1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON: METHOD OF MANUFACTURE FOR AROMVATI C
COVPOUND 5 TECHNI CAL FI ELD [0001] The present invention relates to
advanced uses of gases which contain nmethane as a principal conponent, such
as natural gas, biogas and nethane hydrate. The present invention
particularly relates to a chem cal catalytic 10 conversion technique for
produci ng aromati ¢ conpounds (containi ng benzene and napht hal ene as
princi pal conponents, which are MRS, 1 , hem cal products such as

pl astics and the like) and a high* ; - ;ﬁygen gas from net hane.
BACKGROUND OF THE | NVENTI ON 15 [0002] Natural gas, biogas and nethane
hydrate are regarded as the nost effective energy resources agai nst gl obal
war mi ng, and therefore an i n{ldMESE OMTHES INVIETIOB:ng t hem has been

growi ng. A nmethane resource is expected to be a novel organic resource in
the next genera Q Bagr NﬂﬂﬂAﬂéG(ﬂgbiPﬁtﬂﬁBI cell's,
by vir%ue of its clean property. 20 [0003] As a nethod for manufacturing
aromat i’c conpounds such as benzene and the |ike and hydrogen from net hane,
a process TRUCHNERCALWHEEHhane in the presence of a catal yst has been
known, as di sCuSSed in Non-Patent Publication 1. As the catal yst used in
this proced98)1hallybpement inpregnatedtontZSWanial aaidoft gadee wRi@f fgghiye
one. [0004] However, there are problenms of serious carbon formation and | ow
met hane cdRVEFEIOAS PapEnEpah cPRPOBENgagechofs usithgalsgroh kogas ahylsme tiGatbon
formation,in particular is a serious problemdirectly associating with a
degr adat i ay dﬁ%genoﬁiéﬁo%r%fmt HBV LR y%‘F.m[‘%@’g]g] ralaiesy el FhcsaleCatndaiac
probl eus, BaveftioPubbiGatl 156 al st L, hed by
R S R b R b e e LR Rt i
condi t i on ashknephtlealesaper ptinceafl aront rencaab akiitle are materials for chemical

products such as plastics and the like) and a high purity hydrogen gas from
methane.

BACKGROUND OF THE INVENTION

15 [0002] Natural gas, biogas and methane hydrate are regarded as the most
effective energy resources against global warming, and therefore an interest in
techniques using them has been growing. A methane resource is expected to be
a novel organic resource in the next generation and to be a hydrogen resource
for use in fuel cells, by virtue of its clean property.

20 [0003] As a method for manufacturing aromatic compounds such as benzene
and the like and hydrogen from methane, a process for reacting methane in the
presence of a catalyst has been known, as discussed in Non-Patent Publication
1. As the catalyst used in this process, molybdenum impregnated on ZSM-5 is
said to be an effective one.

25 [0004] However, there are problems of serious carbon formation and low
methane conversion rate even in the case of using such a catalyst. Carbon
formation in particular is a serious problem directly associating with a
degradation phenomenon of the catalyst.

[0005] In order to solve these problems, Patent Publication 1 discloses that a

30 mixture gas obtained by adding COz or CO to methane is provided to a

catalytic reaction under a condition where the temperature for the catalytic



2 reaction is set within a range of from300 to 800 "C. Wth the addition
of CO2 or CO carbon formation is inhibited and additionally catal yst
degradation is prevented, thereby allow ng stable production of aronmatic
conpounds. [0006] In Patent Publications 2 and 3, a reaction for producing
aromatic 5 conpounds and a reaction for £egenerating a catalyst used in the
aromati ¢ conpound- producing reaction are alternately switched thereby to

inhibit th | . . Lol oC MAN i e ! i, nt ai
caralyti o TeaEpRK by TR B R e R S uP R R G TS o
substrate oy, di®ohCROMQMDn ANGnRIHINI Q98N EQRIH NN 88T ﬂfaséﬁi(ﬂa}ff(fngqg n

gas) for maintaining or regenerating 10 the catal yst are periddica

al t er nat el préveotghtthently sdowaos stabldptdiictanad fitsiom REFERENSESIABOUT PRI OR
ART PATE ngl_ﬂ J1 ON [00Q7] Patent Publication 1. Japanese Patent
Provi si onalV088h| e dtatent Ngtolrcatinggsa s2ndBht anteaptioni &ay pord ing apamestse

Pat ent Pr oy si . Publjication No. 2003-026613 Patent Publication 3:
Fananeds RabAnale BHA A SO0 BB P ORo e Gos O RES A IR PRSERPIMASE
PUBLI CATI Qﬂrﬁ@od&@@%dﬂl\@ﬁig Rah&Rbn R4kl Al@@tda%@lﬁléwi'&ﬂe{?%«@g&og{%%%ﬁ&

1997, volune 165, pages 0-161 SUMVARY OF THE | NVENTI

SOLVED BY CRHELISKNEENT e § 000@] with tihe: pr ablemmiasaidi weussed i dchcgbhi ng t he
above conventional 25 techni ques, the catal yst degradation caused by the
carbon f orthEET SR é‘%’é%ﬂi"%ioéaﬂﬁiﬂ SRV IEA tE ae s uRshrdteder e tedadiony imbidcal |y

i nport ant I Ln I ic hydrecarbons and the |ike over a
| ong peri o}gspct[)rfo zléﬁlrzr}gxffﬁhgrgéji%%gg%élghnf&elé)g? PoﬁriiSZﬁ’t SHPHABARE OF (egpnerating
10 the catalyst are periodically alternately brought into contact with the catalyst.
REFERENCES ABOUT PRIOR ART
PATENT PUBLICATION

[0007] Patent Publication 1: Japanese Patent Provisional Publication No.
11-060514

15 Patent Publication 2! Japanese Patent Provisional Publication No.
2003-026613

Patent Publication 3: Japanese Patent Provisional Publication No.

2008-266244
NON-PATENT PUBLICATION 7

20 {0008] Non-Patent Publication 1: “JOURNAL OF CATALYSIS” 1997, volume
165, pages 150-161
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] Of the problems as discussed with citing the above conventional
25 techniques, the catalyst degradation caused by the carbon formation and

exemplified by Non-Patent Publication 1 is critically important for stably

producing aromatic hydrocarbons and the like over a long period of time in a

fixed-bed reaction system in particular,

[0010] In view of this, Patent Publication 1 proposes a process for initiating a
30  contact reaction between a feedstock gas and a catalyst with the addition of

COz or CO on the condition that the reaction temperature ranges from 300 to



[0010] In view of this, Patent Publication 1 proposes a process for
initiating a 30 contact reaction between a feedstock gas and a catal yst
with the addition of CO2 or CO on the condition that the reaction
tenperature ranges from300 to 3 800C, thereby inhibiting the carbon
formation so as to prevent the catal yst #glegradation. According to this
process, the catalyst is greatly inproved in stability but neverthel ess

tends to b duced i n. imal benzene yield, . [0011] Meanwhile, there is
proposed i ROREr A eib it ki g "gea&’ﬁp%eéé’%miah“)@ Yhis HOPIg¥EBE tDE dietatyst
hard-to-re : S A ever - by _swi.tchi en a reaction gas.and a
hydr ogen gggé/lglrd %%E)c?i‘r' o%%ﬁ%@%t {z}l; ﬁﬁlnbg%égéggsg‘t m&@%tag?ﬁ\g?ﬁ? l\%}ﬁg’ frﬁg}%‘giﬂs m

obt ai ni ng arabMEty lbulCAERUREEsS tallsytoMEFe Bick@NE MSLIRA I An@8icldn this

rocess, a_regeneration treatment is perfornmed before the depodsited carbon

p % tion t t ment perf d bef t he dep ted b
accumul at e§01Ln Menowhile, ithepossiptaposed mai Rhaémt Fublivetizan? 4 Qiypeedsd in

(which serves .as an index of a catalytic activity) over a | ong period of
time. Ihci ‘Hg‘h"chaPI Poﬁlﬁ@%@ﬁ%g’&%@é}lm%éﬁ‘é&w RESVeREd by, saatabang ibatweemge
hydr ocar bons

of the reagtiQn:;,L0012], it Lnitial.s the reaction, Cé
convert eda%rlg%bﬁg%h E]ﬁ% aélrd et gﬁg%%er %dls nélg%gjg%%hneg%tt‘ R B B2 Th&BT PR i es
due to theintbrwdt ahytdly astalifihg sttt hona/Rull QhblhevaeRoBhkesh Al Ben is
small. Wth increasing a nethane-conversion ratio (for exanple, by setting
the reacti@me ehpehat upiocets, 8O0rageoeraor) freqt mbet orsepepossicd defocobha@i n a
hi gher benzene.yield in the initial stage.of the.reaction. However, in the
case of i niTOSERHSTRED REcHEN 41@8n%?‘”shlg]ﬁ 1} 5 peSsBylegernaitiony thadenaare i on
at hi 20,3t ; N =Y=3 _ 9 .em _the car.ben, ..
depost't] or’ Bacarmg i eEteq AL FE TAaTREs WRAy L ARk IELE: 1y BBRRY tiagea
by the accimidattnby, ohe dambene yield QRp3hdkene e hizhene ans ingti@nghyc dgsired a
process which effectively acts on renoval of the deposited carbon even at
hi gh tenpeiattiPBs and whi ch never 25 reduces the maxi mal benzene vyi el d.

MEANS FOR [%QTM I\f% TEI(I}E T!:I)li 1a Es'¥:§ge of the reaction, hydrocarbons converted from
methane are to convert into benzene with high probabilities due to the
15  catalytic action, since the amount of the deposited carbon is small. With
increasing a methane-conversion ratio (for example, by setting the reaction
temperature at 800 C or more), it becomes possible to obtain a higher
benzene yield in the initial stage of the reaction. However, in the case of
increasing the methane-conversion ratio by performing the reaction at high
20 temperatures, there comes up a problem where the carbon deposition becomes
remarkable and the catalyst degradation is accelerated by the accumulation of
carbon.
[0013] Hence there is strongly desired a process which effectively acts on
removal of the deposited carbon even at high temperatures and which never
26 reduces the maximal benzene yield.

MEANS FOR SOLVING THE PROBI,EMS

[0014] The method for manufacturing aromatic hydrocarbons according to the
present mvention, which can solve the above mentioned problems, is a method
for producing hydrogen and an aromatic compound containing an aromatic
30 hydrocarbon as the principal component by initiating a contact reaction

between a lower hydrocarbon and a catalyst, characterized in that: carbon



[ 0014] The nethod for manufacturing aromatic hydrocarbons according to the
present invention, which can solve the above-nentioned problens, is a

nmet hod for produci ng hydrogen and an aronmati c conpound contai ni ng an
aromati c 30 hydrocarbon as the principal conponent by initiating a contact
reacti on between a | ower hydrocarbon and4a catal yst, characterized in that:
carbon 4 nonoxide is added to the | ower hydrocarbon; and a reaction
tenperature is hjgher .th [ 00 In the nmethod for manufacturing
aromatic hmc’fﬁ]'"’o%édd?g tPs t aBYéctcﬁhl?Ol’t e dy BoH L ieh bxingerdfage ds
concentr at f 5to 20 %relative to a reaction gas. In the

nmet hod forh ﬁgggggggyﬂézaronatlc hydr ocarbons, it is further preferable
that the rprat om tePemaths® foy Qﬁ&nhﬂl\ﬁ@uuhgarﬁlgl@ﬁig hROL6LHdhst hg Bt hod
for manufacturing aromati c hydrocarbons, it s still further preferab l'e
that the apwferd ehbdt@b@nbdnnlHunmadhnhdsbyxm&pﬂatnnglaf&ﬁnteaﬁiupﬂo96
process, of |n|t|at|ng t he contact reacfion between the | ower hydrocarbon
and the’ cat% P9¥? Yhd' dersHaRerati odpriBe edethed r ke meatiatiuing eumahiist
used in th e oSE ENTICN [L0017] Accordin

t he presenﬁyéﬁ%gﬂ%ﬁghq[qg ﬁ%t%%ggl%ela? %%%tL bdfAcEY 15 PHPFth”Bg t he
cat al yst degreaadatinagpmid to i nprovenent in aronmatic conpound yield, at the
time of produ0|ng aromati ¢ conmpounds by inducing the contact reaction

bet ween a 10661 Iy dhecaecbonl dod reacefalbysty BRINERIDESCROPTHOMsOR THE:till

DRAW NG . :
turther preferable that the aromatic hydrocarbon is produced by repeating a

10 reaction process of inifiating the contact reaction between the lower
hydrocarbon and the catalyst and a regeneration process of regenerating the
catalyst used in the reaction process.

EFFECTS OF THE INVENTION

[0017] According to the present invention, it is possible to contribute to

15 inhibition on the catalyst degradation and to improvement in aromatic
compound yield, at the time of producing aromatic compounds by inducing the
contact reaction between a lower hydrocarbon and a catalyst.

