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1 DESCRIPTION PROCESS FOR PRODUCING AROMATIC
HYDROCARBON TECHNICAL FIEhD 5[0001] The present invention
relates to a process for producing an aromatic hydrocarbon from a lower
hydrocarbon gas. More 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 methane as a major component by activating a
molybdenum-containing solid catalyst. TECHNICAL BACKGROUND
[0002] 15 Conventionally, mo 6%@?\ydrocarbons represented by
benzene, toluene, xylene, etc. areé)roduced asab ;&]roduct of gasoline

productigﬁﬂ?ﬁéﬁol b refineRfntl sty ortad aCoipredidt trethylene

roduction in petrochemical industry. The yields of aromatic
Tgc}ﬁ%%r%ﬁ&Based on crude oil, which is a 20 starting raw material, are
not high because the aromatic hydrocarbons are not targeted products in
OO%%/ of the industries. Furthermore, the production of aromatic
hydrocarbon is limited by the demand trends of each targeted product.
[0083F2 bPAS agitecass/for produding ansfoimatie hydrstasborf as anroducing

an aromatic hydrocarbon from a lower hydrocarbon gas. More
particularly, the present invention relates to a process for
efficientlyproducing an arcmatic hydrocarbon useful as a chemical
industrial raw material from a lower hydrocarbon gas containing
methane as amaior component by activating a molybdenum-containing
solid catalyst.

TECHNICAL BACKGRQUND

[0002]

Conventionally, 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
vields of aromatic hydrocarbons based on crude oil, which is a
starting raw material, are not high because the aromatic
hydrocarbons are not targeted products in any of the industries.
Furthermore, the production of arcmatic hydrocarbon is limited
by the demand trends of each targeted product.

ro003]
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targeted product, processes of employing a light cut component derived
from crude oil, for example, a process of using LPG or C3-C4 naphtha
such as Cyclar process, Z-forming pl%cess, 5 Aroforming process and M2
forming process; a process of employing a C6-C7 naphtha such as
AROMAX process or RZ-Platformer process and alpha process of
employing cracked olefins, and other processes have been developed,
and Sorfle f U Proceste b Fave beef esmaieiBialized. 'HoWevarthen as an
production of aromatic hydrocarbon 10 still remains low. [0004]
Largrd&ivRiie 98 saidat BfeRatupdl GatrresEives in thée altholewordarenent
6000 TCF. However, the transportation cost of the natural gas is
der yeddrdilFigh Bhdmestiof the hatwapas is B5 mnevery distribsteddn i or
limited areas. Therefore, most of the natural gas is not utilized effectively.
Ca~Cror eREMpIE asseciated Yas protiutedtogetheswithieridenil contaits acs s,
large amount of methane, but recovery and transportation of methane
Arofpyaimany  probienisish at methiane s gererallyadisposedbyc £ employing
incineration. 20 The technology for producing aromatic hydrocarbons from
a Cemethaneh Whicks isoa nsein ADDYFonent of naturakgas, & ety Bairosess e s s
that abundant natural gas can be converted into essentially
and highrradueraddetsliguidichemjcab products pwhichds moeereasily and other
transported, but also a process that a raw material source of 3 aromatic

prodysescatbeone which isconelimpeattant-chemicaland Hadusyial saw materidhec
can be switched to non-crude oil

commercialized. However, the production of aromatic hydrocarbon

still remains low..

[0004]

Meanwhile, it is sald 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
unevenly distributed in the limited areas. Therefore, most of the
natural gas is not utilized effectively. For example, assoclated
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.
The technology for producing aromatic hydrocarbons from methane,
which is a main component of natural gas, 1s not only a process
that abundant natural gas can be converted into essentially

high-value-added liquid chemical products, which is more easily

transported, but also a process that a raw material source of
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resources. The commercialization of the process has been desired. 5
[0005] Examples of the process for producing aromat.ic hydrocarbons
from methane include a process of producing aromatics by a ‘
multiple-step reaction and a process of producing aroma_tics directly by a
one-step reaction. An example of the former process 10 is a process that
a water gas is produced firstly from methane, methanol is then pr_odt_Jced
ar O%Hﬁegﬁ&@é%rma g@soline comporent domtainirgraromatiesiisal  and
finally produced by MTG reaction. Alternatively, Patent document 1 and
indpgientaibcdrment 2adisclbse provessesof preducingd gas stieamcrude oil
containing an aromatic 15 hydrocarbon using a mixtgre (_essentlall_y
TeseBatafting etldrfe apemetiytere obinalte byan oxigdativecouplindhas  been
reaction of methane as a raw material. [0006] As a process for directly
desiﬂfﬁl@ng methane into aromatics, 20 there have been disclosed a report
that methane is allowed to contact with silica to prepare 1 to 4 ring
[ 00@Pdmatic compounds (Non-Patent document 1) and reports by 0. V.
Bragin, at al. that an aromatic compound such as benzene and the like is

preparetchye altoivirigenpethane tofeontactwith arcatalyst LOMPHSIAG o carbons

platinum 4 or chromium supported on zeolite (Non-Patent document 2
frorand.eNbrPatent document 3){008¢k of producing aromatics by a
multiple~step reaction and a process of producing aromatics
directly by a one-step reaction. An example of the former process
is a process that a water gas is produced firstly from methane,
methanol is then produced from the water gas and a gasoline
componentcontainingaromaticsAisfinailyproducedkn/MTGreaction.
Alternatively, Patent document 1 and Patent document 2 disclose
processes of producing a gas stream containing an aromatic
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,
there have been discleosed a report that methane is allowed to
contact with silica to prepare 1 to 4 ring aromatic compounds
(Non-Patent document 1) and reports by O. V. Bragin, et al. that

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

allowing methane to contact with a catalyst comprising platinum
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Patent document 3 discloses that when methane is fed to 5
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 methane 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

OT  ThEtRBY BF prodkiemh & ProdfictZ EGritaining ‘ATORTENRS &b ofstingtrol 2 and

%%rocarbon by using a catalyst, which comprises zinc, another metal
Non—fitsdbtité Biit™s6 examples of employing a raw material containing
methane is 15 disclosed. [0009] Patent document 8 discloses a method
[00%¢ broducing a liquid rich in aromatic hydrocarbons from methane by
using Ga/ZSM-5 or H-ZSM-5, as a catalyst. Patent document 9 discloses
a methéd that 20WeEHzene is produeed Jrobk AfethARugiaglzane is fed to
carbonaceous substance at least partly containing a diamond-like
Ca-Ggerukture o010k Pateatdodument 10 disclaseseemetisod: thst aliguibtrichl 1 ke
in aromatic hydrocarbons is produced from a hydrocarbon containing 5
are pethahesdsia niaia tomponent susingat eathlyst conairting’a VB mett lose
such as gallium, rhenium and the like and an aluminosilicate having a
thatratio of silicatowaltmind of notdessthands: Patenyrddoemiertd ¥ disoloseshane
a method that a lower hydrocarbon such as
using boron nitride, silicon carbide or a metal oxide, as a
catalyst, at a high temperature of over 1000°C.
[0008]

Patent document 7 discloses a method of producing a product
centaining arcmatics and olefins from hydrocarbon by using a
catalyst, which comprises zinc, another metal and zeolite, but
no examples of employing a raw material containing methane 1is
disclosead.

[0009]

Patent document 8 discloses a method of producing a liquid
rich in aromatic hydrocarbons from methane by using Ga/Z8M-5 or
H-Z5M-5, as a catalyst. Patent document 9 discleses a method that
benzene is produced from methane using a carbonaceous substance
at least partly containing a diamond-like structure.

[0010]

Patent document 10 discloses a method that a liquid rich

inaromatic hydrocarbons is produced from a hydrocarbon containing
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5 methane and the 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

methane 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 methad that an aromatic
metNRRfFocdrboh REprodtcBRTRSH tmetfdientixed With'ary ohe'dt E2ietca VI 13
oIefih?Hﬁ%)ropane and n-hexane in an amount of 40 to 105 mol based on

nelandthsne 200 L 15 Patehtdocdnfeit T4 ant Paéht ddcumentigosilicate

disclose methods that benzene and the like are prepared from a lower
haviRfr8c&bbhCsich a5 memahe aidihekeUsiAg a catagstiviieh? -  Patent
comprises a porous support, rhenium and any one of iron, cobalt,
docysafiriurh-arfdl the ke Sorfaeatdlyst Wiiel comprises reRilms 3upporteégch as
on 20 metallosilicate. [0012] As a widely known catalyst having excellent
netprpperfiésiwhich hasX¥seeh studicdrmbseearestiyfdr prodading gt , which
aromatic hydrocarbon using methane as a raw material, a catalyst
congohmsisng 6 Molybdeman sappbrad oma 2dolitendevetpedy anwanga L1t .
at al. in 1993 can be cited (Non-Patent document 4) This document
Patafigcldsesraemethaedisfushng tie catalysbih theteaction aftet itrehtmemtcarbon
with air at 700C. 5 [0013]
is prepared frommethane using a catalyst, which comprises galliium
and a pentasil type zeclite, and an alumina modified with
phosphcorus in combination. Moreover, Patent document 13
disclosed a method that an aromatic hydrocarbon is produced from
methane mixed with any one of CZ £to C4 olefins, propane and n-hexane
in an amount of 40 to 105 mol% based on methane.
(0011}

Patent document 14 and Patent document 15 disclose methods
that benzene and the like are prepared from a lower hydrocarbon
such as methane and the like using a catalyst which comprises a
porous support, rhenium and any one ¢f iron, cobalt, platinum and
the like, or a catalyst which comprises rhenium supported cn
metallosilicate.

[0012]
As a widely known catalyst having excellent properties which

hnas been studied most earnestly for producing an aromatic

hydrocarbon using methane as a rawmaterial, a catalyst comprising
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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 thie 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 process in a drying step after a supporting step.

mo 1 VB St BomBRE 18iSEo8ed &thethod St Frepatiiy 8 Shapet tataly &t 2.
' which prevents an active component from being supported ontg a binder.
in 135nevein 15 5ccording td ¥e examples tHEreBT IR déteriorativiPoftRE vment
_catalyst activity with time progresses very rapidly and sufficient
dis deapapiitRstannotbe btaihed. [00T4FPateht Bbchment 31 Pafenton atter
document 19 and Non-Patent 20 documents 5 to 9 disclose methods of
treasiapating ardmatics fidm’a Yolwer hydrocarbon such as methane and the
like using a catalyst obtainable by adding, to a catalyst which comprises
[001fblybdenum and metallosilicate, any one of zinc, gallium, cobalt,
chromium, lanthanum, neodymium, samarium, yttrium, iron, cobalt,
nickélt Znplatiearsiconitm, BhgStens vanadiule patddidgd, raffriumpg 2
iridium, titanium, rhodium, rhenium, gold, silver and copper. However, the
Mo/ Zdtfdrmancd issfobsuffisient sincentha agdrhaticryieleisdow and theprocess.
catalyst life is not studied sufficiently. 5[0015] Patent document 20
Howedisclesdsa nyethée vharomatizing afetitari icient since the aromatic
yield is low and tThe catalyst lLife is not studied sufficiently.
Patent document 17 discloses a method of preparing a Mo/ZSM-5
catalyst used for accurately controlling a meisture removal
process in a dreying step after a supporting step. Patent document
18 discloses amethod of preparing a shaped catalyst which prevents
an active compeonent from being suppcrted ocnto a binder. However,
according to the examples thereof, The detericration of the
catalyst activitywith time progresses very rapidly and sufficient
capabilities cannot be cobtained.
[0C14]

Patent document 11, Patent document 19 and Non-Patent
documents 5 to 2 disclose methods cof 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 zinc, gallium, cobalt, chromium,

lanthanum, neodymium, samarium, yttriuom, iron, cobalt, nickel,
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using a catalyst obtainable by introducing molybdenum into a MFI type
zeolite 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-containing catalyst b ,
012 iAo tredirent 'L [00T6] PHER Hotimeits 234 I8 distibsen L
. . methods of improving the catalyst life by adding carbon monoxide, carbon
1L HiBRide Sy drodERY or a Rkt of By g8 afd wWhtertb d feactibn gaskker -
production of aromatics from methane using a catalyst which comprises
HOWS35 Molybefentifit and figtaifostitats’ MSreoler: Paténtdoeament 285imat ic
__Patent document 29 disclose methods of keeping the catalyst activity by
vielideling &'fedélibr §&s antid Hydrogehtcortaitfiig §hsBitsinativdly i ently.
production of benzene and the like from methane using a catalyst which
001comprises molybdenum and metallosilicate. 8 However, in any of the
methods, the improvement is effected but is not sufficient necessarily,
and &fiiffhe yiId B tHe Afoiidtieso rany BEthearethcesdsdow. J00g7jes hane
Patent document 30 discloses a process of preparing a non-aromatic
us ingchicyidrdvarborbduchnad dycloiexanes afid tha dikeoby edrvertingnto a MFI

methane, which is mixed with at least one selected
type zeolite having a ratioc of silica to alumina of about 50, outer

surface acidity of which is inactivated with an amorphous silica
layer, and a process of activating the molybdenum-containing
aluminosilicate catalyst in which molybdenum i1s introduced.
Furthermcre, PFatent documents 21 to 23 disclcse methods of
preparing a molybdenum-containing catalyst by carbonization
treatment.

[C01e]

Patent documents 24 to 28 disclose methods of improving the
catalyst life by adding carbon monoxide, carbon dioxide, hydrogen
or amixture of hydrogen and water to a reaction gas in production
of aromatics from methane using a catalyst which comprises
molybdenum andmetallesilicate. Moreover, Patent document 28 and
Patent document 29 disclose metheds 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 molybdenum and metallosilicate.
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from hydrogen, water, carbon monoxide and carbon dioxide, with a
Mo/ZSM-5 catalyst and subsequentléallowing an effluent 10 contalnlng
the resulting aromatics 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

Howehgdrogen and carbon monoxide or carbon dioxide, using a Mo/ZSM-5
C

%ysﬁ“ﬂSa[}@élgflrFHﬁ)s‘{l%ftﬁ%@%fd&&%éﬂ%?ﬁ%eéfa?ﬁi‘ystiﬁeeff?C*{Ed but
. . _determined by lowering of the yield of the aromatic hydrocarbon Wlth time
-9 "RinSttfictérttront feSinadstialviesolit! ornetessan/ @xdminationsiont Los
. the catalyst life are not carried out. In some 20 of the methods in which
0 3Ry cafalydtfitd RUBAGthaSidlawf the aromatic hydrocarbon is |
suppressed to be low level. Therefore, the development of a technique
[00%4pable of keeping a high yield of the aromatic hydrocarbon for a long
period of time has been desired. 9 Patent document 1: USP 4,822,944
PatBAt 85¢unisrit PRSP 53361825 1 Patent documert 3sUSP 4239,6581g a
Patent document 4: USP 4,507,517 5 Patent document 5: USP 4,567,311
non-pHeRtdscumEft 6 USRI T3458T Ratent docupment e W@AD81514091 i ke
Patent document 8: EP-B-216491
by converting methane, which is mixed with at least one selected
from hydrogen, water, carbon monoxide and carbon dioxide, with
a Mo/ZSM-5 catalyst and subsequently allowing an effluent
containing the resulting aromatics such as benzene and the like
te 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.
[0018]

In most of these documents, the catalyst life determined
by lowering of the yield of the aromatic hydrocarbon with time
is dinsufficient from the industrial viewpoint, or necessary
examinations on the catalyst life are not carried out. Tn some
of the methods in which the catalyst life is long, the vield of
the aromatic hydrocarbon is suppressed to be low level. Therefore,
the development of a technique capable of keeping a high vield

of the aromatic hydrocarbon for a long period of time has been

degsired.
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Patent document 9: USP 5,557,022 10 Patent document 10: EP-B-228267
Patent document 11: JP-A-H10(1998)-272366 Patent document 12: USP
5,026,937 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:

