1 SPECI FI CATI ON PROCESS FOR PRODUCI NG AROVATI C HYDROCARBON AND HYDROGEN
TECHNI CAL FIELD 5 The present invention relates to an advanced use of
natural gas, biogas and nmethane hydrate which contain nethane as a nain
conponent, nore particularly to a process for efficiently producing
aromati ¢ conpounds and hydrogen of high,purity fromnethane. A main
conponent of aromatic conpounds is exem}Iified by benzene and napht hal ene
which are materials of 10 chem cal products such as plastics. BACKGROUND
OF THE | NVENTI ON Aromati ¢ hydr ocar ®BRCIFXEANION ed by benzene, tol uene and
xyl ene are conventional | ornmed from naKht ha and coal _tar mainly.

y f
Concerning the fBRACESSIHOBIRRADECINCAROMAZIC HYDROSABBOMt eri al but
low in yield of 15 aromatic hydroc ning the latter, coal is
applied as an inexpensive raw m@ﬁm%r equires a | arge anmount of
organi ¢ soleEnHNICCE MEIghvent extraction nmethod is enployed. As a nethod
for form ng hydrogen gas, a steamreformng nethod for natural gas and
napht habi s cur r eMtheypicrenninvidabionare]atel ¢o sineadwarektd nuseryd na2Qralegdso biogas

requires a high tenperature of_ about 900 C. Further, a |arge anount of raw
mterial | eddamhans Byt t‘Gth‘i AeRfiaAn tIREtRAM) @ af UNALE CPMRINGNH MPTe and

heor et calPtrBRERIL, So 18 bl hor Brlcpllicy E8pahe, AAaRE, Bmpoynds apd

t heoreti calf-Tequited anp or der

reduction, hyﬁi‘i‘@%@b%fc RS MpRELRNred BERIahe. AAJ e AR eBinpohefDeSfU¥romatic
Additionally, the 25 steamreform ng nethod is burdened with a probl em of

gener at i ng cemgpioundsdd exesphifed bebenrinmgand chaplthalegeaghich amusatepialsadf
war m ngo |g .a large anmoynt of carbon dioxide. On the other hand, as a
pr ocesi0t ochpmdenlRragustssieh 2s Bipst6ear bons such as benzene and

napht hal en {298 a'ie 'ﬁWl DW carbons, 30 nore particularly
from net h&?é,g@g(i%abdi | &ﬁ(ﬁ;@u - (,?nver aliqon of nmethane is

Aromatic hydrocarbons exemplified by benzene, toluene and xylene are

conventionally formed from naphtha and coal tar mainly. Concerning the
former, petroleum resource is applied as a raw material but low in yield of
15 aromatic hydrocarbons. Concerning the latter, coal is applied as an inexpensive
raw material, but it requires a large amount of organic solvent since a solvent
extraction method is employed.
As a method for forming hydrogen gas, a steam reforming method for
natural gas and naphtha is currently known. However, the steam reforming
20 method requires a high temperature of about 900 °C. Further, a large amount
of raw material is burned in order to maintain the temperature for reforming,
and additionally steam is used three to four times as large as a
theoretical-required amount in order to prevent the catalytic activity reduction,
thereby consuming an extremely large amount of energy. Additionally, the
25 steam reforming method is burdened with a problem of generating such
products upon reforming and burning as to cause global warming, i.e., a large
amount of carbon dioxide.
On the other hand, as a process for producing aromatic hydrocarbons
such as benzene and naphthalene and hydrogen from lower hydrocarbons,
30 more particularly from methane, a so-called direct-conversion of methane is

generally known. The direct conversion of methane is a method for



general ly known. The direct conversion of nmethane is a nethod for 2
deconposi ng net hane directly on a catalyst in the absence of oxygen gas, in
whi ch rheniumcarried on zeolite (HZSM5) is regarded as an effective
catalyst (as disclosed in non-patent docunents 1 and 2). However, the

di rect conversion nethod is burdened mﬁbh probl ens of an extrene decrease
in catalytic activity 5 due to deposited®arbon and of a | ow conversion
rati o of nethane. As one of methods for solving these problens, a nethod is
proposed i rlecgapesingdmethané directly oiacbatalybitriacthec abs@icei afhoxfgenegdgna i s
carried out in the presence of carbgn nonoxi de or carbon dioxide of a few
percents; NoNehaheniumeazredon zahios (HESM & s pegarded asn pHpetivecatalyste

or oduct , “mips CileefiphetbA R diGuRipe 16 B ViR BHERleRR o R
to sol ve t hh&HRHAR!RIFdehbE wAtR ProPRIIIOSK 415 cRLQARS BcreR s @t g&ialyﬁie‘&'éﬁ%{t& 2.

In this nmethod for producing aromati ¢ hydrocarbons and hydrogen, | ower
hydr ocabbonleaindlepogisd canba@i and@f hyldwogmvession rayidrafgeethbmegas ar e
cyclically and alternately br ouggt into contact_ with a catalyst, thereby
form ng aromati c Asyvehrmsshedsuinr solvimgrthese probleyas sgethpd pvaronaseddnrng
the catal ytj LVit crease.1 I .nthe, nethaod. for.pr I n [ tic.
nydr ocar bomeeReapbdatd: bE MRk gleaGe FERRPichOR, RishfH5 19 AEART I in

| 'ower hydr E8RhessndeSHParBsn méhdBES 3P adlich dXd@ of HARWYpéce Ak HRGRNeFS
are alternately changed at the sane flow rate and at short intervals, e.g.,

at every fithe asrbom espnerside mwearbon #iogides remaime iprtkseproduct egasi gn ag do
schedul ¢ of s | yi ng hydragen apd | ower hydrocarbons, according t
conventd ondurie r%ﬁeqﬂ% lpatlggrsertfi} SRRRTALAThChG fen R¥odyet. Bore W@%Eﬁ"c%épyst
(see paragh f 2). Specifically, it 25 is required
to al ternath'g{a?/o%%rF ?go@ﬁ%’ﬁgt“é’ﬂﬁgéﬁo 1'the supply of nethane gas and the

supply of hydrogen ogdér 86 ssRerthis pretléal, TheAHe nddtdblis grofodeioint paterits
not made while the hydrogen gas flows, so that a substantial period of tine

for the regcumentf 8 Forthisgmethodt far iprddociagh eromatit hydroeanbons hadf of
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15 gas are cyclically and alternately brought into contact with a catalyst, thereby

forming aromatic hydrocarbons and a high-purity hydrogen without inducing

the catalytic activity decrease.

In the method for producing aromatic hydrocarbons and hydrogen,

relating to patent document 2, a supply of lower hydrocarbons (such as

20 methane gas) and a supply of hydrogen gas are alternately changed at the

same flow rate and at short intervals, e.g., at every five minutes, as shown in

Fig. 3 of the present invention (a schedule of supplying hydrogen and lower

hydrocarbons, according to conventional techniques), thereby maintaining the

effect of the catalyst (see paragraph 0020 of patent document 2). Specifically, it

25  1s required to alternately carry out the change of the supply of methane gas

and the supply of hydrogen gas at short intervals. Additionally, the reaction is

not made while the hydrogen gas flows, so that a substantial period of time for

the reaction for forming aromatic hydrocarbons and hydrogen is half of an

apparent period of time for forming them. Further, hydrogen gas is used as

30 same amount as methane gas in this method, which is economically

disadvantageous,



30 sanme anmobunt as nethane gas in this nmethod, which is economcally

di sadvant ageous. 3 Wen the intervals between the alternations of the
supply of nethane and hydrogen are extended in the above nethod, e.g., when
a the supply of nethane is set to 80 mnutes and that of hydrogen is set
to 20 mnutes (as disclosed in paragraph 0022 of patent docunent 2),
produci ng rates of aromatic 5 hydrocarbofs and hydrogen are significantly
decreased and additionally a producing fluctuation per hour is |large, as
conpared wi th th&hei bhe inferVil bdiwdenuihe albégiatiins dithenduppipasé méthdnegen
gas is used as_ sanme anount as _nethane gas, nore specifically a tine ratio
bet ween netamdnbydragenyarogetended in: the abeve meethodpedd.f e ¢ the surlktofof
hydr ogen corresponds to 20 % by 10 vo] une, of ,an amount of hane., K Thj s
mothod 1s. PReEEReIEadton g0 dhipfegp s iR Of nERraER R st Bl Riureb s
however, ar o s\ nft 2)n : bbb Giaeiat | Y.
Non- pat ent B e A R ) j B%"z%élggi’%ggog)awi%a%
Non- pat &nt hydeotmbbng: arld Gfddge FareAnYTtHitlyd Hbcraded?288d 4d@dnabst ant

docunent 1: Japanese Patent Provisional Publication No, 11-60514 Patent
docunent 2Prodpeinssituszesion Perohpur énlareeusicompaed\yith e podbodad the