BRIEF DESCRIPTION OF THE DRAWING

[0018] Fig. 1is a graph showing changes in benzene yield with time, obtained

20 by continuously conducting a catalytic reaction in the presence of a Mo-HZSM5
catalyst;

Fig. 2 1s a graph showing changes in benzene yield with time, obtained
in the case of continuously conducting a catalytic reaction in the presence of a
Mo-HZSME catalyst (with the addition of CO);

25 Fig. 3A is a graph showing changes in benzene yield with time,
obtained in the case of repeating a catalytic reaction process and a catalyst
regeneration process;

Fig. 3B 1s a graph showing changes in benzene formation rate with
time, obtained in the case of repeating the catalytic reaction process and the

30 catalyst regeneration process;

Fig. 3C is a graph showing changes in methane conversion ratio with



[0018] Fig. 1 is a graph showi ng changes in benzene yield with tine,
obt ai ned 20 by continuously conducting a catalytic reaction in the presence
of a Mo-HZSMb cat al yst; Fig. 2 is a graph. show ng changes in benzene
yield with tine, obtained in the case of continuously conducting a
catalytic reaction in the presence of a M-HZSWb catal yst (wth the
addition of CO; 25Fig. 3Ais a graph showi ng changes in benzene yield with
tinme, obtaj.ned in the case of repeating.a catalyfic reaction process and a
cat al yst ?ggleb e?bg P f)lflo@lé’s%‘;‘se oF 1°pe§m&gg‘? ‘égfyélcalﬁfi‘%ﬁ)ﬁl PBHigA ERahges

i n benzene;f@IyRtLOM ARV Redd; me, obtained in the case of repeating the
catal ytic reaction process and the 30catal yst regeneration process; Fig. 3C

is a graph showiFig. dhiangegsajin shethaneheogaensbonzarat immownt in 00 Li BBgas
obtained in the case of repeating a catalytic reaction process and a

catal yst r¥§éndmg icbhamedcalser the reactionrigthe cize of gddinly shdbwingoohaniges i n
benzen% ampunt in 100 Rl of gas with tinme, obtained after the reaction in
the case of addi ng carbon nonoxi de; 5 and Fig. 5is a graph show ng

changes i benzen, ATAUNLh 100 ik OhaBaS, i biul hIE OB RiReHALI SF he

reaction in the case of not addi ng carbon nonoxi

THE | NVENTWON 10h800B}aihhé pftesehie rewendi dn ke amsenyfiio0AdARIpalhWigo 0 a
met hod for manufacturing aromatic conmpounds (containing benzene and

napht hal eri®@°88XJ5k¢: nci pal conponents) and a high purity hydrogen gas, by

initiatin t i : I ocarbon and a cat al yst
for conver 1A E%bﬁﬁgmm&gmounds (whi ch cat al yst
i's henei naonep] refergededd hoepBoBiE! M "RveatRhY $hiding/ e B %g&f}}od for
invention is characterized in that the contact reaction is conducted Wwth
t he addi t imanofadaripgnampnoxé demipouads dact iadnirgabe sameeand aatphehs rcags
reaction at .a t eﬂgerature f higher than 800_V, [0020]D According to the

present i iVaREPEHCHIPERCRISY a0esa hash matriit Mudrogsp gas, by initiating a contact

reaction between a lower hydrocarbon and a catalyst for converting lower
hydrocarbons into aromatic compounds (which catalyst is hereinafter referred
15 to as merely “a catalyst”). The present invention is characterized in that the
contact reaction is conducted with the addition of carbon monoxide to a
reaction gas served to the contact reaction at a temperature of higher than
300 C.
[0020] According to the present invention which relates to the method for
20 manufacturing aromatic compounds, it is possible not only to inhibit
degradation of the catalytic activity of the catalyst used in the reaction but also
to improve the maximal benzene yield more greatly than in a contact reaction
made between pure methane and the catalyst.
[0021] Additionally, to perform a catalytic veaction process and a catalyst
2b  regeneralion process alternately allows keeping the reaction stable over a long
period of fime while maintaining a high yield without accumulating
hard-to-remove cokes.
[0022] An embodiment of the catalyst used for the method for manufacturing
aromatic compounds according to the present invention is, for example, a
30 metallosilicate on which a catalytic metal is carried.

[0023] Examples of the metallosilicate on which the catalytic metal is carried



20 manufacturing aromatic conpounds, it is possible not only to inhibit
degradation of the catalytic activity of the catalyst used in the reaction
but also to inprove the maxi mal benzene yield nore greatly than in a
contact reaction made between pure nethane and the catal yst. [0021]
Additionally, to performa catalytic redetion, process and a catal yst 25
regeneration process alternately all ows keeping the reaction stable over a

l'ong peri og afyd '1%0%[1153[ %ggg}ﬁ\'}n&'hgﬁ%%a%@o&oﬁéfﬂag}%ﬁ%}g og{%rygif ot gﬂll&g;%?cg t he

har d-t o-renpve cokes.

met hod f oralu@nkhaiwhbng (REYMREd NLOMSINGS /¢ A0CNT-DY, Lo hNE. O §38PE ihe
invention is, for exanple, a 30 netallosilicate on which a catalytic netal

i s carri ednef0badcdraapivesupfinohdionst dot eshipdat Busthewhiosh, theccatallyd i c
metal is c.ar{iC@o!l af6'i_ncl_ ude a nol ecul af sieve 5A which is a porous materi al
formed of 'TFH44es: 4RE 1BFYHIGRA 2 Faiites shbstergey chasralaxyed ZomBiagnd Moke22, in
t he case . Ih losiligate isqan alumnosjlicate, for anpl e.

Furt her%rm\rlﬁels&%ﬁ%r%%éﬁgggﬁésﬁgﬁ%g e‘%fldfao&’r aipﬁgf%ﬂ%je?o%pgg‘éw f“@dg%’bgl%?’ Hige
char act er i magopyrcRei ) cBaRAERUSE §- 1MRE 8L RhmGOBLEh @SHQLP@%P'WI'-% A0 thas a
princi pal conponent and by having m cropores and channel’s of 6-13

angst r ons, lilkichmdsa AP EIrouP| shsinaket hbatddterizahdya cvesopon@US listbss rat e
characteri zed .b% containin ‘ii lica as a principal conponent and al umi na as
one conpon&ht“i h“%p%‘?ﬁ?‘ngn PIIRERR @41 onsorosp s ichih kel leyving cilindpenks
(10-1000 sL r . 1Oy N 1.and theylike |n addition to
t hese al u%bgggsl(??ﬁ%}%%@%%)e?%l F](?s%:b ?%Ogt g%%éeagﬁglgms?’cguglﬁddﬁ fgﬂt 36 and

the |ilke cdOMelalsd theedkasii hddeasaltySthesé anfﬂin!}@[i@%é%f méthalloSilicates
preferable that the netallosilicate used in the present invention has a

surface arfeemed of pBipa200l1 tibanGoeNMhg landchabe milar opot es the caedopor es of
wthin ar from5 to 10 st.rong. When_the 15 netallosilicate is
an al um nﬁ?‘f@@cﬁgeowﬁ EXS AP 13?’}% ?}éatg@?sfnﬁlt%n?%ﬁﬁ%@ B madhagrasednt ent
ratio bet $hh 162 ARy AlN,08 J5Si-diiC M0RA) . 9f 1 to 8000 as
VB 3hh HeR @SQrﬁcHrQr@@_o(flsﬂJ)ﬂl K@y ToRA mi/fé %ﬁ&) A5 IOPRCSE 1o

general ly avail abl e porous materials; however, It urther

set the cont@pbreatifo wWishid ca/ aligd nd) ik hsnta neogangherbham #Ldp &R0 in
order to performthe aromatization reaction of |ower hydrocarbons of the 20
preseh? i mydidiosHicate gs pracliednosibgete, Hpdroeanblon 1tdaviersildn toatiee angk at a

practical ;atomat i onpound, sel ectiyity. J0025] As.the netallosilicate,

t hose of z?a‘llé)/'(r%%ﬁ %r?%}[elﬁ%rhtalﬁéleo P?/B‘éee(naglilﬁﬁéml% %%%J%%Hﬁ‘]ﬁ?g}hﬁ%]éﬁ{) Oiéml’fliloii@al ly,
a part of gpootansetdaneofvaBnhldgorxehangedafs 16 oKi s Of§3L 10 ected
fromthe group Q%Orisi st ?ngV %f al ggl i netals 1552]}?%;?0&al?%gu%?l%hp?gﬁ%gﬁ?e

li ke, al k&biseedhtcomeeal retiererics/duaiinad vighirCa, rsStzcant fiche 10 ke.108n6
transition netal elenents such as Fe, Co, Ni., Zn, Ru, Pd, Pt, Zr, Ti and
the |ike. OBt herbiem He mepmatysiione seactipgy of ot nhydrocarbomf of Ghe Mo,

W Thyg ijprégen%q%vteﬁﬁohi ke ’di[ﬂ“a%til;’:ilpT(;ngn%%a}i‘dcai'bon conversion rate and at a

practical aromatic compound selectivity.

[0025] As the metallosilicate, those of a proton exchange type (a type ) are

normally used. Additionally, a part of protons thereof may be exchanged for one

kind of cations selected from the group consisting of alkali metals such as Na,
25 K, Liand the like, alkali-earth metal elements such as Mg, Ca, Sr and the like,

and transition metal elements such as Fe, Co, Ni, Zn, Ru, Pd, Pt, Zr, T and the

like. Furthermore, the metallosilicate may contain Ti, Zr, Hf, Cr, Mo, W, Th, Cu,

Ag and the like in a right amount.

[0026] Moreover, it is preferable to use molybdenum as the catalytic metal of
30 the present invention, in which rheniwm, tungsten, iron, cobalt also may be

acceptable. These catalytic metals may be carried on the metallosilicate in



[ 0026] Moreover, it is preferable to use nol ybdenum as the catal ytic netal
of 30 the present invention, in which rhenium tungsten, iron, cobalt also
may be acceptable. These catalytic netals nay be carried on the
netallosilicate in 7 conbination. Furthernore, one kind of elenent

sel ected fromthe group consisting of thé alkali-earth netals such as My
and the like and the transition netal elements such as Ni, Zn, Ru, Pd, Pt

o AT R SR LM P i

above-npntlone catal ytic neta 02 ¢
catal ytic omtabtif@bf thddsRAUFSA%H GRNLAL BhAY AL NEs ﬁﬁﬁfth)é_tlﬂé‘e £Et?& Iﬁkc% tﬂ\’}ﬁ%&n
0 e

netall osilicate, the weight percentage of the catalytic neta

substrate metgd ¢lhinends saclges o, ZnpRu0PAOPtL Br, T8 a¥%d tivediles ablyybakd:Ridd én
range of f@gg]Ozgﬂ tP 40 % As a nethod for carrying the catalytic nmetal on
the net al | B Metatiesiliens tacpder yosh thasheve mertioae dratpdyieomniot.i ng a heat

treat t Al here of inert gas or ox n gas after carrying the
catal yil o fauear BRoR TRREPFEE P B saPai it mR P Rior eandeing onening

substrate yid Ragilyai@uarisl) Seh UiHO T &2 IRRI1-9&NKAe SQLYAN! pePlYLLAD (Sugh as
al cohol and the |1 ke) containing the precursor of the capa ytic”netal or by
i on- exchanggaprior eseial Bxariy esbstfratdas prghin sorraagatal fiong (0160 Mooy bdepum
which is one of Hhe .clat alytic metals include halide such as chloride,

brom de andF{HEPY REthig adpage ofiftae Q0dHoaD M thapemesind Aecaphospbat e
and the |i ar Late su arbonat e, acetate, oxalate and the
like, in a‘gﬁfl%}ﬁ% I%%dgmr%ﬁ%nﬁnpgﬁgﬁo (ifﬁga?g?“’a%nﬁﬁrﬁ gHESBhGhan§Bws: ef and
a 12-tigpe dovldyloting @diedt tAAthROREInRES 86 LitADPAWE OF &Rk, 8XAIPL,E 1%% |
usi ng nol ybdenum as the catalytic netal, thesgetﬁod fof égﬁr;i% EEQJS
catal yti c #étual conyitie et atdteditid catesalvi bh be dicselissbidate Fiwlsirak aly, a
metal |l osilicate s bs_t@_?te ESI npregnated wi th an aqueous sol ution of

ammoni um MOIRAFEEEE " Pht%e by %éi‘%iwﬁg“‘ e AGHEARY P RIHE O Ahérgenic THeent a
sol vent i ssoeioy ed &y ot ! 1.ah8. . y,ng, under 25 reduced pressure.
A heat treéihent?ié the#égﬁggygﬁgﬁgag?géoﬁ%ﬁgﬂ ??%g%%4%%ﬁi(#ﬁﬁh538§9 en

flow or punetadxygeby fibaws@hangt epes &l URgaalplbs b 2O §:@cBPGt cbRIEfBIAD! Y
from 350 to 600 DC ), thereby producing a nol ybdenumcarri ed
met al 18si IMekbdeanpnliwkich [0029] offfibe nettalytosihetds einchidd yistiden swhi chs t he

CoLal Y1 kAl S S LR BB ALY L S 0 stsncer

granul es abshhgtd k@ tHRAEkL ] Qﬂélda%bo;:ﬂ%te Such as carbonate, acetate, oxalate
and the like, in addition fo ammonium paramolybdate, ammonium
phosphomolybdate and a 12-type molybdic acid.