Patofp AGGEH999)-47606 Do‘PateAt dddument 20: WO-A-02/10099 Patent
document 21: WO-A-2005/28105 Patent document 22:

Pateppl AdRDBI284120 PatBnfdoctimém®23: JP-A-2005-254121 Patent
document 24: JP-A-H11(1999)-60514 10 Patent document 25:

PatgpiAczonau289398 PaEtentidecimérit26: JP-A-2005-255605 Patent
document 27: JP-A-2005-343879 Patent document 28:

PatanO-AcZ0867 11568 5 et docuniarnt 29: JP-A-2003-26613 Patent
document 30: WO-A-2006/83409 Patent document 31:

PatanyD-A2006/8 7971 N6AEPdtehtbdocliment 1: Science Vol. 153 Page 1393
(1966) Non-Patent document 2: Russian Chemical Bulletin Vol. 31 No. 4
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10 Page 847 (1982) Non-Patent document 3: Russian Chemical Bulietin
Vol. 38 No. 3 Page 680 (1989) Non-Patent document 4: Catalysis Letters
Vol. 21 Page 35 (1993) Non-Patent:document 5: Catalysis Letters Vol. 39
Page 169 (1996) 15 Non-Patent document 6: Applied Catalysis A Vol.
152 Page 173 (1997) Non-Patent document 7: Reaction Kinetics and
Catalysis Letters Vol. 61 Page 391 (1997) Non-Patent document 8:

Patefpurna BFesdtalysiiVoiE 170 Pagé 1eA9%7) Non-Patent document 9:
Journal of Natural Gas Chemistry Vol. 13 20 Page 36 (2004)

Pat s CISURE-OFFHE ERVENTION SUBYECT TO BE SOLVED BY THE
INVENTION [0019; It is an object of the present invention to provide a

P2t §tecE T EBE protucitiy-am ardhatié Rjdrdcarbon using a
molybdenum-containing solid catalyst, more specifically to provide a

Pat gsrbcessforpréducing BR-akomatié hydidcarbon efficiently from a lower
hydrocarbon gas essentially containing 5 methane by activating a

PatgnglyBdeminardontdiningtsolid datalystowits maintaining a high yield for a
long period of time. MEANS FOR SOLVING THE SUBJECT [0020] The

Pat gréseitdnventors3favéibednr eafhestly iidied in order 10 to solve the
above subjects and found that in producing an aromatic

Patent document 31: WC-A-2006/87871

Non-Patent document 1: Science Vol. 153 Page 1393 (1966)
Non-Patent document Z: Russian Chemical Bulletin Vol. 31 No. 4
Page 847 (1982)

Non-Patent document 3: Russian Chemical Bulletin Vol. 38 No. 3
Page 680 (1989)

Non-Patent document 4: Catalysis Letters Vol. 21 Page 35 (1993)
Non-Patent document 5: Catalysis Letters Vol. 32 Page 169 (1996)
Non-Patent document 6: Applied CatalysisAVol. 152 Page 173 (1987)
Non-Patent document 7: Reaction Kinetics and Catalysis Letters
Vol. €1 Page 391 (1997)

Non-Patent document 8: Journal of CatalysisVel. 170 Page 11 (1987)
Nen-Patent document 9: Jecurnal of Watural Gas Chemistry Vel. 13
Page 36 (2004)

DISCLOSURE OF THE INVENTION

SUBJECT TO BE SCLVED BY THE INVENTION

60193

It is an object of the present invention to provide a process
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hydrocarbon from a lower hydrocarbon gas essentially containing
methane in the presence of a molyhdenum-containing solid catalyst, the
molybdenum-containing catalyst is altowed to preliminarily contact with a
pre-contacting gas (CI) comprising at least one 15 selected from a lower
hydrocarbon and a hydrogen gas at a temperature lower than a reaction
temperature and then to contact with a lower hydrocarbon gas essentially
£Or contBiniiiy fidtRane wHich is &/ faterial gasHESS) 0 Eatry out -1 a
reaction and thereby a sufficiently high yield of the aromatic hydrocarbon
10 LYo B0 thaihtaified thdditrialy fora-dong time penibd ofthf& Thu ‘the  ©°
present invention has been accomplished. [0021] That is to say, the
ProvidResforPrBaading arfdroniic  Rydrotarsoh oftheresént iRVERRSR T Lon
comprises: 12 a pre-contacting step of allowing a molybdenum-containing
eI T igpligcataly sEUcontaet #ith'a PreEdrtatiing YasI(BIf ebhiprisihg afleaspb ing
one selected from a lower hydrocarbon and a hydrogen gas; and 5 a
rethanetion seplofeiowing el plecestitBctetnndlybdenuiA-contamimg-g6lidwith
catalyst to contact with a raw material gas (G2) comprising a lower
ma i riyafkdcdrBon essehtiallye Eenthffing methand 46 efetdie tha@romatic
hydrocarbon, wherein the starting temperature in the pre-contacting step
MEANR isdowepPthantheTBactiorPtémiperature (Tr) in the reaction step, and

the temperature during pre-contacting step from the beginning
[0020]

The present inventors have been earnestly studied in order
to solve the above subijects and found that in producing an aromatic
hydrocarbon from a leower hvdrocarbon gas essentially containing
methane in the presence of a melybdenum~containing selid catalyst,
the molybdenum~containing catalyst is allowed to preliminarily
contact with a pre-contacting gas (Gl) comprising at least one
selected from a lower hydrocarbon and a hydrogen gas at a
temperature lower than a reactlion temperature and then te contact
with a lower hydrocarbon gas essentially containing methane which
is a raw material gas (GZ), to carry out a reaction and thereby
a sufficiently high vield of the aromatic hydrocarbon can be
maintained industrially for a long time period of time. Thus,
the present invention has been accomplished.

(060211
That is te say, the process for producing an arcmatic

hydrocarbon of the present inventicn comprises:
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to the end is not over the reaction temperature (Tr). [0022] In the process
for producing an aromatic hydrocarbon 15 according to the present
invention, the starting temperature it 4he pre-contacting step is preferably
not higher than 350" C and the pre-contacting temperature is prefera_bly
increased with passage of time. [0023] 20 In the process for producing
an aromatic hydrocarbon according to the present invention, in the_ o
pre<tontactiief Stép - thé cohtct of the myﬁdbmmodmﬁdiﬁmgrs@@ntammg
catalyst and the pre-contacting gas (Gl) is preferably carried out with
solifhintaiRmyy tHe témperatuFé ata holding emperature(Thrwhich isjewer (G1)
than 13 the reaction temperature (Tr) for a certain time. Moreover, the
comippidifg teripet@ars (FRENhe Préeonfactingsstepyis préferably: natdowend a
than 400 C and not higher than the reaction temperature (Tr) .5 [0024] In
hyd¥Re process foeprdducing an aromatic hydrocarbon according to the
present invention, the reaction step is preferably started aft_er when the
tenperatiee of the prescortactingtsteparbackes: to theckeactiopre-contacted
temperature (Tr) , the 10 pre-contacting gas (G1) is changed to t_he raw
mo 1 yhaterialgas(G2)i j0025] brthedrocess forsprodusing@n-arematic th a2 raw
hydrocarbon
material gas (G2) comprising a lower hydrocarbon @ssentially

containing methane, to generate the aromatic hydrocarbon,
whereinthestartingtemperatur@:U1the§me—contactingstep

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).

(00227

In the process for producing an aromatic hydrocarbon
according to the present invention, the starting temperature in
the pre-contacting step is preferably not higher than 350 € and
the pre-contacting temperature is preferably increased with
passage of tTime.

[0023]

In the process for producing an aromatic hydrocarbon
according to the present inventicn, in the pre-contacting step,
the contact of the molybdenum~containing solid catalyst and the
pre-contacting gas (G1) isprefexablycarriedcnﬂ:withn@intaining

the temperature at a holding temperature (Th) which is lower than
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according to the present invention, the pre-contacting gas (Gl) is
preferably a mixed gas comprising hydrogen and a lower 15 hydrocarbon
essentially containing methane, mor]egpreferably a mixed gas comprising
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

the efiane? 20- [ORBT - theprocess T8 pfodiicing an arofatic Hydioearion the
according to the present invention, in the pre-contacting step, the flow
holGatediof #Re BreiCortacting lgas (Bhepreferaisty: satisfiesvat leastionpreferably
condition of a condition such that the flow rate of 14 the pre-contacting
not gay¢G1)ismdretthdh awd timéeshashigh as the tflowrateofithe reactiemature
gas (G2) and a condition such that the ratio (F/W) of the flow rate (F) of
(Trlthe pre-contacting gas (GI) to the catalyst weight(W) is not less than 50
cc/(g-min). 5 [00271 In the process for producing an aromatic hydrocarbon
[00Z4ckording to the present invention, after the atmospheric gas of a catalyst
layer is purged with an inert gas, the pre-contacting step is preferably
carfied duteang furtliertheftemperatdrecofthe 10 purgingawith: amipertcgas-bon
is more preferably not higher than 350 C. [0028] In the process for
accagrodocingtan arbmatictyskocarbbnvention, the reaction step is
preferably started after when the temperature of the
pre-contacting step reaches to the reaction temperature (Tr), the
pre-contacting gas (G1) is changed to the raw material gas (G2).
[0025]

In the process for producing an aromatic hydrocarbon
according to the present invention, the pre-contacting gas (G1)
is preferably a mixed gas comprising hydrogen and a lower
hydrocarbon essentially containing methane, more preferably a
mixed gas comprising 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.
[G026]

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
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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 hydrocarﬂén according to the present
invention, the molybdenum-containing solid catalyst preferably comprises
molybdenum and a crystalline 20 metallosilicate, the crystalline
metallosilicate is preferably an MFI type zeolite or an MWW type zeolite
the RL& MUtBOFET tHe rﬁa@bg%%hm fspreterably Supportediimsan arfod@ht 657 the
to 20 % by weight on the molybdenum-containing solid catalyst. EFFECT
£ LOWORTRSEANVERTIGRAS: J0036ETHE predént iAveRtich-Eamprévige a-hat the
process for producing an aromatic hydrocarbon efficiently from a lower
ratigdreédrbonlgds: eohipiisitg FiethBhe®s & nfaineonfonent ahd doties (G1)
natural gas by 5 activating a molybdenum-containing solid catalyst with
to dimplend veconomicdl pricedires ahdtherebyraintdining allighin ) .
reaction yield for a long period of time in no need of changing a device
[ YO0 Zobnfiguration, a complicated catalyst modification treatment or the use of
a special treatment gas. In the present invention, 10 hydrogen can be
produceditogetheragitts thé @ronpaticchyrrogaron, andrthereby itysialsoarbon
useful as a process for producing hydrogen from methane. BEST
accEMBODIMENTEFOR: SARRYING O U THEINVE NTHOM- 0031 eric gas of

a catalyst layer is purged with an inert gas, the pre-contacting
step is preferably carried out and further the temperature of the
purging with an inert gas is more preferably not higher than 350°
C.

[0028]

In the process for producing an aromatic hydrocarbon
according to the present invention, the raw material gas (G2)
preferably does not contain hydrogen substantiaily.

(0029}

In the process for producing an aromatic hydrocarbon
according to the present invention, the molybdenum-containing
solid catalyst preferably comprises molybdenum and a crystalline
metallosilicate, the crystalline metallosilicate is preferably
an MEFI type zecolite or an MWW type =zeclite and moreover, the
molybdenum is preferably supported in an amount of 7 to 20 % by
weight on the molybdenum-containing solid catalyst.

EFFECT OF THE TINVENTTON
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15 The 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 aflowing a molybdenum-containing 20
solid catalyst to contact with a pre-contacting gas (Gl) 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
[OO%%ialyst to contact with a raw 16 material gas (G2) comprising a lower
hydrocarbon essentially containing methane, to generate the aromatic
hydFé€ambbns §00331 PrnEsrtactng: skspPs 1n the pre-contasting step ofiucing
the present invention, the molybdenum-containing solid catalyst is
an agliswedito boRteerwithoheprelcdrtatting fasiiGl ) comprisingratdeaston gas
one selected from a lower hydrocarbon and a hydrogen gas. [0034] 10
comiMélybaentwitéomaining solid tatatpstpisithetmatydidenumecoatainiag gas by
solid catalyst of the present invention, it is possible to use a known
act imelybdenaimecontainimgmsokich catalyst prepared by aeknown.probessmbhat and
is to say, it is possible to use a molybdenum compound itself, a
ecomolybdénumanetal:1® or armolybderiim cosipountrsupported DA reaction
support or a catalyst
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,
hydrogen can be produced together with the aromatic hydrocarbon,
and thereby it is also useful as a process for producing hydrogen
from methane.

BEST EMBODIMENT FOR CARRYING QUT THE INVENTION

(00313

The present invention will be described in detail below.
(00323

The process for producing an aromatic hydrocarbon of the
present invention comprises:

a pre-contacting step of allowing a molybdenum-containing
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
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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 4§ 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 800C, more
preferably 350 to 600C, furthermore preferably 450 to 550C and

mat ggbiittetho useZ Parichlariys itnis prefefred to byel themolybdepamentially
compound supported on a support as the catalyst. 17 [0035] The amount

con'pt iffe iblylbdenent cormpodentsupportstcoramnixed tiscimteims of tiven .
molybdenum metal as a percentage of the total weight of the support or

10036 inorganic solid, 1 to 50 % by weight, 5 preferably 5 to 20 % by weight,
more preferably 7 to 20 % by weight, furthermore preferably 8 to 15 % by

P reygighit: panticularlyepreferably 10 to 12 % by weight. 0036] There is no
particular limitation on the molybdenum source. 10 As the molybdenum
soufce, dommetciallynavailableymotyhdentim imetals:aath vadedention, the
molybdenum compounds can be used. Examples thereof, which are

mo L wasdy avaitable selatively sarei molyhdenum axide, melybdenyn sathide, with
molybdic acid, sodium molybdate, ammonium molybdate, ammonium

the peptametybdste rampmenium 15-paramelybdate: 1iz-molybdephaspharicy from
acid and 12-molybdosilicic acid.

a lower hydrocarbon and a hydrogen gas.

[0034]

Molybdenum-containing solid catalyst

As the molybdenum-containing solid catalyst of the present
invention, it is possible te use a known melybdenum-containing
solid catalyst prepared by a known process. That is to say, it
ispossiblet01mmaamolybdenmncompounditself,anmlybdenumnmtal
or & 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
catalyst may be calcined preferably in the air at a temperature
of 250 to 800°C, more preferably 350 to 600°C, furthermore
preferably 450 to 550°C and submitted to use. Particularly, it
is preferred to use the molybdenum compound supported on a support

as the catalyst.
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[0037] When molybdenum or the molybdenum compound is supported on
the support, various known methods can be used, for example, 20
impregnation methods such as porelﬂlling 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
[Ooqﬁﬁbregnation methods are preferable because 18 their procedures are
relatively simple and a special device is unnecessary. [0038] When the
catalyst FGsEHFinCa shapetiForm AE I FoSsiBIE OF #6 enfpibp any efecsf aixed
process of carrying out the above supporting procedure to a powdery
18/ SUppGHEES prépakalisuppoftet Eatalyse bovwdéer BRd #5er shiaping, famd aotal
process of preparing a shaped body only composed of a support and
welgdabrifigtelf supportiig ©f & molybeeaam. compohdnt bnttheBodlyp1oveight,
[0039] The catalyst is preferably used after calcinating thereof in the air.
pre &frslpporing orihey mising of theomelpbdeirmab and’befoidtheby weight,
calcinating thereof, it is preferred to dry it sufficiently. The drying is carried
furtdut anatemperatige o6 89 15 to 1600, 'moke preferablydl0o, to p2@Cicularly
overnight or for a day and night. 10040]]
preferably 10 to 12 % by weilght.

