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DESCRI PTION TI TLE OF THE | NVENTI ON: CATALYST AND
PROCESS FOR PRODUCI NG THE SAME TECHNI CAL FI ELD 5
[0001] This invention relates to a hi gh-degree use of
natural gas, biogas and nethane hydrate, in which
nmet hane is a main conponent. Natural gas, biogas and
net hane hydrate are regarded _as the nost effective
energy resources as a%@ﬁ@tﬁﬂ@’m@b@ounter gl obal

T P AR VBN ER Tl ERNp ER LR  HOR

PRODBDOING TR Amovel organic resource in the next
generation or as a hydrogen resource for use in fuel

TESHNICAL FHELDg use of its clean characteristic. The
Og)r eient‘ Invention_relates to a catalytic, chem cal
G094

eFBIEORVEREARITglATeANd aakught%ﬁgpfge usprdatr drgas, giogas and
R gl SR oS 0B E TRANER o,

biolgh€ Andrefloamd By @Fdtalae @b gd Rl 8Nt K n 0ok QEfdetiFe cBUERy

as plastics, and a high purity hydrogen gas, from
rapeHERaTES BNEKEROUND cTETHN giokal waoringsand phexdere dminterest

e L B AR
ad 8 dRBLLAE IO reflirk$n RRESERE %ggra%i&%@hx %thy@%gﬁﬁgfesource

catal yst on this occasion, no enum supporte
fozSieandeel edly byl muking usabflits@ldmn efifeaterietic. The present

. (Non: i cat | Publ i cation 1,
irbigPEiD ToDies A GHABIIC EDEIFH TREeraaBdeghrissioipd A catalyst

. t- .
PSR aheLe, Sor DGRy ph RGOS R which
bemgdnernpt aephthathemre ausiescdohpo@dnteptvdlisls hr@ehwvihhyerials of
to dq%i{eri rate in a short tine and. causes_conversion
chamIGRL DRRHS oS URh 1 lastygoand prhighdanrit hy g asnegasfrom
HRERRLEM there has been a study in which the catalyst
I's shaped into pellet type, which is usable in a fixed

BACGKGROUUNBRIBCHNIQUE ity, and the proportion of the
cat ?leégt conponent contained in 30 the pellets is
(9002 eAs acprosesicler sredupingranonatit comaeunds, sichhas benzene,

aﬁ% %g?g(?gex}l ﬂrg%ﬁe Hﬁe&:@gﬁgbﬁﬁeagsglg%%\ivé%g vpﬁl%hrx%ae sijtr?en ist Ydhéted in
the presence of a catalyst. As the catalyst on this occasion, molybdenum
supported on a ZSM-5 series zeolite is said to be effective (Non-patent
Publication 1, Patent Publication 1, and Patent Publication 2). Even in the
case of using these catalysts, however, there occur problems that carbon is
precipitated in a large amount, and the carbon precipitation causes the
catalyst activity to deteriorate in a short time and causes conversion of
methane to be low.

[0003] In order to improve this problem, there has been a study in which the
catalyst is shaped into pellet type, which is usable in a fixed bed type
reaction facility, and the proportion of the catalyst component contained in

the pellets is increased to achieve an efficient reaction with methane. In

the case of the fixed bed reaction type, however, there has been a problem,
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1 since it becones essential to use at |east 10% of

i norgani ¢ and organi c caking agents in terns of
mechani cal strength, and since the size is limted to
millimeter unit or nore. [0004] As shown in Patent
Publication 3, there is also a study on the 5

cata{ st havin ?rain sh pe tha LS usable in a flow ..

SR 1t YRR et Bal FuPR FJ i 6f InArRE DY BRS PrEBRic caking

a%énttshﬁ t‘éi‘%:%'o\f% &Piﬁ@@e&&ex? 1S bind%ih %l’?éas' 81181 Rited to
ecomes 500 or Tower Trom the’ vi EWpoi nt s of  wear

milnhstanast andnorenpact resistance. This is inferior to
the pellet type of a fixed bed t){lpe of the mechani cal
ethe

04dnde shawpust Revent Bublidasiono? chese aeelsotresbatyady she
LB PSS B b BERE BBARS o et

L P -naten
R oAy, DR b R PR G ohehP B AR the
gilzinp (hecdm@s 56% AT LB tKA @51 H 086 e Hategistance and

. Publication 1. Japanese Patent Application Publjcation
Ipppetetesiance 3gEhsapdpte st e pedletAyrs b anfaxed bed sype of

j ' | I [;Sei - 60514 Pat ent .
BB s Rt A Aol PurBedat Shs e bt i
d&haweated in 268306 pSLMIAIT ik, HHE csBAATN] §IN-cERAKrd10 Bl

SO_VED BY THE | NVENTI ON 25 [0007] In order to inprove
fsion of nethane, it is essential to inprove the

c
1] ct between the reaction gas and
Pﬁ?fﬁ%ﬁé}f%ﬁL%@%l yst shape al so gives a | arge
NONPATENT PUBEICARPONON process. The shape is
roughly classified into a pellet-type shaped body for

[005dd Wewr patent Brblicdtasn flod ONTRNAL e FaBd T W HI, BO97, pp. 165,
Inlé@ﬁgﬁel | et-type shaped body, it is 30 necessary to
PRavé erials other than the catal yst, which are

PATENTPIVYBLICATIONS

[0006] Patent Publication 1: Japanese Patent Application Publication
Heisei 10-272366

Patent Publication 2: Japanese Patent Application Publication Heisei
11-60514

Patent Publication 3: Japanese Patent Application Publication Showa
61-266306

SUMMARY OF THE INVENTION

TASK TO BE SOLVED BY THE INVENTION

[0007] In order to improve conversion of methane, it is essential to improve
the efficiency of the contact between the reaction gas and the catalyst. The
catalyst shape also gives a large influence to the reaction process. The
shape is roughly classified into a pellet-type shaped body for fixed bed and
granules for flow bed and moving bed. In the pellet-type shaped body, it is
necessary to have materials other than the catalyst, which are necessary

upon shaping, such as organic caking additive, inorganic caking additive,
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upon shapi ng, such as organi c caking additive,
i norgani ¢ caking additive, 2 glass fibers, and
pore-formng material. Thus, it is also necessary to
consi der the influence of these additives on the
catalyst. [00081 In the case of granules, there is an
advant age that the efficiency of contact wth the
glasa dibiesy ajukpore-forpring sdateuealt o Tihwsi it isradbo npegssacy éo
size of, 5 _.several %ens g. mcroneters gp severa
UeCE OftREreAdBVeR OGRS tALIRE, it s
S g | ; f [ :
(OB PN (e T2 ol A S0l DEVREIAAE M) O Efi ey of
citaciiweth eieereichenl @fs isimpredsd desitdtihedesaal gdieici@asize of
I mpact resjstance. To satisfy these, it is necessary
sqverd tensrofgaromesersrtaragvesalundredsnf geicapmetarsof Qrhehe

aki.n Q, addi tive, besides.the catal yst terpal .. |
o i 2 RSk i B Bo kB be et bl e RO in e
reiRERnYBcb . OMRIBfdraUaNL ¥ ssAteAT QR theaMdhGfeLlire difperior in
catal yst by spray drying only a raw material zeolite
wpantlesisisnee rand thermadldmpaat eesatinoe. brlokertidly théwe, it is
action of transportation qr the |like and vi brogtLon. .
ne¢eSPRPLIRmIX OF caat thegranyles with 2 large amomnd ok $he ggking

