DESCRI PTI ON TI TLE OF | NVENTI ON: METHOD FOR PRODUCI NG AROVATI C HYDROCARBON
AND APPARATUS FOR PRODUCI NG AROVATI C HYDROCARBON 5 TECHNI CAL FI ELD [ 0001]
This invention relates to a nethod of effectively producing aronatic
conmpound such as benzene or the |ike and, hydrogen from | ower hydrocarbon
such as net hane, ethane, propane and/or the i ke, and particularly to the
nmet hod of effectively producing aromatic 10 conpound such as benzene or the
li ke froml|ower hydrocarbon by usihDgSCRaEPRIHIY. BACKGROUND ART [0002]
Hitherto aromatic conR]ound such as benzene, toluene, xylene or the like is

pr oducedI nai Al f)rlicj)ﬁN ApNIHONASs production met hods for 1f5 napht Ihal eners], a
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to a raw 20EGHBITCAL UG Bs coal, acetylene or the like. Additionally,
much by-product aromatic conpounds and hydrocarbons, tar and insol uble

carbon’ resiliids B prveadted relaties oot frertshopr obbEestivatidiprbdnaidgy, there is
such a drawback, .that the sol v%né%%xtraction cess for coal or the |ike

requires rICRYBHGERIRP LGN G SMC FBEOUTE OAst}ger ehiyd gy dgegandiram ar omat i ¢
hyd b j d hyd f
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| ower hydrocarbon, particular ane, ne &ne in

presence ofndpeatiahystlyoro tlre abadndesO&ffoxngely prodicdy diahagiagent is
known (see, for exanple, Non-patent Citation 1). As the catalyst in this
case, 180 rrSIYBRIERG mUCar 15 bansanz ot e Bkaskanetower by debtadidn by Hiwever

in a catalyst.
BACKGROUND ART
[0002] Hitherto aromatic compound such as benzene, toluene, xylene or
the like is produced mainly from naphtha. As production methods for

15 naphthalenes, a non-catalyst method such as a solvent extraction
process for coal or the like and a gas thermal cracking process for
natural gas, acetylene or the like are employed.

[0003] However, according to these conventional methods, only several
percents of benzene or naphthalenes can be obtained relative to a raw

20 material such as coal, acetylene or the like. Additionally, much
by product aromatic compounds and hydrocarbons, tar and insoluble
carbon residues are produced, which offers problems. Additionally, there
15 such a drawback that the solvent extraction process for coal or the
like requires much organic solvent.

25 10004] As a method of producing aromatic hydrocarbon such as benzene,
naphthalene or the like and hydrogen from lower hydrocarbon,
particularly methane, a method of reacting methane in presence of a
catalyst or in absence of oxygen or an oxidizing agent is known (see, for
example, Non-patent Citation 1). As the catalyst in this case,

30 molybdenum carried on ZSM-5 is assumed to be effective. However, in

case of using the catalyst, there are such problems to be solved that a



case of using the catalyst, there are such problens to be solved that a

-2- catalytic activity is remarkably | owered owi ng to carbon deposition,
and a net hane conversion rate is |low. [0005] As a neasure for solving the
above problens, Patent Ctation 1 discloses a nethod for producing aromatic
conpound and hydrogen from5 | ower hydroCarbon such as net hane, ethane or
the like, in which CO2 or COis added to a gas to be reacted thereby

suppr essi nga Ay biena dLPAgi ki e @8k £b 1§ Bevd1RACEK Mg (tHUS rBhakt ¥ f¥i pduc ia_rﬁlgi
aromati c hydrocarbon such as benzene or the like for a longtine, while
suppr essi ng ractlz e yoheewopnviaty sdweri ng due to a reaction. Patent 10
Citation 2@1 I%ses t hat hydrogen is added to a raw material gas thereby
stably cart Cﬁﬁ B REAFUALVPT S0P ERG Homabgve @ robkgusi hatenddiithbnal 1y,
Patent Gt atd.on. .St .contact reaction faqr dugci n omatic
hydr ocar bo%ltéfC ?‘%r%%l %ﬁ&ﬁi‘ﬁ@%@ﬁ%‘%@%ﬁ %n&'gﬁlgl ?ﬁp?gﬂgnﬁigﬁy Oggﬁ?ﬂ)ﬁh f or
regenemat i _gv @ Hetlesdamatnesnsiabalmethane, dbhAhd et Rakelive! 8P&ALSH Ehgrgby
stably produci ng aronmati c hydrocarbon and hydrogen. PIIQI%P A%"EIH%HT%Q?&%JD
PATENT Cl TAT G\added to[)ga6]toRat et ci@idt @tdrehylsuapasese cRabent Provi si onal

Publ i cati on No... 20 2001-.%%4152_ ) Patent G tation 2: Japanese Patent
Provi si onaleIBFO&afT GnsiNG. Teo66 o Bode s tithbe RFO & ¢iamg dFPBatTapanese Pat ent

S GRS LV 58 ASBRTPsR L, gt s o
suppressing a catalytic activity lowering due to a reaction. Patent
10 Citation 2 discloses that hydrogen is added to a raw material gas
thereby stably carrying out a catalytic reaction for a long time.
Additionally, Patent Citation 3 discloses that a contact reaction for
producing aromatic hydrocarbon from lower hydrocarbon and a catalyst
regeneration reaction for regenerating a deteriorated catalyst are
15 alternately repeated thereby stably producing aromatic hydrocarbon
and hydrogen.
PRIOR ART CITATION
PATENT CITATION
[0006] Patent Citation 1: Japanese Patent Provisional Publication No.
20 2001-334152
Patent Citation 2: Japanese Patent Provisional Publication No.
2004-269398
Patent Citation 3° Japanese Patent No. 3985038
NON-PATENT CITATION
256 {0007] Non-patent Citation 1: JOURNAL OF CATALYSIS, 1997, Volume
165, p. 150-161
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0008] With the method as disclosed in Patent Citation 1, the vield of
30 aromatic hydrocarbon is high when the concentration of carbon dioxide

or the like to be added is low; however, an operation-possible time



DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON

[0008] Wth the nmethod as disclosed in Patent Ctation 1, the yield of 30
aromati ¢ hydrocarbon is high when the concentration of carbon di oxide or
the like to be added is | ow, however, an_ operation-possible time -3-
becones very short because a |owering i ncat al ytic activity is remarkable
ow ng to coking. Additionally, if the concentration of carbon dioxide to be

added is nmpelerhiegNergakidig 1eaR uRE S URPEESSEHh w%ial@ti%ré)é@m ng the

oper ati on-possi ble tine; however, there is such a”5 problemthat an

aromat i zat remarkabld owing tionquéded. wididitiloydibgentwhicohck stganen atfed Bwhng t o
excessi ve car bgn di oxi gﬁ a&d met hane as a raw material, thereby largely

| oweri ng tHEOXH8ItE RF 2disrdritmany drsbacbing cpoopopunsde sseshaliije Pat ent
Ctation 3. discl Si hydrogen.as .a regenerati¢ as. rogen
recovered_I?IEB'C)}L?)nﬁg?Igggthgrd ucgy% gas@i%i‘% _Omvreéagﬂ?]g%lﬁ Et%gé’d as a
regenerat i prolgasi thOVRYSHyodabiAli APResAtsALLQ ﬁ)édéwwi@m@d&% Bﬁexgpﬁl&[ the
regeneration, and therefore hydrogen gas nust be supplenente romthe

out si de ofisag@ystagnrlsoy asg to chee saoaamirbahl diodi dadwnantagbaus. ad A0}

Accordingly, ~an object of the present invention is to provide a 15 nethod
f or produc%ﬁée%\]@g erehyy Hrsedy bowetpuht hariolg af asemadic hedeetanbobet ween

I hyd t I ' th t al yst b i cal |
regener at o Con ol Ao R PaYahe iR P SR B piRfodtes e on

mai nt ai ni ng:geferytihde 96 HyANBELE rR¥eVOLAT B N ghs p28ak004 5k écﬁ‘?éfg#t?gc of

produci ng aromati c hydrocarbon, according to the present invention,

at t ai 0t hereglgbios objreed asonpeisesratepeadsidioay ¢wacta biglstepcéwrraabimbi ng
aromatic g%g ocar bon U(F g ing a contact reaction between | ower

hydr ocar b FeL bSaPa@ PT ARG rEsrBgENdPat PEY St lons hydgesen atbsng ustie

catal yst uUseduhPidAEnEERTE AN EResi¥B G h kstem so as to be economically

disadvantageous.
[0010] Accordingly, an object of the present invention is to provide a

15 method for producing aromatic hydrocarbon upon making a contact
reaction between lower hydrocarbon and a catalyst, in which the
catalyst can be economically regenerated while producing aromatic
hydrocarbon for a long time maintaining the yield of aromatic
hydrocarbon high.