[0036]

There is no particular limitatiorlon‘thelnolybdenunlsource.
As the molybdenum source, commercially available molybdenum
metals and various molybdenum compounds can be used. Examples
thereof, which are easily available relatively, are molybdenum
oxide, molybdenum carbide, molybdic acid, sodium molybdate,
ammonium melyodate, ammonium heptamolybdate, ammonium
paramolybdate, l2-molvbdophosphoric acid and 12-molybdosilicic
acid.

[0037]

When molybdenum or the melybdenum compound is supported cn
the support, various known methods can be used, for example,
impregnation methods such as pore filling method, incipient
wetness method, equilibrium adsorpticn method, evaporation to
dryness method or spray drying method, a deposition method, an
lon exchange method and a chemical vapor deposition method. Of

these methods, the impregnation methods are preferable because
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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. Exampl%% 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,
the jgdike AT pratihuit andgold. (Orthess L prelared dre zitsmidm, tulrjsiere 1s
or rhenium, iron, cobalt or nickel (iron group), ruthenium, rhodium,
unngsatadmiy or platinum (platinum group) and copper, silver or zinc. In this
case, there is no limitation on the order or 5 the method of supporting or
[C0 3Aiking the two or more components. These components can be
introduced simultaneously or successively by an arbitrary method. [0041]
As tHeeabble stpportior thé snorgrasiic sokd siniscpossiblen1 010 use aossible
commercially available one as it is, or one obtainable by synthesizing
to efipieandnorgaricdompowad Evcrhaterialusing @ known abetheds upport ing
Moreover, two or more supports or inorganic solids can be used in
procombination 2As thedsuppartppinotganic isotichz ineorganicsplids bavingtalyst
high heat resistance are used and 15 particularly, an oxide support is
powdssedifréqueatlys Specifically,nit is passible 0 vsearystalline 0 shaped body
non-crystalline oxides such as silica, alumina, titania, zirconia, magnesia,
onlsilicargluming, csilica-tisania of silicaxmagnesiay srystaliine axides-having o =

molybdenum component on the body.
[0039]

The catalyst is preferably used after calcinating thereof
in the air. After supporting or the mixing of the molybdenumn,
and pefore the calcinating thereof, it is preferred to dry it
sufficiently. The drying is carried out at a temperature of 80
to 150°C, more preferably 100 to 120°C overnight or for a day and
night.

(00403

In addition to molybdenum, at least one other metal
component can be supported or mixed in order to improve the
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,
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micropores, for example, zeolites or aluminosilicates, 20 crystalline
metallosilicates illustrated by gallosilicate, galloaluminosilicate,
borosilicate or phosphoaluminosilic&t%, 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. 20 These pore diameters are
platyyBtEiaBlydrainicl4 o orEhdineter S Afore pfefeFsbly O-s #d e, tungsten
nanometer. 0042] Among the above, particularly, crystalline 5
Or  HietalcdicateshavirtPE FAU, PTLIBEASMOR, FER, (AR MITW IMELS Lum,
CHA, MTT, DON, TON, MWW, NES, MFS, STF, STT, SFG, KFI, IWR,
rhoqTHN oHNAAY pEBPlCEUre are preférréd, idnafarisermors; zesles ares L Lver
preferred. Moreover, crystalline metallosilicates illustrated by the names,
or Férnexample, AIRPOS EMM-DEERM-2, ERBLEIOETS @) ETS-10ITQdler or
ITQ-2,1ITQ-13, ITQ-22, ITQ-23, ITQ-24, ITQ-25, ITQ-26, L zeolite,
the MEWMR2Z, MTML36; MCM49 AOM-561 MICM<68; wN U Ntd-86, Noj8pnents.
PSH-3, SAPO-5, SAPO-11, SAPO-17, SAPO-34, SAPO-35, SAPO-41,
The RSZ:26,887458,4d8 Y zentite; oCzevlites ¥nzédlitepWREDy ZK:-5 ZRRds ively
ZSM-5, ZSM-8, ZSM-11, ZSM-12, ZSM-22, 15 ZSM-23, ZSM-35, ZSM-48,
by #SM:5Y] siticalitepéernerite, beta-zeolite, mordenite and Molecular Sieve
5A are preferred, and among them, zeolites are more preferred.
[ 00 Especially, MFI type zeolites typified by ZSM-5 type zeolite, and MWW
type zeolites typified by MCM-22 type zeolite are preferred.
As the above support or the inorganic solid, it is possible

to use a commercilally available one as it i1s, or one obtainable
by synthesizing from an incrganic compound raw material using a
known methed. Moreover, two or more supports or inorganic solids
can be used in combination. As the support or incrganic solid,
inorganic solids having high heat resistance are used and
particularly, an oxide support is used frequently. 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,
crystalline metallosilicates illustrated by gallosilicate,
galloaluminecsilicate, boreosilicate or phosphoaluminosilicate,
and crystalline aluminophosphates; and MCM-41, MCM-48, MCM-30,
SBA-15, and FSM-16 which have mesopores, and those cbtainable by

regulating these pore diameters with chemical modification.
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2010043] 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 not more than 35, still further preferably not more than 30.
In this case, zeolite synthesized so as to have such a ratio of silica to
The SfurRiraS cah Beatiseas or five Fatiofetsilicavtofalaminia 6f zeolite gandeheter,
regulated to use before or after the molybdenum introduction by a known
morenéthed suek ag dedlurhination amethedike :{0044] The above supports or
inorganic solids preferably have solid acid properties, and known solid
[004%4¢ids can be used as the support. 10 In the case of using zeolite or
methallosilicate, the solid can possess acid properties by using proton
typéopammoniurhaype zeoliteas the rave material fenthe catalystystalline
preparation or by converting other type of zeolite into proton type by a
net khownimethode after the atalystpreparatvn ] 500452 The wata)ystias ue1,
no limitation on its shape and can be used in either powdery or lump

CHA shepe, obirishajied, forms, suttsas granularn seylindricak spheeal, ringr, 174
extruded, round-grain, and honeycomb. The shape of the catalyst can be

or Takmed by asknawn methed 20suitable-for eagh shapeand.the size ofthe; o o
catalyst can be selected

are preferred. Moreover, crystalline metallosilicates
illustrat&jbythenames,forexampl@,ALPOw5,EMM—l,EMM—2,ERB—1,
ETS-2, ETS-10, ITQ-1, ITO-2, ITQ-13, ITQ-22, ITQ-23, ITQ-24,
ITQ*ZB,ITQ~26,Lzeolite,MCM—ZE,MCM—BS,MCM~49,MCM—56,MCM—68,
NU-1, NU~86, NU-87, PSH-3, SAPO-5, SAPO-11, SAPO-17, SAPQO-34,
SAPO-35, SAPO-41, SSz-25, 388Z-58, USY zeolite, ¥ zeoclite, Y
Zeolite,VPIw5,ZK~5,ZRP*1,ZSM—S,ZSM—B,ZSMwll,ZSM—12,ZSM—22,
Z8M-23, ZSM-35, 4SM-48, ZSM~57, silicalite, ferrierite,
beta-zeclite, mordenite and Molecular Sieve 5A are preferred, and
ameng them, zeolites are more preferred. Especially, MFI type
zeolites typified by ZSM-5 type zeolite, and MWW type zeolites
typified by MCM-22 type zeolite are preferred.
[0043]

In the case of using these zeclites, the ratioc 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 mcre than 100, more preferably not more than 55,
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arbitrarily in accordance with the size of a reactor. Moreover, to the
shaped bodies, known shaping assistants, strength improver or pore
making agent can be added if needéd. [0046] 22 Pre-contacting gas (Gl)
The pre-contacting gas (Gl) used in the pre-contacting step of the present
invention comprises at least one selected from lower hydrocarbons and a
hydrogen gas. 5 [0047] The pre-contacting gas (Gl) used in the present
TurfRGamiore Carthe amtririly beledigd ficm égma%‘t bhe BF BoH- fogemore
and lower hydrocarbons which comprise, as a main component,
thandinafé iethane: pregane ShaaAB LetiAdnB g fyieRe Hhd baterid 19 case,
The content of the main components in the lower hydrocarbon
zeo Icorstititirg thelgredcAtacing des’(Ghus usudliiirict lebssthhhcB0c% dyumina
volume, preferably not less than 70 % by volume, more preferably not
can fpgsHRaTio0% By eoluiie, stiflipratdrably fiot lessthan 9% by Voluinezn be
especially not less than 99.9 % by volume. 15 The lower hydrocarbons
reguwonstititing thegpresdoritacting gas <Gl nsayncdntaitecomponémsduchiasn by
nitrogen, helium, argon, oxygen, carbon dioxide and the like in slight
a kramoumts incapablecbf affecting thre pretcontaeting step. Examples of the
pre-contacting gas (Gl) are lower hydrocarbons essentially containing
[00déthane, 20 lower hydrocarbons essentially containing ethane, lower
hydrocarbons essentially containing a mixture of methane and
The above supports cr inorganic solids preferably have solid

acid preoperties, and known solid acids can be used as the support.
In the case of using zecolite or methallosilicate, the solid can
possess aclid 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 a known method
after the catalyst preparation.

[0045]

The catalyst has no limitation on its shape and can be used
in either powdery or lump shape, or in shaped forms such as granular,
cylindrical, spherical, ring, extruded, round-grain, and
honeycomb. The shape of the catalyst can be formed by a known method
suitable for each shape and the size of the catalyst can be selected
arbitrarily in accordance with the size of a reactor. Moreover,
to the Shapedlaodieé, known shaping assistants, strength improver
or pore making agent can be added if needed.

[0046]
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ethane, lower hydrocarbons essentially containing a mixture of methane,
ethane and propane, hydrogen, a mixed gas of hydrogen and a lower
hydrocarbon essentially containing Féthane, a mixed 23 gas of hydrogen
and a lower hydrocarbon essentially containing ethane, a mixed gas of
hydrogen and a lower hydrocarbon essentially containing a mixture of
methane and ethane, or a mixed gas of hydrogen and a lower

PreyerdcHrban @ssémtially Containing methane, 5 ethane and propane,

preferably the mixed gas of hydrogen and a lower hydrocarbon
essEhtiafly contaiting hietharies meie preferably the mixedgastefct ing step
methane and hydrogen. Moreover, it is possible to use two or more kinds
of thkgasdneswitthing gactrotherc dirrg the ireatment, foreexample, fwomrl ower
more kinds of gas 10 selected from methane, hydrogen and a mixed gas
hydofeaethane aaddhydiogenpgetwayarsmore kinds of methane-hydrogen
mixed gas having a different mixed ratio. [0048] In the case of using the
[004viiked gas of hydrogen and a lower 15 hydrocarbon essentially containing
methane, or a mixed ass of methane and hydrogen as the pre-contacting

gasT((sl) rthe -mixad aratitrof Rykogen fo methane (Mefapratior inthevention
mixed gas is preferably more than 1, more preferably more than 4,

can foethermmbte spreferably mote than &n especially nefless thap 49. Jhakjs 16, yern
20 say, the mixed gas contains, based on 1 mol of methane, hydrogen in

and an@ameurt pf prefarablyymote:than lomel mere preferablymore thandnent,
mol, furthermore preferably more than 5 mol, especially
methane, ethane, propane, butane, ethylene, propylene and butene.
The content of the main component in the lower hydrocarbon
constituting the pre-contacting gas {(G1l) is usually not less than
50 % by volume, preferably not less than 70 % by volume, more
preferably not less than %0 % by volume, still preferably not less
than 99 % by volume, especially not less than 99.9 $ by volume.
The lower hydrocarbons constituting the pre-contacting gas {(Gl)
may contain components such as nitrogen, helium, argon, oxygen,
carbon dioxide and the like in slight amounts incapable of
affectingthegmewcontactingstep.Examples<xfthepre—contacting
gas (Gl) are lower hydrocarbons essentially containing methane,
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 hydrcgen

and a lower hydrocarbon essentially containing methane, a mixed
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not less than 10 mol. [0049] 24 Pre-contacting In the pre-contacting step
of the present invention, the above molybdenum-containing solid catalyst
is allowed to contact with the pre-c%?\tacting gas (Gl). 5 [0050] In the
present invention, prior to the pre-contacting 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 atmospheric gas in the

gas odtalystRyRe Wit tHistine RV gAY - pretérably Giifted bifary containing
temperature not higher than 350C. The iurge of the atmospheric gas in
ethaihe cataiySeRyEr S\With NSRS §as S Preferably ¢areersir befors the a1 -y
start of the pre-contacting step because the pre-contacting treatment
contsiépvan be Mord vdrably BafricthSutin @ ridriéxigiziry 18 cohditionZa s of
[0051] In the pre-contacting step of the present invention, the contact of
hy dripegreceshtactivigegad (CF andtheralsoves iolybden grircontainitg Belidiane,
catalyst is initiated at a low 20 temperature and thereafter, the
ethaemperdture of dieecatalyst fayer lig preferably #itreasedin thecdgaszen and a
stream. Specifically, the contact of the pre-contacting gas (GI) and the
lowecatalystds stastedoat a teawyserature of preferably hot higherthana850C, more
more
preferably the mixed gas of methane and hydrogen. Moreover, 1t
is possible to use two or more kinds of gas by switching each other
during the treatment, for example, two or more kinds of gas
selected from methane, hydrogen and a mixed gas of methane and
hydrogen, or two or more kinds of methane-hydrogen mixed gas having
a different mixed ratio.
L0048]

In the case of using the mixed gas of hydrogen and a lower
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 1s
preferably more than 1, more preferably mcre than 4, furthermore
preferably more than 5, especially not less than 10. That is to
say, the mixed gas contains, based on 1 mol of methane, hydrogen
in an amcunt of preferably more than 1 mol, more preferably more
than 4 mol, furthermore preferably more than 5 mol, especially

not less than 10 mol.