: , ' PRt ef It I
=W RREREAEG: AR bl B Pl S Bl Pacon
Ppbhcaxdén Snitpisgoesiblé o obalidirogghhespliedcdlgrantddsadfyidie
producti on process for produci ng aronmati c conpounds
e dwars anly arew mpdeoehzesdiie powdestsinyiy, but they

F
e D P e

Thbidbrg dt bynedekbafigtoamiratsalitdk lchkaiLa £6Y, deBided thaWaw
materjal. [00101 Furthernore, the catal yst for solving
myaferiphggolite pevedaral yst prepared by the production

t silicate-containing raw
h@a‘?gﬁsgpﬂé%ﬁg@%ﬁt@#&ng a 25 netallosilicate
[Oveel nOT ks roRaBfst Yrodustide prbaissifsr §Mb§x§%ﬂl§é A dlista eatalyst
e

to 6.5 angstrons. It is better to mll
prastugtionsprocess for maond neimgrdraimagyc eoppaundsiand kydrhgehditom a

5 B, 5E ol PR B A8 Gl B TS o9 R pray
dBAhEehettvdla Slurk @éhtéiﬁﬁ@lﬁfcggalyﬁé’mﬂﬁf‘Bb%h@&tb‘irdmﬂling a

fromrhenium vanadi um nolybdenum tungsten,
metallosilicate-containing raw material.

Cc

[0010] Furthermore, the catalyst for solving the task is a catalyst prepared
by the production process.

[0011] The metallosilicate-containing raw material may be one containing a
metallosilicate having micropores of a size that is substantially 4.5 to 6.5
angstroms. It is better to mill the metallosilicate raw material by a bead
mill such that the particle size of the metallosilicate becomes 1.0um or less at
a cumulative frequency of 50%. It is better that at least one metal
component selected from rhenium, vanadium, molybdenum, tungsten,
chromium, and their compounds is supported on the metallosilicate. It is

better that the amount of the molybdenum supported is 2-12 weight %
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30 chromum and their conpounds is supported on the
metallosilicate. It is better that the anmount of the
nol ybdenum supported is 2-12 weight % 3 relative to
the total anount of the catal yst powder. It is better
to dry the slurry by the spray drying nethod after
aging. As the aging, it is possible to nentio

redatavel to ghe totial ammmt cefrthawﬁbglprﬁ‘ép@\ﬂdﬁr anltas rbeéffer e rdn’ﬂlthe

SLiFE) B bt SBep e merholiaiinn aingn 45 (e AEine, 115 possible to
|
SQF‘h%h &ahgix@%ﬁll %d%g%ﬂ:gﬁrﬁg‘%ﬁﬁﬁ W a‘ﬁoﬂﬂgggﬂpg A9 tE1 ?el ature

ernore ti onal yvin
ad thmlal phesstiraaf lels beatar thed th@ méth] B¥Mpdrent iesupported on
slurry. ADVANTAGEQUS EFFECT OF THE | NVENTI ON_ [ 0012]
th@c@@t@ﬂqﬁgllc@ethma@methmetair@mmemtwgtthprs(lawaft i on

PRIGEFRD S 47 Spbidfial B GN pRiaia ¢ ReRSPCeRe ltthr pefuaped to

a@PQ]A{)F{QF{;BM%MrS} crash strength wth no use of the
caking agent, while increasing the effective area of

ﬁ&&@USwEFi‘LE(E’E@F JHE hHIQMt al yst. BRI EF
OF THE DRAW NG 15 is. an SEM

L%{?\‘%&S dart ai’(hor‘fﬁ et é%&) cq 1@% ro]auctmn process of

{ u
t“.@ﬂ*s BEERE |Eincks M0k o ARBARLAY (PR i Bigor e
catabystfaredtdparnve @ n @0Bh stfreggrnutidsnofuskodithe eahng::hgent
_i s an SEM ghot raph (accel erating. vol tage: 15.0kV;
erragrfastehthopticat voayeop! Greatyrtalige sp gIRarp of the
;let t4 is an SEM phot ograph (accel erating voltage:
B0k magni fi cation: 20,000) of granules of Exanple
BRIEEET DESBJRH—"BIOISHD/FDFH_@RMFINGC%I erating vol t age:
38 magni fication: 1,000) of granules of Exanple
5§ isgury SERR péema@;ﬁahége@éw mErkrgei HyokV,

i, 5 000) of granul es of
mﬁgngﬁigdecl%;leQbMof &M %‘%ﬁ#pﬁmlpogr aph) ( maggl fication:
1, OOOFlgS izqwaigSEM ?hbt&ﬁihbﬁf(ﬁcéﬁleﬂtﬁ@%ﬁaé@ 180kVSI

and M) on the surface of granul es of
magnification: 20,000) of granules of Example 1;

Fig. 3 is an SEM photograph (accelerating voltage: 15.0kV;
magnification: 1,000) of granules of Example 2;

Fig. 4 is an SEM photograph (accelerating voltage: 15.0kV;
magnification: 20,000) of granules of Example 2;

Fig. 5 is an SEM photograph (accelerating voltage: 15.0kV;
magnification: 1,000) of granules of Example 4;

Fig. 6 is an SEM photograph (accelerating voltage: 15.0kV;
magnification: 5,000) of granules of Example 4;

Fig. 7is an SEM photograph (magnification: 1,000) showing
distributions of elements (0, Al, Si, and Mo) on the surface of granules of
Example 4;

Fig. 8 is an SEM photograph (magnification: 10,000) showing

distributions of elements (O, Al, Si, and Mo) on the surface of granules of
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Example 4, 30 Fig. 8 is an SEM phot ogr aph

‘(magni fi catl on: 10,000) showi ng distributions of

el enents (0, A, Si, and Mo) on the surface of

granul es of 4 Exarrpl e 4, Fig. 9 is an SEM phot ogr aph
(accel erating voltage: 15.0kV; rmagnification: 1,000)
of granules of Exanple 5; Fig. 10 is an SEM phot ograph
Etampdd df at i ng vol tage: 15.CkV; 5 magnification:

5, 500). f granule of Exa le 5; and Fig. 11 |s SEM
phot e pBataEsAP: i@mé@)atg}gowa@g 5.0V

di &l d Mo h
mREhi il ijota*'f oo pt SRR o faible 5\ o2 E R bamit Mo
out TF‘i% hbl\{E%!Bl ﬂ}l\/ﬂﬁh&%ﬁ)h (el Bloyadl &0t MY

slurry 1n which a netal l'osilicate-containing raw
magnéficationtids50®ef granbet efifximphd § amdper sed by a

ey vl SR Bhe @erebl (Sedniion i i Q00 othoing
d{%&ﬁﬁﬁnﬁpg ‘3?’ ‘é%éxﬂ&tgg(@ 9\lf 8 rﬁupM{)? BnRfe dﬁﬂf&’({e (Sf; %ﬁnnﬁ‘es of
e

uct'i oh grocess accor
Eﬁﬁﬁﬁﬂ@ﬁ |nvent|on is 15 possible to conduct t he

aIIo n the sl urr to stand still under an
NE?HE?BQ NG OUS! THHE SNVENFEONa ur e and nor mal