20 [0011] A method of producing aromatic hydrocarbon, according to the
present invention, to attain the above object comprises repeating a
reaction step for obtaining aromatic hydrocarbon upon making a contact
reaction between lower hydrocarbon and a catalyst and a regeneration
step for regenerating the catalyst used in the reaction step, which is

25 characterized in that off-gas which is gas obtained by removing
aromatic hydrocarbon produced in the reaction step from discharge gas
passing through the reaction step is used as a regeneration gas in the
regeneration step.

[0012] In the above aromatic hydrocarbon producing method, the
30 reaction step may be changed over into the regeneration step, based on

a hydrogen concentration in the off-gas.



25 characterized in that off-gas which is gas obtained by renoving aromatic
hydr ocar bon produced in the reaction step from di scharge gas passi ng
through the reaction step is used as a regeneration gas in the regeneration
step. [0012] In the above aromatic hydrqgarbon produci ng net hod, the 30
reaction step may be changed over into the regeneration step, based on a
hydr ogen concentration in the off-gas. -4- [00131 Additionally, in the

above ar om0 r3lhyddokenhily, pi eHucingre@iNadticd Red FQIGHLAND SRRiFRY be
changed over into the regeneration step, based on a condition in which a
hydr ogen cBrddeds 4heaeachiohetepf magabeichamaged ower iithathd e gon&rdt0014] A
system for produci ng aronmatic.hydrocarbhon according to the present

i nvention ¢ Pat aaﬁeﬁ thé %1%‘{’7 l(h%l’ﬁ‘i‘% %B}%frt‘)gieé‘ CHeRdt ehPred biye
conpri si NG, £ 4 £RCTBE 168 MRGH g?ro/g_acti on step for obtaining aromatic

hydr ocar bon upon making a contact reaction between | ower hydrocarbon and a

cat al yst ahtbm]rgg@@eémtf&@ﬁd@&ihgraﬂ&ﬁgﬁgrwdmdrb@nJ&ceﬁaﬁ{g% tyged in
the reaction step are repeated; and aromati c hydrocarbon separation neans

for separ aP¥efgrdrigywemiteomydradéanbbhe prhogeced nitrotdieobpat tic @h sstepe firodn gas
di schar ged}Pf romthe. reactor, wherein off-gas. which is gas obtained b

removing a %ﬁﬁm%“ﬁ%ﬁ'o%éi?%ﬁwrpﬁnpﬁ K FeaHaonr sher ifgh 0 F%‘ﬁ“ﬂrgo?ﬂ'iﬁpgér@a.rge
gas passi ngy&_ﬁogg{}lbgﬂggpg?g%%gf&% hlo%%%@ ljegcﬁ%%dbmg%@%ggratl on gas in

t he regeneration step. e above arona c¢ar bon produci ng
system t heydeacirbonn@ydisnchtidest anpl drabbh¥roficheaeh s rewBekeh finthhe
reaction step may be carried out by at |east one reactor, wherein the

of f - gad i ncatindyeleteed on e wagiomytae asappiveeded oandaottoenarieact or to carry
out the re%?@er ation steagr. EFFECTS OF THE | NVENTI ON [ 0016] According to the
above i nvemt ol A RABH ORI PR D LG BORAT & TRE GHeCLAR LEETRY T over

P oce oA, oL byef negcatal % Qe R pelte,
ti me mai ntaheiag afthigh wdriohsitsi ga hybtaeadoen r¢helvdng aromatic
hydrocarbon produced in the reaction step from discharge gas passing
15 through the reaction step is used as a regeneration gas in the
regeneration step.
[0015] In the above aromatic hydrocarbon producing system, the reactor
may includes a plurality of reactors, wherein the reaction step may be
carried out by at least one reactor, wherein the off-gas in the reaction
20 step may be supplied to another reactor to carry out the regeneration
step.
EFFECTS OF THE INVENTION
[0016] According to the above invention, when aromatic hydrocarbon is
produced by reacting lower hydrocarbon and the catalyst, the catalyst
25  can be economically regenerated while aromatic hydrocarbon can be
produced stably for a long time maintaining a high aromatic
hydrocarbon yield.
BRIEF DESCRIPTION OF THE DRAWINGS
[0017] [FFig. 1] is a diagrammatic view of an aromatic hydrocarbon
30 producing system according to a first embodiment of the present

invention,



BRI EF DESCRI PTI ON OF THE DRAW NGS [0017] [Fig. 11 is a diagrammtic view
of an aromatic hydrocarbon 30 produci ng system according to a first

enbodi ment of the present invention; [Fig. 2] is a graph showing a
ti me- based change of a benzene yield obtained when a catalytic reaction and
a regeneration reaction are repeated in the aromatic hydrocarbon producing
system according to the first enbodi nent of the present invention; [Fig. 31
is a graph show [Higa J]iiger BaseN HRINGS £ftidhyMQDERA R Q%%fbgbéh'zeﬂe' n
off-gas in a first reactor, obtained when aromatic hydrocarbon 1I's produced
in the aromtlidoottydnodarbem apeoddgtngresysicamadcordiage ttibhachictish are
enbodi nent of the present inventiaon; [Fig. 41 is a diagrammtic
view of an'@R&HEC @ RRirsesrafen hydrpeadint Rgodyeenrstean conpadiard (e
exanpl e relatine,t - L nvention; . . |[Fig. 5] is a graph

show ng a t?%€¥%5§g%6€ %ﬁ%@éngge53ﬁ§gﬂgl§Y%?80Pﬁ case that a catalytic
reactign is contmyogsdliy .Cardhiedhoutinkh %ﬂﬁe%é’é&%}bﬁaﬂﬁgr()@%ah SPogéerUC' ng
system as the conparative exanple 15relative to the présent 1nvention;

[Fig. 6] isomcagrtaphioshowbfiggas tnmefibas edacthangetoiecd Whdhogameaorcent rati on
in off-gas ig case that a catalytic reaction _ is continuously carried out in
the ar omat PEARGEOR Sorr ‘H‘cﬂ;’édlhéhg)?é‘f)@haf% byl osarkan ArpdEcEx@ Aph@m

relative t - t 4 o Fi 71 including . (a). which is a

di agr ammat '?Ccéc\?:aé%gﬁ et?lﬁeﬁgér/tg%‘tbl%cr& ’lﬁlég{togggtr eo%r%?e&btug}v ti tem according to
a second enbodi nfgrit. af i$ Aed Preesenh alt iy 1 OF A RréRseid aﬁﬂr@caﬁ%tofi’ll ytic
reaction is carried out in the first reactor), and (b) ichi1s a

di agr afmat pProdiawgofysthe as eneting amy tivecardoplprothitiago shet erasaneor di ng t o
t he second. 25 enbodi nent of the present invention (in case that a
regenerat i Sh5%€8& i on is carried out in the first reactor); [Fig. 8]

is a graph show [g:gaﬁf)] L %}ﬁgfgglﬁﬁgg aOEjt e%%%gn@hée’rilgeé del (%1?:?%{1@1 ;:;C“ on

reactor, obt ai ne en the c eactli on an egene f
are repeatedld intdecaroited icatiydi Oeeddromn 39 cBheued b ySaash & 86E9AdiRg to

t he second enbodi nent of the present invention;
aromatic hydrocarbon producing system as the comparative example

