DESCRI PTI ON TI TLE OF THE | NVENTI ON:  PROCESS FOR PRODUCI NG LOVWER- HYDROCARBON
AROVATI ZATI ON CATALYST AND LOWER- HYDROCARBON AROVATI ZATI ON CATALYST

TECHNI CAL FI ELD [ 00011 The present invention relates to a hi gh-degree use
of natural gas, 10 biogas and net hane hydrate, in which nethane is a main
conponent. Natural gas. biogas, and nethane hydrate are regarded as the
nost effective energy resources_as global war m ng neasures, and an interest
inits use technique is increasﬂﬂ$3/ﬁ@?ﬁé@élresource maki ng use of its
clean property attracts an attention as the next generati on new organic
resource and as a 15hydrogen resource for fuel cells. [00021 In particular,

t he prespm.EryentHpINeLatEgs) N0 a catal ytic chem cal conversion techni que
for effectively producing aromatic conpounds, in which benzene and

n?phthaLERéEIE&ﬁﬁHhRéﬂﬁﬂD&WCHﬁGebDﬁVEEbﬂﬁﬂh%ﬁﬁbﬁﬁBﬁﬁﬁducts suchfas
[ _are .naj Soeand igh=gur i : 20
20 o B P R A DLERO 835 1 o

CO”pounQ§R£ﬁHQhTﬂ§T@9@¥€ﬂ@EAL hydrogen from a | ower hydrocarbon,
particularly nmethane, one is known in which nethane is reacted in the

presence of a catalyst. As the catal yst upon this. nol ybdenum supported on
a ZSM5 series zeolite is said to be effective (Non-patent Publication 1).
100041 HbWEVENICAVehIKIl)t he case of using these catalysts, it has problens

that carbafi) s RLSsiBrbehRf Al ag AMRILaand LAt Genyerslon of
met hane 19V bw 500680 Y RS g T g1 i'S™'probl em’ there hds been
propesed,@«sataliusttHahe hyvdrate, in which methane is a main component.
Natural gas, biogas, and methane hydrale are regarded as the most effective
energy resources as global warming measures, and an interest 1n 1ts use
technigue is increasing.  Methane resource making use of its elean property
aliracts an attention as the next generation new organic resource and as a
15 hydrogen resource for fuel cells
[0002]  In particular, the present invention relates to a catalytie chemical
conversion technique for effectively producing aromatic compounds, in which
henzene and naphthalenes, which are raw materials of chemical products
such as plastics, are main components, and a high-purity hydrogen gas, from
20 methane.
BACKGROUND TECHNIQUE
[0003]  As a process for producing aromatic compounds, such as benzene,
and hydrogen from a lower hydvocarbon, particularly methane, one is known
in which methane is reacted in the presence of a catalyst.  As the catalyst
25 uapon this, molybdenum supported on a ZSM-3 series zeolite 1s said to be
effective (Non-patent Publication 1),
[0004]  owever. even in Lhe case of using these catalysts, it has problems
that carbon is precipitated in a large amount and that conversion of methane
15 low.
30 [0005]  Inorder to solve this problem, there has been proposed a catalyst in

which a catalvst material such as Mo {molybdenum) is supported on a porous




nmetailosilicate, as disclosed, for exanple, in Patent; Publication 1 or
Patent Public ition 2. It has been confirmed in Patent Publication 1 and
Pat ent Publication 2 that | ower hydrocarbons are efficiently turned into
aromati ¢ conmpounds by using a catalyst in which a netal conponent is
supported on a Tiporous rnetallosilicate as a support having a m cropore
diameter of 7 angstrons and(1l along with this a high purity hydrogen is
obt ai nedmefodaicTiess dirlpatlehr Phpnpkath dmtgnahybpatent Publ i on 1,
zeolite {,s,chem call pdi fied wth g .sijlane ¢onpound r.Qrp.t upportin
2retar LORBOIINEY deMPaghEryEhbheR BB FRTERAP i PR B E Pove ' "

sel ecti vpuylidOans 2yihek do@hr hberGatBdyd he ERRGL 11PN 1udlQDik o Thamdis. benzene
selectivity has inproved, and, since catalyst. deterioration by coking is

r educed, cignpahyst bstuabid bteyt:Hast imphosted memckaplope by iconduotehgna
nDquuIar;Lﬁzehrsﬂﬁf ce Erqqtpentjﬁ uch as sLyane.t.eatqgnt,7on zeolite
(et al | oBfIedp el lors Lo OR ARV IPUBERERTT ONBIBATERT!IPBEL T CATI ONS [ 00081
oLt YL, BRI EoL ik UL i eTneRes Telent
3: JapanksriPat@ntn, Pulit:itcat PabliNetion 3835 Pebe 20PabBaitiFubl hediican 4:
Japanese Patent, Application Publication No. 2007-014891 NON- PATENT
PUBLI CATHenspdigoged s watentilpaplpeaciod. prioy QURNARCGMECATALYE S, 1997,
p. 165, (F:)(im%él}e}ﬁr}gtllch as molybdenum, on zeolite, in order to improve selectivity
10 and vield of the catalytic reaction.
100071 That 1s. benzene selectivity has improved, and, since catalyst
deterioration by coking 1s reduced, catalyst stability has improved
remarkably, by conducting a molecular-level surface treatment, such as
silane treatment, on zeolite (metallosilicate),
15 PRIOR ART PUBLICATIONS
PATENT PUBLICATIONS
[0008]  Patent Publication 1: Japanese Patent Publication No. 3755955
Pateni Publication 27 Japanese Patent Publication No. 3745885
Patent Pubhication 37 Japanese Patent Pubhication No. 3835765
20 Patent. Pubheation 41 Japanese Patent Application Publication No.
2007-014894
NON-PATENT PUBLICATIONS
00091 Non patent Publication 1 JOURNAL OF CATALYSIS, 1997, p. 165,
p. 1H0-161
SUMMARY OF THE INVENTION