BRALH e Lfﬁmtil%% AR ﬁﬁsgwsvr?@@fa Iliopilispee genipining

r&x@tndh 865ial HER RSenthiBéd laﬁa% BREd1EBE Ae dCRFRBMRAA mill, it is
sel ected from rheni um vanagl um 20 nol ébdenum

canviegbacety, grmudes bmspaay dtrhiexgrmwﬁﬁmnbsa ad theatwins

1 hi t t |
o POBR e iR iR P v e Datior AL Hmadnithe
c&ﬁ@ﬁt%ﬂﬁbﬁb{n $r8cd a@c&rcﬁﬁ?% kREDreddIf invention. Itis

metal I'osilicate is illustrated i n Japanese Patent
pogspbliedatdond uPuthe aginigoy aHO@mgvmﬂurSpee istandibtil, umder an

the tallosilicate porous netallpsilicate), 25 for
ERaTIRES oA HE § sati? GmBRF AL AR permAl PRéssuFe.

R ety

bodi eThé mmetadﬂosﬂmaté lcomtaanmgafa;mnmmﬁialrcbhmimr@ a Catalyst
mca%grig? at least one metal component selected from rhenium, vanadium,
molybdenum, tungsten, chromium, and their compounds and contains as a
support, which supports this catalyst material, a metallosilicate having
micropores of a size that 1s substantially 4.5 to 6.5 angstroms. The
metallosilicate is illustrated in Japanese Patent Application Publication
2004-97891. Specifically, as the metallosilicate (a porous metallosilicate),
for example, in the case of aluminosilicate, it is possible to mention
molecular sieve 54, faujasite (Na¥Y and NaX), ZSM-5, and MCM-22, which
are porous bddies- formed of silica and alumina. Furthermore, it can be
exemplified by a zeolite support, which is a porous body, in which phosphoric
acid is a major component, and which is characterized by comprising
micropores or channels of 6-13 angstroms, such as ALPO-5 and VPI-5, and a

mesomicroporous support, which contains silica as a major component and
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exenplified by a zeolite support, which is a porous
body, in which phosphoric acid is a mjor conponent,
and which is characterized by conprising 30 m cropores
or channels of 6-13 angstrons, such as ALPO 5 and
VPI-5, and a nmesom croporous support, which contains
silica as a major conponent and 5 partially contains

partialiyn gontains @ As a comdpeidndhand w:hmhaetcharéz@drllayd by
ndrical m cropores nnel s). of mas or es
CS(CIX%&%C%)‘O‘@I‘EH@@E%SO(EE?HH‘*&8? opgTem IO Fngstroms),

sl BFQ"’SMEI% aH& &he . Féﬂﬁélle' 'é)‘é@fcﬁs tfe alummasﬂmate a
or e Sili

rretaI03|I|cate ca and fitania, etc.

nltalodichtefbrated dfsibes andl tiinih 08E6¢an 3)soRIPREAT: b@\lﬁw
OF SUPPORTED METAL ON CATALYST SUPPORT It is a

cafedf¥r abl e met hod i n whi ch nol ybdenum of a

RS (L SUPORTANE S BiPPormEl MRAON qararysT

sUeEr@pgqunt of nol ybdenum supported is preferably 2-12
Ww%relative to the total anount of the catal yst
af t er Itbiskd prefefdliia Thethod in Whia‘temoinHhDP\ﬁAatmeﬂBErmined

slurr In.the case gf .baki ng %r anul es Lned by
C‘b‘i%ﬁ“ﬁéatb’?nf%%“%&ﬂ’r& W%eﬁﬁ? BHOPr?emseltﬁ ?%1 cate asasupport

THERALR00L LR AL bpbEHs SR SO B IR o
total brddis, oftthe @p@l@z@taaiergfmges bur st and there
occgrs a phenonena_ to generate defects in the

r Hck bejtente add PMA ovihe surngada, theiase of baping geanules
oﬁ‘{}ﬂngﬁ %&V&%Hé’@kr&ets ?a? %Iﬂyﬂ%]}n%t]%c? gllilg Eld@%ontm%lhn% the

m cropores-in as escapes trom

cgiady popewiier fhlted QytaSbéiﬁd oAlE Bat Inc_», endrtated® 110 ORS igbhBuled
prevent the burst and generatl on of the 20 defects.

dunneathisubakior. PVt thes,dbecwhesicpl aramalep ;bu@stlandxml%te

relativ mstallosl cate

ofGh3a ¥iphbneht I BRSNS pER GbR sbBErRab Ef mug®a B pvais

aRHe& EPVAliSaBbARAA iRl 12 nSdwed aruﬁhg%e %k@ﬁg tﬂb%dﬁl& Many
a bead mll a netallosilicate raw nateri al

mtertmqres initbegeanulzs. wiihetgaagrsepes frone t]mstgas pore to the
ter or

oRBRRFT o 8ith ¢ i iapsathur (A PrOreR e o Fonegabion of the
dSFRBOT L TRE adBudTRIFP VA to be added is preferably 0.1-1 wt% relative to
the metallosilicate in the slurry.
[0018] (3) MILLING OF CATALYST POWDER

There 1s mentioned a process for preparing a slurry obtained by
milling by a bead mill a metallosilicate raw material or a metallosilicate,
which supports the metal component, into 1 micrometer or less. The
metallosilicate raw material or the metallosilicate supporting the metal
component (hereinafter, catalyst powder) is weighed relative to water to
make a slurry solution, for example, to have a ratio of catalyst powder :
water = 1:4. The mixing ratio is not limited to this, and it is preferable to
make a suitable adjustment depending on the properties of the

metallosilicate used. The slurry viscosity on that occasion is preferably
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conponent (hereinafter, catalyst powder) is weighed

relative to water to nmake a slurry solution, for

exanple, to have a ratio of catal yst powder = water =

1:4. The mxing ratio is not limted to this, and it

Is preferable to 30 nmake a suitabl e adjustnent

dependlng on e properties of_ the tallosilic te
10cps orriewes um@nvmé%l@gw CSA ISR P OBEeE AR Wker, the total

aﬁlgu&%rg?v%eweppe%gﬁag dtofﬁt?{% #B?er} ghg'r%ggﬂ:tﬁgfcatalyst powder
is ﬁdﬁ&ﬁh&é@éﬂrﬁﬂg by H B udtif et abod . 41%3 fdiemediml YIF it is
i's added under stirring by adjusting at about

fa&tdr ﬂh@m fleis, theneatalydtfpawtddreoatatites amtdoprecipitates e the mixer.
yst. powder coagyl ates and precipitates in the
Thesapto st FrasCptsierahle. | Dmiue grerup SHHEre ah uppd gne that can

PR N R RIS e oo o

Iwpatiiculagl the !slladb I s&ﬂ@e%ﬁpan@@pieetdﬁ@f BResdncire it dirhiied.
are not limted. [00191 Zirconia is preferable for