15 relative to the present invention;

[Fig. 6] is a graph showing a time-based change of a hydrogen
concentration in off-gas in case that a catalytic reaction is continuously
carried out in the aromatic hydrocarbon producing system as the
comparative example relative to the present invention;

20 [Fig. 7] including (a) which is a diagrammatic view of the
aromatic hydrocarbon producing system according to a second
embodiment of the present invention (in case that a catalytic reaction is
carried out in the first reactor), and (b) which is a diagrammatic view of
the aromatic hydrocarbon producing system according to the second

25 embodiment of the present invention (in case that a regeneration
reaction is carried out in the first reactor);

[Fig. 8] is a graph showing a time-based change of a benzene
yield in the first reactor, obtained when the catalytic reaction and the
regeneration reaction are repeated in the aromatic hydrocarbon

30 producing system according to the second embodiment of the present

invention;



- 6- [Fig. 91 is a graph show ng a time-based change of a benzene
yield in the second reactor, obtained when the catalytic reaction and the
regeneration reaction are repeated in the aromatic hydrocarbon produci ng
system according to the second enbodi nenf, of the present 5 invention; and
[Fig. 10] is a graph show ng a tine-based change of a hydrogen
concentration in off-gas in the first reactor 1, obtained when aromatic

hydrocarbon is pfoigueadsingthHgh aheBEhieCa YHELOSARORL PR i SHEM
according to the s%gond en%o%)l@msnt of gtc‘%e pr esent inve%tgi%gn%]g%%%é FOR

CARRYI NG Oy l®HE tINVENTI:ONrEO0LS] oFhaisicidnwéren tie cetayes fon@iortahodtlpd
produci ng aronatic.hydrocarbon upon making a reaction of |ower hydrocarbon
in presencEeHINTAMBFGELIORETGRe adRdrinctles prematic hadiraepdarbon di oxi de

rogener at | ng Tha ezt B SRR Uy SERAN) sttt Db GAECRFRR woReRRY ™ 5

regenermat i pivg@asoevenhy a certain tinme. [0019] The present invention is
characterized particularly by supplying a gas (hereinafter referred to as
of f-gas) whi ch iightléilned byaslepaoatingg prodised daclomgé ofhydydeashon from
a gas obtained after the catalytic 20reaction, in _the regeneration step.
[0020] By YR} HERABIOFR Bgf?%%éla tgﬁtféJFSttW%Bbﬂeﬁ@émm%@@@ampmat@

reaction a A raf i i .t egeneration step, .it.is possible
that o pl bR ERARTER, e MiEnl SIETRIALL M) SRughbipesBrirror
catal ytic seasties tbayer sendl PnOvddednt of WY ghe it GRIAINLAC reaction is
25 made at_n sta%l%nén is an integer, and n<m, and gas discharged at the n
st age 1i0s ubKIDEs GABREIIG O HAFIEINNENTI@de so as to nmake a
regenerati r ion. [0021 n other words, it is nade possible to

co%ti nuous@&](?j?féllsoﬂlv%rﬁéo%]é? it ﬁ‘é%%’f}i%iflogﬁd‘)@l%é“’f%ﬁgﬁ@@éﬂ on reaction

whil e SUPPRESSIdAGbBn upon making a reaction of lower hydrocarbon in presence
of a catalyst, which is characterized by adding carbon dioxide in an
amount smaller than an excessive amount during the reaction and by
15 regenerating the catalyst by substituting a reaction gas with a
regeneration gas every a certain time.
[0019] The present invention is characterized particularly by supplying
a gas (hereinafter referred to as off-gas) which is obtained by separating
produced aromatic hydrocarbon from a gas obtained after the catalytic
20  reaction, in the regeneration step.
[0020] By using the gas obtained after the above-mentioned catalytic
reaction as the regeneration gas in the regeneration step, it is possible
that a plurality of stages (for example, m stages: m is an integer) of
catalytic reaction layers are provided, in which the catalytic reaction is
256 made at n stage (n is an integer, and n<m), and gas discharged at the n
stage 15 used as the regeneration gas for n+1 stage so as to make a
regeneration reaction.
[0021] In other words, it is made possible to continuously carry out the
catalytic reaction and the regeneration reaction while suppressing a
30 remarkable carbon (coke) deposition by adding carbon dioxide in the

amount smaller than the excessive amount. Additionally, the reaction



30 remar kabl e carbon (coke) deposition by adding carbon dioxide in the
anmount snaller than the excessive anount. Additionally, the reaction -7-
can be nmade for a long tine maintaining a high yield without accunul ati on
of renoval -difficult coke by nmaking the gatal ytic reaction by substituting
the reaction gas with the regeneration gas every a certain tine. 5[0022] A
zeol ite-based catalyst to be used as the catalyst in the present invention

i's not parthaWanadd f6d 4 @enkTiiike m%lﬁtzlﬁﬁhgtaehfigﬁ%é’ﬁf wifyb g a catalytic
activity. As the zeolite-based catal yst, for exanple, zeolite-based

cat al yst s sa@hmadamm@hmmpvei idoffi¢d} cbkprb;emeﬂemg’ ﬂSMcﬁtal " ZEM Altion
"ZSM S", ]'-llﬁ §2" "ZSM 20", "ZSM -40", "ZSM 35" 10 and/or

" ZSM 48" ‘%Wﬂ%\} EIZSBE08Y BA% NEBIIThG Teaegrepaitan sas exsdyor the | ke
can be useg dt'%‘qlq' tiqnally, as the zeolite-based catalyst, known

zeol it e- base ata ysts, for exanple, crystalline al um nosilicate including

so- cal I®d [EEIRpArRUsi 126 dddecantds of 16 pe hidPasUdlk @al %E{Vf he priddhé8",
"MCM 50", "FSM 41", "1M418" an((:j/or&t he |ike; 1§d| ferent r?r%%? cont a?nl ng

zeolite quWGastlpnriemdtl mtequlgalslr d)ﬂniuedaatfet 1f er radbentniedi b bavéng a

tltanoschat«i and/ or thg ;}@ nd/or the like can be used. O these
zeol i t e- baSd e\fé‘tca‘F §Jaydy: fRd %t&b]P%S(T cakalygly i oFpmedeti on for ol efin

Struct ﬁf2%%?%0%é%%ﬁ%féiﬁi‘%ﬁc%ase U DB RR B s
exchange tyAeM-ul - t¥PR)-8t s ZSMRNLY, ‘Ured- 1 Sddizgomabt vz @vpant, of - %@ns in

the zeolite-based cat al %/st may be substituted with at |east one kind
sel ectléd faoeial IabM- 48t abnsuetriadlyNayaikabld framd Mhbill OkleCoapied tioe; ear t h

LTI (YT N E L T
cec | emmie sl R SRR, o ol g Ty B r
parti cul arincluéitg isoteadlddnidss-gb e @Mimunﬁﬂ)wﬁlﬂﬁili]@ gh slsat e such as
powdery st ate gr anul ar 30state and the |ike. Additionally, alumna,
titania, SlMiQM El apé(M-48", “MCM-507, “FSM-41”, “M415” and/or the like;

15 different element-containing zeolite such as porosilicate, gallosilicate,
ferroaluminosilicate, titanosilicate, and/or the like; and/or the like can
be used. Of these zeolite-based catalysts, those suitable for a hydration
reaction for olefin are crystalline aluminosilicate and gallosilicate
having a pentasil structure.

