DESCRI PTI ON TI TLE OF THE | NVENTI ON: PROCESS FOR PRODUCI NG AROVATI C COVPOUND
TECHNI CAL FI ELD [0001] The present invention relates to a high-degree use
of natural gas, biogas and net hane hydrate, in which nmethane is a main
conponent. Natural gas, biogas, and nethane hydrate are regarded as the
nost effective energy resources as global warm ng nmeasures, and an interest
inits use technique is increaskﬂgscyﬁpqggﬁqresource maki ng use of its
clean property attracts an attention as thé next generation new organic
resource and as a hydrogen resource for fuel cells. In particular, the
present invention relates to a catalytic chem cal conversion technique for

ef f ect i vETYLEr QHUCHHGI MY BREET(EN B a8, FOR RROE GENEenBOMATIC

napht hal i are raw materials of chem cal products such as
pIasticsg%ﬁﬁgcﬁg#ﬁyconponents, and a high-purity hydrogen gas, from

met hane. BACKGROUND TECHNI QUE [ 0002] As a process for produci ng hydrogen
and aromati c conpounds, such as benzene, from nethane, one is known in
whi ch meTEAENISAIeREERD i n t he presence of a catalyst. As the catalyst

upon thi@i | ybdenum supported on a ZSM5 series zeolite is said to be
effectiv (@@gn-%@msephmwe@étqwlﬁses tasheigdy degigeiisepimduedlsssof usi ng
t hese cajal ysts,, th a r.obl ens . that i.S :precipitated in | arge
anount a%%g%\%g?l dc%ﬁ@éggjsel %ﬁdl(%ft g’nlé]tﬁg]}lceh ll%ée tﬁ%é)?%%k%ﬁ‘? %%%{Igorn(?glﬁ“ to solve this

probl em Nuberf fiasbigen, MORARAEna 15A Aty ste tdrared Asahe at@ltystectipt eri al
such as Mp (nol ybdenum is supported on a porous netallosilicate, as

di scl oseelergyrressarplas globfarennirRubleasatdésonnd arpirParesitin Piibhsecat i on 3. |t
has been anf'i rned in Pat ent]]wlgﬁgl ication 1 t{q%.Pat ent .Publ,i cation § t hat

| over hytFBRL HoRsMeFersdps i VEHRIYe FRioNEEe MHES & rS el S dempBmRE ™y using
a cat al ygitrhdtsWH &£eAti0BLAlthe HIRLRRALrd $o15 HPRAUTLEHI OR sBuRY QP as a
netallosilicate as a support having a m cropore dianeter of 7 angstrons,

and al onhysiagentiesswaedbgquellsy hydrogenar sthehirasoedinve€i0d]relien, in
Pat ent Publ i cati an

car boni zH# # hEty BacHeRC Ty ob et Thif %ﬁ%@ﬁ@%@ DBHIBTAR ol | 051 | | cat ¢
catal st e AR B e ton N Pt 2 hg and
i mpr ovi noratbe alsadfecheinitol prodgcer ot &€ paitjpeumdsmandg chiygoagets, aBRI2OR ART
PUBLI CAT}Ili%ﬁSpurity hydrogen gas, from methane.

BACKGROUND TECHNIQUE

[0002] As a process for producing hydrogen and aromatic compounds, such

as benzene, from methane, one 1s known in which methane is reacted in the

presence of a catalyst. As the catalyst upon this, molybdenum supported on

a ZSM-5 series zeolite is said to be effective (Non-patent Publication 1).

However, even in the case of using these catalysts, there are problems that

carbon 1s precipitated in large amount and that conversion of methane is low.

[0003] In order to solve this problem, there has been proposed a catalyst in

which a catalyst material such as Mo (molybdenum) is supported on a porous

metallosilicate, as disclosed, for example, in Patent Publication 1 to Patent

Publication 3. It has been confirmed in Patent Publication 1 to Patent

Publication 3 that lower hydrocarbons are efficiently turned into aromatic

compounds by using a catalyst in which a metal component is supported on a

porous metallosilicate as a support having a micropore diameter of 7



PATENT PUBLI CATI ONS [ 0005] Patent Publication 1: Japanese Patent
Application Publication No. 2004-91891 Patent Publication 2: Japanese

Pat ent No. 3755955 Patent Publication 3. Japanese Patent No. 3745885 Patent
Publication 4: International Application Publication 2005/028105 Panphl et
Pat ent Publication 5: Japanese Patent No. 3835765 Patent Publication 6:

e SRR R R Rt by R alegagE e

p. 165 af@d@t] IBRed,6h SUMYARYbORa BibE 4 INVENEROR®ublication 6, molybdenum
is subjected to carbonization treatment by treating a molybdenum-supported
metallosilicate with a mixed gas of methane and hydrogen. That is, a
molybdenum-supported catalyst is subjected to carbonization treatment,
thereby stabilizing and improving the rate of forming aromatic compounds
and hydrogen.
PRIOR ART PUBLICATIONS
PATENT PUBLICATIONS
[0005] Patent Publication 1: Japanese Patent Application Publication No.
2004-91891
Patent Publication 2° Japanese Patent No. 3755955
Patent Publication 3° Japanese Patent No. 3745885
Patent Publication 4° International Application Publication 2005/028105
Pamphlet
Patent Publication 5 Japanese Patent No. 3835765
Patent Publication 6: Japanese Patent Application Publication No.
2006-254122
NON-PATENT PUBLICATIONS
[0006] Non-patent Publication 1: JOURNAL OF CATALYSIS, 1997, p. 165
and p. 150-161
SUMMARY OF THE INVENTION
TASK TO BE SOLVED BY THE INVENTION
[0007] However, in the above-mentioned conventional techniques, there are
problems that catalytic performance 1s deteriorated in a short period of time
by carbon precipitation, that conversion of methane 1s low, and the like.
Thus, there is a demand for the development of a more superior catalyst.
[0008] Furthermore, in the conventional techniques shown in the above
Patent Publication 4 to Patent Publication 6, when it is raised until the
catalytic reaction temperature after the carbonization treatment, it is raised

