The procedure of Example 74 was repeated except for changing
the pre-contacting gas to a mixed gas of ethane (6.0 cc¢/min) and
hydrogen (30 cc/min) to carry out a reaction. The maximum yvield
of benzene was 7.4 % and the activity preservation ratio was 86 %.
[0150]

20  Example 76

The procedure of Example 74 was repeated except for changing
the pre-contacting gas to a mixed gas of methane (7.5 cc/min) and
ethane {(0.75 cc/min) to carry out a reaction. The maximum yield

of benzene was 5.% % and the activity preservation ratic was 56 %.



JJ5.274 ;172 KK 5.882 [0142] Comparative Examples 34 to 37 In each Example, the procedure of
Comparative Example 1 was 5 repeated except for using the Catalysts HH, II, JT or KK, in place of the
catalyst A. The results are shown in Table 13. [Olﬁ§] Table 13 Comparative Example Catalyst
Maximum yield of Benzene(%) Activity preservation ratio(%) 34 HH

[0131]

Examples 77 and 78

In each Example, the procedure of Example 74 was repeated
except for changing the pre~contacting gas to a mixed gas of
5> methane (7.5 cc/min), ethane (0.79 cc/min) and hydrogen (20
cc/min} or a mixed gas of methane (7.5 cc/min), ethane (0.75
cc/min) and hydrogen (75 cc/min) to carry out reactions. The
maximum yields of benzene of the reactions were 7.1 % and 6.9 %
resp@ctivelyanxitheactivitypreservationratioscﬁfthecatalysts
10 were 86 % arid 87 % respectively.
[0152]

Example 78

A reactor was charged with ©.3 g of the catalyst A, and was
purged with helium and the temperature was increased to 200°C in
12 a helium stream (10 cc/min} and held for 30 min. Subseguently,
the gas was changed to & pre-~contacting gas, which was a mixed
gas of methane (7.1 cc/min), ethane (0.38 cc/min) and hydrogen
(75 ce/min) and the temperature was increased to 700°C and held
fer 80 min. Then, only the hydrogen feeding was stopped, and a
20 reaction was initiated using methane and ethane as a reaction gas
at the same flow rates. The maximum vield of benzene was 9.3 %
and the activity preservation ratioc was 96 %.
[0153)

Example 80




5535 35114.6 27 36JJ4.523 37 KK 4.8 10[0144] Catalyst Preparation Example 38 Synthesis of
Catalyst Support A catalyst support was syng]lesized in accordance with a method as described
in a literature (K. Okumura, et al., Journal

The procedure of Example 79 was repeated except for changing
the pre~contacting gas to a mixed gas of methane (6.75 cc/min},
ethane (0.75 cc/min) and hydrogen (75 cc/min) to carry out a

reaction. Themaximum yield of benzenewas 10.% % and the activity

o

preservation ratic was 83 %.
[0154]
Example 81
A reacter was charged with 0.3 g of the catalyst A, and was
purged with helium and the temperature was lncreased to Z00°C in
10  a helium stream (10 cc/min) and held for 30 min. Subsequently,
the gas was changed to a pre-contacting gas, which was a mixed
gas of methane (€.75 cc/min}, ethane (0.75 cc/min) and hydrogen
(7% cc/min} and the temperature was increased to 650°C and held
for €5 min. Then, only the hydrogen feeding was stopped and a
15 reaction was initiated using methane and ethane as a reaction gas
at the game fiow rates at 650°C. The maximum yield of benzene
was 8.7 % and the activity preservation ratio was 99 %,
[0155]
Example 82
20 The procedure of Example 8l was repeated except that the
holding temperature was 600°C and the holding time was 20 min in
the pre-~contacting step, and the reaction temperature was 800°C
to carry out a reaction. The maximum yield of benzene was 7.9 %

and the activity preservation ratic was 89 %.



