1 DESCRI PTI ON PROCESS FOR PRODUCI NG AROVATI C HYDROCARBON AND

TRANSI TI ON- METAL- CONTAI NI NG CRYSTALLI NE METALLGSI LI CATE CATALYST FOR USE

I N THE PRODUCTI ON PROCESS 5 [ Techni cal Field] [0001] The present
invention relates to a process for producing an aronmatic hydrocarbon from
a | ower hydrocarbon containing 10 net hane as a nmgjor conponent. More
particularly, the present invention relates to a process for efficiently
produci ng an aromatic hydrocar b&¥SGEdFRC¥s a chenical industrial raw
material froma | ower hydrocarbon containing nethane as a maj or conponent
in the presencERROIESS t TGRSPRODNC TG ad ROMT BE iNORASARBYIStAND | ne
netallosilicate catalyst. Furthernore, the present invention relates to a

transiti opprARGAIrTEROMRITAL NG oRFShaG RevRRhakies Mrgateosatatyst used in
t he above process. [Background Art] 20[ 0002] Conventional ly,

aromati c hydr OC%@]&E@Y%%@e@%ﬁ%l@%ﬁ?”ﬁ%ﬁf@?eﬁ?@cﬁg ene, etc. have

been produced for pari— as a by-pr C gasoline production in
petroleumrefinery industry or as a by-product of ethylene production in
2 pétrochenical industry. Because the aromatic hydrocarbons are not
targeted products in both cases, the yields of the aromatic hydrocarbons
based oiTeclstiardl nfgiiela material, crude oil, are not high. As a production
process in which the aromatic
[0001]
The present invention relates to a process for producing
an aromatic hydrocarbon from a lower hydrocarbon containing
10 methane as a major component. More particularly, the present
invention relates to a process for efficiently producing an
aromatic hydrocarbon useful as a chemical industrial raw
material from a lower hydrocarbon containing methane as a major
component in the presence of a transition-metal-containing
15 «crystalline metallosilicate catalyst. Furthermore, the

present invention relates to a transition-metal-containing

crystalline metallogsilicate catalyst used in the above process.

{Background Art]
20 f0002]
Conventionally, aromatic hydrocarbons represented by
benzene, toluene, xXylene, etc. have been produced for the most
part as a by-product of gasoline production in petroleum refinery

industry or as a by-product of ethylene production in



5 hydrocarbons are targeted products, processes to use a |ight conponent
derived fromcrude oil as a raw material were devel oped, a part of which
have been comerci alized, but the production anount is still small. [0003]
10Meanwhile, it is said that natural gas reserves in the whole world are
about 6000 TCF, but nost anmount thereof has not been effectively used. A
techni que of producing the aromatic hydrocarbons from net hane, which is a
maj or coRpErerETEFat Hefatutal §asauesntye \ar Wiafhi added oFarbenf e
abundant natural 15 gas, and can convert the raw material source of the
ar omat i o thytdnueardad pspodwhiteshiarss ihmperstcant that eiebdls datbhearcetiadustry,
into a non-crude-oil resource. The commercialization of this process is

thus desydesk-a 119904 b20AD axale  Mieh 3s rheerishudiedgaost 1 ieansi vely

of a catalyst widely known to have excellent properties for directly

pr oduci the _aromej ] c_hydro bons from net hane I I is a
cat al ysrgcg%oﬂgﬂ%s'i ng}*% %Dlggé%éﬁ%tn%%hp 8(r8 8%%zeloqiwgiggt gl%\%syg}dcﬁé%%/%red in
1993 by L. Wang, et al. (Non-Patent 3 Document 1). As a catalyst capable

of éiré%&@@piﬁ F i ® he? B9 Bhet | REPYUF bEar BEASCF F3 hethEhe %%ﬁ@ood
efficiency disclosed in conventional techniques, a crystalline

met al | oxinpeatet skeppoed igen cnugieset 1 ers aeteal nater pat wecel deveBoredF |l type
zeolite or a MWW type zeolite supporting nol ybdenum tungsten or rhenium

has been p¥ el yr kfioiwh §HOFHeen commdPcliABizEAaCth@n £ geredatei dme
aromati ¢ hydrocarbons from nethane, in general, the reaction equilibrium

is fav i nperature side for the generation of the
PG orbons s

aronat i ons. exanple, in the reaction to generate benzene
fron1nehﬂgg§, the equilibriumconversion is thernodynamcally estimated to
be abou hat 600C, about 11% at 700C, and about 20% at 800C. As such,
fromthe limtation inposed by the 15 reaction equilibrium the efficient
pr éduct i on oMachelairlsvatitc hy dFochridors natwrshtdss acevryvaxtigntthiequires
the reaction tenperature in this reaction systemto be high, e.g., 600C or
hi gher ,whirled eicalllay a780abeu SO ®rrd, gbet. mé80CQGlount thereof has not

been effectively used. A technique of producing the aromatic
hydrocarbons from methane, which is a major component of the
natural gas, can give high added value to the abundant natural

15 gas, and can convert the raw materizl source of the aromatic
hydrocarbons, which are important materials in chemical industry,
into a non-crude-oil resource. The commercialization éf this
process is thus desired.

[0004]

20 An example which has been studied most intensively of a
catalyst widely known to have excellent properties for directly
producing the aromatic hydrocarbons from methane as a raw
material is a catalyst comprising a molybdenum-supported zeolite

catalyst discovered in 1893 by L. Wang, et al. (Non-Patent



20The crystalline netallosilicate is an excellent catalyst to produce the
aromati ¢ hydrocarbons fromthe | ower hydrocarbon containing nethane as a
maj or component. On the other hand, this catalyst has a problemthat under
hi gh tenperature conditions as descri bed above, the catalyst, with partial
degradation of 4 the crystal structure, etc., loses its perfornmance.
Thus, an industrial problemto be solved is enabling the crystalline

met al | Js¢¢ymene thb. hdve a wpirev&e tdarapPiliet yfuﬁéléﬁcﬁ%?ghplﬁ@ﬁ%‘é%w urlee
reaction conditions, i.e., thermal stability, and 5 | engthened catal yst
life. Howewericnddohtgusndas deen mditdeesedicancgood ngeffieciaact i on
systemto produce the aromatic hydrocarbons fromthe | ower hydrocarbon
contai niNg-Teihane a5 a QL tGYMANent niippeave the thersmlistability
of the crystalline netallosilicate thereby effectively | engthening 10 the
catalyst life. 007 anwhi l.e, as.a nethod.to. enabl.e.

Cryot AT bl Fe b TR T B e b e CEAB Y AP BIT | 15 e iy
tenmperature conditions, it is known to be effective to prevent 15

el i Ri nat M 6¥Pg AePALTE rImet HEW cryRe A991Hd snERPPEE Y dit b/ P 5558]
Specifically, it has been known to enploy (1) partial renoval of a netal
conponening£23n sor f deen cwathag hdwoughdsly ykadwon, phosphorus nodification
or the like, and (3) ion 20 exchange supporting of an alkali netal, an

al kal i nep@@sth netal, a rare earth netal or the |like. [0009] In the nethod
(1), a netal conponent which is readily 5 conmponent which is hardly

Ceol i L (Usy. PENBHE0enD Hore Tt et g {57 TasHar PR o o0
ol ecule 19,8, el Sorpanent, 1 the crvstal e, netall st i gate fyamework
is ’ r
10 a high temperature side for the generation of the aromatic
hydrocarbons. For example, in the reaction to generate benzene
from methane, the equilibrium conversion is thermodynamically
estimated to berabout 5% at 600°C, about 11% at 700°C, and about
20% at 800°C. As such, from the limitation imposed by the
15 reaction equilibrium, the efficient production of the aromatic
hydrocarbons to a satisfactory extent requires the reaction
temperature in this reaction system to be high, e.g., 600°C or
higher, preferably 700 to 750°C or higher.
[0006]
20 The crystalline metallosilicate is an excellent catalyst
to produce the aromatic hydrocarbons from the lower hydrocarbon
containing methane as amajor component. On the other hand, this

catalyst has a problem that under high temperature conditions

as described above, the catalyst, with partial degradation of



5 physically decreased. An exanple in this nethod is a phosphorus-nodified
ZSM5 zeolite (Non-Patent Docunent 2). In the nmethod (3), the interaction
bet ween a cation of an electropositivg el enent and a netal conponent is
utilized to control an electron density of a [M)4] unit (Mis a netal)
within 10 a netallosilicate franmework. An exanple in this nethod is a
rare-earth-substituted Y zeolite for fluid catalytic cracking (REY, Patent
Docurmenth@)cryopad] stiec serect ¢ve- netedee|iyH @%ﬁﬁ9¥mﬁﬁéé%neﬁgu%ar?Wed out
for 15 the purpose of the nethod (1) is known to be performable by a

met hod smdhsasialt peabiremt tw e Hoghreidenperaialseisd ealne andyat 4T eaterent
with a mneral acid such as hydrochloric acid and nitric acid, under

appr opriaf £1 £98di tLops. E_Besﬁa%éeaiﬂﬂ?ﬂ&x?feaauéﬁréﬁfllﬂﬁﬁ'r oh}§es High M O Si
bond (Mis a nmetal) in the 20 crystalline netallosilicate framework,

wher eby, t he netal conmponent is moved, .while ite f . which met a
has beshPEREy 6 Berthes B Hy B Grods e PrEher sEaM Tt ini S ol of
as a silanol nest (a hydroxyl nest). The silanol nest is a_l|lattice defect,
and %t hel pretlepred ofced alaivdi nl hbe si | ARYEVEToud O 6T PSEREANEt &85t Hesn

hydrol ysi s. ,

disclosed concerning the reaction system to produce the aromatic

hydrocarbons from the lower hydrocarbon containing methane as

a major component to improve the thermal stability of the

crystalline metallosilicate thereby effectively lengthening
10 the catalyst life.

[0007]

Meanwhile, as a method to enable the <crystalline
metallosilicate to have improved durability wunder high
temperature conditions, it is known to be effective to prevent

15 elimination of a metal from the crystalline metallosilicate.
[0C081]

| Specifically, it has been known to employ (1} partial

removal of a metal component, (2} surface coating through

gilylation, phosphorus modification or the like, and (3) icn

20 exchange supporting of an alkali metal, an alkaliﬁe earth metal,

a rare earth metal or the like.

10009]

In the method (1), a metal component which is readily

eliminated is removed beforehand, thereby causing a stable metal



[ 0011] In response thereto, there has been disclosed that repairing
this lattice defect can prevent the netal elimnation 5 nore effectively
(Patent Docunent 3). In other words, ghe met hod (1), when conbined with
the nethod (2), can work effectively. [0012] Hexafl uorosilicates and

si Li.con tetrachloride, which are 10 silicon based netal -elimnation
agents, serve also as a silylation agent (for exanple, Patent Docunents 4
and 5, RRPNERRPatEfh DechaAsAlY3F1imbrataf st ag8d N -t he) @BFRI¢yitate t he
silanol nest as soon as the silanol nest arises on the surface of the
cryst althine mettald dsi larcafleé rastabrllestl teolithe (HieY al PdSeret i bnaatdron
treatnent. This nmethod therefore can effectively repair every possible

surface; def gt thknpnaddbli 0Py , thh ssteidhody kAveH ghiacsiBote amisrdial can
performthe two different treatnents by one-pot, is sinple, having fewer

nunber s S S..Ln LS I rd.,.the siJi S -el 1 m natj on
agent é%%hfﬁk%e cﬁbe&hgé gﬁ?%gggﬁlhgt§¥¥%§§§%%#%é%%%EE%éngégk(ﬁf!and
(2). Still, the treatment with the silicon based netal -eljmnation agent

i s RnowP¥dlaalvley | idRIefasitlon tie el ihethafal "8FRAfnats o (for
exanpl e, Non-Patent Docunent 4), thus failing to ensure the attai nnment of
suf fi cigmswfdmot-modi 001 FISM-5 zeoljheabthniatadteDecamneas A catlal yst
prepared t hrough the conbination of the nethods (1) and (3), a rare earth

exchangehdll tiedsbabl e3Y, zeald t antREaUSYonPabeftieERCWIERKL t6)nhast been 5
di scl osed. Further, there have been disclosed reaction processes using a

Bocomont 91" a0 gy B2 e (Paren Pocuronc BE 1a014 10rawnst  hone of

t he af orenentioned. techni ques to Erev nt Lhe,elinination OL a etal from
the crySHHIGharneteF HBRR (At uRde? hPgh Wenpéilat ife™ B bnd] "have
been found to be relevant to the inprovenent of the catalyst |life in the
redbt i on metplrlovticel adtee af ved W er hy dAdc @eers of domtttie Metdrothyidr Gecar bon
cont ai ning 15 net hane as a nmj or conponent.

