DESCRI PTI ON TI TLE OF THE | NVENTI ON:  PROCESS FOR PRODUCI NG LOVNER- HYDROCARBON
5 AROVATI ZATI ON CATALYST AND LOWER- HYDROCARBON AROVATI ZATI ON CATALYST
TECHNI CAL FI ELD [ 0001] 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 RBESERIFENOMr M ng nmeasures, and an interest
inits use technique is increasing. Mthane resource naking use of its
clean property attracts an attention as the next generati on new organic

resource Wg@ source for fuel cells. [0002] In
parti cul gﬁ?ﬂ@@@%@e inv ]lrp on relates to a catalytic chenical

conver si FROECEYE BOR PROBUTING YO WEH-PHORUL ARBMAYI ¢ conmpounds, in which
benzene and napht hal enes, which are raw materials of chem cal products such

as pl ast iSOMABIZATTION (PABABKEY, ANBHLOWEFNHMDROCARBONen gas, from 20
nmet hane. 003] As a process for producing aromatic
comoundéwm%g%hydrogen froma | ower hydrocarbon,
particularly methane, one is known in which nmethane is reacted in the
presence of a catalyst. As the catal yst 25 upon this, nolybdenum supported
on a ZSMIEGHNIEAIzEOEILfE is said to be effective (Non-patent Publication

[ 0004] I—igé/)ﬁov?r, even in the ease of using these catalysts, it has problens
that car is ‘Prepresensdewentiomrelatesetoambigh dagrect wrstolovrveakgam of
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suppor t el 00ral £, Biseas, and methane hydrate are regarded as the most effective
energy resources as global warming measures, and an interest in its use
technique is increasing. Methane resource making use of its clean property
attracts an attention as the next generation new organic resource and as a
15  hydrogen resource for fuel cells.
[0002] TIn particular, the present invention relates to a catalytic chemical
conversion technique for effectively producing aromatic compounds, in which
benzene 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 hydrocarbon, particularly methane, one is known
in which methane is reacted in the presence of a catalyst. As the catalyst
20 upon this, molybdenum supported on a ZSM-b series zeolite is said to be
effective (Non-patent Publication 1).
[0004] However, even in the case of using these catalysts, it has problems
that carbon is precipitated in a large amount and that conversion of methane
is low.
30 [0005] In order to solve this problem, there has been proposed a catalyst in

which a catalyst material such as Mo (molybdenum) is supported on a porous



netallosilicate, as disclosed, for exanple, in Patent Publication 1 or

Pat ent Publication 2. It has been confirned 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 5 porous netallosilicate as a support having a m cropore

di anet er métallosilgate,enpdiselosed! fongxamblo, tiliBat@nhPablipatibh 1 AyBsaReeN | S

obt ai ned._ [ Q0061 Then, in Patent Publication 3 and Patent Publication 4,
zeolite iRsKakional.| yItrhsgiHeeacconfirmed ki Pasatdimimation brndPatensupporti ng
a netal gnent ., such as_ nolybdenum on zeolite, in order to inprove

sel ecti vﬁﬁ{/m]fa%lgﬁdz 9‘?%‘1%8%1 q“gfﬁlﬁ%aé@a%?i%eﬁi%%l%wl 1}"(5’8’6%) afﬂg’tdt}rg;, benzene
sel ecti Vichihpdands I OURE a @RbiystiN&hifRhahY¥El HRIRMLAE & LYp e d KN 1S
reduced, catalyst stability has inproved remarkably, by conducting a

mol eclll amporewemesatldabeatterasad sepportduchngs widraperd dieatetentbf 7on zeolite

(nmetallosilicate). 5 PRI OR . PUBLI.CATI . ONS PATENT. PUBL] T1 ONS [ 0008]
Pat ent PEPEFE DA :algaﬁaﬁé@gﬁa@ Erﬁh PUBIY &xdrese™NG obig 5 Pat ent

Publ i cat i[gfp@: S YN ' t Pyplication
3: Japane[se at "gggﬁgg]bﬁﬁ?tgg{n%lﬁgaogggé{}gg %nﬁbgtz éﬁ?&?@:ﬁ%@r %é;(%lll%;i%:
Japanese cRamged]lyAppidified ivoth Rullhine abimpound, p2@ o @l P 0dkiNOdHRATENT
PUBLI CATI ONS [ 00091 Non-patent Publication 1: JOURNAL OF CATALYSIS, 1997,
vol . 165 copponspt, sechagvmnine dopunyen segNg) onprder to improve selectivity

10 and yield of the catalytic reaction.
[0007] That is, benzene selectivity has improved, and, since catalyst
deterioration by coking is 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
Patent Publication 2: Japanese Patent Publication No. 3745885
Patent Publication 3: Japanese Patent Publication No. 3835765
20 Patent Publication 4: Japanese Patent Application Publication No.
2007-014894
NON-PATENT PUBLICATIONS
[0009] Non-patent Publication 1: JOURNAL OF CATALYSIS, 1997, vol.
165, p. 150-161
26  SUMMARY OF THE INVENTION
TASK TO BE SOLVED BY THE INVENTION
[0010] In the above-mentioned conventional techniques, in the case of
practical catalyst, it is necessary to shape the form of catalyst into pellet-like,
spherical, ring-like or honeycomb-like, or the like in order to bring a lower
30  hydrocarbon gas, such as methane, and the catalyst into contact efficiently in

the reaction container.