20 [0023} As the zeolite-based catalyst, that of the proton exchange type
(H-type) is usually used.rAdditionaHy, a part of protons in the
zeolite-based catalyst may be substituted with at least one kind selected
from alkali metal such as Na, K, Li and the like, alkaline earth element
such as Mg, Ca, Sr and the like, transition metal element such as Fe,

25 Co, Ni, Ru, Pd, Pt, Zr, Ti and the like. Additionally, the zeolite-based
catalyst may contain Ti, Zr, Hf, Cr, Mo, W, Th, Cu, Ag and/or the like in
a sultable amount.

[0024] The zeolite-based catalyst is not particularly restricted in its
state and may be used in any state such as powdery state, granular

30  state and the like. Additionally, alumina, titania, silica, clayey

compound and/or the like may be used as a carrier or a binder for the



conpound and/or the like nmay be used as a carrier or a binder for the -8-
zeol ite-based catalyst. [0025] The zeolite-based catal yst nmay be used upon
being forned into pellet or extruded product by adding a binder such as
silica, alumna, clay and/or the like to_it. 5 [0026] In the present

i nvention, |ower hydrocarbon neans a m xt'ure contai ning nethane in an
anount of at |east 50 % and preferably not | ess than 70 % and additional ly
cont ai ni ng zsalitk-ateddandakpsat ur at ed hydrocarbons having a carbon nunber of
2 to 6. Exanples of these saturated and unsaturated hydrocarbons having a
car bon nunb@p2%lf Thelfidite -basedthenlyst pn@jl?m@e?scgizg?w/lgem\@j,n@f@mﬁé@gnto

i sobut ane, n-butene, isohutene and the like. [0 n aromatization
reaction fBEUESREreHyUAsdar gt by hd diveg oblingte rprisdu ek rgliaprombningna,

hydr ocar bo enfrom.| ower hydrocarbon according to the present
i nvention ggﬁpggaég£§%bpg%%gﬁ”by 15 a reaction-node such as a batch-node or

. ed by L . 8 o oa
a flowsodpoRar th %Hbaf]{ﬂeléenlt tink&nBlo8l QB%II"%}I(H"OSE?F{SLH Jflgt.e%gg Eﬂgg{&g@% on by

the fl ow node using a fixed bed, a noving béd,

like. [0028}tsAniegpeethame infart hendweacot an 1é8st300 9 dial POSFGabpy efcgr abl y
450 Cto 800 C,  and a pressure of the reactionis 0.01 MPa to 1 MPa, 20
pr ef er abl ylEFS1thh /Poro0rvd peslitionedly) comaisingmsduraeast pnfloosegtuseted ¢ he

o om L ThsRcahon Larhl 10 SR AR SO5L 0 DA ADLT SRRSELTER
in Fig. 1, sdfigrad6@id @ ddaes8PBR drocarbons having a carbon number of 2
10 to 6 are ethane, propane, propylene, n-butane, isobutane, n-butene,
1sobutene and the like.
[0027] An aromatization reaction for lower hydrocarbon in the method
of producing aromatic hydrocarbon and hydrogen from lower
hydrocarbon according to the present invention can be accomplished by
15 areaction-mode such as a batch-mode or a flow-mode. Particularly, it is
preferable to accomplish the reaction by the flow-mode using a fixed bed,
a moving bed, a fluidized bed, or the like.
[0028] A temperature of the reaction is 300 °C to 900 °C, preferably 450
°C to 800 °C, and a pressure of the reaction is 0.01 MPa to 1 MPa,
20 preferably 0.1 MPa to 0.7 MPa.
[0029] (First Embodiment)
[0030] Here, the aromatic hydrocarbon producing apparatus according
to a first embodiment of the present invention will be discussed with
reference to Fig. 1. As shown in Fig. 1, the aromatic hydrocarbon
25  producing apparatus 10 according to the first embodiment of the
present invention is constituted of a first reactor 1, an aromatic
hydrocarbon separation apparatus 3, a hydrogen monitor 4, an off-gas
tank 6, a raw material gas tank 5, and a valve 7.
[0031] The first reactor 1 is charged with a catalyst for aromatizing

30 lower hydrocarbon. A raw material gas (for example, methane) is

supplied from the raw material gas tank 5 and makes a contact reaction



25 produci ng apparatus 10 according to the first enbodi nent of the present
invention is constituted of a first reactor 1, an aromatic hydrocarbon
separation apparatus 3, a hydrogen nonitor 4, an off-gas tank 6, a raw
material gas tank 5, and a val ve 7. ol 0031] The first reactor 1 is
charged with a catal yst for aromati zi ng 30 | over hydrocarbon. A raw
material gas (for exanple, nethane) is supplied fromthe raw materi al gas

tank 5 and wiaketheac£QilyasttHegabli Pibd udngWiohmihie 1aldcyshon tREr 8RY p18
produci ng aromati ¢ hydrocarbon (for exanple, benzene) and hydrogen.H10 32]

Gas obt ai nééngenel aadchydiagdrc reactioR gnd di;charged frpn1t2e firstt X
reactor 1 i : ied to the aromatic, hydrocarbon separation appar at us
whi ch sepai@?ggpmqadnﬁa&fg%?waﬂﬂfdﬁJ@é—ﬁtlioﬂ pd dpelargadhbtam the from
t he suppli , 0 . Loseparating anomatic hydrocarbon, a
cool i ng seggﬁgﬁgﬁéﬁﬁégﬁéSﬁ?Pq¥%§§€2?%%ﬁogFﬁﬁ%?W@fﬁ§%#%€éFbBﬂl $9Bool i ng t he

gas, a sreanpph@htilieCoNBidiNgeph SR CaFRNROREMN $rd rBaash MY IRE 9A8hd Oirst
t hrough an absorbing liquid, and a neans using a separation nmenbrane are

proposed andaelosl1.ciabieth¢ 6od4flicthgabydrogen nonitor 4 detects a hydrogen
appar at Uo. WOTH0AS] BT Bar BATAiHaS GRPITHAC 15 SUBRTT @8 ¥ ForEke of { - gas
for the cat ol PE PSRl BN BB EP W sBbRIN i FiBdbade on'
a met hod obapraduehng far eaedv¢riNY Breadh ®eOnHRAL IBAMNEY HAYs R tRe ¢akal YtiC
reaction in the aromatic hydrocarbon producing system 10 according to the
first ¥hboth¥aigh em absorbing liquid, an(fa means using a separation membrane
are proposed and applicable. -
[0034] The hydrogen monitor 4 detects a hydrogen concentration in the
off-gas in the aromatic hydrocarbon separation apparatus 3.
[0035] Additionally, the off-gas is supphied from the off-gas tank 6 to the
15 first reactor 1 thereby also making a regeneration reaction for the
catalyst in the first reactor 1.
[0036] Discussion will be made on a method of producing aromatic
hydrocarbon upon carrying out a catalytic reaction in the aromatic
hydrocarbon producing system 10 according to the first embodiment of
20  the present invention.
[0037] When a changeover action of a valve 7 is made to supply the raw
material gas (for example, gas containing methane) from the raw
material gas tank 5 to the first reactor 1, methane reacts with the
catalyst in the first reactor 1 to produce aromatic hydrocarbon (for
25  example, benzene) and hydrogen.
[0038] Thus produced benzene and hydrogen (containing unreacted
methane and argon and the like in a reaction gas) are supplied to the
aromatic hydrocarbon separation apparatus 3 in which aromatic
hydrocarbon is separated and removed. Gas (off-gas) obtained upon
30 removing aromatic hydrocarbon from discharge gas obtained after the

reaction 1s stored in the off-gas tank 6.