TASK TO BE SOILVED BY THE INVENTION

bo
parl

[0010]  In the above-mentioned conventional techniques, in the case of
practical catalyst, 1t 1s necessary Lo shape the form of catalyst into pellet-like.
spherical, rng-like or honeycomb-hike, or the like in order to bring a lower

30 hydrocarbon gas, such as methane, and the catalyst into contact clficiently in

the reaction container.
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25 SUMVARY OF THE | NVENTI ON TASK TO BE SOLVED BY THE | NVENTI ON [ 0010] In
t he above-nenti oned conventional techniques, in the case of practical
catalyst, it is necessary to shape the formof catalyst into pellet-like,
spherical, ring-like or honeyconmb-like, or the like in order to bring a

| ower 30hydrocarbon gas, such as nethane, and the catalyst into contact
efficien[lﬁ in the reaction contaiper. [00111 However, zeolite cr stals
have a hi{Y épeLéiP‘vfwlst HESTEY @& Bfl“tr@slt»hl“’@@u&]ﬁdﬂlhé’xié AT BTHE

str engt hc]qu 1(1\ Ss!t‘%&‘( llladln(eﬁaﬁl ()%%)8 %heql R’\ 199 E‘d{ﬁ)rﬂ ﬁ(ﬂr g@ﬁﬁt;%haﬁ

characterlstlcs 25 "s6l'] refore I't i's necessary ?r shape

it by adding: (annﬁ1n£ar(gﬁar}msn@mgerd\,summ @gdclay By the influence of this
i nor gani ¢ bi nder, there has been a probl em of | owering of catalyst

charactekﬂgtﬁcsHbyahhe vosurrcencey 6b sshde iv baetlidong anhavrtrave bivardgrel at i on

wi th the uses, cyrrence of or t 0131 Furt ernore, the
Opt 1 i, it B ad theom B ite” Sk ot dardent i FHeper dne.

treat ment,, Wik, flulxﬂxg-f#@fﬂtm QHF@H’ hgf'usuLSbQ tBe (M@dughh(,eﬁ?)mldghe ot her
hand, the nost desira anount of " tion of the sibne treatnment in the
si | ane treatim@rtthwe hthwemoinl:RasentitiPuld neat, ithn odcingeBedofmilght, GvMhe Thi s
anount of addition of the silane treatnent, however, cannot shape the
catalysthbarticles in a binderless manner. 15100141 It is an object of the

present (;’h\gent Iﬂllt}loll%r{glkt‘e L'h% )g?nﬁ{lgl ?%1()8111? ()?‘patlh & 89{& ¥115Et1 W thout using

i nor gani inder - and 1o provi ucl ng ower hydr ocar bon

ar omgl i Zateh oot Ak kilhAe it ARIOYE tGALdeSin BQtd Ml IPLYblimﬂuid sistali lity.
MEANS FOR SOLVI NG THE TASK [ 00151 A nethod for producing a | ower

hydr ocar borstar ‘omathzghd o dtaldighe ahotihb:sprdde nmiumntedtidontion chthe eve the

above obj i S charact din
L‘imn trea men?' imn fw aelano U(*(pcmenat wrilten in Patent Publication 4 1s

0.5 weight %, This amount of addition of the silane treatment, however,
cannot shape the catalyst particles in a binderless manner.

15 {0014} It is an object of the present invention to make it possible to shape
the catalyst without using inorganic binder and to provide a method for
producimg a lower hvdrocarbon aromatization catalyst to improve catalyst
activity and 1ts stabihty.

MEANS FOR SOLVING THE TASK

20 [0015] A method for producing a lower hydrocarhon aromatization catalyst
of the present mvention to achieve the above object 1s characterized in that a
lower hydrocarbon is used as a raw material, and that, in a method for
shaping a lower hydrocarbon aromatization catalyst to produce aromatic
compounds by catalytic reactions, the catalyst comprises a

25 molybdenum-supported metallositicate, a silane in 0.75 weight % or greatey
relative to the metallosilicate component 1s supported, and the catalyst 1s
prepared by o compressive shaping without adding an inorganic binder that
bimds particles of the catalyst.

[0016]  Furthermore. a lower hydrocarbon aromatization catalyst of the
30 present invention to achieve the above object 18 characterized in that a lower

hydrocarbon 1s used as a raw material, and that, in a lower hydrocarbon




| ower hydrocarbon is used as a raw material, and that, in a nethod for
shaping a | ower hydrocarbon aromati zation catalyst to produce aronmatic
conpounds by catal ytic reactions, the catalyst conprises a 25

nmol ybdenum supported netallosilicate, a silane in 0.75 weight %or greater
relative to the netallosilicate conponent is supported, and the catalyst is
prepared by a conpreSS|ve shaplng wi t hout addi ng an i nor gani ¢ bi nder that

bi nds partiefegtgpnrhelgat b xgﬂgtf ucp @meliulxurqlwrw reby gat: gwférﬁ 'Rydigtar bon

aromat i z .k! 9 atta()}/;}g} 19(!5 Al PH 319(‘?{1 m%ntu[h)r(])\éruf m%'? 1 19iRES tlceéesiler}l% i?lg\?vve

obj ect i &' cHar'act er’ rigon is

mat eri al ¢ @ndetdraty ok rh@xt'c@"ﬂ@l’atmdﬁpﬂﬁf&@ﬂxlh&ﬁﬁﬂﬂﬂ|(Z)@hﬁ(9{b1ﬁat al st to
produce aromati c conpounds by catal ytic reactions, the catal yst conprises a