[0049]
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preferably not higher than 250C: The overall reaction step is 25 desirably
carried out in a non-oxidizing condition. Namely, from the start of the
pre-contacting step to the start of thereaction 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
Pre-&GRalactayed) is increased and held at a holding temperature (Th) , which
is lower than the reaction temperature (Tr) in the reaction step, 10 and
theféafféretie reaefidn i-preferabheinitiafed Withrohapgidy ihe feddheg:, the
gas to the reaction gas. The holding temperature (Tr) is preferably not
abovgwer & 400T; Aforé preferablyrictdowsk thars 500Ca0b58 A5 o contact
Furthermore, after the start of the pre-contacting treatment, the
w1thprebeoritactingteiperatuse (the témperature of the catalyst layer) is
increased to reach the reaction temperature (Tr) and then held for a
[ 00dertain period of time. Thereafter, the feeding gas is preferably changed
to the reaction gas. 20 [0054] Alternatively, after the initiation of the
preicontaetinge freatment,dheé pre-contacting tenipenatiwredthecacting step,
temperature of the catalyst layer) is increased and reaches the reaction
the tempetratuse (3 r)yanditherdgatterdhe feeding gas:3ds preferably changed iah a

non-oxidizing inert gas such as nitrogen, helium, argon, etc. The
purge of the atmospheric gas in the catalyst layer with this inert
gas is preferably carried ocut at a temperature not higher than
350°C. The purge of the atmospheric 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
condition,

[0051]

In the pre-contacting step of the present invention, the
contact of the pre-contacting gas (G1) and the above
molybdenum-containing solid catalyst 1is initiated at a low
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, mnore

preferably not higher than 250°C. The overall reaction step is
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26 the reaction gas without holding time. [0055] In the pre-contacting
step, the pre-contacting gas (G1) is preferably fed at a feeding rate of the
certain rate or more, at 5 least the §§me as the flow rate (feeding rate) of
the reaction gas (G2) in the following reaction step, that is to say, based
on the flow -rate (feeding rate) of the reaction gas (G2) in the reaction
step, one time or more, preferably two times or more, more preferably
des ifigfelthar® biriés Cedpedidlly preferabl 10 fitheé$ 10 oF mere. Namely, from
Alternatively, the ratio (F/W) of the flow rate (F) of the pre-contacting gas
the GRS the dEidlystweiyhit DAY IS not sl thian Boce/{gniin)o préferablyatotion
less than 100 cc/(gmin), more preferably not less than 200 cc/(g-min).
ster]0056] 45 mrheopresenttinveation, the tretoorpactiecstep is rpreferabliyi tion
carried out in a reactor in which the following reaction step is carried out.
suclhAlteraatively, icistaldy prefesred o6 canytegdtithd preé-contatting stepianen .
the reaction step respectively using reactors connected mutually by
[005R0ving the catalyst from one 20 reactor to the other reactor. In the
present invention, the pre-contacting step and the reaction step are
preferably-carried fautrcaritmuoustyiwithaut cohtacting the-prescentacted, the
molybdenum-containing solid catalyst with air. Moreover, the
pre-prescontacied molmhdenamseentaining solicheatalyst isspreferablye?27catalyst

layer) is increased and held at a holding temperature (Th), which
is lower than the reaction temperature (Tr) in the reaction step,
and thereafter, the reaction ispreferably initiated with changing
the feeding gas to the reaction gas. The holding temperature (Tr)
is preferably not lower than 400°C, more preferably not lower than
560°C.
(00531

Furthermore, after the start of the pre-contacting
treatment, the pre-contacting temperature (the temperature of the
catalyst layer) is increased to reach the reaction temperature
(Tr} and then helild for a certain period of time. Thereafter, the
feeding gas is preferably changed te the reaction gas.
[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
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submitted to the reaction step without cooling because the steps can be
carried out economically in good energy efficiency. [0057] Reaction step
5 Raw material gas (G2) In the reactibn step of the present invention, a
lower hydrocarbon gas, which comprises methane as a main component
(hereinafter sometimes referred to as raw material gas (G2) ) is used as a
reaction raw material. 10 [0058] The raw material gas (G2) is a lower

the higrstarbon gas which Comprisedimethaiesas a main component, and
contains methane in an amount of usually not less than 50 % by volume,

{00 Préferably not less than 70 % by volume, more preferably not less than
90 % by 15 volume, furthermore preferably not less than 99 % by volume,
espécidllyenptriess thare 89.0r% Isy volunéesThe sawaonaterialigas o(@G2)(G1) is
may contain a lower hydrocarbon having 2 to 6 carbon atoms as a

pre tongonent otherthart methane Examples:thereefrare atkares suchrase, at
ethane, propane, etc. and alkenes such as ethylene, 20 propylene, etc.

leaMoreoverthe raw material gas (G2 mafceantiaiy nitrogenchelins, argodt ion
oxygen, carbon dioxide, etc. in a slight amount such that they do not

gas affeet thenreaction o008 Methaneds containashin natural gasrassocigtedasead
gas, or 28 unconventional natural gas obtainable in petrochemical

on the flow rate (feeding rate) of the reaction gas (G2) in the

reaction step, one time or more, preferably two times or more,
more preferably more than 5 times, especially preferably 10 times
or more. Alternatively, 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), preferably not less than 100 cc/ (g -min), more
preferably not less than 200 cc/{(g-min).

[0056]

In the present invention, the pre-contacting step is
preferably carriedout ina reactor inwhich the fellowing 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 one
reactor to the other reactor. In the present invention, the
pre-contacting step and the reaction step are preferably carried
cut continucusly  without contacting the pre-contacted
molybdenum-containing solid catalyst with air. Moreover, the

pre-contacted molybdenum~containing solid catalyst is preferably
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industries or petroleum refining industries such as off-gas, methane
hydrate, coal-bed methane, oil shade gas, biogas, biomass gas, gas
obtainable by gasification of biomass! swamp gas and the 5 like. These
kinds of gas can be used as they are or after regulating the composition
by mixing them with other gas or removing and separating a part of them,
as the raw material gas (G2) according to the present invention.
subn\sFetfy el Onidthakhea prepaied byherehetion of fateravith eanson the steps
monoxide and the 10 like can be used as the raw material gas (G2) in
can plgceairihecabove- nfsiivped kiddsyofigass {0060} TheTawerhaleriat gas -
(G2) preferably does not contain any substances that may cause the
[ C03akctivity deterioration of the 15 catalyst. In accordance with necessity,
before the reaction step, a process to separate and remove compounds
Reaaphtainisigamitrogen, sulfur, phosphorus, etc., or a large amount of water,
hydrogen, carbon monoxide, carbon dioxide, etc. can be provided to
Raw requkate dhe gopnacditration. 20 [0061] When the raw material gas (G2) for
feeding the reaction step contains hydrogen, the yield of the aromatic
hydrocarben is= dawered. Eherefar€, thedaw material gasu&2) jpreferablylower
has a smaller content of a hydrogen gas and desirably has a hydrogen 29
hydconsebtratiaraef, preferably tessithar 8Yorhyrolume smore preferablydessent
than 5 % by volume, furthermore preferably less
(hereinafter sometimes referred to as raw material gas (G2)) is

used as a reaction raw material.
[0058]

The raw material gas (GZ2) is a lower hydrocarbon gas which
comprises methane as a main component, and contains methane in
an amount of usually not less than 30 % by volume, preferably not
less than 70 % by volume, more preferably not less than 90 % by
volume, furthermore preferably not less than 99 % by volume,
especially ncet less than 99.9 % by volume. The raw material gas
{(G2) may contain a lower hydrocarpbon 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,
propylene, etc. Moreover, the raw material gas (G2) may contain
nitrogen, helium, argon, oxygen, carbon dioxide, etc. in a slight
amcunt such that they do not affect the reaction.

(0059

Methane is contained in natural gas, associated gas, or
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than 4 % by volume, still more preferably less than 2 % by volume,
especially less than 1 o by volume, most preferably less than 0. 50 5 by
volume. [0062] Reaction In the reaction step of the present invention, the
molybdenum-containing solid catalyst which has been 10 pre-contacted
with the pre-contacting gas (Gl) by the above pre-contacting step
hereinafter sometimes reea‘erred to as re-cont% ted catalyst) is allowed to

UnCORYREECWIR the rAf " Fzterial §aS (GZJ wiich ¢6mprises a lowar = ©¢ emical

) hydrocarbon essentially containing methane to generate the aromati

AU ogaTbGR. FETODB3 Whehithe TR materA e (52) 1o Taedifig T 25"
reaction step contains hydrogen, the yield of the aromatic hydrocarbon is

me T hglRrad  ARCSIRGR. iFHE Bse 8P singy'the®gas Cohtdining Hdrogen eSS
is preferred to requlate the hydrogen concentration 20 previously before

gas  féEfingthé Hag o thenft BF tHe reat it &fd Ptofead the TAR M atérfaPgss the
(G2) substantially free of hydrogen into the reactor. The expression

1ikegubstartiafly fé8BF hylrogdf" dederibsd asove indicdtes Buch g faeftnefter
influence of decrease of the yield of aromatics caused by the presence of

regud@ Hydgogents 89TV as'a regligibletevel &s Hastribetabové, ®ie &y O~
material gas (G2) for feeding the reactor has a hydrogen concentration of

renopreferablydess Hasin 8 Y Onvore préfepablyless as the raw material gas

(G2} according to the present invention. Moreover, methane

prepared by the reaction of water with carbon monoxide and the

like can be used as the raw material gas (GZ2) in place of the above

mentioned kinds of gas.
(00601

The raw material gas (G2) preferably does not contain any
substances that may cause the activity deterioration of the
catalyst. In accordance 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 menoxide, carbon dioxide, etc. can be provided to regulate
the concentration.
[0061]

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
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than 5 %, furthermore preferably less than 4 %, still preferably 5 less than

2 %, still more preferably less than 1%, especially less than 0.5%. [0064]

The reaction temperature (the tempéPature of the catalyst layer), which is

not particularly limited in the present invention, 10 is preferably 600 to

950C, more preferably 650 to 800C, furthermore preferably 700 to 750C.

When the reaction temperature is too low, a high yield cannot be attained
congsynefaflibfiom eonserainitc whilé whes fife reéaetion fenfperature ¢ upe, more

high, formation of coke substances, which is a side reaction, 15 is
prefigcreased lwhichtisamfavérable fromulse viewpoirtsob bethp thé it dndless

the catalyst life. [0065] The reaction can be carried out in any one
tharcéndition ebatuoedinary pressure, pndéepressure and uhder fedubgdvolume,

pressure. 20 The reaction pressure is preferably about from 0.1 to 0.8
espdaviPal impresprefetadoly aboot from @ik ford MPasfustheohoreqreferabty 0. 5 %

about from 0.1 to 0.3 MPa, still preferably about 0.1 to 0.2 MPa. In the
by wiéwpeint of the efficiency of the reactor, a high pressure is favorable,

while in the viewpoint of equilibrium constraint, 31 the reaction is
(00davorably carried out at a low pressure. Needless to add, the present

invention should not be limited in the above pressure range. [0066]
Reactilon

In the reaction step of the present invention, the
molybdenum—containimg sclid catalyst which has been
pre-contacted with the pre-contacting gas (Gl) by the above
pre~contacting step {(hereinafter sometimes referred to as
pre-contacted catalyst) is allcwed to contact with the raw
material gas (GZ2) which comprises a lower hydrocarbon essentially
containing methane to generate the aromatic hydrocarbon.
[C063]

When the raw material gas (G2) for feeding the reaction step
contains hydrogen, the yield of the aromatic hydrocarbon is
lewered. Accordingly, in the case of using the gas containing
hydrogen, i1t is preferred to regulate the hydrogen concentration
previously before feeding the gas to the inlet of the reactor and
to feed the raw material gas (GZ) substantially free of hydrogen
into the reactor. The expression “substantially free of
hydrogen” described above indicates such a fact the influence of

decrease of the yield c¢f aromatics caused by the presence of



10

15

20

5 The reaction can be also carried out in a diluted condition such thatan — *
inert gas is separately added into the reaction system in addition to the

raw material gas (G2) . Examples 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

hy 58y pesortheit €8nibindticiFEdd Biges® ForERdmplé: in e fixdd Badrove,

any one of a packed-bed type, a radial flow type, a monolith 15 type and
the gpikEEST be hrBirarily Seldcted Brrithe difetBoreariheigds flow Bybtogen

particularly limited. Moreover, in the fluidized bed, the moving bed or the
conaggisporiised, The WA 2Fate of MY chtalyst particles e ffow kdtE ofess

the gas can be arbitrarily selected in the range that the reaction system
tharcdn %20 berddreitiietraspettvely L0068} Astthermétfiod of héat rapsferably

of the reactor, it is possible to employ any one of a heat insulating method
lesandarhéat exchanging method Becalge! the yeactionlis a eagetherrhicy less

reaction absorbing 32 large amount of heat, it is preferred to employ in
tharthé hegwat insulating method, a multi-stage reactor system with heating

layers between the reactors. In the heat exchanging method, it is possible
[C0aélemploy an electric heating method, a heat medium 5 heating method or

a direct heating method. Particularly, it is

The reaction temperature (the temperature of the catalyst

laver), which is not particularly limited in The present invention,
is preferably 600 to 950°C, more preferably 650 to 800°C,
furthermore preferably 700 to 750°C. When the reaction
temperature is teco low, a high yield cannot be attain@d by
equilibrium constraint, while when the reaction temperature is
too high, formation of coke substances, which is a side reaction,
is increased, which is unfavorable from the viewpoints of both

the yvield and the catalyst life.
(0065

The reaction can be carried cut in any one condition of at
ordinary pressure, under pressure and under reduced pressure.
The reaction pressure is preferably about from 0.1 to 0.8 MPe,
more preferably about from 0.1 to 0.4 MPa, furthermore preferably
about from C.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,
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preferred to employ the direct heating method capable of carrying out the
reaction at a high temperature. On the same reasons as above, itis
preferred to compensate the temperature drop induced by the reaction by
dividing the heating zone into multiple zones i0 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
the g@elra way ilvaf amootlbflyasof bhedeactor is feddw 15 trsnex reattardless
so that the conversion can be enhanced. In the case of employing two or
to amdre téactors; betweenthe twomeactors,dother gas mMaybe=miXxed dna above
part of the gas may be separated and removed for regulating the
pregompositionger. heating the gas again. [0070] 20 After the reaction, the
reaction products can be separated and recovered by a known separation
[004wéthod. Unreacted lower hydrocarbons such as methane and the like
can be separated by a known method and recycled. Moreover, hydrogen

coproduced by ibe: reaction,Unseacted-methane:-and thejlike:earibe-ndition
separated and 33 recovered by a known method and can be utilized as a

sucHaw gatetial er-anyenergy seyrcefor theptheryeagtors example 087} s tem
5 The present invention will be described in more detail with reference to

in dhe fellowingexarmples, buh tshold petbedimited pxampies of the inert

gas may include nitrogen, helium, argon and the like.

[0C87]

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 thelr combination bed types. For example, in the fixed
bed, any one cof a packed-bed type, a radial flow type, a monolith
type and the like can be arbitrarily selected and the direction
of the gas flow is not particularly limited. Morecver, in the
fluidized bed, the moving bed or the transport bed, the moving
rate of the catalyst particles and the fiow rate of the gas can
be arbitrarily selected in the range that the reaction system can
be conducted respectively.

[G068]

Ag the method of heat transfer of the reactor, it is possible

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

method. Because the reaction is a endothermic reaction absorbing
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by these examples. [0072] Reaction method 10 For the catalyst -

evaluation, a fixed bed flow type reactor was used. [0073] In the following

Examples and Comparative Examplés, unless otherwise stated, pure

methane (supplied by JFP) was used as a 15 reaction gas (raw material

gas (G2) ) 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.
Larddorenver unleSs hetherwise stated; theé feeding rate ehpiethaneiwas s heat

cc/min. [0074] 20 As a reaction tube, a double tube having a quartz inner
insyibe (innendigmeter 2 mm)and atdastelloy=C2 26 outer tuhe wasHsethat ing

Unless otherwise stated, the reaction was carried out at 700C at
layatmospherie pressurecf0075134 Analysisand fvaluationmethiodsARcg, it

outlet gas from a reactor was directly analyzed by an on-line gas

is mhwemalegraphetaC2014:GCE14A:riGC8As manyfacturedy by-Shimadzit 41 um
Co.). 5 [0076] With regard to the concentration of each component in a

heagengratedrgas stream the:eeneentration ekamingrganic.g9as-uiarly, it is
preferred to employ the direct heating method capable of carrvying
out the reaction at a high temperature. On the same reascns as
above, it 1s preferred to compensate the temperature drop induced
by the reaction by dividing the heating zone into multiple zones
and contrclling 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
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]

After 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
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component was determined with reference to the internal standard
nitrogen and that of an organic substance was determined with 10
reference to methane which is quantified by the above-mentioned method
referenced to nitrogen. 0077] The yield of benzene was defined by the
following formula 1, and the activity preservation ratio was defined by the
following 15 formula 2, respectively. A catalyst is judged excellent when
rechothr of the indices:arahighoBosmula1:Yield of benzene (26)+ 100 Xaterial
Amount of benzene generated (mol) x 6 / Amount of methane 20 fed
or émobrormpla 2 Actyity preservationeatiof(%e) st 10Q x (Yield of benzene
(%) at 18.5 hr after the start of the reaction) / (Maximum value of yield of
Examenzene (%)) 35 Catalyst Preparation Example 1 Preparation of
Mo/ZSM-5 catalyst (Catalyst A) Ammonium heptamolybdate
[001f(NH4)6M07024 4H20, Special grade, purchased from Wako Pure
Chemical Industries, Ltd.) was dissolved 5 in ion-exchanged water. The

amaunt 9fz%@?Qbébgﬁﬁ}lé'ﬂ%ﬂj@ﬁqW%dﬁ%m%gyﬁy%%g%%ucgtlﬂnwith

that the amount of molybdenum supported was 12 o by weight base

ref%ﬁ@sw@f@{éhgo@&e@@ﬁ%x&mﬁém%@ 204.alammaniymtype . .

by these examples.
(00721

REeaction method

For the catalyst evaluation, a fixed bed flow type reactor
was used.
[GG73]

In the following Examples and Comparative Examples, unless
otherwise stated, pure methane {supplied by JFP) was used as a
reaction gas (raw material gas (G2}) 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 cc/min.
[0074]

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

[0075]
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zeolite (CBV3024E 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 dded 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 prepared in
the Catalyst Preparation Example 1, and was purged with helium.