until the catalytic reaction temperature under an atmosphere of a gas used



TASK TO BE SOLVED BY THE | NVENTI ON [ 0007] However, in the above-nentioned
conventional techniques, there are problens that catalytic performance is
deteriorated in a short period of tine by carbon precipitation, that
conversion of methane is low, and the like. Thus, there is a demand for the
devel opment of a nore superior catalyst. [0008] Furthernore, in the

convent i ghal, LRGN ANES, BRANACHD of DEAREYE 1RAIENI PYbL EGaNiAn 4 Lo Patent

Publ i cation raised unti | the catalytic reaction tenperature
after thecgardoni zation treatnment, it is raised until the catalytic
reaction _tenperature under an atnosphere of a gas used in the

car boni zHGWH th batimmarbor gos suclyas nethseeds santasned e thagak ysed ineact i on.

0009] A_hyd bon h t [ tained int di
the ghs. A BONFSHEROR E PL O ARE AR I 0008 B8 LGBAPP SPOKE cat Bl vt i
reactionye QM t RELERTRE t&hPELatiei8k-88Hd Wil thkn& et Rl ¥hiGoheact i on

t enper at ure under an at nosphere contai ning such hydrocarbon gas, there is a
f ear thaterapbartgee anduntinoftnospberscpriatipigtachdistdrotatbenf mrse thetehst he
catalytic reaction, [0010] It js therefqore an object_ of the present

i nvent i of fe@r Phaha leeg am o ifcokeay profapilp it Ealitagferq it th&i ency of

produci n f J.c.conpounds and hydrogen in an aromatic conpound
productig%é%gﬁﬁégﬂ%gngroducing aromati ¢ conmpounds by a catal ytic reaction

using a [@we] hyds ogakiag asolijper sfalefRies:htdnveNEANToHBVRIA Y IMNGhIKE TASK
[0011] An aromatic conmpound production nmethod of the present invention, in

whi ch a foverthsrdnocasbunthselivehaolithed pangrrerdta cohppuadhiedi ng t he
obj ect i nmet hod for prpduci ng aronmat,i c..conpaun by a,catal ytic reaction
oA e e G Tt ey S e T SR
a catal y§£~oﬂ|4§ﬁ@ chipbh8de 843l ¥thbyti CRGILOR USnsYlheet eddi&abbR rm%@; ure

rising until a catalytic reaction tenperature under an atnosphere of a

non- oxi diawngagasil( except hydrocarbon gas) and that a gas containing a

| ower hy j i ntact with the catal yst to produce
aronatiCR@gﬁg%ﬁﬁgg{épgéﬁgﬁfbﬁi€h§¥§gre, the non-oxidizing gas is _
charact e[deaf i BRIRGIi8 bRHMEhAG BRGcGEn B AR (BB rebbliCkIenfilR, T educi ng
gas is exenplified by hydrogen, carbon nonoxi de, and anmmoni a. Then, the

i nert gam iwdudxedpief hedrdeyriaegonusad 43 dgerpwandtdredl] fimadh@OG48F thhen, the

catalyst is characterized by being a catal yst prepared by supporting
mol ybden®esh 152 FSTHD Hd EXURH S HHLREP TORTIE CHBPANPES i%l}’iac%ﬁté‘)fﬁh‘ﬂl"ia}’f@r‘i’n

conducti 90 £ ?orvpeqrﬁf(ﬁrol:motnrfsaﬁ{ge&rw material and is characterized in that a
catalyst used in the catalytic reaction 1s subjected to a temperature rising
until a catalytic reaction temperature under an atmosphere of a
non-oxidizing gas (except hydrocarbon gas) and that a gas containing a lower
hydrocarbon is brought into contact with the catalyst to produce aromatic
compounds.

[0012] Furthermore, the non-oxidizing gas is characterized by being a
reducing gas or an inert gas. Herein, the reducing gas is exemplified by
hydrogen, carbon monoxide, and ammonia. Then, the inert gas is
exemplified by argon, nitrogen, and helinm.

[0013] Then, the catalyst is characterized by being a catalyst prepared by
supporting molybdenum or a molybdenum compound on a metallosilicate
and then conducting a carbonization treatment.

[0014] According to the above-mentioned aromatic compound production



[ 0014] According to the above-nentioned aromatic conpound production
nmethod, it is possible to raise the tenperature until an optinum catal ytic
reaction tenperature w thout danmaging activity of the catal yst.
ADVANTAGEQUS EFFECT OF THE | NVENTI ON [0015] Therefore, according to the
above-nentioned invention, in a nethod for producing aromatic corrpounds by

2 o2t 2l yELGHL8aS L QDRI Aloner Idrasarbancas s nam paterial . viel ds

of hydrogen an are inprove al yst

activi tyléac,ftﬁ)tri ﬂé@nﬁé@l@hié Mtﬁcﬁltldnﬁmogiﬁg agaRi@FonE\%Qlaltmbﬂ\l OF THE DRAW NGS
[ 0016] FAgh shows a change over tinme of nethane conversion in the case of
reacting %NH‘MQ;HS Eﬂ"F&)@%@EtTHE INMEEDTEON Conpar ati ve Exanpl e 2 and

