~ Y. 1 SPECI FI CATION 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 nethane hydrate which contain nethane as a
mai n conponent, nore particularly to a process for efficiently producing
aromati ¢ conpounds and hydrogen of highqpurity from nethane. A main
conponent of aromatic conpounds is exerrp]] i fied by benzene and napht hal ene

which are materials of 10 chem cal products such as plastics. BACKGROUND
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xyl ene are convepii o r jaly.
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Additionally, the 25 steamreform ng nethod is burdened with a probl em of
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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



30 nore particularly from nethane, a so-called direct-conversion of nethane
I's generally known. The direct conversion of nethane is a nethod for 2
deconposi ng nethane directly on a catalyst in the absence of oxygen gas, in
whi ch rheniumcarried on zeolite (HZSM5) is regarded as an effective

catal yst (as disclosed in non-patent dogunments 1 and 2). However, the
direct conversion nethod is burdened with problens of an extrene decrease
in catalytic activity 5 due to deposited carbon and of a | ow conversion
rati o of mdetnmposing wethate divasblyson ¢ catallvstnin the absprebpEasysen gashBY i s
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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  is 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 1s
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.



apparent period of tinme for formng them Further, hydrogen gas is used as
30 sane anount as nethane gas in this nethod, which is economcally

di sadvantageous. r r 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 8 mnutes and that of hydrogen is
set to 20 mnutes (as disclosed in paragraph 0022 of patent docunent 2),
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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




claimed in Caim1l, is a process in which a | ower hydrocarbons-contai ni ng
feedstock gas is refornmed by being supplied to and bei ng brought into
contact wth a catal yst under high tenperature conditions thereby formng
aromati c 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) suspendi ng
the supply of the feedstock gas for a certain period of tine while keeping
a condi t i oaupplyaofiheplegdstock fgas; hndrib) enspmuling thecumwpdy b the fedlstockygas
aromati ¢ hydrocarbops and hydrogen, as .5 clainmed in Claim?2, is, bas on
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claimed in CJaim4,. is based on the process for producing aromatic 20
hydr ocat bofi 15‘?‘F'dwi9jd’r§}’é@i¥m§saﬂ i 835 \8e5eY 3, and is characterized in
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pretreatment. A process for producirfg aronatic ocar bons a rogen,
as cl ai nedlaime@ dnmClaims Haiedbosed hen ptlacepockey forogurodagingr aretdatic 25
hydr ocar bons _and hydrogen, as clained in Claim3 or 4, and i s characterized
in hydrocarbons and hydrogen, as claimed in Claim 1, and 1s 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



that the pretreatnent includes a step of keeping the catalyst at 700 C for
6 hours while supplying the gas containing nethane and hydrogen to the
catal yst. 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 clainmed ingany of Qains 1 to 5, and is 5
characterized in that the catalyst includes netallo-silicate carrying

mol ybdenum A process for producing aromatic hydrocarbons and hydrogen, as
cl ai ned i ncloizgcterized s inastddtonthehecptedrels sinadndes ometalg sitionte: i earrging
hydr ocar bons ag& hydrogen, as clainmed in any of Clains 1 to 5, and is
charact er i 1Y e?¢é& the catal yst includes nmetallo-silicate carrying
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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



25 hydrocarbons is intermttently reacted with the catal yst while the

hydr ogen gas is continuously reacted with the catalyst. Wth this, the
activity of the catalyst is regenerated during a period of time for

suppl ying the hydrogen gas alone, so that aromatic hydrocarbons and
hydrogen can be fornmed stably over a logg period of time. 30 According to
the process for producing aronmati c hydrocarbons and hydrogen, as cl ai ned
in Caims 1 to 9, a gas containing nmethane gas or 6 nethane and hydrogen
i s suppl i ethathanr@rdhbydragemest supplidbduring thef pratiregtmertf e, reformity
suppressing a significant reduction jn gatalytjc activity, Exanples of the
cat al yst | Feaqis. reermhyoswinressing %amﬁ%lm HoR R catglytic %@n}é din the
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Wth this, regeneretionefzntaytiefdatbiitncy of catalytic activity is maintained
thereby inmproving a period of tinme for, | astiing the catal yti efficiency.
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with the feedstock gas during the supply of the feedstock gas. Wth the
t hus addedhbiduecsgbengand hydrogest igl adipstescpraferablystonbe Aargerddag, &% andng
period of tsin%‘her%ﬁtelﬂ 1‘?4“'%[‘ r&oq'% preferably within a range of from 4 to 8 %,‘much more
15 preferably 8 %. With this, the regeneration efficiency of catalytic activity 1s
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:



