DESCRI PTI ON TI TLE OF THE | NVENTI ON: PROCESS FOR PRODUCI NG AROVATI C COVIPOUND
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 %Iobal war m ng nmeasures, and an interest
inits use technique is increasilMgSCPHIAN r esour ce making use of its

cl ean property attracts an attention as the next generati on new organic
resource and as a hydrogen resource for fuel cells. In particular, the

present ippYERtOETHE BYCENB@ENCRRAGESS mR@R@bwem@rﬁquqbﬁl que for

effectively producing aromati ¢ conpounds, 1 n which benzene and

napht hal EABdPOMINEh are raw materials of chemi cal products such as

pl astics, are main conponents, and a hi gh-purity hydrogen gas, from

met hane. BACKGRClJND TECHNI QUE [ 0002] As a process for produci ng hydrogen
and arorr?, fl$ uch as benzene, from nethane, one is known in
whi ch net hané |s reacted in the presence of a catalyst. As the catalyst

upon t hi jooTd! yhdeprivest ppRnitasth Aat«49M hidrab@% e80! dftifithisabadd to be
effective (Non-patent Publication 1). However, even in the casé of using

t hese cabuigpstaad mh@u@@hﬁdmebﬂmwhm}hmtetham@mamalpr(@mmmeaﬁed in large
anount apd,that copversion, of | ow. 0 ord .0, solve this
o ob em AU Has Dlgen, B bgband Togvare AF Tor AT Lo dhe Sl e | al
such as é@elggwexM%g@s dISbAUPRARLE PR Br LA BBH QL e AL, as

di scl osed, for exanple, 1n Patent blicatidon 1 to Patent Publication 3. It
has beentebnfduaidnicneRat@nt Meubhhe atdomrcd makiRgtsatol Pubtlegatpiropeidyt hat

| ower hydr ocarbons are efficiently turned into aromati c conpounds by using
a cat al y3ttra¢isvi %‘Heatlﬂ%tdélthéd% RERETFE0R dpporEediorf~aipsy Bd as a

met al | os 4 iIn I t t roms
ol orbVATERS AR BEIRERIY DAY "o BB ARG LB Al Bhich - 003

Pat ent Pubh icaatliy 88 chetfcdPabantrRubkédatiy o {4 e fimitivelie pusdiEngubj ect ed tO
carboni zation treatnment by treating a rmldybdenum supported netallosilicate
with a nama@agommﬁ@dmﬁewhw@ barreagemd mrphthiadenes, nhighdeawawsuppor t ed
cat al yst |

ot ovi LR A G O STt PP AR SUm s At HPBELR: 29 R ART

PUBLI CATH{NSy urity hydrogen gas, from methane.
BACKGROUND TECHNIQUE
[0002] As a process for producing hydrogen and aromatic compounds, such
as benzene, from methane, one is known in which methane is reacted in the
presence of a catalyst. As the catalyst upon this, molybdenum supported on
a ZSM-b 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 is precipitated in large amount and that conversion of methane is low.
[0008]  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 metallostlicate as a support having a micropore diameter of 7



PATENT PUBLI CATI ONS [ 0005] Patent Publication 1: Japanese Patent
Application Publication No. 2004-97891 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:

Japanese sGRim AR d SRhicaRtRUBId & MR uNTY HRAREs @b Al aNN. PATENT

PUBLI CATI ONS [ 0006] Non- pat ent Publication 1: JOURNAL OF CATALYSIS, 1997, .
vol . 165 [8Adbh. Thso, meRaBwiNRRN@rLOTHE (e Rebnt Bablizgiot spiddemmBy THE

| NVENTI 0\115 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.
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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 is deteriorated in a short period of time
by carbon precipitation, that conversion of methane is 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 1t 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