mol ybdensupisuppdr et e talalogik ux:.ap@cdabssnI(ananluﬁ%laodewem;gmﬂi%lﬁr gr eat er
relative to the netall osj IlcatIe ?\{,’&p nent orteﬂ‘andthe catalyst is
pr epat ed‘“ﬂ)g'”“ O MY SR TR E SRR D Bb‘tt"é‘dﬁ? 13 itfhoitgani ¢ bi nder t hat

bi nds paE HC—IEGSX(Q]:)} lhlef ©aF Alx¥Rba 60 1]07dJL1LA9;?qu$4v@ghR81 &arebfod for producing

a | owner rocar bon arfoma tization the present invention, since
adhesi onaﬁfmnﬁtzahhﬂshlalwaﬂ & (tzeoddist et p&r(mmlres,)nuu’rmm;&am oft is possible to
provide a | ower hydrocarbon aronatization catalyst. which makes a shaping
possi bl emnEGMleHbGE tUEEABtCa itHEY YdRTE OB hd b i PNNMN‘MCECMS‘EF BET OF THE

| NVENTI 001 ccord t apay nv i N, gible to
produceq;‘ 11’]o(ifvf-,\lrbtlzln dr(ggélrlﬁglr\wgrtbl?rglt\ P ?lc()?\“{:lgpg il halptm%?)bgggerless manner ,

and geti w”tyyugfmqhg‘1<ﬁq§1a1y§{1( a,nlql(151he cat al yst st ability inprove. 15 BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 00191 | g 1N change of benzene fornmation

rate oveADRNVAdT: :EﬁéJSzEé'@‘ TOF d48% cat al yst of Conparative
and 0. Sod Bk b R %ﬁsﬂ?@%ﬁ”&%&ﬁrﬁ?&?&%@w UG 1o a
met hod f H_f;rdﬂfcﬁ%%% Elgm?mh%’l\ﬁrjmQ}’l@‘i19’%?-frpgn)1l1(1er'less manner, and activity of
the catalyst and the catalyst stability improve.
15 BRIEF DESCRIPTION OF THE DRAWINGS
[0019] [IMe. 11 A change of benzene formation rate over time 1 the case of
a reachion of each catalyst of Comparative Kxamples 1 and 2 and Examples 1
and 2 with a methane gas (containing 6% H: and 0.5% COs).
MODE FOR CONDUCTING THE INVENTION
20 10020f  According te a method {or producing a lower hydrocarbon
aromatization catalyst according to an embodiment of the present invention,
the lower hydrocarbon aromatization catalyst 1s shaped without using an
inorganic binder such as clay binder, thereby improving characteristics of the
catalyst.
25 [00211 That is, it is a method for shaping a lower hydrocarbon
aromatization catalvst, in which adhesion among zeolite erystals is increased
by supporting on the surface of zeolite crystals a silane in an amount that 1s
ogreater than that of silane necessary for the zeolite surface treatment, mn
which a1 sufficient shape-retaining property 1s maintained only by a pressing
30 treavment of a compressive pressing, and in which the catalyst activity

characteristics are improved.




aromati zation catal yst according to an enbodi nent of the present invention,
the I ower 1-1:drocarbon aromatization catalyst is shaped wi thout using an

i norgani ¢ bi nder such as clay binder, thereby inproving characteristics of
the catal yst. 9510021] That is. it is a method for shaping a | ower
hydrocarbon aronatization catalyst, in which adhesion anong zeolite
crystals is |ncreased by supporting on the surface of zeolite crystals a
siiane i W& apuie foHawings tgwarﬂler of ajaper tdeosrrbgplgRE Heedsdhry for the

zeolite sur uf ficien pe-yetaining property
i s maint 4'He “dﬁfy“ﬁﬁgg“ﬁ é%fﬁlnlgbf ééPn%ﬁﬁ‘8?”§‘§6ﬁ(§zég|ve pressi ng,

and in \Nﬂkmxtheﬂ%m@hmq .@CM(M ﬁwclnanaﬁtaeahﬁmgﬁ R ﬂxlnﬂfcoéftﬂ(ﬁam [00221 In
the foll owi ng, exanples of | ower hydrocarbon aromati zati on catal yst

accor di ngrehonkhe, pH(bS&TﬂtdlﬁHVBI‘[{(]WH()HWQJ[&)Q’[M@.[Jne’@l)ill‘P det apt linfloheven

zeolite Wsed as. a catal yst, gk5|la e conpound used in the surface
t r eat ment10sanY THC g4t RIS Rl 481 TSTHOErT 69 Uh 22edi% e 58 not limited to

those Ofmhﬁnﬁn(‘?sﬁﬂ a @[@L%%’su%ﬂ s Y?’l()gg) e'n%?l% K£HILEAS'% PA%'IﬁIS}?f]P(?‘l)%I | ane

conmpound recursor such as enum which are exenplifiéed by the
descrlptlmnspaﬁuRahenuﬁ)Huhkunﬂﬂkeﬂ®n3iﬁmﬁ;4 100231 I n the present

i nventi on, as a netallosilicate on which a catalyst netal is supported, for
exanpl e, [GH hd ncdsengremt UL]WQ’MTH@SHH(’C@%léu"‘”ht«(nl(’snbl’ﬁ]é(l}bflédi‘@]ﬁel ment i on

ol ecul ar égi% %},p&gga&(sl?]l"%l \‘88 iL( dng anah( ()E%Tu 1 m)%ﬁmalqg LWV*)(>~,s1HY¥‘" ch are

por ous b84i" HePmore;” it

exempl i fieddBYiFeflidRlSURReE o\ ¢haj.ant-eN2ednRNRE) FrNar Hg bodi es
cont ai ni ng phosphoric acid as a mai'n conponent and havi ng m cropores and

channel sMIfM624.3whngst reomeo us holiasfoanRd-&,siNR aBd alBativa, and

neso-nicLop ous suPport such, .as FSN@lﬁ MCM 41, g_ ﬁ,cont |n|ng silica
as a mai hUEGIRSGHER TaAA WartTaploE N4 nG THP B SR B o dBnent and
charact ef,,ze c r c el Shadf cBSOndM (X Qpor es