catalytic activity tends to be decreased due to generation of coke, the
catalytic 25 activity is recovered with hydrogen gas al one by cutting off
the feedstock gas for a certain period of tinme. Therefore, aronatic

hydr ocar bons and hydrogen can be efficiently formed with such a sinple
operation as to supply or to cut off the feedstock gas, while maintaining
the catal ytic effect continuously. BRI EF DESCRI PTI ON OF THE DRAW NG 30 Fig.
1 is a schedule of supplying hydrogen and | ower hydrocarbans, agcordinP to
the present i nveHig.d@ns achafagteristic grapihshowing pstariatiom prith sng Hyeach o
variation wiith tine in each of a hydrogen-prqducing rate and
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rate, the yYaidrdin®to baivigiticig teyhdiqgiesy s of reaction and 2 hours of
regeneration of catalytic activity; Fig. 5 is a characteristic graph,

showi ng a vari at Fig $iisha tahagagteristicogramnshpwongca ivgriatien with tme #i%dn
bei ng made by 5 hours of reaction and.2 ,10 hour,s .of ner.at i
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with time yn.a o]?féé%ﬁ@?éﬂ&?%Eﬁf&lgfi@taﬁtivit%e variation being made by 5 hours

of reaction and ours of regeneration f catal ytic activity; Fig. 7 is a
characteristic gFgnhssBoadh@racteastizt praphvishbwihgea ivardatidhd with time in a
benzene-producing rate, the variation_being made by 10 hours of reaction
and 2.5 hbeneensfprasyioieg aate thefvasiation beingamadeihyy5 hougs of reaction and 2
char acteri E‘t i C g&g shoe/.vi ng a veir'.ati n.tvvlth time in a benzene-producing
rate, toncéPhfh Reption Pf catalyUe aekiity: and Fig. 9 is a characteristic
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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



present invention will be discussed. Fig. 1 shows a schedul e of supplying
hydr ogen and | ower hydrocarbons 25 in a process for producing aronmatic
hydr ocar bons and hydrogen, according to the present invention. The present
i nvention relates to a process for producing aromati c hydrocarbons and
hydrogen, in which a | ower hydrocarbons-gontaining feedstock gas is
reformed by being supplied to and bei ng brought into contact 30 with a
catal yst under high tenperature conditions thereby formng aromatjc
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catal ydt, methanewethame, ethylone cpyspepedprapylene, mbutaee.fisebtanck ngeatene,
brought into %gnt act tﬂgr; with fornms aromatic hydrocarbons and hydrogen,
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silicate céur wsnghemfe)éadmkrngasdbfmg}itumltd rohtale sherswithi foraas earomatic
Alum nosilicate is a porous material formed of silica 15 and alum na_and
formed wi thYémCé§b@WS 408l bardeogprarfgyi i®rexemplifed thyr metpljorsili 'é@(t@n‘éﬁﬁm% by
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formed wit hhadiolannel s; and porous substrates of nesopore type, such as
FSM 16 and MM 4ékanmglgsh g ann%Lzﬁ?o gljllcla%g ggrr?mgg | ?ﬂoij?b Onnuez?lt and rhodium
include aluminosilicate. Aluminosilicate is a porous material formed of silica
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 Na¥Y 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
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
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)

1. Formation of Catalyst

(1) Carrying molybdenum on substrate




and alumna as a part and is forned with cylindrical nesopores (or channel)
of 10 to 1000 angstromin dianmeter. Further, netallo-silicate is
exenplified by netallo-silicate made of silica and titania, in addition to
t he above-nentioned 25 alum nosilicate. Exanples according to the present

i nvention will be described. It will begunderstood that these Exanples are
not to be construed to limt the scope of the invention. (BASIC