DI SCLOSURE5§J:.TI—% I l\?/El\ﬂ'llaq\l IB. Vi ew 011;) he above,. an bj[iect of the 1gresent
i nvention PSRBT HUEEER _ nptt Ls_eggsq"o Y 588_(:5?139 1%1_r ! g %&fﬂ?% h&%and
hydrogen, tHRGHAIMAGERS mdfRl dPeRifltaly £ tf7Ad 2hith Werwebh Whdthah@ Ui d HP8RIgéN is
thereby allowng an efficient 25 production of aromatic hydrocarbons and
hydr ogen. A:phrmeehsmione specificallpganmraamatnc ofiygrocgerbcorreapondy do &fels bas
claimed in CJaiml, is a process in which a_lower hydrocarhons-contai ni ng
feedst 88k §gakups of apsmewnhyf methane Jhis mathed s perogaised torkargmn pHee of
contact lasting the catalytic effect; however, aromatic hydrocarbons and hydrogen can

not be formed efficiently.
Non-patent document 1: “JOURNAL OF CATALYSIS” 182, 92-103

(1999
15 Non-patent document 2: “JOURNAL OF CATALYSIS” 190, 276-283
(2000)
Patent document 1: Japanese Patent Provisional Publication No.
11-60514

Patent document 2: Japanese Patent Provisional Publication No.
20 2003-26613
DISCLOSURE OF THE INVENTION

In view of the above, an object of the present invention is to provide a
process for producing aromatic hydrocarbons and hydrogen, the process
maintaining a catalytic activity continuously thereby allowing an efficient

25 production of aromatic hydrocarbons and hydrogen.

A process for producing aromatic hydrocarbons and hydrogen, as
claimed in Claim 1, is a process in which a lower hydrocarbons-containing
feedstock gas is reformed by being supplied to and being brought into contact
with a catalyst under high temperature conditions thereby forming aromatic

30  hydrocarbons and hydrogen. The process is characterized by including the
steps of (a) supplying a hydrogen gas together with the feedstock gas during a



with a catal yst under high tenperature conditions thereby form ng aromatic
30 hydrocarbons and hydrogen. The process is characterized by including the
steps of (a) supplying a hydrogen gas together with the feedstock gas
during a 4 supply of the feedstock gas; and (b) suspending the supply of
the feedstock gas for a certain period gf time while keeping a condition
of a supply of the hydrogen gas. A procéss for producing aronatic

hydr ocar bons and hydrogen, as 5 clained in Claim2, is based on the
process f osupphdofihedfeadstvekigas; hxdr(brsuidpensling dhégdpphyest thrsfeetdstonk gaisn
Caim1l1, and is characterized in that a pretreatnment for a refornin%
reaction byoruai eertaimmerias iof dimearibiles keepimengdeaifionr af RopupRLY AEIthEes a
step of in ragsugg the catalyst in tenperature and keeping the catal yst at
the tenper A HFTEYHF24 certain period 10 of tine while supplying a nethane

gas thereto. A PROGRSSeskOforPpRodGding aFSHRELChPNFIATBORO MBI dIEERIRR, as
clainmed in daim3, 1s based on the process for producing aronatic

hydr ocab boohiared hndrClgen, 2sic| baseeld om (Heaipnotessanfdri prahaingt erdmetici n
that a pretreatnent for a reformng reaction which aromati c hydrocarbons
15 and hydhygeerazbans smdebyiregendes elagmed 1r Claige daane 18 searagtaryed 1nn

tenperat ure,_and keepi ng the catal.yst. at_the t eratur . ri.al
e od- of (pRhE mRPRERieiitor Ay e oh A, Wil aFo 8 iibbAens
thereto. AspHodfSodd 4YeOdoihed AlcPiddd G el osRiRSRasAY thedcredPst af
claimed in Caim4, is based on the process foor producing aromatic 20

hydr ocar botemapedaturdraxgbkeepingcihai catdlyist atl thiene®ypearatiuresforimcentabr periddi n

LRt e AN NG ORST, Aty Sunpl Led At rat o of 1 during the
e LA TEO. T 1 SR o 380 PR RSl AT AR G, 22,
in that thelfhkid qat NERIm B;| iglebagedSt@P e knopes0 foRepeahwdiligt asdmabie C
for 6 hours while supplying the gas containing nethane and hydrogen to the
hydrocarbons an hy?irogen, as claimed in C?aim 1, and is characterized in
that a pretreatment for a reforming reaction by which aromatic hydrocarbons
15 and hydrogen are formed includes a step of increasing the catalyst in
temperature and keeping the catalyst at the temperature for a certain period
of time while supplying a gas containing methane and hydrogen thereto.
A process for producing aromatic hydrocarbons and hydrogen, as
claimed in Claim 4, is based on the process for producing aromatic
20  hydrocarbons and hydrogen, as claimed in Claim 3, and is characterized in
that methane and hydrogen are supplied at a ratio of 1 : 4 during the
pretreatment.
A process for producing aromatic hydrocarbons and hydrogen, as
claimed in Claim 5, is based on the process for producing aromatic
25 hydrocarbons and hydrogen, as claimed in Claim 3 or 4, and is characterized in
that the pretreatment includes a step of keeping the catalyst at 700 °C for 6
hours while supplying the gas containing methane and hydrogen to the
catalyst.
A process for producing aromatic hydrocarbons and hydrogen, as
30 claimed in Claim 6, is based on the process for producing aromatic

hydrocarbons and hydrogen, as claimed in any of Claims 1 to 5, and is



catal yst. A process for producing aromatic hydrocarbons and hydrogen, as
30 clainmed in Cdaim6, is based on the process for producing aronatic

hydr ocar bons and hydrogen, as clainmed in any of Clains 1 to 5, and is 5
characterized in that the catal yst includes nmetallo silicate carrying

nol ybdenum A process for producing aromatic hydrocarbons and hydrogen, as
claimed in daim7, is based on the process for producing aromatic 5

hydr ocar bons and hydrogen, as clainmed in any of Clains 1 to 5, and is

char act eri zhdradgtetired tihe tlaftal yint tacllystesintbiddd ongithlloailécatar roarngng
nol ybdenum and rhodi um A process for producing aromati ¢ hydrocarbons and
hydr ogen, asolybdenwsd in Caim 8, is based on the process for producing
aromatic 10 hydr,ocar bons ,and h ime_ 1 to 7,

and is charact er f'z #§OP555 fok pé'ﬂ nf‘f%?aPlﬁe%ﬁgg‘?%éﬁﬂn%ﬁ%’?in‘b Togg as
toget her Wcihymddeinf E@pﬁﬁloo-}( 98Shhsed aWethd NGRCEss’ BR peodhdiRE tali‘@i@la%ﬁ %

of the feedstock gas. A process for producing aromati c hydrocarbons and
hydr ogeh, adydebervedsimd laydnogen) sisbeladdednin hmyprodic@kmnfsoﬂ pur dijugndgis
aromatic 15 hydrocarbons and héflrogen as claiped in apy ims 1 to 8,

Cl a
and is ch&Pasdderized i1p that atheansailysr medudgdr Hgféﬁllea?sh%qﬁﬁpmawmg

t oget her vmt the feed(i ﬁ‘& as is wthin a range of from4 to 8 % of the
f eedst ock d%\%y Q\ B?glc%% 8 ugli’odum ng aromatic hydrocarbons and hydrogen,

as claimed in Caaigrdds fer liﬁv%&dcﬂ@ Ta'i‘@mla'tfécﬁ§§r$c%&*b9ﬁ§dé&ﬁi Ny BogeRY iag 20
hydrocarbons and hydrogen, as claimed in Caim8 9, and i s characterized

in that anchmet iof Claémhy&ir agehagmb supthd epirdcemtfmer peodicinge afrem(aucock
gas is 8 % of the feedstock gas. According to the ré €ss for Odu‘il

ar omat i hﬁ@ﬂ&@%ﬂb@ﬁé B mge@eﬁs glaimedi He%h ahnsy L fp g
feedst ock i m%agﬁzg{il 1In ar?%rﬁ‘e/ﬂ{@&fﬂ‘{}?eo dh? g&reagﬁﬁg&'%ggﬁﬁtﬁﬁhw th

the cataly rogen gas' 1S con
catal yst. \hkHedd¥tsck gi'@lsal@i*gé/ﬂ tharo? %4 had smaller than 10 % of the feedstock gas.
A process for producing aromatic hydrocarbons and hydrogen, as
claimed in Claim 9, is based on the process for producing aromatic
15 hydrocarbons and hydrogen, as claimed in any of Claims 1 to 8, and is
characterized in that an amount of the hydrogen gas supplied together with
the feedstock gas is within a range of from 4 to 8 % of the feedstock gas.
A process for producing aromatic hydrocarbons and hydrogen, as
claimed in Claim 10, is based on the process for producing aromatic
20  hydrocarbons and hydrogen, as claimed in Claim 8 or 9, and is characterized in
that an amount of the hydrogen gas supplied together with the feedstock gas is
8 % of the feedstock gas.
According to the process for producing aromatic hydrocarbons and
hydrogen, as claimed in Claims 1 to 9, the feedstock gas made of lower
25  hydrocarbons is intermittently reacted with the catalyst while the hydrogen
gas is continuously reacted with the catalyst. With this, the activity of the
catalyst is regenerated during a period of time for supplying the hydrogen gas
alone, so that aromatic hydrocarbons and hydrogen can be formed stably over a
long period of time.
30 According to the process for producing aromatic hydrocarbons and