Ana TheteaftertheteMperature wasHaereased to 200C in a helium stream
(10 cc/min) and maintained for 30 min. Subsequently, the 20 gas for

supply totbe ¢eacfion tibenwas ehanged10, prereeRECtNg .gas, Which 1y an
was a mixed gas of methane (7.5 cc/min) and hydrogen (12 cc/min) and

on- the:teraperaturedvas igreased tec600G: The: femperatyre was-held for 90, .. 4
min and thereby a pre-contacting was completed After completlon of the

by Pre-eentagting, the mixed gas 36 was changed to the reaction gas, the
temperature was increased to 700C and held, and thereby the reaction

(oo s carried out. The maximum yield of benzene was 6.9 % and the
activity preservation ratio was 79 %. 5 [0079] Example 2 The reaction

wasgared éirﬁth@osaﬁ%wgéﬁﬁgﬂgfgm%efl anepgu%haétnent in a

holding at 600C in the pre-contacting step was not carrie

gen@%%@gﬁegg%h%Q@gémﬁeWﬁ%oégﬁ%ggyyg%lon of an inorganic gas

component was determined with reference to the internal standard
nitregen and that of an organic substance was determined with
reference to methane which is guantified by the above-mantioned
method refereﬁced to nitrogen.

[0077]

The yield of benzene was defined by the following formula
1,andtjmaactivitypreservationratiovwmsdefinedknfthefollowing
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 / Amount of methane
fed (mol)

Formula 2

Activity preservation ratio (%)

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

reaction) / (Maximum value of yvield of benzene (%))
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10 yield of benzene was 6.3 % and the activity preservation ratio was
63%. [0080] Example 3 The reaction was carried out in the same manner
as in Example 15 1 except that the Holding time at 600C in the
pre-contacting step was 30 min. The maximum yield of benzene was 7. 0
% and the activity preservation ratio was 81 %. [0081] Example 4 20 The
reaction was carried out in the same manner as in Example 1 except that
Cat ahe holding limesatiB00' TC:arthégré-contacting step was 180 min. The

maximum yield of benzene was 7.0 % and the activity preservation ratio
Prenwas: 78 96, [008P3 7 Wermpardtive Examgle 1eA yedactdn was charged with

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

Examplerl;, andibendhe Itemperature mas increased 10 7006 iv@a beliumade,
stream (10 cc/min) 5 and held for 40 min. Subsequently, the gas was

purahangeditodthersgaction gahand thelrdactioptwds: startedi The maxdituam lved
yield of benzene was 3.7 % and the activity preservation ratio was 6 %.

in i[0083kExamples 1010 Imeachnixample; thenebgtion was carried:euls was
in the same

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 ammonium type ZSM-5
zeolite (CBV30Z4E having a ratio of silica to alumina of 30,
manufactured by Zeolyst Internaticnal) was suspended and stirred
for a 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.
(0o78]
Example 1

A reactor was charged with 0.3 g of the Catalyst A prepared
in the Catalyst Preparation Example 1, and was purged with helium.
Thersafter, the Temperature was increased to 200°C in a helium
stream (10 cc/min) and maintained for 30 min. Subsequently, the
gas for supply to the reaction tube was changed to a pre-contacting
gas, which was a2 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 20 min and thereby a pre-contacting was

completed. After compietion of the pre-contacting, the mixed gas
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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 cc/min, 30 cc/min and
75 cc/min respectively. The maximugwyields of benzene were 4.7 %, 6.8
% and 7.2 % respectively, and the activity 15 preservation ratios were 29
%, 89 % and 91 % respectively. [0084] Example 8 A reactor was charged
with the Catalyst A, and was purged with helium in the same manner as

was inExampte 1oThaeeaftesthec204emperature.was ingreased {0,200Cin 2. < g
helium stream (10 cc/min) and held for 30 min. Subsequently, the gas was

to Tdahgeshte acpre;CoRtacting 4as, wiieh-was-a mixed.gas-ofmethane (7.5 +; o
cc/min) and hydrogen (75 cc/min) and the temperature was increased to

max 00y The tempearature was; beld:fos 80 min andtherehy tf preservation
pre-contacting 38 step was completed. After completion of the

rat jwe-gentacting step, the mixed gas was changed to the reaction gas and
the reaction was initiated. The maximum yield of benzene was 7.3 % and
[oothe activity preservation ratio was 93 %. 5 [0085] Examples 9to 11 In
each Example, the reaction was carried out in the same manner as in
Exarpaaple 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. (72 cefmin).and hydrogen (100 C%’gg@ﬁgg m%r}{ e¥d£%g§Q xample
cc/min), respectively. The maximum y|e
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
yield of benzene was 6.3 % and the activity preservation ratio
was 63%,
[C080]
Example 3
Thereactionwascarriedoutjjlthesamenﬁnneras.hlExample
1 except that the holding time at 600°C in the pre-contacting step
was 30 min. The maximum yield of benzene was 7.0 % and the activity
preservation ratio 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 vield of benzene was 7.0 ¢ and the
activity preservation ratio was 78 %.

reogz]
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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 Examplé, the reaction was carried out in the
same manner as in Example 8 except that the holding temperatures in a
helium stream were changed to 350C and 30C, respectively. The
maximum yields of benzene were 7.1 % and 7.0 %, respectively, and 20
Comghe activity fresep/ation ratios were 92 % and 94 % respectively. [0087]
Example 14 The reaction was carried out in the same manner as in
Examplez 8exceptthat hyarogen{0t39 ee/min)kwas added taithe feactionrged
39 gas. The maximum yield of benzene was 5.6 % and the activity
wittprasarvationiratioveass3ze [0088) fxxample A5 HxEhg reaction was caxded e
out in the same manner as in Example 8 except that the holding time at

tempOC: inthecontacting stap with the presontacting gasswas &min,apd /min)
the gas was changed to the reaction gas at the same time that the

and tB@pEratyre reached . 7096, Jhemaximum yield gk bepzenewas 1.2 % o the
and the activity 10 preservation ratio was 91 [0089] Example 16

reaction gas and the reaction was started. The maximum vield of

benzene was 3.7 % and the activity preservation ratio was 6 %.
10083]

Examples 5 to 7

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
cc/min and 75 co/min respectively. The maximum yields of benzene
were 4.7 %, 6.8 % and 7.2 % respectively, and the activity
preservation ratios were 29 %, 89 % and 91 % respectively.
[0084]

Example B

A reactor was charged with 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 co/min}
and held for 30 min. Subseguently, 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 700°C.

The'temp@ratureimaskmﬂxifcrEﬁ)minnand‘thereby1ﬂuspre—contacting
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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 cc/min,
and the holding temperature was chagged from 600C to 650C. The
maximum yield of benzene was 7.0 o and the activity preservation ratio
was 92 [0090] Examples 17 to 20 20 In each Example, a reactor was
charged with 0.3 g of the Catalyst A, and was purged with helium in the
stesame manpeeasi Exdmple doibeeeafter, the temperatue mascting step,
increased to 200C in a helium stream (10 cc/min) and held for 30 min.
the Subsequeatly,wthe gaswaschangeddo acpre:comtaciing aas; WKeh wasa ; on
mixed 40 gas of methane (7.5 cc/min) and hydrogen (75 cc/min) and the
was temperatueeiwasiinereasedasshovel i Tabled- Thademperature was 4 +he
held for 80 min and thereby the pre-contacting step was completed. After
act Lompletionebthepre-contagting, thesmixedgas 5 was changed to the
reaction gas, the temperature was increased to 700C and the reaction
[co8was initiated. The maximum yields of benzene and the activity
preservation ratios are shown in Table 1. [0091] 10 Table 1 Example
ExarnkErsperaturg Maximum yield Activity increased and of Benzene (1)
preservation held (C) in the ratio (0)

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

manner as in Example 8 except for using, as the pre-contacting
gas, amixed gas of methane (7.5 ce/min) and hydrogen (12 cc/min),
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.
[008e]

Examples 12 and 13

In each Example, the reaction was carried out in the same
manner as in Example 8 except that the holding temperatures in
a helium stream were changed to 3530°C and 30°C, respectively. The
maximum ylelds of benzene were 7.1 % and 7.0 %, respeactively, and
the activity preservation ratios were 92 % and 94 % respectively.
[0087]

Example 14

The reaction was carried out in the same manner as in Example

8 except that hydrogen (0.39 cc/min) was added to the reaction
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re-contact! 17 600 7.1 90 18 500 7.1 90 19 4005.361 203003.51 77

[0092] Examples 21 to 23 In each Example, a reactor was charged with

0.3 g of the 15 Catalyst A, and was3surged 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 min. Subsequently,

the gas was changed to a pre-contacting gas, which was a mixed gas of
gas metamen(@:5 ge/min)iandihydiogen (3@ ecin) dandsithe 20témperatire ivity

was increased as shown in Table 2. The temperature 41 was held for 80
pregainvatditherelythe prescoitacting was completed. After completion of

the pre-contacting, the mixed gas was changed to the reaction gas, and
[ 00&ke reaction was initiated. The maximum vyields of benzene and the

activity preservation ratios are shown 5 in Table 2. [0093] Table 2
ExarffXeenplé Temperature Maximum yield Activity increased and of Benzene

() preservation held (C) in the ratio (0 ) pre-contacting

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
preservaticn ratio was 91 %,
[C0B9]
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
was 75 ce/min, and the holding teﬁperature was changed from 600°C
to 650°C. The maximum yield of benzene was 7.0 % and the activity
preservation ratioc was 92 %,
[0090]

Examples 17 to 20

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. Thereafter, 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
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21700 6.8 88 22500 7.0 88 23 300 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 Mhe maximum yield of benzene was
7. 0 % and the activity preservation ratio was 90 o . [0095] 15 Catalyst
Preparation Examples 2 to 8 Preparation of Mo/ZSM-5 catalyst (Catalysts
B to H) In each Example, the catalyst was prepared in the same manner

gas asin GatalystPreparation Exampledexeepttbatihe amountsof ny and the
molybdenum supported were 3, 5, 6, 8, 10, 15 and 20 o by weight 20

tempespectivelyy Iheiresultingcatalysiswere teferred as Gatalysts BeGoDrature
E, F, C and H, respectively. 42 [0096] Catalyst Preparation Example 9

was Prefiatator oftMoiZEM-5 catalyst £Catalyst ) Ammonium beptamolybdate . .
((NH4)6M02024 4H20, Special grade, 5 purchased from Wako Pure

compChetrigal Industiesckid)and-5.0.9 Qﬁ]@@g@nm%%§m'5c%%o}h@xed gas

(CBV3024E having a ratio of silica to alumina of 30, manufactured by

was Zeodystdaternational)-were: mixed.sthe amount of.a malybdenum salt . .. 4

used was determined by such a calculation that the content of
to Toolybdgpum-wasdS-%hy-Welght i1 itiated. The maximum yields of

benzene and the activity preservation ratios are shown in Table

1.
[(00e1]
Table 1
Example Temperature Maximum vield Activity
increased and | of Benzene (%) preservation
held (°C) in the ratic (%)
pre-contacting
17 600 7.1 90
18 500 7.1 90
19 400 5.3 61
20 300 3.5 17
(00927

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

temperature was increased as shown in Table 2. The temperature
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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 catalystqwas referred as Catalyst |. [0097]
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
was elybdenurs trigxide: (Ma@3 aurghaged from Wako Pure Chemical ) o

Industries, Ltd.) was 20 used in place of ammonium heptamolybdate an

Aft#1e emounis obrmolybdendmssupportedwere 5,10 and 15 z/;%’ s‘,’a"%% Er‘] anged

respectively. The resulting catalysts were referred as Catalysts J,

to dherespectively. JaQ98L43 EK@”E@%%@?&R 34l each Examp le, %ﬂ%ac%?inlmum
was carried out In the same manner as in Example 1 except fqr using the

vieCatalysts B, Gl Em&:’ﬁﬂ’é’a?cléi% rﬁ?@%%%?!zyt ngel e I_ir_%%maggldssnown
of benzene 5 and the activity preservation ratios are shown in"Ta le”3.

in TG99 Table 3 Example Catalyst Maximum yield Activity of Benzene (%)
preservation ratio (%)

[0093]
Table 2
Example Temperature Mazimum yield Activity
increased and | of Benzene (%) preservation
held (°C) in the ratic {%)
pre-contacting
21 700 6.8 88
22 500 7.0 88
23 300 3.7 18
[0094]
Example 24

The reaction was carried out in the Same manner as in Example
20 except that helium was changed to nitrocgen. The maximum yield
of benzene was 7.0 % and the activity preservation ratio was 90 %.
[0085]

Catalyst Preparation Examples 2 to 8

Preparation of Mo/Z8M-5 catalyst (Catalysts B to H}

IneachExample,thecatalystwasgmeparedjjlthesamemanner
as in Catalyst Preparation mxample 1 except that the amounts of
molybdenum supported were 3, 5, 6, 8, 10, 15 and 20 % by weight
respectivély. Theresuitingcatalystswerereferr@jasCatalysts

B, C, D, E, F, G and H, respectively.
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.25B6.166 26 C6.381 27E6.981 28F6.881 29C6.773 30H6.2

67 3116.062 32J6.381 33K6.581 34L6.469 [0100] 10 Examples
35 and 36 In each Example, a reactiah was carried out in the same
manner as in Example 8 except for using the Catalysts C and D
respectively in place of the Catalyst A. The maximum yields of benzene
were 6.7% and 7.1% respectively and the activity 15 preservation ratios

[ 00 wEre 87% and 94% respectively. [0101] Comparative Examples 2 to 9 In
each Example, a reaction was carried out in the same 44 manner as in

CatLoapaative &xamiple lrexeepl forwsing the Catalysts B, C, D, E, F, G, J
and K respectively in place of the Catalyst A. The maximum yields of

prebenzeneand theactivity-preseaationratiosate shewnin Table 4. 5
[0102]

Ammonium heptamolybdate ((NHy) ¢Moq0ss 4H20, Special grade,

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 30, manufactured by Zeolyst International) were
mixed. The amount of a molybdenum salt used was determined by
such a calculation that the content of molybdenum was 15 % by weight
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 I.