20 [0028] Referring now to an example case of using molybdenum as the catalytic
metal, the method for carrying the catalytic metal on the metallosilicate will be
discussed. First of all, a metallosilicate substrate is impregnated with an
agueous solution of ammonium molybdate thereby carrying the catalytic metal
thereon. Then, a solvent is removed from the substrate by drying under

25 reduced pressure. A heat treatment is thereafter conducted in a
nitrogen-containing oxygen flow or pure oxygen flow at a temperature of from
250 to 800 T (preferably from 350 to 600 C), thereby producing a
molybdenum-carried metallosilicate catalyst.

[0029] The metallosilicate catalyst on which the catalytic metal is carried is

30 not particularly limited to the above-mentioned embodiment and thercfore

may have any form such as powder, granules and the like. Additionally, the



netallosilicate catal yst on which the catalytic netal is carried may be
formed in pellets or an extrusion wth the addition of a binder such as
silica, alumna, clay and the like. [0030] In the present invention, "lower
hydrocarbon(s)"” refers to nethane or 5 saturated or unsaturated
hydrocarbons having 2 to 6 carbon atons.8Exanpl es of the saturated or

unsat ur at ed hydrocarbons having 2 to 6 carbon atons are ethane, ethylene,

propane, p ane but ene, .i sobut ene and the |ike.
Po05a1 a FEs ool b PR Emb RER VBT CnaluRe R it ERaHE e B fbotindis 0
accor di ng {rops NG sRreSe Bkt ruBMeNHINHBY ARG & df XBHREdURAGE Qlica aiumm
flui di zed-bed reactor or the like. Referring now to some enbodi hents, % he

met hod f or clapinufdadtedikmg ar omati ¢ conpounds according to the present
i nvention 'II bf iscussed in detail 0032] ilt) Changes in
catal ytic Viky the PResené indentipen’ laweéah RCHIEKS) eeﬁ.@éﬂéfleﬁélmmtabl

Exanpl I|.n_Ref erent t he h nuf act ur
aronat?% céﬂﬁ%ﬁﬁasmag%gﬁ n1°4h§?ﬁgd h?v?%szh?ldﬁ”§ﬁgq@ i@&

met hod of @ OAUEItRGa B &F a@&ﬂtﬁamgamdangnma%ﬂgﬂ 196&%&@5{&&& p@ a
contact reaction between a catal yst and nethane, 1 n such a manner as
initiate act@neat@lyeins prepahe,gnopyltdnet heb addic isobudin®.Fbuleeatiadutene
nonoxi de rel ve to a reaction gas at a tenperature of 780 C. [0033] As a
netaIIOS|I?%§f% gﬁbstrate of Referential Exanple |. of the present

i nvention, tal, dyce use of an.Fl -t ZSNb zeol |

(Si 02/ Al 20@28? @&X% mfﬁo&n ﬁbe ﬁ}%ﬁf érlgfj’r Ot {“ﬁg‘&m%sﬂfégb’é&i ‘3‘211680‘@“6%

| TZSME Onasa@deitighst 10 @ @deat sned tidd e bt al ﬂ%gd%dqlc%i%@rvhqgulﬁ§ﬁzd5b&i of
ammoni um nol ybdate in 2000 m of ion-exchange water, followed by stirring
at roon1teW$eWHturdhKoth Hﬁdbsnnghamwby)&anmymm@xnhhybﬂenmhmchﬂﬁﬁwﬁbby
i npregnati on After dryin t hus obtai ned nol ybdenum carri ed

f1 ZSMb (meai-.*(‘.’}hc YER)E) A 0?%“%&%39% S REOrdanE o dhe @h@?@ﬁltdﬂﬁﬁébﬁérwlél be

condltlongigék%_gqﬁpgq jure of 550 C for 8 hours, thereby obtaining a
catal yst dedg?Lon ’@%ich nmol ybdenum i s carried (i.e., a catalyst having

a wei ght peoneeht(ap€hahgodlybaenyire atti®it§ wiloihel Atdivento? chgont fldloxafe t he
cat al st) Furthernore, the catahést powder is extruded into in a pellet

f orm dgon the adBefarentief Kanmimeriani ¢ bi nder, and then cal ci ned t hereby
preparing a cat afl yﬁuf@xenml Example 1, the method for manufacturing aromatic
compounds according to the present invention was embodied in a method of
producing an aromatic compound and hydrogen gas by initiating a contact
reaction between a catalyst and methane, in such a manner as to initiate a

20 catalytic reaction with the addition of 0.75 % carbon monoxide relative to a
reaction gas at a temperature of 780 C
[0033] As a metallosilicate substrate of Referential Example 1 of the present
mvention, a catalyst was produced in the use of an H-type ZSM5 zeolite
(S102/A1205=40) by the following preparation method.

26 [0034] 400 g of HZSM5 was added to an aqueous solution obtained by
dissolving 456.5 g of ammonium molybdate in 2000 ml of ion-exchange water,
followed by stirring at room temperature for 3 hours, thereby carrying
molybdenum on HZSM5 by impregnation.

[0035] After drying the thus obtained molybdenum-carried HZSM5 (Mo-

30  HZSMS5), the substrate was calcined under atmospheric conditions at a

temperature of 550 C for 8 hours, thereby obtaining a catalyst powder on



5 [00361 The catal yst prepared by the above-nenti oned net hod was charged
into a reaction colum (18 mminternal dianeter) of a fixed-bed flow
reactor, the reaction columm being formed of |Inconel 800H whose portion to
be brought into contact with gas is subjected to a calorizing treatnent.
Upon setting the reaction tenperature and the pressure of the interior of
the reaction colum at 10 780 t and 0.3 MPa, respectively, nethane to which

0. o7 3, % cahon monoNIdnes aied 1) biag,he WIS eaclion, ons. ez, suRpl | ed

thereinto at a f e or a space Vel oc

thereby cop@UeidciGinddf BIDIRY Zahti08 th eREthON IfthARLDARE). F€Mer@bre, the

eval uation of the catalytic activity in a reaction for formng benzene and
hydr ogen bsatahestapomdts zatexomdesl petacin on peflengbhanepuvastheenflditiead.of [£0371
The catal ytic activi was eval uated on the basis of "benzene yield",

ot hane. CEAERSICONMAE FoRl (Rl AER2 AR Be YR HIRCPORINER 6n1A Y Hie; dent al | Y,
"benzene yji@kal, et nversin hatip" and “benzene .formation rate” in
Eanp) oy woPeChaFhdEhPRgS: SRAKRE 8. AR b8 RarE e M b ot aaghe

formed benzepe fdmkion/ CARMAHTOEN AT inIBLRANE BIQVH ARt tiked-WRL NaRerdagfqr m ng
reaction (moln X 100 "Met hane conversion ratio (%9"d("a flow rate of
a f eedst octhemsalting "column'teihg dwwmed ef bficoawm! $AHERehede petthamesd bo-brbeght ow

rate of the feedstock. jnethanel X 1.00 25"Benzene formatign rate |

(i mol / g/ s)™L0 CABLAHIABER ¥ HRatduerted t&rﬁbﬁagﬁl%’éﬁﬁié‘ﬁ@%‘?‘ﬂd iy é%tt@bé‘g:]@f t he
catal yst per, .second” A R at nent. | he .cat al _conducte efore
feeding t Elgqrc ggg? '?@oﬁJ (’ggtsl,ﬁ(“t( I}g{ Qgetagﬁn%é%légét}?en%}égg 23}‘%10 ? ée)arrcp%aorna(f(ﬂ}lglrhﬂ'! to
550 C10i n 720 T| ond angl Meptrebpesieddlyf @etZaow sshidhen7stheadhén Hlw\as

switched to a 30 pretreatnent gas containing 20 % net hane and 80 % hydr ogen
and the tewperdtod ecludsyd ncihewasedtivo Z60was andpkepthetrntant fidiovd rhtues.
The 10 space velocity (SV) of 3000ml/hr/g-MTI, thereby conducting an
aromatization reaction of methane. Then, an evaluation of the catalytic
activity in a reaction for forming benzene and hydrogen by the aromatization
15  reaction of methane was performed,
[0037] The catalytic activity was evaluated on the basis of “benzene vield”,
“methane conversion ratio” and “benzene formation rate”. Incidentally,
“benzene yield”, “methane conversion ratio” and “benzene formation rate” in
Eixamples were defined as follows:
20 “Benzene yield (%)'=[“an amount of a formed benzene (mol)”/“an
amount of methane provided to a methane-reforming reaction (mol)”} <100
“Methane conversion ratio (%)=[(“a flow rate of a feedstock methane”
—“a flow rate of an unreacted methane”)/the flow rate of the feedstock
methane”] X 100

EE 14

25 “Benzene formation rate (nmol/g/s)’="the number of nanomoles (nmol)
of benzene produced on 1 g of the catalyst per second”

As a pretreatment for the catalyst conducted before feeding the
reaction gas, the catalyst was increased in temperature up to 550 C in air
flow and kept therein for 2 hours. Then, the air flow was switched to a

30 pretreatment gas containing 20 % methane and 80 % hydrogen and the

temperature was increased to 700 C and kept thereat for 3 hours. The



pretreatnent gas was then switched to the reaction gas and the tenperature
was increased up to a certain degree (780 C), followed by carrying out an
eval uation of the catalyst. [ 0038] Hydrogen, argon, nethane were anal yzed
by 'MD-GC, while aromatic 5 hydrocarbons such as benzene, tol uene, xylene,
napht hal ene and the |ike were anal yzed By FI D-GC. [00391 (Referenti al

Exanpl e 2) In Referential Exanple 2, the nethod for manufacturing

aromatic C%f@%@éﬂgﬁerﬁp 2 ARG HLQ §vpﬁcl%da%§rﬂ§e irﬁ%&ﬁé%%gs%sd e %&S%ﬁt{&é?l ng

met hod of 10 producing an aromati c conpound a gen gas

a contact weacincommsedt upen & @atAahydégrapd7get NaANgolloNedUSh caArfBRRC utaSNnT O
initiate a catalytic reaction with the addition of 6.4 % carbon nonoxi de

rel ative tevaupbigstiféhegatalast.a tenperature of 780 C. [0040] Since the
catal yst u hn-the method for nmanufacturing ar tic 15 conmpounds
accor di ng fog)%élﬁé{?”gh‘fa%’ BERARINELRARY W @?ﬁog}?rﬁéﬁf(g@n%? franatfe to
the catpl ygLadMsklie usefl. i Referent.i alj.Exa 1.8, det.ail .

expl anat i on§7 Ol}fo'{/gr pr eg%)rcgt ?%ﬁefﬁ&rﬁog&tu%@% égélre E?S{{g}?nﬁ%l%delam A dg%l&ielfdlf(owelr 9
this, a prehdlgatdbptFIPGE.he catal yst, and al so anal ysis net hods for

respecti ve_subit ances were the same to those in Referential Exanple 1, so
that det ai I09892(Refpicatiad Foraanplectef or are omitted. Furthernore, reaction

conditions with the, exceptiopn of an additive.,gas were al]l the sane to those
in Referenti al &’a%ﬁ?@e l?l oﬁf‘ﬁ’é’tp?% %‘e&é‘? IMREEH o AR R pRiaCHERBE oR rangatic

om tted toQumhROtll L LRARAF At kY gggpl | : : hve Exanpl e | he
nmet hod for rIrIélé]uf act ari ng g”{onatlgéﬁé co%‘;oc)dlr%ggh g}gdcrggr ?hgleﬁon} ﬁg}%ﬁ)’ﬁé%%ﬁg

i nventlidon waslueitodinedrdyiatini dongidigl andohagdgdreant ilgn ibRiaen ,Melake
only and a catalyst in such a manner as to initiate a catalytic reaction at
a tenper atifretigp trgwepe ¢ wetalyyt prddwethgnanivapvehats oraoorpormdo andidtydr ogen
gas. [0042]1 .Sjnce the. catal.yst used int hod for manufact uri.ng

aromati c 3(\0“'%16%%53@%‘%? 105103]6{’%%;?8 Q%E&’Hp(éﬁgtm CE%B%IIEOIiO’SfietWia%Y%é‘érﬂ

i nventi on wagstibhgSae t@nphetaal 8 ¥Y§b CVo- HZSMB) used in Referenti al
Exanple 1, a detail ed explanation of a preparation nethod therefor is
onmitted. |10048HiSihom the thiadystaupedtinedtaranttHoolr fithen ot @l ysting annad s

anal ysi.s methods for respective substances were the same to those in
Ref er éft i d1°MEGHsserecording adlederaitiad dhexppin gt oot pheseat gnvandonnias ed.