(A& lermfgab%aagfen%‘é]@ fon thpanBling bepfr useflapbp bsyd mill.

he bea b ti
(ST o S hehoad Ry R e BEERERY: Blipsp MRS for
ciePARETg tAd él'u'i‘gy of ehdi@isat € (Yoi{d\f?:@\/iﬂﬁhng of tBe Ehjcdlzé‘tgpowder.

can be adjusted together with the bead size and .
Thieneilling cag bdadiusted togrther whth tee bbhdside zad ghe tame. It is

ofteF e il thel BT ey R b s Ry e L Suh Rt e
PEHIYLALLY B tHo SRUANH1OL X Bhopf Rl 1 BYRIBE fossldl 4 BEmGatve

ZSM'5 raw mat an 15 average particle size
frefyudady of 58%m |Fdirmexatmople, amthe casesf PS¥EBMasy matarial of an

a%{;g@;%%ﬁt@”&%w&é%%ﬁga@w“ ki pontaned by miling
@%@%ﬁ&kﬁ,ﬁ ]I-Ih&%in CTR gbﬁb%glﬁe(a lgspgﬁc}ﬂgé glﬁ&}ataiﬁquder is

rédv@eedd Bjr)ssﬁtcﬂﬁmgehe Islilpbhﬁh&@ fﬁdntirdlcvséﬂ §¥5temSHd den system.

dryer j nentioned. It Is preferable to directly dry
[@}ﬁvjﬁ gd‘li rry prepared by (3) with a spray

dryer A Sedf cﬁ‘ a%gl u:l] tm tﬁia\(/: giﬁ,{nﬁo&gé in tl@e

days). oug ype ray S no

snﬁﬁﬁrlvﬁ*ﬂh%rép& ;y d¥yef s nerdQMuER T qt §@b§é’fer£’l§"l'é%| (ﬁfecftlyoﬂ\i'y and

systemis preterable. The nozzle is preferably of
mulaltq hel Shuzzlm'epymrbhy (3 with pepray dbyer enugsit after aging

f(irlu%::g?%rzp(:hagel y% éﬁggﬁ.l f}\ft%o grﬁm ety‘pe o?'%ﬁg Os“pggy g?ygrhles not
particularly limited, a downward spray, parallel flow system is preferable.
The nozzle is preferably of a two-liquid nozzle system. It is preferable to
suitably change the orifice diameter, depending on the slurry viscosity and
the particle shape of the catalyst powder. Operation condition of the spray
dryer 1s suitably adjusted depending on the slurry viscosity and the particle
size of the catalyst powder in the slurry. The operation condition is not
particularly limited.

[0022] According to the catalyst production process of the present invention,

1t is possible to provide a catalyst that has an increased effective area of the
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the particle shape of the catal yst powder. Operation

condition of the spray dryer is suitably adjusted

depending on the slurry viscosity and the particle

size of the catalyst powder in the slurry. The

operation condition is not particularly limted. 30

[ 0022] According to the catal yst production process of
catdlysperseat sunrfsenpaxrhy millingohdwseaalystogsydan daanometer

.cat t fhat h [ d f ' f th .
ok YRS hISh e, A0k So5ed LI SFILYE RIS L cvenit

cat { . el ;
R ARL RIS S Pohntprc
sphbricADgfakiles, RueiH hisbagk diffichitcirefalliag granbéoise method.

easily possible to produce spherical granules, which
Furabetwere.di becauks ppesibly to emitgemgnsadbi eadueetthednosganic

B AU e N R e
ca?&%??éwﬁ@%oﬁ?a&ﬁé@@ﬁfthegBSn | on the catalyst
powae r

contarned I n the anul es. [0023] Furthernore,
[oDe3bdtutksrmany, it becoméopaty te updorinly keppettatheometdieon the

cat al yst powder. and | s possihble to provide a catal.yst
catpkyist pewegp amdgs RSt 4 PIOVige @p‘?l‘t@;y%ft ds @Pﬁ‘%ﬁ}gﬁkn flow

P . . natis _

P SR PR SL3E RS Ehralh, LS RAD B pogratine

tHehrataBisalpoodizp aviehttht ené §2é compoadne dyalddihg the metal
powder - contai ning slurry. Crash strength_ of

th
cogipanardstoribe grdied catalvst ROvHIITCHRAHNBFEUPVA Cagh strength

. Fooga i . i
ot Etpul i Brtomhdh Ao, o R PR (BRELHAS
[002AP 5] (HERWEHRAT E Vix deXHRLecdddiAg t3 thatiakyatiopcwder

according to Conparative Exanple 1, there was used a
canyparasfvenestaahblesite shaven. a prot on-type ZSM 5, havi ng

v ' ' Im and a crystalline

[(@??Z géje%‘ﬁgé‘%}{ﬁh@ m@ésﬁze and 20 crystalline

si ze XMEhQaNERSHpBE dBY acadrelih@td B e 2R BELmYAé Uethere was

of the particles selected at randomfroman electron
usrdca dgpo pbmstiatlosliapte, a/profpuntype UM pr. dysaneg annveaage

a sqlid er concentratjon aof 2 % by usi,n i .
PEITGIF PUAT Gl n 2995 PUBTE LR OZR L SR LI Riggicle size and
cr¥stAlid S Wi rfl b8 By LadUh Bt HRYa FeraBE U16KY/SH the
particles selected at random from an electron microscope photograph. A
slurry was prepared to have a solid matter concentration of 20wt% by using
purified water as solvent.
[0026] This slurry was stirred for 1hr and then granulated by a spray dryer
(Type DL-41 made by YAMATO SCIENTIFIC CO., LTD.). After setting the
operation conditions to have an inlet temperature of 230-240°C and an outlet
temperature of 90°C, drying and granulation were conducted with a dry air
rate of 0.8 m3/min, a nozzle spray air pressure of 0.1MPa, and a slurry feed
rate of 20 g/min. The obtained granules were dried in the air at 120°C for
20hr. Regarding strength of the granules, crash strength of each particle
was measured in accordance with JIS Z8841. Crash strength of 15 granules
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25 (Type DL-41 made by YAMATO SCI ENTIFIC CO., LTD.).

After setting the operation conditions to have an

inlet tenperature of 230.240C and an outl et

tenperature of 90C, drying and granul ati on were

conducted with a dry air rate of 0.8 nB/mn, a nozzle

spray_air pressure of 1MPa, and a slurry fee
Ohrﬁlz@gf/aﬁrrﬁeaw bt ﬂwere?&b@s V¥aSY @keadls WasHlgss than

0 gﬁaqﬁp %ﬁ; 24 3 ggtg{aﬁmg lugréf’ {raﬁr%goﬂh% mb hgurmg

ﬁgd in accordance W th JI S Z8841. Crash strength
of 15 granul es 8 obtained was measured. As shown in
[o0&al e (BXAMPDE ) anul e was | ess than 0.06 gf/ me2,

whi ch was the nmeasurenent |imt _value of the neasuri ng
appar%ﬁ@scat?b’@‘ZPPWBE)’(AWL’@nlg te Exampleat, 4hgxe w a type

oFEREILNS, OB, Rokind L6 AR 1008148 and
c1SisER | e AZEHAHEMA 'Iq{eyédt%ﬂ&sltriﬁvﬁie&ﬁra@rf nﬁ{ﬂerfﬁm vas of
catal yst powder raw material was of ammoni a- tgpe and

ameneert Bgpetandcatventad repmtondyde dyi cogdaichialg mbaking
treat ment at redet rm ned tenper.atur.e. was
e BEREHE g A Wy O e TH e e B RSk MetalkatRot sulinoited on

| Yor met hod of the catal yst
ZS%Qseﬁ ﬁlstt 5 p g&,@ﬁ F&ébb&gescrl bed. 4kg of purified

