DESCRI PTI ON TI TLE OF THE | NVENTI ON:  METHOD FOR PRODUCI NG ARQVATI C
HYDROCARBON TECHNI CAL FI ELD [0001] The present invention relates to a

hi gh- degree use of natural gas, biogas and nethane hydrate, in which

met hane is a main conponent. In particular, it relates to a catalytic

chem cal conversion technique forzﬁébhﬁ'entl produci ng aromati ¢ conpounds,
in which benzene and naphthalene%? PARTAON r aw material's of cheni cal
products such as plastics, are nain conponents, and a high-purity hydrogen
gas, from net hane. BACKGROUND TECHNI QUE [ 0002] Natural gas, biogas, and

net hane HYIFGE ©EITHEGNVENTION { METHSID FOR CRUPDTROBIGYAREMATES as

gl obal warm ng neasures, and an interest in its use technique Is

i ncreasi na. Rax@BP our ce maki ng use of its clean property attracts an
attention as the next generation new organi c resource and as a hydrogen
resource for fuel cells. [0003] As a process for producing hydrogen and
aromat i ¢ TROPANICAL BUEhpas benzene, from net hane, one is known in which
met hane is reacted in the presence of a catal yst, such as Non-patent

Publ i cat i[6A01] Khetpreseat aiveationpeiatdsite,a hiplhybe@reraURAtues] 84, ZSM 5 is
said to he effec&i ve. [0004] However, even in the case of using these
cat al yst L08R é?%ﬂ‘é'rn@ te.HatWhishpesthane wpa saiacdompirenge dnount and

t hat j j . ti I . d iti i
pr obl om trpienlerge FTERANS o Sacaie BB cBHY Blnie BietBaibina, of the
cat al yst .offi6ieQbly grodoeciar atomsat ¥empbands PiroRhesEbehsbdAl£Qt Publication 1,

a m xed gas prepared by adding CQ2 or COto nethane is used in the
cat al yt i dapdibalanesuidech arcravainyatesiale af chonited preduttsrsmchfas3flagitg 800C.

carbon,  (PERR CIRRPoyaPeA Bl PBRDY Brarefap sroRuBe et | co.
BACKGROUND TECHNIQUE
[0002] Natural gas, biogas, and methane hydrate are regarded as the most
effective energy resources as global warming measures, and an interest in its
use technique is increasing. Methane resource making use of its clean
property attracts an attention as the next generation new organic resource
and as a hydrogen resource for fuel cells.
[0003] 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, such as Non-patent Publication 1. As the catalyst
upon this, molybdenum supported on ZSM-5 is said to be effective.
[0004] However, even in the case of using these catalysts, there are
problems that carbon is deposited in large amount and that conversion of
methane is low. In particular, carbon deposition is a problem that is
directly connected with deterioration phenomena of the catalyst.
[0005] In order to solve these problems, in Patent Publication 1, a mixed
gas prepared by adding COz or CO to methane is used in the catalytic
reaction under a catalytic reaction temperature of 300°C to 800°C. The
addition of COz or CO makes it possible to suppress deposition of carbon,

prevent catalyst deterioration, and stably produce aromatics.



[ 0006] Furthernore, in Patent Publications 2 and 3, the aromatic production
reaction and the reaction for regenerating a catalyst used inits
production reaction are alternately switched to suppress the deterioration
over time of the catalyst and to maintain the catalytic reaction. That is,
a | ower négbggar bon as the reaction raw material. and a hydrogen-cont ai ni ng

gas (or el ugthormare, mbatenthnl welieattpney andrhtthagromaticat al yst are
swi tched penrniodicallv.to be.in_contact. wiwth the.catal ysi. PRI OR ART

PoBL1 ca iR B e hide? o B P RRESRS A0 S s ok g bt st e R R e o
Pat ent  Agitolaatibe Pestidd 6 hﬁerﬁétegﬁ%%hs’atté @hpfs’k@,si 3R dABridratigpanese
Pat ent Application Publication 2003-026613 Patent Publication 3: Japanese

Pat ent Ampkr ¢anhe of e bitadpsti amd ROABHAGEAAMe A HAFENTCHUBL] TAEL GYS [ 0008]
Non- pat ent Pu%lyi catipn 1: JOURNAL OF CATALYSIS, 1997, Volume 165, p.
150. 161 SUNRARYIESCaFPEn pRBRTFEERIACK T TOABE SAVER HArpBEn (CRYENTI TN [ 0009]

O the t | | C ti ' 1ol 1S extrenely
mport antr o L oY HEER 4 R K < B kG i i

I s exenplswhit@tbd perNadicpldy eabe Rkbheaitiwithkheicatglder to produce aromatic
hydr ocar bons, _etc. stagaé for along tine in a reaction system of

parti cul FRIOB ARE EUBLICATIONS
PATENT PUBLICATIONS

[0007] Patent Publication 1: Japanese Patent Application Publicétion
11-060514

Patent Publication 2: Japanese Patent Application Publication 2003-026613
Patent Publication 3: Japanese Patent Application Publication 2008-266244
NON-PATENT PUBLICATIONS

[0008] Non-patent Publication 1: JOURNAL OF CATALYSIS, 1997, Volume
165, p. 150-161

SUMMARY OF THE INVENTION

TASK TO BE SOLVED BY THE INVENTION

[0009] Of the task mentioned in the above conventional techniques, it is
extremely important to solve the catalyst deterioration by carbon deposition,
which is exemplified in Non-patent Publication 1, in order to produce
aromatic hydrocarbons, etc. stably for a long time in a reaction system of
particularly a fixed bed mode.

[0010] In Patent Publication 1, the catalyst life is greatly improved by
adding COz or CO, but the initial yvield from the start of the reaction until
obtaining the maximum benzene yield is greatly lowered. Therefore, it has
been difficult to be applied to a process that is wished to achieve a high yield
within a short périod of time of 2 to 3 hours.

[0011] Furthermore, the methods described in Patent Publications 2 and 3
make 1t possible to use thé catalyst for a long time of a unit of several days,

since a regeneration is conducted before the catalyst deteriorates perfectly.



[0010] In Patent Publication 1, the catalyst life is greatly inproved by
adding CO2 or CO, but the initial yield fromthe start of the reaction
until obtaining the nmaxi mum benzene yield is greatly |owered. Therefore, it
has been difficult to be applied to a process that is wished to achieve a

high yield within a short_period of tinme of. 2 to 3 _hours. [0011]
Fur t her mdtethe methedsdrpsribed dn; Radgnt Fubliceponsdand at fefericrasion o thake it

ible t -t he. ong..Li: f it of |. days,
e a rESaliafid MEIARL" A Lt Bhe Rl a8 a il ol e 1Bt natii Fittion™ ©
perfect| Vare repeihtd deLNGER sfasedlhbiodly hddtrModRIREmeat i ons 2 and 3,

deterioration of the catalyst is striking, and the catalytic reaction and
t he regerlePag]l ofn Pedent Bnblicatior Be the dalytic cyadtiomand thelragéneaayionhor t

period of tinme. [0012] .In Patent Publication 2, the catalytijc reaction and
Phe. 1 egerfEreinaT? SHAIohE SYPE S rHBiRBYAS: y FrtResoms SARASSCHBPLRR! Mo o
It is de%ﬂdﬂeh@@db@ic&ﬁgﬁ@ t}f’&tbwlfé?ltﬂ}{%%%gfi%tﬁ WHER %ﬂ%ﬁeﬁ%%gbﬂgeﬁ LMe s 5
m nutes or longer, a difficufltly renovable coke Ts ‘deposited, and that,
since it difficudtlypessivabte takesisfddpoistatl] ¥nd ebat, nihdreitdamal Yok§ibactd vity even
by conducting a regeneration in case that a difficultly renovabl e coke has
been accuaiiigently negain theeatedytic aetividy eyae hyccopdustimgrauregeneratiporiner .