15 of Catalysis, Vol. 206, P.23 (2002)) in the following manner. An autoclave made of TeflonTm was
charged with ST-40 and hexamethyleneimine and_subjected to hydrothermal synthesis at 150C. The
resulting solid was dried at 120C and calcined at %1 540C for 6 hr.The resulting powder was
subjected to ion-exchange with an aqueous solution (2 ) of ammonium nitrate (NH4NO3, purchased
from Wako Pure Chemical Industries, Ltd.) and then calcined in the same manner. It was found by
XRD analysis 5 that the resulting solid had a pure MWW structure and by ICP analysis that the -attic of
silica to alumina was 23. [0145] Preparation of Catalyst The procedure of Catalyst Preparation 1 was
repeated except 10 for using the powder prepared in the above Synthesis of Catalyst Support in place
of ZSM-5-Zedi gﬁé%eﬁﬁr%%égﬁt%%ﬁ* e catalyst was referred as Catalyst LL. [0146] Example 73
15The procedure of Example 1 was repeated except for using the Catalyst LL in place of the Catalyst
A, to carry‘but @ reaction. The maximum yield of benzene was 8.2 % and the activity preservation ratio
was 68 %. [0147] 20 Comparative Example 38 The procedure of Comparative Example 1 was
repeated except forasshitg-the Catdlpst EIr fFplateiot 1ha CatdlysEAOCaky dutta faactibnnFhe
maximum yield of benzene was 0.3 % and the activity preservation ratio was 0%. 62 [0148] Example
74 S Kesacksr asocherged Withos3 pict the Caralyst Ayend washuyged withshetiumharikthe
temperature was increased to 200C in 5 a helium stream (10 cc/min) and held for 30 min.
Subsequestly,ahe gaswas bkangéd¢o & prescontagting’gas whieh was ®thahg {157 ttiminy, and the
temperature was increased to 600C and held for 90 min and thereby the pre-contacting step was
completedr #hen viheigas was thanged to the reaction gas, the temperature was



10 increased to 700C and then the reaction was initiated. The maximum yield of benzene was 6.5 %
and the activity preservation ratio was 62 %. [0149] Example 75 15The procedure of Example 74 was
repeated except for changing the pre-contacting g S to a mixed gas of ethane (6.0 cc/min) and
hydrogen (30 cc/min) to carry out a reaction. The maximum yield of benzene was 7.4 % and the
activity preservation ratio was 86%. [0150] 20 Example 76 The procedure of Example 74 was
repeated except for changing the pre-contactiné“lg‘%ﬁ\?g a mixed gas of methane (7.5 cc/min) and

ethane (0.75 cc/min) to carry out a feaction, The . [ i f, 9% e activity
preservation ratioT \'/vazé %, %%S[Ofgﬁ @a%%egér%%xa%%yfgwa%%%eﬁ %%%%%%ﬁe%%gégdure of

Examplep%\y@géeg% d.execept for changing the pre-contacting gas to a mixed gas of 5 methane
(7.5 cc/min), ethane (0.79 cc/mm) and hydrogen (30 cc/mm) or a mixed gas of methane (7.5 cc/min),
ethane (0.75 cc/min)sndchydragen 45 seapnyd edifyattreastiond viw-maxinuon yields wfbenzene
of the reactions were 7.1 % and 6.9 % respectively and the activity preservation ratios of the catalysts
10 \ere 86 24 Arwh87 Uy $&spectivelya ol 52]tExanple Foont a & iaut e wdsSeh afyatbwith 013 g of the
catalyst A, and was purged with helium and the temperature was increased to 200C in 15 a helium s

(10 co/mit ZrRFISERE REART Sib SRR fiy: BHE G XFIOERATSY T8 7 2 sHIRERY 38/ which

was a mixed gas of methane (7.1 cc/min), ethane (0.38 cc/min) and hydrogen (75 cc/min) and the
temperattire was increased to 700C and held for 80 mm. Then, only the hydrogen feeding was

stopped, and a 29 reagfion.was,initiatedysing gyethang ang ne a$,a reagfiQn gas,atthesame flow

rates. The maximum yield of benzene was 9.3 % and the activity preservation ratio was 96 %. [0153]
Examplen@f) y@enum-containing solid catalyst to contact with a rawmaterial

10 gas (G2) comprising a lower hydrocarbon essentially containing
methane, to generate an aromatic hydrocarbon,

wherein the starting temperature in the pre-contacting step

is lower than the reaction temperature (Tr) in the reaction step,

and the temperature during the pre-contacting step from the

15 beginning to the end is not over the reaction temperature (Tr),

and the molybdenum-containing solid catalyst comprises

molybdenum and a zeclite having a ratio of silica to aluminum of

not more than 45.