[ 0007] However, in the above-nentioned conventional techniques, there are
problens that catalytic performance is deteriorated in a short period of
time by carbon precipitation, that conversion of methane is |Iow, and the
| i ke. Thus, there is a demand for the devel opnment of a nore superior

catal yst. [0008] Furthernore, in the conventional techniques shown in the

above PatigngheRidRbbsBhtiOR thedidn &l &NGL Lub LEBS eBd Bor thednthlytie raised until
the catalytic reaction tenperature after the carbonization treatnment, it is

rai sed umeactiphe catal ytic reaction tenperature under an atnosphere of a
gas used (. he carboni;zati on treatment or.of as; to.be used for the
datalyti dopBake PRrogRRse st olarbohegai  ula iR HRvRSetS e d Bhe ai nec
in the gagusgdpbRiRnCEERORLARLLEIhE L8Rk BRluRdot ke BRRIQ: be used for
the catalytic reaction. Wien the tenperature is raised until the catalytic

reaction teanpenat Wiseutitkete mpe:ait nos pherisedt antidithe ngtadyioh réydiecar bon gas,

there is a fear that | arge amount of coke is precipitated to.interfere
with the ©CaREgETE ?’é‘i&#%ﬁ?mf)@@l‘@]e qoeﬂtwlflﬁé%%yé-r&ﬁlrgﬁwéﬁ diereie

D e e o KR L8 P il 8 UBL AL 0 LBl BEGRRI A Ihe of i el ency
of produci ng aromat1 c”conpounds and rdﬁen I'n an aronmati c conpound
product i agataBitho@atabnproduci ng aromatic conpounds by a catalytic reaction
using a | ower hidrocarbon as the raw material. MEANS FOR SOLVI NG THE TASK
[00111 AdOQiBhailt s denplovn dnphicnicoditha presanddngentipe tppeewde 4 meghed on, in
which a | r hydcocarbon is used as the raw material  for achieving the
ob] ect | SoRTRb A B RGPS sker et BhE aufre s on RN A Peact i on
using a |MBHEN $h SRR 13S cdifohAlVpTBA®ticH nRHod SoChaiiRelgf i zed in that
a catalyst used in the catalytic reaction is subjected to a tenperature

ri si ng untiomaticatrapytids beaatitalyticawpetriat msegiadevenhydtorasphene thé a
non- oxi di zi ng}agas, &except hydr ocarbon gas) and that a gas containing a
| ower hydi#Scdid6Ha-s brought into contact with the catalyst to produce

aromatic Iﬁ;ﬁgﬁqg;ﬂgﬁ_é@ﬂ%ﬁﬂg@q‘h@{ e, the non-oxidizing gas is

character el ng a reducing gas or an inert gas. Herein, the reducing

gas is eXeopi) f Aedudoyndtydeagpound prbdciimnmdtied ofitide prewemitdnvdiiden, t he
inert gas is exenplified by argon, nitrogen, and helium [0013] Then, the

cat al yst insvhichrabavesn hedrobgrimay ingusgdoa Hieyraw mratssieddloppchigyppe thag

ol vbdenygy or, i TRLYOIERYT SoTPOUNG, O, &, BEHAbLRR! by S RaRA (M Ron
using a lower hydrocarbon as the raw material and is characterized in that a
catalyst used in the catalytic reaction is 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] TFurthermore, the non-oxidizing gas is characterized by being a
reducing gas or an inert gas.  Hevein, the reducing gas is exemplified by
hydrogen, carbon monoxide, and ammonia. Then, the inert gas is
exemplified by argon, nitrogen, and helium.
[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 conmpounds by
a catalytic reaction using a | ower hydrocarbon as the raw nmaterial, vyields
of hydr ogerthaddittib@oagibhmtd caice e umapeaater nprtoved ppindubhetabtal yst
activity lifetime stability is ipproved. BRI EF SCRI PTI ON OF THE DRAW NGS
[00161 Firgactions Hangers tupamgehavetam s gRenctigthahtrceH?d i on in the case of

reacting trf ﬁg@ﬁ@l{[ Conpar ati ve Exanple 2 and
Exanpl e ]/}WQM(%E%%%F@%E‘ST%@XM e ’ﬁ[é%kél gas (the nolar ratio of
net hane (@0 rHr bPRb @ GG Qﬁ&ﬁ@in@% hanghove aldd@ine daeiventias, (eankemod oxi de),

is 20:1); Fig. 2 shows a change over tinme of benzene conversion in

t he case fof prodaciimgranatic cangplopsis oy Contpdy At reectExanping 4 lov@anpar at i ve
Exanpl e nd anple. 1 with a carboni.c i d gas-m met hane gas (the