[0013] T i n Sj on, reaction j ont i nuously
conduct eg,%? %ﬁ%%%ﬁeﬁ@[é%é{s&wﬁ@%ag%ogoﬁ{ee chéel‘r}bﬁc?@gicaiﬁﬁuﬂéet U ng t he
reacti onti@Bds msdd &@hpy almiffaeses shopessi bl e. The producti on nmechani sm of
the deposited carbon is not yet perfectly clear, it is considered to be

produced [8913] pThabid, twhest amaehtansconyensinhawsctidinencorsiimeeusly i s di fficul t
to renove this deposited carhon after the reaction f a,long time, it is
necessar 9?01515“ Vﬁ%t SPHE C@ﬁ?%ﬁg‘ﬁ‘%ﬂ”@%@ icaﬁ’g%be permpiated dyrmgthesact i on on
a cycle Qfaé Ad Refk i phbi ibld bﬂ&f factor of
| oweri ng o? é%g’?{gy £e)ﬂfgfi %Bg%cgb%%ﬁgimi@géé%lhieé cata gtl (}l c?fg)\gﬁﬁ?g%mglﬁ t he

r egener atof ¢he depotitehcarboa isyniteyedfpeafeehlyrdepeiit mhonkiddred to[@015] In the

case of repeati the catalytic reactiqn and the_regeneration reaction on a
cycle of Paogﬂﬁ gqaérrﬁaaa {3 éyé eactippapecharugmsy | dheangncraf Hafdiffigalsde when

switchin 1% o i . i rticylarly a
| ar ge- schgbsgg@ti? %‘lﬁ.‘g?éﬁ%éf; éﬁrﬁgﬁgﬁe{r‘u@%c%%ﬁlgﬁ]af%é.197?%8%%%’ ]&E% t her nore,
since a neichaneyabemtdlzeid etalyddetd ionSand Ll deddirirationeastibedn 4 he

catal yst tenperature is |lowered by the endothermc reaction at the initial
stage of cvple of@ashorsmermpheridimee, " in case that the reaction is in a short

TG M S o T R R
react i on shAtACthe/gdtatytivd fdhciohl HBEhd e@€dre@Ation reaction on a cycle of a
short period of time.
[0015] In the case of repeating the catalytic reaction and the regeneration
reaction on a cycle of a short period of time, there occur time and thermal
losses when switching the gas. Ifit is a reaction system having particularly
a large-scale reaction tube, the influence is large.
[0016] Furthermore, since a methane aromatization reaction is an
endothermic reaction, the catalyst temperature is lowered by the
endothermic reaction at the initial stage of the reaction. Therefore, in case
that the reaction is 1n a short period of time, it is necessary to conduct a
heating for an increase until the reaction temperature in the regeneration

step. Since the aromatization reaction is activated with a higher reaction



tenperature, the tenperature decrease at the initial stage is abrupt, and
it is susceptible to the influence of the catal yst tenperature | owering by
this endotherm c reaction. [0017] Since the maximumyield is greatly
| owered at the initial reaction by the above-nentioned reason in the
aronmati ¢ hydrocar bon, producti on t hod described in Patent Publication 1,
it is notteBRerabiee. £ t@PQ@%@@:XP%E§@3é9éﬁ tghe ingtialstagpiis abrypt, @Rd thr onat i ¢

hydr ocar i e i.b { M i .Therefore,
I Cage tRapRGARL L BT T I S ol (Rt bR b P
pr oduced dndevhemhlvaactynusi ng a | ower hydrocarbon aromati zati on catal yst,
there is a strong denmand for maintaining a high yield and making the

reacti on [OPkEl aSmasrtdeasapunumbyield jpEstiyvdoserdi aglthe inttialgeactiabpect of

h i ' highly. ngintain the yield of ic h b
and ake PRATDYERGETEn FLAEn T e r o B dSissbh areiion mathed for |

- producin ; i b (W= VA
hydrocar BeapeRIRT ApOY PLBREARER 1ot B 0 RUHIE Bt B8 Gre Rre 215k

hydr ocar heappilieddotthe mromtahmohydrotib g psehictionvienthahdéaritadhinevi ng t he

above object i aracterized by that, in_a nmethod for producing an
aronmat i CW@FBE;@&’ Atigy z-eg@%ﬁlie eqll} 6354 thit agt appmatio spEIDeuRd. Bvrelat i c

hyd i,0Q.; [ : b ith
yadr ocar %t%%aég%eaii nﬁ%ﬁh‘ugﬂ'lgﬂﬁ%%e?%%éédcﬁ‘gﬁlgﬁlteltﬁg?%Ly%shﬂéﬁgpgrégr ocarbon W t

a cataly tegenerati o to regener heC used in the

react i on lgtdepecarbdntdient gagiticicstiadpst, €ladiedn aditeshsldefiar@@foRon nonoxide is
added to the | ower hydrocarbon, and the reaction tenperature is nmade to be

hi gher t Fapirdegeng2obizl] viakd and reakialg/ihe rdactips thossisoogtas wissle.

met al | osighhcat e supper t.i ng .t her eon bdenum_  a netall osi.licate supporting
t her eon r{'h#@%deﬁﬁ?‘ﬁ'@%g% ?’agn(%’i'%(’t@t IRSEPTH Y nilﬁﬁp@ﬁ?lgh t her eon

ol ybdenym andimBeneRl Al oY at S824E HydrbhaboRaatd BAISHER cdtiR tERAGLEBA Step

may be switched to the regeneration step, based on variation of the
cat al yst timaperlangms.poSenbid on aomethddnfor ieodseintg aam astreptictharoeabbnon st ep

may be switched.to the regepneratio tep,, based on yield of benzene
produced naPﬁt@l}"é‘éﬁ??%wl’g?g?).Ow‘f’bgfééljoc?’h“}é% Wllﬂ" 3% Y¥es that the anount of
addi ti on#\qﬁm_mm@ﬂq@ PEEPTAGEH bon nonoxide is 0.01%to 30% per

vol une of the [ower hydrocarbon. ADVANTAGEQUS EFFECT OF THE | NVENTI ON

[0019] An aromatic hydrocarbon production method of the present
invention for achieving the above object 1s characterized by that, in a method
for producing an aromatic hydrocarbon by repeating a reaction step to obtain
an aromatic hydrocarbon by conducting a catalytic reaction of a lower
hydrocarbon with a catalyst and a regeneration step to regenerate the
catalyst used in the reaction step, in the reaction step, carbon dioxide or
carbon monoxide is added to the lower hydrocarbon, and the reaction
temperature is made to be higher than 800°C.

[0020] As the catalyst, it is possible to cite a metallosilicate supporting
thereon molybdenum, a metallosilicate supporting thereon molybdenum and
zinc, and a metallosilicate supporting thereon molybdenum and magnesium.
[0021] In the reaction step, the reaction step may be switched to the
regeneration step, based on variation of the catalyst temperature.
Furthermore, in the reaction step, the reaction step may be switched to the

regeneration step, based on yield of benzene produced in the reaction step.



[ 0023] According to the above invention, when producing an aromatic

hydr ocarbon by a catal ytic reaction of a | ower hydrocarbon with a catalyst,
it is possible to produce an aromatic hydrocarbon stably for a long tine
whi |l e mai ntaining a high aromatic hydrocarbon yield. BRI EF DESCRI PTI ON OF

over 11 mOPazk addi, i dhedd char i BB B Bt RASH AR n R RSt ehg Bt ed
in the presBhEenGhoddgnd N.t@)ﬂﬂ)@ﬁb\@o%%@dvahniéﬂﬁf{héﬁfe}wﬁe@q{;{dre&l%fon?@)- [Fig.