Q058 Fmaymegmmﬂgemathwa of thd kafabfsttvervdat by ydtead mill is
dt t t of fied

d mtree:ﬁ*t o Akeg 3 ;ﬁnﬁ@&‘ “@32?%%\&1@%& refér[%r%?? ABBQ?Eba&@talyst

p%d@r Stdd il ¢ Eggm%%&g 8f @g@#ﬁtnffgd ‘k??er]éa%}ttt’ﬁl 1%‘11% a stirring

powdeér was a e nut e. ter t

ccaduanmgm ciwWhilkabtating athmdwaf ashptrel 2Rd totlhmbuast the
started to circulate and mll the slurry, A part of
calipdy s RAFIeT N as pdled ad R0 minutet epliar that, 1%slrﬂrﬁﬁw§ulatlng

ot MR ePEAL. 400 RASE S B L BF ORI illery.

art c Size distribution o

p@ﬁwtarhe slaflyewds sdlebotihigt sHangevil éh13 hﬂﬁu@és hfter the start to
particle size distribution 20 of the catal powder .

megsuze the shursy é’ﬁfﬂﬁltﬁfaftd‘r’éiqmﬂtmg smerrblsémr\;uupatqf rtge catalyst
e E L
oblee edtalPR eSSk Eftemihditart S022] milMEiy, th8Rirculating
granul ation nmethod of the catal yst powder by a spray
pumewas stopped, and the slurry in the system was taken. The recovered
slurry was 3.76kg relative to 5kg of the added slurry weight.
[0029] Then, the granulation method of the catalyst powder by a spray dryer
is explained. The slurry formerly prepared was subjected to an aging for 5
days. In the aging, the slurry was allowed to stand still in the atmosphere
of air of normal temperature and normal pressure. Then, the stirring was
conducted in a stirring container. After setting at an inlet temperature of
230-240°C and an outlet temperature of 90°C, drying and granulation were
started by a spray dryer (Type DL-41 made by YAMATO SCIENTIFIC CO.,

LTD.) under conditions of a dry air wind rate of 0.8 m53/min, a nozzle spray

air pressure of 0.1MPa, and a slurry feed rate of 20 g/min. The obtained
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is explained. The slurry fornmerly prepared was
subjected to an aging for 5 25 days. In the aging,
the slurry was allowed to stand still in the

at nosphere of air of normal tenperature and nornal
pressure. Then, the stirring was conducted in a

stirring cqntainer. After sg(t:tin t a,P [ t .
gxta@n%%z wers drigd mz:ér@-es_iiu,@@:lgﬂ 4o S0BF-ct higﬁ\‘léﬁ%ﬁ@%
90C, Vi [ .
o §p B o AR R AR a2 PRt LSRR e
rer%rglﬁ-n(])t}ﬁé' RUEFa FLPHAULI AND Yinfs) PFer K stteREtE 8F thOkrdhdles is

, a nozzle spray air pressure of "'0.1MPa, and a
shaiver 1y Thbkd3r ate of 20 g/ min. The obtained 9 granules

wer ried in the air at 120C for 20hr. The SEM

{00§9§n2E'?€@?VI'BL&$} onI m cr oscope) phot ograph after the

dr vi . . , T

Vel udton RS pblsth oodid By BRI 2 VIRSUBE IR & oype

of BetARRRcdt8, T8M-6, Baving &Q&Qbréé@?ﬂ\fméﬁe dizeAf um and a
mple 2,

catal yst powder according to Exa ‘there was used
crystalpae side ofet. 2hiosi The aubse Xemt Prepaxstinn eondivionsgae

st Eutmot Tor SANSE chave lhRgse ke barfrlesist o
dExamatient, tﬁ@!@%@a@s@ﬁ@%@eﬁﬁﬁﬂ@ﬂ%gﬁlquealdqﬁxiﬂ.ar el $EM

size 10 distribution of the catalyst powder mlled by
phdtegbaeid ofithd graindeSEW thptspiragdapér 6FytehBLot hmadesbpy

T s S D G T L
- T o ' .
R e B R e

Egaagie gtwanglhosfedlnd tgreansh etreageloblthg gt onulks according to
Example 1. [0031] It is understood fromthe results of
Exapide 1-and Table 2 that nilling of the catalyst

(PR, L BOPRAHIEHS BROBBLEE RS DIGEDIPOIRLELiling o

tlebétaly $t PoReddr, of HIMRS geiRlous Glatiduh &8 r sBR ISdtomes poskills in a

1 and 2, by spray drying the mlled catalyst 20
shhdame. FliueHermnte, ltas nossihle e obtaimcompacdsenheriesl

Tabl.e 3, it iS. sible obtain hi gher. _cprash
stiruRate d iR aRe LRk i By miiddtaypyet
p&Rtet NeMRBERY 086 Vd 918 cledirdftra/tie RRANVURICRUMA13NitNE possible to

slurry mlled by the _
obtain a higher crash strength by granules of Example 1 obtained by aging
and then spray drying a catalyst powder-containing slurry milled by the
bead mill, as compared with a catalyst powder of Comparative Example 1 of
a nano-size (crystal size: 80nm) obtained by simply spray drying a slurry.
Furthermore, it was shown that, since the granules of Example 1 have an
increased crystal surface area resulting from the milling of the contained
catalyst powder, the efficiency of the contact with the reaction gas increases,
and they can act as efficient catalyst granules even in a reaction under a
high flow rate condition, such as flow bed process. It was also confirmed
that the above crash strength can be obtained by milling the metallosilicate

raw material by a bead mill in a manner that the particle size of the
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bead m |1, as conpared with a catal yst powder of
Conparative Exanple 1 of a nano-size (crystal size:
80nn) obtained by sinply spray drying a slurry. 25
Furthernore, it was shown that, since the granul es of
Exanpl e 1 have an increased crystal surface area
resulting fromthe mlling of the contaipned catalyst
mebaliesilicatiecbaspmmesi el @ lesnapaxdivudarly ) Bim; greless, 4t a
reag i.onf as inch@?/&s, and they can act as efficient
ey Pl TEARRRRLA %0 i n a reaction under a high
[ §€$M t by on, such as flow bed process. It was
[Ofglgg‘%v cggn H%@? %}O that the above crash strength can be
obt ai Aed dayalyist pbowdet hecording ko Fixanc@lee3, thave wasesedla type
by a bead mlIl in_a manner that the particle size of
of; metallosvbeate) SM P hagneeap rysrageopaiicle gy of 42um and a