hydrogen, as claimed in Claims 1 to 9, a gas containing methane gas or



catalyst is regenerated during a period of tinme for supplying the hydrogen
gas alone, so that aromatic hydrocarbons and hydrogen can be forned stably
over a long period of tinme. 30 According to the process for producing
aromati ¢ hydrocarbons and hydrogen, as clainmed in Clains 1 to 9, a gas
cont ai ni ng nmet hane gas or 6 nethane andihydrogen is supplied during the
pretreatnment for the reformng reaction, thereby suppressing a significant
reduction in catalytic activity. Exanples of the catal yst include

met al | o- si niathtae card ki depgenl isbolgplied dadndithe yretkatment dop the esforiming
produci ng aromgati c, hydrocarbons and hydrogen 5 of Claim6. Particularly
when net al Feadian, dhete by Hpressing dssightiranhreduction 13 saHItIRBCHVILY n

ot 1 by oo PRI 5 AR SRR b Rl B8RP bl BT
hydrogen apg di@u¥Bed Inithe p&deat Ibnprluches BdmatieMroéarboss anddeydibgbhon

of catalytic activity. 10 According to the process for producing aronatic

hydr ocad bonf Clain thyRariyedarlgswhenimethllonsilicatenwhich camtes ahodimpurias shet he
hydrogen gas suppli.ed tqQgether w he feedstoc as,in the process, for

ot oduci ng  &Pesinsk metalh g addiHaR e %%g%ﬂppkecga?%@wm@m%ﬁﬁ 8 "be
| arger tha %:apd er % r abley At hi g a of

from4 to §ORHER, arBFRUrE Bttt SH5f GRIRERT S (MY 7, Tk aee

ef fici ency h@lréalrBbié nfidasidrebdry aks forie divdiiRes b ghig iHwsffcloigyafphei od
of time for lasting the catalytic efficiency. Further, aromatic

hydr ocar bomegenedatipdrod gatalytic agtivitor med stably and i nexpensively. As

di d ab , - di to th for . duci ti 20
nydr ook bons andARRIFWRB H° dapiasa ot bepdiibe aragnate Ayipratpory e

& bons a Frid _ _t .
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gas, the egapplivd t6gaabibt Witly the feaisiéck padinvies peodess doppridauding aromraticEven
when the catalytic activity tends to be decreased due to generation of

coke, the badnecprbengandchyduogynils adiusied: eeefenably g hreolparey shan2oeany
cutting of ];rr;[aqfaerftﬁggsltoo&f nihre preferably within a range of from 4 to 8 %, much more

15 preferably 8 %. With this, the regeneration efficiency of catalytic activity is
maintained thereby improving a period of time for lasting the catalytic
efficiency. Further, aromatic hydrocarbons and hydrogen can be formed stably
and inexpensively.

As discussed above, according to the process for producing aromatic

20 hydrocarbons and hydrogen, as claimed in Claims 1 to 10 relating to the
present invention, the hydrogen gas is supplied together with the feedstock gas
during the supply of the feedstock gas. With the thus added hydrogen gas, the
catalytic activity is maintained over a long period of time. Even when the
catalytic activity tends to be decreased due to generation of coke, the catalytic

25  activity is recovered with hydrogen gas alone by cutting off the feedstock gas
for a certain period of time. Therefore, aromatic hydrocarbons and hydrogen
can be efficiently formed with such a simple operation as to supply or to cut off
the feedstock gas, while maintaining the catalytic effect continuously.

BRIEF DESCRIPTION OF THE DRAWING
30 Fig. 1 is a schedule of supplying hydrogen and lower hydrocarbons,

according to the present invention;



for a certain period of tine. Therefore, aromatic hydrocarbons and hydrogen
can be efficiently formed with such a sinple operation as to supply or to
cut off the feedstock gas, while nmaintaining the catalytic effect

conti nuously. BRI EF DESCRI PTION OF THE DRAWNG 30 Fig. 1 is a schedul e of
suppl yi ng hydrogen and | ower hydrocar bons/, according to the present

I nvention; 7 Fig. 2is a characteristic ‘graph showing a variation with
time in each of a hydrogen-producing rate and benzene-producing rate; Fig.
3 is a schedul e ®higs2ipph vhagadwydstggrapindhdéwives a Wydiagivar Wwithstimeaiecarchi ofg t o
conventional techniques; 5 Fig. 4 is a characteristic graph showng a

vari ati on W hydzogan-preducingaste sadhesyesemyodueiag nate vari ati on bei ng made
by 5 hours of reagtign and hours of regeneration of, catal yti,c activity;
Fg. 5 1's a char Aikepiis f coBpdiR hefprlyTaE FRfthert st e hydFergbont,
benzene - pradiQiRg 8 Bfvertithal3bEKMigABs;0€i ng made by 5 hours of reaction
and 2 10 hours of regeneration of catalytic activity; Fig. 6 is a
charact&ri stic giFaghdsisosi dhgiracteaistiat grapishbwingrea ivarmtidee satinaimprmdaci ng
rate, the variation being made_by 5 hours of reaction _and 2  hours of
regener at i GENBeNERIAYAING rabe,ithpivpriation beingsmade by B boars of reackionpnd 2
showi ng a Elari a%iﬁgn with .ti rrg igla. 15 .becnzene-produci ng rate, the

vari ation é)iuﬁ% en[%aganﬁ) G a%ﬁ,lciaggg{ Yon and 2.5 hours of regeneration
of catalytic actipyit¥;isFh Thalabteritihafa @hbding LNabitRMOWitl tAm¥ain ati on
with tinme in a benzene-producing rate, concerni ng each of various

cat al yst s; bandeié¢-groduding aatd)ahactaeidtidsn beipgamiads yws hguas vhrdaationnand £h
time in a .20 bepzene -produging . rate, concerning each anount of supplied
hydrogéf. hemrsp HSQBES@QPP?%@?«%@?“?HEWWEI\WI ON Referring now to the

Gravi s, an STOGLIBY GEGRALARAS LI RAIERE 4 DNERNIN i e n o
hydr ocar bomgnzene-producing rate, the variation being made by 5 hours of reaction and 2
hours of regeneration of catalytic activity:

Fig. 7 is a characteristic graph showing a variation with time in a

15  benzene-producing rate, the variation being made by 10 hours of reaction and
2.5 hours of regeneration of catalytic activity;

Fig. 8 is a characteristic graph showing a variation with time in a
benzene-producing rate, concerning each of various catalysts; and

Fig. 9 is a characteristic graph showing a variation with time in a

20  benzene-producing rate, concerning each amount of supplied hydrogen.
DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, an embodiment according to the
present invention will be discussed.

Fig. 1 shows a schedule of supplying hydrogen and lower hydrocarbons

25 in a process for producing aromatic hydrocarbons and hydrogen, according to
the present invention.

The present invention relates to a process for producing aromatic
hydrocarbons and hydrogen, in which a lower hydrocarbons-containing
feedstock gas is reformed by being supplied to and being brought into contact

30 with a catalyst under high temperature conditions thereby forming aromatic

hydrocarbons and hydrogen. The method includes the steps of (a) supplying a



25 in a process for producing aromatic hydrocarbons and hydrogen, according
to the present invention. The present invention relates to a process for
produci ng aromati c hydrocarbons and hydrogen, in which a | ower

hydr ocar bons-contai ning feedstock gas is refornmed by being supplied to and
bei ng brought into contact 30 with a cat%lyst under high tenperature
conditions thereby formng aromati c hydrocarbons and hydrogen. The net hod
i ncludes the steps of (a) supplying a 8 hydrogen gas together with the

f eedst ock dnslrdgen ggs dogethpt wioth thodeddstodt gak dughs a angplybdf this feeddiael t he
supply of the feedstock gas for a certain period of time while keepin

: a
condi ti on @@saasdghl yuspendingiharapply ghshe feednsocls sas foroaseriaimmsERdydns
contained in the feedst.ock gas,.i.ncluyde 5. .nmethan et hane, et hyl ene,

o opane. - prUpy MEHLS EREREEm SRLER At bVt £ By R Bure nd the 11 ke.
As the above- menty,Qneplles 2wt hy @bta kP cARQife@inPthCRUONRE 2% intRideas
the feedstock gas brought into contact therewith forns aromatic

hydr ocabbonsetdrahehgthizogs ethylede| prapasiep prdpydendyn-batahd, assiuthoas p-hedeng,i ng