21 It is a graph showi ng benzene yie variations over ‘tinme in case that
cat al yt i AAPYANTAGSQENCEBEECTE O THB INVENTHONMNted in the presence of a

Zni 1VI o- catalyst (wvith the addition of CO2 in 3%. [Fig. 3] It is a

gr aph sh%ﬁgg] bg?i%‘f?@nﬁi @Itée \?&PV%%‘FWl%éFYhW REOGYripg o4& 41ematite catal ytic
reaction t r ' repeated. [Fig. . 4] It is
a graph s}a%c\%gﬁg éln‘;gﬁéﬁgiﬁg%q{/eg%%]?:i)g%slg%égrh lg't%lg ?r%arigﬁnc%lggat@?g%’ romatic

hydr ocar epoasithldysipaghicelay ardiggtic mw@m%ohrsﬂzﬂblgeﬂoh@%n' RithBevipesence of
Zn/ Mo- HZSMb, Mp- HZSMb and My/ Mb- HZSMb cat al ysts. EMBODI MENT FOR CONDUCTI NG

THE | NVENFRON2LBig25] higleapmstahydreebonyiékl. an i nvention related to a
thod f ' ' by reacting a | ower

gdrgcar %ﬁ%ﬁ%§@@é@£@@@wgt iys char :ac'?eri zed by that the

reaction [hogmEr fiFisr @] 1 It [R&erhsh RROWISPBEnE AR, RO gaﬁ'&‘éiohx{ég):ve{’ BEncajal yst

I's regenerated by swtching to a regeneration gas at reg Intervals. In
parti cul amseithat satelipinacemtionasddne bhdwat cdriténamxslneonyieled ihadei npr oved

or st ool el [P AR IS EEREL o, LSmer S, gher g fan B00C [0026) 1 n
Gepost 190110 04 EAURN26 S AR 0% A, oo
that catalytic reactions have been continuously conducted in the presence of
a Zn/Mo-HZSM5 catalyst (with the addition of COs in 3%).
[Fig. 8] Itisa graph showing benzene yield variations over time in case
that the catalytic reaction step and the regeneration step have been
repeated.
[Fig. 4] It is a graph showing benzene yield variations over time in case that
an aromatic hydrocarbon and hydrogen have been produced from methane in
the presence of Zn/Mo-HZSMS5, Mo-HZSM5 and Mg/Mo-HZSMS5 catalysts.
EMBODIMENT FOR CONDUCTING THE INVENTION
[0025] The present invention is an invention related to a method for
producing an aromatic hydrocarbon by reacting a lower hydrocarbon in the
presence of a catalyst. It is characterized by that the reaction temperature
is made to be higher than 800°C and that the catalyst is regenerated by
switching to a regeneration gas at regular intervals. In particular, it is
characterized by that the maximum yield has improved dramatically by
making the reaction temperature higher than 800°C.
[0026] In addition, while suppressing the occurrence of a striking carbon

(coke) deposition by adding carbonic acid gas in an amount that does not

become excessive at the time of the reaction (0.01-30%, preferably 0.1-6%),



the catalytic reaction is conducted by switching to a regeneration gas at
regular intervals. Wth this, the reaction is conducted for a long tine
with no accumul ation of a difficultly renovabl e coke, while maintaining a
hi gh yield. [0027] The reactor used in the met hod for producing an aronatic
hydrocarb he ent [ nv [ IS npl j fi ed by a fixed bed reactor
or flow H: %rtt en 1?6@‘2 tleﬁ%(yh%’v nftozi‘ﬁ argHon gasiate

met al | 0sij, fgﬁ?%remmevsﬂ apgat %ﬁé%hé’?éaﬁ:‘tw%ﬁ@%h&ﬁ&ﬁﬁﬁr%% f@hoS¥AAPL €, 1N
the case o um I’IOSI cate, It 1s possi to cite nol ecnl ar sieve 5A

fauj asi t end Na:\ﬁrﬁnlitmm)@fa d8kictlthyn de voivh 212, colb) wlhiler@ aporatnisgrebésh al s
formed of silica and alumna. Furthernore, it can be exenplified by zeolite
supports,YlﬁH-ch are porous rraterl al s havi ng phosphoric acid as a main

conponent di are _characteri 643 .angstrom ni cropores and
channel s, [Oéﬂi]n Q@GKEB&O& ussd 1 &rheéneéﬁjrc?%épﬁﬂﬁi'ém gta%ﬁhorﬁg Exemplified by
NMESO0- POr QUSIrSERIRANt oF, theH e Be P RinBi ol 1|s'e%@n§ﬂ1f?ed@*'a SRIPBAE R a@Bdopartly
al um na as a conponent and are characterized by cylindrical mcropores

(channel sf)omﬁ)edre*seehwo&topor es (10-1000 angstrons), such as FSM 16 and
besi des the al unj nosi |l IS also SSIb|e to

oy & et lP LIk ginse R en i egtion; pb dhe Shtfdibolicate habtns agatiigstar o) st .

[0029] Fuyy Iy t i.n the
bresent  iheBRpRBrel!thefodit ol Bk oah (o BB oF A AARRRRBPR D 110,
and neso-jpesdde 86 eitwint dlecularrsiangesAf fahrjddife éNgS’tstxﬁiTNaEGuZSMISrmﬁE, in case

that the netallosilicate is, for exanple, alumnosilicate, it is possible
to use ofdGM %R reHck pae parowRs B?fatgl”lﬁiscﬁ’ré%'ﬁﬁlt%frﬁl 1@eaarimhln:aneont ent

(silical n that are generally
avai | abl gﬂ‘mp %Of‘%&éﬁ%g?’g ex%&%llpr e B?ag if2 Supr?a S ?4110 aa}rgﬂﬁ),lﬁ Ha within a
range of rdQtck¥lsiHaveigphotPhSQOEEE a8 ndd ARk gAtdtan®agd i on of a | ower

hydrocarbon of the present invention with a practical |ower hydrocarbon
conver si @haamtealzgélbechawngﬁ i3 aaxgs‘auommlptome@eudctha[mm]suehrasher nor e,

sare) ot AHECH BEBNCP] Ry et ROE. itten o bR ReHEd R mESReiater aa 1o
have a V‘Ps‘u%li%rifsaw}ﬁcl?tzoﬁtrﬁn%@ﬁ@ ¥Sh ABRIPtorhPohdet §H@@%&“ﬂy3ﬂu%uf1§%%ea of

0.001-50 % preferably 0.01-40 % Furthernore, as a supporting on
t he net alcbumdne@ataad &IheﬂmrasteanmEbwcbrhmdmmlamcaropomsdn:hange]sisoﬁonduct ed

on a netallosil.icate s i nat i, on i e nethod from
a catal y%e%%{na?rc’ppé%@@%@%aﬁ%@e}oﬁ?tﬁq@nﬂ%%@q@t %@ﬂﬁﬁ?or gani ¢

sol vent %H%P@ﬁnéf&%@ides%‘ﬂ@ atmﬁhnash%a{d ng;d 5]%8?%‘35&%#% goaducted under an
at nosphere of an Inert gas or oxygen g net OdOIS expl ained in

nor e speanéiakisilicaté forshéd of éﬂrcaeamimltmmaltd aprthgratalyst.supporting of an
anmoni um m)lél dat e .aqueous,  solutjon_is conducted on a netallosilicate

support, [BA&Ck hEusthssmrareditdgplesable fhatn medallgsilisatn usedhinr g vent, and

i L e AT S

oxygen stheaipondktdietwiithin b.tra|n§e RESS1G0 EnbetroiRdU@dhsBhatd, 9aichkeat e
catal yst supporting nol ybdenumas a catalyst netal. [0031] Then, it is