TASK To BE SOLVED BY THE | NVENTI ON [ 0010] in the 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
honeyconb-1i ke, or the like in order to bring a | ower 30 hydrocarbon gas,
such as nethane, and the catalyst into contact efficiently in the reaction
cont ai ner[0011 DOHLwdvewesrelite 288t lsthasryshRitssheif: anfhghaspeasidistasdr f ace
area of crystals, and have a weak binding strength of crystals with each

ot her, redifl bpngarrens Burdingstiemathof ernptalsteithsachother yernldingfram [ 0012]

Therefore !f%ﬁg%iC%arl“%?§§%§é&g#ig§i§§h§£§%%tﬁ 8‘5’@1 addi ng an inorgani c binder 5 such

as cl ay. %‘f e’in c binder, there has been a

probl em dioh ghvemhagefbte, GRiahy ks £H26R Bd % HyCal AN g hEIReSAc R e0f  Side
reactions that have no relation with the uses, the occurrence of coking, or

t he | Pke.sychomajlagur BhéheonByendeeofoptis morganounndef, théé basheeh at he si | ane
i t witten.,in Patent Publication 3 is

10 treatnent.in e si.l ane treatnmen
0. 25 wei goPl omawi"ﬁ%ﬁlﬁg o PRt CHIBC 1< 481 HaGICE B AIER O SFCaddi ¢ on of

the si!an@albfisal PRALAV AOEIRLLANRIt BB IIBRL W ddoh lkalc oFBLIERE, BHPAA catl on

{
4 is 0.5 weight % This anmount of addition of the silane trea
however, ldannot shape the catal yst particles in a binderless manner. 15
[00141 It i n ob{ ect of the present invention to nake it possible to
shape the[()@i@]; Verthgronga: theserigmivre ageaint ofiadgdionsd the sPadei de a net hod

for odygj r hydrogcarhaon aro i zaty on catal.yst tq.i ve

cat et efie e S ERRRPpE W T e PR a0 00151
net hod f areighgiCi0d thel@UBF hANAr QGAMBENI S SMbiZRb LN oL Bl WS tofehet hE
present invention to achi eve the above object is characterized in that a

| over hydilseariverinentugetheaslana awatmert iwalticand Potvenr; Piblicatiet Had f or
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cannot shape the catalyst particles in a binderless manner.
15 [0014] Itis an object of the present invention to make it possible to shape
the catalyst without using inorganic binder and to provide a method for
producing a lower hydrocarbon aromatization catalyst to improve catalyst
activity and its stability.
MEANS FOR SOLVING THE TASK
20 [0015] A method for producing a lower hydrocarbon aromatization catalyst
of the present invention to achieve the above object is 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 metallosilicate, a silane in 0.75 weight % or greater
relative to the metallosilicate component is supported, and the catalyst is
prepared by a compressive shaping without adding an inorganic binder that
binds particles of the catalyst.
[0016] Furthermore, a lower hydrocarbon aromatization catalyst of the
30 present invention to achieve the above object is characterized in that a lower

hydrocarbon is used as a raw material, and that, in a lower hydrocarbon



25 nol ybdenum supported netallosilicate, a silane in 0.75 weight % or
greater relative to the netallosilicate conponent is supported, and the
catal yst is prepared by a conpressive shapi ng w thout addi ng an inorganic
bi nder that binds particles of the catalyst. [00181 Furthernore, a |ower
hydr ocarbon armati zati on catal yst of the 30 present invention to achieve

t he aboveuobj@dlatich ealaeteprddted Mrophdlic BothYBHLIOYICACARBRFchetiNged as a
raw material, and that, in a | ower hydrocarbon aromatization catalyst to
produce dherratalystenpotings abypolyhtdanymi-suprated ongallosidicats, al sibnecionpri ses a
nol ybden u rted netal l osihli.cate,, a silane.din 0.75 weight % or greater
rel ati vquTth éé)lﬁ]e?’a(fll HERITICHRR 18%%%6‘?&%?%}@%@0%‘&]8%%?0&’&1?01 #t fhe catal yst is
prepar ed iy 3reATRhATHE G 1P b APYY OcditiddgivaHapeh @aNtigoti nder t hat
bi nds parsti’li}pgl 1es of the cat a?ystsﬁgf[eg%l?] g,&cccor I ng 1to aa%et%gg 019 pr oduci ng
a | owér mddling anbioorgaronhindat then kdatdsbysticlof of tiee patedgstt i nvention, since