(10- 100052ﬁb§#ﬁﬁﬁs% U%&#u&g?ﬁgbe Qﬁggﬁéééqgﬁg Llové aUUn?nOS|I|cates it,

I S possi hheirgomusepardredial Losnhdleat &- T@nnedtmfnsmhdmam’dd?@() tVPhim, etc.

as the catalyst. [00241 Furthernore, a netaIIOS|I|c géused in the present
|nvéhtloﬁ“|s“dé§V%aHPV“6W@“HaVNﬁ@“g‘SDP@ééeF&ﬂﬂa“bﬂx51 4@06@'n2/g and

m cr o- %( I%J[Lr?l%?‘l“ ﬁi g Id Tl [@npgﬂgﬁi Qfldij &Bﬁlﬁ’r&zﬁ? ‘lil?lqﬁ% d'l:l[lxlhtuﬁ'? ore, in

case tha ica 055|ble to use
one of  component and characterized by cylindrical micropores (channe 15) of

mesc-micropores (10-1000 angstroms).  Furthermore, besides the above
aluminosilicates, 10 1s possible to use a metallosilicate formed of silica and
20 ttama, ete. as the catalyst.
(0024}  Furthermore, a metallosilicate used in the present invention 18
desirably one having a surface area of 200-1000 m*/g and micro- and
meso-micropores in a range of 5-100 angstroms.  Furthermore, in case that
the metallosilicate 1s an aluminosilicate, it is possible to use one of
25 sibea/aluminag = 1-8000, which 1s similar to the content ratio of silica to

alumina (silica/alumina) ofpomus bodies that are generally available. It 1g,

order to conduct the aromatization reaction of lower hydrucarh(,:ns of the
present invention with a practical conversion of lower hydrocarbons and
30 selectvity to aromatic compounds.

[0025]  Furthermore, in the present invention, the lower hydrocarbons




25silicalalumna = 1-8000, which is simlar to the content ratio of silica
to alumna (silical/alumna) of porous bodies that are generally avail abl e.
It is, however, nore preferable to nmake silica/alumna within a range of
TO-100 in Order to conduct the aromatization reaction of |ower hydrocarbons
of the present invention with a practical conversion of' |ower hydrocarbons
and 80selectivity to aromatic conpounds. [00251 Furthernore, in the present
i nvent i onigneiyernkoere hipdrotarBonsndsiugi tiy: sk et aH sakaviaged and

unsat ur at eg hydrogarb ns. hayi n aLcarbglz Errb .o, lg lT es sat urated and
unsat ur ab'8d" Ry BLEF Bors halk “n“g WA SO HURBER B o ‘/&é‘h“‘ﬁ “BXxenplified

by et hang,glhy &A% n RLARRNS 2Pk Q(E)bflb@r@c(‘nﬂ)lmt(ﬁﬂﬁ19th$19(bqttﬁ0?cn(n but ene and
i sobut ene, etc. EXAMPLES 100261 |. Production of  a | ower hydrocarbon

ar omat i zptijomec @trapylshe (nrntchee fobbowimg n-httems :abbreebustied cas cat al yst)
(Conparajlye Exanpl e 1) Catal yst shaped by using an inorganic binder (the
amount a IlrLbf%rms of silicon oxide: 0.75 wei ght %9 10(-1) Surface

(APTESy e o o 8 B EA 08 GRSy R URRERRY BRI S

i mpr egnat@thvtihgriewt hbhbrev00A7:k Hhafzstp dry povvder was obtai ned by a
spray-dry treatment, followed 15 by a baking at 550C fin. C hours, t her eby

obt ai ni ng-ShHASM & Exppurltilng Gitedire shaped s weinghitn sadrganar medef si | i con
oxi de, ative to the untreated .I|ZSM 5 0,0,281 o pupporting of
ol ybdenﬁ‘?ﬁ ATTWBE adhat 1o u&anaﬂuiu%rm St bt §ardd P y ammoni um

-) Ol yplcjagngmt((l\l[-lh,)l{,;ﬁlE pe/ 1) is stirred, and Si]i ZSM 5 subjected to the
above-nmentioned (1) surface treatnment is inpregnated with the inpregnation

aqueous sol uti 8n thaddant:kbsistindr echicondijtsilonet iblgrilant (RBIES) was

selected.  APTES was dissolved in ethanol, and HZSM-5 was impregnated
therewith.
[0027] Then, a dry powder was obtained by a spray-dry treatment, followed

15 by a baking at 550°C for 6 hours, thereby obtaining SIHZSM-5 supporting
stlane 1in 0.75 weight % 1n terms of silicon oxide, relative to the untreated
HZSM-5.
[0028]  (2) Supporting of melybdenum

An impregnation agqueous solution prepared by ammonium

20 molybdate (NH )sMao70.)) 1s stirred, and SiHZSM-3 subjected to the
abovermentioned {1 surface treatment 1s impregnated with the
impregnation aqueous solution under this stirred condition.  Then, 1t was
dried and baked at 550°C for 8 hours, thereby obtaining Mo/SiHZSM-5

supporting molybdenum 1n 6 weight % relative to the weight of the zeolite

]
s

after the silane treatment.
[0029]  (3) Shaping
(3-a) Mixing
Mixing of inorganic components: Mo/SiHZSM-5 (82.5 weight %), clay
(12.0 weight %), and glass fibers (3 weight %)
30 Total mixing: the inorganic components (76.5 weight %), organic

binder (173 weight %), and water (24.3 weight %)