[0097;

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
{MoOs, purchased from Wako Pure Chemical Industries, Ltd.) was
used 1n place of ammonium heptamolybdate and the amounts of
molybdenun supported were 5, 10 and 15 % by weight respectively.
The resulting catalysts were referred as Catalysts J, X and L,
respectively.

rooes]
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Table 4 Comparative Catalyst Maximum yield Activity Example of
Benzene (%) preservation ratio (%) 2B 5.553 3C6.350 4D4510 5
E4512 6F4.412 7G3.04 8J&%55 9K 4.921 [0103] Example 37
10 A reactor was charged with 0.3 g of the Catalyst A, and the
temperature was increased to 600C in an air stream (10 cc/min) _and held
for 30 min. Subsequently, the gas was changed to a pre-contacting gas,
Exambichswas agnixed gas of methane (7.5 cc/min) and hydro_gen (30
cc/min) and the temperature was held at 600C 15 for 90 min. Thereafter,

the mixedhgas wasiehanged t(}@!&@&ﬂ%ﬂ%éﬁ&!@é@%@@%ﬁv Bre same

increased and the reaction was initiated. The maximum yield of benzene

mani@s 63 %r@r@x@ﬁﬂgvﬁy e@!@é%@aﬁigg rﬁg%}q’&sgﬁ?’e(y%eg%l%@s‘l?s B, C, E,

Comparative Examples 10 and 11

F, G, H, I, J, Kand L respectively. The maximum yields of benzene

and the activity preservation ratios are shown in Table 3.

[C099]
Table 3
Example Catalyst Maximum yield Activity
of Benzene (%) preservation
ratio (%)
25 B 6.1 656
26 C 5.3 g1
27 E 6.9 81
28 F 6.8 81
29 G 6.7 73
30 H 6.2 67
31 I 6.0 652
32 J 6.3 81
33 K 6.5 81
34 L 6.4 69
[C100]

Examples 35 and 36

In each Example, a reaction was carried ocut in the same
manner as in Example 8 except for using the Catalysts ¢ and D
respectively in place of the Catalyst A. The maximum yields of
benzene were 6.7% and 7.1% respectively and the activity
preservation ratios were 87% and 94% respectively.

[0101]

Comparative Examples 2 to ¢

In each Example, a reaction was carried out in the same
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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 min. Subsequently, ptirge 5 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
mantRE Faivity preservation rahissete 40 95 ant B3% Tespeptvélye10atalysts
[0105] Catalyst Preparation Examples 13 to 16 Preparation of Mo/ZSM-5
B, CoatBlysts (Catafyst M 46:P) Hin eaghExahvsle ya tatahystivas prageredaralyst

the same manner as in Catalyst Preparation Example 1 except that the
A. dmountsiehus molbdenuin sapported wede 35, 8cndviZ % byawsightation
respectively, and ammonium type ZSM-5 zeolite (CBV5524G having a
ratiratio ®f silica ceralamiriabfl80,dmanufactured byZeolyst International) was
used. The resulting catalysts were referred as Catalysts M, N, 0 and P
[01Gegpectively. 20 [0106] Catalyst Preparation Examples 17 to 20
Preparation of Mo/ZSM-5 catalysts (Catalyst Q to T) In each Example, a
catalyst was prepared in the sameimianner in Catalyst Preparation

nla.1 tha.amounts-of-46 mnl\/hr*lnnnm St nnnrfnrl were 3

C I_I\MIII b . \l,\\JL r.lL < l. are ulll TATTLO YT E_l'\l lil\ll uuuuuu v
g EG% ky WelgﬁfL‘ res%e%tlvely ég%rﬂ%)ﬁ unz% pe Z&J\‘@ %e\pﬁ% on
V8014 having a ratio of silica ratio (%)
2 B 5.5 53
3 C 6.3 50
4 D 4.5 10
5 E 4.5 iz
6 F 4.4 12
7 G 3.0 4
8 J 6.1 55
9 ¥ 4.9 2L
[C103]
Example 37

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 cc/min)
and held for 30 min. Subsequently, 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
for 90 min. Thereafter, the mixed gas was changed to the reaction
gas,thetemperaturewasincreasejandthexeactimawasinitiated.
The maximum vyield of benzene was 6.3 % and the activity

preservation ratic was 73 %.

[0104]
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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 #eaction was carried out in the same
manner as in Example 8 except for using the Catalyst N in place of the
Catalyst A. The 10 maximum yield of benzene was 6.5 % and the activity
preservation ratio was 88 %. [0108] Examples 39 to 46 In each Example,
Comrenredriion iasagartied ot irtle dame 15 manner as in Example 1 except
for using the Catalysts M, N, 0, P, Q, R, S and T respectively in place of
theTCatalyst AL T hep haxinnumeyieldsofbenzehe agddhe activily. 3 g of the
preservation ratios are shown in Table S. [0109] 20 Table 5 Example
CatCatatyst Maximymayield: Aetivitof Benzere (%} ptesereationd ratio 39MC in
5059 40N5.976 4106.464 47

analilr stream (10 co/min) and held for 40 min. Subsequently, purge

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

[0105]

Catalyvst 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
molybdenum supported were 3, 5, 8 and 12 % by weight respectively,
and ammonium type ZSM-5 zeclite (CBVE524G having a ratio of silica
to alumina of 50, manufactured by Zeolyst International) was usead.
The resulting catalysts were referred as Catalysts M, N, O and
P respectively.

[0106]

Catalyst Preparation Examples 17 tc 20

Preparation of Mo/ZSM-5 catalysts {(Catalvst Q to T)

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

in Catalyst Preparation FExample 1 except that the amocunts of
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42 P 6.260 43Q4.429 44R4532 45S4.733 46T 4.7 22 [0110]

Comparative Examples 12 to 19 In each Example, a reaction was carried

out in the same 5 manner as in Cofifparative Example 1 except for using

the Catalysts M, N, 0, P, Q, R, S and T respectively in place of the

Catalyst A. The maximum yields of benzene and the activity preservation

ratios are shown in Table 6. [0111] 10 Table 6 Comparative Catalyst
mo 1 yidrimuneyielbActivitys Esxanmplé of Benzené (%op prasewvatione ratioc(@byely,

12M4.232 13N5.237 140336 15P3.25 16Q2.122 17R2.319
and 38256 1926 -D1A2plite (CBVEO14 having a ratic of silica
to alumina of 80, manufactured by Zeclyst Internaticnal) was used.
The resulting catalysts were referred as Catalysts Q, R, 5 and

T respectively.
[0107]
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 yvield of benzene was 6.5 % and the activity preservation
ratio was 88 %.
[0108]

Examples 39 to 46

In sach Example, a reaction was carried out in the same
manner as in Example 1 except for using the Catalysts M, N, O,
P, ¢, R, 8 and T respectively in place of the Catalyst A. The
maximum vields of benrzene and the activity preservation ratios

are shown in Table 5.

[G108]
Table 5
Example Catalyst Maximum vield Activity
of Benzene (%) preservation
ratio
39 M 5.0 59
40 N 5.9 76
41 ] 6.4 64




15

Comparative Example 20 A reactor was charged with 0.3 g of the Catalyst
N, and was 15 purged with helium and the temperature was increased to
200C in a helium stream (10 cc/mi)’and held for 30 min. Thereafter, the
temperature was increased to 700C and held for 40 min. 48
Subsequently, the gas was changed to the reaction gas and the reaction

I

HPF R | H HP P Y 4
VVG%QIILIQLCU. e Illd.)\lllllﬂll yictu Ul

DL

A.. 7L PRIV PN fir.s1d
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5 Exampies 47 to 49 tneach 5

preggrvation ratio was ZGgo. f0113]

EXafnple, a reactor was charged Wit

0.3 g of zhe Catalysf A or N, the

inside of the tube was purged with h¢

2llum and the temperature was: 3

incréésed to 200C in a helium strean

h (10 cc/tifi) and held for 30 niiA.

Subsequently, 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

017

Com areghown in Labli 75;._25 [0114]l

(%) (%)

each Example,

reased to 600C. The temperature was held for 90 min, the gas was

changed to the reaction ‘gas and the reaction was initiated. The results

gable 7 Example Catalyst Gas kind
rvation Pre-contacting Benzene ratio

a reaction was carried out in the same

manner as in Comparative Example 1 except for using the Catalysts

M, N, O, P, Q, R,

S and T respectively in place of the Catalyst

A. The maximum vields of benzene and the activity preservation

ratics are shown in Table 6.

(01117
Table 6
Comparative Catalyst Maximum yield Activity
Example of Benzene (%) preservaticn
ratio (%)
12 M 4.2 32
13 N 5.2 37
14 O 3.3 6
15 P 3.2 5
16 Q 2.1 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

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

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

temperature was

increased

to

700°C and heid for 40 min.
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47 A Methane 6.4 60 48 A H dro en 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®ith 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-contacting gas of methane
(55 cc/min) and the temperature was increased as shown in Table 8. The
Subgemperatlye wascheld forithe tinteaag shown Stih<T abte: 8 “tocperform and the
pre-contacting. Thereafter, the gas was changed to the reaction gas and
readhégeastien Wastingiated. ThHeenadrumuyields ofiberizénsandtheas 4.7 %
activity preservation ratios are shown in Table 8. [0116] 10 Table 8
and ExampletRreicontactrsasMaximum yield Actiwity? d eéimperature Time of
Benzene (0) preservation C) (min) ratio (0) 50 700 80 6.7 56 51 600 90
r01132 87 [0117] Examples 52 to 55 In each Example, a reactor was charged
with 0.3 g of the
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 200°C in a helium stream (10
cc/min) and held for 30 min. Subsequently, the gas was changed
to a pre-contacting gas of methane (7.5 cc/min) or hydrogen (12
ce/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 reactionwas initiated. The results are shown in Table

7.
[0114]
Table 7
Example Catalyst Gas kind Maximum Activity
in yvield of | preservation
Pre-contacting Benzene ratio (%)
(%)
47 A Methane 6.4 60
48 A Hydrogean 5.6 52
49 N Methane 4.9 53
[0115]

FExanples 50 and 51

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

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




10

20

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.
Subsequently, the gas was changed fo 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

incratdhesame IOW Tatelas thereeadctionsgasand theh the/reastiommwasheld for
initiated. The results 50 are shown in Table 9. [0118] Table 9 Example

30 nRre-cortactirgasMaximum gielch Activity Methgrel HydregenefBenzene:ing
(%) preservation flow rate flow rate ratio (%) (cc/min) (cc/min) 52 2.0 75

gas 64 106 1E8n2 8 72100154 4bd) 756.8 6QpbD 38138 Wk 991 H0219kd as
Catalyst Preparation Example 21 Preparation of Mo/ZSM-5 catalyst

shoWfatalyst b) Amhmoniumn heptamelybdate{ NHA N @ £029-4H20-Spesiat hown
grade, purchased from Wake Pure Chemical Industries, Ltd.) was

in Tdisselved 40 frion-exchapged watera dberamountefa mothdeniia salls was
used 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 8.

[011i6]
Table B
Example Pre-contacting gas Maximum yield Activity
Temperature Time of Benzene (%) preservation
{°C) {min) ratic (%)
50 700 80 6.7 56
51 600 90 7.2 87
[0117]

Examples 52 to 55

In each Example, a reactor was charged with 0.3 g of the
Catalyst A, and was purged with helium and the temperature was
increased to 200 C in a helium stream (10 co/min) and held for
30 min. Subsequéntly, 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
700° C and was held for 80 min. Next, only the hydrcgen feeding
was stopped and methane was fed at the same flow rate as the

reaction gas and then the reaction was initiated. The results
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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 ammonium3ype ZSM-5 zeolite (CBV5524G
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 ' C and calcined at 500 ' C, to prepare a

are raolybdenumisupported zeolite powder. [0120] 20 Furthermore, in
ion-exchanged water, lanthanum nitrate 51 (La(NO3)3- 6H20, purchased

[011ifBdm Wako Pure Chemical Industries, Ltd.) was dissolved in an amount
such that the amount of lanthanum supported in a resulting catalyst was 3
% by weight, to prepare a solutivakTe tl¥e solution, the

molvhdenuim-ctinnaoarted-zeolite. 5.poey idarwac . crehand d efirr d f v

Exapple o Prescontacting gag | Mag mum ‘“" ge-pnd-sii
vvlﬁljle. hereatter e 1%@%@“9@? tet':mg ,alﬁlggg va On
500C to Eﬂ%ﬂ@@a@ gat W %g@tcl lyst was referred as CatalystiU., (%
[01211 Catalyst Rreparatiory Examples 22 and 23 10 Preparation of

Mo/ZSM-5 catalyst (CatalystssV and W) In each Example, lthe procedure

of Catalyst Peeparation Exaniple 21 was repeated exceptifor usingj. i

place %f lanthandm nitrate, S@marium nitrate GSB(NO3)3- 6H20, 69
E?ﬁlrrha ed.frért\Wako Pure 3CGhemical Indllqtr&%I td ) in-an amounfduch

that the amount of 15 samarium supported in a resulting catalyst was 3 %
by weight and

(0119]

Catalyst Preparation Example 21

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

Ammonium heptamclybdate ((NHy) ¢M0oq0yy 4H,0, Special grade,
purchased from Wako Pure Chemical Industries, Ltd.) was dissclved
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 ¢ of ammonium type ZSM-5
zeolite (CBV3524G having a ratio of silica to alumina of 50,
manufactured by Zeolyst International) was dissolved and stirred
for & while. Thereafter, the mixture was dried at 120 C and
calcined at 500 C, to prepare a molybdenum-supported zeolite
powder.

[0120]

Furthermore, in ion-exchanged water, lanthanum nitrate
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cobalt nitrate (Co (NC3) 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 o by weighf.respectively. The resulting catalysts
were referred as Catalyst V and Catalyst 20 W respectively. [01221
Catalyst Preparation Example 24 Preparation of Mo/ZSM-5 catalyst
(Catalyst X) Ammonium heptamolybdate ((NH4)6M07024.4H20, Special
(La @rade; 52rpuychased frome AV akocrure Shentcald ndustriies, d1d. J idas tries,
amount such that the amount of molybdenum supported in a resulting
Ltd.catalystiasb 2 by weight and ammonitmtmetatungstateunt of lanthanum
((NH4)6[H2W12040], purchased from Aldrich Co.) in an amount such 5
suppbatthe amoantektungsien supportediinibe resalting catalyst wasolSpepare
by weight were dissolved in ion-exchanged water to prepare a solution.

a solathessolution, 5.0« ebammaniymiype ZSM5zeolite- {GBWEE246 zeclite
having a ratio of silica to alumina of 50, manufactured by Zeolyst

vowdBterpationah-was suspendedsand sthded for aywhile.110 Thereaftersther, the
suspension was dried at 120C and calcined at 500C, to prepare a

susgatalyst The catalystivas referred as-Gatalyst X.19123] Exampla-56 A-cpare

reactor was charged with 0.3 g of the Catalyst U, and was i5 purged with

a cdeliugsand the temperature was increased 0 200C in, aelivm stream
(10 cc/min) and held for 30 min. Subsequently,

[0121]

Catalyst Preparation Examples 22 and 23

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

In each Example, the procedure of Catalyst Preparation
Example 21 was repeated except for using, in place of lanthanum
nitrate, SamériUﬂlnitrate(Sm&N03kg6HQO,purchasadfzom?%ﬂua?ure
Chemical Industries, Ltd.) in an amount such that the amcount of
samarium suppcerted in a resulting catalyst was 3 % by weight and
cobalt nitrate (Co(NO3) 3 6H:C, purchased from Wako Pure Chemical
Industries, Ltd.) in an amount such that the amount cof cobalt
supported in a resulting catalyst was 2 % by weight respectively.
The resulting catalysts were referred as Catalyst V and Catalyst
W respectively.