adhesi on tallosilicate (zealjte particles) inproves, it is possible to
provi de a[%!)ﬁrﬁﬁ%%w%aﬁn%ﬁwﬁélprfa@ WHng 2 laMps hydipsahonakes a shapi ng
possi bl e ' i nor.gani ¢, bi ARV, GEOJS EFFECT OF THE

| NVENTI O\Ef]r ?S@f%?%élc@gg%%? Bh(?ﬁ{e(g% Ig)grép‘%'l#g%%t%@% é@ﬁéaél S pgssi ble to
produce anbeMkiillvngds 0alie padticleB) indpidves, kak abysibld b Frdvidwlgndwss manner,
and activity of the catalyst and the catalyst stability inprove. 15 BRI EF
DESCRI PTIHONToFarppE sprmatMasiqo@ie ]y siv yhidumaken anderang ipepsible f or mati on
rategver itt'gmeti n the case of .a reaction of each catal yst of Conparative
Exanpl es Rt BSIREATEDOTERRE IRl 2 with a nethane gas (containing 6% H2

and 0. 5% 90ANIRERERR: GINBLGT 9 THE INWENFH@N20 [0020] According to a

met hod for producing a | ower hydrocarbon aronmatization catal yst according
to an enifdidkenicafrditetptiesamive mventionnit ispessibleto hydhoear horer
aromat i zg{zyi on cgt alyst is shaped w thout _uaigg an i norganic binder, such as
clay bi ndBirotHEPBAFOMAFNIMGCatAlIh R @ hindeplesy mannercand pgayity of

the catalyst and the catalyst stability improve.

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0019] [Fig. 1] A change of benzene formation rate over time in the case of
a reaction of each catalyst of Comparative Examples 1 and 2 and Examples 1
and 2 with a methane gas {containing 6% Ha and 0.5% CO2).

MODE FOR CONDUCTING THE INVENTION

20 [0020] According to a method for producing a lower hydrocarbon
aromatization catalyst according to an embodiment of the present invention,
the lower hydrocarbon aromatization catalyst is shaped without using an
inorganic binder such as clay binder, thereby improving characteristics of the
catalyst.

25 {0021] That is, it is a method for shaping a lower hydrocarbon
aromatization catalyst, in which adhesion among zeolite crystals is increased
by supporting on the surface of zeolite crystals a silane in an amount that is
greater than that of silane necessary for the zeolite surface treatment, in
which a sufficient shape-retaining property is maintained only by a pressing

30  treatment of a compressive pressing, and in which the catalyst activity

characteristics are improved.



25[0021] That is, it is a method for shaping a | ower hydrocarbon

aromati zation catal yst, in which adhesion anong zeolite crystals is

i ncreased by supporting on. the surface of zeolite crystals a silane in an
anount that is greater than that of silane necessary for the zeolite
surface treatnent, in which a sufficient shape-retaining property is

mai nt ai nefhooal y 1hytha (Ht@sEig) ex3hpléLat ATRiverOhy Broe eSSy eiRitessi ng, and
in which the catalyst activity characteristics are inproved. [0022] In the

f ol | owi ng¢atelesminaicesrdafig o Howpresant toeentbonary exmdainest inodetedt al yst accor di ng

to the prgsent [nveg%ion) I e ex,lained.kﬁlpetail.({bwgfer' zeghite used as
a cat al yst'OV& 8 "ahe cHisoting “d Sh A BTS¢ P Hehhe SUHacs cat al yst
precurSortxﬁﬁﬂﬁ_@ﬁﬁ,eﬂl@é‘cgﬁa(?%éttl?re@ﬁﬁso@%htpgbf@eﬁ% iéblﬁe%?@%%t?ﬁmﬁ@%tgr esent

exanples, and it suffices to use zeoli a silane conpound, an

pr ecursorthsuse lof dlse podsghd erampled)iactl drsafocenphiski 2dliby, 4 siéawescri pti ons of
Pat ent Publicatipns 3 and 4. [0023] In th& present .invention, as.a

met al | osi fRRAW ﬁnﬁhﬁleﬁe%‘ré%%wﬁws malgpdenung whash are exesrplifiadhye, in the

case of ' dbicatemn it i I: tp mention nol ecul ar sieve 5A
f auj asi t?*‘%@‘%@h@oﬁgﬁ?P%@Rﬁg“gﬁ?eﬂ%ﬁeﬁ?’%. ch are porous bodies forned
of silicapand] allurhapresdnrihbention as 4 im@alobicarerpwiiited bitageel ite