Farher g LA OLEOTLILAMRL D0 QUEAPLAD, BB SR SRR S0 10
(zjet ai | ed exphapdkkpmiheedQf ptdHaatihedetiant A0 is (EAMAT & YA Ea P! e
) this, a pretreatment for the catalyst, and also analysis methods for respective
substances were the same to those in Referential Example 1, so that detailed
20 explanations therefor are omitted. Furthermore, reaction conditions with the
exception of an additive gas were all the same to those in Referential Example
1, so that a detailed explanation therefor is omitted too.
[0041] (Comparative Example 1)
In Comparative Fxample 1, the method for manufacturing aromatic
25 compounds according to the present invention was embodied by initiating a
contact reaction between methane only and a catalyst in such a manner as to
initiate a catalytic reaction at a temperature of 780 "C thereby producing an
aromatic compound and hydrogen gas.
[0042] Since the catalyst used in the method for manufacturing aromatic
30 compounds according to Comparative Example 1 of the present invention was

the same to the catalyst (Mo-HZSMS5) used in Referential Example 1, a



I n Conparative Exanple 2, the nmethod for manufacturing aronmati c conpounds
according to the present invention was enbodied in a nethod of 10 producing
an aromati c conpound and hydrogen gas by initiating a contact reaction
between a catal yst and nethane, in such a manner as to initiate a catalytic
reaction with the addition of 1.2 %carldn dioxide re].ative to a. reaction
gas at a tenperature of 780 C. [0044] Since the catalyst used in the nethod

for manuf agt.ur,i aromatic 15 conpounds agcording.to Conparative ,Exanple 2
of the pr esete B EFTl e pREEaREnTe el ety ds SPRE iR o Egh o
Ref er ent i ajhiEXRBPE G edimnORhAILE0 (BXRL ANRE 20D LhaB sl SREAAL A BLDQ

t heref or isldni?Ped? fﬁ addﬁtign to%%his, 59%12%? Sgﬁgﬁ?ﬁ dﬁﬁgﬁggéggg&ist,
and al so andlsysnesnetiotie bonerespest iivRGuhaittacEsampie 1t ke thanmdetglddose
in Referential Exanple 1, so that detailed 20 explanations therefor are

om tted. Futlmeniiene thexsien pemoworeilt Fomthainore; heaeiwe penditicofs wihaddi ti ve
gas were all the same to those in Referenti.al Exanple 1, so that a detailed
ol andt | GFRCERBRRTEr & &% PP BB 80T GOAS o CHRpard e BayPetigpe

Conpar at i Ve {EXAMRAEE3ampie 1 & fed £ Qétéﬁ%ﬁ)ﬁ%ﬁgﬁ@ﬂ t8kh ! i&ozﬁ?ﬁtg& g&p_unds

according to the present invention was e in a nethod of producing an

aromat i ¢ defpBlii@oeanthrhyige dypenmgls2)by initiating a contact reaction between
a catalyst and nethane, in such a manner as to initiate a catalytic
reaction with tH& GaEnEahHverismply darlbermailnd der mamifaveimog zuoesdid on
gas at a tenperature of ..780, C., 30 [0046] Since the catalyst. used in th

net hod foﬁmgpﬁh15%%&??%%”%&%%%??&”%%ﬁﬁo‘Hﬁgﬁgécﬁ?ﬂﬁﬂa%?%gédﬁpﬁﬁa?ﬂVElOF
Exanphe 3 16bdtbRiePhaSSHmARY @BMPRUNRENd 1Ry ARG828%: 19 1NEs3LALY S htact
(Nb-HZSNBfQEsed ﬁﬁ Ref erenti al aﬁblenl,:%]dggai ed gxﬁlaﬁa?%bh %%ngFt
pr epar at i oraniethdeiwhenef oatidlgstommtltredthdme, dddiddhon mannbi s & prietteat ment
for the catal%gl, and. al sq anal ysi g methods for respective substances were
the sanme t@'8gsereartiosy spkntihgl agdiign ©111-25% wrabowaligrided rgagiwgl tmat i ons

t her ef or Q%ﬁcﬂgﬁ’%Egtaﬁ%QhPQBLfg%fi gkion conditions wth the exception
of an additive gas were all the sane"to those in Referential Exanple 1, so

that a det{gphed &xpl anati0nltHen@iOini theOMmdthed EROmdRF A E@ ardda2i@
graph showi ng changes in benzene yield with tinme, obtained by continuously
condudbi ngoamsatalsytdcer disgdbi Gempnratiee fresaree of the MeRhZSMeiGowatal yst
under escton, coneltons, diScUsed) B! srenty o Sl ge 1 and 2, and|
e B A S B ST S8 PR B,
the case ahiysi pgtacoatdanfor the catalyst, and also analysis methods for respective
substances were the same to those in Referential Example 1, so that detailed
20 explanations therefor are omitted. Furthermore, reaction conditions with the
exception of an additive gas were all the same to those in Referential Example
1, so that a detailed explanation therefor is omitted too.
[0045] (Comparative Example 3)
In Comparative Example 3, the method for manufacturing aromatic
25 compounds according to the present invention was embodied in a method of
producing an aromatic compound and hydrogen gas by initiating a contact
reaction between a catalyst and methane, in such a manner as to initiate a
catalytic reaction with the addition of 3.0 % carbon dioxide relative to a
reaction gas at a temperature of 780 C.
30 [0046] Since the catalyst used in the method for manufacturing aromatic

compounds according to Comparative Example 3 of the present invention was



15 di oxi de- added net hane during the contact reaction (Conparative Exanples
2 and 3) is inhibited fromreduction. Particularly wwth the addition of 3.0
% car bon di oxi de (Conparative Exanple 3), the early maxi nal benzene yield
is maintained even after 15 hours of reaction. [0049] As conpared with the
case where pure nethane was used duringithe 20 contact reaction
(Conparative Exanple 1) thereby exhibiting a maxi mal benzene yield of not

| ower than.8.0% the gase where car Loxi de was_added . (far exanple,
Conpar at | VAR doshiiogl o G-RZANP bistderie BrGreiat Foomplmd. a

therefore ynferi i | enz yi.eld. Leional .y, & i ppar ent
fromco rrpatlrk{']sél gﬁ H%ép %%%Pgﬁ%g{@@laﬁgpg%d @ldeg(ﬁg)rgs t% H{aI%{Letdh ttlan f@dﬁﬁ ﬁ%l
benzene yiglig seesieasasemi it iHecs8a8Rt0hNA fﬁ@s@ﬁﬁﬂ%i@fne@ﬂ@'&@fcﬁaﬁe@?&ﬁ'{/@“ de
[ 0050] This neans that the addition of carbon dioxide to the reaction gas

i ncreases aulstaness word biye whinehtot these anafgfetertanl Kesemple 4, aotthai tde tailéd
decreases th(i maxi nal begzene yield if the reaction tenperature is
const ant . SOTAREPLDEhERIOLARPIHERY, fTrEhemecorensien oA eHewednthet
reaction b the C yst Lhencarbon mongxi de- aslded. nethane
(Ref erent ia C\Qﬁﬁgnrrﬁqgmﬁﬁ(ﬁ&%%i%a%imgrr(ﬁlr(’oglégﬁ? %9%3% rrfs{?) bggﬁglg%gl%r%dgﬁ Admple

conpar ed wi tda thiae 2Cc@iilefl ekxpldiatdmehddecannatted gRCt I On bet ween pure
nmet hane and the catal yst (Conparative Exanple 1). Particularly from

conpar i son0péThvdBe. Ref ergmpbaihdExanpiheagts andenzendt vidd appartent, ohiainah
increase i.n the.added anmoynt .of carbon nonoxide 5 relative to the reaction
gas. | npr oVBECHBIN MY FRBIUTERE pipjABTienREC LR &b Jhe Breriey of § Mat TAPSE t he
maxi mip benze ‘tﬂn‘?ﬂr-‘i"riggﬁéglcoﬁ@tioql‘a Esddd (hag@k E?h inf G \ﬂq}) L £Used by
the differ enc@gl n agdeé anount o carg%n TONOXI eé[(r e?’elr enﬂtdl a Mﬁxgrgrﬁaeg@
10l n Ref ersant Calnrampkdi:amphe et Bod for manufacturing aromatic conpounds
according to the present invention was enbodied in a nethod of producing an
aromati c d8RABLAY 1aderny dherdrogddathieniatist mgtiaiiooist et afteact honrdef ween
a catal yst,ea_mtol1 met h(a]tgﬁe, .bn such a nmanner as to initi a}tﬁ a cattal ytic .
reacti on W'tH theaddit FAH oF 178S0PLAr bbiy DonextHEE bt j5P0teY Aeqgion
reaction gegnila@dtheMetahYl€ Of WBHeCthat in the case of using a carbon
15  dioxide-added methane during the contact reaction (Comparative Examples 2
and 3) is inhibited from reduction. Particularly with the addition of 3.0 %
carbon dioxide (Comparative Example 38), the early maximal benzene yield is
maintained even after 15 hours of reaction.
[0049] As compared with the case where pure methane was used during the
20  contact reaction (Comparative Example 1) thereby exhibiting a maximal
benzene yield of not lower than 8.0 %, the case where carbon dioxide was added
(for example, Comparative Example 3) exhibits a maximal benzene yield of
7.0 % and therefore inferior in maximal benzene yield. Additionally, it is
apparent from comparison between Comparative Examples 2 and 3 that the
25 maximal benzene yield decreases with increase of the amount of added carbon
dioxide.
[0050] This means that the addition of carbon dioxide to the reaction gas
increases the time during which the catalyst can keep its activity but decreases
the maximal benzene yield if the reaction temperature is constant.
30 [0051} On the other hand, the case of initiating the contact reaction between

the catalyst and the carbon monoxide-added methane (Referential Example 1)



[ 0053] Since the catalyst used in the nethod for manufacturing aromatic
conpounds according to Referential Exanple 3 of the present invention was
the sane to the catal yst (M-HZSMb) used in Referential Exanple 1, a
detail ed explanation of a preparation nethod therefor is omtted. In
addition to 20 this, a pretreatnment for lt3he catal yst, and al so anal ysis
nmet hods for respective substances were the sane to those in Referenti al

Exanpl e 1,.so that detailed leg&lﬁanati.oilg therefor are ogi tted. Furthernore,
reacti on cBndPPiOYAE M PAXPABL RSt B b sARadrd iviER JRe chep & apitiaihee same

to those ip, R 1t 0.a o .t hat d iled.., apation therefor
o om ¢ ed Foo TR 041 Areren Pt EiAhse ThE! d e BRE IR IFE
Exanpl e 4, Ekhaplethodareiculiai fiash UsdigaakOmald &6 R NROAGSt AL FR:GhHgst P the
present invention was enbodied in a nmethod of producing an aromatic
conpound adudd Ry driogawagast thati an inaeksyimthontded aneactt dreabbomeemaide
catal yst and methang, in such a manner as to initiate a 30 catalytic
eact] o WAIALE R oagin £t oy £85 0IRCEPHAW nvMExtife SFENEEY W W6 &atadeldei on
gas at a tERAEALNE Q10 chE8RaCmaililon LORRRL S noe the catalyst used in the
met hod for manufacturing aronati c conmpounds according to Referenti al

Exanpl e 4 plosghe2pr@sentesi v eatilobicvasiting samRdt by tihe gataknst iGMddidbVb)
used in Referential Exanple 1, a detailed explanation of a preparation

net hod t hejabsnt p§coiontmdnoxideaddi tion to 5 this, a pretreatnent for the

catal yst, and al(iov.aanaltiy s met h%c]s for respective substances were the sane
to those in Refe{(?mliegl‘am}éle ) so that detail ed expl anations therefor

are onigtted. FUurther a4l CREL AN condid i.0f el L0e, S Len of an,
additive gas were alel tehemsarrggfg%mct) ﬁ%sgkit rlllqgetg]fo\g'r ggr}t ?gﬁ@gﬁ%ﬁ%gfl%g% "hat a
det ai | ed exphpmnaidoacdoréngf oF the pevhddethteionl Oras0006bdicRefiehentiidd of
Exanpl e 5) . In Referential Exanple 5, the nmethod for manufacturing
aromati ¢ CHINYSGHYS 2aAcaBIERHY CORBE D rade AYdTaseanEhd Pynasitiebutliaecontnch

met hod of praducing an _aromatic conpound and. hydrogen gas by initiating a
contact r e%@tc ?18% %(%Fvﬁégnd 2 %}%ﬁ f?‘élgp e l%?’h’éhé?"}?% gﬁ%ﬁ‘eé %%h‘hé‘im%f%et*b
initiate aaka;aal fbadtidn 8aELhOMM:tRnt be1add) tC'a%lpfan’l‘HO)gdgol%%tggg {0 '
nonoxi de relative to a reaction gas at a tenperature of 780 t S nce
t he cdtal yistactisedaismttchempetmodrd of 78&nGE act uri ng aromati ¢ conpounds
accordi ng ferential Exanple 5 of the present inventjon was the sane to
the cataly 5?@@1‘—*#25*}&7@) royi Hsqbfigr Bt imetieda iy eanwigchyingt aonetic
expl anatio 1y ation method. therefor,is qgm;tted In.addition to

expl anat ] ool el SARLALN, TRSIRN ALl E0IL S AT Shookl AITRE GG
respecti velhaubsin@n¢esthee bt Alpe SRIPHZSMbPSRclni Rt e iial HRanPlee 11,4 SO

that detailed explanations therefor are onmitted. Furthernore, reaction
condi t i onsdaiiilhd ehplamedept dlonpofpantiaddntilvel gaselerie oaliltadhén sdeitiotd hose
IO% F te fg ' te Cn)t' 1'_1.5",' a E}(&r}?gzlitem%ﬁt fo% tthga(;[atgly%%,t glluli ea soeﬁgéllgzrs]%[ h}%@hé se E‘oelf 1%rsp|e§tive
substances were the same to those in Referential Example 1, so that detailed
explanations therefor are omitted. Furthermore, reaction conditions with the
exception of an additive gas were all the same to those in Referential Example
1, so0 that a detailed explanation therefor is omitted too.
25 10054] (Referential Example 4)

In Referential Example 4, the method for manufacturing aromatic
compounds according to the present invention was embodied in a method of
producing an aromatic compound and hydrogen gas by initiating a contact
reaction between a catalyst and methane, in such a manner as to initiate a

30 catalytic reaction with the addition of 3.0 % carbon monoxide relative to a

reaction gas at a temperature of 780 C.