6




dried and baked at 550C for 8 hours, thereby obtaining M/ S HZSM 5
supporting nolybdenumin 6 weight %relative to the weight of the zeolite
25after the silane treatnment. 100291 (3) Shaping (3-a) M xing M xi ng
of inorganic conponents: M/ SiHZSM5 (82.5 weight %, clay (12.5 weight %,
and glass fibers (5 weight 'X) 30Total m xing: the inorganic conmponents
(76.5 meightqu), organic binder (1 7.3 weight %, and water (24.3 weight
(.'4) (8%b) SBhapimgoiketod The inorgani c conponent, the organic

hi nder, and thg water were nixed gg et her Dby .the mxjng proportijon,
fol |l oned by bl eRdi Ay AR KHERIP R '3"81&'?1%%11%(1@‘&165 ry”léa)er%'. "Then, this
m xture wag.$RaRed i Bl-anhd H8Gnshaksok Airai®l &ke @ L4 Xdhenadhibamilidy a
vacuum extruder. The extrusion pressure upon this shaping was set at

2- 8111Paby 10030k hp rgener Bdncadechat allyst, thuppoxtureseds tonpreform ngl
hydrocarbons is used as a flow bed catal yst by using partigles having a
parti‘tl esknrnEtiameder delpmar lepgPorBiEry ¢ §18BYBY SFTHURGr eb® i cromet er s

In the n'g;rhtgit)]}]?frmjiggftogﬁgrll rt],_ﬁist sh‘gl ﬁg%%(ﬁssgo :SM.DP%NP;!L“ thi S C_ase.’ t he
cat al yst ‘support” material, the ordan c hinder, the inorganic: binder
(normal | yy@ligy lirseised), andanakeippber Gioefhrhogather hntocarisingnsy,
fol l owed by granul ation shaping (no shaping pressure) with a spray drier
and t henubaking. Mdw beHis telse by sismee phiherles ihsivives sHapitsl: presetgrs! t he
anmount or\glg¥ added Lo, ewadgg? aara\@a@hag)qg%Lstalt,%§5Q¢8{§?£rto secure
the baki iy’ rdt 8 HENAsEuLY 40760 REght T PSS Ve Cht'AT YK M8dpi ng i's
condygt ?gr(mu(@nﬁl&.gtbtﬁf;ﬁ SULEH RPARH PRLUSIsRItIR: VAQUIKM RXpLUdRIateMht h this, it
is possible to reduce the anount of an additive, such as clay, added as a
baki ng aslsi stantic bandd: 25 weirghtibinfhefedonally ictayi & possibdevt@ri nprove
the catal yst activity, too. : : .
.‘-i.¥(! mxe I_E tngetﬁer nto a slurry, followed by granulation shaping (no shaping
pressure) with a spray drier and then baking.  In this case, since there 1s no
shaping pressure, the amount ol clay added to be added as a baking assistant
15 inorder to secure the baking rate was about 40-60 weight %. Here, the
catalyst shaping is conducted by a high-pressure shaping using a vacuum
extruder.  With this, it is pessible to reduce the amount of an additive, such
as clay, added as a baking assistant to 15-25 weight %.  Therefore, 1t 18
possible to improve the catalyst activity, too.
20 {0031} 3¢} Dryving and baking
I the drying step, it was dried at 70°C for about 12 hours and then
dried at 90°C for 36 hours i ordev to remove water added in the shaping
step.  In the baking step, it was baked in the air at 530°C for 8 hours.  The
haking temperature in the baking step was made to be a range of 530-800°C.
25 Thas 1s because lowering of strength of the support occurs at lower than
550°C, and beeause lowering of characteristics (activity) occurs at higher
than 800°C.  The temperature increase rate and the temperature decrcase
rate m the baking step were set at 90-100°C/hyr. . Upon this, in order to
prevent the organic binder added upon the shaping from burning

30 instantancously, the organic binder was removed by keeping the

temperature (wo times within a temperature range of 250-500°C for about 2




20100311 13-c) Drying- and baking In the drying step, it was dried
at 70C for about 12 hours and then dried at 90C for 30 hours in order to
renove water added in the shaping step. In the baking step, it was baked in
the air at 550C for 8 hours. The baking tenperature in the baking step was
made to be a range of 550-800C. This is because | owering of strength of the
support occurs at lpmer t han 550C. and because | owering of characteristics
(activit ¥y Gdeeurs dtuhigherurnahe pogaictiadeehperamptan iihacasbeto at e and

the tenperature decrease rate in the baking.step set at 90-100C hr.
R Ea [T [1jo Pgsrﬁ)lgn h]l’l?f pﬁeﬁblFbcgﬁo(ﬁlx,Bp fdag ! Em tt(ﬁ.u

(r'e Ty
Upon thi s, I'n order eve Ic aﬁ%gﬁjupgﬂe et%haping

from bur phng. 30i-Nst a0t aneauabyyatthe der9ani: G Rl REetrWas) ERARYRE abyyvkeepi ng
the tenperature two tines within a tenperature range of 250-500C for about
2 to G hoursod Thistlistibecusentivenotgantguii: haedebisrms tikshant aneously to

cause_lowering of strength_ of the baked pody, in case.that the tenperature
i ncreésemﬁéﬂ% and e Bivp ?"‘é‘t‘lﬁllfézgegﬁ’éégé‘ FHf‘Be‘éﬁé GréaterihEh t he above
rate andpt,hat. the . tiE S ldHe D her 9 G B ~HiSynot taken. [00321
(CbnparafFVe éigﬁﬁﬁé 'Y g%%§ﬁ§§¥ks'égeghﬁ§9§§ﬁ%g?éﬂg?%%ﬁgaaic bi nder the
amount added i Thteanm@lyef psiddcom oxtidel olChmweirghitc BWxaihplcatatlyst
production method of Conparative Exanple 2 is the same as the fluxing and
product i oaMREthdY BExicsipul arqdet Bramstleod cekerptarahae Bximpk 5i| ane