supports characterized b?/ bei ng porous bodi es_contai ni ng phosphoric acid as
a main compbdasuanarthdyvioigxanareper 8 eare of kdwmenesibeaig, 3isavgsiblons, such
as ALPO-5, VPI:5, 15 etc., .and SO-m.cr ou u =Such as FSM 16,
Vo 40, deeentighanfiefier sttt ae il HORE AR R e a1y

cont ai ni NYCNIWY Rehiek afe GOIRA B ic 8 ISk nshRbAGHiRA Iat@th IbYhigy! | ndri cal

m cropores (channel s) of nmeso-m cropores (10-1000 angstrons). Furthernore,

besi des therthbowmerglitivhimbsidsicogtlded by zeditposyipokies dhmraseraedsiyal | osi | i cat e

formed of silica and 20titania, etc. as the catalyst. [0024] Furthernore, a
met al | osiM4IREPEIE Cﬁﬁs PR AR SROSD BN aF & Heu FEBPYNBREAAAYI ng a

surf ace %Rﬁn%&gi%ﬁ%@oﬂr&@Q\nh’lif[a%n%fbdof%-%%}g%tﬂﬂnﬂ?%% ﬁ%ﬂ?ﬁ?pﬁ@,a{{ﬁl% range of

5-100 angstro Furthernore, Tn case tha € reta . OSlI e’i's an
al umigosidtt ¢ ahd medo-iSciRP9solH Qubsrus suehesOF SH- 16 CRIGNIT, Rac.; = 1- 8000,
which is simlar to the content ratio of silica to alumna (silicalalum na)
of por ougobbeingsg sHiga & @ nyEnscalnopeay aindapimsiallyt candaiingwdvarina msree
preferabl e to make sil,i ca/al um.na vvithdn g Lange of J]g)-loq )| 1
component and chatracterized by cylindrical micropores (channels) o
meso-micropores (10-1000 angstroms). Furthermore, besides the above
aluminosilicates, it is possible to use a metallosilicate formed of silica and
20  titania, etc. as the catalyst.
[0024] Furthermore, a metallosilicate used in the present invention is
desirably one having a surface arca of 200-1000 m2/g and micro- and
meso-micropores in a range of 5-100 angstroms. IFurthermore, in case that
the metallosilicate is an aluminosilicate, it is possible to use one of
256 silica/alumina = 1-8000, which is similar to the content ratio of silica to
alumina (silica/alumina) of porous bodies that are generally available. 1{1is,
however, more preferable to make silica/alumina within a range of 10-100 in
order to conduct the aromatization reaction of lower hydrocarbons of the
present invention with a practical conversion of lower hydrocarbons and
30  selectivity to aromatic compounds,

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

ot



order to conduct the aromatization reaction of |ower hydrocarbons of the
present invention with a practical conversion of |ower hydrocarbons and 30
selectivity to aromati c conpounds. [0025] Furthernore, in the present
invention, the | ower hydrocarbons signify nmethane and saturated and

unsat urat ed hydrocarbons having a carbon nunber of 2-6. These saturated and

unsat ur ateghifty icrbanband Havi-N@dantRaiRONuRBTRERY ®locdrifhedinnggexenpl i fied
by et hane, ethyl ene, propane, propylene, n-butane, isobutane, n-butene and

i sobut eneareer numiExANr €S Thoessiatiratdogud tingatwited bydeacanheirocar bon
aromatizgtion catalyst (i,n the follaow ng it.Ls, abbreviat: S catal yst)

( Conpar at (‘\Yénfﬁﬁacr%i’ 1{1}1@1&&9&4}&{3 “SHale Wlfflé‘r%gyé 1‘?’?1%r(’ggﬁﬁ%lebi nder (the
amount  addgdahd FRpPRrl nHiltaGRNiBKLEEe, ARt A is¥buldhd Lic. Sur f ace

t r eat ment As the silane compound, am nopropyltriethoxysilane (APTES)

was sél ediXAMPPEES was di ssol ved in ethanol, and HZSM5 was i npregnat ed
ry. powder. was obt ai ned. by. a spr ry treatnent,

forl mé%@%@ﬁ 2@%3%&0%&@5@@@ B{dﬁo%f@%,al‘?ﬁ&*&ﬁsﬂ%bffaéﬁﬁiys;ﬁgﬂsmﬂzsm 5
PGt ISR DGRt i e o L Ean 0 g 1o ke L
aqueous Cbuipaeatipe dhaimepleb)) almBIstaldboAN Y diaikear( {%hﬁmaa@ is
stirred, and Si HZSM5 subjected to the above-nentioned (1) surface
t r eat nenttheamepng gadeddn wprms oheilicap osgdeitd. o weeagldloWs sol ution under this
SUITEEd GONELHadl trohifine' ¢ W8S
As the silane compound, aminopropyltriethoxysilane (APTES) 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
silane in 0.75 weight % in terms of silicon oxide, relative to the untreated
HZSM-5.
[0028] (2) Supporting of molybdenum
An impregnation aqueous solution prepared by ammonium
20  molybdate (NH4)¢Mo7024) 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
dried and baked at 550°C for 8 hours, thereby obtaining Mo/SiHZSM-5
supporting molybdenum in 6 weight % relative to the weight of the zeolite
26 after the silane treatment.
{0029] (3) Shaping
(3-a) Mixing
Mixing of inorganic components: Mo/SiHZSM-5 (82.5 weight %), clay
(12.5 weight %), and glass fibers (5 weight %)
30 Total mixing® the inorganic components (76.5 weight %), organic