BB S i s SR, Bt ol g
aRTEN AL 3P el dh EXHRI & Bto %ﬁﬁbﬁ-%é byS@dRictivigen bakifg

netal losilicate, ZSM 5, having an average particle
trearmeant ad 2nprddtarminedsenipgaratus. zMetalsmas fhesupported on

oS8 SRRl Ehabl 225, 1, oL ype and
(BT PRl P B ST 1% 01 1R i s
el af DOB3] 2Cg of piyrifibdevatek v gweiiHeddreddtitd eo Sagaf yhe
S B8 T SR A e S
SRR g Pk BB Pl 5 BUELEL 0, BRARLgge o

t1f catalPdtrgRided Was hatlad agrOnd/nthuté heAfrat ahygta powder
was added at 400 g/mnute. After that, a 15

skhirgy icjrcg] ating aunywashrenaednangill @@s harteditogizpulate and
ted to ckrcul at d mll-the rr I n.skhr
R i bR v ST S g R was

cORAEHE R R tHMY bilysBaltingsdiad bf 02uh ZeABler BtepPingithelcirculating
stopping the circulating punmp, the slurry in the
puyat, dhewdsrnydkdihe system acas/trkea. s|'The yeogyeredBslokyy was 18.9kg

BB S8 R SR e B e noo o
[ddRelcahahyaiie PRWHRALIBY RetHYIRN heXakalyss p6¥BbAbP&kpray dryer
The slurry fornmerly prepared was subjected to an agi ng
if explained. The slurry formerly prepared was subjected to an aging for 5
days. In the aging, the slurry was allowed to stand still in the atmosphere
of air of normal temperature and normal pressure. Then, the stirring was
conducted in a stirring container. After setting at an inlet temperature of
230-240°C and an outlet temperature of 90°C, drying and granulation were
started by a spray dryer (Type DL-41 made by YAMATO SCIENTIFIC CO.,
LTD.) under conditions of a dry air wind rate of 0.8 m3/min, a nozzle spray
air pressure of 0.1MPa, and a slurry feed rate of 20 g/min. The obtained
granules were dried in the air at 120°C for 20hr. Then, a baking was
conducted for 5 hours under 550°C.

[0035] Regarding strength of the granules obtained, crash strength of 15
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days. In the aging, the slurry was allowed to stand
still in the atnosphere of air of normal tenperature
and normal pressure. Then, the stirring was conducted
in a stirring container. After setting at an inlet
tenperature of 25 230-240C and an outlet tenperature

e T T SR
d f
POy e P S 3l e

s HEFY of ﬁ@gf&ﬁﬁﬁe@fva%%cﬂ/mgﬁer {hen ebtdEftedn. gr anul es
weré dried in the air at 120C for 20hr. Then, a baking

[00:86] 3Blovo poapwreyl of the Bravoues wasdeased50Cthg bOl‘-lB}ienSltY

Regar di ng, strength of_ .the I ob} aj ~aarash .
W%Bﬁ‘glpﬁgbmefg dpseqinged 1828 50a it &1 @%13% (£ Sbtain flow
pfERSYY SRS L (R wh) ASERREARTE Ik by thrd g bepPiy)
Theas baswehtsigtwatonidiected ancdredingas Kaotaltaghe IWst;h‘aip density

60.8 gf/mMm®. [0036] Fl ow property of_the_granul es was
meAsEEe ANt mset aflk dhagnegsremeaniirieshtire shettpin Table 5. A

e R AL D e
g@ug@tf}g BRI f18berty TG RRASHE ggﬁg&lewagormct ed

cording to Kawakam "s way tap ity neasurenment
[opaHoJEXANMBIaddr ement result is shown in Table 5. A

Teans 8P A BEIAERE PR 40" PONETO R dwipiiapds g as a
niétgﬁﬁolﬁbohgﬁt A APPBE VGS the FftallbSliR4te. ( mlelf:nﬂ)}e Hhe

to the catal yst powder according to Exanple 4,
cm}ilysttdmmdmasnaneﬁmdacbf tcherm@aelmit eXxgng lqomdlhee&hmm ashbe

allosilicate. Furthernpre, uction
tl ’E?Fi“PHQnﬁF%%héﬁita%Q geto X%Iﬂa?esgr%x aysng a
I
R0 S AR

pownipe methleddyy & hendgndi.i on on the catal yst powder
m | l.ed. by a bead mIL [ 0038] Fi E;Jy, there is
f

[QOcHHa ' isdlyn therers §xBiainssd acgakhe %Hreﬁ]’&&&ff ARg sugporting
ofa lh Leh g{; Be W RUPRAr LB Eglﬁgﬁé offhd LAk J}}ﬁ%gxgﬁpﬁ Y¥ad mill
2ikgd:e"rtht=, Réuggprep aret hndaﬁtle@smh@&ﬁnditnﬁmﬁp kkos® of Example 3
was aged for 5 days, followed by stirring in a stirring container. Then, to
this slurry, there was added an aqueous solution prepared by dissolving 42g
of ammonium heptamolybdate in 200g of water, and then stirring was
conducted for 3hr.

[0039] Then, the granulation method of the catalyst powder by a spray dryer
1s explained. After setting the slurry prepared as above at an inlet
temperature of 230-240°C and an outlet temperature of 90°C, drying and
granulation were started by a spray dryer (Type DL-41 made by YAMATO
SCIENTIFIC CO., LTD.) under conditions of a dry air wind rate of 0.8
m3/min, a nozzle spray air pressure of 0.1MPa, and a slurry feed rate of 20

g/min. The obtained granules were dried in the air at 120°C for 20hr.
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was aged for 5 days, followed by stirring in a
stirring container. Then, to this slurry, there was
added an aqueous sol ution prepared by dissolving 42¢g
of ammoni um hept anol ybdate in 200g of water, and then
stirring was conducted for 3hr. 25 [0039] Then, the
granul ati on nethod of the catal yst powder by a spray
Theyea bakmgpwps abnddctedifoes katrsiungderfS0SCur ry pr epar ed

(0507 oS shpuf G smeo GETomPYIntg) Shiias B g AR A0e

a -4 . :
et U TRERRt n  HhE et 8P AL BB inex is shown
irdTabei 5. VI'hé rdedisarémedtSoBe adR/dtidhoth 7 AbG Sivpaytydindex

pressure of 0.1MPa, and a slurry feed rate of 20

wgrarbendwited obthe sethegmatbhodsasehesedfiicample Be §FEM at
OC far 20hr. 12 Then, a paki was conduct for 5
PR OEE Sl s yI00 ABE Hhe PRt Srq SHOvAE gesor
CARBITES o) Lo AT BB BLa i § 00U S brmore, SEM
photdexaplss showing the dabtibubionTdielerasty @Al §iodind Mhon the
and fl ow property index 5 were conducte

st.ren in_ .
SM@C%%%%%%S ate phown 151Figy 4 {magnificasign- 1,0085 and Fig. 8
s 18f e granul es after the baking are shown
(’?ﬁg‘iﬁgﬁ@ﬁg 8%)8:(1)?]“ cation: 1,000) and Fig. 6
[0Oaag ni(FIXENIPOE 55, 000) . Furthernore, SEM phot ogr aphs

show ng the distribution of elenments (0, A, Si, and
Mb) ohhe Katalgsir prodacion: methpdefiihespresent puampilaisthy same