10 nol ybdenum (as disclosed in Japanese Patent Provisional Publications
Nos. 10- 27sap¥enpdnththe7skss)  and netallo-silicate carrying ol ybdenum and

rhodi um Exanpl e?}so{he{rgpg%.gie%idgn %}&@gﬁg{%hg? ﬁ}?dx%?%%@uéﬁxfiﬂg e;r%‘_r;?ﬂn;'ggangfs

i ncl ude al um nosiTica um nosiTi ¢a porous nateria

silica 15 fapdadlthal feedapstkl C%:l@e@rtwlém REtE Toftad- Phérevity fRRERL @fmialic
dianmeter, and is exenplified by nol ecul ar sieve 5A, faujasite (of type NaY

or NaX), ZSMyslrocaibshk pndibiyidzegemdamd iis rexenyplifi¢rk byatudtalo-silscadg eanpryiniged
by: porqus rials,(such,as ALPO-5 and VPl -5)_for.ned w mcro es of
6 1o 130 aﬁ?@@flﬁﬁww &@(%H&céqseénlal ?éa?a«?sﬁ @%%E’B%Fﬁoeaﬁ”é?@l&é%@ RelRs.
conponent ; . [ te r X S

sugg trates l?f gﬁze%%godr%de ]tig%zé,d@ijc%]{(gsﬁgw&ﬁg%%& WTE V‘}‘E‘? gh@%%aiaﬁg

silica as ghgdidymconponent and alumna as a part and is fornmed with
cylindrical nesopores (or channel) of 10 to 1000 angstromin di aneter.
Further, netal | oFsamplese of smetellpisilidagel Bgrrying molybdenum and rhodium

include aluminosilicate. Aluminosilicate is a porous material formed of silica
15 and alumina and formed with pores of 4.5 to 6.5 angstrom in diameter, and is
exemplified by molecular sieve 5A, faujasite (of type NaY orNaX), ZSM-5,
HZSM-5, MCM-22. Additionally, the catalyst is exemplified by: porous
materials {(such as ALPO-5 and VPI-5) formed with micropores of 6 to 13
angstrom in diameter and containing phosphoric acid as a main component; a
20  zeolite substrate formed with a channels; and porous substrates of mesopore
type, such as FSM-16 and MCM-41, which contains silica as a main component
and alumina as a part and is formed with cylindrical mesopores (or channel) of
10 to 1000 angstrom in diameter. Further, metallo-silicate is exemplified by
metallo-silicate made of silica and titania, in addition to the above-mentioned
25 aluminosilicate.

Examples according to the present invention will be described. It will
be understood that these Examples are not to be construed to limit the scope of
the invention.

(BASIC EXPERIMENT)

30 1. Formation of Catalyst

(1) Carrying molybdenum on substrate



metal lo-silicate made of silica and titania, in addition to the
above-nentioned 25 alumnosilicate. Exanples according to the present
invention will be described. It will be understood that these Exanples are
not to be construed to limt the scope of the invention. (BASIC

EXPERI MENT) 30 1. Formation of Catalyst 9( 1) Carrying nol ybdenum on
substrate 9 A catalyst relating to thisYExanple is produced in such a
manner that zeolite (ZSM5) which belongs to netallo-silicate carries

mol ybdenum  Her esi &bl reldten o CRBUELayleviy produekyl heenucin 4 snaxerigr thchtwi | |
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t et r ahydr atzeolste( c@HMi T ehizbo h@l@tgarmOy buetally silisateli earsiepe auplybdenpptr s
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solution and then stirre hours Furt her, e stirred substance was

dried, 5.e(cortairsivgpiikgead Iﬁﬁlylbdeﬁﬁhi)dwﬁs! dmtolﬁdal iJrD5tl®tei:Q(bfG.1sﬂ]ﬂﬁi eafteer
t he dr| ed substance was calcined in air at 550 C for 5 hours,_ thereby

obt ai ni ng #herebye PIRRAIERE vt dmmagnaégnmlywémﬁﬂ@@qwlﬂ@by/hllfeeﬂg%tth@ﬁ the
zeolite. Preparation f co nents of. the,cat t Anlnor [
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catal yst was as a whole so prepared as to be constituted of. the

above- ment iFanthier, he gtinrerd swhgtanentvas@lriet], ite.,%o; evaapovatpanictdsaliiefy, 1306

wt. 99 ; ‘gol yneri c beads (which was avail abl e from gglt]%vmto Yushi - ,,?S yaku 20
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welght of the zeolite.
(2) Preparation of components of the catalyst
An inorganic component was so prepared as to be constituted of®
15 molybdenum-carrying zeolite (82.5 wt.%); clay (10.5 wt.%); and glass fiber (7
wt.%).

The catalyst was as a whole so prepared as to be constituted of: the
above-mentioned inorganic component (65.4 wt.%); an organic binder (13.6
wt.%); polymeric beads (which was available from Matsumoto Yushi-Seiyaku

20 Co., Ltd. under the trade name of F-80E, and had an average diameter of 90 to
110 pym and a true specific gravity of 0.0025) (5.0 wt.%); and a water content
(21 wt.%).
(3) Shaping the catalyst
The inorganic component, the organic binder, polymeric beads and the
25 water content were prepared in the above-mentioned preparation ratio, and
then mixed or kneaded by a means of kneading (a kneader). Subsequently, the
thus mixed substance was shaped by a vacuum extrusion machine into a rod (5
mm in diameter and 10mm in length). An extrusion pressure applied during
this shaping process was set within a range of from 70 to 100 kg/cm2.
30 (4) Drying and calcining the catalyst

In order to eliminate the water content added in the shaping process, a



(3) Shaping the catalyst The inorganic conponent, the organic binder,

pol yneric beads and the 25 water content were prepared in the
above-nentioned preparation ratio, and then m xed or kneaded by a neans of
kneadi ng (a kneader). Subsequently, the thus m xed substance was shaped by
a vacuum extrusion machine into a rod (5{1 mmin dianeter and 10mm i n

| ength). An extrusion pressure applied d Qi ng this shaping process was set
within a range of from70 to 100 kg/cn2. 30 (4) Drying and cal cining the
cat al yst | drpirnger ptecess i nvast eaified washwtr abntl€@dt “Widedor nabbet slaphogrs.
process, a 10 drying process was carried out at 100 C for about 5 haqurs.
Tenper at ur élhmnﬁrégmen@cr%a%narmt@ anse femperatyse desraastng sake ih % CRlSIHENEi ng

process are_set within a.trange of fr 30 our . ' t L
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beads added in the shaping process. Thereafter, such a process that the
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in order nof to instantapeous]y calcine the organic binder was carried out
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tenperature-keeping tine is not ensured. By carrying out the processes as
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ensured. By carrying out the processes as discussed above, a catalyst in the

form of foam and carrying molybdenum in an amount of 15 % was obtained.

15 The properties of the catalyst are shown in Table 1.

TABLE 1
Total volume of Porosit Diameter of pore located | Specific surface measured by
pores orosity in the center BET adsorption isotherm
047cm’/ g 52% 1154 m 209m’/ g

2. Formation of Aromatic hydrocarbons and Hydrogen
14 g of the catalyst was charged into a reaction pipe of a fixed bed flow
20 type reactor (the pipe has an internal diameter of 18 mm and is produced in
such a manner as to make a calorizing treatment on Inconel 800H’s portion
with which gas is brought into contact), and then subjected to a treatment for
combining molybdenum with carbon under the following Pretreatment
Conditions. Subsequently, a feedstock gas (lower hydrocarbons) and hydrogen
25 were supplied to the reaction pipe under the following Reaction Conditions,
thereby forming aromatic hydrocarbons and hydrogen. In this Example,
methane was supplied as the lower hydrocarbons. Incidentally, argon gas

added according to the following conditions is a dilution gas for conforming to a



20 type reactor (the pipe has an internal diameter of 18 mmand is produced
in such a manner as to nake a calorizing treatnent on Inconel 800H s
portion wth which gas is brought into contact), and then subjected to a
treatment for conbining nol ybdenum wi th carbon under the foll ow ng
Pretreatnment Conditions. Subsequently, ?]ef eedstock gas (| ower

hydr ocar bons) and hydrogen 25 were supplied to the reaction pipe under the
foll owi ng Reaction Conditions, thereby form ng aromatic hydrocarbons and
hydr ogen. Idetédtich Bkamddrd, condehibpttonas = gapl detdetas bhhan dveinily dtaxadardons.
I nci dental |y, _argon gas added according to the follow ng conditions is a
di | uti on gdnethed, spditberafare d@e%nwslcormggm p@W%rmmA%GM@mlﬂhttW@@a@f a
gas detectogr b n internal standard nethod, and therefqgne.does.not

dont 1§ but e PEOTRLPEREE Be TR, AR FRDE Rt o I FYIAE SRR Raden s e
in this exueyhBRition ABet The\(Rhde Rhid SOOCSILBRAZY thEVLREF H hPKiIARIESFohe
trade name of GC-14B, and the other is available from5 Yokogawa El ectric
Cor por abi orYokogdaw at Blectria Cerparztionf uiaothe. trafemaime af 6G8008ondi ti ons) The
catal yst was increased in tenperat use tg 550 Cin air and then kegt at the
tenperature for iPHgteatmemicCanditions) ( helbart acgtlyitas Wasr edBerpasgd 1n

tenperature tao 650 C whi as . ( + 9Ar I gh cont aj.ns hane and
argon was gﬁmefagurteh‘éor §%§%a qlﬁear%aél _t[]@elk@i?)rbt\é%} f}hee%?[gﬁﬁ’éa} éﬁrgﬁtrﬁoﬁ%r’
hour. (ReacpyaBafeef diHe OtalyRaRES iRérch8EP$h 2bHRratin® fo 65(CBCWHIR a gas
pressure: 0.2 MPaG Reaction gas: 100 parts of nethane + 10 parts of argon
+ 7 parts (CH.sof QSAydwhidncdmteinsame thampd hhddirgon avapagplied tereto, and3he
m/h/g_+ argon supplied at a space velocity of 300 m/h/g + hydrogen
suppl i 48 atkegt%égé teppesaturg f8F 1howry / h/ g). Then, an operation of

suppl yi ng hydr og & he reaction pipe during formation of
aromati ¢ hydrocar 8%§igﬁggﬁga%%5%n was carried out. 20 Specifically,

formation of aromatic RedeeRrERPeraiidenysdogen was carried out by a
reaction made for 17 hours under the above reaction conditions (which
Reaction pressure: 0.2 MPaG,