treatnent the anpunt, of .silane added to HZSM 5 i.s 10differe 700331 in
Conpar at Ve DS b iE s P aRRE T bR Pl A TGS S At Fone T
1.1 vwei ghtfrM:np. terms of silicon oxide relative to the untreated FI Z5M 5.
Mol ybdenum was supported in 6 weight %relative to the weight of the

zeolite #IEY thelsipametive dapmem. 2, 18 100B8Y5 N ConparcdtivedBxanpl e 3)
Cat al yst shaped in,a binderl es nner (the gnount .added in terns of
11 con BIHETTE SIGRT Ghi- W) P SrFHGE F FOAR e Tt T
untreated HZSM-5.  Molybdenum was supported i 6 weight % relative to
the weight of the zeolite after the silane treatment.
15 [0034] (Comparative Example 3)  Catalyst shaped in a binderless manner
{the amount added in terms of silicon exide: 0.5 weight %).
(1) Surface treatment
As the silane compound, aminopropyltricthoxysilane (APTES) was
selecied.  APTES was digsolved 1n ethanol, and HZSM-5 was impregnated
20 therewith.
(00351 Then, a dry powder was obtained by a spray-dry treatment, followed
by a baking at 350°C lor 6 hours, thereby obtaining SIHZSM-3 supporting
silane 1n 0.5 weight % in terms of silicon oxide, relative to the untreated
HZSM-5.
25 100361 2) Impregnation of molybdenum
An impregnation aqueous solution prepared by ammonium
molybdate (NH )6Mo:Os)) is stirred, and SiHZSM-5 subjected to the
above-mentioned (1) surface treatment is impregnated with the
impregnation aqueous solution under this stirred condition.  Then, it was
30 dried and baked at 350°C for 8 hours, thereby obtaiming Mo/SiHZSM-5

supporting molvbdenum in 6 weight % relative to the weight of the zeolite




As the silane conmpound, am nopropyltriethoxysilane (APTES) was sel ected.
APTES was di ssolved in ethanol, and HZSM5 was i npregnat ed 20t herew t h.
100351 Then a dry powder was obtained by a spray-dry treatnent, followed by
a baking at 550C for 6 hours, thereby obtaining SiHZS1\I-5 supporting
silane in 0.5 weight "Ain terns of silicon oxide, relative to the
unt r eat ed__l_—|ZS¥ 5., 25[ 00301 (2) Inpregnation of nolybdenum An
i mpr egnat'i'éh TAgudsHS 161 IYR prepared by ammoni um nol yhdat e ((NHL) (Mb70, 1)
is sti rr?q,;z%.?a}nch;,siplﬁizks\%_g &H%ﬁgt ed to the above-nentioned (1) surface
treatment 1's inpregnated wi the i npregnati on aqueous sol ution under this
stirred condit hanhaikhien, i tyonaisi 80-cdidied (anke bakad: ak 250 f1041v8 hours,
t her eby obtai ni ng Mo/ Si HZSM 5 supporting nol ybdenumin 6 weight %rel ative
to the welghtrapfonties addid pad wht enusiletosh leadg beraat mditen, [DOPPE ded)
Pressure shaping = Met. hanol in 10 weight %relative to the, powder
after’ th& "Edﬁ'ﬂ‘l’f%‘f SR AT Y S ed “a\ﬁg{ Wels Zémug et b dppEhtt ¢ her ei n.
Then, thegg jer; | Ak owrer... ti shaping.nmolyd of 24nm and
2 dept b of T30m b g P A RIS A BB T e Fony e
A di sk-| ilkd-iok§ ebjeccompaated was bbslokew v hhaan hasmeilowld Hyowed by
granul ati on to have a particle dianeter of 2mm Then, the granul ated obj ect
was dri e Byagtigriterhavg evaperlatbasrhanel Zmmher Ebyn odteainimga e d10bi nder | ess
granul ar catal yst. [00381, (Exanple 1) Catalyst .shaped, jn a binderles,s
manner ([t)ﬁggg.!%uﬁ]t“%g%éﬁ Ulhﬁlmt%?(p s Lot Ql%ﬁp‘?tihé]é%?’o%‘ﬁgg} ﬁb{‘vgl%ei‘ght %
The igat ahisterProduchiuRn @iRed of Exanple 1 is the sane as the mxing and
production nethod of Conparative Exanple 3 except that in the 15silane
treat ment)t¥e dksuantolofl) §idtahet atidpdd tio «HESNEBlis ndirfifeer(ene anf«30891 t n.
Exanple 1, .M/ SifiZSM5 was obtained by supporting silane in 0.75 weight in
terns of “(g‘il‘:‘\{fj&bh”d}}ﬁ A HEPRORHE o W&Y‘%}Fﬁuﬁ’gat ed HZSM 5. Furthernore,
mol ybdenum was|§UpRENEEG: 1B R HEMhod SEERLLYE §9s tRENRl.ghtipf the
zeolite after the silane treatnent.

mixing and production method of Comparative Example 3 except that in the

15 silane treatment the amount of silane added to HZSM-5 is different.
[0039]  Tn Example 1. Mo/SiHZSM-5 was obtained by supporting silane in
0.75 weight % 1 terms of silicon oxide relative to the untreated HZSM-5.
Furthermore, molybdenum was supported i 6 weight % relative to the
welghti of the zeolite after the silane treatment.

20 [0040]  (Example 2) Catalyst shaped in a binderless manner {(the amount
added 1n terms of sihicon oxide: 1.1 weight %)

The catalyst production method of Example 2 is the same as the

mixing and production method of Comparative Example 3 except that in the

stlanc treatment the amount of silane added to HZSM-5 1s different.