rare—earth-substituted Y zeolite for fluid catalytic cracking

(REY, Patent Document 2).
[0010]
The selective metal elimination treatment carried out for
15 the purpose of the method (1) is known to be performable by a
method such as a treatment with high-temperature steam and a
treatment with a mineral acid such as hydrochloric acid and
nitric acid, under appropriate conditions. These treatments
cause the hydrolysis of a M-0-3i bond {M is a metal} in the
20 crystalline metallosilicate <£framework, whereby the metal
compcnent 1s removed, while a site fron1which,the1netal has been
removed becomes a hydroxyl group {(a silancol group), which is
left as a silanol nest (a hydroxyl nest). The silanol nest is

a lattice defect, and the presence of a remaining silanol group



[ 0015] On the other hand, Non-Patent Document 5, regarding the reaction to
produce benzene from nethane, studies the activity decrease due to coking
of a nol ybdenum supported zeolite 20 gatalyst, and di scl oses exanpl es of
appl ying various treatnent nethods to“a catalyst in the reaction to
produce benzene from nethane. As a nethod to reduce coking, this docunent
di scl oses controlling the acidity of zeolite, and studies various

deal umi feati ohtareat Pentlsyawehysespect to zeolite, an exanple 8 of which
is atreatment with ammoni um hexafluorosilicate. In the case of the

treat mepdous) ng ammoni um hexafl uorosilicate, however, the selectivity of
benzene is reduced (see Figure 5). As is clear therefrom the Non-Patent

Docurient 5 dogs aLosiggestySrLhe {kgaLienio Wi thdiheqstLiconqbased

metal -elimination agént is suitable Tor a catalyst in the reaction to
produce the, aromati,c drocarbons fromthe | ower hydrocarbon cqntainin
et hand S T o SonbbhoRE R h RN ST HR e, HEERbrE PREGHL (b urmnt 5
di scl oses reduction of coking, it does not disclose inprovenent 10 of the
t hePrmalnatabeffegtoreile (Pedknte Resumiapdt 3t sel Inapthrenygoresi-ngsf t he
catalyst life. [0016] Meanwhi | e, since nmethane has extrenely | ower
react i idihgdnganed whéh ebolerinydrocan bans: emptioyed (i ,t heaabowerkls
conventional art, the production of the aromatic hydrocarbons fromthe

| over hyggcarhon, cont ai ning nethane as a maj or conponent usually enploys
ZSM5 having a sraller ratio of silica to alum na (having a | arger Al
content“ﬁﬂgﬂa | ar ger anmount of acid).

Hexafluorosilicates and silicon tetrachloride, which are

10 silicon based metal-elimination agents, serve -alsc as a
silylation agent (for example, Patent Documents 4 and 5, and
Non—-Patent Document 3). For this reason, they can silylate the
silanol nest as soon as the silanol nest arises on the surface

of the crystalline metallosilicate as a result of the metal

15 elimination treatment. This method therefore can effectively
repair every possible surface defect. Inaddition, thismethod,

in which a single material can perform the two different
treatments by one-pot, is simple, having fewer numbers of steps.

In this regard, the silicon based metal-elimination agent can

20 be cited as an ideal method combining the methods (1) and (2).
Still, the treatment with the silicon based metal-elimination
agent is known to have limitation on the degree of the metal
elimination (for example, Non-Patent Document 4), thus failing

to ensure the attalinment of sufficient effect.



20[ 0017] However, it was readily understood that the acid anmount
and the acid strength are reduced in the methods to nodify the crystalline
nmetal losilicate as disclosed in the aforenenti oned conventional art, and
therefore the use of these nethods fof 9 the reaction of nmethane was not
usual ly considered. In fact, in the Non-Patent Docunent 5, the nmethod to
nodi fy the crystalline netallosilicate using amoni um hexafl uorosilicate

i nvol vetiC®h2l reduction of the acid anmount and the acid strength 5(Table
1), consequently lowering the selectivity of benzene (Figure 5). [0018]

I'n other words dddvgsordidhd@idd, even fc@ﬂ:a@g%!ﬁi bkegapessonrbtighhghart to
concei ve of applying the aforenentioned techniques 10 to the catalyst in

t he rea&%&ﬁ?{hé&&ﬁo@ﬁ%é h&ﬁ,ﬁ{&{gﬁt@ﬁ ydy Q%{g‘r b8“§a£é°§&d£ﬁ? 404N ge

hydr ocar bon cont ai ni ng net hane as a 'maj or fiponent and achievi ng” a
further jnprovenent, [0019] Wih respect to the reaction tq praduce the
aronnli%igggﬁVﬂgﬁ%ayb%ﬁgiﬂ &3&?W rPﬁE%?%cBPBBWGEECH}agﬁﬁhﬁﬁﬁﬁé,
Patent Docunment 9 discloses the use of a catalyst in which a nol ybdenum
conpourdii erleded| | keFnsthapportereon avet dekeosi fisatesedr rierciobimai ned

through silylation nodification not acconpanying netal elimnation, or on
a net alposiddcat axcarg iecamdifdtedomtifian the methods (2) and (3),

such as La/P/Z8M-5 (Patent Document 7} and Mg/P/ZSM-5 (Patent
Document 8).
[0014]

10 However, none of the aforementioned techniques to prevent
the elimination of a metal from the crystalline metallecsilicate
under high temperature conditions have been found to be relevant
to the improvement of the catalyst life in the reaction to produce
the arcmatic hydrocarbons from the lower hydrocarbon containing

15 methane as a major component.

[0015]

On the other hand, Non-Patent Document 5, regarding the
reaction to produce benzene from methane, studies the activity
decrease due to coking of a molybdenum-supported zeclite

29 catalyst, and discloses examples of applying various treatment
methods to a catalyst in the reaction to produce benzene from
methane. As a method to reduce coking, this document discloses
controlling the acidity of =zeolite, and studies warious

dealumination treatments with respect to zeolite, an example



20 oxide of an alkali metal or alkali earth nmetal. Patent Docunent 10
di scl oses a techni que of selectively passivating the acidity of an outer
surface of a ZSM5 catalyst with an aréorphous silica | ayer. These
t echni ques, however, are not relevant “to the thermal stability of the
metal losilicate, and even using these 10 techniques fails to achieve
sufficient thermal stability of the netallosilicate and realize a |onger
(1:f51t al ysef |witech G ¢ at itoreatimstnts wldthe pmrpocivare e xpd@Rorosilipgtent Docunent
| the case of the treatment using ammonium hexafluorosilicate,
however, the selectivity of benzene is reduced (see Figure 3).
As is clear therefrom, the Non-Patent Document 5 does not suggest
5 the treatment with the silicon based metal-elimination agent
issuitableforacmtalystinthezeactioﬁtoproducethearomatic
hydrocarbons from the lower hydrocarbon containing methane as
a major component. Furthermore, while the Non-Patent Document
5 discloses reduction of coking, it does not disclose improvement
10 of the thermal stability of the zeolite catalyst itself and
iengthening of the catalyst life.
(0016]
Meanwhile, since methané has extremely lower reactivity
compared with other hydrocarbons employed in the above
15 conventional art, the production of the aromatic hydroca;bons
from the lower hydrocarbon containing methane as a major
component usually employs ZSM~-5 having a smaller ratio of silica
to alumina (having a2 larger Al content and a larger amount of
acid).
20 [0017]
However, it was readily understood that the acid amount
and the acid strength are reduced in the methods to modify the

crystalline metallosilicate as disclosed in the aforementioned

conventional art, and therefore the use of these methods for



U. S. Patent No. 3449070 Patent Document 2: U. S. Patent No. 4415438 Pat ent
Docunent 3: JP- A-1997-173853 10 Patent Docunent 4: U. S. Pat ent No.
4503023 5

the reaction ¢of methane was not usually considered. In fact,
in the Non-Patent Document 5, the method to modify the
crystalline metallosilicate using ammonium hexafluorosilicate
involved the reduction cf the acid amount and the acid strength
5 (Table 1), consequently lowering the selectivity of benzene
(Figure 5).
[0018]
In other words, it was difficult even for a skilled person
in the art to conceive of applying the aforementioned techniques
10 to the catalyst in the reaction to produce the aromatic
hydrocarbons from the lower hydrocarbon containing methane as
a major component and achieving a further improvement.
[0019]
With respect to the reaction to produce the aromatic
15 hydrocarbons from the lower hydrocarbon such as méthane, Patent
Document 9 discloses the use of a catalyst in which a molybdenuml
compcound or the like is supported on a metallosil’icate carrier
obtained through silylationmodification not accompanying metal
elimination, cor on a metallosilicate carrier modified with an
20 oxide of an alkali metal or alkali earthmetal. 7Patent Document
10 discloses a technigue of selectively passivating the acidity
of an outer surface of a ZSM-5 catalyst with an amorphous silica
layer. These techniques, however, are not relevant to the

thermal stability of the metallosilicate, and even using these



Pat ent Docunent b5: U S. Patent No. 5157191 Patent Document 6: U. S. Pat ent
No. 4938863 Patent Docunent 7: JP- A- 1999- 180902 Pat ent Document

10

techniques fails to achieve sufficient thermal stability of the

metallesilicate and realize a longer catalyst life.
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Summary of the Invention
Problem to be Solved by the Invention
[0022]
It is an object of the present invention to provide a
10 process for producing an aromatic hydrocarbon efficiently at
high yield from a lower hydrocarbon containing methane as a major

component.

Means for Solving the Problem
15 [0023]
The present inventors diligently studied to solve the
above problem, and found that the effective combination of a
single or plural mollification methods for preventing the
elimination of a metal from a crystalline metallosilicate
20 catalyst, and setting a supporting amount of a transition metal
and a treatment for supporting an alkali metal and the like solves
the problem with the thermal stability of the crystalline
metallosilicate catalyst, which is a potential préblenzarising

in the reaction to produce an aromatic hydrocarbon from a lower



Non- Pat ent Docunment 3: Catal ysis Conmuni cati ons, 2008, Vol. 9, page 907
11 Non-Patent Docunent 4: Journal of the Chem cal Society, Chem cal
Communi cat i ons, 1989, page 1908 Non-Patent Docunent 5: Studies in Surface
Sci ence and Catal ysis, 2008, 174B, p 1075 5 Sunmmary of the Invention
Problemto be Solved by the Invention [0022] It is an object of the
present invention to provide a 10 process for producing an aromatic
hydrocahh@ho@ﬁﬁﬁ@ﬂeﬁKW%aéﬂﬂhkghm?tgﬁﬁefﬁUW]é | hgdrpearbsn coif ai ni ng
met hane as a nmj or conponent. Means for Sol ving the Probl em 15[0023] The

pr esent fuavieatasse didpgerdd yeisd ugh iedl s Slol fee ihhehabBoveaptabhemTrand found
that the effective conbination of a single or plural nollification nmethods

for preyenting 1He=#f i NS MaOf RaABIRLsEH O Al SEALAINS.
nmetal losilicate
[0024]
5 That is, the present invention includes the following
matters.
[0025]
[1] A process for producing an aromatic hydrocarbon
comprising the step of reacting a lower hydrocarbon containing
10 methane as a major component in the presence of a
transition—-metal-containing crystalline metallosilicate
catalyst which is obtainable by supporting 5 to 25 parts by weight
of a transition metal (X) on 100 parts by weight of a modified
crystalline metalliosilicate obtainable by subjecting a
15 crystalline metallosilicate to a series of treatment (A)
comprising a step (i) of eliminating part of a metal from the
crystalline metallosilicate and a silylation step (ii).
[0026]
[2] The process for producing an aromatic hydrocarbon
20 as described in [1], wherein the series of treatment (A) is
contacting the crystalline metallosilicate to an aqueous
solution of a hexaflucrosilicate.
[0027]

[3] The process for producing an aromatic hydrocarbon



20 catal yst, and setting a supporting anount of a transition netal and a
treatnent for supporting an alkali netal and the |ike solves the problem
with the thernmal stability of the crystalline netallosilicate catalyst,
which is a potential problemarising 1% the reaction to produce an
aromati ¢ hydrocarbon froma lower 12 hydrocarbon contai ning nethane as a
maj or conponent, and furthernore inproves the catalyst life in this
reacti oms deeempiresent [ 2ivemthieae inathb derxabbiec besied aata hissarfriowl wy.
[0024] 5That is, the present invention includes the follow ng matters.

[ 0025] hexafluokdiitspsesess for producing an aromatic hydrocarbon
conprising the step of reacting a | ower hydrocarbon contai ning 10 net hane

as a na{ ﬁgponent in the presence of a transition-netal-containing
crystalline netallosilicate catalyst which is obtainable by supporting 5

to 25 parts by weight of a transition netal (X) on 100 parts by weight of
a modified crfjl%l al It RFQRR/ST | BSF I PER C&Bﬁaiaﬁhbﬁ@wﬂs%g?% %‘i’“r%l%o%

crystalline netallosilicate to a series of treatnment (A) conprising a step
(i) Sof edmpihathagipastepf od netetifiyg omlidwechydrarbirhenmeenlidiosing cat e
and a silylation step (ii). [0026]
methane as a major component in the presence of a
transition-metal-containing crystalline metallosilicate
catalyst which is obtainable by supporting a transition metal
(X) on a modified crystalline metallosilicate obtainable by
10 subjecting a crystalline me‘tallosilicate to a series of
treatment (A) comprising a step (i) of eliminating part of a
metal from the crystallinemetallosilicate anda silylation step
(id) and a treatment (B} of supporting one kind or two or more
kinds of metals (Y) selected from the group consisting of alkali
15 metals, alkaline earth metals and rare earth metals.
[0029]
[=] The process for producing an aromatic hydrocarbon
as described iﬁ [4], wherein the series of treatment (A) is
contacting the crystalline metallosilicate to an adqueous
20 solution of a hexafluorcsilicate.
[00301
[6] The process for producing an aromatic hydrocarboen

as described in [5], wherein the hexafluoreosilicate 1s ammonium

hexaflucrosilicate.