Reaction gas: 100 parts of methane + 10 parts of argon + 7 parts
15 of hydrogen (methane supplied at a space velocity of 3000 ml/h/g + argon
supplied at a space velocity of 300 ml/h/g + hydrogen supplied at a space

velocity of 210 mV/h/g).
Then, an operation of supplying hydrogen gas alone to the reaction pipe
during formation of aromatic hydrocarbons and hydrogen was carried out.
20  Specifically, formation of aromatic hydrocarbons and hydrogen was carried out
by a reaction made for 17 hours under the above reaction conditions (which
reaction was named as the first reaction). Thereafter, a valve for supplying
methane gas and argon gas was closed so that hydrogen gas alone was
supplied for 4 hours without any variation in the temperature and pressure
25 (namely, at 750 °C and 0.2 MPaQ), thereby regenerating the catalytic activity.
Subsequently, the valve for supplying methane gas and argon gas was opened,
thereby carrying out the formation of aromatic hydrocarbons and hydrogen
under the above reaction conditions again (which formation was named as the

second reaction).

30 Fig. 2 is a characteristic graph showing a variation with time in each of

a  hydrogen-producing rate and  benzene-producing rate. The



reaction was naned as the first reaction). Thereafter, a valve for
supplying nethane gas and argon gas was cl osed so that hydrogen gas al one
was supplied for 4 hours without any variation in the tenperature and
pressure 25 (nanely, at 750 C and 0.2 MPaG), thereby regenerating the
catalytic activity. Subsequently, the valve for supplying nethane gas and
argon gas was opened, thereby carrying t the formation of aromatic

hydr ocar bons and hydrogen under the above reaction conditions again (which
for mati on gdrogeregredudihg ratesatdinedasy {‘the)nudbeFofinmdl of hgdrdgemaformeddst i c
graph showing a variation with tinme in _each of a hydrogen-prodycing rate
and benzen®dypt @iotthe crtalust ppe secondyy dhegkenzenenieduginearate; i é%ﬂlm% Yby

“th mber,,,of | of. hyd f by ;1 feth t d".
The. benzencttt BiCrg"t AV 8 erBRERommed 18, S oY RIS Pbr AteckBlne

formed by Ingidehtdlle FRER! MImP&Sesl rSfeBsl a gl(ﬂ:cbfj%%%ééh. BlAakk sgaprguses
represent a plot of 'hydrogen. Bl ack squares represent a plot of benzene.

As appabentreprement lagplohaf benzemiest i ¢ graph of Fig. 2, the benzene-producing
rate during the first reactiop is egual .to that during the con
reaction. Wth tKiSs, appajeditcolipm méBe ¢ Hharactegisticy : Branier by ﬁce%’ s the
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gas) and hydrogen gas were supplied : a period of time over which hydrogen
gas al one recwesedpd anccqual teveddp sain(imitiaD2t@dgei nutes) : 4 hours (or 240

I nut . 15 As t.h for th b tion, ired thi duri
Chanot 1 the subdtiBRalactiis s forBrBpgpat e, SRR EE PHeratioBietboe gas
(methane gag) oL Ak abYL8YS Srigjcé}gaf hersuppl:y of feedstock gas. Further, the
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characteristic-graph o a period of tinme for supplying

hydrogen gas is 3lpbgiddsofiithe évepeiiach athet femdlstovk gupplyéth@ne2@asiethdne
gas is 17 hours in this Exanple. However, hydrogen gas is supplied at
hydrogen gas were supplied : a period of time over which hydrogen gas alone

was supplied = 17 hours (or 1020 minutes) : 4 hours (or 240 minutes).

15 As a method for the above operation, a required thing during changing
the supply of gas is only to close the valve of the feedstock gas (methane gas)
thereby suspending the supply of feedstock gas.

Further, the characteristic graph of Fig. 2 shows that a period of time
for supplying hydrogen gas 1s 21 hours while a period of time for supplying

20 methane gas is 17 hours in this Example. However, hydrogen gas is supplied at
a rate expressed as follows:

a space velocity of methane gas : a space velocity of hydrogen gas =
100 : 7,

so that the amount of the supplied hydrogen gas is 8.6 % by volume of

25 the supplied methane gas. Hence, this method is found to be economical as
compared with conventional methods.

Based on the above results, the following facts were confirmed. When
hydrogen gas is supplied together with the feedstock gas during the supply of
feedstock gas, the catalytic activity is maintained for a long period of time with

30 the added hydrogen gas. Even if the catalytic activity tends to be degraded due

to generation of coke, the catalytic activity is recovered with hydrogen gas



a rate expressed as follows: a space velocity of nethane gas : a space
vel ocity of hydrogen gas = 1007, so that the anount of the supplied
hydrogen gas is 8.6 % by volune of 25 the supplied nmethane gas. Hence,
this method is found to be econonmi cal as conpared with conventi onal

met hods. Based on the above results, the,follow ng facts were confirned.
When hydrogen gas is supplied together th the feedstock gas during the
supply of feedstock gas, the catalytic activity is maintained for a | ong
peri od of tdlome \wiyt butdthg bff tiadfedbyodkogen f@aa. celttdn périvdef camal Wromatic
activity tends to_be degraded due to generatiqn of coke, the catalytic
activity i shydveearhong and hhydregegeeanyde eHficiondnefosped,tvithgsuphy a; gianple

feed k f ' ' | ge. i G190 :
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supply or tafihid cdditnd tock gas while the catalytic effect is

mai nt ai ned continuously. 5 (APPLI ED EXPERI MENT) Concerning a formation of
aromati & hydr ocafl ARPLIEDI RXREREMENT) t his reaction type, for exanple,
Japanese Patent Provisional Publication No,, 2004-269398 %;%?Aoses khﬁt:
m xi ng hydr ogen JanseEning &rampation ef aremptic hydrocarbeps g TOgRR{oHh §hes

ahove r encteBa A pBe it FRimile JEPERRS PHReRFLRANSRnb! PR o

above reaction educihg f ocar bon,

i nhi bi ting 2p0ar2ed3dd disdRBeaddht OmidinghhidFenawitht Adeeddtockigaedinhliyitls @gen
inhibits the reaction for form ng aromatic hydrocarbons but |nproves a

react i on- efreactienclyr dorming claebon tand psoeiitecin @ffesymﬁr@fmwiggtm carbon
add ¢ 10 artitohin ThRsadguR TEReROBN TPop auBTE: it e EOR 0o BYBFEET B e
02,525, e 8 WUATS RIS SAIORAS M ke RN,
by vol une dgeiopéh Rilibitde the Foadticd efor €bhiiig Odromwdtic eEgdrgasbons but
coating-formation on the surface of the
improves a reaction-efficiency as a whole with its effect of suppressing the
catalytic degradation.

15 The above patent publication discloses that an additive amount of
hydrogen is within a range of from 1 to 20 % by volume in a case of addition of
hydrogen. The above range is preferable, which is based on the reasons that:
an additive amount of hydrogen of less than 1 % by volume does not provide a
sufficient effect of suppressing a coating-formation on the surface of the

20 catalyst due to the formed carbon, the coating-formation causing degradation
of the catalytic activity, so that degradation of the catalytic performance cannot
be sufficiently suppressed; and that an additive amount of hydrogen of more
than 20 % by volume increases an effect of preventing the aimed progress of
catalytic reaction, so as not to provide a sufficient reaction-efficiency. It is

25 further preferable that an upper limit is 5 % by volume and a lower limit is
15 % by volume.