Exanpl e car boni c m.,xed nmet hane,gas (the nolar ratio of
motnane 1ler dlhdietare, agad o e Ve A %Y%Ptg% Ie@a%laocg. oxi de)
is 20:1) 0, 3 ersion in

t he casefoéf rogggiﬁgg%zoé% gcat GH@QE &%3}%@\?&{1 arrpﬁggll,ge@érrpar ative
Exanpl e Bydj‘@a&(@ﬂpbehdmwtrha%m@lr bmid@oﬁhydlc@@&-md(eicb aeirhatie gas (the
nolar ratio of nethane to carbonic acid gas, nethane : carbonic acid gas
(carbon eimrPEeys arsippraved, and thempgalyst aeioviy Afermegdabiey 18i me of

napht hal ene c9 version in the case of reacting each catalyst of Conparative
Exanpl e TIPEYTpar at i ve Exanple 2 and Exanple 1 with a carbonic acid

gas- m xe@RTEFNBAE CREP IR 0PI EPRAWD{GBEt hane to carbonic acid gas,

nmet hane ; carbonic acid gas (carbon dioxide), is 20:1); Fig. 4 shows
a changel(§iél tHigel shoBFX dumeerwicorima of etbase cohvesant intheatde dat al yst
of Corrparatlve EX arative e, 2..and Exa

car boni c* & H‘%‘%CW%P@B’SHQ 'b‘é‘%lvﬁt]ﬁ’garﬁgjea} 9%@31%?%%‘%3@@0 car boni ¢
aci d gas,y ehnangeCALRANA Q:af“l?drﬁc GBI LEaRNeRI axhe)zas! BhBickds A

Fig. 5 shows a schematic diagramof a fixed bed, flow type reaction
appar at usf mseldhioto @rboatd iidgaa, mmhﬁnmymtommd gas darmbonglibxidehe
is 20:1);

Fig. 2 shows a change over time of benzene conversion in the case of
reacting each catalyst of Comparative Example 1, Comparative Example 2
and Example 1 with a carbonic acid gas mixed methane gas (the molar ratio
of methane to carbonic acid gas, methane : carbonic acid gas (carbon dioxide),
is 20:1);

Fig. 3 shows a change over time of naphthalene conversion in the
case of reacting each catalyst of Comparative Example 1, Comparative
Example 2 and Example 1 with a carbonic acid gas'mixed methane gas (the
molar ratio of methane to carbonic acid gas, methane © carbonic acid gas
(carbon dioxide), is 20:1);

Fig. 4 shows a change over time of BTX conversion in the case of
reacting each catalyst of Comparative Example 1, Comparative Example 2
and Example 1 with a carbonic acid gas-mixed methane gas (the molar ratio
of methane to carbonic acid gas, methane  carbonic acid gas (carbon dioxide),
is 20:1); and

Fig. 5 shows a schematic diagram of a fixed bed, flow type reaction

apparatus used for aromatizing a lower hydrocarbon, according to the



present invention. MODE FOR CARRYI NG QUT THE | NVENTION [0017] A catal yst
for aromatizing a | ower hydrocarbon according to an enbodi nent of the
present invention contains as a catalyst material at |east one type

sel ected from nol ybdenum and its conpounds. Wien aromati c conpounds are
produced, the catalyst for aromatizing a | ower hydrocarbon is reacted with
car bon dh?@@eﬂ?ix@@eﬁit s the lower hydrocarbon. [0018] A support for
supporti e nmetal conponent contains a porous netallosilicate having

m cr opor REODEaAFO&R €ARWBINGt OBIT VYHA ENVEINTEONNgst rons i n di aneter.
Det ai | ed epr]anati ons such as the type of netallosilicate used are
descri be017] pat entalpridbr esemetizing 3 Apueebadrpashen aggsiridong foanpubl i cati on

2004-91891), which is a conventional technique,. D019  tot | ybdenum
component T pRERHEL of fhsSrREE BB R AR PR o B Ba8 sor ut 1 on
prepar ed, i 1 ARTRALHTHR! BB UenuIDHRd @ IBs @ d OSIWhEalB ohfitidTPr €gnat ed
with the nol'ybdenum conponent, and then it is subjected to drying and

baki ng. Whhhothdsard hedmksbdemnarsenionantm aiszsigophnv adhaihrotdudbon is

nmetal losilicate. [0020] The, mol ybdenum conponent - supported netallosilicate
i s subj e%%aéélec{ ¥itlepdont dipgide s 'SL}'E’tei]PW@'g‘rYgél%?fg Afned tenperature under

an at oS of sk et 935 AL EINARe ANGNALAY5R A0 J RNt ai ned for

a predet ermne ucting a carboni zation treatnment of the
cat al yst mef@0&llicdte hbrifgssicbb@rto thbt ardsSabhtially 0F 16 B sagakyat by
subjecting the catalyst of after the carbonization treatnent to a

t enper at Uy élamelieng Datdiled geplanatipys sach eadhp drire ehpwtatlosibicayo wped

crani 11 ¢ estgEPee R e ritiniaBi Erbiohie? BalBlebyidiue® naphtnal ene
yi el d, apdpBdatiyh ebd4{dilse 1) ot Richyik @l @nlbnbenzeR&hni@hdiene and xyl ene).
[ 0022] To produce aronmati c conmpounds, a reaction gas containing a | ower
hydr ocar ¥4 9%hnd\sclar thenmdlydyiedan sompaverd thi thetallosilowbe ihyddettr don
aromat izl ng, AL Al Yot quenne SIRA0E P2 p e SRR IR b L% 2998, S set

the metallosilicate is impregnated with the molybdenum component, and

then it is subjected to drying and baking. With this, the molybdenum

component 1s supported on the metallosilicate.

[0020] The molybdenum component-supported metallosilicate is subjected

to temperature rising until a predetermined temperature under an

atmosphere of a mixed gas of methane and hydrogen, and is maintained for a

predetermined time, thereby conducting a carbonization treatment of the

catalyst.

[0021] Tt is possible to obtain stability of the catalyst by subjecting the

catalyst of after the carbonization treatment to a temperature rising until

the catalytic reaction temperature with a non-oxidizing gas (e.g., Ny, Ar, He,

etc.). In particular, there improve stabilities over time of methane

conversion, benzene yield, naphthalene yield, and BTX yield (the total yield

of benzene, toluene and xylene).