EXPERI MENT) 30 1. Formation. of talyst (1).Carrying nol yhdenum on
substrate 9 A cAicatglyst ﬂ'@la&m%@f’c?]élst ¥%mEi%1FﬁaP€3‘ lgcegrlé’d% ajpagper, that

manner t hat ol i 4SM 5). [ | ongs lLo-si)] e '

nol ybdenun?eozlﬁgr e(?ﬁy ?’ir ngilﬁfém&%@%ﬁ%‘ur@gbnﬁggﬁ%ﬁ%ﬁ{%%bégﬁ% i gl%@%l?dreﬁgldn will
be di scusspeglyeidaffei! ti pAieduts 89 wWhith RBTHHcHT &PEATN Y RIBR digxadued! at e
5 (containing 750 g of hol ybdenuin) was dissolved in 5 liters of distilled
wat er, thereby PBigpaof ngjl,an 300 regniatdmmondhot i leeptataddgbdatnt haxahatdirate t he
thus prepared inpregnatiagn solution was stirred by a  high-speed agitator,
5 kg ofd tﬁ"@ni@mmg ohaeelybdennpy wapdassehradbm Solitarsaf f@ﬁaﬁﬁae‘ﬁat%
stirred for, 3 hours. Further, the sf.irre bstanc ried: ize.

ovapor at cathirePy Einagis ciapmayegpiligh! SupuRTAIRE BRG] Wi i chid
substance Yas,H8HGHNHEghAtRh sdhtdalwhs fs@irréd bROANHghtdReEY g0 Hilidof
zeol ite powder V\IHith cgr railgs sle ylbdenufn atr15b§:by gWesjiil'}ght of the zeo iote.
(2) Prepar thié pevlite wasrpddehte thd impeegrattadry selution and ghen sticoed forehhowes so

prepared as to be constituted of- 15 | ybdenum carrying, zeolite,(82.5
w. 9% cl ajurthersthe sogred sgaa%%WﬁﬁﬁﬂeﬂEre-,v&O.@)ﬁpomedca% ‘P;?%]t‘d\(ﬁ&é&so a

whol Lt ¢ ; . .
comonih: PRERB0°E: PpdiaRey SRk tbebinc s ARAEI TRHE Hiahd 1O/ 481 ©
(whi ch washayad, ltBbléby 18y MaleSsEumite pousder-viRichadarid@ blybdeinthm wodsr%thie

trade nane of F-80E, and had an average dianeter of 90 to
weight 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 ¢ m 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/cm?2.
30 (4) Drying and calcining the catalyst

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



110 ,u in and a true specific gravity of 0.0025) (5.0 w.%; and a water
content (21 w.% . (3) Shaping the catal yst The inorganic conponent, the
organi ¢ bi nder, polymeric beads and the 25 water content were prepared in
t he above-nentioned preparation ratio, and then m xed or kneaded by a
means of kneading (a kneader). Subsequenffy, the thus m xed substance was
shaped by a vacuum extrusion machine into a rod (5 mmin dianeter and 10mm
in length). An extrusion pressure applied during this shaping process was
set W t hi ndayingngpraedestr owag0 caoriedo ¢ap cag. B (A Driprngakont cal chotnsg
t he cat al yﬁ’t In order, to elimnate the water content added in, the iha I ng
process, a ¢EPEIRINISHISISRUBE KAk LPRPEHYUTSFALBRARNE FALG IR SAHBINE; .

Tenper at ur g-.| [ -de | & ' Gk Nl Ng
procese. ar BOBRE FIRI (AR whithin M¥RdRTRCHB BB (0 CEOMAR, Thifink 18, GRkiGAY
cal ci ni ng pps@esSthe tiRpeRITALE Hal RepivikkiAta YahHd Bf froh@ 12O ®f 150 60 2R t O
150 "Cfor 2 5 hours in order not to instantaneously cal cine the polyneric
beads dddetoiurs itherdestagt toginstantaaeoushecadainecthe palgmearipbendsadddhin the
tenperature was kept vviéﬂi@n@range of from250 to 450 Cfor 2 to hour s
in order nSRAREE PRAGESRt seafter. Sichi AePtosessthahithe Hermrarafute Mas Ket out
tw ce, the e | i I hSe ase n 0 t. th