mol ar rat‘z’iy refar ﬁéﬁ@etréwc%%’ﬁfiL yéglida Ogi’é’fal ‘fﬂwaﬂéﬁge@éf)%i% acid gas
(carbon djioxi s 200 1) Fi ShEWS. A 6.0 : - 1d me of

napht hal gé\lgléggﬁé%r(%léé%g}@et%ea nga%hg éo a@é?ﬁﬁ%@é@@%’? 153. ;ggy %)LJT Conparative
Exanpl e Imp&ovphrati ve Exanple 2 and Exanple 1 with a carbonic acid

gas-m xed net hane&(g | ar ratio of nethane to carbonic acid gas,

net hane BRI&THEH ﬁi?ﬁg?gfsg%c’ﬁﬂﬁbﬂf?&ww@& , is 20:1); Fig. 4 shows
o ] e TS RN RS Sy B RDE A
carboni ¢ ,a¢dicthHaseHt NN FRI TGP AT RRamRIAT, Kﬁ&ﬂﬁhzﬁﬁiv@%%ﬁglé 9 carbonic
acid gas, nethane : carbonic acid gas (carbon dioxide), is 20:1); and
Fig. 5 shoddiwmmphelmtilc adiaagomimasid gasindsddbedthadeopas the melactritin
apparatus, Ue el 1o et 209,28 LR 0Y 395360050 Aceh A iPal udde
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 carbonmie 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 | NVENTI ON [ 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
carbon di oxi de besides the | ower hydrocarbon. [0018] A support for

suppor ti pgedene ifeé@liogonponent contains a porous netallosilicate having

m cropores that are substanti al 0 6.5 angstrons in dianeter.

ly 4.5 t0 6
Det ai | ed MRPIERREXE WE@&N%@H'B&HEH%NW@QNI osilicate used are

descri bed.in,Patent .Publication. 1 (Japanese ,Patent | i gation Publication
2004- 91831(31?7] E#E}lgéltailoff@ﬁQg’ﬁ’tt}%ﬂélaﬂgggﬁ%y&lﬁl@?al?ﬁfﬁ%ﬁmﬁgng(gotaﬁle nol ybdenum
conponent, p, JhemBRE 8F Lieshl b%gft S Sn 36080 {:0n @As A RITE TR QB AU UE bk ¢SO Ut i on
prepared wth amoni um nol ybdate. Thus, the netallosilicate is inpregnated
Wi t h t heoneltyjderigatedoiponsnlybdemdt hew its compsubjlect Bthamadnyanig and
baking. Wth this, the nol ybdenum ¢conponent is supported, on the .

met al | osPPparads ppopo}dueed, Has § wrﬁpéamﬁ@mn%agﬁw BYArReasPIDE | i cat e

is subjected to.tenpgratuyre.risin Oy etenn ned tenperature under
an at rrlosb%aecgéé &lhéggﬁg?é]d&]é)ﬁ Logésr%?#%%ioanc}%@r%’tgg@rgn'and igpmai nt ai ned for
a predet ﬁlﬁmgje%%h?ﬁ@rﬂfﬁ?@ﬁ?g@ﬁ%@tﬂ@éiﬂ&aﬁcd‘xﬁpb@@ﬂ#@iﬂt@méd{@afcﬁwt of the

catalyst. [0021] It is possible to obtain stabi litf/ of the catal yst by
subj ect i ngetaHesitiantd hsvingfmafroperasibat arbenbstagitolit £ Sdorfehnngetiams

oo i e LR e SRR R B Db TR AR
stabilitie i AT i ABNZEF it napht hal ene
e ah e P O e A L o oyl ey

[ 0022] TBuptiodtice 200dnEtdod) cwhpduizds corayv argantdl daclgaisueont ai ni ng a | ower

hydr ocar [)on nd carbon dioxide is reacted with t I_Qwe_r-,h%gr oaar bon
ar omat i zIHY Hatds ethe medvhdasune M RORE T ISoM el B et g Badan dea s set,

impregnation aqueous solution prepared with ammonium molybdate. Thus,
the metallosilicate is impregnated with the molybdenum component, and
then it 1s subjected to drying and baking. With this, the molybdenum
component is 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 1s maintained for a
predetermined time, thereby conducting a carbonization treatment of the
catalyst.