pr ef er ablthat sheiseetapsibidatris, dor exayapkd, yaémmmsahc&ﬁe ithis guseBdato useent i on,
but it is _al.so possible .to use rhen t sten, an cobal o the
oat al yst opeia RRehl i G kS ek SSHan e alBiRnS toak g RRaR 1 « i s
possi bl e {8066 t iRl 'tg%réﬂ§%£’t%rﬁﬂé PhatleR At AN ERb1L NRIjAI acid salts
such as nltrat es, sulfates and phosphat es, Tarboxyl ates such as’ carbonat es,
acet at es }ambv@xaﬂnaregrefemble tbeﬁahesﬂmmmmmmapmtam layiadateenf 10DOMinmM

phosphom)l bdate, 12-series nolyhdic acids. [0032] As the netallosilicate,
it is ger?é ar t qmi*e &mpﬂﬁreﬁtle&e%ﬁewlqry%aéwwbeyiroqambmef e e, the

pr ot on I e cation sel ect d from al kal i
rera s safrean Rl R RRR L e Marpt A r AL el e R 0 ana s
and transeldc@ivitieicdn a-&Ratccosfdura Fe, Co, Ni, Zn, Ru, Pd, Pt, Zr and
Ti. Furthernore, the netallosilicate may contain a swtabl e armunt of Ti,

Zr. H, @&P030b Fwthermaze, inAthe ease. of supporting a catalyst metal (a precursor



[0033] The formof the netallosilicate catal yst supporting a catal yst netal
is not particularly limted. It suffices to use one having an arbitrary
shape such as powdery and granular. Furthernore, it is optional to use
alumna, titania, silica, a clayey conpound, etc. as the support or

bi nder. 0034]. The netal.l gsilicate catal yst supporting.thereon a catalyst
net al nayloﬁ’gaﬂllgg S?H%ﬁ:}igﬁzh? REBSGIH IPE?EE/IBP Sqtallerdicadg.tibis addi ng a
bi nder sughdastsd b 68 I‘,\,u(gqg-' LY ther e .ip the
present invention, Io&%rﬁ hy Eigé'g? ggéﬁ%gﬁilgegfﬁaeﬁ%n@%cgﬁ@dsrgf)g?lat ed and
unsat ur atrechgdeyefr(0at 156rMs, pidferehlE2. ®1-4at%r aFedtiedthsrasat urakeebdymdr ocar bons

can be exenplified by ethange, ethylene, propane, propylene, n-butane,
i sobut aneSUHRBEINGN thghmetalloubente, there is 4 ortbpd bn wiich faotumwirtigg ia

further i | I b O S conduct ed.by exanpl es. EXAMPL 0037]

Usi ng H ?@tﬁ@ufg‘% §é%e%{a?%%os%%§/%p§8§t 2 ﬁ@%r%%néﬁ%f)ﬁlapdgpquggﬁég%upport,
a | over hydtlesBfioan adheMgki Aalth ] ibR ok QW rred to
as catal yst) was prgpgrﬁeng by th??%?ﬁﬁ%u%dr%p@g??gﬁ&%%& Bﬁ){g%] 4009
of HZSMb cugenadsiduensuch agakobsl, sulduthieona pee piazdtte iym ehis Bodovridugted

predeterm ned amounts of a nj um nol ybdate and zinc nitrate in 2000m. of
ion-excha‘fﬂged' Wt PS?E‘T’I‘IG&%IWrgtg??to?‘r?&y&‘?nlgéﬁm feipey methed ivr 3 hours,

thereby GoRINGIINY @0rd j AW f 7k ybdenum on
S, TheTob s nad e et Cugpor tad P es PR LG) s
dried, fchippeetingyfbakimgatiuabGljodatd dipisons soheiedys eltididledgna cat al yst

powder . Furtg%%e, an inorganic binder was added to this catal yst powder,
f ol | owed B§talasilicate suppey. gad) thesuppertadesihsirnegyis dripd dpaemone cheal yst .

0039] T { t t int ti
ube (1 nao e iR G PR A S AR BTG X Rbettie Bt por 1 on
cal ori zi G- 8T GHefGhbly B5a@d0bENid quﬁoxg@ﬁ-do%%&fdiﬁg g%?%@x%g%ﬂﬁlﬁnhgpe

tenperature of the inside of the reaction tube was na gher than
800C, the presexygengigeawt Vith thikat ispossbledagirodncgasmetaiiilidatg et hane

oxam no. CAEARY FEPReTA BT et Pidbr U oERHon ar omt | zat i on r eact i on
[0031] Then, it is preferable to use molybdenum as a catalyst metal of the
present invention, but it is also possible to use rhenium, tungsten, iron, and
cobalt. Of the catalyst metals, as examples of a molybdenum-containing
precursor, it 1s possible to cite halides such as chlorides and bromides,
mineral acid salts such as nitrates, sulfates and phosphates, carboxylates
such as carbonates, acetates and oxalates, etc., besides ammonium
paramolybdate, ammonium phosphomolybdate, 12-series molybdic acids.
[0032] As the metallosilicate, it is general to use a proton-exchanged type
(H type). Furthermore, the proton may be partly exchanged for at least one
cation selected from alkali metals such as Na, K and Li, alkali-earth
elements such as Mg, Ca and Sr, and transition metal elements such as Fe,
Co, Ni, Zn, Ru, Pd, Pt, Zr and Ti. Furthermore, the metallosilicate may
contain a suitable amount of Ti, Zr, Hf, Cr, Mo, W, Th, Cu, Ag, etc.
[0033] The form of the metallosilicate catalyst supporting a catalyst metal
is not particularly limited. It suffices to use one having an arbitrary shape

such as powdery and granular. Furthermore, it is optional to use alumina,



usi ng nethane as the raw material. As to the evaluation of the catalyst, it
was eval uated by yield of benzene relative to the | ower hydrocarbon nade to
flow. Yield of benzene is defined as foll ows. Benzene yield (% = {(the
anount of benzene produced (nol))/(the anmount of nethane used for the

met hane reform nlgl reaciion (mol 1)}, x 100 In a_pretreatnent of the
catal yst pramR slicapslayersormrouid ete-ois dessunneat pehpdett ure of the

cat al yst i . j e fol |l owed, h i nt ai ni ng
For 2" noul884| naREARBEIRBaRE ARaLy Bbp o BloreBh SRR AR5 0,
hydr ogen, mhfdieaasidigy shepinenines pblless é10ad @RGusindafBl AR AGhiHQsr 3 hours.
After that, it was swtched to the reaction gas, followed by increasing the
t enper at Wushtas siliga calameina arediclaanper at ure (780C, 800C or 820C) to conduct
an eval uat,i of, the catal yst, [004WI.n the regeneratjion step of the

cat al yst?[bpﬁg] rb&é&‘%}“ﬁ“ﬁ'r& &lé‘? br%segft pRentien. oWy hyﬂi}lﬁ@c ngdpeghe sane as
at the ti eac 3 d_hydr ogen
gas was srgggﬁne%ggctl C%%;‘sfa (Igl\?vﬁ}tgﬁlgﬁl 0 ﬁﬁ%@%@‘é@@?’%ﬁcﬁ ;i/% %%‘33@8%%??‘32'% /h.
[0041] Asatordted anbhysitsirafediigddnganbory gonbartenplitidehy btig@nal ysi s was
conduct ed gy TCD-GC. As to the analysis of aromatic hydrocarbons such as
benzene, atBYifdife PraBATN #raRAIeREpATIIERBR S0P REARM 1 huteneanddspliaiened by
FID-GC. [Q042] Fig. 1 is a graph show ng benzene yield variations over tine
in case that catalytic reactions have been continuously conducted in the
presence [0036] ZDh khe FARVRingahaysherdthiled «3@MHidiodh of cdadduicdid hospective
tenperature conditions of 780C (Conparative anple 1), 800C (Conparative
Exanpl e #xasile820C (Conparative Exanple 3). Furthernore, Fig. 2 is a graph
show ng W E‘gel d variations over tine in case that catalytic reactions
have bee h usly conducted in the presence of a Zn/ Mo- HZSMb cat al yst
with the [adg7k | oRigd HoEhd : I emper hid.ons of 780C
( Conpar at[i ve IExarrpllgée 2), é80%%f?%%g€§%£@gnpl e %%&geﬁggg%ﬁﬁgganpl e 1).
[ 0043] | muppert, @l logwir hydrotar boasoonmtizrses caradysthen thadslilomingondi ti ons of

referred to as catalyst) was prepared by the following preparation method.