25 10041} In Example 2, Mo/SiHZSM-5 was obtained by supporting silane in
1.1 weight % in terms of silicon oxide relative to the untreated HZSM-5.
Furthermore. molybdenum was supported in 6 weight % relative to the
weight of the zeolite after the silane treatment.

(0042] 2. Bvaluation of the catalysts of Comparative Examples and

30 Examples

(1) Vibration experiment

9




20[ 00401 (Exanple 2) Catal yst shaped in a binderless manner (the anount
added in terns of silicon oxide: 1.1 weight, (Y(;) The cat al yst
production nmethod of Exanple 2 is the sane as the m xing and production
met hod of Conparative Exanple 3 except that in the silane treatnment the
anount of silane added to HZSM5 is different. 9510041.1 in Exanple 2,
kto/ SillZSM5 was obtained by supporting silane in 1.1 weight in terns of
silicon oxide F&Idpnyerley she bt reladed (zsmples.. by pky frond, nolybdenum

was supperted in. 6 \ {0 rel t|ve to e after
the oil anenipuiliedbEante 5 §a5 a8 kit iunlts PENAimE Wil ELERYSES o
Conpar at i M(emBiﬁm?lhgﬁ and, 30 h@‘am rer§()1( 1) Vibration experiment The
bi nderi ess granul ar catal yst "(Exanple 1, Exanple 2 and Conparative Exanple

3) was pUurihtdradmyLnnﬂeraoprrBﬁﬂmdranﬂEardqﬁb ,ohldlOcmpandclthem vi br at ed

by a vibrator. [0013i in ',lie cataly ts of Exa and le 2 only
the parti'eres imldpedet é%%?“’t“he‘*t‘bf%i apidunt nﬁtéﬂ&laﬂr %«p@édnn@r the other

hand, in,. ih‘?xﬁaf‘q Aihar ﬂfjvrq?@%rlﬁyiv é(%%g@llgi‘?ﬁfznh «‘%:)[?/I’ %?KQ more than

80% of the tota nt were col'l apse ove results in

t he casehqﬁruaungnhﬁp@sxﬁm@gmmerless catalyst, in the surface treatment by
silane c nPo und, it is necessary that 10t he anmpbunt of the addition in terns
of silicOiiohti derins the 7hovetghtligapthrsne: oflognslt (2)n Bvaleuktton of the

t al 1 MI'B b
conduti ng™ e‘ﬁb%nflé@f“r‘é‘aéﬁ B D" P R AP GG T SoRPArAT g By bgen i n

(% and cagbop i @xirdge a'ﬂdq’uﬁ}/‘hp@{sﬂn‘il@ﬁf OBl-hang)d LN ak Q’!frqghfif’% 8r Hﬁhp
conponent net hane 15 as a | ower hydrocarbon with the catal ysts of

Conpar at [GfelSEx ditp Fes [iatando Rt fanch tBkanplce§rimang 2, and their stabilities
and catal yst activities were exam Her e, i son was made by

exani ni ng t he ghéh&é’“d(/@? W rwrwri?@&ﬁéﬁfeﬁegrbr rfarﬁﬁeﬂngar @nithe

exper i mept.ak; ¢ond| FiONg. &h e shWoh ik i £011L2MNG 6220120494 R Exper i ment  al

condi ti ons>
dioxide in 0.5% besides methane) containing as a main component methane

15 as alower hydrocarbon with the catalysts of Comparative Examples 1 and 2
and Examples 1 and 2, and thelr stabilities and catalyst activities were
examined.  Here. a comparison was made by examining the change over
iume of the benzene formation rate. The experimental conditions are shown
i the ollowine.

20 00461 <Experimental conditions>
Temperature: 1023K
Pressure: 0.3MPa
Raw material gas: CH; {containing 6% Hz and 0.5% CO.) flow rate 3000

mlhiz?

R
g

Catalyst charge amount: pellet catalyst 14e (the catalyst except inorganic
binder was in 11.5g), binderless catalyst 11.55¢

[n the analysis, hydrogen, argon and methane were analyzed by TCD
cas chromatography, and aromatic hydrocarbons such as benzene, toluene,
xvlene. naphthalene, and the like were analyzed by FID gas
30 chromatography.

[0047]  Tig 1 shows changes over time of benzene formation rate

10




Tenperature: 1023K Pressure: 0.3M Pa Raw material gas: CH (containing G%
H and 0.5% CO,) flow rate 8000 h-i 95Catal ysi, charge anount: pellet
catal yst 14g (the catal yst except, inorganic binder was in | 1.5),

bi nderl ess catal yst 11.55g in the anal ysis, hydrogen., argon and
met hane were anal yzed by TCD gas chronmat ogr aphy, and aromatic hydrocar bons
such as genzene tol uene, | ene, nap hthalene and the |jke were anal yzed
by FID g8dmgbs ctr'omat! bgﬁr@rﬁ@df [Ib@szmg 740l §EWS ”Eﬁhﬂgé’é(d%ﬂnf’i%el of
benzene fqr r at ( Lhe case tl 1 lites
(Gorpar at Toe el sty iR 25Ut B FET Bl AL Bk BEe 830 o' < ane
treatneng,mﬁna,uﬁpg1$@glhgnﬂﬂw2hﬂg a Iomer hydr ocar bon [00181 As is clear
fromFig. 1, it is understood that the benzene formation rate inproves by
shapi ng ﬂHéPﬁath+ys@vmmﬁaanhMekhEssundﬂﬂemmia@ﬂcﬁwﬂaﬂemwmﬁbhnaﬂpelIet

catal yst shaped b an inhorgani ¢ bi nder ven if the catal
produtti 6h¢ HHSAT DR P ‘f%é(gs;‘rlﬁaﬁllﬁgl ﬂm% SR HBCS A0 i §f‘

advant aggaks, 611 IREL, GAD DG SRR TG Ly ROLGAL BineLs. addagnl.h amount s of
0

0.75 weight. % and 1" wei ght int of "si'icon “oxi I'n 10particul ar,
t he advaniageoysoditach methodnspt:cdoas tha shhpiroahatisd iaddegnn. an anount
of 0.75 melght %in termof siljicon oxide. R00491 Furthernore, the

f or mat i of hsat&viwereut pHeqteasybe i@lﬁfluenwituh Ohie p'a‘slsabe“ﬁ]ff‘dtilhe in the

catal yst %m(ocf‘?lrtrp?f ?It_‘ 5} wopﬁw (m%l llla\{](qo%)( Ya 111 Pm s Yf sitlicon oxide. In

10 particular, the advantageous effect is conspicuous in the catalyst added in an
amount of .75 weight % 1n term of silicon exide.