20 the present invention. [0037] Wen a changeover action of a valve 7 is
made to supply the raw material gas (for exanple, gas containing nethane)
fromthe raw material gas tank 5 to the first reactor 1, nethane reacts
with the catalyst in the first reactor 1 to produce aromatic hydrocarbon
(for 25 exanpl e, benzene) and hydrogen. Fb038] Thus produced benzene and
hydr ogen (contai ni ng unreacted nethane and argon and the like in a reaction

gas) are sUpPBHEAitihikhemar aneyd & ndEocanen L RePaf ald off- '
whi ch aromati ¢ hydrocar bon igﬁieparated and renoved. Gggf?§$?§3%§§sog%gined
upon 30 rehyvilmghardongdn o dryidoodap bondtdam dis abhamgeighsdobéaibied after the
reaction is stored in the off-gkgs tank 6. -10- [00391 At this tinme, a
hydr ogen cSRERR AR P Bratige of he duslroge pecpnipeadrpfionne hgthoadend foni tor 4
provi ded t oRat i drocar bon .separ ation apparatus, 3. The hydrogen
concentrat?g%@ﬁg?é(ggékﬁggér#§ Wﬁﬁ?ﬂﬁﬁaga%ﬂgﬁﬁb% “Hb?ﬁée % he catal ytic
reacti on apglgdher2569888EALNOM fI8AC kPR R NE Fibish i i |G Wil
be di scussedgi n detail after. [0040]r Ne%, is’cusélél})rﬁli?mlaﬁ%}q{)lgg—un% e % a

met hod f or debaidydfgr.out the regeneration reaction in the aromatic

hydr ocar bo duci ng system 10 according to the first enbodi nrent of the
present i n&é@i‘ﬁo extodisog 1o WHEH Be erakgesvemaididbfpiotatiyangaiwiethe i s
made to su the: = .n..the -gas tank 6 iinto the first reactor 1,
the cat ai yoreararsidl ra b df RELEER WMo PulBhep B e v 18 dben 1 n
the of f- gagecorid@@4ah MMefirshentrlBhyst: bBtEEYSBES A Bk erftiGhangeover action
of the valve 7 is again nade to supply the raw material gas into the first
15r eactr 00l laWhen pedtertdroveataltyin of thactdlon.7 [Oaa]e Thespphy thepeat i ng
the catalytjc reactjo nd the r genergtion reaction,éﬁroduction of

aromati o MYHIGUIBGRC G4 26 AOboRBPTSHEA ARSI AART yi he TonlEs Gy addre.

1n the first reactor 1 is regenerated with hydrogen in the off-gas.
[0042] When the catalyst is regenerated, a changeover action of the
valve 7 is again made to supply the raw material gas into the first

15 reactor I so as to make the catalytic reaction.
[0043] Thus, by repeating the catalytic reaction and the regeneration
reaction, production of aromatic hydrocarbon can be accomplished at a
high yield for a long time.
[0044] Hereinafter, discussion will be made in detail on the aromatic

20 hydrocarbon producing system according to the first embodiment of the
present mvention with reference to examples.
[[0045] A lower hydrocarbon aromatization catalyst (hereafter
referred to as catalyst) was prepared by a preparation method as
discussed below, using H-type ZSM-5 zeolite (Si0sg / Al2O5 = 40) as a

25  metallosilicate carrier.
[0046] 400 g of HZSM-5 subjected to a silane treatment was dissolved in
an aqueous solution prepared by dissolving certain amounts (the mol
ratio between molybdenum and zinc is 10:3) of ammonium molybdate
and zine nitrate into 2000 ml of ion-exchanged water, and stirring was

30  made at room temperature for 3 hours so that zinc and molybdenum

were carried on HZSM-5.



[ 0044] Hereinafter, discussion will be nmade in detail on the aromatic 20
hydr ocar bon produci ng system according to the first enbodi nent of the
present invention with reference to exanples. RO0451A | ower hydrocarbon
aromati zation catalyst (hereafter referred to as catal yst) was prepared by
a preparation nethod as di scussed bQIow using Htype ZSM5 zeolite
(Si02 / A 203 = 40) as a 25netallosilicate carrier. [0046] 400 g of HZSM 5

subj ected t{@O@ﬂSAf@éket}sé et AR BRM %%ﬁﬁln\geadldcnaﬁﬂ rﬁet&%{ﬁnﬁﬁ'

prepared by dissolving certain amounts (the nol ratio Between no ybd%num
and zinc i st BMof6 am%)hl UIA Sl §heatsed sind, 7i nesné4leat €d iantss@000mis of
i on- exchanged wat er, stirring was 30 nmade_at roomtenperature for 3
hours so t RAtrgit r%‘ﬁﬂ Rifbdentiales ep edider ef ushhez SN Barts ef an] 00471

f h d nol 1.23
ooy 1 restreb e R Y W AT e R TR o BBE R bt e ehign
obt ai Ning Gat @ irslkiOVEEH at o M\%rﬁheléeﬂét te,§a waa'l fn%l 93}"8118“%' “H'ﬁf was

added to 85 parts of this catal yst powd t hen an extrus
formation cmhmnan@npehbeeb§qabdumamgﬂaﬂﬂalﬁxulomed by cal ci nation, thereby

pr oduci ng c yst.. [0048] By char the first reactor 1 of the
reaction s@%‘%@fb hpngige t %Bm FoRe ébt phile caeatipstsysdemedp inoFig. 1

pr oduci ng r rocarbon duct
Evaluatlon&gﬂg%h <g§%9 8@% Sfogg%g §§1P§§§HPHF¥ﬁY?W@~yiﬁVafﬂﬁﬂggﬂkene
relative tadm@w@mwmwaan\mgfdowaacfécpvmv&mgpﬁgﬁ thﬁh% WA ?stotv Aenzene
was defined as indicated bel ow. Benzene yi el 8 quantity of
benzend praduoedlishod)yith tlyeantlid yf bénnmmaaﬁtsm@mblledrefrduy@rdme&baﬁe

reform ng reaction 1. x 1510Q_Hereinafter, conmmbn reaction conditions
in each ?egf 1g] é}vgqg]gfmg%éhgg\pgﬁ %he yield of benzene was defined as indicated

below.

Benzene yield (%) = {{quantity of benzene produced (mol)) /
(quantity of methane supplied for a methane reforming reaction(mol))} x

i5 100

Hereinafter, common recaction conditions in each test are shown
below.
Reaction temperature: 780 °(;
Pressure: 0.15 MPa;

20 Weight hourly space velocity (WHSV) @ 30000 mVlVg-MFI/h; and
Composition of the reaction gas: methane (89 %), argon (9.9 %) and
carbon dioxide (1.1 %)

A pretreatment for the catalyst was conducted as follows: The
temperature of the catalyst was raised to 550 °C in the stream of air

26 and kept for 2 hours. Thereafter, air was substituted with a
pretreatment gas containing 20 % of methane and 80 % of hydrogen,
and the temperature of the catalyst was raised to 700 °C and kept for 3
hours. Thereafter, the pretreatment gas was substituted with the
above-mentioned reaction gas, and the temperature of the catalyst was

30  raised to a certain temperature (780 °C) thus accomplishing the

evaluation of the catalyst.