Further, a concrete experiment was disclosed (as Example 2) in such a
manner as to use a catalyst which carries molybdenum at 6 % by weight and
named as 6wt.%-Mo/HZSM-5. A mixture gas is prepared by adding hydrogen to

30 methane at 6 % by volume. In the use of the mixture gas as a feedstock gas for

reaction, a 10 hours of catalytic reaction was made. As a result of this, it was



20 catal yst due to the formed carbon, the coating-formation causing
degradation of the catalytic activity, so that degradation of the

catal ytic performance cannot be sufficiently suppressed; and that an
addi ti ve anount of hydrogen of nore than 20 % by vol une increases an
effect of preventing the ai ned progress f’i catal ytic reaction, so as not
to provide a sufficient reaction-efficiency. It is 25 further preferable
that an upper limt is 5 %by volunme and a lower limt is 15 % by vol une.
Further, aconficmetlehekple catalytivperformanos edhs(ahibitadstabl®)for a leng period
manner as tQ use a catalyst which carries rmlfybdenum at 6 % by wei ght and
named as 6®f tymguoHAmM 8 bemzangmipdueiag fate pfelhhoyrs Jateadisngapgidineett o

30 net hane at,, 6 ,% by volune. In the use of the m xture gas as a feedstock
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gas for r&4cPi%sf MAxYBuR, CIRE t2'%Peacti on was made. As a result

of this, it was ifeideRtilly, MOrddiBon! hdibas Yh thid 8khEFARARE itVes divelsedt ed
stably for a long period™ of tine so that a benzene-producing rate of 10

hour s | at ethasapretrcatmedt atas @@riddafutdefme thenndaetine i -spch dumiamger asdo

Incidental ly, as reaction conditions in this experiment, it is djsclgsed 5
that a preCPedingsrolyadenuny wath sarbaseps oG hé fgéé’& R utes, At thexealies, as

to conbine, nol vhdenum w [ t far 030, 1M ter
the reacti S RN Tafhid: BB IPRNRYaRER 7apBCh BhshiFyr StbRFRER

at nospher egnda¢thethABERPAEs FERERY \EI2820MIMIY/@B20mM MFI / g/ h. Based on the
experimental conditions disclosed as above, sone 10 experinents were
conducted in or dBastd onnfthe nespesimenten cenditions | disclopedf as eakdves oARiIE on.
1. Inflyence on regeneration, of catalytic activity in accordance . w.th

di £ 1 or blce SFRCHIRMETP b v ieabonsiHeted 18 (1A6H te sonfiras ap ifuehce ol Vidriation,pf
regenerati f tic activity in 15 accordance with difference in the
pretreat ne%?crggﬂlgﬁt?doﬂh was studied. Simlar to the experinent disclosed in

the above patent 1pghflueatd @h redutleritidh/ HZ&Malytia sctivityoiedcosrdafee with
catalyst. Pretreatnent conditions were set as follow
difference in the pretreatment condition

First of all, an influence on regeneration of catalytic activity in
15 accordance with difference in the pretreatment condition was studied. Similar
to the experiment disclosed in the above patent publication,
6wt.% Mo/HZSM-5 was employed as the catalyst. Pretreatment conditions
were set as follow.
(Pretreatment Conditions) The catalyst was increased in temperature
20 to 550 °C in air and then kept at the temperature for 1 hour. Thereafter, the
catalyst was increased in temperature to 650 °C while a gas (CH4 + 9Ar) which
contains methane and argon was supplied thereto, and then kept at the
temperature for 0.5 hour.
The reaction conditions were set according to the following “Reaction
25 Conditions” based on the experiment disclosed in the above patent publication.
(Reaction Conditions)
Reaction temperature: 750 °C,
Reaction pressure: 0.2 MPaG,
Reaction gas: 100 parts of methane + 10 parts of argon + 6 parts
30 of hydrogen (methane supplied at a space velocity of 3000 ml/h/g + argon
supplied at a space velocity of 300 ml/h/g + hydrogen supplied at a space



(Pretreatnent Conditions) The catal yst was increased in tenperature 20 to
550 Cin air and then kept at the tenperature for 1 hour. Thereafter, the
catal yst was increased in tenperature to 650 C while a gas (CH4 + 9Ar)

whi ch contai ns nmet hane and argon was supplied thereto, and then kept at
the tenperature for 0.5 hour. The reactign conditions were set according
to the following "Reaction 25 Conditions” based on the experinent

di scl osed in the above patent publication. (Reaction Conditions) Reaction
t enper at ur eeloeity «f, 210Rmddi/glon pressure: 0.2 MPaG Reaction gas: 100 parts
of nmethane + 10 parts of argon + 6 parts 30 of hydrogen (nethane supplied
at a space vel ociGhange ofdbe sypphied gasarafoset asulooWsd at a space vel ocity of

300 m/h/g + hydrogen supplied at a C 5 (o] ] [ hlxg
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Fig. 4 is a char cdberistic gzr/ ph showing a variation with tinme in a
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benzene-formng ability in the 6th reaction, i.e., the reaction after the
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the 6th reaction, i.e., the reaction after the 5th regeneration, was decreased by

11 % as compared with that in the first reaction.
Subsequently, an ability to regenerate the catalytic activity was
15 observed upon varying the pretreatment conditions as follow.

(Pretreatment Conditions) The catalyst was increased in temperature
to 550 °C in air and then kept at the temperature for 1 hour. Thereafter, the
catalyst was increased in temperature to 650 °C while a mixture gas
containing methane and hydrogen at a ratio of 1:4 (CHs + 4H; CH4/4H;

20  75/300ml/minute) was supplied thereto, and then kept at the temperature for
6.0 hours.

Then, upon making this pretreatment, a cycle in which the reaction
was made for 5 hours (by supplying the feedstock gas or methane gas and
hydrogen gas) and then the regeneration was made for 2 hours (by supplying

25 hydrogen gas only) was repeated, as same as the experiment relating to Fig. 4.

Fig. 5 is a characteristic graph showing a variation with time in a
benzene-producing rate observed under this reaction conditions. As apparent
from this characteristic graph, it was confirmed that: a percentage of decrease
in peak value of the catalytic activity after the regeneration was significantly

30 lowered, more specifically a benzene-forming ability in the 6t reaction (i.e., the

reaction after the 5th regeneration) was decreased merely by 2 % as compared



catal yst was increased in tenperature to 650 C while a m xture gas
cont ai ni ng net hane and hydrogen at a ratio of 1:4 (CH4 + 4H2 CH4/4H2 20

75/ 300m / m nute) was supplied thereto, and then kept at the tenperature for
6.0 hours. Then, upon meking this pretreatnent, a cycle in which the
reaction was made for 5 hours (by supplyéng the feedstock gas or nethane
gas and hydrogen gas) and then the regenerati on was nmade for 2 hours (by
suppl ying 25 hydrogen gas only) was repeated, as sanme as the experinent

rel ati ng t ovithghat in the firsbrdaxt@nchar acteri sti c graph showi ng a variation
with tinme in a bhenzene-producing rate observed under thii,re ction
conditions. As agfgmenthe i abavediscussed apeailist ik graspreon e i theed
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of catalytic actiVvi , an experinent was con y using a

catal yst t anoMhidehul) iar iddi 4olcofifiki 48 iAflubhce 6£§EH arkitalysveFhaddadystn
addition to nolybdenum in order to confirman influence of such a

cat al yst. Taerpvagamdybderumyand nipddibdennnthedexpeoitnemt ihast he cempesitioont
has a jﬁnpo i tion 10Hﬂi scussed as follows. Zeolite (ZSM5) carries
mol ybddRum BtPssRe@SdlPWSanounts of 6 wt. % and 1.28 wt.9% respectively.

The amount of t e, bRt (RS ARSI MRS BAUAL LR RE HholRSE th A AiE oF 85F1.%

confirnmed by the applicants”™ experinme ing of wusing a

cat al yst hatidhy.28het. B, abspuetively hermhaunt ofiene@itiedudivdilnatwas anladud Set
rati o between the platinumgroup elenent (rhodium and nol ybdenumwas 0.2
1. The apisisedmn an eéfeet eardiymerbpy phe ippicants’ pxperereas, the effect being of

using a catalyst having the platinum group metal component such that a mole
15 ratio between the platinum group element (rhodium) and molybdenum was
0.2 : 1. The applicants separately apply the point for patent.

The catalyst has such a composition as to be prepared by adding
organic binder, polymeric beads (which was available from Matsumoto
Yushi-Seiyaku Co., Ltd. under the trade name of F-80E; and had an average

20 diameter of 90 to 110 pm and a true specific gravity of 0.0025), and a water
content to an inorganic component constituted of: molybdenum-carrying zeolite
(82.5 wt.%); clay (10.5 wt.%); and glass fiber (7 wt.%).

In the use of the catalyst having the above-mentioned composition, an

experiment was conducted in order to confirm conditions of the regeneration of
25 catalytic activity. The pretreatment conditions were set pursuant to the

experiment relating to Fig. 5. After the pretreatment, a cycle in which the

reaction was made for 5 hours (by supplying the feedstock gas or methane gas

and hydrogen gas) and then the regeneration was made for 2 hours (by

supplying hydrogen gas only) was repeated, as same as the experiment
30 relating to Fig. 5.