[0021] 1t 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, Ax, 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 1s reacted with the lower-hydrocarbon

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

s |



for exanple, in a range of 0.5-6%relative to the total of the reaction
gas. [0023] Based on the foll ow ng conparative exanpl es 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
cat al yst) In the catal yst of Conparative Exanple 1, ammoni umtype
ZSM 5 ( Sit§2¢ AR R+ 12 a-rédewdS) Brsetlréativbaoreabtdsiftheatactiamdakt is one
havi ng é{}/ﬁbﬁenum supported on this. [00251 (1) Conbi nation

Conbi nat i f Bamdgamike fohponemompzsiies ¢eanplegginghexampld, d4he(12. 5

wei ght% , and, gl ass fibers wei ght 99 . Totgl. Conbi nation: the

i nor gani J:O%%Bg‘f]l‘é)ﬁ%b‘{ni%?@n Eelpii %Qaf%ﬁigéﬁ}lg Pﬁ?%‘ﬂ%rm(’i%@%i ght%, and
wat er (nggla\m&ght% (2) Mol ding The inorgani c conmponents, organic
bi nder, and water were conbined at the conbination ratio, followed by

m xi ng afehdd]eadlongp oy tivekBeastiphg theans (kneader). Then, this mixture was
nol ded intg a_rod shape (diameter 2.4mm x | ength S%b a Yacuum ext ruder.
The ext r dsPopdprteasel ©wWesdy dnrahes) aiomy hadssatalyst Bt%’lﬁﬂ&.lo["’@@@ﬁl I'n
general , e catalyst s rt used for reform ng hydrocarbons is used as a
flow bedaic?g %lﬁ}éet% %%F?‘nté&%gfti cles having a particle dianeter of from

several i crongt eRs ol QuSaVET @bmPHP €4 E xRS Ie ME e Sion] Wintiige MIMLLt i On
met hod of the catal yst support of this case, a support nmaterial of the

cat al yst ($i©avbeOd =wk 5 170 myanise dointder meitndoghnite, bnddeis ¢nobasing clay is
used), and er to make slurry form followed by granul ati on nol di ng
(there i?%%&ﬂ%nﬂ%@@?‘é}ﬁ“&nd then baking. In this case, due to no

o aseur S Tha o TBI" Lo Jbour 40-60ut o6 Herel . moiding of the
catal yst is coGdudtiadtiby of ihdghnit essporems dSHM USRIy waiglattymagxt r uder .
Wih thi ?1’2.5 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 5Smm) 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%. IHerein, molding of the catalyst is

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



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
containing nold after the molding step was added to inpregnate the nold

with the jppl yodemurg,cRARENEAL a8 oﬂatdctta%taté%ﬁ%eaatomtm foL!1 owi ng

drying and baklng steps. In the preparation of the inpregnation agueous

sol ut i on,baikheg aspigtdniofo hd2phdehuTha cbees itppqraserhlovas imetowt titam % rel ati ve
to the total anpbunt of the catalyst after the baking. [00281 (4) Drying &
Baki ng catalyshac@eitdr yi ng step, a drying was conducted at 70C for about 12

hours in renove read t he nol ding step, and then a drying
was condJ@pggr @8&&§¥%?“1 3ﬂggﬂﬁ%ﬁﬁuﬁé baki ng step, a baking was

conducted at 530 §8kegndtodH §qhébd§1®l@chbn Hagakakbpan Qopaiat ure in the
baki ng step was set in a range of CF‘,j due to | owering of strength of