hfication:. 1,00 nd Fi.g. 8 10 . .
o PRI s B o ba Ty etk Aptieply 4rfsept in that i
h&ahgirysddpreasiual ity dAmlifgth PVAtdificB 8 SB8NLtieX 8TPhE shiry into
the sane as the catal yst production nmethod according

wheclErarghmoniuebkepanalybdate aquecmasobution seduimsratuced.
A T TR IR .
tlEReWIDMMHER 3 Rids r 5 G4 1A by Stireli B a Sh®ring
slurry prepared under the sane conditions as those of
cantanpire Thems inkpethis shugyddaese wasl indrethdey st aqueons selution
T W 0N N LONTIE A T S
Falgtﬁgérmdx@gsé%g 10% PVARTY uHBuReRhATE Wadaldidd) faP0e by
stirring for 3 hours. The subsequent granulation method is the same as the
catalyst granulation procedure according to Example 4.
{0043] The result (the average of ten points) of crash strength of the
granules is shown in Table 4, and the result of flow property index is shown
in Table 5. The measurements of crash strength and flow property index
were conducted in the same methods as those of Example 3. SEM
photographs of the granules after the baking are shown in Fig. 9
(magnification: 1,000) and Fig. 10 (magnification: 5,500). Furthermore,
SEM photographs (magnification: 10,000) showing distribution of elements
(O, Al, Si, and Mo) on the surface of the granules are shown in Fig. 11.

[0044] It is understood from the results of Table 4 that the granules of
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20 Furthernore, 8g of 10% PVA aqueous sol ution was
added, followed by stirring for 3 hours. The
subsequent granul ation nethod is the sane as the

catal yst granul ati on procedure according to Exanple 4.
[0043] The result (the average of ten points) of crash

S i 55 A S bl e B2
Ty e T

wikk @pPh d8yinpEM P BAkDGY @ faab-diierHv anaeetal aluly sl as that

baking are shown in Fig. 9 (magnification: 1,000) and
of EX@mm@ 3. relgwrthiecaorerit 1S uaderstosd thitethegranulseef Example 5

o AT T T Y) et e poid pRing KAMe S highergrashe

stféH%tt gice of the granules are shown in Fig. 11. [0044]
s understood fromthe results of Table 4 that the

[0@451}1 Weesrdihg tbIhexresnlts of Tablabnitds bmd@umod tthag the catalysts
ybdenum by i npregnation on the _slurry,

of é?r%ﬁm@leSéh@n @ammme%sww@w i ﬂa@mr@pﬁgﬂgmce dheir flow
prgggpcgase exé‘% 5{; ggélﬂ’ovgéxy t!h% o%'f:fer}%x%l%fgf] gpcgmsﬂlg 3.

ri arry such as

[06us) h%’ﬂﬂfv@n ih Fig S5 v Hes Q@ﬁmfd?:@t spHeRia %Bé)hﬁl‘és(ﬁre obtained
Exanpl e 5 obt al ned by addi ng PVA, spray dryin

as mnn@emﬁ@xammﬂgﬁer Farrblstrmener @ﬁ@thH[IMEE} 9Aeq¢bgd1hgt was

th | t d tpod that t
cop B LR ks Rl P Fue defest B GRROR Bl UBoRir
acb@rcﬁhg\’t"o RO I%ﬁh& st photRetiditidethb@WE EREBRAAEY th Mﬁéﬁ‘?VA was
are each I ower than that of the catal yst of Exanple 3.

adted 0048 catslsttqunwdar iRi tde Franmlés has 8n 1uorq3aaed area of the

crpbhsrelise Hha B, ARt o Bl ony T cgntact with
thelreWSon ¢ @ﬁh&f@ge%l}ﬁ{d HAN L %cﬁ"’hé Gfﬁdl@ﬁ*@&tﬁﬁfs%% anules

(depression) are obtained” according to the catalyst
E-Vpnadllﬂ:t'eanmcneuhdeir athigh 4yt eate, camlinbhncéndivids flaw bed process.

(0P R2F dudhienpgss o heilamens ghvaibuli abeiosgarpeol Fie T, Fie. 8
oot F1E 70, HORRSLAREph bE -/ Khgh G O gbRRU G AGSn i b

eacéti o gas | creases an act as

pleftbgrdpdint of @1 K y Bt slgfvarawmnum/&rstnbu&ohe adheqshatbgetphs of
a_high flow_ rate condition, such as flow bed process.

"Si Bty | showy sHiserulistribytione Themhetographsia( Mchal® show
mgﬂ%td%%ru%? Ia‘?st?{bu': io%.7 W’flll& pgrts of the photographs show the

distribution of the elements. According to the above photographs, it is
possible to confirm that the metal element components (Al and Mo) are
supported on the surface of the granules under a uniformly distributed
condition. It is possible to confirm that Si is densely distributed over the
whole surface, since main components of zeolite used in examples are AlQO;
and SiOg, and since the SiO»/Al»O3 ratio of the main raw material is 40.
[0048] As is clear from the results of the above examples, according to the
catalyst production process of the present invention, the effective area of the

crystal surface part of the catalyst increases by milling of the nano-size

14



10

15

and
di st

Fig. 11,

ri bution.
al um num di stri buti on.
show silicon distribution.

t he phot ogr aphs of
The 20 phot ogr aphs of

show nnlybdenun1distribution

"0 Kal"
" Al

The phot ogr aphs of
The phot ogr aphs of

show oxygen

Kal "
" Si

show
Kal "
“Mo Lal"

VWi te parts of the

R e R X
spzlﬁézfcagmﬂ%s:% B L R anAel h

F@rther&x@wi 1y 18lp6édibleloasini tocangh

confirmthat Si

is densely distributed over the

e madnge

uldfdn

ung‘g%thod.

catBreduceithefAsiddilie chbing

whol e

agemtf addensitrkesomesreasyripdravie 8 vaiforsoimetal suprprimeg on a

cof 467D P Eh Eo R Re I rapBIdedY FRPHORna e Bt RV S Powder
witha®e theD b I3 bySadlinkBealeva @RAFBUER; which is

accordi ng

to the 30 c¢at al

yst production process of the

emmqﬂﬂﬁnd bpueolybdanuit éo ef flacty ventai pmgnthe melled camlmt

urfac t of the catalyst inc es by mlli
ihakséhermare, dhispeasib %Maﬂﬁglomherww Bt ﬂre granules

BT PP By . 1

ranul es
pégdtﬁﬂlllilaﬁit poitledo fufthelr hﬁémrse,cragh sBrep@sh Ibbl #ldiag PVA.

om r greatly reduce the inorganic caking agent.
[O@HQL ?ﬂﬂgﬁéjones easy to have a uniform netal
su PPaQElElh %gzv e MlstBb §t1&1ach<’i‘5aYa§)}st @QM@&r( 951@'13@%1&1 By Bend Mill

ranul es L npregna he_cat a
ypulative{bhant by adding t heP ﬂﬂﬁuméwnhnent whi ch
S pxpnnl ifi deImyinrm yddeminm | t 30apig| ulr r 5 pémt 4 nmin
he mild ed catalyyst powld7® Furi®dthore Q3l4ig| 0.184
ossi b t o nakd-50ftow pr prlé@?ty of O-4¢fh gr arfl:269¢ 0.231
etter30 Furt her rﬁrﬁa rr a8B3%t r bng®-ASthf anul ed-270
tio 0.307

jeconedd high! | 4394 o -
i Bash-sPBhgt | q_b%_éw Hdi-hg B8 i1 0dAd6
Size 8030 i hut 9898 of | CQ-442,q  0.387
2 2d0-883 |

s B . X vl 0wl S bl W L )