Fig. 6 1s a characteristic graph showing a variation with time in a



The catal yst has such a conposition as to be prepared by adding organic

bi nder, polyneric beads (which was available from Matsunoto Yushi - Sei yaku
Co., Ltd. under the trade nane of F-80E, and had an average 20 di aneter of
90 to 110 pmand a true specific gravity of 0.0025), and a water content
to an inorganic conmponent constituted of1 | ypdenum carrying zeolite (82.5
w.%; clay (10.5 w.%; and gl ass fi ber ?‘; w.%. In the use of the

catal yst having the above-nentioned conposition, an experinment was

conduct ed ibeneedeprbducianl tatercbessidd andepthisheactiganenditions. gds apparent
catalytic activity. The pretreatnent conditions were set pursuant_to_ the
experi ment fremathisghegastegist®s. grnberit tiacophemesathainthe addition of RBALAS t he
reacti on was de f.or 5 hours Yy _supphkyin f eedst ock. gas, .Qr thane
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relating to Fig.” 5. Fig. 6 I's a characteristic graph show ng a variation
with tige itheacitdle bfnzavtenr addcirexeneahtionbfar vedimagewithost rredatingn a

conditions. As apparent fromthis characteristic graph, it is confirned
that the adenzess formmg philby asgompared withdha dirsheeactiodhd netal all ows a

100 % [ | i . i Vi b B f I
" the 6on react TRCRAhG g stenidtic midn of B L By Ping DB MRV "
regener ati Gimbqh HbbhIBR-pYéddehld rafd%€iNsbrFirnRaD Zieea 100 %géﬂéﬂdtinﬁ &6

conpared with the first reaction. Further, froma characteristic graph of

Fig. 7 shovihegeedalyaid attivity \inttiermisi ofea ipeak vrdnz emerepalicwed myenamnea case ias
confirmed that a 100 % regeneration_ of the Ca‘%)@{tiﬁ actiyvity in teyms of
a peak 10al merigsh of ameoqear Toy dhe rpagtiomwasextended [ Hyhaurs ofxeagtign st 2¢one

eact1 on VAT S ROE RPN ek AP RBoR R, e o)

ove-nentioned ca oun mthese results

that the additiontef fouhRl H6ACHEsEREUILE Bhat tHeOad digiohddfahy Secsf idtRU(RYS) t O
t he regeneration of catalytic activity significantly. Additionally,

concer ni ng ta thasatalyet eontriierteotio tle régemeration lof catalytic aBtivisysignificantly.
(made after 5 oy B a5 tontenils o cuse Where 4 pertod of me for the first
15 regeneration {(made after 5 hours of reaction) was set to 2 hours and where
each period of time for regenerations thereafter was set to 1 hour per 5 hours of
reaction, it is confirmed that the catalytic activity can be 100 % regenerated in
terms of a peak value even with the 1 hour of regeneration, as shown in a
characteristic graph of Fig. 8 showing a variation with time in a
20  benzene-producing rate. In Fig. 8, black rhombuses represent a plot of a
catalyst carrying molybdenum and rhodium (each period of time for the second
regeneration and regenerations thereafter was set to 1 hour). Black squares
represent a plot of a catalyst carrying molybdenum and rhodium (a period of
time for the regeneration was set to 2 hours). Black triangles represent a plot
25 of a catalyst carrying molybdenum (a period of time for the regeneration was
set to 2 hours). As apparent from this, it is confirmed that' when a period of
time for the first regeneration is suitably set and when the second metal is
added to the catalyst, a period of time for the regeneration thereafter can be
shortened, thereby forming aromatic hydrocarbons and hydrogen more
30 efficiently.

From the above-discussed results of each of the experiments which are



each period of tinme for regenerations thereafter was set to 1 hour per 5
hours of reaction, it is confirmed that the catalytic activity can be 100
% regenerated in terns of a peak value even with the 1 hour of
regeneration, as shown in a characteristic graph of Fig. 8 showing a
variation with tine in a 20 benzene-prod?gi ng rate. In Fig. 8, black
rhonbuses represent a plot of a catalyst-carrying nol ybdenum and rhodi um
(each period of tine for the second regeneration and regenerations

t her eaf t er amabodigderite atctnaling to Bhagtessitanesntivapiteis ephfiameldothatfarematic
catal yst car rd\gang nol ybdenum and rhodium (a period of  time for the
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hydrogen nore .30 efficiently. Eromthe agbove-di squssed results of each of
the experi fgagdondora lonpgreyod oftiane Mp&v oraé@bpar%wtf%a%lh@-present
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formed efficiently, r fredcti on an hour s of

regener at i gRgeMéi@itich RAAItC 19ke td BR dpliddnih ehdH SkpdSaRME A6 (it limited foabl ¥
set (e.g., to 2 hours), each period of tinme for the 5 regenerations
t her eaf t er thase béisshssedennd th¢ oalioveoembodimenthaandncaid f bei switablyeaet i ian

for a lLLang peripd of time (e.qg., for 10 hours) i§ feasible. Therefare, a

peri od 18 tdcqerdagice; wath cobdidanang@rewmetatges; aud Fléegzlﬂeer Jindst ihich ribe | e

to be appli g‘%‘g}{hg&c@c%pi%gioqﬁnt are not limted to those discussed in the
dient a° ah i

above enbo can be suitably set in 10 accordance with conditions,

ci rcunst ances andg, Thflubh&oflafl @limMHtIT supplic@H3RIrbg@wt is carried out. 3.
I nfluence of an anount of supplied hydrogen Then, an influence of variation

in an anount of PEhempganinfigenne eheariatignnar amiaonowht chhyHdyegen gas owni the was
studied by r\égg eiarr;l io%n o%nggt%tlyt% activity was studied by varying an amount of
15 hydrogen gas supplied together with the feedstock gas. The study was
conducted by setting an amount of supplied hydrogen within a range
determined based on a disclosure of Japanese Patent Provisional Publication
No. 2004-269398 that an additive amount of hydrogen is preferably within a
range of from 1 to 20 %, more preferably has an upper limit of 5 % by volume
20 and a lower limit of 15 % by volume.

The study was carried out by wusing the molybdenum and
rhodium-carrying catalyst (1.28%Rh-6%Mo ZSM-5) whose effect was confirmed
to be excellent by the above experiment. While an amount of supplied hydrogen
was varied to 2, 4, 6, 8, 10, and 12 %, a cycle of 6 hours reaction (by supplying

25  the feedstock gas or methane gas and hydrogen gas) and 2 hours regeneration
(by supplying hydrogen gas only) was repeated under the following
pretreatment conditions and reaction conditions with the exception of an
amount of hydrogen gas.

(Pretreatment Conditions) The catalyst was increased in temperature

30 to 550 °C in air and then kept at the temperature for 1 hour. Thereafter, the

catalyst was increased in temperature to 700 °C while a mixture gas



15 hydrogen gas supplied together with the feedstock gas. The study was
conducted by setting an anount of supplied hydrogen within a range

determ ned based on a disclosure of Japanese Patent Provisional Publication
No. 2004-269398 that an additive amount of hydrogen is preferably within a
range of from1l to 20 % nore preferably gas an upper limt of 5 % by
volume 20 and a lower |imt of 15 % by % | ume. The study was carried out
by using the nol ybdenum and rhodiumcarrying catalyst (1.28%h-6%0b ZSM 5)

whose ef f eGonv@nig®inethi@te 4rdl M deyseh | #nta Ritibhef abovECHxpetHeCH/4WY | e
an anount of supplied hydrogen was varied to 2, 4, 6, 8 10, and 12 % a
cycl e of 6 T¥Pemleroutonwabpuppppd theretesanieheadirntoatktheatemapenaturefer gas
and hydrogeé; g’gsé and 2 hours regeneration (by supplying hydrogen gas
onl'y) was rePEQELY under the fol lowing pretreatment conditions and

reaction conditi @Raaiddh coligitgxgpPtion of an amount of hydrogen gas.
(Pretreatnment Conditions) The catal yst was increased in tenperature 30 to

550 Ci6B air and then [Regttieh tetipergturer A50r°€,for 1 hour. Thereafter, the
catal yst was increased _in tenperature to 700 C while a m xture gas 19
cont ai ni ng met hane andRepatioganesgurg: P2 MPady, 1:4 (CH4 + 4H2 CHA/ 4H2

75/ 300m / m nute) was syppl j.ed t heret and then kept a e tenperature for
6.0 hours. (Reaction cgﬁ%&fﬁlPBn§?85%1Q®'aéﬁr h ?er%‘éﬁ%fﬁr;é:{@%a%s OReH & Mon

pressure: QuthRA& sufpdfeld ab agéfécel%lo%&t &t 8D0PBhVANE+ hirgdh RRppHieQf afhgon
(met hane supplied at "a space velocity of "3000 m/h/g + argon supplied at a
space vel owphye welodil® ofid00/m)/h/g)0 Fig. 9 is a characteristic graph show ng

a variation with tine in a_ benzene, -producing . rate determ ned by each of
the abdle- di scusdd8 Ensuntchasactesigtin geaph phovdas. a xarmhpn avith iiiys, imas

characte | Bt A0SR MR DG ALY 6 0 ARl s o
supplied hydrogen. As apparent from this characteristic graph, concerning a
case where an amount of supplied hydrogen is 2 % (the case being indicated in
Fig. 9 by “Hz (2%)”), it is confirmed that: a benzene-producing rate is

15  significantly decreased with the proceeding of reaction so as to lack stability
though a peak value is high in the first reaction; and that the regeneration of
catalytic activity is hardly made despite a regenerating process was carried out.
Concerning the cases where amounts of supplied hydrogen are 4, 6 and 8 %
(the cases being indicated in Fig. 9 by “Hz (4%)”, “Hz (6%)” and “Hj (8%)”,

20 respectively), it is confirmed that a benzene-producing rate is not significantly
decreased so as to be stable, and that the regeneration of catalytic activity is
sufficiently carried out through the regenerating process. Particularly, the case
where an amount of supplied hydrogen is 8 % results in an extremely stable
benzene-producing rate. Incidentally, in the cases where amounts of hydrogen

25 are 10 and 12 % (the cases being indicated in Fig. 9 by “H3 (10%)”, “Hz (12%)”,
respectively), it is confirmed that a benzene-producing rate is low, though the
benzene-producing rate is stable and the catalytic activity is maintained by
carrying out the regeneration process.