[2] The process for producing an aromatic hydrocarbon 20 as described in
[1], wherein the series of treatnent (A) is contacting the crystalline
netallosilicate to an aqueous solutign of a hexafluorosilicate. [0027] 13
as described in [2], wherein the hexafi uorosilicate is anmoni um

hexaf | uorosilicate. [0028] [4] A process for producing an aromatic
hydr ocarbon 5 conprising the step of reacting a | ower hydrocarbon

cont ai ni®@3 et hane as a maj or conponent in the presence of a
transition-netal -containing crystalline nmetallosilicate catalyst which is

obt ai nabl e by BupporHd REcdskansirt bepduetal &X)assmar M®difdestamyst al |ine
netall osilicate obtainable by 10 subjecting a crystalline netallosilicate

to 2 Serl ag. ol 1SERLIENL, (Al SOUP | £ iy 351 eR (1) ol Sld ARGy part of

a metal fromthe crystalline netaltosilicate and a ation step (ii)
and a treatnent%%E% of s orting one H%?d or twg gr nore kinds of netals
(Y) sel &k ebf ¥ W&e%rﬁggo%@hﬁ@fi?f& NP KBFT9% metal s, alkaline earth
nmetals and rare earth netals. [0029] [5] The process for producing
an arone@¥2 hydrocarbon as described in [4], wherein the series of
treatment (A) is contacting the crystalline netallosilicate to an aqueous
20 solution ofgja heptaf lpteresisl Feat profQ03Q an aromafbd hihe-qratess for
producing an aronatic hydrocarbon as described in [5], wherein the
hexaf | upr oeddd £ALEH 1 Hn ANTPUMN hEXpE | UK OB ] | Cil&rein the metal (Y)
is an alkaline earth metal.
[0033]
10 [92] The process for producing an arcmatic hydrocarbon
as described in any one of [4] to [8], wherein the metal (Y)
is barium.
[0034]
[10] The process for producing an arcmatic hydrocarbon
15 as described in any one of [1] to [92], wherein the crystalline
metallosilicate is a MFI-type zeolite or a MWW-type zeolite.
{0035]
[11] The process for preducing an aromatic hydrocérbon
as described in any one of [1] to [10], wherein the transition
20 metal (X) is one kind or two or more kinds selected from the
group consisting of molybdenum, tungsten and rhenium.
[0036]

[12] The process for producing an aromatic hydrocarben

as described in any one of [1] to [11l], wherein the transition



14 [0031] [ 7] The process for producing an aromatic hydrocarbon as
described in any one of [4] to [6], wherein the treatnent (B) is perforned
t hrough i on exchange net hod. 5[ 0032] [ 8] The process for producing
an aromati c hydrocarbon as descri bed % any one of [4] to [7], wherein the
metal (Y) is an alkaline earth netal. [0033] 10[ 9] The process for
produci ng an aromati ¢ hydrocarbon as described in any one of [4] to [8],
wher ei mathel nbXhli$ ol godemimm [ 0034] [ 10] The process for
produci ng an aromati ¢ hydrocarbon 15 as described in any one of [1] to
[9], whpr®in)the crystalline netallosilicate is a MFI-type zeolite or a
MAVtype zeolite. [0035] [11] The process for producing an aronmatic

By e b e | bed o gaySnemital bl eabifly uierel g dranalton
consi st ng, pf,Pf ybaenum, tngsten and thenpum, [038] ror producing
5 an aromatic hydrocarbon as described in [1], which catalyst is
obtainable by supporting 5 to 25 parts by weight of a transition
metal {(X) on 100 parts by weight of a modified crystalline
metallosilicate obtainable by subjecting a crystalline
metallosilicate to a series of_treatment (A) comprising a step
10 (i) of eliminating part of a metal from the crystalline
metallosilicate and a silylaticon step (ii}.
[0038]
[14] A “transition-metal-containing crystalline
metallogilicate catalyst for use in the process for producing
15 an aromatic hydrocarbon as described in [4], which catalyst is
obtainable by supporting a transition metal (X) on a modified
crystalline metallosilicate obtainable by subjecting a
crystalline metallosilicate to a series of treatment (A)
comprising a step (i) of eliminating part of a metal from the
20 crystalline metallosilicate and a silylation step (ii) and a
treatment (B) of supporting cne kind or two or more kinds of

metals (Y) selected from the group consisting of alkali metals,

alkaline earth metals and rare earth metals.



[ 12] The process for producing an aromatic hydrocarbon 15 netal (X) is
nol ybdenum [ 0037] , [13] Atransition-mnetal-containingcrystalline
netallosilicate catal yst for use in the process for producing 5 an
aromati ¢ hydrocarbon as described in 1[61] , Which catal yst is obtainable by
supporting 5 to 25 parts by weight of a transition nmetal (X) on 100 parts
by weight of a nodified crystalline netallosilicate obtainable by

subj ectifffp @t crfystiad | Tmmeemet@h| osilicate to a series of treatnment (A
conprising a step 10(i) of elimnating part of a netal fromthe

crystal faggegyretal losilicate and a silylation step (ii). [0038]

[14] Atransition-netal -containingcrystalline netallosilicate catalyst for

use 11 the PiasessLon oduclngnlhean, ATV e Dduopatbon as-cescr i bed

in [4], which“catalyst is-obtalna supporting a trans on netal (X
on a nodified crystalline netallosilicate obtainable by subjecting a
cryst ald & et 8PS icééftséatl&lé}es‘%‘??%ﬁ%?ljtjr%%?md F%\? %ﬂ?éﬁts]icﬁb a step
(i) of elimnating part of a metal fromthe 20 crystalline nmetallosilicate
and5a sitgp dtd pweseas the)chiminatiento®rithy Bptefl  supporsehigiandtd nd or
two or nore kinds of netals (Y) selected fromthe group consisting of
al kal i gmabsd st i kalduie: edr hhe pehad 5iandudtarle eard Rhaet adstmed®d for
supporting an alkall metal and the like, a
transition-metal-containing crystalline metallosilicate
catalyst having a high durability under high temperature
10 conditions (namely, thermal stability) and a long catalyst life
is obtained economically through a simplified operation.
[0040]
By using the transition-metal-containing crystalline
metallosilicate catalyst as a catalyst inthe reaction to produce
15 an aromatic hydrocarbon from a lower hydrocarbon containing
methane as a major component, the aromatic hydrocarbon can be

obtained while maintaining high yield for long hours, and

therefore the above process i1s industrially useful.

20 Embodiments for Carrying Out the Invention
[0041]
Hereinafter, a process for producing an aromatic
hydrocarbon of the present invention, and a

transition-metal-containing crystalline metallosilicate used



Ef fect of the Invention [0039] By effectively conmbining the step of
elimnating part of a netal fromthe crystalline netallosilicate and the
silylation 5 step to prevent the eli ﬁ',pati on of the netal, with setting

t he supporting amount of a transitiom nmetal, and the treatnent for
supporting an alkali netal and the like, a

transition-netal -containingcrystallinenetallosilicate catalyst having a

hi gh dutralible pyodndeiohinfreesparst deec1bbedndi tpbasl( ndimdyd ineierral
stability) and a long catalyst life is obtained economcally through a

si npl i féef fopenahe odin [0R4P ovided aByetiatingdtdescription for better
transition-netal -containing crystalline netallosilicate catalyst as a

cat al yst, i {18, 8RSt PN KO &i@@ﬁ&? A5 a8- & onRt { Codvidi acarhan dmem a

| ower hydrocar bon contai ni ng” net hane as a nmj or conponent, the aromatic
hydr ocarbon can be obt ai ned i_le maintaining hi ield, for |ong hours,
and the?lé‘?'g]r‘inﬂifeb%lﬁ&?éatﬁj@ g8 %@%&Fﬁﬁﬁﬁf%&e ﬁlvgnjéégﬁr%@ael%nsents f or
Carrying Qut the Invention [0041] Herei nafter, a process for

pr o8uci aghembyoneted hydr ocar bon of the present invention, and a
transition-netal -containing crystalline netallosilicate used 17 in the

product @ Py ocess are described in detail. Enbodinents set forth herein
are provided as detail ed description for better understanding of the gist

of the psgesedsi AYLNSH A AhYgashoutdaratass,construed as limting the

present i1 nvention unless 5 ot herw se noted. [0042]

The first process for producing an aromatic hydrocarbon
of the present invention comprises reacting a lower hydrocarbon

10 containing methane as a major component in the presence of the
first transition-metal-containing crystalline metalloeosilicate
catalyst (hereinafter, alsc called a “metallosilicate catalyst
(1)7).

[0043]

15 The second process for producing an aromatic hydrocarbon
of the present invention comprises reacting a lower hydrocarbon
containing methane as a major component in the presence of the
second transition-metal-containing crystalline
metallosilicate catalyst (hereinafter, also called a

20  “metalliosilicate catalyst (2)7).

[0044]
Hereinafter, themetallosilicate catalysts (1) and (2) are
described. When the metallosilicate catalyst (1} and the

metallosilicate catalyst (2) are not particularly distinguished



[ Process for Producing Aromatic Hydrocarbon] The first process for
produci ng an aromati ¢ hydrocarbon of the present invention conprises
reacting a | ower hydrocarbon 10 contajning nmethane as a maj or conponent in
t he presence of the first transition-H%tal-containing crystalline
nmetallosilicate catalyst (hereinafter, also called a "netallosilicate
catalyst (1)"). [0043] 15The second process for producing an aronatic

hydr ocafbon ofcddie pradent, | nvendy on cgenpr kdes redeticngbadl ones 2

hydr ocar bon cont ai ni ng net hane as a maj or conponent in the presence of the

secondt vanshdi ofomehedt s Condat i NgsgYSt ak{spgl Peial | osddd LRSIl icate

catal yst(hereinafter,also called a 20 "netallosilicate catalyst (2)").
[0044] .51 deseinafter, the netallosilicate catalysts (1) and (2) are
descri bed. en the nmetallosilicate catalyst (1) and the netallosilicate
catal ys 2) are not particularly distinguished 18 from each other,they
are al sk’ tribed as a "transition-netal -containing crystalline

netallosilicate catal yst". [0045]
5 [Metallosilicate Catalysts (1) and {2}]

The metallcsilicate catalyst (1) is obtainable by
supporting 5 to 25 parts by weight of a transition metal (X)
on 100 parts by weight of a medified crystalline metallosilicate
obtainable by subjecting a crystalline metallosilicate to a

10 series of treatment (A) comprising a step (i) of eliminating
part of a metal from the crystalline metalliosilicate and a
silylation =step (ii) . As thel modified crystalline
metallosilicate, it is preferable to use a modified crystalline
metallosilicate obtainable by subjecting the crystalline

15 metallosilicate to the series of treatment (A), and further a
treatment (B) of supporting one kind or twec or more kinds of
metzals (Y) selected from the group consisting of alkali metals,
alkaline earth metals and rare earth metals.

[0046]

20 The metallosilicate catalyst (2) 1is c¢btainable by
supporting a transition metal (X) on a modified crystalline
metallosilicate obtainable by subjecting a crystalline
metallosilicate to a series of treatment (A) comprising a step

(i) of eliminating part of a metal from the crystalline



5[ Metallosilicate Catalysts (1) and (2)] The netal losilicate
catalyst (1) is obtainable by supporting 5 to 25 parts by weight of a
transition nmetal (X) on 100 parts by miight of a nodified crystalline
nmetal | osi |l i cate obtainable by subject% g a crystalline netallosilicate to
a 10 series of treatnent (A) conprising a step (i) of elimnating part of
a netal fromthe crystalline netallosilicate and a silylation step (ii).
As the meditieditigstaldnhe wetlallladdion ebte, (i1) ianpreteeabhentollse a
nodified crystalline netallosilicate obtainable by subjecting the

cryst al bf e 18t besidiebbe thd bhensey kesgeloftmeainenty)(Mlecanegdfurt her
a treatnment (B) of supporting one kind or two or nore kinds of netals (Y)

sel ect eﬁr&ﬁ%ﬁg%gﬁ? ggﬂfggggingtz%frgl%ﬁlr{@a BLak g i AL %%lrit%e?g«;aéi@ metal s

and rare eart e netallosilicate catal yst 'S
obt ai nabl e by supporting a transition netal (X) on a nodified crystalline
netallo%?&i%%f% %%%é?dﬁ%?%lﬁy subjecting a crystalline metallosilicate to
a series of treatment (A) conprising a step (i) of elimnating part of a
metal fE@P#The crystalline 19 netallosilicate and a silylation step (ii)
and a treatnment (B) of supporting one kind or two or nore kinds of netals
(Y) sel ect ed Hewomdder gpr Otthectonsa ishemg (@f) , atkaltireaehahs, (B kahidneheart h
netals and rare earth netals. 5[0047] Herei nafter, the treatnent

(A), t h@rééﬁa@ﬂ@%a@%péﬂéiﬁ@%@@@w@ﬂ%iéﬂhe%ténpg%z)t bhg dde-tipdsi tion
[ 004 he

metal (X) are descri bed. ] <Treatnent (A)> 10 treatnment (A is a
series é é§gatnent conprising a step (i) of elimnating part of a netal
froma 9 lline metallosilicate and a silylation step (ii). [0049]

Since the presence of another treatnment between the step
<Treatment (A)> _

10 The treatment (A) is a series of treatment coﬁprising a
step (i) of eliminating part of a metal from a crystalline
metallosilicate and a silylation step (ii).