[0058] (Referential Exanple 6) In Referential Exanple 6, the nmethod for
manuf acturing aromati ¢ conpounds according to the present invention was
enbodied in a nethod of producing an aromati c conpound and hydrogen gas by
initiating a contact 30 reaction between a catal yst and nethane, in such a
manner as to initiate a catalytic reactilan wth the addition of 20 % carbon
nonoxi de relative to a 15 reaction gas at a tenperature of 780 C. [0059]
Since the gatakyst used in the nethod for manufacturing aromatic conpounds
Sccordi ng (BRLY S 1 CRielish SoeTam ¢the Brosehior ety aas pHenSate to
the catal ygtm, (Mo HZSVB) b i Re: ' - A, L .
explanationlgé a pregg%gﬁgggogg% OJRFQQEE?%PE?gﬂgﬂfﬁ%ga&*ﬁﬁqg' bpﬁgﬁﬁ?%
this, a preieeabienty flor dabelysat@ys1Z2SMBY @ego 1@nRbitst stinetiedspfon, »
respective substances were the same to those in Referential Exanple 1, so
that det ai flel@lledpixabanatons of horeportmmemetied gukrefurisherittrde Inreldetiono
conditions wWth the e cegg%op of n}agditiv? gas yere aLh éhﬁ sane to those
in Ref ér entl'5 @ BYSHSAENEH1 Fs T4 ffe e taabdi B prsn Matonds fr Brpeciive
om tted toQundRRBM wbtdihe shineIRARR SARNCPONGARRARSID DEAZENE deehdy Wi th
ti me, obtained by continuously conducting a catalytic reaction in the
presence oéxydabtibdSVhe adbalys oningel. Hhaakéinorsarditibonsndiseus seeh kRe
Referential Exanples 1 to 6 and Conparative Exanple 1. 15 [0061] The case
wher e t he @Hepdanmiroxadélbgdes werhaldhnes s tdthosctineRefoneaical Kesasmilon
(Referential anpl es 1 to 6) was not only prevented from degradation in
catal ytic gd?f%?ﬂglﬁ' ﬂ§ﬁ§§piﬂﬁfSvé@m?ﬁhﬁﬁ%ﬂﬁﬁﬂgﬁéﬁ¥bne yield as conpared
wth tihe chegg @5@_@5&§dqggq§g@t s used in the contact reaction
(Conparative Eygﬁgfg'l), notc1 epé%ﬁing on the added anount of

In Referential Example 5, the method for manufacturing aromatic
compounds according to the present invention was embodied in a method of
producing an aromatic compound and hydrogen gas by initiating a contact
reaction between a catalyst and methane, in such a manner as to initiate a

15 catalytic reaction with the addition of 11.9 % carbon monoxide relative to a
reaction gas at a temperature of 780 C.
[0057] Since the catalyst used in the method for manufacturing aromatic
compounds according to Referential Example 5 of the present invention was
the same to the catalyst (Mo-HZSM5) used in Referential Example 1, a
20 detailed explanation of a preparation method therefor is omitted. In addition to
this, a pretreatment for the catalyst, and also analysis methods for respective
substances were the same to those in Referential Example 1, so that detailed
explanations therefor are omitted. Furthermore, reaction conditions with the
exception of an additive gas were all the same to those in Referential Example
25 1, so that a detatled explanation therefor is omitted too.
[0058] (Referential Example 6)

In Referential Example 6, the method for manufacturing aromatic
compounds according to the present invention was embodied in a method of
producing an aromatic compound and hydrogen gas by initiating a contact

30  reaction between a catalyst and methane, in such a manner as to initiate a

catalytic reaction with the addition of 20 % carbon monoxide relative to a



20 carbon nonoxide. It is apparent that an increase in carbon nonoxide

i nproves the effect of inhibiting the degradation of the catalytic
activity. The nmaxi mal. benzene yield was little inpaired even if the added
amount of carbon nonoxi de was as nmuch as 20 % indeed the maxi mal benzene
yield exceeded 9 %with the addition of 16.4 % carbon nonoxi de. 25[0062] (3)
Changes in catalytic activity in the case of repeating a catal ytic reaction

process an cat al yst regener.ati ar ess, caused by the difference in
added amugﬁa%éj@%c%%%tnd ﬁ%rﬁg%ac}gl? Eﬁg%?@n In Exanple 1, the nethod for
manuf act ur [ougoRr ORE T fheC CARAVAIS39 iACERE dhPthdP félht?mgﬁ@& Buih BYERH A WA
enbodi ed in a nethod of producing an aromati c conpound an ydrogen gas by
i ni tiatingeeampomidebceadaid on Rrdemeein Aonaptatabidic packoretinangtiohNvatich a
manner as to initiate a catalytic reaction wth the addition of 3.0 %
carbon monB¥ démeeltat e catrlast diby HePMak uredain ehplerentiak ofamsply ¢, a

Moreover, 1 .hour of .catalytic reaction process and 3 hours of catalyst
regenerat i %(htagfégceéig %3%\%?%&/8# t8 ?%I&t];?”c’glﬁglﬁ%f .“’?cﬁdéi?]rmﬁ‘ﬁicinﬁﬁémé 5 yst
used in theyigeh BeekbefmPRP AU S AT QRRLIS SANRRANIGR (B ! RGLE iy
Exanmple 1 of1 thg) prleselﬁt invlent('i on g\y/as’ t he sane [{%@ﬁle cat&gﬂff@t%%%gl%wﬁ)
used i n RefwWrstanial wExanipd eathe t@ detsaiihellefexphtanbBikampdé 1a spribpardathiost
met hod therefor is orrlatted. In addition to this, a pretreatnment for the
cat al yst, @Hd2BREENAAEEYADE apprRBHS d drurtbepaetd, veaqior ¢had Hiwes wildy the he

same to thgose i.n Refer %%al Exa J)er;ﬁ}, so_t haﬁ_i grgjt‘ai.l e@a xpl anﬁ]'t;i ons
t her ef or afg%%g%ofl togc?% ?@ 7t gﬁ?e‘ggla(t% JBE SBPLpiG By e (rfl‘%b‘%ﬁéa SEYBEL UM
on HZGWb WassocihalGedetailed cdplAaaid PGk Bfiteed igwed- bed flow reactor,
the reaction colum being formed of Inconel 80014 whose portion to be
brought i nDe60bnltige pdat graghsslitbving dubjzestiedenaeac gadldrwizhngntr eataent .
Upon sett ilgg the reaction tenperature and the pressure of the interior of
the react i BhCUBIRHANAY c820UE M 0 Cabalypg repeldpr ie ithepyesarse vhneMod TGAMR 3. 0
% carbon noRaxife, RS AGLEn GhRililfs (Rl SRCRLAN.A%) AR SUPRI 6 ¢
Chereinto BLTR o It tr ard gs s space veé Ec’f%:tlﬁt%i}/d(1 el Iegﬁgb\ﬁfﬁ}?‘ﬁw%—sl\%ﬁ? 6
t her eby conguCoinnguanivarioemhpkati on reaction of nethane
15 [0061] The case where the carbon monoxide-added methane was used in the
contact reaction (Referential Examples 1 to 6) was not only prevented from
degradation in catalytic activity but also improved in maximal benzene yield
as compared with the case where pure methane was used in the contact
reaction (Comparative Example 1), not depending on the added amount of
20 carbon monoxide. It is apparent that an increase in carbon monoxide improves
the effect of inhibiting the degradation of the catalytic activity. The maximal
benzene yield was little impaired even if the added amount of carbon monoxide
was as much as 20 %, indeed the maximal benzene yield exceeded 9 % with the
addition of 6.4 % carbon monoxide.
26 (0062} (3) Changes in catalytic activity in the case of repeating a catalytic
reaction process and a catalyst regeneration process, caused by the difference
m added amount of carbon monoxide
(Example 1)
In Example 1, the method for manufacturing aromatic compounds
30 according to the present invention was embodied in a method of producing an

aromatic compound and hydrogen gas by initiating a contact reaction between



20 (the catalytic reaction process). The reaction process was conducted for
1 hour. After the reaction process, hydrogen gas serving as a regeneration
gas was supplied at a flowrate or a space velocity (SV) of 3000mL/ hr/ gMEl
upon setting the reaction tenperature and the pressure of the interior of
the reaction colum at 820 and 0.15 M P4 respectively, thereby conducting
a. 25 reaction for regenerating the catalyst (the catal yst regeneration

Th t al t 3 h
Thon, -a” GVARHOR PORADI™ AE Eat Y FABCTTE yor . SRBL o GHoTERe fﬁé‘cﬁf%

benzene aqgltlqu{(pgaam@(yn topes. @r%n@ghlb%ﬁt fn%ﬂo%t&%cf 41988 (TR %E@ as gt a

per f ormed. 1 (Conparative Exanple rrpar ative

met hod forterragrurha@ﬁwa BQOa“Contdbr@)v@@rrmdumﬂsoﬁc@mﬂﬁlﬂmQeﬁaubxlilq)mé@%e@ﬁd 3
i nvention was enbodied by initiating a 17 contact reaction between a
cat al yst alﬁdnﬁ@rf@ah@ﬁ’hhmemr%mm PEOGrRATerre e tera atelytdoatlactedcat al yti c

t th b t d
L hyarodbnBal STREE ! Salyal 0scT, dhr it et Al bR doesand o
hours of cahdlMtay &a%w tooﬁxH{rﬂﬂt? Sl nﬁ&%ﬂﬁb%%é%@%ﬁ& € me 100661

Since the catal yst used t he nufacturing aronatic corrpounds

accor di ng the Gatplaat (Me IEZSMﬁ)e &hedf 1hhd{¢1bﬁ&ﬁm1 I nvenploniwas dhenikane to
the catal yst (M-I1TZSMb) used in Referential Exanple 1, a detailed
expl anat i G¥pdinatign @ﬁarmp@hdm meetholeihetolor iis oanitededn additidditpitdes,to 10

this, a pretre, he catal yst, .and al so, anal t.hods for
respectivé" 3&%@‘5‘3’%% ©t HEH Py %ged}“ﬁlyﬁlﬁ %qudge fes dgppective so
that det aided: ﬁmlbav@itd ﬂﬁsbm‘é 8f i Posdif Thidifch] Eyaltn&s@é 058 th leaewﬂmxh
conditions with the exception of a reaction gas were the same to ose
i n Exanpl @xplammrkmth(aeﬂmcmelmnhteetbl anat| on therefor |s om tted too. 15

[ 00671 (CinFarftlve Exanpl e n Conparative Exanple 5, the nethod
for manuf abvht Hg]l?ar(‘dhﬁlty‘ﬁh Ewa%deaé%m&gandf%ume@@nHZSMéntW(mn was

enbodi ed i 2. P10, oL, ALdSLAG, 8P, ALemALCacoRaund. And, hydrooeh gas by

|n|t|at|nga act reaction eweena aay

manner as He@nd Mirhh@l 6f BrcdBeLOOGHWY hEsd 1SRG MY bibiehe xﬁﬁﬂééxi@@t wﬁuﬁgi %
carbon dioxide relative to a reaction gas at a tenperature of

Addi t ilbnalib ysubjLechfexbrto of cadatialng heateaoti Upopretesy iémdre&chourtsaanemamﬁi yst

regeneratio rocess werge alternately conducted 00681 he cat al yst
used in t FEHENIESPOre Neiheradeiey Pﬂlg%é‘r’c?r‘?ﬁf]f’l? ce BU}’rci%ZOac(n Hgta %MLP

Conpar at i \{Sq}lr:@gilmllf MeBadd 8 RAGSEH 0 BVE D0 T Mkide was added relative to
the reaction gas was supplied thereinto at a flow rate or a space velocity (SV) of
3000ml/hr/g—MFT, thereby conducting an aromatization reaction of methane

20 (the catalytic reaction process). The reaction process was conducted for 1 hour,