(012217

Catalyst Preparation Exanple 24

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

Ammenium heptamolybdate ({(NHy) ¢Mo;0z4 4H20, Special grade,
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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
increased to 600C. The temperature ncreased 20 was held for 90 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 53 The procedure of

pur dExarnplef5ewakrepeated exXcept for UsimgithetCatalyst\ ih. plate efthencunt
Catalyst U to carry out a reaction. The maximum yield of benzene was

suchd. T Beandthe activity: preservationcratio was 27%o bJ0d25]:Examples 58 i ng
and 59 In each Example, the procedure of Example 56 was repeated

cataxgept foraisingsa mixedsgas efmethanex(7b ce/mimyand hyareogenu(¥bstate
cc/min) as a pre-contacting gas and using the Catalysts W and 10 X

( {(NHespactively.in place of thesEatalysin 40 g¢arrybuta reactionsnThgount such
maximum yields of benzene of the catalysts were 4. 5 % and 6. 3%

thatespectvely apdiheagtivity presarvation eatios-ofithe catalystsiwere #dalyst
% and 79% respectively. [0126] 15 Comparative Examples 21 to 24 In

was eaghhExampiethe-procedise of Comparativekxample-lavast eepealeth-cpare
except for using the catalysts U, V, W and X respectively

a selution. 7To the solution, 5.0 g of ammonium type Z5M~5 zeclite
(CBV5524G having a ratio of silica to alumina of 50, manufactured
by Zeolyst International) was suspended and stirred for a while.
Thereafter, The suspensionwasdriedat 120°C and calcinedat 500°C,

to prepare a catalyst. The catalyst was referred as Catalyst X.

[0123]

Example 56

A reactor wasg charged with 0.3 g of the Catalyst U, 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 (7.5 cc/min) and hydrogen (30 cc/min) and the
temperature was increased to ©00°C. The temperature increased
was held for 90 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
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in place of the catalyst A to carry out a reaction. The maximum yields of
benzene 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 Example
24 Was repeatedhexcepf farusing aldrdinum niteate 2(AAMNO3)ZOH20r using
purchased from Wako Pure Chemical Industries, Ltd.) in an amount such
the that fheramauntobalusinum suppostedlin S-avesultingreatalyst wasdhb Y on.
by weight or gallium nitrate (Ga(NO3)3nH20, purchased from Wako Pure
The Chemicaldindysties, ldid.) ineaanzameuntsychahat the amountofgaliumi vity
supported in a resulting catalyst was 1% by weight in place of ammonium
oredJaetpiungstatedo prepare @ catalyst. The resulting catalysts 10 were
referred as Catalysts Y and Z. [0128; Catalyst Preparation Example 27
[ 01 Pyeparation of Mo/ZSM-5 catalyst (Catalyst AA) Ammonium
heptamolybdate (NH4)6M07029.4H20, Special grade, 15 purchased

£xarlfPra Wako Pyre €hemical Industries, Ltd.) was dissolved in
ion-exchanged water. The amount of a molybdenum salt used was

determinediby-such.a calculation-that the- amount of MOlYbAeNYD s repeated

supported was 5% by weight based on a catalyst after the

except for using a mixed gas of methane (7.5 cc/min) and hydrogen
{75 cc/min) as a pre-contacting gas and using the Catalysts W and
X respectively in place of the Catalyst U to carry cut & reaction.
The maximum yields of benzene of the catalysts were 4.5 % and 6.3%
respectively and the activity presservationratios of the catalysts
were 71 % and 79% respectively.

[0126]

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%
respectively and the activity preservation ratios of the catalysts
were 11 %, 12%, 15% and 24% respectively.

[0127]

Catalyst Preparatiocn Examples 25 and 26

Preparation of Mo/ZSM-5 catalysts (Catalysts Y and Z)

A
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preparation. To the solution, 5.0 g of ammonium type ZSM-5 20 zeolite
(CBV3024E having a ratio of silica to alumina of 30, manufactured by
Zeolyst International) was suspendéd and stirred for a while. Thereafter,
the suspension was dried at 120C and calcined at 500C, to prepare a
molybdenum-supported zeolite powder. 55 [0129] Furthermore, in
ion-exchanged water, silver nitrate (AgNO3, purchased from Wako Pure
Chémicat Hdustiiesp Ligl) was dissolved tinanamount suety thalt tiseparation
amount of silver supported in a resulting 5 catalyst was 2% by weight, to

Exargrépaieia safutionpFe thelselution;: tHe mohtidenmum-supportedzeolitel trate
powder was suspended and stirred for a while. Thereatfter, the

(A1 suspensionivasgdriedhat=k20Cranch calciredrat:5300CHemprepareimdustries,
catalyst. The catalyst was referred as Catalyst AA. 10 [0130] Examples

Ltd .60 fo62rineeacihmExample, ta reactbewasccharged withuO3rgiof theoported in
Catalysts Y, Z or AA, and was purged with helium and the temperature

a ravasiincrepsedta 200€ imadelium stream (1@ cgiminkandykeldl kodon3@rate
min. Subsequently, the gas was changed to a pre-contacting ass, which

(Ga WS A, Mixed gas of methane (7:5ac/mimkansysrogas {25 co/mipland i es,
the temperature was increased to 700C. Then, the gas was changed to

Ltd theregagtongasand:therreastion was initated. dtheqpaximum yigldseted in
benzene of the catalysts were

a resulting catalvst was 1% by welight in place of ammonium

metatungstate to prepare a catalyst. The resulting catalysts
were referred as Catalysts Y and Z.
[clz8]

Catalyst Preparation Example 27

Preparation of Mo/ZSM-5 catalyst {(Catalyst AA)

Ammonium heptamolybdate ((NHj) ¢MovCpy 4HO, Special grade,
purchased from Wako Pure Chemical Industries, Ltd.) was dissolved
in ion-exchanged water. The amount of a molybdenum salt used was
determined by such a calculation that the amount of mclybdenum
suppeorted was 5% by weight based on a catalyst after the
preparaticn. To the solution, 5.0 g of ammonium type ZSM-5
zeolite (CBV3024E having a ratic of silica to alumina of 30,
manufactured by Zeolyst International) 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 zeolite

powder.
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20 5.1 %, 4.9% and 5.7% respectively and the activity preservation ratios
of the catalysts were 70 %, 63% and 75% respectively. [0131]
Comparative Examples 25 to 27 In @ach Example, the procedure of
Comparative Example 1 was 56 repeated except for using the Catalysts
Y, Z or AA in place of the Catalyst A. The maximum yields of benzene of
the catalysts were 4.2 %, 4.6% and 4.9% respectively and the activity
[ 01 sréservation ratios of the catalysts were 39 %, 17% and 19% 5
respectively. [0132] Catalyst Preparation Examples 28 to 31 Preparation
of MotZSM:Bcatalysts (CatalystBB) GC] BBtand EE)L e eachtExampléaios,
the procedure of Catalyst Preparation 10 Example 27 was repeated
purexcept férusing i flace:df isdverautraledrtiuni pitrate (¥ (N03) 3 BH2®; L ved
purchased from Sigma-Aldrich Co.) in an amount such that the amount of
in ayttusorsuppetiedhia@atresultingucatalystwas %esnpweight zirconiupsult ing
oxynitrate (ZrO(NO3)2.2H20, purchased from Kanto Chemical Co., 15
catdDeg thvarsamaotitstichibat therarmpunt=0f zirconittm suppotechindbeution,
- resulting catalyst was 2 % by weight, copper nitrate (Cu (N03) 2. 3H20,
the Rulchased from AlfacAesad) 1& an anaopniysuchthat dhewmaount aheopperred
supported in the resulting catalyst was 1 % by weight, or zinc nitrate

for @nNO3)2.6H20: puEchased from Kanie£L0-Ghemicat Go:i186.)d4R awo°C and
amount such that the amount of zinc

calcined at 500°C to prepare a catalyst. The catalyst was

referred as Catalyst AA.

[0130]

Examples 60 to 62

In each Example, a reacter was charged with 0.3 g cof the
Catalysts Y, Z or AA, and was purged with helium and the temperature
was increased to 200°C in a helium stream {10 cc/miny and held
for 3¢ min. Subseguently, 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 fto 7006°C. Then,
the gas was changed to the reaction gas and the reaction was
initiated. The maximum yields cf benzene of the catalysts were
5.1 %, 4.9% and 5.7% respectively and the activity preservation
ratios of the catalysts were 70 %, 63% and 75% respectively.
[0131]

Comparative Examples 25 to 27

In each Example, the procedure of Comparative Example 1 was
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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] 57 Catafyst Preparation Example 32
Preparation of Mo/ZSM-5 catalyst (Catalyst FF) The procedure of Catalyst
Preparation Example 21 was repeated except for using iron nitrate
(Fe(N03)3.9H20, purchased 5 from Wako Pure Chemical Industries, Ltd.)
repdp apcamsaarsudirthat thaigmolinat okiten gapported i aredulting:catayst of
was 0.5 % by weight, in place of lanthanum nitrate, to prepare a catalyst.
the The respitinghcatdlyst was:refermed a3 CatatystiFn j@Id4|cI0 Catalyst a Ly st s
Preparation Example 33 Preparation of Mo/ZSM-5 catalyst (Catalyst GG)
werelhd pkocéduredoftGatalyst Prepakatiore Exampler24 wasineépeated excgpivity
for using nickel nitrate (Ni (NO3) 2 6H20, purchased from Wako Pure
preschemicabindustriessLtd g it as anmwuat guchsthat s thtaraount 0f nickel 19
supported in a resulting catalyst was 0.5% by weight, in place of
res@EmmOnikiny metatungstate, to prepare a catalyst. The resulting catalyst
was referred as Catalyst GG. [0135] Examples 63 to 68 20 In each
01 Example, a reactor was charged with 0.3 g of the Catalysts BB, CC, DD,
EE, FF or GG, and was purged with helium
Catalyst Preparation Examples 28 to 31

el

Preparation of Mo/Z3M-5 catalysts {Catalyst BB, CC, DD and EE)

In each Example, the procedure of Catalyst Preparation
Example 27 was repeated except for using, in place of silver
nitrate, yvttrium nitrate {Y {NO3)}3 - ©H0, purchased from
Sigma-Aldrich Co.) in an amount such that the amocunt of vtirium
supported in a resulting catalyst was 2% by weight, zirconium
oxynitrate (ZrO(NOs)y 2H.,0, purchased from Kanto Chemical Co.,
Inc.) in an amount such that the amocunt of zirconium supported
in the resulting catalyst was 2 % by welght, copper nitrate
(Cu(NCz}p 3H:0, purchased from Alfa Aesar) in an amount such that
the amount of copper supported in the resulting catalyst was 1 %
by weight, or zinc nitrate (Zn(N0O3)s €H;0, purchased from Kanto
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 Catalysis
BB, CC, DD and EE respectively.

(01331
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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 (7.5 58 cc/min)
and hydrogen (75 cc/min), and the temperature was increased to 700C
and held for 80 min and thereby the pre-contacting step was completed.
Then, the gas was changed to a reaction gas and the reaction was

Cat dnifiatek THeaestlioard 5agtovin ikTable 10. [0136] Table 10 Catalyst

Maximum yield Activity Example of Benzene (%) preservation ratio (%)
PreB3BE4E 44f 6¥CC B0 81ces DY 61l 883B6EFSL.0R) 67 FF 5.9 92 68
GG 4.4 69 [0137] 10 Comparative Examples 28 to 33 In each Example,
theprecedure-efiComparativeaExample 1Rvasaepédted eXceptfdreusing was
the Catalysts BE, CC, DD, EE, FF or GG in place of the Catalyst A to
rep LRt Ouba gaction: Theiresults carenshawn i Tablentl) 5 98,0, purchased

from Wako Pure Chemical Industries, Ltd.) in an amount such that
the amount of ircn supported in a resulting catalyst was 0.5 %
by weight, in place of lanthanum nitrate, to prepare a catalyst.
The resuliting catalyst was referred as Catalyst FF.

(01347

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(NOs), 6H0, purchased
from Wake Pure Chemical Industries, Ltd.) in an amount such that
the amount of nickel supported in a resulting catalyst was 0.0%
by weight, in place o¢f ammonium metatungstate, to prepare a
catalyst. The resulting catalyst was referred as Catalyst GG.
[0135]

Examples 63 to 68

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 co/min) and held for 30 min. Subsequently, the gas was changed

to a pre-contacting gas, which was a mixed gas of methane (7.5
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15 [0138] Table 11 Comparative Catalyst Maximum yield Activity
Example of Benzene (%) preservation ratio (%) 28 BE 5.0 32 29 CC 5.7
42 30DD 3.718 31 EE5.43859 82 FF 3.7 41 33 GG 3.5 31 [0139]
Catalyst Preparation Examples 34 to 37 Preparation of Mo/ZSM-5
catalysts (Catalysts HH, II, JJ and KK) 5 In each Example, the procedure
of Catalyst Preparation Example 27 was repeated except that the amount
cc /nofrmolybdgnure dsupported Was 66rbynweight and imslacecofsiiveture was
nitrate, ruthenium chloride (RuCI3 nH20, purchased from Alfa Aesar), '
incmhediein chioride)(RMC13mH20¢ purchised fidm AlfaAesar), Ihereby the
palladium nitrate (Pd(NO3)2nH20, purchased from Strem Chemicals,
pre-ne:) os tettagamtrineplatinummitiate <R t(NHB4 NG 23) 2 apurchased:fromd to
Aldrich Co. ) in an amount such that the molar ratio of metal to
a remolybdenymewasd.2hto prepare arcatalyst. Thei eesefting catalysiswere are
referred as Catalysts HH, Il, JJ and KK 15 respectively.
shown in Table 10.

[0136]
Table 10
Catalyst Maximum yield Activity
Example of Benzene (%) preservation
ratio (%)
63 BB 4.6 44
64 CcC 6.0 81
65 LD 6.1 83
66 EE 7.0 82
67 FE 5.9 892
68 GG 4.4 69
[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, FF or GG
in place of the Catalyst A to carry out a reaction. The results

are shown in Table 11.

[0G138]
Table 11
Comparative Catalyst Maximum yield Activity
Example of Benzene (%) preservation

ratio (%)

28 BB 5.0 32

29 CC 5.7 42

30 : DD 3.7 18

31 EE 5.4 38
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[0140] Examples 69 to 72 In each Example, the procedure of Example 63
was repeated except for using the Catalysts HH, I, JJ or KK, in place of
the 20 Catalysts BE. The results areSshown in Table 12. [0141] Table 12
Catalyst Maximum yield Activity Example of Benzene (%) preservation 60
ratio (0) 69 HH 7.194 70114560 71JJ5.274 72 KK 5.8 82 [0142]

svararl

A Parative I vamia] DA+ Q7 L acnkh = a-tha-nracadiica-af
1
\/UIBJEO.I ative XAITIPICS QE'HFLU o M cactl E)\allgpl? e pProetault ol

Corggarative Example I wgs 5 repeated-exceptor-using the-Catatysts

HH; 1, JJ or KK in“place of the catalyst A The results are shownin Tabte
13. [0143] Table 13 Comparative Catalyst Maximum yield Activity

Example of Benzene () preservation ratio (0) 34 HH 5.5 35
[0139]

Catalyst Preparation Examples 34 to 37

Preparation of Mo/Z3M~5 catalysts (Catalysts HH, II, JJ and KK)

In each Example, the procedure of Catalyst Preparation
Example 27 was repeated except that the amount of molybdenum
supported was 6 % by welght and in place of silver nitrate,
ruthenium chloride (RuCl;z: nHp;0, purchased from Alfa Aesar),
rhodium chloride (RhCl:: nH,C, purchased from Alfa Aesar),
palladium nitrate (Pd(NO:): nH,0, purchased from Strem Chemicals,
Inc.) or tetrazemmineplatinum nitrate {[Pt (NH3) 41 (NO2) 2,
purchased from Aldrich Co.) in an amount such that the molar ratio
of metal to molybdenum was 0.2, to prepare & catalyst. The
resulting catalysts were referred as Catalysts HH, II, JJ and KK
respectively.