t he suppon@lmbﬂam wias dtowed. t’Hi‘amhéﬁﬂﬁlwwtubxeatlpedawmlutugnoindmdpmt| es

(activity). %g hlghgggﬂhan 800C. The he tenperature increase and

the rate ’frltfb‘%ﬁ% tigred EXR AR N Bk §* Elt‘jef}l M Slep s

OD 100G Dottt BB 8so LI BARG 1 RE SYAPhAALSEAIRRRROUTIGATBUS! | On Of
bin I'n

t he organic din erature keeping for about 2

to 6 hourwgad m@e&@m@r@b%ﬁow@ﬁ@&ﬁhgm EQEKﬁg\/\a@pg.onﬂuctt@gm}ta/mtowes to
renove the binder. It is because an instantaneous conbustion of the binder
occurs t@ |tb9temp§eg@wg@1h aghiepwesakion, boepmandadanelyhtennm jabe of
tenperature increase _ . fate.of t ra ure d cr ater than
e’ above PRPESLTRE RT S REBUGRIE 10 AP RUA! Hiket ol TBR S B Ralh AL “hot

t aken. [Qgg%]ak(lgag Car boni zati on Treat nent A reactl on tube (inner

di anet er rrr% made by an I nconel 8001-1, gas-contact portion calorizing

t r eat mentlO ﬂﬂﬁédubgd&ﬁk@mngype reaction apparatus 1 shown in Fig. 5

h d he, baked body. Th th bk bjiected t
}tNgrsrpgr:tg(rae \rN: imb fﬁtw?r}geszt@@?:a@wwgf@aﬁ§0§%§t@ At Oo%@ f%)v? Pbaﬂt égiﬂ g\rmf man)
of a m xed 988, 0f » %@%Mg&%ﬁ;h@%@ Jrﬂgll#staﬁygﬁﬁg P%O%vaa%ﬁ) Thi's

condition was naln a| ne urs. e car Onl Za

nol ybdenuoniiactedefieseHd forfionn R0 o the®akidhistey, & hadagsead toridiicted
inefficient by a considerable |oweri ng of the rate of carbonjzation of
mol ybden@h350°Crfor § hawesrinttharmisodthe aakingcape afuroket iy bekwigtder on

reaction Iass S?ectcl%l ae{"z?rtlge(,dof tt)5(5 t80b§C hétg rlotvpeat?ng?() scilength of the support if

1t is 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 {o 6 hours in a
temperature range of 260-500°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
(methane (rmol) : carbon dioxide (nmol) = 20:1) to the reaction tube shown in
Fig. 5. [00311 (Conparative Exanple 2) The catal yst of Conparative
Exanple 2 is the sanme as that of Conparative Exanple 1 in terns of

conbi nat ixppagnathPl edueh onFiEetheds cexaept wiihet Heelgplardabattye riisdmgheondi tion
toward the catalytic reaction tenperature. That is, the catalyst was
pr oduced akedhedyawes aabiestedaty 2 hempenditnatisngandik HObrlbgddidien st eps of

Conpar ati ve, Exappl e,1. The e. heaction tube cha therewi t h,

f ol | owed lwi%i?eﬂg‘g(ra(&??ﬁ 7 m)ﬁ]t“{}?’égt 11X g?%@ﬁ@%%@ﬁif‘&?@@fﬁsi ng until
800C by I N i upphyi - - [ N 1)

car bon ds(gi(({ndeﬂ%’@r#gjlg)%:(@éfll)ol Jtl)c/) t elgrcgg%%t:i(gﬁ%agggégﬁ%b%% EHXTE%%{LE )

The cat alisteinf tHexanpbaizhtion éfhaoBddenas ihptelofatCo fpan &00vie BGtpl e 1 in

terms of conbination and production nethod, except the tenperature rising
condi t i ot hisuabeacaure i&as ansflicent daca roreideraie doweang phahe pate ehe cat al yst

was produced by t.he sa thod as, the conbi natiqn and.the production steps
o Conpar S PR Sy IS i B AP e CndB Ry €,
fol | oved By {he (fRF ReptzatikoRcdippaLAER; ANAhbEtha, FeoRerature rising until
800C by 15 mnutes while supplying Ar gas, "a non-oxidizing gas, to this
reaction [00Bel @0OBIp&atEvaRidhE aowald Cattalytat ReafticoipapatamaeExanpl es

and Exanpl e Eval uation nethod of the catal ysts of Conparative
Exanpl es and EXdi e qugeswatwedreaiiaephrbdhabaiehbedn ot lseRaaberf zat i on