VoS T

ilve O
e

Q=T
N
(e))
©

H>
Shid
N

[0050] [Table 2]
Particle Size Distribution of Catalyst Powder (Example 2) Milled by Bead Mill

Cumulative (%) Particle Size (um)

0 min 15 min 30 min 45 min 60 min
10 3.010 0.478 0.338 0.214 0.180
20 4,147 0.554 0.396 0.267 0.224
30 5.264 0.624 0.443 0.313 0.261
40 6.503 0.702 0.488 0.357 0.298
50 8.062 0.799 0.535 0.399 0.336
60 10.356 0.935 0.588 0.455 0.378
70 14.09 1.143 0.655 0.500 0.427
80 19.94 1.472 0.753 0.573 0.496
90 29.51 2.095 0.943 0.707 0.618
95 39.31 2.826 1.175 0.861 0.758
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40 13.04 0.716 0.500 0.357 0.307 50 14.63 0.816 0.546

0. 398
18. 33
0. 565
30. 75
Particle Si

[0051]M ITable

BY Bead MII

e Distribution of Catalyst

0.346 60 16.33 0.950 0.598 0.442 0.387 70
1.139 0.662 0.495 0.436 .80 21.01 1.424 0.755
0.502 90 25.68 1.946 0.926 0.687 0.617 95
2.548 1.123 0.825 0.748

[ 0050] [Table 2] 15

Powder

(Exanpl e

Curmul ative (% Particle Size (

m 0 mn 15
0.338 0. 214

1T o0U TIT1r 290 111

0.180 20 4.147

T St G|

0.478
0. 224

30 5.264 0.

éhparatd8 Fladils 10

. 261Lesd4har BB 0. |

il W -

y02 0.488

0.357 0.29
10. 35 0. 935

(mifa
JU ]

0.58

RS

206
g9

6
0.378

T O0J

6-399—0—336
20 15%89 1 143

60

0. 655

0.500 0. 427
29.51 2.095
[005%61 0. 758

(of/

npar ati ve Exanp

80 19.94 1.472 0.
0.943 0.707 0.618
15 [0051] [Table 3] Crash Strength
n’pﬁg egg le 1 Less than 0.06
Exanp bf .8 [0052] [Table 4] 5 Crash Strength of

753 0.573 0.496
95 39.31 2.826

90
1.175

G anul es (gf / M2yraskRaBute ofShza@uke {(gf2hh1) 125- 2501i m

Exanpl e 3 66.2

[0053] [Table 5]

Granule Size | 40-125um | 125-250pum
Example 3 66.2
Example 4 607.7 349.2
Example 5 848.8

Flow Property Index of Granules

Granule Size | 40-125um
Example 3 0.38
Example 4 0.28
Example 5 0.29

16



10

15

20

25

30

Exanple 4 607.7 349.2 Exanple 5 848.8 [0053] [Table
51 Fl ow Property Index of Granules Ganule Size
40-125m Exanple 3 0.38 Exanple 4 0.28 Exanple 5 0.29
16 CLAIMS [Caim 1] A process for producing a

catal yst for producing an aromatic conpound and

hydr ogen from a | ower hydr%gn, t he catal yst
production 5 process bei n& cterized by that a

cat al yst powder- containing slurry obtained by
mlling a nmetallosilicate-containing raw material is

[Claiad 10YA ro&dds Ryr Prodten gt deelylse fobpaiduciii@aul Sontitic
the catalyst. [Claim21 The catal yst production .
cqmpeesd aaddgrdtogen fiwrs laglomet, hywdriocarbion, the catalyst production

characterized by that, the metal l.osilicate-caontaini
PTORRFH RS CATaglr AN SR1AbEs R & tRARne sltery

oTAHAPSL A1 ALERI DL bl BT

sl 8iiAg nigthedabmblal grhnulBs 6hthelbatadysthar acteri zed
by that the netallosilicate raw material is mlled by

a bead mll such that particle size of the

talljosilica becones..1. Om I { latiwver. :

(RR Ao b ALy PR PR R Eo SR 2 e HIH P B is
cRACESSzACEP ERANEhd fheANofNta R caltainmeraw’ th4t@ridl contains a

which is characterized by that as a netal conponent at
mesabosibinate baviagtmirroporesrdfensigenthatimaiihatpantially 4.5 to 6.5

nmol ybdenum tungsten, chromum and their conmpounds
apgs%%lﬁort ed on the netallosilicate. [Caimb51 The

cat al yst production process according to claim4,

which is 25 characterized by that anount of the

[@aligbdle nThe sapdyst prodwtdnlprogesgatccovdingtatlam 1 or 2, which

.taqtal ampunt. of. the catal yst powder. [C aim61 .Th
l%gft%aygftr%ﬁo%&wtoﬁmp%&%’i%& %%f@rra’i%giatar@ﬁbs grillegby a bead
oSl that particle size of the metallosilicate becomes 1.0um or less at a

cumulative frequency of 50%.

[Claim 4] The catalyst production process according to any one of claims 1
to 3, which is characterized by that as a metal component at least one
selected from rhenium, vanadium, molybdenum, tungsten, chromium, and

their compounds is supported on the metallosilicate.

[Claim 5] The catalyst production process according to claim 4, which is
characterized by that amount of the molybdenum supported is 2-12 weight %

relative to total amount of the catalyst powder.

[Claim 6] The catalyst production process according to any one of claims 1
to 5, which is characterized by that the slurry is aged and then dried by the
spray drying method.

17
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to 5, which is characterized by that the slurry is
aged and then dried by the 30 spray drying nethod. 17
[Claim71 The catal yst production process according to
claim®6, which is characterized by that the aging is
to make the slurry stand still under an atnosphere of
an air of normal tenperature and normal pressure. 5

[Glaimi th gThahetalrstapyeducpiondueressmispodiagstoadaion @ Mchich is
oo B bR MR s ok 2Pt L er an
. ‘ . h
il R s bl
according to any one of clainms 1 10 to 8, which is

charaﬁterized by that polyvinyl alcohol is added to . .
[Glagmstlur The catadist profyctiancerogesssacopsding ey ape ghclaims 4

aromat i:C. C ound. a hydr.ogen nom a | ower.
e P BT s R M U e ) PG da sppppniggt on the
miekallSsiliPhRey 8ddie iH@m@%Qﬁé&ﬁﬁ%&%xﬁfﬁmsslﬁﬁﬁ@f ding to

any one of clains 1 to 9. 15 1
[Claim 9] The catalyst production process according to any one of claims 1

to 8, which 1s characterized by that polyvinyl alcohol is added to the slurry.
[Claim 10] A catalyst for producing an aromatic compound and hydrogen

from a lower hydrocarbon, the catalyst being characterized by that it is

prepared by the production process according to any one of claims 1 to 9.
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