[0022] To produce aromatic compounds, a reaction gas containing a lower

hydrocarbon and carbon dioxide is reacted with the lower-hydrocarbon

aromatizing catalyst. The amount of the carbon dioxide to be added is set,

ot



for exanple, in a range of 0.5-6%relative to the total of the reaction
gas. [00231 Based on the foll ow ng conparative exanples and exanple, the
| ower - hydr ocar bon aromati zi ng catal yst of the present invention is

expl ai ned. [0024] (Conparative Exanple 1) 1. Production of

| ower - hydr ocar bon aromati zing catalyst (in the foll ow ng, abbreviated as
catal yst) . _ L.n: st .of . @ ar at{ _ pl e 1, ni umtype
Jans ( shugpamas 3358 AN Qs P LR ks PR T e
havi ng nfdogdsderBuBeslupP oid 8l ink Rogip ar@628]lexahiplcOHRN R&RLGNe, the

Conbi nation of inorganic conponents: ZSM5 (82.5 weight%, clay (12.5
wei ght % loveaidhyylrmssrifarberan g Bz giiabgst of the préfenainGoriimat i on: t he

i norganic lgl%o ents (76.5 e ght%, organic binder (17.3 weight%, and

wat er (2%% ht% (2) Ml ding The inorgani c conmponents, organic
bi nder, gpates YR etolyiolh 184) the conbination ratio, followed by
m Xi ng an \r]:ga(gimm%y a knea Pr?g )means (kneader). Then, this m xture was

mol ded i bt Braluctdnstfdpecf divdmedebod adomaxidiepnghtalbemiin biie folV@eingm ext r uder.
The extrusjion pressure upon this nolding was set at 2-8 MPa. [0026] In
gener al , abeveated| aastatalsbbrt used for reforming hydrocarbons is used as a

fl ow bed cat al ysi, usi, artd cl es havi a. panticle diameter forom
several m crone {é}%es E%%%%S%rdam i }Veed]gg%ngrl?%?m?@%qmpr@t%e %S%fgcti on

met hod ofSiDheicat & FsU0osuRRAkd el tfhbirﬁeﬁaﬁl‘ﬁﬁili@té,uﬂﬂp[ﬂierHeelﬁzi\ﬁhngf the
catalyst is mxed with organic binder, inorganic binder (normally clay is

used), amlyhi%nilp@umkete @l sy form fol | owed by granulation nol di ng
ol di ng DG PeCo PR RR NG of ol ay added as a baking ase: s ant in order
to assure the Oakihng, 508 iNaea AR M AERMU IENHET 82 B, wERLANG19f the
catal yst is conducted by a high-pressure nolding using a vacuum extruder.
Wth thi€2.5 weight%), and glass fibers (5 weight%).
Total Combination: the inorganic components (76.5 weight%), organic
binder (17.3 weight%), and water (24.3 weight%)
(2) Molding
The inorganic components, organic binder, and water were combined
at the combination ratio, followed by mixing and kneading by a kneading
means (kneader). Then, this mixture was molded into a rod shape
(diameter 2.4mm x length 5mm) by a vacuum extruder. The extrusion
pressure upon this molding was set at 2-8 MPa.
[0026] In general, the catalyst support used for reforming hydrocarbons is
used as a flow bed catalyst using particles having a particle diameter of from
several micrometers to several hundreds micrometers. In the production
method of the catalyst support of this case, a support material of the catalyst
is mixed with organic binder, inorganic binder (normally clay is used), and
water to make a slurry form, followed by granulation molding (there is no
molding pressure) and then baking. In this case, due to no molding
pressure, the amount of clay added as a baking assistant in order to assure
the baking speed was about 40-60wt%. Herein, molding of the catalyst is

conducted by a high-pressure molding using a vacuum extruder. With this,

6



it is possible to reduce the anmount of additives, such as clay, added as a
baki ng assistant to 15-25wt % Therefore, it is possible to inprove the
catal yst activity. [00271 (3) Inpregnation of Mol ybdenum An

i npregnati on aqueous sol ution prepared by ammoni um nol ybdate was stirred.
To the inpregnation aqueous solution under this stirring condition, a ZSM5

t ai ni ng. | d.,aft th | di t dd to | te th | d
W th t he T DEaRRE cotitn Bt Shdel o Rt it ot el OHREAEA 1 ow ng
dryi ng andibekhBgdsehans. 19-05649. pﬁ%éﬁﬁ-éﬁ@ié’aoéﬁgle‘%ﬁﬁ e%%'f;aaw agueous

solution, the anmount of nolybdenumto be supported was t at 6w % rel ative
to the totwdlyatmutmtityf the catal yst after the baking. [00281 (4) Drying &

Baki ng In e drying step, a drying was conducted at 70C for about 12
hours i nl@P%dr @qf%%a%@?efl\%labéewm he nol ding step, and then a drying
was conduct ed - for w .he _baking.ste a_.baki ng was
conducted at 5 ]C&?](S)ereéwﬁ%%rg&% Sﬁgﬂgﬁ}l&}p ealﬁgk *n ?‘P‘Bélpéture in the

baki ng stepybastsSRhsistirfed. anDetlef iehRo8006n AHe @ dooyesh nadef tslr engt h of
the support if it is |ower than 550C and due to | owering of properties

(acti vi t yriing qonidstipn,gh 85 M 1harengaod g Tha dradfte thfe mehfisg atey wasncr ease and
the rate qf, tenperature decrease in fhe baki step were set_at