binder (17.3 weight %), and water (24.3 weight %)



dried and baked at 550C for 8 hours, thereby obtaining MJ/SillZSM 5
supporting nolybdenumin 6 weight %relative to the weight of the zeolite
25after the silane treatnment. [00291 (3) Shaping (3-a) M xing M xi ng
of inorganic conponents: M/ SitTZSM5 (82.5 weight %, clay (12.5 wei ght

%, and glass fibers (5 weight % 30Total m xing: the inorganic conponents
(76.5 wei(@hs) JMapink gdaihedbi nder (17.3 weight %, and water (24.3 weight %
(3-b) Shaping nethod ~ The inorganic conponent, the organic binder, and
the water wer e Tedagrgagetchmpopgnt H@errganty pndporandothe Wetdrowex by

bl endi ng and .kneadi nq by a_kneadi ng nmeans, {(kneader,),. Then IS mxture was
ohaped TAnged Peati ot pir Bad BPo B BOVER G andienynd KoBadint

ext r uder .,y TR @ ASin@AnR (RRSHIE). UPPRed Nikis SN2RLAGURShESEd Bltod AMPA.
[0030] In“general, "a catal yst support used for reform ng hydrocarbons is
used &s ahipevdedeteatladmsat xHyngih fuynpalig bk olaesuhawktrgder. pdflié cl e di anet er

of several mc¢rometers to several hundreds mcroneters. In the nethod for
10 pr odu@HEESIHR PEGHSAIG 3P oB [H P RAMRE RS Selatle? 8MiBacat al yst  support

and et el 0870 ol BRb el FREy i 8 AR for i R PRl o i

(no shapiwi@dpies Suwehed\bdthlywst IR @nd pHa@ticRAG dvies alakid: diamddlr 9fcase,
since there is no shaping pressure, the anount of clay added to be added as

a baki ng saveramaisromstens torsdeeral hwwslrade mikeorhelerng hatle weghaddut 40- 60
shapiflg BEPRGeBe/ BB G BRY FORRRT TEI (P D 5uaPBrEmBefabuce t he
e ht o6 K T e byt oo,
are mixed together into a slurry, followed by granulation shaping (no shaping
pressure) with a spray drier and then baking. In this case, since there is no
shaping pressure, the amount of clay added to be added as a baking assistant
15  in order 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 possible to reduce the amount of an additive, such
as clay, added as a baking assistant to 15-25 weight %. Therefore, it is
possible to improve the catalyst activity, too.
20 [0031] (3-¢) Drying and baking
In the drying step, it was dried at 70°C for about 12 hours and then
dried at 90°C for 36 hours in order to remove water added in the shaping
step. In the baking step, it was baked in the air at 550°C for 8 hours. The
baking temperature in the baking step was made to be a range of 550-800°C.
25 This is because lowering of strength of the support occurs at lower than
550°C, and because lowering of characteristics (activity) occurs at higher
than 800°C. The temperature increase rate and the temperature decreasc
rate in the baking step were set at 90-100°C/hr.  Upon this, in order to
prevent the organic binder added upon the shaping from burning
30 instantancously, the organie binder was removed by keeping the

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



20 [0031] (3-c) Drying and baking In the drying step, it was dried at
70C for about 12 hours and then dried at 90C for 36 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. 25 This is because |lowering of strength of

the suppofd ¢ @oaus.s BhislioWetaddtahedn@bniANAdbebause id MBI Gy to
characteristics (activity) occurs at_hi g)ger than 800C. The tenperature
i ncrease ¢anse lawgringeofisérqrethtalithe beked dodyriatcasp thahthbtdnperadtiep were set

t 90-100C/ hr. Upon this. i der t t the organig bipder added
the  shapi RS THSHABEA RO e 6MIRST GeReBHary Pt HES GTGaAT Chpr SBEADRES T emoved
by keepi nﬂaztb%dtﬁ{&%h@tt%g S rhbYTRS t‘ﬂ'etoli‘?é?nﬁ BigaPe[al 4 @ kkange of 250-500C

for about to 6 hours. This Is beCause the organic binder burns
i nst arft anE©38l y (Compauseve Gammiplg Df Caméygtshapbd thiyeudakeoch imodyanicn case