Based on the above-discussed results, it is confirmed that an amount of

30 supplied hydrogen is preferably larger than 2 % and smaller than 10 %, more

preferably within a range of from 4 to 8 %, much more preferably 8 % in the



Fig. 9 by "H2 (2% "), it is confirnmed that: a benzene-producing rate is 15
significantly decreased with the proceeding of reaction so as to | ack
stability though a peak value is high in the first reaction; and that the
regeneration of catalytic activity is hardly nade despite a regenerating
process was carried out. Concerning the ﬁases where amounts of supplied
hydrogen are 4, 6 and 8 % (the cases bel‘Z g indicated in Fig. 9 by "H2
(499", "H2 (699" and "H2 (8% ", 20 respectively), it is confirned that a
benzene- pr adise iofipladhg linporinceiopnild stability. decreased so as to be stable,
and that the regeneration of catal ytlc activity is suffici ently carried
out through the r@@h%&lm mplise Jormed alafPMehlns yised Ha tiees@ oygdiseugged

f d %
bonsenc. pr cnEraEReAl A% S0RRu dngterie) ToF ot 2 EXUAEPBe St s tained
hydr ogen Zféx@hein]&h@?@aﬂeﬁys‘@s( FB? egample Rk %u'a[‘gﬂﬁﬁtceaql b&obidined when tHe

(109", "H2 (129", respectively), it is confirmed that a

benzene5pradam rlgatea'iael fo bam,lysthmjgaﬂutﬂmosﬂleammaehrmjuno]legu}aat sieve 3Aabl e
and the cat Iytlc ivity is_maintain b [r neratlon
process. BI:PSHH* é%@vé“gﬁrse{@gg&j ?E@ui(/{@Ma yl%ﬂg ﬁ‘ﬁéﬁ

anount of P r i I 1 than 2 %and smal I er
than 10 % ]ﬁgrl\g%brog%ger%#a Sqﬁg eﬁﬁagéggfg@%ﬁn‘# ?%%1[?3 to 8 % nuch nore
preferably 8 %in the 20 case of placing inportance on the stability.

Al t hough a zeolite forned of ZSM5 was used in the above-di scussed

enbodi nent as a nmain material for catal yst, an equal effect can be obtained
even in other catalysts. For exanple, the equal effect can be obtai ned when
the 5 main material for catalyst is: alumnosilicate such as nol ecul ar
sieve 5A, faujasite (of type NaY orNaX) and MCM 22; ALPO-5; VPI-5; FSM 16;
MCM 41; or netallo-silicate made of silica and titania. 21 WHAT IS CLAI MED
IS: 1. A process for producing aromatic hydrocarbons and hydrogen, in which
a | ower hydrocarbons-containing feedstock gas is refornmed by being supplied
to and being brought into contact with a catal yst under high tenperature




5 conditions thereby form ng aromati ¢ hydrocarbons and hydrogen, the nethod
conprising the steps of supplying a hydrogen gas together with the
feedstock gas during a supply of the feedstock gas; and suspending the
supply of the feedstock gas for a certain period of tine 10 while keeping
a condition of a supply of the hydrogen g?s. 2. A process for producing
aromati ¢ hydrocarbons and hydrogen, as ained in Caiml1, wherein a
pretreatnment for a reformng reaction by which aromatic hydrocarbons and
hydr ogen arWHATF 8 CLAIMBEI2§Sa step of increasing 15 the catalyst in
tenperature and keeping the catalyst at the tenperature for.a certain
period of th-me wH}PrROCEEDfITyRIedusinEarematighydrerarbers agd hydspgemda which

produci ng arQuoat ic drecar bans .and r n, as | ai in. Gl aimd,
Rherein a o BoRLAbrRitAR e OB Bs IREAeE R has R sofarialh by biing Sl to
hydr ocar bongm@mndihy B Re@ht 2ol 6L | WhudegaglsseRuder AL MRrANGe
catalyst in tenperature and keeping the catalyst  at the tenperature for a
cert ai ndperconditidng therebhifbemsp prymatic hyghrecadonaiard hydedgean ehamlethod
hydrogen thereta. Zg 4. A process for producing aromatic hydrocarbons and
hydrogen, #£8MRIIHRELBeiseRY 8 m 3, wherein nethane and hydrogen are suppli ed

at aratio of 1 _ i reat r o] r ¢l ng
aromati c hydr OCag%gﬁ?ﬁﬁ%ﬁ%)fﬁ%@%}%&gs%éggﬂ% gﬁ%ﬁhgn %ﬁgﬁ%&f{:%é%r dil,g}h&gr ein
the pretreauppht of {id fedastrkda@Paffl keeping the catalyst at 700 C for 6
hours whil e supplying the gas containing nethane 22 and hydrogen to the

catal yst. 6. A pisuspasdihgrthersahpdy of the deadsteckhgas foaa lcertauimmpdrivddrfdgme, as
claimed.in any of Clains 1. to 5, wherein_the_ catalyst includes

met al | gDSi whilg eeping.4 P%di&omfwoﬂemﬁwffﬂe lwﬁr §%-0r produci ng
aromati ¢ hydrocarbons and hydrogen, as <clainmed in any of Clainms 1 to 5,
wherein the catalyst includes netallo-silicate carrying nolybdenum and

rhodium 2 A process for producing aromatic hydrocarbons and hydrogen, as
claimed in Claim 1, wherein a pretreatment for a reforming reaction by which

aromatic hydrocarbons and hydrogen are formed includes a step of increasing

15 the catalyst in temperature and keeping the catalyst at the temperature for a

certain period of time while supplying a methane gas thereto.

3. A process for producing aromatic hydrocarbons and hydrogen, as
claimed in Claim 1, wherein a pretreatment for a reforming reaction by which
20 aromatic hydrocarbons and hydrogen are formed includes a step of increasing
the catalyst in temperature and keeping the catalyst at the temperature for a
certain period of time while supplying a gas containing methane and hydrogen

thereto.

25 4. A process for producing aromatic hydrocarbons and hydrogen, as
claimed in Claim 3, wherein methane and hydrogen are supplied at a ratio of

1: 4 during the pretreatment.

5. A process for producing aromatic hydrocarbons and hydrogen, as
30 claimed in Claim 3 or 4, wherein the pretreatment includes a step of keeping

the catalyst at 700 °C for 6 hours while supplying the gas containing methane




10 8. A process for producing aromatic hydrocarbons and hydrogen, as
clainmed in any of Clains 1 to 7, wherein an anount of the hydrogen gas
supplied together with the feedstock gas is larger than 2 % and snal |l er
than 10 % of the feedstock gas. 15 9. A process for producing aromatic
hydr ocar bons and hydrogen, as clained iQ Claim 8, wherein an anmount of the
hydr ogen gas supplied together wth the ?eedstock gas is wwthin a range of
from4 to 8 %of the feedstock gas. 20 10. A process for producing aromatic
hydr ocar bonedhgdinpdnogethe casalyst.ai med in G aim8 or 9, wherein an anount
of the hydrogen gas supplied together with the feedstock gas is 8 % of the
f eedst ock gas.

6. A process for producing aromatic hydrocarbons and hydrogen, as
claimed in any of Claims 1 to 5, wherein the catalyst includes metallo-silicate

5 carrying molybdenum,

7. A process for producing aromatic hydrocarbons and hydrogen, as
claimed in any of Claims 1 to 5, wherein the catalyst includes metallo-silicate
carrying molybdenum and rhodium.

10
8. A process for producing aromatic hydrocarbons and hydrogen, as
claimed in any of Claims 1 to 7, wherein an amount of the hydrogen gas
supplied together with the feedstock gas is larger than 2 % and smaller than
10 % of the feedstock gas.

15
9. A process for producing aromatic hydrocarbons and hydrogen, as
claimed in Claim 8, wherein an amount of the hydrogen gas supplied together

with the feedstock gas is within a range of from 4 to 8 % of the feedstock gas.

20 10. A process for producing aromatic hydrocarbons and hydrogen, as
claimed in Claim 8 or 9, wherein an amount of the hydrogen gas supplied

together with the feedstock gas is 8 % of the feedstock gas.