[0049]
Since the presence of another treatment between the step

15 (i} and the step {ii) is considered to possibly inhibit the
silylation and the elimination of part of the metal, the series
of the treatment (A) refers to treatments that involve the two
steps witheout another treatment therebetween.

[0050]

20 Examples of the crystalline metallosilicatg include
zeolite, aluminosilicate, gailosilicate, galicaluminosilicate,
borosilicate and phophoaluminosilicate; preferred examples are
zeolite and aluminosilicate; and more preferred examples are

a MFI type zeolite represented by a ZSM-5 type zeolite, and a



15 (i) and the step (ii) is considered to possibly inhibit the silylation
and the elimnation of part of the netal, the series of the treatnent (A
refers to treatnments that involve the two steps w thout another treatnent
t her ebet ween. [0050] 20Exanpl es of tHd crystalline metallosilicate include
zeolite, alumnosilicate, gallosilicate, galloalumnosilicate,
borosilicate and phophoal um nosilicate; preferred exanples are zeolite and
al um nogi i oatee ; z eanldi treo meepreafegrtraat bgx anpiCeis 2a8r € vaeMEkol ype. zdblade
represented by a ZSM5 type zeolite, and a 20 MW type zeolite

repr esefd e Bebysdd MeVb 22 Ay Pe xaeel bt a.n Iheser By e 688G RodeStinglL kind or
in a nlxture of two or nore kinds. The crystalline netallosilicate may be

aco \}\Tlg(étg\i%ll %gr%.@t%i?(g%%%cé){?'ﬂ%ﬁ; BS[aOéQWS%ES?lIg%%n’E%, ni

conpoun mat er’ en ‘using the

above zeolltes the ratio of silica to alum na before carrying out the
treat rré?ﬁocq(%)tq soﬁrélﬁéiré’ﬁ ysié‘?’?‘ﬁ"llef%]l'“?‘?ﬂ grPﬁndé‘oFﬁéfuﬁoéé’mﬁé?ﬂnﬁ Y the
stability of the 10 zeolite structure. The ratio is usually not nore than
1005 prefieais ys Aot Joorwe ttheih&5s. nore preferably not nore than 45, still
more preferably not nore than 35, particularly preferably not nore than
30. Alpwegilimt of the ratio of silica to alumna is not particularly
limted, but is usually about 25. 15[0052] The process for

produci ng an yafQImaid G, YH{%C%Q\‘?Q Lot e eSRAL LLAYENLILON Yses, g d ower

hydr ocar bon contai nin ane as a nmj or component. Since the react|V|ty
of neth ne Is extrenely lower than that of other |0 hydr ocar S,

20 pr ORI (1P LK dRF LAY | PHE ﬁgFaltIKSQtFﬁeB& i S e rati 0
of S|I|ca to alunlna -as described above. [0053] A counterion of the

cryst aldniadd aretigl |psidngmatehdts dags not impair the stability of the

10 zecolite structure. The ratio is usually not more than 100,
preferably not more than 55, more preferably not more than 45,
still more preferably not more than 35, particulariy preferably
not more than 30. A lower limit of the ratio of silica to alumina
is not particularly limited, but is usually about 25.

15 [0052]

The process for producing an aromatic hydrocarbon of the
present invention uses a lower hydrocarbon containing methane
as a major component. Since the reactivity of methane is
extremely lower than that of other lower hydrocarbons, it is

20 preferable touse acrystalline metallosilicate having a smaller
ratio of silica to alumina, as described above.

[00531]
A counterion of the crystalline metallosilicate is not

particularly limited, but is preferably an ammonium type and



21 a proton type, nore preferably an ammonium type. [0054] As a
method for elimnating part of the nmetal fromthe crystalline

netal losilicate, commonly known methqods can be 5 nentioned w thout
particular limtation, for exanple, Zltreatment with hi gh-t enperature
steam a treatnent using mneral acids such as hydrochloric acid, nitric
acid and sulfuric acid; a treatnent using ethylene diamne tetraacetic

aci d; & tpmstorentyresl mpiexafd Umrasiy i oatasyorandn a-tweeat nent using silicon
10 tetrachl oride. [0055] As a nethod for silylation, commonly known
met hods; @y used without particular limtation: for exanple, there can be
mentioned treatnments using al koxysilanes such as tetraethoxy 15 silane and

ami nopr opy| rgeatbfpg%oscr 0 PN A0S, UGl 35,4 AL lane and

tri met hoxy sr ane; azanes Su I'azane and nonanet hyl

trisilazane; and silyl halide conpounds such as anmmoni
hexaf | Uorbsiat e, m%F?’r%Bﬁl%é??E‘éhl SORES R BB or?r'%%yragi Pine.
20[ 0056] Exenpl ary procedures for the series of treatnent (A

conpri siang tdreedt ep thidutangartid cotley (ilipikatiode (d9ra graaeldured n which
the netal elimnation and the silylation are divided into two stages, and

the nmet@deAlndANALtBhigh-GRinpathtOifte ateard? af t F&d tradigt LBeAgligesiallyl ati on
is carried out; (2) a procedure in which the nmetal elimnation and the

si 1yl at] gnaLe i 45 deshiddily siagesy 1 Bpdo e S LW ahi ali e scaii ed out
at first and then th e imnation s carrleg out and (3)

procedure 5 in whi imnation and the silylation are
S|nultéhEBE@F?eBEﬁF$eH;SEHEE?HSH%“ﬁHFMEEﬁ I8ACEhisE P c@&ﬁﬁ@gnﬁﬁi be

enpl oyed, but the procedures (1) and (3) are preferable, in which

si | yl atUsomda r bgradavoccan iBé ceaesisedandt an thepsBpast d1%e SR8 nest
that is generated as a result of the netal 10 elimnation; and the
protedwea dedhlcripirti cul arly preferable, which has a fewer nunber of
steps and in which the silylation treatnment can be carried out on the
surface@fsghe zeolite having the silanol nest that is generated as a
result of the nmetal elimnation. 15[ 0057]

As amethod for silylation, commonly known methods are used
without particular 1limitation: for example, there can be
mentioned treatments using alkoxysilanes such as tetraethoxy

15 silane and aminopropyl triethoxy silane; hydroeilanes such as
triethoxy silane and trimethoxy silane; silazanes such as
hexamethyl disilazane and nonamethyl trisilazane; and silyl
halide compounds such as ammonium hexafluorosilicate, silicon
tetrachloride and chlorotrimethyl silane.

20 [0056]

Exemplary procedures for the series of treatment (A)
comprising the step (i) and the step (i1) include (1) a procedure
in which the metal elimination and the silylation are divided

into two stages, and the metal elimination is carried out at



As a nmethod suitable for the procedure (3), a treatnment using a silicon
based netal -elimnation agent can be nentioned. Preferred exanples of the
treatment are a treatnent using fluorgsilyl conpounds and a treatnent
usi ng chlorosilyl 20 conpounds; nnrezgfeferred exanpl es of the treatnent
are a treatnent using hexafluorosilicates and a treatnment using silicon
tetrachloride; a still nore preferred exanple of the treatnent is a

t reat mehAtrabi agd Hayxat [thor eslillvlcdtien) landaarpact cotlalky prefeceddrexanpl e
of the treatnent is a treatnent 23 using amoni um hexafl uorosilicate.

[ 0058] in whickstiee mefithad fdmicardimeneuthkheit yeat At avsi dpvides silicon
based netal -elimnation agent, exenplary nethods are 5 a nethod of

cont act{ngo e, civskal | 1ng Rl ald Q51dd Gat ¢ WL foa Qlul Lencolothenagent, a

met hod of exposing the crystalline netallosilicate to vapor of the agent,

d t h f i Xi th (st alli tall ili t ith th toi
Solid STAT® VT FEED By THEBCACE: HFnGabl Lehe H e (CLof HFRTeHE a0

substitution nethod). The method of contacting with a solution usually
enploysina sdient Wenpastsle wliipinsdion | @ésd bhBed petwla®ieh maEe on
agent. Wien the silicon based netal-elimnation agent is a

hexaf | uetmmsl tacades 1 xemliarcy canpb v yalkl-@oret hadg @t ehasogbhockdires
contacting with an aqueous 15 solution, and the solid state substitution

met hod. n e the1slkhcopubased grRi@laglddmnatd Qn @geptel Srékdinon:,
tetrachl oride, exefplary enpl oyable nmethods are a nethod of contacting
wWth a fx?lw%iéi{]’sialnyqa ir(T)%[ tlzordeEH'.fmeen)ﬁ:pOcs@.;linn et 8a\f% (e)cr:l'out with respect
to the silanol nest that is generated as a result of the metal
10 elimination; and the procedure (3) is particularly preferable,
which has a fewer number of steps and in which the silylation
treatment can be carried out on the surface of the zeolite having
the silanol nest that is generated as a result of the metal
elimination.
15 [0057]

As a method suitable for the procedure (3), a treatment
using a silicon based metal-elimination agent can be mentioned.
Preferred examples of the treatment are a treatment using
fluorosilyl compounds and a treatment using chlorosilyl

20 compounds; mcre preferred examples of the treatment are a
treatment usiﬁg hexafluorosilicates and a treatment using
silicon tetrachloride; a still more preferred example of the

treatment is a treatment using hexafluorosilicates; and a

particularly preferred example of the treatment is a treatment



[ 0059] 20As the treatnment (A), a preferable treatnent is contacting the
crystalline netallosilicate with an aqueous solution of a

hexaf | uorosilicate, in which case the use of anmmoni um hexafl uorosilicate
as a hexafluorosilicate is nore prefé?%ble. [0060] 24 <Treatnent (B) >
The treatnent (B) is a treatnent of supporting one kind or two or nore
kinds of netals (Y) selected fromthe group consisting of alkali netals,
al kal i neseagt ammehahs aexhfhrereatihcsdtaetal s which treatnment is carried
out after the crystalline netallosilicate is subjected to the series of
treatmepdog#d) . Carrying out the treatnment (B) can inprove the therma
stability of the catalyst itself and can | engthen the catalyst life. In
Par UL RS T RBLAUL Hhe B OB afd Setbipgnthasd rting
anount of the transition netal SO as to be specitfic particularly

i ncreases, the catalyst activjty resulting in signifjcant inprovenent of
the catStySEOM] PRoof JURE] L ThbI TS ¢Y) A Fent or SRt o, "L IS f o two
or nore kinds 15 of nmetals selected fromthe group consisting of alkal
met &l s 4 lmetied af Rmtadicy) theakkakicad léact hehel dpsi{MpateawiEr eand Ba)
and rare earth netals (Sc, Y, La, Ce, Pr, Nd, Pm Sm Eu, Gd, Tb, Dy, Ho,
Er, Tmsdbuahen Lu¥ rherefenabl e arehaldkali egddimetials,cangamorine
preferable is barium 20[0062] As a method for supporting the netal

(V) cRomDn s kpown. met hods, ar ¢ sed \Qigte:fﬁ%l;'t 2RArLi gyt Rdqldmitatipp, for

exanpl e, 1on exchange nmethod using a netal salt, evaporative 1 npregnation

met hod, _.i nci pi ent. wet nes tho re filling nethod and soli 25 state

Suppor 111H6 ot LR ET ol TRas mbeROH T LR G eaRBRANGE" Aot ROTLISIHE a ot al
salt. The ion exchange nethod can be carried out for plural tines, and the
nunber BIlEaweyi ey odthet h€adketR3ad s Ofot Tparthextarey (§phied.state

10 substitution method). The method of contacting with a soluticn
usually employs a solvent compatible with the silicon based
metal-elimination agent:. When the silicon based
metal-elimination agent 1s a hexafluorosilicate, exemplary
employable methods are a method of contacting with an aqﬁeous

15 solution, and the sclid state substitution method. When the
silicon basedmetal-elimination agent is silicon tetrachloride,
exemplary employable methods are a method of contacting with
a solution, and a method of exposing tc wvapor.

[0059]

20 | As the treatment (A), a preferable treatment is contacting
the crystalline metallosilicate with an aqueous solution of a
hexaflucrosilicate, in which case the wuse of ammonium
hexaflucrcsilicate as a hexafluorosilicate is more preferable.