that the tenpergture increase.rate an he tenperature decfease rate are
great er t]PIiéi’Irﬁrlg%' I@"%‘H@VHHF §§§e‘§%t‘%-‘}%§ Og HCPR Hé@brl-]r@ﬁieﬂhtn%st he organic

bi nder is not t - i aped by
usi ng an inor gaﬁ?%g%ﬁa??’d%&qﬁak%é(a%?mﬁg(ﬁb 8%8%?3%&&%@%&@?% ?Z%F\E%xi de: 1.1
wei ght % salhe asahaly&inghadysbiastisrehiietodof Comarativeeitxapp e 2 is the
sanme as the m xing and production nethod of Conparative Exanple 1 except
that in téreept Hameln teatibrnet trepenenbiin asoust phadane added do 5 iss

10di ffere tf“ 1510033] In Conparative Exanple 2, M/ Si HZSM5 was obtai ned by
supp(}totin fé?‘? einl.1 wight %in terns of silicon oxide relative to the

unt r eat edghEgM In (MRhYLLRIEYRS YR PRIV SIBIZSMES WelstHtalbddehat i ve to the
wei ght of the zeolite after the silane treatnent. 15 [0034] (Conparative
Exanpl e Fupfatrthygsilaskaped] iweighbvnoetel essofrmahoer oidheebatbvento deded i n
terms of silico ide: 0O ight 9% . (1) Surface treatnent . As the
si | ane cdﬁﬁ@%w?i Iﬁ?ﬁﬂ&ér o&?‘i’l\g’gﬁ%‘ﬂﬂ&‘%? pRRBROTABTES) weht JATElALE, OAPTES was

di ssol vedqypion, &LRR0Pthe 208 ELIMANAS1HINLENRESE 20 therew th.

15 [0034] (Comparative Example 3) Catalyst shaped in a binderless manner
(the amount added in terms of silicon oxide: 0.5 weight %).
(1) Surface treatment
As the silane compound, aminopropyltriethoxysilane (APTES) was
selected. APTES was dissolved in ethanol, and HZSM-5 was impregnated
20  therewith.
[0035] Then, a dry powder was obtained by a spray-dry treatment, followed
by a baking at 550°C for 6 hours, thereby obtaining SiHZSM-b supporting
silane in 0.5 weight % in terms of silicon oxide, relative to the untreated
HZSM-5.
25 10086] (2) Impregnation of molybdenum
An impregnation aqueous solution prepared by ammonium
molybdate ((NH)sMo70324) 1s stirred, and SiHZSM-5 subjected to the
above-mentioned (1) surface treatment is impregnated with the
impregnation agqueocus solution under this stirred condition. Then, 1t was
30 dried and baked at 550°C for 8 hours, therchy obtaining Mo/StHZSM-5

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



[ 0035] Then, a dry powder was obtained by a spray-dry treatnment, followed
by a baking at 550C for 6 hours, thereby obtaining Sil-1ZSM5 supporting
silane in 0.5 weight %in terns of silicon oxide, relative to the untreated
HZSM 5. 25 100361 (2) Inpregnation of nolybdenum An i npregnation
aqueous sol ution prepared by amoni um nol ybdate ((N144)6Mb7024) is stirred,

and Sill | £8M Bhsuivhectiedtienthe above-nentioned (1) surface treatnment is
i npregnated Wi th the inpregnation aqueous solution under this stirred
condi t i onl0OBAdN (3} Pragssyrashapingd and baked at 550C for 8 hours, thereby

obt ai ning M/ Si SM 5 _supporting nol ybdenumin 6 weight %relatiye to the
oei gnt of the sgirae ARG eieRd ERviireto e mondS B e S bt esur e
shaping - reparMEbANA! addbdlOn e a8 8b Bl Eiidehil® PRVESH ort NE

cat al yst %lregggr at?on V\%S ad%écgwand avl\llas caused to ﬁl end ther eieriiug. Teén, t he
powder5 5 wag pmtitinicna posdpovompactingatinpng: sleddiofig dmhe oid O 2ploénd a
depth of 30mm and then conpacted with a pressure of 2.5 netric ton/cn2. A
di sk- | i ke3@Bpeanddbapsempdcles whitor SFSHUrA oA 2Hamebric tpplemsned, by

granul ati gn, t;a_have a rti.clie diameter 2 The th ranul at ed obj ect
was dri ed‘%ﬁ{/( lg(ed(gli”g?t %%%%%g%%seﬁg)%ﬁ%n%ﬁ;%ﬁg#e €1’ 2‘*&%"&1’ eﬁq ﬁﬁ a 10

bi nder | esgyaghaatibato Gakvalaysdrticld AD38btet-f e Whewathe ysinsheped in a
bi nderl ess manner (the amount added in terns of silicon oxide: 0.75 weight