bi nder cal gﬁﬁ}eﬁg %Oglyl\r{lg%]gorﬁ %ﬁggus y tgolgg ;dosfggc?eg)sg) th%gggflﬁle%é'?%aoq&t Eoe
cal ci ned subghattfeoi®y caldiget P4 bicebiniere dgisNBarrdd® ARdtwh®, thereby

t enper at ure-decreasi ng rate exceed the above-nentioned rate and when a

t enper at ur eerkewlsighdghei bmdes. dts ienbaset .omBy caasori rthabuthe hengencebsres as
6 SCUSTP SR RIS e T LA AAS SR B LSS
Specitic sy el it thoffiding 310! BRID (S BBt yrk AERSLaiy 1806 Bxodiel B¢
0.47cnB/ g B2&6dbovepmen2iddet/ gate and when a temperature-keeping time is not
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 Y in the center BET adsorption isotherm
0.47cm’/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



2. Formation of Aromatic hydrocarbons and Hydrogen 14 g of the catal yst was
charged into a reaction pipe of a fixed bed flow 20 type reactor (the pipe
has an internal diameter of 18 mmand is produced in such a nmanner as to
make a cal orizing treatnent on Inconel 800H s portion wth which gas is
brought into contact), and then subjectedito a treatnent for conbining

nol ybdenum wi t h carbon under the follow ng Pretreatnent Conditions.

Subsequently, a feedstock gas (Il ower hydrocarhons) and hydrogen 25 re
suppl i ed tcsi\/eﬂsmlcrre&&amfbwdpp%cwéa@frwwtf mas()aﬁwt% 't %rﬂné%mﬁlt stgmdard

thereby form aromati ¢ _hydrocar bons and hydr N, ko this

et hane wadBE g Pad thefe AL AEE PORGEMENAHE SRR Eartidn A RpTorTE, g gas
added accorlifg at9aorladBsiWbieoNddiirf i ickh@Ftnd St: 3ndiib WvhdabIAfohPShimadzu
conformng to a 11 etection standard concentration of a gas detector by

an i nt er nalCerpanatdsd undet hthe trade riames of & 1d@ ambthe otheri isuvailable from

reaction. Additionally, two gas  chromatographs were used in this
exper i nent :Yokngawa Blestuie Mlosperasinrsandar the testepane i the trade

name of GC-14B, d .the ot her is..avail ablke from 5 _Yoko ElL ' .
Cor por ati on unde?ﬁf‘ﬂ«ge?‘i‘%%t {"lgﬂémﬂﬁn 89@&9 (Clgltglyl‘sgat ?r‘gér,\\? C%)Ig%%% %egdns) he
catal yst wagpjacheiaeeth 580 TeReLRtan® then bt at Rhal tendpekathifn fdent hir. t he

temperature for 1 hour. Thereafter, the catalyst was increased in
t enper at ur hereafior, thentatladyst was in¢x@44e8An) texhpetatovatai 6 fetwhile mgds

argon was supplied thereto, and the 10 kept at the te rature fo

hour. ( ReadCib %gﬁhwgrﬁh%qnmme& ap@@ﬁ@%ﬁawewaweppﬁgﬁ thesst: g then
pressurg: Q, ' : parts of nethane+l10 parts of argon+7
parts i@S g?e%ﬁyggﬁgﬁé%%%ﬁgﬁgggt}p%&%éd at a space velocity of 3000

m / h/ g+argon sufRkh&so@Coadsiges vel ocity of 300 ml/h/g+hydrogen supplied
at a space velocity of 210 m/h/g). Then, an operation of supplying

hydrogen gas al one to Reactiendeimperptyee: 780r Thg fornation of aromatic

hydrocarbons and hydrogen was carried Qrp,g,

Reaction gas: 100 parts of methane + 10 parts of argon+7 parts

15 of hydrogen (methane supplied at a space veloéity of 3000 ml/h/g+ argon

supplied at a space velocity of 300 ml/h/g+hydrogen supplied at a space
velocity of 210 ml/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 MPaG), 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