[0060]



5[ 0063] The supporting nethods may optionally involve the use of a
sol vent. The solvent, which is usually water or alcohols, is not
particularly limted as long as dissolving a netal salt used for the
supporting. 10[0064] <Treatnent of Supborting Transition Metal (X)>

The treatnent of supporting the transition netal (X) is a treatnent to
supporting- the transition netal (X) on the nodified crystalline

met al | osTtégahent ThRprugh this treatnent, 15 the netallosilicate catal yst
(1) or (2) can be obtained. [0065] The transition nmetal (X) is not

particul arly dhdnd.ed, it Preheised examples: ekeehorEengobybdemnum

tungsten and rhenium and a nore preferred exanple is nnlybdenun1 The use

of these 2 netals as. the tran |t| n r ra e of
al | owi g t hHE® a8§rvé¥¥%HCL(§ heglo 1ﬁyd§3c éQEC%eg ﬁ%ﬂ/na err%f
efficiently proceed. These transition netals (X) nay be cont ai ned |n the
t r ansi t$omS et HrY &dn Hrdl hgetry st A kel B ear| Bé“‘i%ac]a? L FCHSRIT L
single kind or in two or nore 26 different kinds.

5 metals which treatment is carried out after the crystalline

metallosilicate is subjected to the series of treatment (A).
Carrying out the treatment (B) can improve the thermal stability
of the catalyst itself and can lengthen the catalyst life. In
particular, carrying out the treatment (B} and setting the
10 supiporting amount of the transitionmetal (X) so as to be specific
particularly increases the catalyst activity resulting in
significant improvement of the catalyst life.
[0061]
The metal (Y} is, for example, one kind or two or more kinds
15 of metals selected from the group consisting of alkali metals
(Li, Na, K, Rb and Cs), alkaline earth metals (Mg, Ca, Sr and
Ba) and rare earth metals (Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu); preferable are alkali earth
metals, and more preferable is barium.
20 [0062]
As a method for supporting the metal (Y), commonly known
methods are used without particular limitation, for example,
ion exchange method using a metal salt, evaporative impregnation

method, incipient wetness method, pore £illing method and solid



[ 0066] As a source of the transition netal (X), every available
transition netal conmpound such as oxides, carbides, acids and 5 salts is
enpl oyable. In the case of nol ybdenu there can be nentioned nol ybdenum
oxi de, nol ybdenum car bi de, nol ybdic d, sodi um nol ybdate, ammoni um

nol ybdat e, amoni um hept anol ybdat e, anmoni um par anol ybdat e,

12- nol ybdophosphoric acid and 12-nol ybdosilicic acid. 10[0067] As a nethod
for supporté neuppertiansitilord metfalpede r eeinmmi ok nicivil aretodR Er® used
wi t hout particular limtation. Exanples thereof include a nmethod of

suppor trdith&d ssApe: subsl anrce .of Thhe dif arshbhhge maihald ¢26) bercar ienpound
containing 15 the transition netal (X) on the nodified crystalline

metall osil iqa 81,299 %(gsgb%cpfth%hxm@w Y BadNG iy SLEPER: sithstiance of

the transition neta or a conpound containing the transition metal (X)
with the nodified crystalline netallosilicate. Preferable is the nethod of
suppor tihdThe* 2o i&WﬁEﬁ%& ng the transition netal (X) on the
nodi fied crystalline nmetallosilicate. Specific exanpl es thereof include
i mpPegnEd9@n! met hod such as pore filling method, incipient wetness nethod,
equi li brium adsorption nethod, evaporation to

The supporting methods may optionally involve the use of

a solvent. The solvent, which is usually water or alcohols, is
not particularly limited as long as dissolving a metal salt used
for the supporting.

190 [0064]
<Treatment of Supporting Transition Metal (X}>

The treatment of supporting the transition metal (X} is
a treatment to supporting-the transition metal (X) on the
modified crystalline metallosilicate. Through this treatment,

15 the metallosilicate catalyst {1) or (2) can be obtained.
[0065]

The transition metal {(X) is not particularly limited, but
preferred examples thereof are molybdenum, tungsten and rhenium,
and a more preferred example is molybdenum. The use of these

20 metals as the transition metal (X) is preferable because of
allowing the activation of the lower hydrocarbon, a rawmaterial,
to efficiently proceed. These transition metals (X) may be
contained in the transition-metal-containing Crystalline

metaliosilicate catalyst, in a single kind or in two or more



dryness nethod and spray drying nethod, |iquid-phase deposition 27

met hod, ion exchange net hod and vapor deposition nethod. A preferred
exenplary nethod is the inpregnation nethod, which involves relatively
sinpl e operation and does not requiré&S&pecial equipnent. [0068]

After the supporting or the m xing step, the transition-netal-containing
crystalline netallosilicate catalyst nay be calcined in air or in an inert
gas suchi Bsesemi txDgen. gas, and may be calcined preferably in air at 250
to 10 800C, nore preferably at 350 to 600C, particularly preferably at 450
to 550G d&H69] In the netallosilicate catalyst (1), the anount of the
supported or mxed transition netal (X) with respect to the 15 nodified

crystalline taIIosiIica%e is.,h to .25 part y ig referahly, 7 to 25
parts by wei ght 2 AOr&“pr@ e?%ﬁﬂ%f%?%é%ifglggﬁfg‘Bgﬁﬁe?%%¥§5%§%dLoneioo
parts by weight of the nodified crystalline netallosilicate. The use of
the netlafamwsttienteseat gopaeury sush BE aK4F8Spr 68LRI 18R FOEIS W th the
anount of the supported 20 or m xed transition netal (X) in the above
range, salers thwougiptdelle/st dhl khe metal bsinbighdenis, subfeetead: tae t he
series of :
mentioned molybdenum oxide, molybdenum carbide, molybdic acid,
sodium molybdate, ammonium molybdate, ammonium heptamolybdate,
ammonium  paramolybdate, 12-molybdophosphoric acid and
12-molybdosilicic acid.
10 [0067]

As a method for supporting the transition metal (X),
commonly known methods are used without particular limitation.
Examples thereof include a method of supporting a simple
substance of the transition metal (X) or a compound containing

15 the transition metal (X)) on the modified crystalline
metallosilicate, and a methed of physically mixing a simple
substance of the transition metal (X) or a compound containing
the transition metal (¥X) with the modified crystalline
metallosilicate. Preferable is the method of supporting the

20 compound containing the transition metal (X) on the modified
crystalline metallosilicate. Specific examples thereof include
impregnation method such as pore filling method, incipient

wetness methed, equilibrium adsorption method, evaporation to

dryness method and spray drying method, iiquid-phase deposition



treatment (A), enables the activation of the | ower hydrocarbon, a raw
material, and the subsequent aromatization reaction of the activated | ower
hydr ocarbon to proceed with good bal ance, 28 and noreover can |engthen
the catalyst life thanks to inprovené%ﬁ of the thermal stability of the
catalyst itself . [0070] In the netallosilicate catalyst (2), the anount
of the 5 supported or mxed transition netal (X) with respect to the

modi f i exetdrydt al o nexokbagkosiclthodt enids wegal 1deri sl ttierb Ongdrads- by wei ght
preferably 0.2 to 30 parts by weight, nore preferably 1 to 20 parts by

wei ght ,pRafd il alst g i eradi Bo® 19 2 PaidSe da twebghiedrassd Wi D0 parts
by weight of the nodified crystalline 10 netallosilicate. The anount of

t he supj r_m nsi.tj wi_t.hi n % enabl es
t he ac?ﬁgé:ﬁ%ﬁgongéggyg&gr :bdgg%gg %%?£g%?aﬁ%%%t%é$§l?ggngx%ﬁgg%
subsequent aromatizati on reaction of the activated | ower hydrocarbon to

pr oceeFREGI gos PdiSHce, efficiently generating 15 the aromatic

hydr ocarbon. [0071] [Process for Producing Aronmatic Hydrocarbon]

The5f i rEi0&hd second processes for producing an aromati c hydrocarbon of

t he present invention conprise the reaction 20 between the

transition- netfalexcontiaé ni RGipystiald i ner netcalel oshitioed e eatpl ysttiand a
| ower hydrocarbon contai ning nethane as a maj or conponent. [0072] <Lower
HydrOcat_rzgﬁﬂfition—metal-—containing crystalline metallosilicate
catalyst may be calcined in air or in an inert gas such as a
nitrogen gas, and may be calcined preferably in air at 250 to
10 800°C, more preferably at 350 to 600°C, particularly preferably
at 450 to 550°C.
[0069]
In the metallosilicate catalyst (1), the amount of the
supported or mixed transition metal (X) with respect to the
15 modified crystalline metallosilicate is 5 to 25 parts by weight,
preferably 7 to 25 parts_ by weight, more preferably 8 toc 18 parts
by weight based on 100 parts by weight of themodified crystalline
metallosilicate. The use of the metallosilicate catalyst (1)
in the above production process with the amount of the supported
20 or mixed transition metal (X) in the above range, even though
the crystalline metallosilicate is subjected to the series of
treatment (A}, enables the activation of the lower hydrocarbon,

a raw material, and the subsequent aromatization reaction of

the activated lower hydrocarbon to proceed with good balance,



29 The | ower hydrocarbon contains nethane usually in an anmount of
50% by vol une or nore, preferably 70% by volunme or nore, nore preferably
80% by vol unme or nore. Exenplary other conponents than methane contai ned
in the lower hydrocarbon are 5 hydrocdt bons having 2 to 6 carbon atons

wi th specific exanples thereof including al kanes such as ethane and
propane, and al kenes such as ethyl ene and propyl ene. [0073] Methane is
cont ai neel mbekcexange Llengthahurtad cgaslysh i cassackatedirgasoynoshuced wit h
crude oil, refining cracking off-gas in petroleumrefinery industry and

petrochem cal £REHSLT Yot A0 | Hy sOr cahd edatincpsventional  natural gas such
as net hane hydrate and bi onass gas, etc. These gases are directly used, or

are use A m xture with another gas. Alternatively, 15 these are used
after a par? thereof is separated and renoved thereby controlling the
conposition.:%go74] The | ower_ hydrocarbon preferably does not contain a
subst ance whildh the e Gt ECate @iawty bt ¢ et a2yt oD% ior to

the step of supplying the | ower hydrocarbon into the reactor, a step
maybe |isugmp@ored edrohizepatatnagtand mefavi ngl)c onpidundssreorit diaitg
nitrogen, sulfur and phosphorus, a | arge anount of water, hydrogen, carbon
nonoxi dgs@neh £ARYB td1axindentben eb¥i ¢onkeel 14 pgubhe ycontc et patgrts

However, the | ower
by weight, preferably 0.2 to 30 parts by weight, more preferably
1 to 20 parts by weight, particularly'preferébly 5 to 20 parts
by weight based on 100 parts by weight of the modified crystalline
10 metalloéilicate. The amount of the supported or mixed
transition metal (X) within the above range enables the
activation of the lower hydrocarbon, a raw material, and the
subseguent arcmatization reaction of the activated lower
hydrocarbon to proceedwith good balance, efficiently generating
15 the aromatic hydrocarbon.
[0071]
[Process for Producing Aromaﬁic Hydrocarbon]
The first and second processes for producing an aromatic
hydrocarben of the present inventicn comprise the reaction
20 Dbetween the transition-metal-containing crystalline
metallosilicate catalyst and a lower hydrocarbon containing
methane as a ﬁajor component.

[0072]

<Lower Hydrocarbon>



30 hydrocarbon may contai n conponents such as nitrogen, helium argon,
oxygen, carbon nonoxi de and hydrogen in a range which does not affect the
effect of the present invention. [0075] 5Exenplary aromatic hydrocarbons
produced fromthe |ower hydrocarbon &% nonocyclic aromatic hydrocarbons
such as benzene, toluene and xyl ene and pol ycyclic aromati c hydrocarbons
such as napht hal ene and net hyl napht hal ene. [0076] 10 <Reaction Conditions
and Reacti on THgui poeatr>hydrocartbe reacidion tespedat unsubtayaliystarbed
tenperature) is usually 600 to 950C, preferably 650 to 800C, nore

pref er Al ,rf00 £ 0 FHUSy JOEuREASE | M- OT O55UE Er MYy DPOANYy Ofo N ¢

pressure, increased pressure and reduced pressure, but i's usually about 15

0.1 to 0.8 negapascal NP%Q} Lfterabl.y about 0.1 t 0.4:Bg e
pref er ar%?ﬁ/e’aﬁgoul{)e (?.rleftéoraﬁ? I\?gj;ﬁ bﬁ'aﬁqlgjmeaplrymﬁrrgfe?%}ﬁ?nﬁp a %ﬁt g_elr to 0.2
MPa. [0077] The reaction may be carried out by adding an inert gas al ong
20 Wi t FIHLTGNe WAd BEEPEHR, canfaarefol rtdif Ariesi BYIrPhRaFepy &% uting
the inside of the system Exenplary inert gases are nitrogen, helium and
ar gébn. Ho78tar@ina Hawiedy Redp & ddnbhah zadnzedith apecnfibekamngples
transporting bed, a circulating fluidized bed and conbi nati ons thereof.
[0079]thereofincludingalkanessuchaseﬁhaneandpropane,andalkenes
such as ethylene and propylene.
[0073]
Methane is contained, for example, in natural gas, in
10 associated gas produced with crude oil, refirning cracking
off-gas in petroleum refinery industry and petrochemical
industry, and in so-called unconventional natural gas such as
methane hydrate and bicmass gas, etc. These gases are directly
used, or are used as a mixture with another gas. Alternatively,
15 these are used after a part thereof is separated and removed
thereby controlling the compositicn.
[6074]
The lower hydrocarbon preferably does not contain a
substance which may deteriorate the activity of the catalyst.
20 Prior to the step of supplying the lower hydrocarbon into the
reactor, a step may be incorporated of separating and removing
compounds containing nitrogen, sulfur and phosphorus, a large

amount of water, hydrogen, carbon monoxide and carbon dioxide

thereby controlling the concentration. However, the lower



In the present invention, the reaction nmay be preceded by 5 a treatnent of
activating the catalyst. Specifically, there can be nentioned a process in
whi ch at | east one gas sel ected fromi$ | ower hydrocarbon and a hydrogen
gas is contacted prelimnarily with ttie catal yst at a tenperature | ower
than a reaction tenperature, and then the catalyst is contacted with the

| ower 10 hydrocarbon contai ning nmethane as a nmj or conponent. [0080]