After the reaction process, hydrogen gas serving as a regeneration gas was

setting the reaction temperature and the pressure of the inferior of the
reaction column at 820 C and 0.16 MPa, respectively, thereby conducting a
25 reaction for regenecrating the catalyst (the catalyst regeneration process). The
catalyst regeneration process was conducted for 3 hours. Then, an evaluation
of the catalytic activity in a reaction for forming benzene and hydrogen by the
aromatization reaction of methane was performed.
[0065} (Comparative Example 4)
30 In Comparative Example 4, the method for manufacturing aromatic

compounds according to the present invention was embodied by initiating a



the sane to the catal yst (M-HZSMb) used in Referential Exanple 1, a
detail ed explanation of a preparation nethod therefor is omtted.. In
addition to this, a pretreatnent for the catal yst, and al so anal ysis

nmet hods for respective substances were the sanme to those in Referenti al
Example 1, so that detailed 30 explanatiléns therefor are omtted.
Furthernore, reaction conditions with the exception of an additive gas were
all the sane to those i,n Exanple 1, so that a 18 detailed e xp la na tion
there for i3RI {PSHOPY TV FBGBEaRrg. 1 Pgl%ngf%tgzﬁﬁegﬁowﬂgl BHHEHESRS b
benzene yigldaw hRatii®ic QAEALASE PYerh BRERLLDDr B BRIl Ml LR PfOCess
and a catal yst regene?§$fbn process(FnEf e prgggﬁ@e dﬁxgaﬁggﬁégkkgggf%}yst

under r eaciionimitondnpbond adildoussgeh ghs ExddiploaallyanthoGe mpas @iy Me r&xam] es 4
and 5. [0070] The case where the carbon nonoxi de-added net hane was used

for the comosets rasuktd ohogEx afplcatalystvasgaoerandy pravent edrd ralternately
degradati on i{n catal ytic activity but also inproved in maxi mal benzene
yield ds c(é)r%élf ‘'With the ease where pure nethane was used in the contact

reaction é@@@@@ﬁﬁ@tt&lﬁeczﬁ?&?ﬁl ﬁ%e@ in & m?lo%ﬁ{reﬁ%ﬁﬂ%%ﬁgr% éqtrlo%}aeatic

di oxi de- added net hane was u or the contact reac ( atl
Exanpl e 5)congsoaldsoaqenevient ®oCHnparMegs adakheie 4 Bf €lad akoden€ iAGEANE YvAS
conpared with the case where pure nethane was used in the contact reaction
(Conpar at i e Eple e, cainlytth&eal M 5)beneénie RebndialCBrpandti Ve a
Exanpl e 5 pever ;exceeded that in the 15 cas ﬁgerlmpure_neth ne was used in
the contac G%ng%t“figlre?n(a%c? } raami(\?éﬂffﬁaprﬂ?%ﬁ’zfﬁt '§G@I"|6T7\Hmilﬂeiii§?a@ VO case
wher e 1bhe (&34 RPN, 8- Rdded dﬁ%ﬁi%ﬂ%l%ﬁlé&sﬁqalﬁrgfs ﬁ@ﬁl(ﬁﬁnfo?qgs L& Qﬁ}el on
(Exanple 1) was inproved in nethane”conversion ratio as conpare Wit
Conpar at i eebEkanmpkesert drdsdnt hertbbye beifigeiemidviedapso 1j Bo benz eogiidel d,
as shown in E%g_,3c. 20 [0071] (4) Cnanagf in catalytic activity with the
addi ti on SFPERHHPEIRIRIGearecamsdadpl urergape reantton pordidionsonith the
tenperaturg . ke 2). . ln Exa ge 2, the t hodf or uf act uri ng
aromatic co of u(?llgg’ fglclcé}F ¢ Pﬁfat'sow%t’edg& Seht™y ﬁ?/éﬂ(t%eoﬂl g mane gdis’B&thlﬂh e
met hod of Jereded eREladAtion therefor is omitted too.

15 [0067] (Comparative Example 5)

In Comparative Example 5, the method for manufacturing aromatic
compounds according to the present invention was embodied in a method of
producing an aromatic compound and hydrogen gas by initiating a contact
reaction between a catalyst and methane, in such a manner as to initiate a

20 catalytic reaction with the addition of 1.5 % carbon dioxide relative to a
reaction gas at a temperature of 820 C. Additionally, 1 hour of catalytic
reaction process and 3 hours of catalyst regeneration process were alternately
conducted.

[0068} Since the catalyst used in the method for manufacturing aromatic

25  compounds according to Comparative Example 5 of the present invention was
the same (o the catalyst (Mo-HZSMS5) used in Referential Example 1, a
detailed explanation of a preparation method therefor is omitted. In addition to
this, a pretreatment for the catalyst, and also analysis methods for respective
substances were the same to those in Referential Example 1, so that detailed

30  explanations therefor are omifted. Furthermore, reaction conditions with the

exception of an additive gas were all the same to those in Example 1, so that a



25 aromatic conpound and hydrogen gas by initiating a contact reaction

bet ween a catal yst and nethane, in such a manner as to initiate a catalytic
reaction with the addition of 3.0 % carbon nonoxide relative to a reaction
gas at a tenperature of 890 C. [0072] The catal yst used in the nethod for
manuf acturing aromati ¢ 30 conpounds accagdi ng to Exanple 2 of the present

i nvention was the sane to the catal yst (M-HZSMb) used in Referenti al

Exanple 1, ,with. the, exception .19 that the catalyst was in the formof a
fine pomde(rl&“‘é%dt@ﬁ%hld%fn&g‘f L‘?qléﬂjré&&[%‘zﬁﬂ“t @’r‘? of a preparation nethod
therefor igped tieds ;l r S D6 |, (WA | 6 .2.was a
fine pomde[?)y gﬂne ! r'gplzLi?le S‘f/‘l %}wle ncé%ﬁmﬁgggé%%?%f ﬁ%grgl%}sgﬁﬁr% (t?%t‘}élé(f(fy
it, dryingby hepdngan chedysubsidtahiepan@dsS ahllencaalgitvepend PLiAb) AlcRedin
catal yst powder. Furthernore, a pretreatnent for the catalyst, and also
anal ysi s nigtehpeisehoe of @asiectliZpdl's ybsalant esdpereatthen sanditicns Apsasda in

Referemtiglh Exa iengdbcso t hat. diztail d expl apations therefor are omtted.
[ 0073] °The EHPRES s A0 aMpAEREY & ¢ By 'Fr‘ﬁ}?‘ifg‘)nol ybdenum on HZSM6 was 10
charged i react . U, i - _ a o] (U Clyi on
Col umm bei g5 Pbr raarer race e Sanal b M Al ARl e OB e
pressure ofonthe red@idroNEQimiphe Neatki ant ealyPreabnBA0 fand Qckdd¥Ban in
respectively, nmethane to which 3.0 % carbon nonoxi de was added relative to
the react i®halyhs aelsvidnpphi alsot hepeivetlolmmaxifldvbersteacoyicdd spacenpetati ty
(SV) of 15 J,)%ogﬁm i“hr{g‘-gi\l/FIm, t her ebig_ conduct i ng aC,Q aromati zation reaction
of net hane” Fhdf® SA%vEPEE: i BH CofEHA At ER Yt e dmy Viey CPRLALT, 824t %N f or
form b R,y yrhhe, a s Z8k1 9 >1.4:Q0..0f e was
perfored. O By Th e MRS AR, Ao A A0 e R OA e
aromat i ¢ ceapasnd fo:20caceondi rgctiont(lenprasent H:ouepld Hnwnaalenbedeatd n a
met hod of producing an aromatic conpound and hydrogen gas by initiating a
contact rd&em; W%%ﬂ%@érﬂnac%i@ﬂ%@m/@@ 1HHA fect@apared wislydhe sagannkereaguto

oL el 0L O I 5aRE0h PRt ELSHER ISR,
catal yst uagginmal boedRt et HOUIRIHLARLUELRG p&! 8TRiVeE SRPRRNDES, @gCaldi ng
to Exanple 3 of the present invention was the sane to
15  case where pure methane was used in the contact reaction (Comparative
Example 4), as shown in Fig. 3A. The case where the carbon monoxide-added
methane was used for the contact reaction (Example 1) was improved in
methane conversion ratio ag compared with Comparative Examples 4 and 5
thereby being improved also in benzene yield, as shown in Fig. 3C.
20 [0071] (4) Changes in catalytic activity with the addition of carbon monoxide,
caused by the difference in reaction temperature
(Example 2)
In Example 2, the method for manufacturing aromatic compounds
according to the present invention was embodied in a method of producing an
26 aromatic compound and hydrogen gas by initiating a contact reaction between
a catalyst and methane, in such a manner as to initiate a catalytic reaction
with the addition of 3.0 % carbon monoxide relative to a reaction gas at a
temperature of 390 .
[0072] The catalyst used in the method for manufacturing aromatic
30 compounds according to Example 2 of the present invention was the same to

the catalyst (Mo-HZSM5) used in Referential Example 1, with the exception



the catal yst (Mo-Fl ZSVMb) used in Exanple 2, a detail ed explanation of a
preparation nethod therefor is omtted. In addition to this, a pretreatnent
for the catalyst, and al so anal ysis nmethods for respective substances were
the 30 sane to those in Referential Exanple 1, so that detailed

expl anations therefor are omtted. Furthérnore, reaction conditions with
the exception of the 20 tenperature were all the sane to those in Exanple
2, so that ,a detailed explanatiqn therefor is omtted too. [0076], (Example
3 Tn xanpre A GEAREEPEES o Yantiaordr fngiilr ShCE COnpbiinds dstaicd”
according &9, 1bAgyBAKENbrb RO AT SRBAGLES bihifteAPIRAMNEL PLAUPLNO an
aromati ¢ conpound and hydrogen gas by itnitiating a contact reaction between
a cat al ystegatysteisedna, Examplch wadraies pasdés bié brapercd 8aiabydditting
reaction with the addition of 3.0 % carbon nonoxide relative to a reaction
gas at a tdipdlatwath woldBlpngm 10 ¢00Y 7). Skyieg the Matalyed wudstrate drdk

met hod .f or .manuf.act uri romati c compounds agcording to Example 4 of the
present i niERt FHRTRS tﬂ%é’%g%l]r?ézdt%tt‘ﬁ’é‘ @ngf%gf uriSI PSR RISEEatmek 4| o
2, a detai{ipdoexpl-anatiOn10f /A BEPHahLAY MELAGHd: a2 @M d dlhe | N
addition to tﬁi sll,ﬂfa’ prlét reat r}eﬁ{%fqgr tF%e 'caftggllj;g’??&gﬁe{]lggpgstgngﬁg%%ﬁcsﬁle

met hods f asamespehddeve Rubistatiabixwandetiheo thasdomilal thgsaationRehergot | al
Exanple 1, so that detailed explanations therefor are omtted. Furthernore,
reaction coiedimitétd with the exception of the tenperature were all the sane

too. [ 007800 (b st e ERARS! B8N eI isp & b2 M8 Wt nod
OF TROUT AL MG AT £ Bk 16orE CTRBHD P  BREANH Dok Or R D LS PIUANVERLAN Was
enbodied by initiating a contact reaction between a catalyst and pure
met hane, ibeisgdtrmedrafigbrssabpba dentinzahe raacadakymiperdeactimohtial p@ssure
t enperat ur(% tcflfe isngtgrigr tor%qcr}gbryeele:gi?)gug()ilg%nagt a8r9({))r’rgé is?nc{: %. 5Ollj\/rlllqa a?(-(zjs nggr ngen
gas. » Tespectively,
methane to which 3.0 % carbon monoxide wds added relative to the reaction
gas was supplied thereinto at a flow rate or a space velocity (SV) of
15 10000ml/hr/g-MFET, thereby conducting an aromatization reaction of methane.
Then, an evaluation of the catalytic activity in a reaction for forming benzene
and hydrogen by the aromatization reaction of methane was performed.
[0074] (Example 3)
In Example 3, the method for manufacturing aromatic compounds
20 according to the present invention was embodied in a method of producing an
aromatic compound and hydrogen gas by initiating a contact reaction between
a catalyst and methare, in such a manner as to initiate a catalytic reaction
with the addition of 3.0 % carbon monoxide relative to a reaction gas at a
temperature of 870 C.
25 [0075] Since the catalyst used in the method for manufacturing aromatic
compounds according to Example 3 of the present invention was the same to
the catalyst (Mo HZSM5) used in Example 2, a detailed explanation of a
preparation method therefor is omitted. In addition to this, a pretreatment for
the catalyst, and also analysis methods for respective substances were the
30  same to those in Referential Kxample 1, so that detailed explanations therefor

are omitted. Furthermore, reaction conditions with the exception of the



25 [0079] Since the catalyst used in the nethod for manufacturing aromatic
conpounds according to Conparative Exanple 6 of the present invention was
the sane to the catalyst (N o-11ZSMb) used in Exanple 2, a detailed

expl anation of a preparation nethod therefor is omtted. In addition to
this, a pretreatnment for the catal yst, &fd al so anal ysis nethods for
respective 30 substances were the sane to those in Referential Exanple 1,
so that detailed.explanatigns therefor are omtted. .Furtherpore, reaction
condi 11 onst A AREr B3%e et SRt o (PaSe Pof G fehesal ot b ddiEcd o
those in Exgimph&tién therdihals dnfigtdkdsd explanation therefor is omtted too.
[ 0O8W ( Conparati ve Exanple 7) In Conparative Exanple 7, the nethod for
manuf act ur [00g 6hr(@xamicle5) conpounds according to the present invention was
enbodi ed by initjating a contact reaction between a catal yst and pure

met hane, in suchita friginele 4s the metheditler aneavfapuriag exenpbn eampounds
temperature of ,.870 C.thereby, prodycing an ayromati.c conpound .and.hydrogen
gas’ 1 0081 c B RS ooy PG o hETRE et PG AGT R odge
aromati c 1050400 i EQ?% i gﬁ@qg A h

i nvention %ﬁs thggggﬁga?gq¥ﬁiﬂgg%gfys( ?@ﬁ?ﬁggﬁﬁ) hsé§“¥ﬁq'a§ﬁ§?§5§?&§5
det ai | ed exphtrgti andofieshpieparatdlon menhed dsher aficate 1 omialed reddtion
addition to_this, pretreatnment for the catal yst, and al so anal ysis

met hods f o1t %Elﬁ'éé‘%id\‘/féo% Whst-BnéesiRenemomexylimielpgiventsse TancRenegantit al