20 Specifically, formation of aromatic hydrocarbons and hydrogen was
carried out by a reaction nmade for 17 hours under the above reaction
conditions (which reaction was naned as the first reaction). Thereafter, a
val ve for supplying nethane gas and argon gas was cl osed so that hydrogen
gas alone was supplied for 4 hours withput any variation in the
tenperature and pressure 25 (nanely, at 0 "Cand 0.2 MPa@, thereby
regenerating the catalytic activity. Subsequently, the valve for suppuging

n

net hane gahydrubearponlgasg nate isplefeed byt fidieabymber off nnipl of hydhegdroforste

of aromatic hydrocarbons and hydroger nder the above.reaction _.cenditions
again (whi BY ¥ &1 ofatheopat ket eaib g, hé‘%eg‘éweflé@éﬂﬁcm ra lﬁtﬁaﬁnﬁdi‘@ a
characterigti c_graph owi varl aty i t] ' »
hydr ogen- pr%’ﬁu’&ﬁng%ﬁn a‘ﬁgm_gﬂggggﬁ?g%%ggé%ﬁﬁ%\?b glréapgt h%'_hcgﬂﬁlg's{?tperaa second”.
hydr ogen- p1aduehdly, Blck oAb RS Poprebset RU E'nﬂr oPthyd¥okewf Blyel egalres
formed by 1 g of the catal yst per second". The benzene-producing rate is
def i neds byrepriebenthamber ofdferrmenk. of benzene formed by 1 g of the catal yst

per a second". Incidentally, black rhonbuses represent. a pl o, of hydrogen.
Bl ack squares SAfepdRRAERNta f5PBY &he pshpgagterigdicy pgraRh:( 0fl%r ﬁ*hei]’ the

haract eri st h, of Fig, 2 - pLodugi '
irot roachrbfertor Buiing g% Surki ohe TR Yealifi e AbArisresty, iflfing e
i s confirnggohlidesetf, ath GhBET {tOISTeFERrhEd fIRROY eEQAIFIc Perfuintdndeciel

to an initial stage. 10 Additionally, it is also confirmed that the
suppl! yi ng o@ewatrédto aamqnel levedtgad iaitial $tagg. time interval as follows: a

hor e sUbpl 1 ed  AagusTRiNo it if ASb SERERHERTIH) A P A1 PBRE R Gan b 07
supplied :c%%%geo(ggtsa(lgﬁ%%%@?gggew&legg folldwdours (or 240 mnutes). 15 As a

nmet hod for above op a required thing during changing the

supply of gas isaopédod ®ofctiese dvee waliste thie fdrdsteddghecimeatmrearenbhrmdas)
t hereby suspending the supply_ of feedstock gas. Further, the characteristic
graph of Fhydrageshges wetatsupppbiedi ‘o0& pPeriod; efctime 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 is 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



for supplying hydrogen gas is 21 hours while a period of tinme for supplying
20 methane gas is 17 hours in this Exanple. 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 anpunt of the

suppl i ed hydrogen gas is 8.6 % by vol urre1§f 25 the supplied nethane gas.
Hence, this nethod is found to be econonical as conpared with conventi onal
nmet hods. Based on the above results, the follow ng facts were confirned.
Wien hydraper bpsuttingudblthe deedstethegaswiorha tdeetdinepetiod lof ganed drpnptithe

I f feed k h I d.f I
el ol of byREoRFbeR Nt yaaeEeh il bgcATERAE bRmad Prigh cHich 1 FEaple
t ty tends.to be, degraded d
Setivity | SPTRHRLITI SRy dP g pE 0B ket B Ehe kB &

f eedst ock gasnifnh ?Cgﬁﬁ}l%bgs riod of time. Aromatic hydrocarbons and
hydr ogen can B ? iciently formed with such a sinple operation as to
supply for to cut(APPLIED EEPERIMENIBs while the catalytic effect is

mai nt ai ned continuously. 5 APPLI ED EXPERI MENT). Concer ni n 36(;or mat i o
aromati ¢ hydr ocaFPBeRyPaRE off anompatic hé!éé?qaé op§ 3@ rogﬁar%ﬂs

Japanese Pat ent Pr ovi sizonal |c ti.on No.