Thet r ansydTora netal Repntan hihgceyspealenhe supketas | osifogen e hltiamyst has a
hi gh durability under high tenperature conditions, i.e., thermal stability
and a |ghgodp ey sttafisod htisndheausenid Neydrogen in a range which
transition-netal -containingcrystallinenmetallosilicate catalyst can

ef ficieglly rﬁ’é@d%x'ffeé{'etﬁé OORELLH gfrm@r@%e&@%emo

n.
[ Transi tion-netal-contal ni ngCryst i neMe osilicate 20 Catal yst]
As descgé?;? in Background Art, it was difficult even for a skilled person
in the b apply the nodified crystalline netallosilicate subjected to
the series of treatnent (A) to the reaction to produce the aromatic
hydBocar bon fEtsamethame ar 13 hysewicer®onst profereinpreRek@htLloMRE pr esent
inventors diligently studied the above use and inprovenment difficult to
concei vieydoscd o kirklreth guey sbi aandat dund; drata e scateh pstbarbteaienabl e by
subjecting the crystalline netallosilicate to the 5 series of treatnent

(A) and durdher,ife, §1&ad n@i@&o]%@%%cya@ﬂié her SRL@] § Sty @RS A € diyeh

supporting a specifit anount € transition netal (X) on the nodified
crystalline qgtal osilic te, relsuit Ia fgr the above reaction and
exhi bi t%% H&IR ?ﬁﬁi%ﬁ%ﬂ.% s g%% h?%%@ﬁbe}%V%htlon has been made based on
this (00761
10 <Reaction Conditions and Reaction Equipment>
The reaction temperature (catalyst bed temperature) 1is
usually 600 to 950°C, preferably 650 to 800°C, more preferably
700 to 750°C. The reaction pressure may be any ot normal pressure,
increased pressure and reduced pressure, but is usually about
15 0.1 to 0.8 megapascal (MPa), preferably abcut 0.1 to 0.4 MPa,
more preferably about 0.1 to 0.3 MPa, particularly preferably
about 0.1 to 0.2 MPa.
[0077]
The reactionmay be carried out by adding an inert gas along
20 with the lower hydrocarbon, a reaction raw material, thereby
diluting the inside of the system. Exemplary inert gases are
nitrcgen, helium and argon.
[0078]

Exemplary reaction equipment modes are any mode such as



10 finding. [0082] Specifically,thetransition-netal-containing crystalline
netallosilicate catal yst of the present invention is the netallosilicate
catalyst (1) or (2) as described above, 15 and this catalyst is used as a
catalyst for the process for produci i the aromatic hydrocarbon of the
present invention as described above, specifically, for the catalytic
reaction of the | ower hydrocarbon containing nethane as a maj or conponent.
20 Exanplfescdd0B83] a fluidHeresd hafd en, méhinpresgnt tnxespooning aakcri bed
in nmore detail with reference to Exanples, but the present invention is

not | ted by Jhese Examl a5 Ha3 100841t Gatal osd Rreapasmtion Exanpl e 1]
4.0 g of an ammoni um type ZSM5 zeolite (manufactured by
[0072]
In the present invention, the reaction may be preceded by
5 a treatment of activating the catalyst. Specifically, there can
be mentioned a process in which at least one gas selected from
a lower hydrocarbon and a hydrogen gas is contacted preliminarily
with the catalyst at a temperature lower than a reaction
temperature, and then the catalyst is contacted with the lower
10 hydrocarbon containing methane as a major component.
[0080]

The transitionumetal—containing crystalline
metallosilicate catalyst has a high durability under high
temperature conditions, i.e., thermal stability and a long

15 catalyst life. Thus, the use of the
transition-metal-containing crystalline metallosilicate
catalyst can efficiently produce the aromatic hydrocarbon.
[0681]

[Transition-metal-containing Crystalline Metallosilicate

20 Catalyst]

As described in Background Art, it was difficult even for
a skilled person in the art to apply the modified crystalline
metallosilicate subjected to the series of treatment {(A) to the

reaction to produce the aromatic hydrocarbon from methane and



Zeol yst) having a silica/alumna ratio of 30 was calcined in 5 air at 500
C for 4 hours, thereby obtaining a proton type zeolite [a]. [0085]

[ Catal yst Preparation Exanpl e 2] <Treatnment of Contacting with
Aqueous Sol ution of Ammoni um 10 Hexafl4uor osi | i cat e> 11 g of an
amoni um type ZSM5 zeolite (manufactured by Zeolyst) having a
silica/lalumna ratio of 30 was soaked in 50 nL of distilled water and
deaer atathiatva oo t Bupsiat ur enumnokeemeriduced Thrces suresenitnt o riveaLtmng ur e
liquid having this zeolite 15 soaked therein, a solution obtained by

di ssol g farf: 0, oft AN icwE Bexdk! uaeoshhi Cap LoddhnadD0 dif ofcuditstdd | ed
wat er was ¢gradually added at room tenperature, and the m xture thus

obt ai ned_was. sti t f 0 7 rs,..J ] Xt I 0 room

t enper a%our?ceefl‘iend% éslﬁcb%%ctsggﬁtloe# i#ﬁ%%&?’onﬁn%s l{Hr% t\l;m{ateth\ﬁg% g%lg:tai qflstgd wat er
and drying successively, Then, the resulé?nt was ﬁﬂ]ched in air_at 500C
for 4 HEUhsLNAN BBySEbteF ntHy tRenelY FFedl 1R Mate I R 6686) Lo 3 %ar ri ed
out by Inductively Coupled Plasma Atom c Em ssion Spectroscopy (I CP-AES),
and5f owrer tdmtoft heegitheos/ ARummd Tattilenwddes6repo08?t 6Bl et alhcanal ysi s
of afiltrate obtained by the filtration, including washings, after the

t r eat meidt Ofy HONbBEL i Agb Ve t Byt Reppgeausy SOl siéoNf0f andBNt UBYE the
hexafl uorosilicate, found the inclusion of 3.7 mmol|l of alum numand 2.7

mmol  of .8i1d:6on,, }HQF¥!I_E(\%)O$]11 e rﬁtgrtgi’f'_{e@%g?ﬁ%??ﬂin%%e%%ﬁ_tl@sqqq_da'%et he

added ammoni'um hexarluorosilicate belng was nade cl ear that
the treatnent of contacting wth_ the aqueous solution of. a ni. um

hexaf | fdrosid4 TadSéd gﬁ@ efPRVRat 8ﬂchO%.7a9énﬂe%§lgﬁgﬁ%ﬁmﬁﬁrfron111
g of the amoniumtype ZSM5 zeolite, and the fixing of 35 mml of silicon
t hr ougtpeF asimtari e g on Thetpuesen his vesiionnads Disn néde Pesschent e

contacting with the aqueous sol ution of ammoni um hexafl uorosilicate caused
t heoel ifimatrion of part of alum numand silylation by one-pot.

[0082]

Specifically, the transition-metal-containing
crystalline metallcosilicate catalyst of the present invention
is the metallosilicate catalyst (1) or (2) as described above,

15 and this catalyst is used as a catalyst for the process for
producing the aromatic hydrocarbon of the present invention as
described above, specificaily, for the catalytic reaction of

the lower hydrocarbon containing methane as a major component.

20 Examples
[0083]
Hereinafter, the present invention is described in more
detail with reference to Examples, but the present invention

is not limited by these Examples.



[ 0088] 20 [Catal yst Preparation Exanple 3] <Treatnent of Supporting Barium
t hrough I on Exchange Method> 4.0 of the nodified zeolite [A] obtained in
Cat al yst Preparati on Exanple 2 was soaked in 50 nL of distilled water and
deaerated at roomtenperature under r¥tuced pressure. Into 35 the nixture
liquid, a solution obtained by dissolving 49.7 g of bariumchloride
di hydrate in 150 nL of distilled water was gradually added at room
tenperat@ees] and the m xture thus obtained was stirred at 80C for 2 hours,
t hereby supporting 5 barium by ion exchange nmet hod. The m xture was cool ed

to roont¢erpeyat UpLepand stk eedmehdorfiltration, washing with distilled
wat er and drying successively. Then, the resultant was calcined in air at

500C for 4 hoyrs, thereby obtaini.n [ r L lite
B] whi ch suppoied a  Bar T T oh Brr e The Tootiag: tane hrt R LR aaY um
hexaf | uorosilicate. [0089]. ﬁatalfst‘Preparation Exanpl e 4] | . The
same preeetvite) wadvERy ri etf bife AT YRIEAT ARYEP Pt epAra s ot e’B,
except for using an ammoni umtype ZSM5 15 zeolite (manufactured by
Zeobystaiha Byl aCsidn é&lcalnay hherebiyoolofa Boinqsteact of tyhe Fmali fied
zeolite [A], thereby obtaining a barium supported zeolite [b] which had
been supjpcted only to the treatnent of supporting barium by ion exchange
nmet hod. [0090] 20[ Catal yst Preparation Exanple 5] <Heat Treatnent>

[0083]

[Catalyst Preparation Example 2}

<Treatment of Contacting with Aqueous Solution of Ammonium
10 Hexafluorosiligate>

11 g of an ammonium type ZSM-5 zeolite (manufactured by

Zeolyst) having a silica/alumina ratio of 30 was socaked in 50

mL: of distilled water and deaerated at room temperature under

reduced pressure. Into the mixture ligquid having this zeolite
15 soaked therein, a solution obtained by dissolving 6.8 g of

ammonium hexafluorosilicate in 300 mL of distilled water was

gradually added at room temperature, and the mixture thus

obtainedwas stirred at 90°C for 17 hours. Themixture was cocoled

to room temperature, and subjected to filfration, washing with
20 distilled water and drying successively. Then, the resultant

was calcined in air at 500°C for 4 hours, thereby cbtaining a

modified zeolite [A].

[0086]

Elemental analysis of this modified zeolite [A] was



In order to conpare and anal yze the durability against high tenperature
conditions, the zeolite [a] was subjected to a heat treatnent as descri bed
bel ow. 36 [0091] 2.0 g of the‘feolite [a] was packed into a quarts
tube, and allowed to stand at 750C fot* 3 days under helium flow ng. Then,
after the tenperature was decreased to roomtenperature, 5 the catal yst
was col |l ected, thereby obtaining a zeolite [all]. [0092] I n

addi t i orrtoid¢de cmeolbhy eIhdpcttimel gafi®upleat nBhasmas Adarviice Ewias B0 wit h
respect to the nodified zeolite [A], the barium supported nodified zeolite
[B] andspdve: hasiasy supponted ,18naelid®ethbl, tidereby.aght aihhagaciwdi fi ed

zeolite [AR], a barium supported nodified zeolite [BR] and a
bariunh@¥£p§%ted zeolite [bH]. [0093] [Catal yst Preparation Exanple 6] 15
<Supporting of Ml ybdenun> Amoni um hept anol ybdat e (( NH4) 6Mb7024- 4H20,
nanufac@yre by Wako Pure Chem cal Industries, Ltd.) was dissolved in ion
exchang Watler: Ammoni um hept anol ybdate was used in such an anount that
nmol ybdenum woul d be supported by a catalyst to be 20 prepared in an anount
of 2% by weifjemgritat hishadasd s 14papt s Thy twaitght sbbaseddonP100-Fart s by
wei ght of the zeolite [a]).
filtration, including washings, after the treatment of
contacting with the agueous solution of ammoniumn
hexafluorosilicate, found the inclusion of 3.7 mmol of aluminum
and 2.7 mmol of silicon. In view of the amount of silicon
10 contained in the added ammonium hexafluorosilicate being 38 mmol,
it was made clear that the treatment of contacting with the
aqueous solution of ammonium hexafluorcosilicate caused the
elimination of 3.7 mmol of aluminum from 11 g of the ammonium
type ZSM-5 zeolite, and the fixing of 35 mmol of silicon through
15 sgilylation. It was thus confirmed that the treatment of
contacting with the agueous solution of ammonium
hexafluorosilicate caused the elimination of part ¢of aluminum
and silylation by one-pot.
[0088]
20 [Catalyst Preparation Example 3]
<Treatment of Supporting Barium through Ion Exchange Method>
4.0 of the modified =zeolite [A] obtained in Catalyst