Example 1,,, ] d | 2@ 15 expl anations therefor are omtted.
Furthermrtg%eéggwgfcoﬁftggodn itions with the exception of a reaction gas were

all the sawe7yp diResetencisdyml Gsdl inOtkdahetholetal hethemphanaki AR het ef or
is omtted too.
compounds according to Example 4 of the present invention was the same to
the catalyst (Mo-HZSM5) used in Example 2, a detailed explanation of a
preparation method therefor is omitted. In addition to this, a pretreatment for
the catalyst, and also analysis methods for respective substances were the

15 same to those in Referential Example 1, so that detailed explanations therefor
are omitted. Furthermore, reaction conditions with the exception of the
temperature were all the same to those in Example 2, so that a detailed
explanation therefor is omitted too.

[0078] (Comparative Example 6)

20 In Comparative Example 6, the method for manufacturing aromatic
compounds according to the present invention was embodied by initiating a
contact reaction between a catalyst and pure methane, in such a manner as to
initiate a catalytic reaction at a temperature of 890 C thereby producing an
aromatic compound and hydrogen gas.

26 [0079] Since the catalyst used in the method for manufacturing aromatic
compounds according to Comparative Example 6 of the present invention was
the same to the catalyst (Mo-HZSM$H) used in Example 2, a detailed
explanation of a preparation method therefor is omitted. In addition to this, a
pretreatment for the catalyst, and also analysis methods for respective

30  substances were the same to those in Referential Example 1, so that detailed

explanations therefor are omitted. Furthermore, reaction conditions with the



[ 0082] (Conparative Exanple 8) In Conparative Exanple 8, the nmethod for
manuf acturing aromati ¢ 20 conpounds according to the present invention was
enbodied by initiating a contact reaction between a catal yst and pure

nmet hane, in such a manner as to i.niti.ate a catalytic reaction at a
tenperature of 850C thereby producing aglaromatic conpound and hydrogen
gas. [00831 Since the catalyst used in the nmethod for manufacturing

aromatic Yol L r.di, Q. \rative mple 8 of ¢ present
Mvent i on SR PRE AR ARER LMt FTBR b Sant R P ST Y,
detai | ed ekphapatxgmiftich Hapahakiomeirtfigd therefor is omtted. In

addition to this, a pretreatnent for the catalyst, and al so analysis
met hods f ol00BBE d€onineeaévbsismopk: Were the sane to those in Referential

Exanple 1, so that detailed 3Q exp anathgns therefor are omtted. _
Furthernmore, readt FBRRBAHIVET B3R 1 tihe wetlapt itonh prnwlackadng orogudiner e

oL S, S DOSRATRATRLE o A B SR SRS RIS i o
i n benzeneoaf@tthieakctiond 198 cah teefathNest BRCH QAN ORE AL Neds Y £ 0L Housty
conducting a catalytic reaction
nitiate a catalytic reaction at a temperature of 870 C thereby producing an
aromatic compound and hydrogen gas.
[0081] Since the catalyst used in the method for manufacturing aromatic
10 compounds according to Comparative xample 7 of the present invention was
the same to the catalyst (Mo-HZSM5) used in Example 2, a detailed
explanation of a preparation method therefor is omitted. In addition to this, a
pretreatment for the catalyst, and also analysis methods for respective
substances were the same to those in Referential Example 1, so that detailed
15 explanations therefor are omitted. Furthermore, reaction conditions with the
exception of a reaction gas were all the same to those in Fxample 8, so that a
detailed explanation therefor is omitted too.
[0082] {Comparative Example 8)
In Comparative Example 8, the method for manufacturing aromatic
20 compounds according to the present invention was embodied by initiating a
contact reaction between a catalyst and pure methane, in such a manner as to
initiate a catalytic reaction at a temperature of 850 C thereby producing an
aromatic compound and hydrogen gas.
[0083] Since the catalyst used in the method for manufacturing aromatic
25 compounds according to Comparative Example 8 of the present invention was
the same to the catalyst (Mo-HZSM5E) used in BExample 2, a detailed
explanation of a preparation method therefor is omitted. In addition to this, a
pretreatment for the catalyst, and also analysis methods for respective
substances were the same to those in Referential Example 1, so that detailed
30  explanations therefor are omitted. Furthermore, reaction conditions with the

exception of a reaction gas were all the same to those in Example 4, so that a



under conditions discussed in Exanples 2 to 4 in the presence of a
Mo- FI ZSMb 5 catalyst. On the other hand, Fig. 5 is a graph show ng changes
with time in benzene anobunt in a gas after the reaction, obtained by
continuously conducting a catalytic reaction under conditions discussed in
Conpar ative Exanples 6 to 8 in the presédce of a M-HZSMb catal yst. [0085]
As shown in Fig. 4, it is apparent that the case of initiating the contact

10 reacti ofihgk-ween14 e SR IRAR (LN dgedded met hane and the catal yst was
i ncreased in maxi nal benzene anpbunt in the gas after the reaction, with an

i ncrease of00BHE Figadtisom grephehatwing chank0986kh Mmbhe Bihenhchandunt he £ase
of initiating the contact reaction between pure nethane and the catal yst
br ought ab®itft afiey tha reactieangbtaned by cmkinvaiusschehwéme ycatadyiin rehaigas

after the reaction,.,.[0087] As discussed ahove, by reference to es, it
![s possi bl & t:gt “ ﬁlgzgf%z?%hlﬁ%q(f%ﬁfae’éﬂﬁ? gtqﬁc‘l 3{@%%‘@?%&%%&&\%%&%}@5 al so
0 i nprov . : . i 5 C Lreaction in
suchngonaﬁcﬁate% gfgg'&? :I)l a&d %gb?g%%l%on Xi{)d%y%ggq'?" ﬁg %Heoggtn?gg% ag%rsg’%f‘gmﬁem%lreo% ded

to the corb@cknceaetdwn ah a 28sreficti the LeapeEbal Wikadfedhighatnthan8hP C
[0088] Wth the addition of carbon nonoxide to the reaction gas, the

maxi mal  beiwrdnetipger deatalytifpreacttbwitoleanconditivaasdisivssededr tGonparative
temperature; therefore, this is particularly.effective in the case of
requiring ]gj{‘?’gggcﬁ %‘n)" gdnt}geipﬁg?e‘é Cdifé |{7{4§1‘§ﬁ Cilﬁ‘ﬂ?’%‘cti vity, for exanple,
in a reactfopRsHANGLIDE 18Tk Uk G 36 dpParb{t83CH Whe hQ08P]nifAd 4 anald. 4 he
ef fect of irrp?ovi ng thelnmglbmal benIz)gne yi Z‘g ?ué C%ggg?&g@%gh{zﬁﬂtﬁgﬁ%ﬁdsv
(i.e. l0undenctiosdrdivekontivhendohheocapatke -yédal nigthiage gh)heidathlyst hegef ore
preferable to initiate the contact reaction at an SV of not |ower than
3000t/ hr /genmEed gar magingl bynggneapamoundfiongie Rahedteartde Boction, with an
5000mt/ hr/.g--MYL. [0090] .The difference in a reaction for formng an
aromatic é%ﬁ%)%%ﬁ(§),fL'Bgég%cetil%%eﬁn?%réu'gﬁ%e of addi ng carbon nonoxi de to the

gas used i[0oshle (BatBL Wiher heaa! ilncandot i}ﬁti%@ﬁxg: Ao adflpg & Al de to
the same, will be hereinafter discussed. [0091] A reaction for
produci ng enzenthf166 indehheasrdalyrd rlogegh( Hbput rmotittde mhhhgaef (8 tdhxisal
repr eignt %C{Isng ng ?fie l{gttihg nga[.“ jil]f{;er the reaction.
[0087] As discussed above by reference to Examples, it is possible not only to
mhibit the catalytic activity degradation but also to improve the maximal
benzene yield, by conducting the contact reaction in such a manner as to add
carbon monoxide to the reaction gas to be provided to the contact reaction at a
20 reaction temperature of higher than 800 C.
[0088] With the addition of carbon monoxide to the reaction gas, the maximal
benzene yield is improved with an increase in reaction temperature; therefore,
this is particularly effective in the case of requiring a reaction to be
instantaneously high in activity, for example, m a reaction using the
25 fwdized-bed reactor.
[0089] Additionally, the effect of improving the maximal benzene yield is
remarkable at a high SV (Le., under a condition where the space velocity is
high). It is therefore preferable to initiate the contact reaction at an SV of not
lower than 3000ml/hy/g-MFI, particularly at an SV of not lower than
30 5000mb/hr/g-MFT.

[0090] The difference in a reaction for forming an aromatic compound,



[ 0092] 6CHAC6H61- 9H2[ 1. ] Mor eover, a reaction for produci ng cokes
(C is considered to be a reaction represented by an equation [2]. [0093]
CH4 --> C + 21-12[2] 10Furthernore, a reaction for producing nmethane may be
caused by a reversible reaction of the g%yation [1], as represented by an
equation [3]. [0094] C6H6+ 9H26CH4[31 2 It is considered that a
coke-renoving reaction is to occur when addi ng carbon di oxide (CQ2) to the

reaction gpsuwekm {109924e %ﬂ?&%ﬁ%lﬁiﬁfﬂl@)ﬁbk&%ﬁd Yhe | 5%'@30&31315{}8@5&&%%&9 t

carbon dioxide is reacte ane thereby producing rogen

r epr esent echabyioaned|tiat o §54ddih@aR6boiCRoxiTEHo tie 26het wAHAShetdinhfier case
of adding carbon dioxide to the reaction gas, therefore, 29 hydrogen is to
be producedispysaee reaction represented by the equation [5]. Benzene
formation j nsidered ta be prevented becausge benzene, f or mat i qn
reaction r@@?gge%t’ee@?ﬁ&} ?(H"e pégﬁ'd?’i“@n FTT‘el?esLt;ﬁP@hLﬁqcf a}xqmg?%a@woﬁ'%%
that t 1k 4D | J (1 i ; uced hydrogen. [0097]
Nbreovgf,e@%%%%ﬁggggga%éégg%éﬁﬂﬁggsfégaﬁgguga?Qétive speci es 25 nol ybdenum
car bi de (MoOp2byc®@H ng Celdgt-exHi t h nol yiddenum car bi de, as shown in an
equation [6]. This reaction is considered to tend to occur at a high flow
rate (for exanplMorenves aperretiosl del pyodhcingoadws/ He) gs MOside00dsp 4ECR+
MoCMO3 + §CD¥61 Nbanwhi“g when a dingﬂcarbon monoxi de (CO, a reversible
reaction 30°GHOPHEPEGTRFFORY () CHEA N £41at ed t her eby produci ng car bon
di oxi de. Thisstarkenr-ditaxyde is considefgd to induce the coke-renoving
reaction as represented by ‘