[0140]

Examples 69 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.

[0141]

Table 12

Catalyst Maximum yield Activity
Example of Benzene (%) preservation
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35114.6 27 36JJ4.523 37 KK 4.8 21 10 [0144] Catalyst Preparation
Example 38 Synthesis of Catalyst Support A catalyst support was
synthesized in accordance with a riéthod as described in a literature (K.
Okumura, at al., Journal 15 of Catalysis, Vol. 206, P.23 (2002)) in the
following manner. An autoclave made of Teflon TM was charged with

ST=40-and—hexamethyteneimine-ang -subjected tohydrott

. . ) ! 2)
at E50C. The Tesulting sglid was drigd at 120¢ gnd calcined at 61 §40C

for 6dnr. The resulting powder was slUbjected t, #on-exchange with an

aguebus solution (2M) ofzammonium nitrate (NHANOS3, purchased from

Waké Pure Chemical Indéstries, Ltd)) and thén 8alcined ih the samgé<

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 silica to alumina was
(014 I@;/[Ol45] Preparation of Catalyst The procedure of Catalyst Preparation
as repeated except 10 for using the powder prepared in the above

Synthesis of Catalyst Support in place of ZSM-5 zeolite, to prepare a
—%@v&%@wompa algl‘f S HRE, SRPer B as Catalyst LL. [0146]

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

of the catalyst A. The results are shown 1in 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
[0144]

Catalyst Preparation Example 38

Synthesis of Catalyst Support

A catalyst support was synthesized in accordance with a
method as described in a literature (K. Okumura, et al., Journal
of Catalysis, Vol. 206, P.23 (2002)) in the following manner. An
autoclave made of Teflon™ was charged with 8T-40 and
hexamethyleneimine and subjected to hydrothermal synthesis at

150°C. The resulting solid was dried at 120°C and calcined at
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Example 73 15 The procedure of Example 1 was repeated except for

using the Catalyst LL in place of the Catalyst A, to carry out a reaction.

The maximum yield of benzene wa$38.2 % 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 LL in

place of the Catalyst A, to carry out a reaction. The maximum yield of
>40%enZare was 0.8 .% andhhe aActivitypPreSenativa ¢atio was 0% 82e[01a8] to

Example 74 A reactor was charged with 0.3 g of the Catalyst A, and was
ion-purgedivath Weliim amdahetemperatlre-was inétéased t¢200Cinbpitrate

helium stream (10 cc/min) and held for 30 min. Subsequently, the gas was
{NH4Bhangedtolaepredcdntacting gasivmiehGhas ethahel(18.4 teeimin), and theand

temperature was increased to 600C and held for 90 min and thereby the
therpresdantaeting stephwas eompleteds Fhen] the gasfwas.dhaggedio theelysis

reaction gas, the temperature was 10 increased to 700C and then the
thatreaction-was initiated sthe dnaximum yield=oflbanzene was 6:6 %saddithe ICP

activity preservation ratio was 62 [0149] Example 75
analysis that the ratio of silica to alumina was 23.

[0145]

Preparation of Catalyst

The procedure of Catalyst Preparation 1 was repeated excent
for using the powder preparad in the above Synthesis of Catalyst
Support in place of ZSM-5 zeolite, to prepare a catalyst. The
catalyst was referred as Catalyst LL.

(014¢e]

Example 73

The procedure of Example 1 was repeated except for using
the Catalyst LL in place of the Catalyst A, to carry out a reaction.
The maximum vyield of Dbenzene was 8.2 % and the activity
preservation ratio was 68 %.

[C147]

Comparative Example 38

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

activity preservation ratioc was 0%.
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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. PHe 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-contacting gas to a mixed gas of methane (7.5 cc/min) and ethane
[014®!75 cc/min) to carry out a reaction. The maximum yield of benzene was
5. 9 % and the activity preservation ratio was 56 %. 63 [0151] Examples
ExarfZ¥land ¥8 In each Example, the procedure of Example 74 was repeated
except for changing the pre-contacting gas to a mixed gas of 5 methane
(7.3 .cctmim) cethane (b7 getnin) @ndChydrpgen (30cCmin) gsa mixethd was
gas of methane (7.5 cc/min), ethane (0.75 cc/min) and hydrogen (75
purgefmin)tto earfy out reattidns. Thepmaximum yields of-henzeng ofthed0°C in
reactions were 7.1 % and 6.9 % respectively and the activity preservation
a haatias of the gatalysts L) wene 86194 and 87 So respeciively. [BLb2kquently,
Example 79 A reactor was charged with 0.3 g of the catalyst A, and was
the purgediwithhelim and thedemperature was ingeeased-to 208G hdba (15.7
helium stream (10 cc/min) and held for 30 min. Subsequently,
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
increased to 700°C and then the reaction was initiated. The

maximum ylelid of benzene was 6.5 % and the activity preservation

e

ratio was 62
[014¢7

Example 75

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 yield
of benzene was 7.4 % and the activity preservation ratioc was 86 %.
[0150]

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 5.9 % and the activity preservation ratio was 56 %.
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the gas was changed to a pre-contacting gas, which was a mixed gas of
methane (7.1 cc/min), ethane (0.38 cc/min) and hydrogen (75 cc/min) and
the temperature was increased to 700C and held for 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 yield of benzene was 9.3 % and the activity preservation ratio
 0154ds 96 %. [0153] Example 80 64 The procedure of Example 79 was
repeated except for changing the pre-contacting gas to a mixed gas of
Exampéthmné {(6a£51lcd/tin), ethane (0.75 cc/min) and hydrogen (75 cc/min) to

carry out a reaction. The maximum yield of benzene was 10.9 % and the
activityes @reSeisation rationwas:93:-%sh @541 Examples8T A reastorapas ted
charged with 0.3 g of the catalyst A, and was purged with helium and the

excdpmpératurehwas increased 10:20060 it 40tal hejiuga stream £10.¢e/min)gas of
and held for 30 min. Subsequently, the gas was changed to a

met Hate<cONtACting: gds..which wals=anmixed. gas efaynethane £6.:d45 eomioyer (30
ethane (0.75 cc/min) and hydrogen (75 cc/min) and the temperature was

cc/rinereased t0 6506 and helds for-g@S-mimt: ' hen,. anly thehydrogen feeding 0. 75
was stopped and a 15 reaction was initiated using methane and ethane as

cc/né Feactien gagsabihersamesilow rates at 6506aThe maximuaryielefs .  The
benzene

maximum yields of benzene of the reactions were 7.1 % and 6.9 %

respectively and the activity preservation ratios of the catalysts
were 86 % and 87 % respectively.
[0152]

Example 79

A reactor was charged with 0.3 g of the 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 (7.1 cc/min)}, ethane (0.38 cc/min) and hydrogen
(75 cc/min) and the temperature was increased to 700°C and held
for 80 min. Then, only the hydrogen feeding was stopped, and a
reaction was initiated using methane and ethane as a reaction gas
at the same flilow rates. The maximum yvield of benzene was 9.3 %
and the activity preservation ratio was 96 %.

[0153]

Example 80




ot
(@]

15

20

. was 8.7 % and the activity preservation ratio was 99 %. [01551, Example

82 20 The procedure of Example 81 was repeated except that the holding
temperature was 600C and the holdifg time was 90 min in the
pre-contacting step, and the reaction temperature was 600C to carry out
a reaction. The maximum yield of benzene was 7.9 % and the activity
preservation ratio was 89 %. 65 INDUSTRIAL APPLICABILITY [0156]
Acdording trfaipmesentimvantion | Sromaticanrrécattsorse Blcan beehanging
produced industrially from lower hydrocarbons such as methane and the

the |fkednechighgicld gvitha High activite presenafionaalie 66 CLAMSA/ALR) ,
process for producing an aromatic hydrocarbon which process

et hapeptisedba presoontactng stepdfaliewing /e molybdenum:containing Sut &
solid catalyst to contact with a pre-contacting gas (Gl) comprising at least

reaonecgelectEd:=fronx artoweryddocarben aad @ Wiaydidgeh Yasidnda activity
reaction step of allowing the pre-contacted molybdenum-containing solid

regatalystitorcontact withza r&® 2Q material gas (G2) comprising a lower

hydrocarbon essentially

[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 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 (6.75 cc/min), ethane (0.75 cc/min) and hydrogen
(75 cc/min) and the temperature was increased to 650°C and held
for 85 min. Then, only the hydrogen feeding was stopped and a
reaction was initiated using methane and ethane as a reaction gas
at the same flow rates at 650°C. The maximum vield of benzene

Q

was 8.7 % and the activity preservation ratic was 99 %.
[0155]

Example 82

The procedure of Example 81 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 §00°C
to carry out a reaction. The maximum yield of benzene was 7.9 %

and the activity preservation ratio was 89 %.



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 stefy,>and the temperature during the
pre-contacting step from the 15 beginning to the end is not over the
reaction temperature (Tr). 2. The process for producing an aromatic
hydrocarbon according to claim 1, wherein the starting temperature in the
pre-contacting step is not higher than 350C and the 20 pre-contacting
temperature is increased with passage of time. 3. The process for
INDUBr6ducing AntdrdbnpfaticihytlYocarbon according to claim 1 or 2, wherein in
the pre-contacting step, the contact of the molybdenum-containing solid
[ 01 gatalyst and the 67 pre-contacting gas (Gl) is carried out with maintaining
the temperature at a holding temperature (Th) which is not higher than
theZxeactiohi tegnperature (I fere: cértakrperiod, obitimeas 4c Thedarocesbons
for producing an aromatic hydrocarbon according to claim 3, wherein in
can the prereantaeting: stepsthel hbldingrtenaperatuee- (Thy ds-botlowen thamich as
400C and not higher than the reaction temperature (Tr). 10 5. The
metHaaeessidar producing«an aromatichysrocarkan: arcanding tahelgim kot 2vity
wherein when the temperature of the pre-contacting step reaches to the
predeagtion temperatuse (Tr) , the pre-contacting gas (G1) is changed to the
raw material gas (G2) and the reaction step is initiated. 15
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6. The process for producing an aromatic hydrocarbon according to any
one of claims 1 to 5, wherein the pre-contacting gas (Gl) is a mixed gas
comprising hydrogen and a lower h%srocarbon essentially containing
methane. 20 7. The process for producing an aromatic hydrocarbon
according to claim 6, wherein the pre-contacting gas (G1) is a mixed gas
comprising methane and hydrogen. 68 8. The process for producing an
aromatic hydrocarbon according t¢-2iEi 6 or 7, wherein the mixed gas
comprises 5 or more moles of hydrogen per 1 mole of methane. 5 9. The

protesfdt{6aEcENg 2h &onEtic AyHrEEarboRTadcording 16 Rt or 7hich

wherein the mixed gas comprises 10 or more moles of hydrogen per 1
ProGhefRe otiiéthar&>10. The process for producing an aromatic hydrocarbon

10 according to any one of claims 1 to 9, wherein in the pre-contacting

stef, BESIGW Fate ot tRE préfpritacting §3S (G satirfigs aeegstaigtaining

~ condition of a condition such that the flow rate of the pre-contacting gas

solid1)ds mdrédhant®o fMesasthighldsitheflolr Fte Ot e Fddetiortgas  (G1)

(G2) in the reaction step and a condition 15 such that the ratio (F/W) of

comyhé flondratd (Fpebtheopre-c6rtacting Jaso(GIRto theecatalydt aeigitq¢w)and a
is not less than 50 cc/ (gmin) . 11. The process for producing an aromatic
hydhygieocagben ageording to any one of claims 1 to 10, wherein after the 20
atmospheric gas of a catalyst layer is purged with an inert gas,
a reaction step of allowing the pre-contacted

molykdenum—containing solid catalyst to contact with a raw
material gas (GZ) comprising a lower hydrocarbon essentially
containing methane, to generate an aromatic hydrocarbon,
wherein the starting temperature in the pre-contacting step
iz lower Than the reaction temperature (Tr) in the reaction step,
and the ftemperature during the pre-contacting step from the

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

2. The process for producing an aromatic 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.

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

the contact of the molvybdenum-containing solid catalyst and the
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the pre-contacting step is carried out. 12. The process for producing an

aromatic hydrocarbon according to claim 11, wherein the temperature of

the purging with 69 an inert gas is Rdt higher than 350C. 13. The process

for producing an aromatic hydrocarbon according to any one of claims 1

to 12, wherein the raw material 5 gas (G2) does not contain hydrogen

substantially. 14. The process for producing an aromatic hydrocarbon
Pre-gording 1o anydie ofdaims’1 (G113 \iferéitthe’1 th maintaining the

molybdenum-containing solid catalyst comprises molybdenum and a 10
tempgysiating fretliRiidats ISR protess\for proddéfgian sromatig er than

hydrocarbon according to claim 14, wherein the crystalline metallosilicate
the EemMEPTypeFEtfiteoran MWV typezEolife 4516 T prscess férime -

producing an aromatic hydrocarbon according to claim 14 or 15, wherein

the molybdenum is supported in an amount of 7 to 20 % by weight in the

molybdenum-containing solid catalyst. 20
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 400°C and not higher

than the reaction temperature (Tr).

5. The process for producing an aromatic hydrocarbon
according to claim 1 or Z, wherein when the temperature of the
pre-contacting step reaches to the reaction temperature (Tr}, the
pre-contacting gas {Gl) 1s changed to the raw material gas (GZ)

and the reaction step is initiated.

6. The process for producing an arcomatic hydrocarbon
according to any one of claims 1 to 5, wherein the pre-contacting
gas {G1) is amixed gas comprising hydrogen and a lower hydrocarbon

essentially containing methane.

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.
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8. The process for producing an aromatic hydrocarbon
according to claim é cr 7, wherein the mixed gas comprises 5 or

more moles of hydrogen per 1 mole of methane.

9. The process for producing an aromatic hydrocarbon

according to claim 6 or 7, wherein the mixed gas comprises 10 or

more moles cof hydrcogen per 1 mole ¢f methane.

10. The process for producing an aromatic hydrocarbon

Caccording toany one of claims 1 to 9, wherein in the pre-contacting

step, the flow rate of the pre-contacting gas (Gl) satisfies at
least one condition of a condition such that the flow rate of the
pre-contacting gas (Gl) is more than two times as high as the fiow
rate of the reacticon gas {(G2) in the reaction step and a condition
such that the ratio (F/W) of the flowrate (F) of the pre~contacting

gas {G1l) 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
atmospheric gas of a catalyst layer is purged with an inert gas,

the pre-contacting step is carried out.

12. The process for preoducing an arcmatic hydrocarbon

according to claim 11, wherein the temperature of the purging with
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an inert gas is not higher than 350°C.

13. The process for producing an aromatic hydrocarbon
according to any one of claims 1 to 12, wherein the raw material

gas (GZ2) does not contain hydrogen substantially.

14. The process for producing an aromatic hydrocarbon
according to any one of claims 1 to 13, wherein the
molybdenum-containing solid catalyst comprises melybdenum and a

crystalline metallesilicate.

15. The process for producing an aromatic hydrocarbon
acceording to claim 14, wherein the crystalline metallosilicate

is an MFI type zeolite or an MWW type zeolite.

16. The process for producing an aromatic hydrocarbon
according to claim 14 or 15, wherein the molybdenum is supported
in an amount of 7 tec 20 3 by welght in the molybdenum-containing

sclid catalyst.