Preparation Example 2 was soaked in 50 mL of distilled water

and dezerated at room temperature under reduced pressure. Into



Into the solution, 5.0 g of the zeolite [a] was suspended, and the
suspension was stirred for a while, and then dried at 120C and cal ci ned at
500C, thereby obtaining a nol ybdenum supported 37 catalyst [M-a]. [0094]
In addition to the zeolite [a], the sahe treatment was carried out also
with respect to the zeolite [aH], the nodified 5 zeolites [A] and [ AH

the barium supported nodified zeolites [B] and [BH], and the

bar i um shppoitedreeblates, [d]sahdtiNH obthéredybpbdassdhging 45.7 g

nol ybdenum supported catal ysts [Md-al], [M-A], [M-API], [M-B], [M-BH

[ Mo-b] @ndyd Mok Hin1 dhigiaaniuifd At S uppardeechyreley Rdenunieés &ieesanes as in
the case of 10 the zeolite [a]. [0095] [Exanple 1] Usi ng net hane

a5 2 T SIEAON 895 RefALA VL, PRLLLIBNGE as, ay aL at 6l A% desali bed

bel ow _ ow reactor: g of the catalyst [M-A]
was packed into a reaction tube d theE the tenperature was raised to

200C|ﬂﬁﬁﬁa¥%@@u%$?l%ﬁ&?@ﬁdT%Enéoggnf?Ed gRSUEF e FERRY PR drBien (a

nolar ratio of nethane to hydrogen was 1:10) was flown, and the
t enmper dtarum by ion exchange method. The mixture was cooled to room

temperature, and subjected to filtration, washingwith distilled
water and drying successively. Then, the resultant was calcined
in air at 500°C for 4 hours, thereby ocbtaining a bériumwsupported _
modified zeolite [B] which supported a barium ion after the
10 treatment with ammonium hexafluorosilicate.
[0089]
[Catalyst Preparation Example 4}
The same procedure was carried out as in Catalyst
Preparation Example 3, except for using an ammonium type ZSM-3
15 zeolite (manufactured by Zeolyst) having a silica/alumina .ratio
cf 30 instead of the modified zeolite [A], thereby obtaining
a barium-supported zecolite [b] which had been subjected only
to the treatment of supporting barium by ion exchange methoed.
[0090]
20 [Catalyst Preparation Example 5]
<Heat Treatmeni>
In order to compare and analyze the durability against high
temperature conditions, the zeolite [a] was subjected to a heat

treatment as described below.



20 was raised to 700C. The tenperature was kept at 700C for 80 m nutes,

and. then the flow ng was switched to nethane,

whi ch was a reaction gas,

(7.5 nL/mn), thereby starting the reaction at 700C at nornal pressure. A

gas at

the exit of the reactor was i M%oduced online to a gas

chromat ogr aph (GC14A manufactured 38 by Shimadzu Corporation) for

anal ysi
foll ow

t he benzene yield was calculated fromthe follow ng fornula (2).

s. [0097] A yield of benzene was cal cul ated fromthe

ngodornmula (1). 5[0098] In addition, a preservation ratio of

Yield of

benzene (% - g T KOQ e AmRUNt Off henzene geper ahed Lnohd rXs 6 dpdmount of

met hane 10f ed (no

x (Yiel

) (1) Preservation ratio of the benzéne yield (%

= 100

6. 506 A< 3 TGN FOATHE Shaltoor T4 akotd soehniobase Ao 1s 5"

hours fromthe start of the

5

10

15

20

Then, after the temperature was decreased to room temperature,
the catalyst was collected, thereby obtaining a zeolite [aH].
[0G92]

In addition to the zeolite [a], the same treatment was
carried out also with respect to the modified zeolite [A], the
barium-supported modified zeolite [B] and the barium-supported
zeolite [b], thereby obtaining a modified zeolite [AH], a
barium-supported modified zeolite [BH} and a barium-supported
zeolite [bH].

[0093]
[Catalyst Preparation Example 6]
<Supporting of Molybdenum>

Ammonium heptamolybdate ((NHy) gMo7024+4H0, manufactured
by Wako Pure Chemical Industries, Lfd.) was dissolved in ion
exchange water. Ammconium heptamolybdate was used in such an
amount that molybdenum.would be supported by a catalyst to be
prepared in an amount of 12% by weight (in this case, 14 parts
by weights based on 100 parts by weight of the zeclite {al).
Into the solution, 5.0 g of the zeolite [a] was suspended, and
the suspension was stirred for a while, and then dried at 120°C

and calcined at 500°C, thereby obtaining a molybdenum-supported



15 reaction. The preservation ratio of the benzene yield there
as high as 83% [0099] Simlarly, a catalytic performanc

bet ween was
e of the

catal yst [No-All], mepwedthrmmhfﬂghtemmrﬂuretreﬂnﬁm, was

eval uated. 20 The benzene yield was as high as 7.3% at 2.5 ho
start of the reaction, and was 5.9% at 18.5 hours fromthe st

urs fromthe
art of the

reaction. The preservation ratio of the benzene yield was 81% [0100] 39

A changeatalged PMothé.heat treatnent of the preservation rat
benzene yield was calculated fromthe followi ng fornula (3).
by the hgatstreatnent of the preservation ratio 5 of the benz

io of the
Change caused
ene yield (%

= 100 x (Preservation ratio of benzene yield (after heat treatnent)) /

(Preservation.x 2gd&<giy9{%;ge§eggﬁ? vhebeifberore bratslheat FEllddy; wdd)

The change caus r eat ment

fhée préservation ratio of the

he. change

benzene yield was 97% 10[0101 The benzene yiel d_and

caused r%h%dﬁﬁgia@?@aWﬁ%ﬁtr%%p?%%tﬁ}EQ@r%%??bEer Hlo BFQHH%é Z€ne
yield are set forth in Table 1. [0102] 15These results denonstrate that
car Byi ngeolttehel At emtarel @t lni tthehbrafibnosoppbirtadesodhfiiedt 2¢mpltde anount

of supported nol ybdenum so as to be specific inproved the dur

agai nst [B] ginhd ermer AtdHE teeNdiatiins sefppidie 40 arsiltices- Ml aknd
crystalline netallosilicate catal yst and enhanced the catalys

ability
oftral hi ng
t

thereby obtaining molybdenum-supported catalysts [Mo-aE],

[Mo-A], [Mo-AH], [Mo-B], {Mo-BH], [Mo~b] and [Mo-bH].

The

amount of supported molybdenum is the same as in the case of

10 the zeolite [a].
[0085]

[Example 1]

Using methane as a reaction gas, a catalytic performance

was evaluated as described below with a fixed-bed flow reactor.

15 [00%¢6]

0.3 g of the catalyst [Mo-A] was packed into a reaction

tube, and then the temperature was raised to 200°C under helium

flowing. Then, amixedgas of methane and hydrogen (amoliar ratio

of methane to hydrogen was 1:10) was flown, and the temperature

20 was raised to 700°C. The temperature was kept at 700°C for 80

minutes, “and then the flowing was switched to methane,

which

was a reaction gas, (7.5 mL/min), thereby starting the reaction

at 700°C at normal pressure. A gas at the exit of the reactor

was introduced online to a gas chromatograph (GCl4A manufactured



20life. [0103] [Conparative Exanple 1] A catal ytic perfornmance was
evaluated in the sane nmanner as in Exanple 1, except for using the
catal ysts [Mb-a] and [Mb-ali] 40 instead of the catalysts [M-A] and

[ Mo- AH . [0104] The benzene 3% el d and the change caused by the
heat treatnment of the preservation ratio of the benzene yield are 5 set
forth in Table 1. [0105] In the case of the catal yst [ M-a]

pr epar dgsly Wit moad zd heo heatat r@at neot atahyghst enperature, the benzene yield
was 7.0% at 2.5 hours fromthe start of the reaction, and was 6. 5% at 10
18.5 hopg@ggfyomthe start of the reaction. The preservation ratio of the
benzene yield was 93% On the other hand, in the case of the catalyst

[ M- aH] prepared. through.the at_tre hi t er re.. the
benzene yielgam%%e _3&?ape§?§9%5d%%§fg%gfﬁﬁggé?aFgggf%?ﬁg1?§§5§Fb§? and
was 5.3% at 18.5 hours from 15 the start of the reaction. The preservation
rati o ofCiMeldehziene yield was 73% The change caused by the heat
treatment of the preservation ratio of the benzene yield was 78% [0106]
From t he3®gksults, it is clear that the zeolite [aH , 20 prepared by
subjecting the zeolite [a] to high tenperature treatnent, has inferior

performance as, adeatabysta grekeeiatane theidea the Halzdmsyisleniy
durability against high tenperature conditions. [0107]
calculated from the following formula (2).
Yield of benzene (%)
= 100 x Amount of benzene generated (mol) x & / Amount of methane
10 fed (mol) ..{(1)
Preservaticon ratio of the benzene yield (%)
= 100 x (Yield (18.5 hr)) / ({Yield (2.5 hr)) ..(2)
The benzene yield was 6.9% at 2.5 hours from the start of
the reaction, and was 5.7% at 18.5 hours from the start of the
15 reaction. The preservétion ratic of the benzene yield
therebetween was as high as 83%.
{0099}
Similarly, acatalytic performance of the catalyst [Mc-AH],
prepared through high temperature treatment, was evaluated.
20 The benzene yield was as high as 7.3% at 2.5 hours from the start
of the reaction, and was 5.9% at 18.5 hours from the start of
the reaction. The preservation ratic of the benzene yield was
81%.

[0100]



41 [ Exanpl e 2] A catalytic performance was evaluated in the sane
manner as in Exanple 1, except for using the catalysts [M-B] and [ Mb-BH|
i nstead of the catalysts [M-A] and [Mx-AH . 5[ 0108] The benzene
yield and the change caused by the heat treatnment of the preservation
ratio of the benzene yield are set forth in Table 1. [0109] 10In the case
of the catal yst [M-B] prepared without the heat treatnment at high

t enper at ur e, A K@aPEKzERBSHH Y tRgshzaBokgaZrathedr sheririte/at @t of the
reaction, and was as high as 6.4%at 18.5 hours fromthe start of the
reacti aratidecprieservat z@te ral ¢ bd ofad hea benvened yiedl ties fasl lnwgmaas 82%
On 15 the other hand, in the case of the catalyst [M-BH prepared through
t he heatoty.epd menf at high tenperature, the benzene yield was 7.6%at 2.5
hours fromthe start of the reaction, and was as high as 6.2% at 18.5

hours fromthe start .of .the.reaction. Th reservation ratio of_ .t.he
benzend JIATH SRA Gb i dH s 630 90 uS faBrt haC dase o 1 dekd y st
[ M-B]. The change caused by the heat treatment of the preservation ratio
of Hhe dMerrenbepizeng Wwasl1990%) F0190]x Fragianyaicxar radiesyf iaitzeheand t he
subsequent treatnent wi th barium enabl ed the benzene yield to be kept
hi gher wid¢d stadliidn hypatandeé&tmehef ) i Apifoeee rtviee idor abich bt 9f agaiasste hi gh
tenperature conditions. 5[0111] [ Conparative Exanple 2]

yvield {before heat treatment)) ..(3)

The change caused by the heat treatment of the preservation

ratio of the benzene vield was 97%.

10 [0101]

The benzene yield and the change caused by the heat
treatment of the preservation ratic of the benzene yield are
set forth in Table 1.

[0102]

15 These results demonstrate that carrying out the treatment
with hexafluorosilicates and setting the amount of supported
molybdenum so as to be specific improved the durability against
high temperature conditicns of the transition-metal-containing
crystalline metallesilicate catalyst and enhanced the catalyst

20 life.

[0103]
[Comparative Example 1]

A catalytic performance was evaluated in the same manner

as in Example 1, except for using the catalysts [Mo-a] and [Mo-aH]}



A catalytic performance was evaluated in the same nmanner as in Exanple 1,
except for using the catalysts [Mb-b] and [ Mo-bH instead of the catal ysts
[ Mo-A] and [ Mb-AH] . 10[ 0112] The benzene yield and the change
caused by the heat treatnent of the preservation ratio of the benzene
yield are set forth in Table 1. [0113] 15In the case of the catalyst

[ Mo-b] prepared without the heat treatment at high tenperature, the
benzenelgtedal was vhowalta s -holMe-4}t otnd hB'&tdrk- of the reaction, and
was 5.9% at 18.5 hours fromthe start of the reaction. The preservation
rati o ofotdwe] benzene yield was 82% On the other hand, in the 20 case of
the catal yst [ Mo-bH prepared through the heat treatnent at high

tenperature, {4ie BeRzZene Yiighd was 61820 ahadge hauised rem the stard of the
reaction, and was 5.2% at "18.5 hours fromthe start of the reaction. The

N h e BTt T bl 5 The- Sharbe Satibed by PRE hoat Crodtiant of
the preservation ratio of the benzene yield was 92%
5 set forth in Table 1.
[0105]
In the case of the catalyst [Mo-a] prepared without the
heat treatment at high temperature, the benzene yield was 7.0%
at 2.5 hours from the start of the reaction, and was 6.5% at
10 18.5 hours from the start of the reaction. The preservation
ratio of the benzene yield was 93%. On the other hand, in the
case of the catalyst [Mo-aH] prepared through the heat treatment
at high temperature, the benzene yield was 7.3% at 2.5 hours
from the start of the reaction, and was 5.3% at 18.5 hours from
15 the start of the reaction. The preservation ratio of the benzene
yvield was 73%. The change caused by the heat treatment of the
preservation ratic of the benzene yield was 78%.
[C106]
From these results, it is clear that the zeolite [aH],
20 prepared by subjecting the =zeolite [a] to high temperature
treatment, has inferior performance as a catalyst carrier, and
the zeclite [a] has inferior durability against high temperature

conditions.