20 2. The process for producing an arcmatic hydrocarbon
according to claim 1, wherein the starting temperature in the
pre-contacting step is not higher than 350°C and the pre-contacting

temperature is increased with passage of time.

25 3. The process for producing an aromatic hydrocarbon
according to claim 1 or 2, wherein in the pre-contacting step, the

contact o©of the molybdenum-containing solid catalyst and the



The procedure of Example 79 was repeated except for changing the pre-contacting gas to a mixed gas
of methane (6.75 cc/min), ethane (0.75 cc/min) and hydrogen (75 cc/mm) to carry out a reaction. The
maximum yield of benzene was 10.9 %and the activity S preservation ratio was 93 %. [0154] Example
81 A reactor was charged with 0.3 g of the catalyst A, and was purged with helium and the
temperature was increased to 200C in 10 a helium stream (10 cc/mm) and held for 30 min.
Subsequently, the gas was changed to a pre-contacting gas, which was a mixed gas of methane (6.75
cc/min), ethane O 75 €EAnin) &5¢ hydregeni(7s etmsiafandthe tethprature Wasiineraasetao 650C
and held for 85 min. Then, only the hydrogen feeding was stopped and a 15 reaction was initiated
using metFaRe atetharitas BPe&ctivn §asattiiccstmge fw ratelscdt 65000 The giaxiniuraryield of
benzene was 8.7 % and the activity preservation ratio was 99 %. [0155] Example 82 20The procedure
of Example 81 #sTepeatcteaxcept that thel Boldingaenperatute wasB90C-and the: holding time was
90 min in the pre-contacting step, and the reaction temperature was 600C to carry out a reaction. The
maximum yield or benzene was 7.9 % and the activity preservation ratio was 89 %. INDUSTRIAL
APPLICABILITY [0156] According to the present invention, aromatic hydrocarbons 5 can be produced
industrially from ldwer Bydroparboas suchcas methdne and thenlike ircahighcyietd withea highnactivity
preservation ratio. 66 CLAIMS 1. A process for producing an aromatic hydrocarbon which
process .comprisésna pte-coRtacting stepraf miawingra molybdenusraantaining 5 solig catalyst to
contact with a pre-contacting gas (G1) comprising at least one selected from a lower hydrocarbon and
a hydrogerogasiand-ateactionstep ofallowisg:ibe pre-contagted 400°C and not higher

than the reaction temperature (Tr).

10 5. The process for producing an aromatic hydrocarbon
according to claim 1 or 2, wherein when the temperature of the
pre~contacting step reaches to the reacticon temperature {Tr), the

pre-contacting gas (Gl) is changed to the raw material gas (G2)

and the reaction step is initiated.

15
©. The process for producing an aromatic hydrocarbon
accerding to any one of claims 1 to 5, wherein the pre-contacting
gas (Gl) is amixed gas comprising hydrogen and a lower hydrocarbon
essentially containing methane.
20

7_. The process for producing an aromatic hydrocarbon
according to claim 6, wherein the pre-contacting gas (Gl) is a

mixed gas comprising methane and hydrogen.



molybdenum-containing solid catalyst to contact with a raw material 10 gas (G2) comprising a lower
hydrocarbon essentially containing methane, to generate an aromatic hydrocarbon, wherein the
starting temperature in the pre-contacting step is [efver than the reaction temperature (Tr) in the
reaction step, and the temperature during the pre-contacting step from the 15 beginning to the end is
not over the reaction temperature (Tr), and the molybdenum-containing solid catalyst comprises
molybdenum and a zeolite having a ratio of silica to aluminum of not more than 45. 202. The process
for producing an &romafie hyifeearbon accorditig ticlaing 1,avhersinthe startingdtemperature in the
pre-contacting step is not higher than 350C and the pre-contacting temperature is increased with
passage 8FfinEC283. The pracassdop praducihg edaromaticthydeatarbencascording $0 Elaim 1 or 2,
wherein in the pre-contacting step, the contact of the molybdenum-containing solid catalyst and the 67
pre-contaeting gas (€Y is Latrietrogavitipamainitaimidgthedenperataee at a holding temperature (Th)
which is not higher than the reaction temperature (Tr) for a certain period of time. 4. The process
for producing an aromatic hydrocarbon according to claim 3, wherein in the pre-contacting step, the
holding temperature (Th) is not lower than 400C and not higher than the reaction temperature (Tr).
105.3The processifor froducingrar aromatic hydresarhoncaceerdiag tenetaim 1105 2 whergiprwhen the
temperature of the pre-contacting step reaches to the reaction temperature (Tr), the pre -contacting
gas (Cl) is changedto the caw trateriat gas (92} asd the reagtion-stepds initiateek 455 1¢ 6, The
process for producing an aromatic hydrocarbon according to any one of claims 1 to 5, wherein the