m >I2 i ng hydI’%’d’@ﬁm\M YRa f?léew %pEIII'I:II'ebIPtag pﬁéogrggﬁgﬁgfggtlﬁéﬁ?oﬂ Iﬁ&
car bon a”dzﬁd)&l‘Q'G@Q@Sadls&Béé‘sCI:hQE rhﬁﬁﬁg'}ﬁgirbE@nG@{thoﬂ 130d4tbek R 1|nfhlI§1I‘II§ a
above reaction) upon reducing the carbon to hydrocarbon, thereby

i nhi bi ti ngreactmnakort farntiegr eakdtdroandi provides ametfeth af rehzoving eithe hijddm@gen
inhibits t e reactiopn for formng aronmatic drocalyﬁbons but hynHrove
react i 16h- effermpdnty the aboyroreaciion) upencrediiqings the carbau;te, hyfirocarbon,

catalytic deaLpgetingid 1A Bl U GRHAD ShachDaTphl MRt

addi ti ve aroun a ran From y vol unme

in a case R{dashdint llﬁhﬂﬁts ﬂ)@jrﬂﬁﬁ:ﬁwnﬂf@r aﬂﬁmﬂgammstl@rhjrﬁtﬁbi‘bonmm is
based on the reasons that:
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 eﬁperiment 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



an additive anmount of hydrogen of |ess than 1 % by vol unme does not provide
a sufficient effect of suppressing a coating-fornmation on the surface of
the 20 catal yst due to the forned carbon, the coating-formation causing
degradation of the catalytic activity, so that degradation of the

catal ytic performance cannot be sufficigptly suppressed; and that an
addi ti ve anount of hydrogen of nore than 20 % by vol une increases an
effect of preventing the ained progress of catalytic reaction, so as not
to provi deconfisufdd thanther entabttioperfefihance mag. extibited 2sablyrfonarlopg @esiodb| e
that an upper Iimt_ is 5 %by volupe and a | gwer 1t is .15 % .H\é IaL%rre.

) limt is
Further, aofctme e dhek e benetne peeduning ryde eIy @aﬁéﬂ@rzﬁs Mg
manner as JMse a catal yst which carrie | ybdenum at 6 % by wei ght and
named as &ﬁ.@f@ﬂﬁ%ﬁ%‘%ﬁl}ﬁ%&”@%‘&? '%E{E%‘repa_r ed by addi ng hydrogen to
30 nethane at 6 fécmeﬁfghgﬁas felctibg déndit@bnd e tHiX euperiadentast ds desdsdedck

gas for reaction, a ours of catalytic reaction was made. As a result
of this ithataspietresanént wad cairtd oe bedtral thiei reap@phdnrarche weannectasstor ed

stably for a |lon eriod of tinme so that a nzene- pr.oduci n e of, 10
rours. | ot crombiAamalE G w0 CAtom Bt G50 PR ol BHENEHITRY THoTeAe:
| nci dent al J,y, as,.reaction gonditi ' [ ' ' | ' d 5
Lhat b (AR Ak Bt P WAPREl Qb M TaE RELL PRibsurt bf Bficiphesad 5
to conbi ng, /ol yBeME b ddwaakikpBf 2526ROMFT@h. 30 minutes, and thereafter

the reaction was nade at a tenperature of 750 C, a pressure of 3
at nospheres andBasetet dranthe pexperimentalt cooflitieeo ndistlosed has Babewe, osoxiee

experinmental conditions disc]osed. as gbove, s 10. eri neat s _were
condudied $¥pegimenty aveéerﬁqniﬂc F%fqraehdﬂe Q?P% it Pﬁfi‘?%‘fce 8@8%%‘%’19&1 ? on.
1. Influence,on r neration of catalytic activity in accordance with

di fference‘aeﬁ%1 ?%‘ﬁgg& reatment condition First of all, an influence on

regeneration of tapafivéné ol idden¥ration 16 edtadytdametivivyt in dictéretammceewith t he
pretreatnent condition was studied. Simlar to the experinment disclosed in
the above gdfeeanceimtheprétgaatment 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
95 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