[0107]



[0114] [Table 1] 5 Catalyst Benzene yield Change caused by heat treatnent
of preservation ratio of benzene yield 2.5 hours 18.5 hours Exanple 1

41

[Example 2]

A catalytic performance was evaluated in the same manner
as in Example 1, except for using the catalysts [Mo-B] and [Mo-BH]
instead of the catalysts [Mo-A] and [Mo-AH].

5 [0108]

The benzene yield and the change caused by the heat
treatment of the preservation ratio of the benzene yield are
set forth in Table 1.

[0109]

10 In the case of the catalyst [Mo-B] prepared without the
heat treatment at high temperature, the benzene yield was 7.8%
at 2.5 hours from the start of the reaction, and was as high
as 6.4% at 18.5 hours from the start of the reaction. The
preservation ratic of the benzene yield was as high as 82%. On

15 the other hand, in the case of the catalyst [Mo-BH] prepared
tl;rough the heat treatment at high temperature, the benzene yield
was 7.6% at 2.5 hours from the start of the reaction, and was
as high as 6.2% at 18.5 hours from the start of the reaction.
The preservation ratio of the benzene yield was as high as 82%,

20 as was the case with the catalyst [Mo-B]. The change caused by
the heat treatment of the preservation ratio of the benzene yield
was 99%.
f0110]

These results demonstrate that carrying out the treatment



Mo- A Mo-AH 6.9% 7.3%5. 7% 5. 9% 97% Conpar ati ve Exanple 1 M-a M-aH 7. 0%
7.3%6.5% 5. 3% 78% Exanpl e 2

42

with hexaflucrosilicates and the subsequent treatment with
barium enabled the benzene yield to be kept higher with stability,
and further improved the durability against high temperature
conditions.

5 [0111]
[Comparative Example 2]

A catalytic performance was evaluated in the same manner
as in Example 1, except for using the catalysts [Mo-b] and [Mo-bH]
instead of the catalysts [Mo-A] and [Mo-AH].

10 [0112]

The benzene yield and the change caused by the heat
treatment of the preservation ratio of the benzene yield are
set forth in Table 1.

[0113]

15 In the case of the catalyst {Mo-b] prepared without the
heat treatment at high temperature, the benzene yield was 7.2%
at 2.5 hours from the start of the reaction, and was 5.9% at
18.5 hours from the start of the reaction. The preservation
ratio of the benzene yield was 82%. On the other hand, in the

20 case of the catalyst [Mo-bH] prepared through the heat treatment
at high temperature, the benzene yield was 6.2% at 2.5 hours
from the start of the reaction, and was 5.2% at 18.5 hours from
the start of the reaction. The preservation ratio of the benzene

yield was 75%, which was lower compared with the catalyst [Mc-b].



Mb-B Mo-BR 7.8% 7. 6% 6. 4% 6. 2% 99% Conpar ati ve Exanple 2 M>-b M-bH 7. 2%
6.9% 5. 9% 5. 2% 92%
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The change caused by the heat treatment of the preservation ratio

of the benzene vield was 92%.

[0114]
[Table 1]
5 ,
Benzene yield Change caused by heat
catalyst| 2.5 18.5 treatment of
preservation ratio
hours hours .
of benzene yield
Mo-A 6.9% 5.7% ' o
Example 1 Mo—AH 7 32 5 ga 97%
Comparative Mo-a 7.0% 6.5% 184
Example 1 Mo-aH 7.3% 5.3% i
Mo-B 7.8% 6.4% .
Example 2 |y, py 7.6% 6.23 99%
Comparative Mo-b 7.2% 5.9% 99%
Example 2 Mo-bH 6.9% 5.2% 7
Industrial Applicability
[0115]
According to the present invention, a
10 transition-metal-containing crystaliine metallosilicate

catdlyst having a high durability under high temperature
condition (namely, thermal stability) and a long catalyst life
is obtained economically through a simplified operation, and
by using this catalyst, an aromatic hydrocarbon can be produced
15 from a lower hydrocarbon containing methane as a major component
while maintaining high yield for long hours, and therefore the

above process is industrially suitable.



I ndustrial Applicability [0115] Accordi ngtothepresentinvention,a 10
transition-netal -containing crystalline netallosilicate catal yst having a
hi gh durability under high tenperatu%%:condition (nanely, thermal
stability) and a long catalyst life i's obtained economcally through a
sinplified operation, and by using this catalyst, an aromatic hydrocarbon
can be produced 15 froma | ower hydrocarbon contai ning nmethane as a nmj or
conponent whil e maintaining hi gh y¥e*®$or | ong hours, and therefore the
above process is industrially suitable. 44 CLAIM 1. A process for
produci ng an aromati c hydrocarbon conprising the step of reacting a | ower
hydr ocarbon containing 5 nethane as a major conponent in the presence of a
transition-metal - cont@idudigs Cryst pkbineiAgt akl esidriaate waladystbathi ch is
obt ai nabl e by supporting 5 to 25 parts by weight of a transition netal (X
on 100 parts. b i,aht . of i fied cr |1 sili.cat

obt ai nabl & %/S%/rﬁ%?%%[ isri%gpagalcg}‘) %grlétléjf at 19 %szk%é:t %??16(5? ?%g]?eé(%do%@eﬁq es of
treatment (A) conprising a step (i) of elimnating part of a n%;al from

t hevcr y&tdldihe At aPl oSAJtat CUAMPRERT | y1ati bRSst BFEEERFE ©T 22 The
process for producing an aromatic hydrocarbon 15 according to claim1,

wher ei nttdves setorsnefalrempeinitg) | srysteddtineg t eetrlkesilligrge
netallosilicate to an aqueous solution of a hexafl uorosilicate.

3. The ¢4 St /86 cRrioduptRgnap1aneBhbpohy dhgGatbom RHreseerwliinghtt o cl ai m
2, wherein the hexafluorosilicate is amoni um hexafl uorosilicate.

4. A proeess fOr Rroduaibaganxar ged o ¢ S O%R RRAGhL of a modified
crystalline metallosilicate obtalnable by subjecting a
10 crystalline metallosilicate to a series of treatment (A)

comprising a step (i) of eliminating part of a metal from the

crystalline metallosilicate and a silylation step (ii).

2. The process for producing an aromatic hydrocarbon
15 according to claim 1, wherein the series of treatment (A) is
contacting the crystalline metallosilicate to an aqueous

solution of a hexafluorosilicate.

3. The process for producing an arcmatic hydrocarbon
20 according to claim 2, wherein the hexafluorosilicate is ammonium

hexafluorosilicate.

4. A process for producing an aromatic hydrocarbon

comprising the step of reacting a lower hydrocarbon containing



45 met hane as a mmj or conponent in the presence of a
transition-netal-containing crystalline netallosilicate catalyst which is
obt ai nabl e by supporting a transitiondetal (X) on a nodified crystalline
nmetallosilicate obtainable by 5 subjecting a crystalline netallosilicate
to a series of treatnment (A) conprising a step (i) of elimnating part of
a netal fromthe crystalline netallosilicate and a silylation step (ii)

and a tPeEiFRAt EB) 6f SFHISUT t i FRIRARENG ndlBr thE oPLFSFER n®E of® netal s
(Y) selected fromthe group consisting of alkali 10 netals, alkaline earth

met al s wrahsdreoraretn het@isaining Bry$ieliprioeess Mefrapragucicrican
aromati ¢ hydrocarbon according to claim4, wherein the series of treatnent

(A) is eoiBedd Rhidie 165 yetcalinarg areaklippblrteateat Orafs i eloe ous: a5
solution of a hexafluorosilicate. 6. The process for producing an

aromat i g, shydr o ] ordi t.q .cl.ai , r.ej onasilicate
i's am%)um%eﬁgﬁlpgggj g%ial nga{% g.al%d%e H{gt%l%.o %el%ba?c gfzggjsg}ﬂf%g?afﬂ&%o&&ii ng an
aromati c _hydrocarbon accor di to an e of.clainms 4 to 6, wherein the

r oTt e AT pr 1 O HeH ot BT A LRt hAHB rotiod ™ SB7BeThe by oress
for producing an aromatic hydrocarbon according to any one of clains 4 to
7, wherteigptnmnthetZal qoPTssing ad katemelidareh vetminasnaiapy sfess for
produci ng an aronmati c hydrocarbon

metal from the crystalline metallosilicate and a silylation step

{ii) and a treatment (B} of supporting one kind or two or more
kinds of metals (Y} selected from the group consisting cf alkali

10 metals, alkaline earth metals and rare earth metals.

5. The process for producing an aromatic hydrocarbon
according to claim 4, whereiﬂ the series of treatment (A) 1is
contacting the crystalline metallosilicate to an - agueous

i5 solution of a hexafluorosilicate.

6. The process for producing an aromatic hydrocarbon
according to claim 5, wherein the hexafluorosilicate is ammonium
hexafluorcsilicate.

20

7. The process for producing an aromatic hydrccarbon

according to any one of claims 4 to 6, wherein the treatment

(B) is performed through ion exchange method.



according to any one of clainms 4 to 8 wherein the netal (Y) is barium
10. The process for producing an aromati c hydrocarbon 10 according to any
one of claims 1 to 9, wherein the crystalline netallosilicate is a

MFl -type zeolite or a MWWtype zeolite. 11. The process for
produci ng an aromati c hydrocarbon according to any one of clains 1 to 10,
wherein the transition 15 nmetal (X) is one kind or two or nore kinds

sel ected frof-the ghEuPrE6RSESEPRGPHPIRBLYS M LA R nts e BasE TPRENT um
12. The process for producing an aromatic hydrocarbon according to any one
of cl aiamdrdind ;o wrer eime tde ¢raimsi t4 do 20 métaate i(rX)thiss mediadbd&num

13. Atransition-netal -containingcrystalline netallosilicate catalyst for
use i n gtheyprocess foreadugdtg an aromati ¢ hydrocarbon as described in
claim1l1, which catalyst 47 is obtainable by supporting 5 to 25 parts by
wei ght of a transition nmetal (X) on 100 parts by weight of a nodified
crystalline netallosilicate obtainable by subjecting a crystalline
netallosilicate to a series of treatment (A 5 conprisin ste i) of
el ifinating part of THEMRYAFCFF ot K& © | PR R SHF &gfiqaqo 5112)0 d a
silylation step (ii). 14. Atransition-netal -containingcrystalline

met al | esiddwsHitngy dat anystorferofiseldima He 47 dhesdrfrsripridiudiatg11d Yan
aromati ¢ hydrocarbon as described in claim4, which catalyst is obtainable
by suppertdargumtransition netal (X) on a nodified crystalline

nmetal l osilicate obtainable by subjecting a crystalline netallosilicate to
a series of treatnent (A) conprising a step (i) of elimnating part of a
metal fromthe : :

10. The process for producing an aromatic hydrocarbon
10 according te any one of claims 1 to 9, wherein the crystalline

metalleosilicate is a MFI-type zeolite or a MWW-type zeolite.

11. The process for producing an aromatic hydrocarbon
according to any one of claims 1 to 10, wherein the transition
15 metal (X) is one kind or two or more kinds selected from the

group consisting of molybdenum, tungsten and rhenium.

12. The process for producing an aromatic hydrocarbon
according to any one of claims 1 to 11, wherein the transition

20 metal {(¥X) is molybdenum.

13. A transition-metal-containing crystalline
metallosilicate catalyst for use in the process for producing

an arcmatic hydrocarbon as described in claim 1, which catalyst



15 crystalline nmetallosilicate and a silylation step (ii) and a treatnent
(B) of supporting one kind or two or nore kinds of netals (Y) sel ected
fromthe group consisting of alkali ngtals, alkaline earth nmetals and rare
earth netal s. '

is obtainable by supporting 5 to 25 parts by weight of a
transition metal (X) on 100 parts by weight of a modified
crystalline metallosilicate obtainable by subjecting a
crystalline metallosilicate to a series of treatment (A)
5 comprising a step (i) of eliminating part of a metal from the

crystalline metallosilicate and a silylation step (ii).

14. A transition-metal-containing crystalline
metallosilicate catalyst for use in the process for producing

10 an aromatic hydrocarbon as described in claim 4, which catalyst
is ocbtainable by supporting a transition metal kX) on a medified
crystalline metallosilicate obtainable by subjecting a
crystalline metallosilicate to a series of treatment (A}
comprising a step (i) of eliminating part of a metal from the

15 crystalline metallosilicate and a silylation step (ii) and a
treatment (B) of supporting one kind or two or mere kinds of
metals (Y) selected from the group consisting of alkali metals,

alkaline earth metals and rare earth metals.