Reaction tenperature: 780 C; Pressure: 0.15 MPa; 20 Wight hourly space
velocity (WHSV) : 30000 m /g-MFI/h; and Conposition of the reaction gas:
nmet hane (89 %, argon (9.9 % and carbon dioxide (1.1 %9 A pretreatnent for
t he catal yst was conducted as follows: The tenperature of the catal yst was
raised to 550 Cin the streamof air 25 dhd kept for 2 hours. Thereafter,
air was substituted with a pretreatnent gas containing 20 % of net hane and

80 % of hydnogehHandgehe srepnanat Wi ind Rereald Iyst dWASTEE) S8¢, (190 C

and kept for 3 hours. Thereafter, the pretreatnent gas was substituted with
t he above- aeamadneydeacaibomgasch amdodlmneempématurreylehetmedcaLaI yst was
30 raised to ertain tenperature (780 C) thus _acconplishing the

eval uat i onn&ﬂi’?‘ttﬁ‘éli%%(’f &I“;ds{g)ei Fowerg MIZW@WOEBH;GEQOH and net hane were

anal yzed b - il r tic drocarbons such as benzeneg, tol uene,
xyl e%e andY%%-%% ﬁa%sé\r,\\% aggldgtsﬁg%‘i ?Egh] Sllﬁer_egﬁzfsy’z%ge%eln—’? B .af@OSO] Figs. 2
and 3 showhgdabysh TohesHtifibh dPeRACNE W&l §raidc8oRYdr UsRag@NCent rati on
obt ai ned when production of aromatic hydrocarbon and regeneration of the
catal yst wbydreenrticedaodt regenceptian ofjtize cyichlysit vednedeangidd haurisy of t he
catal ytic reacti.on and of the reaction for regenerating the

catal yst aftRfa4RE %ayafeyﬁnogﬁ_aga%& Rpishot Hae spbikiti cTeneior arbi reuci ng
Pyot o 10 ELIOEHLCA, SR P BB SORY PSRN Phvone
catal yst cowltHe barowstciBrdrdch@hn prdBucing system 10.

10 [0051] As shown in Fig. 2, it was confirmed that the regeneration of the
catalyst could be made with the off-gas so that the catalyst could be
used for a long time.

[0052] From the results in Fig. 3, it was understood that the hydrogen
concentration of the off-gas in the first reactor 1 lowered by making the

15 catalytic reaction. Additionally, it was confirmed that the
above-mentioned hydrogen concentration rose after the regeneration
reaction.

[0053] In the above examples, the hydrogen concentration of the off-gas
in the first reactor 1 during the reaction varied within a range between

20 not lower than 15 % and not higher than 25 %. Accordingly, a control for
making a changeover from the catalytic reaction to the regeneration
reaction can be carried out watching the hydrogen concentration to
prevent the hydrogen concentration from becoming not higher than
15 %, in place of making the changeover from the catalytic reaction to

25  the regeneration reaction every a certain time.

[0054] In this regard, an aromatization reaction for lower hydrocarbon
was carried out in an aromatic hydrocarbon producing system 11 shown
as a comparative example in Fig. 4, in which a hydrogen concentration
in off-gas and deterioration of a catalyst were studied. In the aromatic
30  hydrocarbon producing system 11 in Fig. 4, the same reference

numerals are assigned to the same parts and elements as those in the



[0052] Fromthe results in Fig. 3, it was understood that the hydrogen
concentration of the off-gas in the first reactor 1 | owered by making the
15catal ytic reaction. Additionally, it was confirned that the
above-nmenti oned hydrogen concentration (?%e after the regeneration
reaction. [0053] In the above exanpl es, e hydrogen concentration of the
off-gas in the first reactor 1 during the reaction varied within a range

bet ween 20 an0ind oWy dirBadrdén Wraddcal shi@her o Q@@W%Silf/git‘écf(%gyﬁg} v, @

control for meking a changeover fromthe catalytic reaction to t

regener at i omittiagg idoinitah ehplamatioed thstrewfit chi ng t he hydrogen

concent ratig@,%f revent the hydrogen concentration from beconi ng not

hi gher t hat048; /?'?gnopﬂhé?é’\és aftimglangper hesahghagreoer & bervene yaaldl ytic
reaction t - 1 gener at,i reactiqn.every,a certgin tine. 054] In
this regar gbg%r# Jaztire 8;%%31' gactoi%tc%%g{r]«g%%?aﬁl%ﬂ%fe&wele rw?fyb?’gﬁ%ao%)r?% gC‘ZZ‘I‘E’H ed

out in AN aapMBEL GvAY dh RERRRRIPHRFHE B hY S 8 M ik SHAVRL %egeﬁe?&@'bﬁ“ ve
exanple in Fig. 4, in which a hydrogen concentration 1n off-gas an

det eri or at reactobnaAdatiabysilywdiie. Staldiveda timd hepsar-bastd cha@ deyskt car bon
pr oduci ng Egaten1ll in Fig. .4, the sane reference nunerals are assigned to
the same pdvfEOamy cOPsRBATAIIQR 1pHAweoiRaheobtaimed ayrme eoipdt acarbon

pr oduci ng I i ] re m.tting detail ed expl.anations
t her eof . Fégﬁgghé?a%qg%@%%&ggggPF#%&E§5§§¥%P§%dwéﬁgﬁg'“B?O%g%éW?gﬁe yi el d
obt ai ned whathauteatBGhel RacCth®Re Peh¥RAN:H QWaEtiydr ocarbon and the 5

cat al yst s continuously nmade without carrying out the regeneration

react i &h. ﬁ?ﬂﬁ@li enalnarisedetd cemoss.ad tinmeFlaps ehbaseth« kartgehof theere
hydrogen concentration in the off-gas, obtained en a contact reaction
bet ween Ioﬁk?(ﬁ§ﬁgﬁégﬂbbﬁtﬁﬁ8nﬂW@ SREE R ¥ 16les2 B itienvdrI8e rade wi t hout

carrying oufn ddifirh 8R8NEL #hb Y283 Whring in benzene yield indicates that
the deterioration of the catalyst proceeds. Particularly when the
hydrogen concentration is not higher than 15 %, the benzene yield is
15 also low, so that the deterioration of the catalyst proceeds while forming
a corking section which cannot be removed.
[0057] (Second Embodiment)
Fig. 7 shows the aromatic hydrocarbon producing system
according to a second embodiment of the present invention. The same
20 reference numerals are assigned to the same parts and elements as
those of the aromatic hydrocarbon producing system of Fig. 1 thereby
omitting the detailed explanation thereof.
[0058] The aromatic hydrocarbon producing system according to the
second embodiment of the present invention is featured by being
25 provided with a first reactor 1 and a second reactor 2. By being provided
with two reactors, gas obtained after the reaction and discharged from
one of the reactors can be supplied as a regeneration gas to the other
reactor.
[0059] Discussion will be made on a method of producing aromatic
30  hydrocarbon in the aromatic hydrocarbon producing system 12

according to the second embodiment of the present invention.