10 Furthermore, a reaction for producing methane may be caused by a

reversible reaction of the equation [1], as represented by an equation [3].
[0094] CsHe+ 9H, — 6CH;4 [3]
It is considered that a coke-removing reaction is to occur when adding
carbon dioxide (CO2) to the reaction gas.
15 [0095] COz+C — 2CO [4]
Additionally, i1t is considered that carbon dioxide is reacted with
methane thereby producing hydrogen, as represented by an equation [5).
[0096] CO2+ CHs — 2CO0 + 2H, [5]
In the case of adding carbon dioxide to the reaction gas, therefore,
20 hydrogen is to be produced by the reaction represented by the equation [5].
Benzene formation is considered to be prevented because a benzene formation
reaction represented by the equation [1] is an equilibrium reaction so that the
equilibrium is shifted due to the produced hydrogen.
[0097] Moveover, carbon dioxide sometimes reduces an active spocies
256 molybdenum carbide (MoC) by being reacted with molybdenum carbide, as
shown in an equation [6]. This reaction is considered to tend to occur at a high
flow rate (for example, at a space velocity of 10000ml/hr/e—MFD).
[0098] 4CO2+ MoC — MoOjs + 5CO l6]
Meanwhile, when adding carbon monoxide (CO), a reversible reaction
30  of the equation [5] is initiated thereby producing carbon dioxide. This carbon

dioxide is considered to induce the coke-removing reaction as represented by



24 the equation [4] thereby inhibiting degradation in catalytic activity.
It is further considered that hydrogen is consuned in the reversible
reaction of the equation [5] thereby shifting the equilibriumso as to
accel erate the benzene fornmation. [0099] Mreover, carbon nonoxide is
consi dered to cause a reaction representdd by an equatlon [7]. This
reaction also is an equilibriumreaction. [0100] COC + 0 [7] | t

i's consi depgd ohhatioAn Xy %bgyﬁﬁtﬁﬁ%ﬁﬁ Y liREBAYALLEN L;] ﬁggéﬁnqu%tlon

hydrogen in the reactor t he eqU|I| rru

[1] so as fuothecelrsiddedtthet b@ﬂl@g\ﬁi ieDnEdedun@éﬂ in [Rd 9dderAbldiregtissieds ahoOVe,
the nmethod for Egbacturln romati ¢ conpounds and hydrogen in the use of

a cat al ysteqwtian ovatherhy shofiere tHydeqoditbone, s@esdodiaglaratd hiee peesent
i nvention angﬁroduce aromati ¢ hydrocarbons such as benzene and the |ike
wi th high More specifically, 15 it becones possible not only to

. . ¢ | f i but |
mai ntaig ¢ fodRtAbYdveractikbhY B qglgt,&%agge? 6sreut'éﬁ5§$%1fq}}e of

obtain a Vi el d sufficient practical use a reac

hi gher t harl'epaéﬂaﬁtedl’m@r ant tluktien &tidiThiope aftigaskens @a@fulﬁeﬂuﬁ@ +04dtidn ot her
words, it e s p055|ble not ont to inhibit the accunul ation 20 of the

har d- t o- r efYove’' coKes +andlng caron nonoxi de, but also to obtain a

maxi mal benzene |eld not s than that obtajpned jn the case of ad
net hane only byl¥n@re%%?ﬂ8“¥% Nk L rEYEER 8? €§¥gﬁﬁﬁrh ﬁ%&%ﬂﬁﬁhﬁ7ﬁh
the contraipeudlR hogrdhe ¢ffiget @ a tion
so as not abﬁg to o t%ﬁ%}a benzeheﬂﬁ?gqgg%hbnghggﬁl §§€§£g5§ y) o?h
snal | 0 t haypatthe Hdxbrsl tobenalensteyitel b ofnkfermasienof addi ng rret hane onl y

[ 0103] Padh ﬂJearly in the process of repeating the catalytic reaction
process a ‘et él%’%‘?b‘?%géhéﬁ‘%t i B prtbed, fohe npiehlhcatrinke dnontdtat

375t oS S ReTR B e P BRIl

hydrocarbo accor ding

to obtain m@ﬁé@ﬂ%oﬁk 3Q.chidingyitg! fse bulesal 1§01ntv‘én't1%tﬁ' Q"ﬁl tphgd\% & MBLLAR: O

deposi ted cokes hard to remove for regeneration. i gh catafytlc
act i vi t i eshyarecamdions aiuebdisovarzeacl onythe like with hlgh yleldq More specifically,
156 it becomes possible not only to maintain the catalytic activity over a fong
period of time but also to obtain a yield sufficient for practical use, with a
reaction temperature of higher than 800 C and with the addition of carbon
monoxide.
[0102] In other words, it becomes possible not only to inhibit the accumulation
20 of the hard-to-remove cokes by adding carbon monoxide, but also to obtain a
maximal benzene yield of not less than that obtained in the case of adding
methane only by increasing the temperature of the catalytic reaction. On the
contrary, COz has the effect of inhibiting the aromatization reaction so as not
able to obtain a benzene yield (or a catalytic activity) of not smaller than the
25 maximal benzene yield of the case of adding methane only.
[0103] Particularly in the process of repealing the catalytic reaction process
and the catalyst regeneration process, the yield at the initial stage of the
reaction is important. In the process for producing aromatic hydrocarbons,
according to the present invention, it is possible not only to obtain benzene at
30  high yields but also to inhibit the formation of deposited cokes hard to remove

for regeneration. With this, high catalytic activities are maintained over a long



period of tinme even after repeating the catalytic reaction and the catal yst
regeneration reaction. [0104] Although the invention has been descri bed
above by reference to certain enbodi nents and exanpl es of the invention,
the invention is not 5 limted to the enbodi nents and exanpl es descri bed
above. Modifications and variations of tHe embodi nents and exanpl es

descri bed above will occur to those skilled in the art, in light of the
above teachipngs. 5lavdheaRE£$80t ad: Li 001 S ehaLAGLer 1Z801.0Y 1ot
acceleratiEgﬂ?ﬁéﬁ¥g#g€§WLgfl@%kggﬁé??ﬂgfﬂ%'g%%%f?gﬁ%ggﬁégr%%%q#ﬁngyﬁagﬂto

t he reacti espeg@saontraddticty 10 | ower hydrocarbons and by inproving the
benzene fo[mati on rate., The catalyst for aronmatizing | ower hydrocarbons is,
t heref or e, (WSH]| Ahosght heronybaganmhear béasd describedl dlosid ibyatreferonece to
specifically, it is apparent that effects, equal to .those in the M-carried
cat al yst c%%iﬁgléﬂﬁﬁfﬁgﬁn§?§ﬂl '&ﬁnﬁﬂﬁﬁiﬂ%gh?dﬁﬁg?gﬁ?’ﬂﬁ%n?“%%%ﬁﬁ%l%ﬁuma
conpou ofinlihepe, (hie Klale e U ect-ed,fr 156, vari ous

cat Al Y o T T oo B - B T 1ot ifdpe ama
hydr ocar bonsrihtisnal afeddy ebgediventsd raield canghplts dussetbd mbsRewlIef REENGS
docunents (e.g., "Surface", Vol. 37, No. 12 (1999), pages 71-81, "Catalytic
cheni cal cBiverilbed ot thephane lbibtedthe phoneseachohgbenzene usi ng mol ded

zeolite catal-ystn are uysed singl r in combihnation. 20[ 0106
Addi t§ onat 1057 b Pl G- BB Apr R BALRY et et e dhe prearssed ofnd
t he cat al yglkoeqgenerrt ';ﬂiﬁiﬂﬁﬂcﬁs%rk%n[]gr?cg#dx?&b bl rﬁ%aapga(ﬁioﬁag%ggero%tt%q%rfﬂ%hm

are not limted to the exanples and t ore nmay be suita ete

wi t hi nla tiowergerdrocudbnrenddepoaptiviggtthe beavend Qnhetmye r8eKehe dQhlyst
exanpl e, by switching fromthe catalytic reaction process to the catalyst
regener at i O% POHHEEBE dower dpslrperrbeas dby therefgei wiot yimder dducetyybdemunhe

basi s of in catalytic.activity..Fqr inst . th al yt |
Peaction prBeRECl MSRHBLILHE S0 biekinglls ohMeaeet ity BheGiawb o

dependi ng tHps6RARBEMbRagAbALY Bl yEEAREHRLYESnTRAIL %e@%ﬂ&ﬂﬁuhﬁ%uﬁ?&t@:@/“ ¢
reaction process. The reaction for aromatizing | ower hydrocarbdns Fs an

endot her m iconeadtdlomndsa cohgtouwheoBOhermEnatudies afiolyhdcaabal wslectdl Hedwced

during.the catal yt |(i reactiqn ppocess, Additionally, the activity in the

ar omat'Pzat VOO Ve &R 1 BHC oPcFeey LA eoesar Benghe satqlyst dojespmasiwing thwer

cat al yst R 189 Hha >.degree of; catal,yst degradation nm
dl&&[x%géfi‘lﬂu%% h%% ﬂﬂ Myt I%(Iq 6 nqﬁtn?(tde ) d%’ﬁ&}i&@ 11 orpe elteé(?

y be
detected by measuring changes in catalys rper a '5PE® al so
accept abl eddcansmitiscte. .1 outrhecr edol.i on, m&cegsuggsa},hﬁag@sganegﬁt “OR RH QeSS
after the catalyst tenperature starts increasing, wwth 5 which aronatic
hydr ocar bods:nbeabreenrerstorfdl| weshahy Dhiredusedhest afldidizenal hyinshenoddsdl yst

degradation gscongsl que effig{i ent_ll y prevented.. Furthernore, it is possible
to save erf&rgy® For Y Her S38MTG CHEE ¢ ARy M R8AHEPat ure up to a tenperature

requi pad flanohesd@aehhayp, lilﬁtHJ‘@&&aéfaﬂegjﬁhiziﬁggﬁ@ecfﬁ%w& 1@&%&%?151}1'018@/88 and
switching into the catal yst regeneration prdcess after

the catalyst regeneration process, a reaction time and a regeneration time are

not limited to the examples and therefore may be suitably determined within a

time period of not depositing the hard-to-remove cokes, for example, by

switching from the catalytic reaction process to the catalyst regencration

25 process before the catalytic activity is reduced, on the basis of changes in

catalytic activity. For instance, the catalytic reaction process and the catalyst

regeneration process may be switched depending on changes in catalyst

temperature measured during the catalytic reaction process. The reaction for

aromatizing lower hydrocarbons is an endothermic reaction, so that the

30 temperature of the catalyst is reduced during the catalytic reaction process.

Additionally, the activity in the aromatization reaction of lower hydrocarbons



10t he catal yst tenperature is increased. [0107] Moreover, in the case of
repeating the reaction process and the regenerati on process, the
regeneration gas used in the regeneration process is not limted to
hydrogen, and suitably usable if contaLEing a reduci ng gas such as carbon
nonoxi de and the like. 27 CLAIMS 1.A ’hod for manufacturing aromatic
conpounds whi ch net hod produces hydrogen and aromati ¢ conpounds contai ni ng
an aromati® bydi@eaiioniak thRlpt AckRalateRTPONEHAtbYL Niddati hE catzg@& act
reaction 5 between a | ower hydrocarbon and a catal yst, characterized'in
that: car bdgeradabrndeay bealdteded byttheaswweg chydpecar banlysndmperatutch@t
cont act reacgﬁon.i§ initiatedg&&;meen the | ower hydrocarbon and the

catal yst af ACRENE GG e tads elooSVHighdFomh dhe g abion pracessnde htlee f or
manuf act ur.,, ar.onaf i nds. i i in Claiml, characterized in
that the cllé%gg@hm%o@{o ?gl(gec%ﬁggﬂgngﬁg%r%ﬁ l}%{t i%g)%lpo mgfué')mi’ 0P8 IPGTSEeE Bt i ve
to a reéactwhithgagromatic A REbQHHHAE MREHACT MLkY A ARRLIC GORRANANIS, £S

claimed in Qaim 151 or 2, characterized in that the reacCtion tenperature
i s not | owetditinanllg2theC catalys dretrhdatibor bemmudsachord ngfiaeanst peecearpaunds,
as claineqﬁiq Caim . . . . .

‘urthermore, it is possible to save energy for increasing the catalyst
temperature up to a temperature required for the reaction in the catalyst
regeneration process, by switching into the catalyst regeneration process after

10 the catalyst temperature is increased.
[0107] Moreover, in the case of repeating the reaction process and the
regeneration process, the regeneration gas used in the regeneration process is

not limited to hydrogen, and suitably usable if containing a reducing gas such

as carbon monoxide and the like.



1 or 2, characterized in that; the aromatic conpounds are produced by
repeating a reaction process 20 of initiating the contact reaction between
the | ower hydrocarbon and the catal yst and a regeneration process of
regenerating the catalyst used in the reza]ctlon process.

CLAIMS
1. A method for manufacturing aromatic compounds which method
produces hydrogen and aromatic compounds containing an aromatic

hydrocarbon as the principal component by initiating a contact reaction

5  between a lower hydrocarbon and a catalyst, characterized in that:
carbon monoxide is added to the lower hydrocarbon; and
the contact reaction is initiated between the lower hydrocarbon and the
catalyst at a reaction temperature of higher than 800 C.
10 2. A method for manufacturing aromatic compounds, as claimed in Claim

1, characterized in that the carbon monoxide has a concentration of from 0.75

to 20 % relative to a reaction gas.

3. A method for manufacturing aromatic compounds, as claimed in Claim

15 Tor 2, characterized in that the reaction temperature is not lower than 820 C.

4. A method for manufacturing aromatic compounds, as claimed in Claim
1 or 2, characterized in that:
the aromatic compounds are produced by repeating a reaction process
20 of initiating the contact reaction between the lower hydrocarbon and the
catalyst and a regeneration process of regenerating the catalyst used in the

reaction process.