00- 1000 AGHES RpETERNete T GPRER Pt mobdent BrkaranbouShtbribust i on of
the orgamif fidabdaddad oy 152G ' ur | about 2
to 6 hours ian t enper at ur eorg%g%ﬂ%lcl)fg%g-%&%gg\%gés%og uéglt%gge?\%éﬁrﬁes to
renove t béthd nderegidtidsapecauselationndtanthanaous nodyvibdmtiranodfe t he bi nder
occurs to | ower strenegth of the baked body in case that the rate of

t enper at GFEPYHER deesdmt GHEo rgladi s tog @ ook upevaker Baseatabestdddt er t han
t he abovg ég £;,/ahd that the keeping time for renoving the binder is not
taken. [ 1& Iti t " Carboni zati on Treat nent A reaction tube (inner

di anet er [A@181) @RdRyhys 80Bhhoonel 800H, gas-contact portion calori zing

treatnment of a_fixed bed flowtype reaction apparatus 1 shown in Fig. 5
was charged w {hthadryzgedeborgryimgenas edrelusakedt BOYy fomabaniblebews to a
tenperature kising until 700 2 hours, under a fl flow rate 0.5L/m n)
of a ni xéI(ljglga(’sr é(9}‘1% _Veawazﬁllza%%]ﬁlaﬂ]@ %ﬁf’g:&’t%ﬁrb“gme(ﬂ ﬁ%’ﬁ)’ MEYAL) . This
condi t i 0BoN@SctERI A 0eHr BBrhodBOUlS thé"%ﬁﬁirfﬁ]st%ﬁ,ea%%'k'?x‘i’é‘%%?doﬁﬂu@ifed

mol ybdenumis preferably from 600 to 750C. Is 1s because it is

i neffici ehﬁé@@géorbdMembhe ablrowdihiengp lah gtthm peat buefinchedokingtsiqn  of

mol ybdenum if it is |ower_than 600C, and because a coke precipitation
react i on¥ias S&éé’élae‘?%g@oofirﬁoqg&? %0 tﬁ‘@ﬁ@ﬁoYVﬁéﬁlgﬁ@@'engt of'the support if

it ig lower than 550°C and due to lowering of properties (activity) if it is
higher than 800°C. The rate of temperature increase and the rate of
temperature decrease in the baking step were set at 90-100°C/hour.  Upon
this, in order to prevent an instantaneous combustion of the organic binder
added in the molding, a temperature keeping for about 2 to 6 hours in a
temperature range of 250-500°C was conducted two times to remove the
binder. It is because an instantaneous combustion of the binder occurs to
lower strength of the baked body in case that the rate of temperature
increase and the rate of temperature decrease are greater than the above
rate and that the keeping time for removing the binder is not taken.
[0029] (5) Carbonization Treatment

A reaction tube {(inner diameter 18mm) made by an Inconel 800H,

gas-contact portion calorizing treatment of a fixed bed flow-type reaction



[0030] (6) Tenperature Rising toward Catal ytic Reaction Tenperature

After the carbonization treatnent of the baked body, a tenperature rising
was conducted until 800C by 10 m nutes, while supplying a CH4 reacti on gas
(met hane (nol) carbon dioxide (nol) = 20:1) to the reaction tube shown in
Fig. 5. [0031] (Conparative Exanple 2) The catal yst of Conparative

Exanpl e %g@g%ﬂ% B aBwaS ni g Pﬁa‘(‘%gcaﬁm%mi;fﬁ (S YIRLE bl TREAB.Q

conbi nat i pr oducti on except e tenperature ri'sihg condition

toward t hekedtialdytw &s seBeticontot eomapatdtiee rEhad unsil 70DeC 3t Bhyats Was
produced by the same nmethod as the conbination and the production steps of
Conpar at iveleEeafipy dflow rrie . 5livein edethomedt giseofiels ehdrigetne tiemawi t h,
fol l owed by.the carbonizatiqn.treatment and then a tenperatuyre rising until
800C by fﬁ‘%ﬂ% '%(g‘é’gﬁﬂiq{né) s*ugp‘%)yi ﬁ@ﬂlacw%wgaw gy n@ﬁé?lh OYHol )
carbon dippxi.he ) bandQi:bh df 58616 L e 1)

The cat al yst{3 of Exghp?% 1 1igjs C%?]Ié&l g%% as %sﬁ%ﬁéé?ﬁ&hﬁ%%fﬁd{)&)é%’?éxﬁgéﬁpl elin
terns of Tdoatd hedduse iandinpffiduat bor aeishiatabbxeptriihef tlempaeaifure rising
condition toward the catalytic reaction tenperature. That is, the catal yst
was pr odGaEpiEgatiei of andyhetmod 188 BHewed ihin 40000, amdibeerussraodutt i on st eps

of Conparati.v xanpl e..1. .Then, the.,rgaction tube Lcharged therewth,
foll OV\WEd PHy-P ﬁé‘%&?@é‘ﬁ?%&? SHCE’II‘FI@E?%ﬁ? lﬁﬁﬂg?%eﬁ%aé‘ er a? ure rising until
800C by 1@03@]”U@G@ﬂ‘éﬂ%}iézrﬁtlﬁ‘épﬂidﬁg“goﬁﬁrcgé‘ﬁtai Bic T PnANZh Pdag@pe 1O this

reaction tube. [00 Eval uation of Catalysts of Conparative Exanples
and Exanple  AfterBhalcaabéwinatenvoehiofenthe thattakedtindef 2 Compar aitiry e

Exanpl es and Exanpl e is described, The baked body after the carbonization
treat rrentrlstl’égB‘@?Spn{)ﬂ“%i‘W‘E ’t"r’i@E ﬁ@ﬁ& béirilot%’é“@ﬁo%%ﬂierﬁ‘mpéymg abdla n 4. 29

(zeolite, peuesan 209 a Ng: r LOJh. It hown in Table
1, the cét a‘f ycglt E%??éﬁ%&&n ?M]?t E&ﬁﬁ% crhté)ggdtel @%&%a?bu%@?ﬂ%o%gﬁcﬁpgns of a
react i ontsbaekoweliackigy5= 10000ml/g - MFI/h (CH4 gas flow base), a reaction
tenperature ﬁf 00C, a reaction tipe of 15 hours, a reaction pressure of

S

0. 3MPa, PP yiig% Esimel &) aci d gas-ni xed methane gas (the nol ar
L1000 ML 00 6o DL By A, 035 TP AN SERERRI L . 2, (2
appar at u€olparative Example 1 in terms of combination and production method,

except the temperature rising condition toward the catalytic reaction

temperature. That is, the catalyst was produced by the same method as the

combination and the production steps of Comparative Example 1. Then,

the reaction tube was charged therewith, followed by the carbonization

treatment and then a temperature rising until 800°C by 15 minutes while

supplying a CHy reaction gas (methane {mol) : carbon dioxide (mol) = 20:1) to

the reaction tube.