6wt . % Mo/ HZSM 5 was enpl oyed as the catal yst. Pretreatnent conditions were
set as follow (Pretreatnent Conditions) The catal yst was increased in
tenperature 20 to 550t in air and then kept at the tenperature for 1
hour. Thereafter, the catalyst was increased in tenperature to 650 'C
while a gas (CHA+9Ar) which contains nsthane and argon was supplied
thereto, and then kept at the tenperature for 0.5 hour. The reaction
conditions were set according to the follow ng "Reaction 25 Conditions"
based on thdo&kpef 2Merhl/Higgcl osed in the above patent publication.
(Reaction Conditions) Reaction tenperature: 750  Reaction pressure: 0.2
MPaG, Reaction dabangeof pke suppliedgas Has3e0 g5-iollewsi ar gon+6 parts 30 of

hydr ogen (met hane su i ed .at a space.vyel oci 0 +ar

supplied at a srf’a&erg‘g c?gi ?V%Tovggowﬁfc}h/tﬁgh%ggéoe‘% gg%prql{llge%l A ggébpaaélg 15
vel ocity of (W oV Swhash hedr f 4d Qldne a
period of ¥%%8veéﬂmﬁ%g%gpﬂgﬂgge ngg‘gagas 1'(11%2({ hane gas)ﬁan nh%roger? gas
ver e sgpplwad supplipdrloech periodrnet tamer owdri whidly the gepphast thedecdsodasvas

supplied (or a perjod of tine over which the supply of the feedstock was
suspended)suspendadls b IwursiiZhowsg. 4 is a characteristic graph showing a

variation with tine jn a enzene- producihng,. rate aob A\ u -Ni_S-
reaction condit %‘ﬁs‘i A8 %ﬁﬁar%ﬁﬁﬂ_sﬁfo%“‘tpﬁﬁ ghBWé‘?%cat grg:hsat%%gl 8‘& g%ht?ﬁ!et myvgs
confirned §fafnel 18 deRhd ¥hte oBsrv¥d lihdd? A8dedction lconBitidnd. AY apphrdrt
stages fromthe first reaction tough relatively excellently regenerated,
and that afrpeakhisathgrateristiengraph; fibrwasngoafirinedy that: thisecatinly the activaty,

i.e., the reaction_after the 5th regeneration, s. decreased b 1,.% as
conparléd viemiedntn lowiex it by kit incglages rﬁ‘-’@ug@%éﬁféﬁtrﬁﬁn% tgb‘gﬁi ’E%}aPB%ﬁ'

e resnceiehfiveton8r ity AnbeniRh pdal VARG ¥PH BABnY Abknlite bBflity in
the 6th reaction, i.e., the reaction after the 5t 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 T 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 6 reaction (i.e., the

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



(Pretreatnent Conditions) The catal yst was increased in tenperature 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 m xture gas
cont ai ni ng nmet hane and hydrogen at a ratio of 1:4 (CH4 + 4H2 CH4/4H2 20

75/ 300ml/ m nute) was supplied thereto, ag€ then kept at the tenperature for
6.0 hours. Then, upon naking this pretreatnent, a cycle in which the
reaction was made for 5 hours (by supplying the feedstock gas or nethane

gas and hydapgen @ethe ARt delietiohhe regenerati on was made for 2 hours (by
suppl ying 25 hydrogen gas only) was repeated, as sane as the experi nment
relating to Fig.Flom Rlp 8bowe-dischesedct reswdts, c ityr aysts serafirmeedy $hat athon

MW th ti ' b - d t b d und . ti

condi ti ons ProtSeaigpen bMIuencsH e EenerRRs AP UC b atatytic pclivetd itk
t hat : £ ' 1613 bavik
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benzeneg; f or m ng abidfitendebfithe Lebnd adsthl 0ff rekeReratiditof ¢atytioactbiter the
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confirnmed gy the applicants’ experinents, the effect being of using a
catal yst hbusedjoh e effedti confirgresiipy tie¢ apptioapts expements e effent/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 um and a real 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 is a characteristic graph showing a variation with time in a



15 rati o between the platinumgroup el ement (rhodiun) and nol ybdenum was
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in the use of the above-nentioned catalyst. It is found fromthese results
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the regenerati OnAgglit?oz%}aﬂf,/ t&ﬁc&‘%ﬁh?ﬂcaﬁé gvgiléxi'eczzian%leyibd of time 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
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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 using 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