[0049]  Furthermore, the formation rate lowers little by little with the
passage of time in the catalysts (Comparative Examples 1 and 2) shaped by
using an inerganic hinder.  On the other hand, as 1s clear from Fig. 1.

15 benzene is stably formed without lowering of the formation rate in the
catalysts (Examples 1 and 2) shaped in a binderless manner, as compared
with the catalysts shaped by using an inorganic binder.

[0050]  Thar is, the catalyst stability is also improved by shaping the
catalyst in a binderless manner.  Therelore, as compared with conventional

20 techniques (Cited References 3 and 4), the catalyst according to the present
mvention maintains a stable catalytic activity, although the reaction is
conducted under a condition (weight, time and rate of methane gas) that the
catalytic activity lowering such as coking tends to occur.

[0051]  As explained above, according to a method for producing a lower

25 hydrocarbon aromatization catalyst according to the present invention,
adhesion among the catalyst particles each other increases, and it is possible
to shape the lower hydrocarbon aromatization catalyst in a binderless
manner.  Thervefore, activity of the lower hydrocarbon aromatization
catalyst and the catalyst stability improve.

30 {00521 Furthermore. it is necdless to sayv that various modifications are

possible to the present mavention explained based on the above examples in

11




using an inorganic binder. Ont he other hand, as is clear fromFig. 1,
15benzene is stably formed without |Iowering of the fornmation rate in the
catal ysts (Exanples 1 and 2) shaped in a binderless manner, as conpared
with the catal ysts shaped by using an inorganic binder. 10050l That is, the
catalyst stability is also inproved by shaping the catalyst in a hinderless
manner. Therefore, as conpared with conventional 20techniques (Cted

Ref er enclls® s@vard thyiny h'eﬂtalatdawsltn deebraprgpe of ¢Haupy eadpbat Bkt i on

mai nt ai ns S t ti.c.activi e reaction is conducted
under a C%H ‘t?%ﬁgf?ﬁ %X¥n"d]““ “d}ﬁ%tg“”fnygl‘dﬂgnbas) that the catalytic
activity |lowering such as coklng tends to occur. [O005As expl ai ned above,
according to a nmethod for producing a | ower 25hydrocarbon aromati zation
catal yst according to the present invention, adhesion anong the catal yst
particles each other increases, and it is possible to shape the | ower

hydr ocarbon aronati zation catal yst in a binderless manner. Therefore,
activity of' the |l ower hydrocarbon aromati zation catal yst and the catal yst
stability inprove. [00521 Furthernore, it is needless to say that various
nodi fications are possible to the present invention expl ai ned based on the
above exanples in the scope of the invention described in the Scope of
Clainms and that these also belong to the technical scope of the present
invention. CLAIMS [Claim1] In a nethod for shaping a | ower hydrocarbon
aromati zation catalyst to produce an aromati c conpound by a catal ytic
reaction using a |l ower hydrocarbon as a raw material, a nethod for
produci ng the | ower hydrocarbon aromati zati on catal yst,




characterized in that the catal yst conprises a netallosilicate on which

nol ybdenum i s support ed, that a silane in 0.75 weight. % or
nore relative to the nmetallosilicate 10 conponent is supported, and that
the catalyst is prepared by conducting a conpressive shaping wthout.
addi ng an inorganic binder that. binds particles of the catalyst..
[aim?21 In a | ower hydrocarbon aromatization catal yst. to produce an

1. 5aromati c conmpound by a catalytiéﬂﬂ%gﬂgion using a | ower hydrocarbon as a
raw materi al , t he | ower hydrocarbon aromatizati on catal yst being
characterized in that the catal yst conprises a netallosilicate on which

nol ybdenlm:iig: sUppenteGhoA0Hhahapist hanecl Ry Qridrheh g m¥ ohiamr e rel ative
to the nmetallosilicate conponent is supported, and that the catalyst is

pr epar edebylcenduotilng: anconprassiorepsimapibmg: witthout raddiomguangimnor gani ¢
bi ndg{ t'()a\'xtfmbiil\q I%(‘.iﬁ)l' )rutnl ((1:1 ﬁsid%f 11121?31'191@ alyst.

a method for producing the lower hydrocarbon aromatization catalyst,
characterized in that the catalyst comprises a metallosilicate on which
molybdenum 1s supported,

that a stlane 1in 0.75 weight % or more relative to the metallosilicate

10 component 18 supported, and
that the catalyst s prepared by conducting a compressive shaping

without adding an inorganic binder that binds particles of the catalyst.

[Cladm 2] In alower hydrocarbon aromatization catalyst to produce an
15 aromatic compound by a catalytic reaction using a lower hydrocarbon as a
raw material,
the lower hydrocarbon aromatization catalyst being characterized in
that the catalyst comprises a metallosilicate on which molybdenum 1s
supportoed,

% or more relative Lo the metallosilicate

20 that o silane in 0.70 weight
component 13 supported, and
thai the catalyst s prepared by conducting a compressive shaping

withour adding an morgame binder that binds particles of the catalyst.