[0038] 400g of HZSM5 was added to an aqueous solution prepared by
dissolving predetermined amounts of ammonium molybdate and zinc nitrate
in 2000ml of ion-exchanged water, followed by stirring at room temperature
for 3 hours, thereby conducting an inipregnation supporting of zinc and
molybdenum on HZSM5. The obtained zinc/molybdenum-supported
HZSM5 (Zn/Mo-HZSMS5) was dried, followed by baking at 550°C for 8 hours,
thereby obtaining a catalyst powder. Furthermore, an inorganic binder was
added to this catalyst powder, followed by extrusion into pellets and then
baking to prepare a catalyst.

[0039] The catalyst prepared by the above method was put into a reaction
tube (inner diameter 18mm) made by an Inconel 800H, gas-contact portion
calorizing treatment of a fixed bed flow-type reaction apparatus. The
temperature of the inside of the reaction tube was made to be higher than
800°C, the pressure was set at 0.3MPa, and a reaction gas containing
methane was supplied at a flow rate of a space velocity of 3000ml/g-MFI/h to

examine catalytic activity of the lower hydrocarbon aromatization reaction



Conpar ati ve Exanples 1-4 and Exanples 1 and 2 are shown. [0044] In
Conparative Exanple 1, the reaction was conducted at a reaction tenperature
of 780C with no addition of carbon dioxide to 100 (volune) of nethane as
the reaction gas at the tine of the reaction, and an observation over tine

of the analysis result s conduct ed. 0045] In Conparative Exanple 2, the
react i on %488 & He AW Jderg t%![;rﬁ‘éFg? QV%I‘HUOFB@%HW qakalysé Kdditi on

of carbony Al Xl e by pg A dtiRhab e 1R LAXALUHRNIORL, TRHDANGHAS I8, [£act i On

gas at thetrnme o reaction, n observation 'm0

anal ysi s flgsul Yiebd sf bometiet iedlefinedQdblollorsConpar at i ve Exanpl e 3, the
reaction _was conduct ed)ogt a reaction tenperature of 820C with no addition
of car boBatizenedaeldd%doo ((the harmintaif hemzhna eraducate(mediéithe mmyasntaf t he

time of the.reaction d an,obseryati.on over. tine t anal ysis result
was cond RS b ﬁorl% ©EY tF %ntﬁla&£1ﬁ,rl (ﬂ”ﬂ;ﬁié i on was conduct ed

t ti i A ; Lt 1.0X] to 100
Cvorume) of met hang aet e AR T oP B S PR e AR 8RBT BAh” oo an

obser vat itha towgeraiure offtht hatdigat wakSncesubd tedS0eondidelredr s{@a48] I n
Conparati ve Exanple 5, the reaction was conducted at a reaction tenperature
of 800C Wpklewed dyaaaintpgrngior 2rhssrsdihen switehing {o/a puspatmentgag 9bl une)

of met hang,as. t reaGhl Qnlgas _at_the ti f the reacti -and an
obsor v PDeE iR b T80 RY4HAR i b Es g Mheopittab a0t W-C0840T |
Exanpl e InafdiQidifadhi 9hot@s. CARAWEHEE 1Bty SWRELIDH HRREI BN & Of 820C

with the addition of carbon dioxide by 3 (volune) to 100 (vol ufre) of
met hane dsllowed byaoticmsinmbthatemperatiine tof rvedeteradhedigmpedatireobser vat i on

over ti R al ysi esul t .was conduct ed. 050] | n conparison

bet men”&%ﬁ’%@g (Eggé%@ tq candues 87 atyafonEy "e'?‘téiysf:he catal ytic
activityrg 0S#t., | -0 | i i action
was conilaral wrn K Ldtfitkaulh stolfof ARELIANGY B 1hERRdebiialifh 000

Exanpl e 1he ranctiomtulontvaaset the shmictdsdt thxtimenbdrzenetivhetlk | s mai nt ai ned

even in 15 hours of the reaction time by adding carbon_di oxide (Fig. 2,
Conpar at PYesSrgiReseh)at 0.3MPa, and hydrogen gas was supplied at a flow rate of

a space velocity of 3000ml/g-MFI/h. ‘

[0041] As to the analysis of hydrogen, argon and methane, the analysis was
conducted by TCD-GC. As to the analysis of aromatic hydrocarbons such as
benzene, toluene, xylene and naphthalene, the analysis was conducted by
FID-GC.

[0042] Fig. 1is a graph showing benzene yield variations over time in case
that catalytic reactions have been continuously conducted in the presence of
a Zn/Mo-HZSMS5 catalyst with no addition of COz at respective temperature
conditions of 780°C (Comparative Example 1), 800°C (Comparative Example
4) and 820°C (Comparative Example 3). Furthermore, Fig. 2 is a graph
showing benzene yield variations over time in case that catalytic reactions
have been continuously conducted in the presence of a Zn/Mo-HZSM5
catalyst with the addition of COz in 3% at respective temperature conditions
of 780°C (Comparative Example 2), 800°C (Comparative Example 5) and
820°C (Example 1).

[0043] In the following, the reaction gases and the reaction conditions of



[ 0051] However, the maxi num benzene yield is 11%in case that carbon

di oxide is not added (Fig. 1, Conparative Exanple 1), and in contrast the
maxi num benzene yield |owers greatly as it is 8% in case that carbon

di oxi de was added (Fig. 2, Conparative Exanple 2). [0052] That is, in case

t hat the I erature,is the sape,,th ddi t.i on of carbon di oxi de
pr ol ongs (?(EIZL%%#%@V%% ilc%aflf%eﬁ%aeﬂlgﬂi‘%’s]t aﬂgiﬁ?% FROWRt i vity, but reduces
the benzgoe4a] odl Cimparaire ELARDIH 10hd heyctihes Q@(Fkﬁ’d i LaleB

bet ween Conparati ve %ﬂ%rrpl e 1 and Conpar at icve Ex%rrp e %(%tgctl%g%%%{rln yield
of benzertemreraigsemfsiBa Rewithart hdditienpleabonalibsi déd0Q (OFiveluhe) of

Conpar ati ve .Exanpl efgffl))’ and in contrast the maxi numyield of benzene
i mpr oves Pethang ag thyhractenggasat Bl the 1eghpneany anmheerertione, t he

maxi mum yd"%%ﬁ%gg‘?ﬁ%39513}8?’5%}@2?%%%@3%&%&-y as it becones over 14% when

the reaction te ure-i's s 1, Conparative Exanple 3).