Then, an influence of variation in an anount of hydrogen gas on the
regeneration of catalytic activity was studied by varying an anount of 15
hydr ogen 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 Jap se Patent Provisional Publication
No. 2004-269398 that an additive anmount 0f hydrogen is preferably within a
range of from1 to 20 % nore preferably has an upper limt of 5 % by
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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 1s

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 “H: (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 “Hz (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



suppl i ed hydrogen. As apparent fromthis characteristic graph, concerning a
case where an anount of supplied hydrogen is 2 % (the case being indicated
in Fig. 9 by "H (2%"), it is confirned 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 ighthe first reaction; and that the
regeneration of catalytic activity is hardly nade despite a regenerating
process was carried out. Concerning the cases where anmounts of suppl i ed
hydr ogen aeaase%flﬂaamt ﬂnﬁbrt(mb@onahembhﬁﬂim indicated in Fig. 9 by "H2
(4% ", "H2 (699" and "H2 /i 20 respectively), it_is conflrrreg that a
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anount of 30 supplied hydrogen is pref erably larger than 2 % and small er
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preferably 8 %in the 20 case of placing inportance on the stability.

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

enbodi mrent as a nmain material for catalyst, 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 nade 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 reforned 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 feﬁ9stock gas; and suspending the
supply of the feedstock gas for a certaifi"period of time 10 while keeping
a condition of a supply of the hydrogen gas. 2. A process for producing

aromat i ¢ hWHXRISDISABVIBE I hYEr ogen, as clainmed in Caim1l, wherein a
pretreatment for a reformng reaction by which aromatic hydrocarbons and
hydr ogen ade f or Aeprocasd fatgerodusingpaxsimatic hydsocayboss tained bydrigest in which

e SRS il ik s B BB b P b o
e ! ey ’ .

hherein a andy Pebfe BOURRE’ SR °cARMCEANEO 8T oafiyef AR Hifh Tk Bhiature

hydr ocag bogendinibrizyihHeeby faFmin® bt atiaHyesarbosisepnd hyidReges siiegmiebkod

catalyst in tenperature and keeping the catalyst at the tenperature for a
certai n pecompriing the sténd ef suppl yi ng a gas contai ni ng net hane and
hydrogen thereto. 25.4. A._process for,k producin romati.c _hydrocatbons and
hydrogen, as cl SPPRYIRG hydxpgen ﬁ?@r@fﬁ?gﬁ%ﬁ I’f‘é‘ﬂ]éa%’ﬁg?q”?@%m%‘eﬁaﬁr MBSt i ed
at aratio i ' the: treatment. 5. A process for producing
aromatic h?gé%@fbtg%sﬂg%ﬁ% r%gg{;\l‘? as 30 claimed in Cdaim3 or 4, wherein
t he pretreat ment sigpdndiag thestugiplpbf khe dfeedstotihgas fdnhyettdin pdifod of tinie 6
hours whil e supplying the gas caontaining nethane 22 and hydrogen to the
catal y§?. while keepinga eandiposdf@ siprdy oddhe hysdyegee §8dons and hydr ogen, as

claimed in any of Clains 1 to 5 wherein the catal yst includes
netallo-silicate 5 carrying nol ybdenum 7. A process for producing

aromati ¢ hydr ocapbpsceaRd fd $r88Ffngdaromatic 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




‘clainmed in any of Clains 1 to 5, wherein the catal yst includes
netallo-silicate carrying nolybdenum and rhodium 10 8. A process for
produci ng aromati ¢ hydrocarbons and hydrogen, as clainmed in any of C ains
1 to 7, wherein an anount of the hydrogen gas supplied together with the
feedstock gas is larger than 2 % and smabhber than 10 % of the feedstock
gas. 15 9. A process for producing aromatic hydrocarbons and hydrogen, as
claimed in Caim8, wherein an anount of the hydrogen gas supplied together
with the faaddiyabdoggasoithewatdlyst.a range of from4 to 8 % of the feedstock
gas. 20 10. A process for producing aromatic hydrocarbons and hydrogen, as
claimed in daim8 or 9, wherein an anDunt of the hydrogen gas supplied

toget her WIGt ht hﬁ fp%ggesstso%gr roducmg %’r&na&:&e hy%ggér%%ﬁsggﬁd 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.