pre-contacting gas (€Y is amixed-gas comprismgdydsogen apd adgwer hydrocarbon essentially
containing methane. 20 7. The process for producing an aromatic hydrocarbon according to claim

6, wherein the pre-contacting gas (Cl) is a mixed gas comprising methane and hydrogen. 68 8.
The process for producing an aromatic hydrocarbon according to claim 6 or 7, wherein the mixed gas

comprises 5 or more meles of bydiogen per1 moleigtmethane. 59 The pracess for produsing an
aromatic hydrocarbon
10 . according toanyone of claims 1to ¢, wherein in the pre-contacting
step, the flow rate cf the pre-contacting gas (G1l) satisfies at
least cne condition of a condition such that the flow rate of the
pre-contacting gas (Gl) is more than two times as high as the flow
rate of the reaction gas (G2) in the reaction step and a condition

15 such that the ratio (F/W) of the flow rate (F) of the pre~contacting

gas {Gl) to the catalyst weight (W) is not less than 50 cc/ (g -min).

11. The process for producing an aromatic hydrocarben
according to any one of claims 1 tc 10, wherein after the
20 atmospheric gas of a catalyst layer is purged with an inert gas,

the pre-contacting step is carried out.

12. The process for producing an aromatic hydrocarbon

according to claimll, wherein the temperature of the purging with



according to claim 6 or 7, wherein the mixed gas comprises 10 or more moles of hydrogen per 1 mole
of methane. 10. The process for producing an aromatic hydrocarbon 10 according to any one of
claims 1 to 9, wherein in the pre-contacting step, th&€ flow rate of the pre-contacting gas () satisfies at
least one condition of a condition such that the flow rate of the pre-contacting gas (G1) is more than
two times as high as the flow rate_ of.the reactjqn gas (G2) in the reaction step and a condition 15 such
that the ratio J(!E%lﬁ%oigtﬁg floWw r%l?é: (F—J)l&h ffie p@é“:’lgbn ;SC?iﬁé gas (G1) to the catalyst weight(W) is not
less than 50 cc/(g.min). 11. The process for producing an aromatic hydrocarbon according to any
one of claims 1 to 10, wherein after the 20 atmospheric gas of a catalyst layer is purged with an inert
gas, the pre-contacting step is carried out. 12. The process for producing an aromatic
hydrocarbon 69 4R inefitfas RERGEGher WranPEspelicing 1 3FhSprdtakd for BrotirifrRRRromatic
hydrocarbon according to any one of claims 1 to 12, wherein the raw material 5 gas (G2) does not
contain hERYEH-Stbstahfdly. O18. PhePrBesss for Froddoing Rt dbmdtiRnydtycaibbRAERbrding to
any one of claims 1 to 13, wherein the zeolite is an MFI type or an MWW type. 15. The process
for produBig alFarorisRShyiEc&PohtEct ofdify ©6 efairf 1as Wi A& molybdenum is supported in
an amount of 7 to 20 96 by weight in the molybdenum-containing solid catalyst.

14. The process £fcor producing an aromatic hydrocarbon
according to any cone of claims 1 to 13, wherein the zeolite is an
MFI type or an MWW type.

10

15. The process for producing an aromatic hydrocarbon
according to claim 14, wherein the molybdenum is supported in an
amount ©of 7 to 20 % by weight in the molybdenum-containing solid
catalyst.

15