treatnment ..o be put jnto,the.reacki,on tube shown .kn Fig. .5 in 4.2g
(zeol 1 T o rhaRedTettndBtey bt ERRet ] R R I e iR N el n Tab e
1, the cababiish gha$meREEE NV Ralheh ARASEE GRoDas 20nNdes tEOREAdtisns of a

reaction sgace velocity = 10000ml/g - MFI/h (CH4 gas flow base), a reaction
t enper at dnee sho8®0@, Frg. Beaction tinme of 15 hours, a reaction pressure of

ratt o of Rt Rant e tifofRenatr @ gas. nothane - carbontc acid gas (carbon
gipg)a(lir SSLS ‘1"?5 20/6102t88,5 oF €811 AR t8RSEFLmbNE2 fid 18 Rad o QWi lype reaction

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 a CH4 reaction gas (methane (mol) : carbon dioxide (mol) = 20:1) to

the reaction tube.

[0032] (Example 1)

The catalyst of Wxample 1 1s 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,



100341 [Table 1] Reaction Condition Catal yst Charge Anount 4.2g Zeolite
Per cent age 82.50% Supply Gas 100 Met hane (Cl14) + 5 Carbonic Acid Gas (COO

Reacti on 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 (CHy 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¢g
Zeolite Percentage 82.50%
Supply Gas 100 Methane (CH4) + 5 Carbonic Acid Gas (CO2)
Reaction SV 10000ml/g — MFUh (CH4 gas flow base)
Reaction Temperature 800°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 yield, naphthalene yield and
BTX vield were examined over time, The product analysis was conducted
by wsing TCD-GC and FIL-GC.

[0036] Methane conversion, benzene yield, naphthalene yield and BTX
yvield 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)}x100

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



10000ntl/g - MFT/h (dii gas flow base) Reaction Tenperature 800C Reaction
Time 15 Hours Reaction Pressure 0.3MPa 100351 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 Ten-GC and FliD-C a 100361 Met hane
conversion, benzene yield, naphthalene yield and Bn yield are defined as
fol | ows. methane used for the methane reforming reaction)]x100

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

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

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

conversion 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 a temperature rising under conditions of

Comparative Example 1 and Comparative Example 2.

[0037]

Fig. 2 shows a change over time of benzene 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. 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 Fxample 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 is 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
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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 reacti onAx100 Napht hal ene
Yield (%9 = [(the anount of naphthal ene produced)/(the anmount of nethane
used for the nethane reform ng reaction)]x100 BTX Yield (%9 = [(the anmounts

of benzeng, $RhULRABLANG i Y IRNGBHARULEH )kt BrclPethaed Bt haBnes biead for
t he met hane reform ng reaction)lx100 Fig. 1 shows a change over tinme

of net hafeorndiiged sitan undeestoed tthat siedchtscaveal ste of BTSmpealdatsiivepBxadpl e 1,
Conpar ative anpl e 2 and Exanpl e.1 has. bﬁen relac.t ed wi.th the carbonic acid
gas- mi xe SrrerRan ngasterpgeralugs Biging PoRil Epg catalybic rraction SEPEEY What
stability over.tine, of : \Y; j .Sl W G a

t enper at ﬁlrnedéll itlsjle ﬁan%ﬁ%%ng{ ﬂg&@g gﬁyg |g 261?1@53%%{1 lg){lmé g}r{rfg)g?gét/sur e gllr(l{g‘yflﬂg he

condi ti oRepfpeEXamR!8sihes dNh desFpANRb M dNCERBacRs es FRhingdadughing a
tenperature rising under conditions of Conparative Exanple 1 and

Conpar at iCGwenpxaatpteeEand027] Fig. 2 shows a change over tine of benzene

yield in t hat each.catal yst of Conpar.ati.ve, Exanpl e 1, .Conparat.ive
TN W R A R N o 5
met hane gas.cAsytie rP%&%nﬁgPéﬂeﬁ:‘t&i ;2 thé hhbse HAdaLSt oadiyihust aiiidy over
time of benzene'yie I's i nmproved by conducting a tenpéerature rising until
t he cat alpgbilgeddelre thopattempei@dn teatndert 1k hensidacid tobe eh detamphetd, as
conpared with the cases of conducting tenperature risi ggs undei condi tions

of Conparcd disegranplien 1o sHenasvFarmRq W sBampyaregen. od3gixemgle 3. shows a

change over i of napht.hal.ene, yi dn c GoL:al.yst;