10 [ 00561 Conparison between Fig. 5 and Fig. 6 shows the fact that there is
a correlation between the benzene yield and the hydrogen concentration in
the off-gas. Lowering in benzene yield indicates that the deterioration of
the catal yst proceeds. Particularly when the hydrogen concentration is not
hi gher than 15 % the benzene yield is 15also |low, so that the
deterioration of the catalyst proceeds while form ng a corking section

whi ch canndbobe] nenelvedn 1100574 Fiecond EebodiviRMdadtich i £Mq¥e &{d%em
aromati c hydrocarbon producing system according to a second enbodi nent of
t he presenttheduetticotomAe sane 20 reference nunmerals are assigned to the

sane parts l.ements as those of the_ aromatic hydrocarbon producin
syst em of &ﬁgglﬁ‘ﬂ’tﬁgﬁ‘%%‘yp‘@rﬁ 1¢tio0y of e vabta e dnadpl tanatn iy ltafférlé@f:el[l@gSSl

The aromati 0 cing. syst ceording to the secqnd

enbodi ment e Wik ‘El?%?%é"t Shi |%n§ergaﬁ%?§8?b%?%6"&aﬁ Dk BROVI ded i th a
first reactBhnkeanr acb@e0M0a KBAGE OF is2m B Q?H%h‘%{lr%%'éi%d M 4if Wr o 1
reactors, gas obtained after the reaction and di scharge ?rom one of  the
react ors cahebregsupphiied wmschiomegedetiathangghdsrdn theseidhel regaot @ to

[ 00591 Di SﬁﬁSSi or‘lgi/vi If)ﬁﬁe made on a nmet hod of producing aromatic 30
hydr ocar boh™f @ WHE €aP bhBe iS¢ SHYMr ocar bon produci ng system 12 according to

t he second i ©f .the | -yention, o -14- . 100601 shown at
(a) in Fi g.[ g t%Ig%ggttg{%}:tﬁtb%c%’gcﬁteﬁqéﬁ&?gs {5;1_{1}"%%% “6'3?? 11}}{:[ ?Ef‘nt@qy?ﬁ‘fr react or
1. [0061] Archanggayelovedt hpfr @fardonalavendiis HREScAMSYRALY JabeARLLL 1 al
gas fromthe raw material gas tank 5 to the first reactor 1, and a 5
changetVer aadférophofike \sap ved @cddsinmmaé heoradics thagge (faseobyairnegrlafitler t he

regeneration reacgtjion and di scharged fromthe second reactor 2 to the
out si de of S?Hgf@éstthé%rﬁe?o'

[0063] Discharge gas from the first reactor 1 is sent to the aromatic
hydrocarbon separation apparatus 3 in which aromatic hydrocarbon
produced in the first reactor 1 is separated and removed.

15 [0064] Gas (off-gas) discharged from the aromatic hydrocarbon
separation apparatus 3 is supplied to the second reactor 2. In the
second reactor 2, regeneration of the lower hydrocarbon aromatizing
catalyst charged in the second reactor 2 is carried out with hydrogen
contained in the off-gas.

20 [0065] After making the reaction for producing aromatic hydrocarbon,
the regeneration reaction inside the first reactor 1 is carried out. The
regeneration reaction of the catalyst inside the first reactor 1 will be
discussed with reference to (b) in Fig. 7.

[0066] As shown at (b) in Fig. 7, a changeover action of the valve 9 is

25 made to supply raw material gas from the raw material gas tank 5 to
the second reactor 2, and a changeover action of the valve 8 is made to
discharge gas obtained after the regeneration reaction and discharged
from the first reactor 1 to the outside of the system.

[0067) In the second reactor 2 which is charged with the catalyst for

30  aromatizing lower hydrocarbon, aromatic hydrocarbon such as benzene

and/or the like is produced from lower hydrocarbon supplied thereto.



[0062] In the first reactor 1 which is charged with the catal yst for
aromati zi ng | ower hydrocarbon, aronmatic hydrocarbon such as benzene 10
and/or the like is produced fromthe reaction gas (lower hydrocarbon)
supplied thereto. [0063] Discharge gas Lromthe first reactor 1 is sent to
the aromatic hydrocarbon separation apparatus 3 in which aromatic

hydr ocarbon produced in the first reactor 1 is separated and renoved.

15[ 0064] Gamisthhfg@as) flbachias gechhd oanthe @ﬁ@@@h‘t%%ﬂ@ﬁﬁﬁ%@f& separation
apparatus 3 is supplied to the second reactor 2. In the second reactor 2,

r egener at i diydgbcateon eppar mvdnaqavchmtuaribmmhldhgamhagycshydﬁ@degﬂa&m nt hgo
second reactor S carried out with hydrogen contained in the o gas.
[0065] Aft BFO%R?%dntlﬁé $Rd BRAqteF 2p’r50%ﬁlbil"r?d0 roddtteEaedh-ocar bon, the

regenerati { IS tor i ed T_he

r egener ati gqoég]gc@ta: odr%f%gﬁltsﬂal&gi alglyd ism (é atrﬁglq'til?& ‘{"é’ﬁéf“}g‘?nl will be

di scussed wbphrdgbaranse dtas(dls lsﬁpBMd t70 thOPEEE 8 RO RLLED de Fi g.

7, a changeover action of the valve 9 is 25 nade to supply raw material gas
from the raonetarelimgegasatmmkobthe lower datbndarleac hebnhtiaind; sattigageover

action of t made to di scharge gas obt a| ned after the
regener at i BﬂaF%(a‘L 52‘ dﬁﬁe’tdY(’s‘%ﬂﬁaF detd $33M5 4 Rartrw ridy hydeegan containggein

outsi de of (fhey Y Bem [0067] In the second reactor 2 which is charged with
t he cat al yst for % aromati zing | ower hydrocarbon, aronmatic hydrocarbon

such as befzes® @hakorht herd i&eetoss rarr@ctté@l@@cté@@ulcﬁwﬁ{atw PLERT mrtgﬂmp' I ed
thereto. -15- D|scharge gas fromthe second reactor 2 is sent to the

ar omati% hgas seat b}aﬂmrgém@mm@n gﬁ@pareaali@rﬁalteﬂw\ﬂlom shonegh @ aljdfocar bon

d d the ec react i,S separ ate renoved 0068] Gas
?L?f EJSgls)l %‘E‘héﬁgj’&g Cﬂ’r lca SrHes g??%ét?a?&@;%“a‘bﬂﬂdﬁeat us 3

i's supplieght ¢t hodddest c&ﬁﬂﬁh%hsiy ahfd éﬁgcﬂl%ﬁ} in the aromatic

hydrocarbon producing system 12. Further, not less than two reactors
may be provided in the system, and an economical producing system can

15  be realized because the reaction can be made upon carrying out the
regeneration of the catalyst in the reactor with the off-gas generated
under the catalytic reaction without using a particular generation gas.
[0070) The aromatic hydrocarbon producing system 12 according to the
second embodiment of the present invention will be specifically

20 discussed with reference to examples.

[0071] Preparing conditions of the catalyst, reaction conditions,
analysis methods and the like are the same as those in the examples in
the first embodiment, and therefore explanation of those will be
omitted.

25 [0072] The first reactor 1 and the second reactor 2 as shown in Fig. 7
were charged with the catalyst for aromatizing lower hydrocarbon,
thereby carrying out the reaction for producing aromatic hydrocarbon.
[0073] Figs. 8 to 10 show analysis results of a benzene yield and a
hydrogen concentration obtained when aromatic hydrocarbon was

30  produced in the aromatic hydrocarbon producing system 12.

[0074] Upon comparison between Fig. 8 and Fig. 9, it will be understood



reactor 1, regeneration of the | ower hydrocarbon aromatizi ng catal yst
charged in the first reactor 1 is carried out with hydrogen contained in
the off-gas. [0069] Thus, the two reactors are connected such that the raw
material 10 gas and the regeneration gas,are alternately flown through each
of them in which aromatic hydrocarbon stith as benzene and/or the |like can
be produced continuously and effectively in the aromatic hydrocarbon

produci ng skst @b ddatiEbiRBEariiAl ch8SR &&%nh‘é@s[ﬁ%@%ﬁﬁgeW?BﬁaSﬁ%%ged in

the system and an econom cal producing systemcan 15 be reall ze ause
t he reacti oatdanidechudy upodtaaratyinge ped tihge reegendy aic @mcofod hadcgial yst
in the reactor wwth the off-gas generated under the catal ytic reaction

Wi t hout usFHgERCIFHARR dGRraHOgetet ath oA thadirgtorantand W@ﬁéﬁi@cﬁm ocar bon
produci ng §é(ﬁt%[[511212 according to the second enbodi nent of the present

i nvention w e ‘specifically 20 discussed with reference to exanpl es.