% djectcanalyst Ipr adurritorevapotidd eshaixatheieby ohtginihg asane as the
i SN0 aieLon et hedof Comarative Example 3 excent (hat in Lhe 15
1, a0 ERARCHSA P  HKS  R hofinf Vet o
added in terms of silicon oxide: 0.75 weight %)
The catalyst production method of Example 1 is the same as the
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] In Example 1, Mo/SiHZSM-5 was obtained by supporting silane in
0.75 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.
20 [0040] (Example 2) Catalyst shaped in a binderless manner (the amount
added in terms of silicon 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
silane treatment the amount of silane added to HZSM-b is different.
25 (00411 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. Evaluation of the catalysts of Comparative Examples and
30 Examples

(1) Vibration experiment



Furt hernore, nol ybdenum was supported in 6 weight %relative to the weight
of the zeolite after the silane treatnent. 20 [0040] (Exanple 2) Catal yst
shaped in a binderless nanner (the anopunt added in terns of silicon oxide:
1.1 weight % The catal yst production nethod of Exanple 2 is the sane
as the m xing and production nmethod of Conparative Exanple 3 except that in

the silane trearmmndemﬁesag@aﬂma@fcaw&aﬂ@%ﬁg;& 1 OEkEeaMid2 ianadi fferent. 25
[0041] In_Exanple 2, 1VIo/SiElZSIVI-5 was obtai ned by supporting silane in

1.1 wei ghtompanatiee Hxaoipleid) ivcorpeixinde ar@ilatdev of HB30rhm amd nebepsll ofiZSM 5.
Furthernoye, nolybdenumwa.s supported in 6 weight %relative to the weight
of the zeiffcinf"ealﬁ@é‘?n Y’;Bé\glg‘?qs%é ‘Bg’éfﬁf)hent. [0042] 2. Evaluation of the

cat al yst s[opf3fco W%ﬁ@%hyﬁy@émﬁ&?@gl n%pg@lsa@m,(&ﬁ%\ﬁég RaHiORs gAPer | ment

The bi nderl ess granul ar tatal yst anpl e nparative
Exanploe 3bona%of thetatahamountdesreafoltaps@im @nche odhet hand, ik0dm  and t hen

vi brat ed by f vi hrat or. %043] In the catal ysts of Exanple 01 and Exanple 2,
only t he $RALISEPESOMPazakingixemplerd.tthe nagtiglesafonete thane8@61aldbsed. On the
ot her hand,.i Al of; Conparative Exanple 3, the particles of nore
t han BO%Q%?dlt%gB{]@f gl%agﬁ%%#sev\iere col | apsed. [0044] Fromthe above results,

in the cadvedsl @sbmghietalaseaebindenl scaalofsig itids 4 Behddridace treat ment
by silane conpound, it is necessary that 10 the anount of the addition in

terns of witplysbrindbiedwiriacegrastnmenight stlooe compeunfl0il4s he¢eysaky dhatat i on of
conddd nd"5 BReaCel TR GinR (e ran e an BTG50 CoRE RN Phg” Hydbogen i n
6% and cqpbap] d(XtdAukRofl o thRatAFS: PRbAARhcEONt &l Ning as a main
conponent net hane
Next, benzene was formed (MTB reaction) by conducing a contact
reaction of a raw material gas {containing hydrogen in 6% and carbon
dioxide in 0.5% besides methane) containing as a main component methane
15 as a lower hydrocarbon with the catalysts of Comparative Examples 1 and 2
and Examples 1 and 2, and their stabilities and catalyst activities were
examined. Here, a comparison was made by examining the change over
time of the benzene formation rate. The experimental conditions are shown
in the following,
20 [0046] <Experimental conditions>
Temperature: 1023K
Pressure: 0.3MPa
Raw material gas! CHy (containing 6% Hy and 0.5% COy) flow rate 3000
mihlg?
25 Catalyst charge amount: pellet catalyst 14g (the catalyst except inorganic
binder was in 11.5g), binderless catalyst 11.55¢
In the analysis, hydrogen, argon and methane were analyzed by TCD
gas chromatography, and aromatic hydrocarbons such as benzene, toluene,
xylene, naphthalene, and the like were analyzed by FID gas
30  chromatography.