Compar at 108 et IR A thS ks ESRRIPLATER TR | cactea
wi th the teaReRi G eaG b rdfsoiox el z iRt fangtgesHheds. | Wicheh(s, it @pdskible 3, it
is understood that stability over tinme of naphthal ene yield is inproved by
conduct i rig staltlgnpeanin the ceidigionmfimolyhdevamatsubiide r eiberadpra, enper at ur e
under the condition of@flgpl e 1, asscompared with the cases of conducting
t enper at GCEVIYSHTHNG AR BRI OXEd0f  Conparati ve Exanple 1 and

icg”ggg at it[ggzt;ﬁéac li%léefoé:ih[ep%%%}i, HiclrbdhnighRns ghs o 08948 allh¥R QfIBTX yiel d
yst of Conparative anple 1, Conparative Exanple 2
and Exanplpenltemperature rising in Comparative Examples 1 and 2. At 700°C or
higher, molybdenum carbide is easily oxidized by carbon dioxide, which 1s an
oxidizing gas, thereby turning into molybdenum oxide. That 1s, in
Comparative Examples 1 and 2, the active species decreases upon
temperature rising, and therefore the active lifetime stability 1s lowered.
Furthermore, the active lifetime stability is 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 Conparative Exanple 2. [0040] The condition of nol ybdenum carbide in

t he cat al Lt.10f oat ghytyvc L i .in the
above oS s AR e B e B b b Dt LR RBRE R, | Cat mont

i s consi deckdstienkenanandciolvengret al of a direct reaction to aromatic
corrpoundi and] hydrogen. I n Exanple 1, the catalyst is subjected to a

t enper at UP43)i shnghainbeve meatioaesd) snamerkee oM Gristuseparsat uredallpadicate

non- oxi di zi ng. gas_atmpsphere. Wth this, ., it .is ssibl e t abl y.,mai ntain
the_ cond it SRS rldhaRHGRR et 5 cher Ot ol O Trfy RoRLEP R i 1 1y
i's inproygdye bQQhble Nalilieved Beén MERG ML & DOFIE L] ack gr1Bapmdk & adhedas is
allowed to fl ow upon tenperature rising in Conparative Exanples 1 and 2. At
700C or migiadéspppottyddenuetddodlideciis readichyedxo dadgtdayumariodn di oxi de,
which is aqygéi di zi ng gas, , thereby tAuLgi ng into nol ybdepnum oxi de. That is,
in Conparatlyyeemuanisiasoundid gl @ prdagéppia Speevastigas T¥pron

t enper at LSl her ef , i:veylifiet i me, bi l LtV i ower ed.
Fart her mir sy b BiPHor BIIRRRLE, MG chRBaBEG sHpk ALBE ERBHAD ol bt o1 e
Exanpl e 2f mdiyBdésubecqpsetddne qers odaoivetto me abtdllonmo it dfidecatiigai c acid
gas-m xed gas was long to increase the period of tinme of contact between

the oxi diafierdadang.dng ameffeet simisar toothalt|adwhe idoss iedaninde s aelkicioh ibf

nmol ybden car bi de .as _an_acti.ve species .t0.praceed. (00421 As nti oned
Above. adBb At LY SREOpRasan n Fridase s L RS FaAEYeR) aPs o

ar omat i Zing, 6ot &l thelcaPigRAred by supporting nol ybdenum on netallosilicate
and then conducting a carbonization treatnment of nolybdenum a tenperature
ri sing ub®044lt hBuceahypre cinrdecthor - nempenat wxe mpyidethesinventioxiidi zi ng gas
at nosphere makea.it ossible to im%rove stabjlity over tinme of nethane
conver si 6AMAREe dni%%rré%o eHRes 1p9m8 e Ry W%Fl@ﬁeﬁwﬂﬁ"@tamp&ﬁa‘uwel d of
BTX, whi : f en l,yuene. [00431 In the
above- rre%{%ilgélz%wég%h%p? g, g@ﬁ E&iﬁg%&g%ﬁg%ggﬂﬁe&ta ?@gl"%?égtg e on which a