Hovever, [0bes) i D@ Chufipaitivel Kkahbte 28R MacbioAGhaY bdnddte Bt Al RiaBGHL Pecones
short, and the catalytic activity is alnost lost in 3 hours in Conparative -
Exanpl e 3enfreosremiat8(°s withi thierafdifionhd cachaent donxidehpd Gblwme) trpr oves t he
maxi mum n ield, t al so, speeds up the rate at ich the catal yst

ot er 1 or AR wofshaEyt athans ng SheFenriie BL AR PinEpgiheronion ane

catal yti G SR&Hoh SvePBINE bEthd¥n AR kS Q%ﬁ&ﬁ&qegg the reaction
tenmperature at 820C, it showed the maxi mum benzene yiel d exceeding the

maxi mum He64éhely Centp atativedt tamplaBethet actiahat ystonRatéd ab awasctienduct ed
under conditions of Caonparative Exa e 1. That is, while maintaining a

|
hi gh act itomppratyrs of£20° sztbt%addig;})rh¢%@rbﬁpﬁé@)éde tpd@9syolumeiof 2, in

_ _ Proplsgb | R
Compar ot R ey eGPk Bh o8 Ao B HERERGh o R FRERH set 1 ng

t he reactoven tireépeilad Bhelydis SRR whbicoh@weledng of stability of benzene
yield is striking as conpared with Conparative Exanple 2. [0057] |In Exanple
1, the caP@dlst IsCamnarajivedinampisd chepractionivas avbrct@baparanitien

Ex I 2 d but [ i ' d tically., Theref , it

o Sbogodt B RAIretREOBT PSRN0 S fHTEt e R FEvae b 10 GeRZENY ] of d can
s sugg . . i . :
Chat 15 by aber el o aobeaoh Rsli e e g A B R AR e

by repeativaytineytile ahalysirdtestitngat kendattadyti c reacti on (reaction step)

for 2 ho nder the reaction conditions of the reaction gas and the
cat al yst T{}‘?‘i%oﬁf}hpamwaﬁwa gguplep dhereagtian Wagrendwsted ahareartion t he

[ egener at ool SRGk!I RO CAAIE" AL ALERE hAlarfallaiSns AXALo0PN, gas.

Besi des, reactions in the regeneration ep were ¢ t he
t enper at woedvofurheofastlentd yetloaral dtidrcgdLatthdfingd 6Pthe reaction, and

an observation over time of the analysis result was conducted.

[0049] In Example 1, the reaction was conducted at a reaction temperature
of 820°C with the addition of carbon dioxide by 3 (volume) to 100 (volume) of
methane as the reaction gas at the time of the reaction, and an observation
over time of the analysis result was conducted.

[0050] In comparison between Comparative Example 1 and Comparative
Example 2, the catalytic activity is lost in 7 hours of the reaction time in case
that the reaction was conducted with no addition of carbon dioxide (Fig. 1,
Comparative Example 1), and in contrast the initial maximum benzene yield
1s maintained even in 15 hours of the reaction time by adding carbon dioxide

(Fig. 2, Comparative Example 2).
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[0059] As shown in Fig. 3, since benzene yield is greater than 10% after
nore than 80 hours (the catalyst working tine: 40 hours) in the aromatic
hydr ocar bon producti on nmethod by the conditions of Exanple 1, it is
understood that an aromatic conpound can be produced extrenely stably with

hi gh vyi el 0 On th th hand, i t.h f ti th ti
0t o0 {0 IPannD o PR BT raE Bt i BP0 R b BBt Ay al o "
Exanpl e Jdi@ﬁ'ﬂletig%oﬁ:%ﬁﬁaggﬁ‘lé.% Gt)trﬁﬁalta‘%_i»reeﬂﬁﬁﬁ%)ﬁ ), 1R ﬁ@&&ﬂ&”ﬁét {zed in the

reaction, a tendency of deterioration is found in around 20 hours, and
benzene yhekdnhovesrszene yi€ldhlowress goesioat 1168%°%6Iin thee thead carbon [O66dE | n
conpari son bet&e{gnﬁvbenz%ge maxi_rmr%é/i el ds .of Conparative Exanple 1 of Fig.
1 and ExdFps adde fFig; §: Compsgebivgdeapp -12% However, when the catalytic
reaction a he - i t e ed, it is der st ood t hat
catal yar D3R [ Tilot S hRASEERA! Rl GRERICH celsalrfe B80T Sl G

(cat al ytigidagibh \vfexdbon Aiokide pRAGHEOThEHAR 8LARE WhidBiM¥NRalkstas conpar ed
wi th Conparative Exanple 1. [0062] Furthernore, the catalytic reaction step

and the rmegorieis agvity, épitmadubes dwi botvenetrrodachionrne., based on the

t enper at riati.on asuring the. te rature of the catalyst _in the
cat oyt 1 QOPadE: DB iHerufr ogsin FmpREs B Ert GuBee it S REgmIdt doe ( ne
aromat | z a&ﬂcpﬁoﬁl%]fiéft;iﬁg EQJanE}Bl% 3, N &n&%ﬁitﬂﬁ%ﬂ@ﬂ‘oﬂ ber#3ng @ﬂ?i%%ﬁbﬁ thgaction,

the tenperature o catalyst lowers at “the tine of the reaction. Then,
as the caeattish telaperitmratie§30t0EFa. dnibonz@tiadiver Boginipdn 1hctidvind y of t he

| ower hydrocarbon alsao lowers, Therefore, it is possible to detect the
degr ee ofcogbiast the Mmaxamwn ipkd ofhenzpne impragestn 194 a0 Enddgal.ur e

variation«Qf the.ca St ccar.dingl i by d ossi bl e ;0 re efficiently
produce erglorﬁp%]ﬁagctl ‘l%cﬁﬁ%irp c%% élﬁboﬁugér%l 3’ glpﬁr()g%’etrﬁe %@?‘ &ry or _gfellg iy fglfg EHE cat al yst
by swi t chifirobeQmrdhaticeRg bisapbedsRed vdhBA% egROC TR kOACtEhEP after the
tenperature of the catalyst starts to increase. [0064] Furthernore, it is

al so possehiperapredescbabfg)° € 6Fig. ic ConpangtivecE samply 8. tHopevet, the in t he
regeneration step to.t,h reset .tenperature necessary for the reaction, b
Sui ohi ngRE THE R UDATLAAE PO KB ACUREE it FP DL PEASIobORE B al yot
i ncr easegye[4093tic 'ﬂéﬁ?z‘?ﬁ{i@gﬂlﬁnhost Modthf LRO@ Y CoPRAhEioh BLeRplcide

catal ytic reaction step an e regeneration step nmay be sw tclﬁed, based on
benzene \De54]l That &, passnploé the reacdiomnte nagenatutraimpmoeds thednbkinut | y
renovabl € coke by 3V\ﬂ)tCh£ ng fromth catal}‘/tic_ regctio stgep to the

r egener atiesReRe ¥ipldpbitorlspSpepds ppfbedatoat suphtbe satalyet deteresa®s- f rom

| ner ease [hs £ CIEASELL ERG YR AR i0riDeHAGREN Xhe Ll llacifon [P066]

Furthernore, there were exam ned catalytit activity rences due to

di f f er encesdatieddiphddingn®0aladt @ tHiaghppentiton demigéoMure HiegavaCaktyt i ¢
reacti ons_were conducted under reactjon conditions of a reaction

t enper at Fhewst dpguaximprebenzencotiell evpading the mazemues beneenguield space

vel ocity of,3Q00nall g- NFI / nd the .addition of i;n. 3% by. usi ng M- HZSVb
(EBxarpl & SyRERARaTE: HrshmReangruon o Sioset Brylr SO i otas o

met hod f Qo mp RFHSI B Mgt VD Taafab Wohile Shiidtainihg SARPAGIVLy, tHET € vas
used a nethod in which 400g of HZSMb was added to an aqueous ‘sol ution

pr epar ed chyalyist swibitygalso prgdeved.ni ned anount of anmoni um nol ybdate in

2000n of. _j op- exchanged water, .followed by stirri.ng_at roomtegperature,
t her eby JBh@@af%@%%alﬁﬁP%ﬁow%t&ﬁﬁ& PRPALHLIRS f BRd HZSVG.