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

10



15 as a | ower hydrocarbon with the catal ysts of Conparative Exanples 1 and
2 and Exanples 1 and 2, and their stabilities and catalyst activities were
exanm ned. Here, a conparison was nmade by exam ning the change over tine of
t he benzene formation rate. The experinmental conditions are shown in the

foll owi ng. 20 [0046] <Experinental conditions> Tenperature: 1023K Pressure:

0. 3MPa RayuiBl &1 8l in0is: cabbdhi € BIMSNIY 139680 HRe AT hp S04 2T x4 hpled Bt € 3000
25 Cat al yst char&;e amount: pellet catalyst 14g (the catal yst except

i nor gani cabflfdend Hxempled 1 88g) 2) pibiesed de silone atgpgment g used for| n t he
anal ysi s, hydrogen rgon anpd net hane were anal yzed by TO gas

chr omat og?h%ﬁ@ﬁg’é’r%ag)r‘g‘ﬂglﬁigoﬁ Gcarbons such as benzene, toluene, xylene,
napht hal eng)4gandd R 1bd K GoeE . ana! K28MHRY6h RPhdRehSBe AILRIRLRGARNY [ 00471
Fig. 1 shows changes over tine of benzene formation rate (nnol.al.gl) in

t he cadse tiatinhiFSieSby ghepiraoihiet @talySompartahilede & ampines, ds andp2reand

Exanpl es 1 and 2) subjected to_silane treat nment. re used for aromati zing a
| ower hydWaichi BEHet ¢ t sRappd a|%%ngwm@10%§n§% Pgelwﬁéwstood t hat

the benzepg g tgﬁkhﬂ&i& B?ettﬁojé %P}Efr"ﬁﬁmb%q%}fa%ﬂg q&%o‘d%%%&%hg{ef‘ a
bi nder | es$” frenner, as” conpared W th a pellet -catal yst shaped by using an
i nor gani cThig@Fantayesud éffddd @agdieadondirnprdomubsthommtaBishodd@tdes than the
shaping nethod is the sane. This advantageous effect can be confirmed in
bot h cat afysuatsaadeddiveighblnasd df 1 orershingiigHermsadgilicon qwlght s in terns
of siJjcon oxide. ln 10 rticul the advant ageous effect |s .conspicuous
" tH capapatts heataRGiFeas abtr (oIt RnERE b rRaiETradf R o
oxi de. [ 0RASLnFUr bIaY WRiehi, o e 169k BRLIIQBnI iG] OWers 1ittle by little with
t he passa[ge of time in the catalysts (Conparative Exanples 1 and 2) shaped
by 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 inorganic binder. On the other hand, as is 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] That is, the catalyst stability is also improved by shaping the
catalyst in a binderless manner. Therefore, as compared with conventional
20 techniques (Cited References 8 and 4), the catalyst according to the present
invention 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. Therefore, activity of the lower hydrocarbon aromatization
catalyst and the catalyst stability improve.
30 10052] Turthermore, it is needless to say that various modifications are

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

i1



using an inorganic binder. On the other hand, as is clear fromFig. 1, 15
benzene is stably formed without Iowering of the fornation rate in the
catal ysts (Exanples 1 and 2) shaped in a binderl ess manner, as conpared
with the catal ysts shaped by using an inorganic binder. [0050] That is,
the catalyst stability is also inproved by shaping the catalyst in a

bi nder | esghenmopebf tHh ateheion dasribednardd b of ONyient haRahalfhdrchni ques
(Cted References 3 and 4), the catalﬁst according to the present invention
mai nt ai nsalge Sekmigetoddediegnicahstopeiafyhe airesrnighvehdoneaction i s conduct ed
under a condition (weight, tine and rate of nethane gas) that the catal ytic
activity lowering such as coking tends to occur. [00511 As expl ai ned above,
according to a nmethod for producing a | ower 25 hydrocarbon aronati 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 catalyst in a binderless manner, Therefore,
activity of the | ower hydrocarbon aromati zati on catal yst and the catal yst
stability inprove. 30[ 00521 Furthernore, it is needless to say that various
nodi fications are possible to the present invention expl ained based on the
above exanples in the scope of the invention described in the Scope of
Clainms and that these al so 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 5 | ower hydrocarbon as a raw material, a nethod for
produci ng the | ower hydrocarbon aromati zation catal yst, characterized in
that the catal yst conprises a netallosilicate on which nol ybdenumis
supported,
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that a silane in 0.75 weight %or nore relative to the netallosilicate 10
conponent is supported, and that the catalyst is prepared by conducting a
conpressi ve shapi ng wi thout addi ng an inorganic binder that binds particles

of the catalyst. [Caim?2] In a |lower hydrocarbon aromatization catal yst
to produce an 15 aromatic conpound by a catalytic reaction using a | ower
hydr ocarbon as a raw materi al, CLAIRIS ower hydrocarbon aronmati zati on

catal yst being characterized in that the catal yst conprises a
netallosilicate on vvhi ch nol ybdenumis supported, 20that a silane in 0.75

and that (BB alst 4 Sph BBy T RanA RO H O BLHPE Shapi ng
Wi thout agddhRt3H prH@E@3Y ar&h It coldRun KPS BRI LiE 8St9in LBRLAT al yst .
5 lower hydrocarbon as a raw material,

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

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

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

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

[Claim 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 is
supported,
20 that a silane in 0.75 weight % or more relative to the metallosilicate
component is supported, and
that the catalyst is prepared by conducting a compressive shaping

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