met al compdneiinens isupptintied] tdtiisan Aefifrbir gfovtiancheveBadvenf iftshe above
exanple is achieved even if MCM 22 is appl.ied. Furthernore, the netal
suppor t e@3 By seteaepatr el arepare drivt PTavaeedy copdrplips deitahPaatws) ybdenum
conpound nd a nmetal known .i.n. t |, i A be supported

t her eon. gpﬁlﬁt éorrr?tui?%t, T Tthe 1538\%@%@%%%&LP%EEQ%%SP% ol ybdenum
suppor t edailsorBvh ok eFcaltined ttio stbfctat &l 2 asBREatiretii@ngdtahygbnaf t er

baki ng, but an effect simlar to that of the above exanple is achieved if
t he anoutemppraivppde thageadidmiempaygeref 2-12 w%rel ative to the total

t | t. .[00441 Furth -] th b - At i d | e,
T volad i SRR i e 2ad ELPTERTNS mibRebl e R TR o Eont et o

to the tempgratdbeid SANS AW diddIgr1§aldllll CURACIRCEREREr at ur e.
However, the errbogii:}{rrée%%g]i S n\(/)\?FhI |1 r1ﬁ tleg to this. I%ﬁlsi m Ilegr1 g?f?ect is

achi evedtemypenadivfre aigag alydtthiesaselyaicateakfiopteparedt iy, pravfioestoy
conducting a carboni zation, and the present invention is conducted when the
cat al yst ¢ e}t BRdeamiBahtLal Fiow Wff@d'ﬁ@ﬁ*’t 0y %‘Bﬁfﬂj‘i@é’tﬁeﬁ 6 a tenperature
rising fhgmor}ggmﬁ?gggr ature to the reaction tenperature. [00451 The

non- oxi di zi ng gas preferably nitrogen, argon or helium Flow rate of the
gas i s nfpo4er tHewdiar iy thd svdladtiodpanticandlidic v demeleatounedatsi ng unti |

the catalytic reaction tenperature, it suffices to conduct the tenperature
ri si ng whttmaticlcommprrsishitistraaien withtheeatsiprogasiny vhgctyagnolar ratio

of methane to carbonic acid gas, methane * carbonic acid gas (carbon dioxide),

ig 2011, 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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[ 00461 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 tofjgdingg the reaction gas. CLAIMS 1. In
a method for producing an aromatic conpound by a catalytic reaction using a
| ower hydrocarbon as a raM/nateriaI t he met hod for producing an

aromatic o ound wer dr ocar hon as mat er.i al
char act er Fzed? rnet dn%l ptlFI HCIREEHt arqragt 18§8W30aniﬂ§’ %5?&1@‘6?&%%@% onis

subj ect edugﬁl&aaL §1Hdnséé1g lﬁwfnlat@ugpt alytic reaction tenperature
sphere o [

under an at & non. o zing gas éxcept hydrocarbon gas and

that a gas contgiemmeghed fowabdhythipogiabbomnaks d@nqughid ugihg chntact with the
catal yst to_produce an aromatic conpound. 2. A nethod for producing an
aromat i ¢ BEAYSEHRONEE B ARV Frbi/%@%l&h?amﬁ'c%h%@ﬁt%éé%l lrnaw material according to

claim1l1, which thathgg t&'fyrﬁgrli% IP&ﬁetcgg%la%lQewg N59%1 Jiw%dgt%s is a reducing

gas or i nert gas |ng arona cofpound accor di ng

to claim lompbia0ré sisthRtAEH @Jda%ﬁl}ticnleﬁa@ﬁbnttbﬁlﬁé@hﬁiﬂésindei #n cat al yst
prepared by supporting nolybdenumor a nol ybdenum conpound on a

met al | osi htxassheamd!hem-osrdueig gap excent bydirwarbon ges eadnent .

that a gas containing a lower hydrocarbon is brought into contact

with the catalyst to produce an aromatic compound.

2. A method for producing an aromaftic compound using a lower
hydrocarbon as a raw material according to claim 1, which 1is characterized

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

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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