Comparative Example 5, in Comparative Example 5, an improvement of
benzene yield 1s found by setting the reaction temperature at 800°C, but
lowering of stability of benzene yield is striking as compared with
Comparative Example 2.

[0057] In Example 1, the catalyst stability lowers as compared with other

Comparative Examples 2 and 5, but benzene yield improves dramatically.
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[ 0088] Furthernore, as a nethod for produci ng My/ Mb- HZSMb cat al yst t oo,
simlar to the catalyst production nethod used in Exanple 1, there was used
a nmethod in which HZSMb was added to an aqueous sol uti on cont ai ni ng

nol ybdenum i ons and nagnesi umions to conduct an inpregnation supporting of

My and bdenum.on HZSMVb, Q0 T epzene yield variation over tine
with eagﬁk‘ %%er ?st&sssﬁggﬁﬂedi ﬁm&ﬁ%{e e%&zcﬁg?gﬁﬁwﬁlart}p BRTOVEMERt Qfas possi bl e
to obtai mehAndliBRNZENB: ¥helid &w&&idﬂa ih@" I Y, st of

Zn/ 1\ 40- HZSMb ( 1arrpl e 13), I\/b1 &ZS (aaﬁp%ﬁg%egﬁﬂé&gwg?%oqﬁgﬂwgy(aanpl e
3). [ 007Wetkaonerimmennberzidme 1y héglden tharh80@d5e of using M- HZSMb ( Exanpl e
2) as a talyst is %'1'6% Al though it is |ower than that of the case of
usi ng Zni MR sOEEts . Sathawssthe Frulis ohtairgdby repeating eaveleoef stability.

. ; . . ¢ s
o o ke Biaine 0 TR TR SO0 Jo: ottt hade SfEE, %5 ™'
conpar ed attioht@nalthes EXMERIc8stioRWas s B! cAtAlyRIFIC AR HARN 1 LY.

Reaction stability i r’r]grovenent is preferable, since it is possible to
conduct dxmaplé drandf Exigipldérmshthen ehdldaimgtHeoregeneration 8@¥2ion

Furt her nr e e' naijge %gﬁe of_ usi ng?am; of M- HZS and /!Vb-H_ZSMS, t oo, it
was possi PPy aEgRS .efotr e O dreeeRc§3%n S, A0ATHRCIEIYBNe yi el d
condi ti OnyGegBnk 0t LS Wil ddtiducRed Ot Uhs EETNBL AR s oy bhvd) DY
repeating the catalytic reaction step and the catal ysSE regenerati on step.

[ 0073] | rathlytrasactbnuesepyg Mg/ Mo- HZSMb as a catal yst, however, it has been

confi rmed[QBgﬁfx erinents that |owering of henzene yield is found, as
conpar ed t & shomet 1t K 3y strce psnzepegdeld igereater thaanl % aftsrme of

reacting } e { h egeneration st exceeds
50 hour o, TS ARAE SOt CHeCAh R yRinkn 2 bt BERRD Thdbs ReRsitor o

di f i cul thydrbeashoabl@duekion casthid Betis eyeditvasRy B SMs i n the
regeneration step. Therefore, as shown in Fig. 4, even if they have the
sane degriaelesstaogtidiayemcarpematic egmapunieaindia priduwedgatremelyatably t hat
Mo- HZSMVb “%reﬂ hZin{ll\/b-lﬁZSNB are nore preferable catalysts in terns of being
able to sh yield.

[0060] On the other hand, in the case of repeating the reaction step to
produce an aromatic hydrocarbon under conditions of Comparative Example
1 and the regeneration step to regenerate the catalyst used in the reaction, a
tendency of deterioration is found in around 20 hours, and benzene yield
lowers in 70 hours to about 60% of the maximum.

[0061] In comparison between benzene maximum yields of Comparative
Example 1 of Fig. 1 and Example 1 of Fig. 2, both are around 12%. However,
when the catalytic reaction step and the regeneration step are repeated, it is
understood that catalyst stability is improved, while maintaining high
benzene yield (catalytic activity), in the reaction conditions of Example 1, as
compared with Comparative Example 1.

[0062] Furthermore, the catalytic reaction step and the regeneration step
may be switched to each other, based on the temperature variation by
measuring the temperature of the catalyst in the catalytic reaction step.
[0063] In the catalytic reaction step, since the aromatization reaction of the

lower hydrocarbon is an endothermic reaction, the temperature of the
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prevent deposition of a difficultly renovable coke. [0074] As nentioned
above, it is possible to produce an aromati c hydrocarbon such as benzene
with high yield by the method for producing an aronmatic hydrocarbon and
hydrogen using a | ower hydrocarbon aronati zation catal yst according to the
present invention. That,.is, it is possi.ble suppress | ring of the

maxi mum aéfi SB?O‘E%WZ% \ .eoqlmt%%tl%elgg?c Bttai igﬁnpggéﬁ? Eﬁi‘feﬁé\&s uf ficient yield
and mai nt@dtBriohgtes i Xidkafishtidh b¥adtdin ActitRY of LRE 1QYeMBYaRRa i, T eaction
t enperature higher than 800C and adding CO2 or CO [0075]" That Is, it is

possi bl e dlso trwemst | Hdryforepitay pobshketedgticet thdge grmiei afgletdgoratint dHN

tenperature higher than 800C and to suppress accunmujation of a difficultly
r enovabl etrl"@d%?éag?t Qﬂ@ﬁ@@@ﬁ&ﬁ%@%@%ﬁé’%@tw ﬁleo‘?a@b’b“’ﬁf essi ng an

aromati zat | t: [ Ll i . i e yield (catalytic
activi ty?&@??@%ﬁﬁ%g&? %éestltélﬁzcgﬁﬁélgéf Qg‘gﬁﬁ%ﬁﬁ%ﬁ}ﬁ%@ Q%Oﬁ{%g]cl%é becones

di ffi cul thfdrocefieat atd preainl ddtbfior Sach bpthasstalng 18asl¥Bing 8#8ANEIAL | ON
reaction for a long tine as in the present invention. [0076] In particular,

react i on Igaetian gten fretharegeseratiagstéeatineshe tpopenainure of shpratdsst of
repeati n%tt e tcat allf?yti c reaction step and the catal yst regeneration step.
Ther ef or &€ 25Ec6MFIT§*Ffo t he aromatic hydrocarbon production nethod of the

present i[nweal i PurthdrmcrePRSEINLEpbRiPRI QI dhvR dHe9by ReNERIS HhElkHe SUPPT ess
the formation of a deposited carbon that is difficult of regenerative

renoval , cahglystiterhaerataraiiyltthe aegdndriationctteyito yhé preset! tengpdrtiereeven by
repeating the catial ﬁgi c reaction and the regeneration reaction._[0077]
Fur t her mote&eSS1¥ ¥ Ee Keaqtnre i it ingde themegenetaiqmatep,anesiths, and it

is opti OQ?hlﬂe‘%am &qu%tﬁjgggﬁ%gag&_pl ace of carbon di oxide. Besides, it
ct the

is possible™o suitably se reaction conditions such as flow rate of

t he reactlD0B5haFurthenoatalry slie totabetic setkt{dneteby flte Odtalpdiatysdtidno be
supported and the amount of supporting), etc.. CLAIMS [Caiml] In a
met hod f éteppsdibiergsanciatinrastiep Moy becaribehedb\pasedenthangeneyaeldt i dh st ep

0,00 2 T SRR SO LD BB SIS 00,0

cat al yst susiechihg fidie theaatal§hicsieaBtion step to the regeneration step, prior to
the time at which benzene yield changes from increase to decrease in the
variation of benzene yield of Fig. 2.
[0066] Furthermore, there were examined catalytic activity differences due
to differences of catalyst metals to be supported on HZSM5. The catalytic
reactions were conducted under reaction conditions of a reaction
temperature of 820°C, a pressure of 0.3MPa, a methane reaction gas, space
velocity of 3000ml/g-MFI/h and the addition of COz in 3% by using
Mo-HZSM5 (Example 2) and Mg/Mo-HZSM5 (Example 3) as the catalysts.
[0067] As a method for producing Mo-HZSM5 catalyst, similar to Example
1, there was used a method in which 400g of HZSM5 was added to an
aqueous solution prepared by dissolving a predetermined amount of
ammonium molybdate in 2000ml of ion-exchanged water, followed by
stirring at room temperature, thereby conducting an impregnation
supporting of molybdenum on HZSMS5.
[0068] Furthermore, as a method for producing Mg/Mo-HZSMS5 catalyst too,
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the aromatic
t he reaction
hydr ocar bon,

hydr ocar bon producti on nethod being characterized by that in
step, carbon di oxide or carbon nonoxide is added to the | ower
and the reaction tenperature is nmade to be higher than 800C.