[0032] (Example 1)

The catalyst of Example 1 is the same as that of Comparative

Example 1 in terms of combination and production method, except the

temperature rising condition toward the catalytic reaction temperature.

That is, the catalyst was produced by the same method as the combination

and the production steps of Comparative Example 1. Then, the reaction

tube was charged therewith, followed by the carbonization treatment and

then a temperature rising until 800°C by 15 minutes while supplying Ar gas,



[0034] [Table 1] Reaction Condition Catalyst Charge Anount 4.2g Zeolite
Per cent age 82. 50% Supply Gas 100 Methane (CH4) + 5 Carbonic Acid Gas (COR)
Reaction SV

a non-oxidizing gas, to this reaction tube.
[0033] 2. Evaluation of Catalysts of Comparative Examples and Example
Evaluation method of the catalysts of Comparative Examples and
Example is described. The baked body after the carbonization treatment to
be put into the reaction tube shown in Fig. 5 was in 4.2g (zeolite percentage
82.50%). Based on the reaction condition shown in Table 1, the catalyst was
reacted with the reaction gas under conditions of a reaction space velocity =
10000ml/g -~ MFI/h (CH, gas flow base), a reaction temperature of 800°C, a
reaction time of 15 hours, a reaction pressure of 0.3MPa, while supplying a
carbonic acid gas'mixed methane gas (the molar ratio of methane and
carbonic acid gas, methane : carbonic acid gas (carbon dioxide), was 20°1) as
a reaction gas to the fixed bed flow type reaction apparatus 1.

[0034] [Table 1]

Reaction Condition
Catalyst Charge Amount 4.2¢
Zeolite Percentage 82.50%
Supply Gas 100 Methane (CH4) + 5 Carbonic Acid Gas (CO»)
Reaction SV 10000ml/g — MFI/h (CHa gas flow base)
Reaction Temperature 300°C
Reaction Time 15 Hours
Reaction Pressure 0.3MPa

[0035] Upon this, analysis of the product was conducted. Based on the
analysis result, methane conversion, benzene vield, naphthalene yield and
BTX vield were examined over time. The product analysis was conducted
by using TCD-GC and FID-GC.

[0036] Methane conversion, benzene yield, naphthalene yield and BTX
yield are defined as follows.

Methane Conversion (%) = [(the amount of methane consumed in the
methane reforming reaction)/{the amount of methane used for the methane
reforming reaction)ix100

Benzene Yield (%) = {(the amount of benzene produced)/(the amount of



10000nl/g - MFI/h (CH gas flow base) Reaction Tenperature 800C Reaction
Time 15 Hours Reaction Pressure 0.3MPa [0035] Upon this, analysis of the
product was conducted. Based on the analysis result, nethane conversion,

benzene yi el d,

napht hal ene yield and BTX yield were exam ned over tinme. The

product anal ysis was conducted by using TCD-GC and FID-GC. [0036] Methane
conver si QR REIZENA %k ¢hd mARRRENREGRE Y Eh&iANIx FJ yiel d are defined as

foll ows.

Naphthalene Yield (%) = [(the amount of naphthalene produced)/(the amount

of methane used for the methane reforming reaction}]x100

BTX Yield (%) = [(the amounts of benzene, toluene and xylene produced)/(the

amount of methane used for the methane reforming reaction)]x100

Fig. 1 shows a change over time of methane conversion in case that

each catalyst of Comparative Example 1, Comparative Example 2 and

Example 1 has been reacted with the carbonic acid gas-mixed methane gas.

Asg is clear from Fig. 1, it 18 understood that stability over time of methane

conversion 1s improved by conducting a temperature rising until the catalytic

reaction temperature under the condition of Example 1, as compared with

the cases of conducting a temperature rising under conditions of

Comparative Example 1 and Comparative Example 2.

[0037] TFig. 2 shows a change over time of benzene yield 1n case that each

catalyst of Comparative Example 1, Comparative Example 2 and Example 1

has been reacted with the carbonic acid gas-mixed methane gas. Asis clear

from Fig. 2, it is understood that stability over time of benzene yield is

improved by conducting a temperature rising until the catalytic reaction

temperature under the condition of Example 1, as compared with the cases of

conducting temperature risings under conditions of Comparative Example 1

and Comparative Example 2.

[0038]

Fig. 3 shows a change over time of naphthalene yield in case that

each catalyst of Comparative Example 1, Comparative Example 2 and

Example 1 has been reacted with the carbonic acid gas-mixed methane gas.