[0071] #ref@yTHoAeWHhvwheASFRS. - | Lt -ahal ysis
met hods and the] li ke are the%ag%gga%ﬁ%zozéeinnﬁﬁgéiﬁgmgﬁ?tlr}g?ﬁg g?’igfls

enbodi ment thadidst henefor ¢ iexpitadoatdrothaf 15hsen dirdt Ibg:her tHad 2525 0072]
The first r.eacltO{ 1 and thf? second reactor 2 as shown in Fig. 7 were
char ged wi PHEHAELE 50 Anyidye Figst embedimendg | ower hydrocarbon, ther eby

i : ' . i tic h bon...,[0073] Figs.
ot 0”10 S0 TACASIRELL AN R o} BN O TR I GRRLE By 007 T 08
concent r at i ¢fla reht@itp et gwhan ;a6 oIt Ch P S5 QG2 HAR A% t30h PR AdYcsE: goa'l fshe

aromati ¢ hydrocarbon produci ng system 12. [0074] Upon conpari son bet ween
Fig. 8Candloswer thanitd (a,lthebleewnder sidddis lo6-and hht detenmiracidiydf oear bon

can be conti nhyousl r oduced intaining a.catalytic activity b
al ter nat el %?@E%‘é?%ﬂ etcﬂsewgé%ea QR F éa“@tf%é’hg éﬁagﬂoﬁewbé@}éﬁéﬂ@tofﬁéﬁ? reaction
in each ofrérﬁgvgﬁrst reactor 1 and the second reactor 2. 5[0075] As shown

in Fig. 10, the hydrogen concentration in the off-gas in
[0077] Additionally, in the first and second embodiments of the present

invention, the off-gas is used has the regeneration gas, so that it is
15  apparent that a regeneration ability is lowered if the hydrogen
concentration in the off-gas lowers.
[0078] The standard for changing over the reaction step to the
regeneration step is preferably the hydrogen concentration of not lower
than 15 % for the above-discussed two reasons. In other words, if the
20 hydrogen content is lower than 15 %, the deterioration of the catalyst
excessively proceeds while the hydrogen content in the regeneration gas
used in the regeneration is low thereby making it difficult to repeat the
regeneration reaction.
[0079] The present invention is not limited to the examples, so that
256  reaction conditions, catalysts (kinds and amounts of metals carried
thereon), and the like may be suitably selectable.
EXPLANATION OF REFERENCE NUMERALS
[0080] 1 ...first reactor
2 ...second reactor
30 3 ...aromatic hydrocarbon separation apparatus

4 ...hydrogen monitor



the first reactor 1 is not |ower than 15 % and not higher than 25 %
simlarly toin the first enbodinent. [0076] As described in the
conparati ve exanpl e discussed with reference to Figs. 4 to 6, if the

hydr ogen concentration in the off-gas is %0 | ower than 15 % the benzene
yield is low, and the deterioration of the catal yst proceeds while form ng
a corking section which cannot be renoved. [0077] Additionally, in the
first and secondiemhodilmentayosfafihe esefbon wsahm{g}sif@@n@ff-gas is used
has the regeneration gas, so that it is 15 apparent that a regeneration
ability is lowered if the hydrogen concentration in the off-gas |owers.

[ 0078] The standard for changing over the reaction step to the regeneration
step is preferably the hydrogen concentration of not |ower than 15 % for

t he above-di scussed two reasons. In other words, if the 20 hydrogen content
is lower than 15 % the deterioration of the catal yst excessively proceeds
whi | e the hydrogen content in the regeneration gas used in the regeneration
is low thereby making it difficult to repeat the regeneration reaction.
[0079] The present invention is not limted to the exanples, so that 25
reaction conditions, catalysts (kinds and amounts of nmetals carried
thereon), and the |like nay be suitably sel ectabl e. EXPLANATI ON OF REFERENCE
NUVERALS [00801 1 ...first reactor 2 ...second reactor 303 ...aromatic

hydr ocar bon separati on apparatus 4 ...hydrogen nonitor



-17- 10, 11, 12 ...aromatic hydrocarbon produci ng system -18- CLAIM [1]
A nmet hod of producing aromati c hydrocarbon, conprising: repeating a
reaction step for obtaining aromatic hydrocarbon upon nmeking a contact
reaction between |ower hydrocarbon and a 5 catalyst and a regeneration step
for regenerating the catalyst used in the reaction step, characterized in
that off-gas which is gas obtained by renoving aronmati c hydrocarbon
produced in the reaction step from di gghamngs gas passi ng through the

reaction step is used as a regeneration gas in the 10regeneration step. [2]
The aronmat it hy dAomatbod ofrochdeicngg mebhottias yelrak aeldhn nedGhpir pidg:
characterized in _that the reaction step i s changed over into the
regeneration st eptPHHIBE HACACRYASEGRACE OREBHIIDA ryrmphic hedoidargas. [ 3]
The aronmati vdr.ecar.bo odugi -neéh d as.clained,in gha|n1%£; or 2,
characteri ;lgglﬂl %a?ﬁig% 1 E%R{éaecgc ela%%msﬂ %9‘?%9%&8?%’5&?%%@% P8 AHe?
5 catalyst and a regeneration step for regenerating the catalyst used in
the reaction step,
characterized in that off-gas which is gas obtained by removing
aromatic hydrocarbon produced in the reaction step from discharge gas
passing through the reaction step is used as a regeneration gas in the
10 regeneration step.
[2] The aromatic hydrocarbon producing method as claimed in Claim
1, characterized in that the reaction step is changed over into the
regeneration step, based on a hydrogen concentration in the off-gas.
[3] The aromatic hydrocarbon producing method as claimed in Claim
15 1 or 2, characterized in that the reaction step is changed over into the

regeneration step, based on a condition in which a hydrogen

concentration in the off-gas is not lower than 15 %.

[4] A system for producing aromatic hydrocarbon, characterized by
comprising:
20 a reactor in which a reaction step for obtaining aromatic

hydrocarbon upon making a contact reaction between lower
hydrocarbon and a catalyst and a regeneration step for regenerating the
catalyst used in the reaction step are repeated; and
an aromatic hydrocarbon separation apparatus for separating
25 aromatic hydrocarbon produced in the reaction step from gas discharged
from the reactor,
wherein off-gas which is gas obtained by removing aromatic
hydrocarbon produced in the reaction step from discharge gas passing
through the reaction step is used as a regeneration gas in the
30 regeneration step.

(5] The aromatic hydrocarbon producing apparatus as claimed in



regeneration step, based on a condition in which a hydrogen concentration
in the off-gas is not lower than 15 % [4] A system for producing aromatic
hydr ocar bon, characterized by conprising: 20a reactor in which a reaction
step for obtaining aromatic hydrocarbon_ﬂgon maki ng a contact reaction

bet ween | ower hydrocarbon and a catal yst “and a regeneration step for
regenerating the catalyst used in the reaction step are repeated; and an
aromati ¢ hytegeanbeha separdiddom eRRRERL YsabQSr SNAHAL iangh?l%l?yog?t ic

hydr ocar bon produced in the reaction step fromgas di scharged“fromthe
reactor, reactorswherein off-gas which is gas obtained by renoving aromatic
hydr ocar bon produced i.n the reaction step from di scharge gas passi ng
through the react U dRdpeiCassd aemly sguredaitopy gadepat phe reactor,

30regeneration s ok B y t ¢ hydrocar bon .produci ng, appar.at us as
claimed in -19- é‘ieénﬁflyc}ﬁg%%%t%;:“@% Xug%“?ﬂa%%ﬂfé PRRYGT P des a
pluralisy efat®actorsrry out tﬂ@@é?bﬂeié‘lﬁipﬁ%%ion step is carried out by at

| east one reactor, wherein the off-gas in the reaction step is supplied to
anot her 5Sreactor to carry out the regeneration step.