[Claim21 The aromat i ¢ hydrocarbon producti on met hod according to claiml,

which is ch
met al | osr‘ﬁné

Iezc%ctiaf%t %?g&ucttﬂ)% l%aeszﬁog use Xamglgdle g}es\lilr% Cl)lrsEagd

a method in which HZSMb was added to an aqueous solution containing
molybdenum ions and magnesium ions to conduct an impregnation
supporting of Mg and molybdenum on HZSMS5.

[0069] The benzene yield variation over time with each catalyst is shown in
Fig. 4. As shown in Fig. 4, it was possible to obtain a high benzene yield
exceeding 10% by using any catalyst of Zn/Mo-HZSM5 (Example 1),
Mo-HZSM5 (Example 2) and Mg/Mo-HZSM5 (Example 3).

[0070] The maximum benzene yield in the case of using Mo-HZSM5
(Example 2) as a catalyst is 11.6%. Although it is lower than that of the
case of using Zn/Mo-HZSMS5 as a catalyst, but it is superior in reaction
stability.

[0071] On the other hand, the maximum benzene yield in the case of using
Mg/Mo-HZSM5 (Example 3) as a catalyst is 10.8% and is the lowest as
compared with the other examples, but 1s best in reaction stability.

Reaction stability improvement is preferable, since it is possible to conduct a
reaction of high benzene yield for a long time.

[0072] Furthermore, in the case of using any of Mo-HZSM5 and
Mg/Mo-HZSMS5 too, it was possible to continue the catalytic reaction under a
high benzene yield condition for a long time similar to Zn/Mo-HZSM5 (Fig. 3,
Example 1) by repeating the catalytic reaction step and the catalyst
regeneration step.

[0073] In the case of using Mg/Mo-HZSMS5 as a catalyst, however, it has
been confirmed by experiments that lowering of benzene yield is found, as
compared with the other catalysts (Examples 1 and 2), when the time of
reacting by repeating the reaction step and the regeneration step exceeds 80
hours. That is, it is considered that a sufficient deposition of a difficultly
removable coke cannot be prevented by Mg/Mo-HZSMS5 in the regeneration
step. Therefore, as shown in Fig. 4, even if they have the same degree of
catalytic activity at the initial st.age, we can say that Mo-HZSMb and
Zn/Mo-HZSMS5 are more preferable catalysts in terms of being able to
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[Claim31 The aromati c hydrocarbon production nethod according to claim 2,
which is characterized by that the catalyst is a zinc-supported
netallosilicate. [Caim4] The aromatic hydrocarbon production nethod
according to claim2, which is characterized by that the catalyst is a

magnesi um suppor.ted netal losilicate. [Caim51 The aromatic hydrocarbon
product i &%’W&‘h@@%@%&fﬁdﬁfgéﬁy r@ﬁ%’"@&%?‘gﬁn 1to claim4, whichis

char act erf} by .t . 0tk [ ion step is

swi t ched [Pg?%]neArS ergglrrlltel?%?(il 820{3( ’é%?geggsgzgedtﬁ%vrgglﬁg% P%n%gpﬁa?ﬁée cat al yst

t enper at WiRlrodibanueh adlee1gfcaralith HiyHocdribotherrdhed fampradubiag: accor di ng

Lo any aromatic hydrocarbon and hydrogen using a lower hydrocarbon
aromatization catalyst according to the present invention. That is, 1t is
possible to suppress lowering of the maximum yield of benzene or the like,
obtain a practically sufficient yield and maintain the catalytic activity for a
long time by making the reaction temperature higher than 800°C and adding
COz or CO.

[0075] That is, it is possible to dramatically improve benzene yield by
making the reaction temperature higher than 800°C and to suppress
accumulation of a difficultly removable coke by adding CO2. Since CO3z has
an effect of suppressing an aromatization reaction, it is possible to improve
benzene yield (catalytic activity) by reducing the amount of addition of COs,
but it becomes difficult to repeat the catalytic reaction and the catalyst
regeneration reaction for a long time as in the present invention.

[0076] In particular, reaction yield at the initial stage becomes important in
a process of repeating the catalytic reaction étep and the catalyst
regeneration step. Therefore, according to the aromatic hydrocarbon
production method of the present invention, it is possible to obtain a high
benzene yield, suppress the formation of a deposited carbon that is difficult
of regenerative removal, and maintain a high catalytic activity for a long
time even by repeating the catalytic reaction and the regeneration reaction.
[0077] Furthermore, the present invention is not limited to the examples,
and it is optional to add carbon monoxide in place of carbon dioxide.
Besides, it is possible to suitably select the reaction conditions such as flow
rate of the reaction gas, the catalyst to be used (the type of catalyst to be

supported and the amount of supporting), etc.
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one of claiml to claim4, which is characterized by that in the
reaction step, the reaction step is switched to the regeneration step,
based on yield of benzene produced in the reaction step. [Caim71 The
aromati ¢ hydrocarbon production nethod according to any one of claiml to
claim®6, which is characterized by Qgﬁ}l t he anmount of addition of
t he carbon di oxi de or carbon nonoxi M% 01%to 30% per volune of the

| ower hydrocar bon.

[Claim 1] In a method for producing an aromatic hydrocarbon by repeating
a reactlon step to obtain an aromatic hydrocarbon by conducting a catalytic
reaction of a lower hydrocarbon with a catalyst and a regeneration step to
regenerate the catalyst used in the reaction step,

the aromatic hydrocarbon production method being characterized by
that

in the reaction step,

carbon dioxide or carbon monoxide is added to the lower hydrocarbon,

and

the reaction temperature is made to be higher than 800°C.

[Claim 2] The aromatic hydrocarbon production method according to claim
1, which is characterized by that

the catalyst is a molybdenum-supported metallosilicate.

[Claim 3] The aromatic hydrocarbon production method according to claim
2, which is characterized by that

the catalyst is a zinc-supported metallosilicate.

[Claim 4] The aromatic hydrocarbon production method according to claim
2, which 1is characterized by that

the catalyst is a magnesium-supported metallosilicate.
[Claim 5] The aromatic hydrocarbon production method according to any
one of claim 1 to claim 4, which is characterized by that

in the reaction step, the reaction step is switched to the regeneration

step, based on variation of the catalyst temperature.
[Claim 6] The aromatic hydrocarbon production method according to any
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one of claim 1 to claim 4, which is characterized by that
in the reaction step, the reaction step is switched to the regeneration

step, based on yield of benzene produced in the reaction step.

[Claim 7] The aromatic hydrocarbon production method according to any
one of claim 1 to claim 6, which is characterized by that
the amount of addition of the carbon dioxide or carbon monoxide is

0.01% to 30% per volume of the lower hydrocarbon.
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