As 1s clear from Fig. 3, it is understood that stability over time of

naphthalene yield is improved by conducting a temperature rising until the

catalytic reaction temperature under the condition of Example 1, as

compared with the cases of conducting temperature risings under conditions

of Comparative Example 1 and Comparative Example 2,

[0039]

Fig. 4 shows a change over time of BTX yield in case that each

catalyst of Comparative Example 1, Comparative Example 2 and Example 1

10



Met hane Conversion (% = [(the anount of nethane consuned in the nethane
reform ng reaction)/(the anmount of nethane used for the nethane reformng
reaction)] x100 Benzene Yield (%9 = [(the anpbunt of benzene produced)/(the
amount of nethane used for the nethane reform ng reaction)]x100

Napht hal ene Yield (% = [(the amount of naphthal ene produced)/ (the anount

f h d f he. et h f or i acti 100 BTX Yield (9% =
i e S R e

ene proauce he “anoun

net hane ysgd Hipr4tiRes MBHBARGd EADY SaBAitveRel toAklof FIX yield is Bh@rovkdshows a
change over time of nethane conversion in case that each catal yst of

Conpar at ibyecobdanphe altenGommpdnet ise goxanptlee 2atahptiExealon (Enmgesrabeen react ed
with the (@ébo ic acid gas-m xed net hane gas Arﬁ i.s clear .fromFig. 1, it

i s under 3¥96H thaspnditian 98 Eyagels L pheoraparadt warletheosines of 6t <Ctitipr oved by
conductin er. at: 111, il YA I { enperature
under théggﬁﬁwgﬁﬁg#é@%{%* g&ic?i@l{ggsgg%ﬁ@d%&y‘{ehg%(%@%g%gglgldof conducti ng

a tenper @oiea it BicN0xsgds 2condi tions of Conparative Exanple 1 and
Conpar ative Exanple 2. [0037] Fig. 2 shows a change over tinme of benzene

yi el d inloedd thhe cendiiovarfanglbdenuaoppdide iwsheErainlys ot theowparett i ve

Ex I d le 1 h t ith t I id -m xed
met nane §48 ST FE TERUA Tyl o ¢oqs il SLI PN B PR Y over
time of benzens M eldcd:HonMRitNet RYmMEADHIEI I HG R dHSMRes Rhbfife MhghDg unti |

the catalytic redction tenperature under the condition of Exanple 1, as
conpar ed ofiatdirddiececses tohreoatuctinpgundapedabydm®eeisi hydxamaele lGondi ti ons

of Conparative Exanple.1l and Conparative Exanple 2. [0038].Fig. 3 shows a
change ox‘}g? CREAESToF SHRPHERATR ACIRST AT WIS 1N t@a%aglétcaﬁg?«ﬂwef

Conpar at i EXaRL i; s Eagfm:}) eal; react ed
wth thetéélglﬁ)bomuctg‘(?];ljl rgg’g@%%dém t%?%%hg)géh@gg is C J(Laiars’ ftlr}%%\()]%ﬁg& 3, it

i s under $b etubly hasinstabild ¢ondasien of nEybfle maphidraicne Hhekthres | nproved by
conducting a tenperature rising until the catalytic reaction tenperature
under t h&<EsHYilHpBmostabilaipisa™prosed.conpared with the cases of conducting

Lommer o el YIARSPHEEASERL L L PR S e B
in case thah teagferaalalNsihgdh ConparaivyBxExa1pt @ dhd Conparati@erExanpl e 2
and Exami)ligehe]%’ molybdenum carbide is easily oxidized by carbon dioxide, which ig an
oxidizing gas, thereby turning into molybdenum oxide. Thatis, in
Comparative Examples 1 and 2, the active species decreases upon
temperature rising, and therefore the active lifetime stability is lowered.
Furthermore, the active lifetime stability 1s more lowered in Comparative
Example 2. This is because the period of time of flow of the carbonic acid
gas-mixed gas was long to increase the period of time of contact between the
oxidizing gas and the catalyst to allow the oxidation reaction of molybdenum
carbide as an active species to proceed.
[0042] As mentioned above, according to the present invention, in a
lower-hydrocarbon aromatizing catalyst prepared by supporting
molybdenum on metallosilicate and then conducting a carbonization
treatment of molybdenum, a temperature rising until the catalytic reaction
temperature under a non-oxidizing gas atmosphere makes it possible to

improve stability over time of methane conversion and to improve benzene
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has been reacted with the carbonic acid gas-m xed nmethane gas. As is clear
fromFig. 4, it is understood that stability over tinme of BTX yield is

i nproved by conducting a tenperature rising until the catalytic reaction
tenperature under the condition of Exanple 1, as conpared with the cases of
conducting tenperature risings under conditions of Conparative Exanple 1

and Conpar at,i ve anpple 2..[0040 h dition of | ybdenum car bi de in
the cat abyat %%Pﬁ@@%ﬂ%fa%ﬂ@&l@ﬁﬁﬁﬁﬂdﬂ@é ATl COMPUEY i n the
above re%*Méstbg%&l?@gﬂa%ﬁ%@- de produced by the carbonization treatnent

is considere e an active nmetal of a direct reaction to aromatic

conpound$0@a] Hyditegemvehnebkanpl @eximflbeZSHt aliy sbed as subpedliedidea
tenperature rising until the catalytic reaction tenperature under a

non- oxi dPRivgichasmataosheerentvig shpparted, but py gitest pbndar & Shaiifythgai nt ai n
t he condition of | ybdenum car bi de, erefore,. activity |ifeti stability
o1 o oUBATC PHORDE BT HE L R NG 2 BONE” o g P gas | 5

al | owed {hi QMHHROM bETREALMIRaké S N6t i (RMRARMINR IBRAMRIes 1 and 2. At
700C or higher, nol ybdenum carbide is easily oxidiZed by carbon dioxi de,

whi ch i swardylokérdimicogigasidst hedebyetalr ndovgn intconrattytddnechoxjude. That i s,

in Conparative Exanples, 1 and the active species decreases upon

t enper at T3 P¢ §P%O,rt%f§8h%1}f?@inef B theyanores i Eh¢ pPeYs R pkbithe 8@t ower ed.
Furt her npre, [ et t ahili ' [ i 0 rative
Exanpl engif ﬁ%ﬁt@ﬁ)i@ﬁ%g{égﬂé%g?#é@g{é% 0 ddc#'é ¥(|J l?rlge E@E‘F?Jg\%\e@% %? F\%Q(C:ar rT%ﬁi c acid
gas- m xedftgadawase, lhangut effédncieake thhaapef tledabivd éxmnple conhastedogt ween

t he oxidizing gas and the catalyst to allow the oxidation reaction of

nol ybdentis aByomindef s5pnertaes 196! 3 paspes! 2dpvbéastptiyobytie mahent i oned
above, agcor %it%?tﬁg Cgpaq Qr esent invention in a | ower-hydrocarbon

aromati zing VAt al ySt pr%p'ar ed by supporting nol ybdenum on netallosilicate

and t hen[aondudtifitbe An6a, BRRNZ allo9B- rh 6 @R NENEx Hh pID [t KB deRetRi 0@ 14 enper at ur e
rising until the catalytic reaction tenﬁer ature under a non-oxidizing gas
at nosphet@nduftesd in 8 woEsidipgocasspaprooy éhe catidnizatiov & the benpératerhane
conversion.and to jnprove, henzene vyield, npaphthal ene yield, and yield of
BT i o s B SURpacrre tontn e BiFond HRA oltene. [0043] In the
above- mephiRRaH e ¥ AR SlimfeM B this.USEQiasad oMREA]Y QHibT&REGeRNF Yhi ch a

nmetal conponent is supported, but an effect simlar to that of the above
exanpl e ¢atadicHilevepammtely pifephDd 2 rrsvapshy echduaintghe cadreyiztthen, et al

supported on.netallgsilicate.is not limted.to nolybdenum and nol ybdenum
conpound8ndARE PXETRIAPVRAGHR 1f AORHER P RTINS %%W%@S&erﬁév be support ed

t her eon. : AR . f denum
Suppor t el S T B A L e e Pt B D ey
baki ng, tutparmtefd ecthesiranctan temmpdratunf t he above exanple is achieved if

t he amoupt o pporting..is in a range 2-12 wt%relative to the total
anmount oPOWPi ﬁﬁiean%‘pmctly@maWrnlﬁgﬁrl“ﬁBIye{lltm%@rgﬁwélwoned exanpl e,
the i nvept | IS t: i - I.e57.0f: 0G ) car boni zati on
to the tg%({)vg?%ttu?fgt%?i :\Snlg Oo%aa?g%ﬁﬁel%igg{ alfe;'/({l cﬁﬁglggg {l%ﬁmtnré%%erature.
However, tdrhipeeithed it uhal oot chidlitiegded@idhigmpdyagin liasueidegct is
achieved, even if a catalyst is separately prepared by previously

conduct i frpdct hp deinpatdione rasibs vhsh oridewmr suhvEheiion of $heonduct ed when t he
catal yst_after,the carbonization treatnent is subjected to a tenperature
rising fPOMCFESAMERiFer ature to the reaction tenperature. [0045] The

non- oxi digjasd Gasrehss, ipr@haalhYtifh i QU8R of RREUBPE REHIIM o Fr@W eat e of the
gas is not particularly limted. Upon conducting a tenperature rising until
t he cat ahyamatic eampoonds afperaided with aswhtiioegasoncomghct molve: tagnper at ur e
rising V%%Qle?hf | ow or  supstitution of the n%n-oxi di.zin

S.
ane to carbonic acid gas, methane < carbonic acid gasgca%%on dioxide),
18 201, but an effect similar to that of the above-mentioned example is
achieved even if the amount of the carbonic acid gas added is in a range of

0.5-6% relative to the total of the reaction gas.
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[0046] Herein, in the evaluation nethod of the above exanple to produce
aromati c conpounds, it is reacted wwth a reaction gas in which a nolar

rati o of nethane to carbonic acid gas, nethane : carbonic acid gas (carbon
dioxide), is 20:1, but an effect simlar to that of the above-nentioned
exanple is achieved even if the anmount of the carbonic acid gas added is in
a range of 0.5-6%relative to the m gf the reaction gas. CLAIMS [Claim
1] I'n a method for producing an ar M conpound by a catalytic reaction
using a | ower hydrocarbon as a raw materi al, t he met hod for producing
an aromati c conpound using a | ower hydrocarbon as a raw material being
charact e{Crggh ih: In a metlidioforprodtainysin usabaiid cbhgotatialyhicatdlgastion is
subjected to a tenperature rising until a catalytic reaction tenperature
under anreadtsspheng plowermariresidion aya gaw mekenpk hydr ocar bon gas) and
that a gas congai nin | ower, hydrocarbon is brought into contact with the
catal yst to pr@beugbetgﬂggqlo?fé’tdi“éy%%%ﬂ@.ﬁtfccﬁoémm‘gﬁ ASMEthot4%r pr oduci ng

an aron%yar&%wwﬁ@ A4S G freh QIBELLY i OcREA9 £3:@ raw material according
to claiml1, which is characterized in that the non-oxidizing gas is a

reduci ng gas othatnechtades. uded i theZhtAlymetadtibons pubgacidty an aronatic
conpound according to clai g\ 1, ich is characterized in that the catal yst
i s a cat SPYRETHVEDAHRES B Y dpptrtitgraRstpBdeRIATaFuLs Wlsdenum conpound on

a netal | gahlisabe @nfnb RSN AORGUEL! QYA CRIANLARL Q1 Lrgat ment .
that a gas containing a lower hydrocarbon i1s brought into contact

with the catalyst to produce an aromatic compound.

[Claim 2] A method for producing an aromatic compound using a lower
hydrocarbon as a raw material according to claim 1, which is characterized

in that the non-oxidizing gas is a reducing gas or inert gas.

[Claim 3] A method for producing an aromatic compound according to claim
1, which is characterized in that the catalyst is a catalyst prepared by
supporting molybdenum or a molybdenum compound on a metallosilicate

and then conducting a carbonization treatment.
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