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DESCRI PTI ON 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
nat ural gas, biogas and nethane hydrate, in which
nmet hane is a main conponent. Natural gas, biogas and
met hane hydrate are regasepipgsone nost effective
energy resources as a neasure to counter gl obal
TIMBENMEJTHEAN VENTION eCATALVSS AND iRROEEIHS §O&s usi ng
t hem has_ grown. Methane resource attracts attention 10
PREDYGIN e PBEWE resource in the next generation or

Eﬁi r resource for use in fuel cells, by
T ma lﬁ%g)iﬂisg 0 Di ts clean characteristic. The present

[000nY eNhisARvERtiBh @614tes Bo &aighelbee GHEOT £a1ADRNENHLEAS and
techni que and a catal yst production nethod, for
meghfne hgdrade, pr vduch methroeas Agnaiongoupeizenti n Nidiugal gas,

. benzene and napht hal ene _are I n gonponent.s,.which are
biogGt, AR B 141 BYATIRe GRGRT BRIt et Bor SR enered
resBLAG £:5a nufe B ggux?ﬁé&"ﬁl&beﬂ%éﬁﬁﬁ{k, 932 tHok ke an interest

net hane. BACKGROUND TECHNI QUE [ 0002] As a process for

in fprbdipiasgusangitheinchaoppoundsMeshahe assdvenez etteactasndtention

hydrogen from net hane,, one i s known in which nethane
a5 QPOVEGBTEIIF RePYIEHEL Eﬁ“’e’é@ﬁ‘bﬁeﬁra&m@d{raﬂﬁl% ydpegen gesource

for%%ﬁﬁ/ﬁb%ﬁbl olid, 'ngrpgfigfagfﬁé’é‘ofi Lk :&{éé?c}aééé%?fct. €8 R sent

series’z s said to ective
inveboinpeleiet tPuldtaBitlcobhdmidaicentetduil t@bnigie Andanchtalyst
Patent Publication 2). Even in the case of using these
progaichiongngthass fewefficianiby prosiieing proppigsonigundsr Bowhich
bei S, Rr ecci gi t@ﬁ]eag in ael ar.ge anmount " avgg. @hﬁg Gl bo%terials of
HEE P BEP SRS BE® HET S8 & ™ A Viety ™t 6
cheific8l bPsRiRs, duch alstibs, Bh @R iSRS yA8MBES @As Ofrom
net hane to be low. T0003] In order to inprove this
mephatd.em there has been a study in which the catal yst

BGOSR AE NIRRTy ana the proportion of the.
00p2] 3AY5,,60TRI0ER R RaBEH R AR RELLEE SekRnzenc,
g eve an-e tﬁ

I NCr eas to ac \ Iclent reaction w

andrbytiasien firont hethase dfe isNandwx es witch heabhineris tyfged in
however, there has been a problem _ since it becones
thecarespnear! 2 satdpstat At catebpsyon; Hhds gegastorAaolypgentm

Ki in t. f .mechani cal : h
st pR 84005 Rehift PRottle BRSNRR) FRrBHERANOnMlpe,
PubROQ4dn AsPanawphklidient, WP Phéatd PAbBeatidieRE IBvél §Pthe

a study on the 5 catalyst having a grain shape that is
casasdbising phesefdadalyisey Hoppweradetre oncdragidbilems thiohwesdon is

t he prqportjon of the catalyst conponent existing in
preﬂ@tfgﬁeaﬁﬁsa sees AuaouyApA ﬁ%mﬁ?%ﬁwwa -Oawa&sg% ey
ot . . A .
catl}ﬁﬁ%g ﬁ'égl?h%ot%{}ﬁegmggﬁﬂeqﬁ%éhéx‘%ﬁ;hﬁb %%‘ae?%'gg%oh%rsmn ctn;e

et type of a fixe type of
metieofatd balowt rength adjustnment. Furthernore, since the
ca] alyst. is 10 deactivated in a short period of tine

[00p8] i 13 exden e impreve higaneblens theee Bas Hegs @ stpry drwiRTh the
catgﬂf% Iiscﬁl-{r!q%\(lls in%elﬁé%- }I}{)I’e,P 105%-&3%'1@ 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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[ 0005] Non-patent Publication 1: JOURNAL OF CATALYSI S,
1997, vol. 15165, pp. 150-161 PATENT PUBLI CATI ONS

[ 0006] Patent Publication 1: Japanese Patent
Application Publication Heisei 10-272366 Pat ent
Publ i cation 2: Japanese Patent Application Publication

R PP AT P Pt oo
agbits iR ek NYENTh 6 aAGK s'E@IE’gEhSQqNIEDu%\{hBFﬁzd INVENT#eAN 625

50007] In order to inprove conversion of nethane, it
mijlsmeteyemnit g ntl@el nprove the efficiency of the contact

th d t
otE 275 SpbuR P Sieed Py Be Pl & Be it Ehisa g opyibe
catra@f&tﬂaqnng ra%%?rﬁ shlp@ tﬁﬁ‘@ﬁeuda%lé ﬁyg*ﬂd»w bbasphé rktidH 0
a pel ype shaped body f fi xed bed and granul es

fadiloty. f [Tbow drecd, Hrdpropeir ngnhnédjhe catalpet @ehp@tentygxesising pethe
bod 0 n cess o have materials other than

gl%lﬁé)‘)@a?lgwi’@g’ %%né’@e‘élg‘ngI{Pﬁé’ﬁWﬁleﬁ’@% angeend

. a it

im ot ARthGcE k’“?% (B3|t 1B YeBIRE 1 PB4 P B of

th@hseohnated saeyetle adpmméeit t Ferthdrimmeceineé thhestalyst is
additives on the cat aIy [0008] In the case of

degptayatpddn a Hrs pesiodpt Am;amtagéS&ernétalttﬁéegwer@%ﬁle@ of
t:i%ta(:t with the reaction gas is inproved due to their
caldhal particle size of 5 several tens of mcroneters

PM@EAMBUHLM'pﬂ}Ngf m croneters. On the other hand,
IS necessaﬁﬁv‘[to make the granul es therrBeI ves flow

NON RAEENIAE Ul GABH2NSs. Theref ore, is essential

(odlir oo PP (RSO Ll W%ﬁéiﬁl@?ﬁ@ vol

16@ ? io mx or coat the granules with a |arge
unt of the caking 10 additive, besides the catalyst

PAWII@TU?EIIIBLEGAE‘&ONSUI ar, according to Patent
Ilcatlon S 033|bleto obtaln rou hly .
[oag erfatgnt Eﬂl&h@ﬂ@gndf Jepanesa Brient Anpligation P%ll?ﬁgtmn
l. terial zeolite powder slurry, but they
Hegsrfée»igasr{ﬁé roken by the action of transportation or

Patdift Pu}ki@ca@nﬁl ¥i Pl cRB Pakbat Abelieatibh Publitac®asideiket 0
m x a suitable caking agent, besides the raw 15

1116R6édi al zeolite povvder MEANS FOR SOLVI NG THE TASK

Pajpd b gkt SR TR AL AR PURRPh S5 8RRk Sowa "

616edugi ng aromatic conpounds and hydrogen froma | ower
hydrocarbon. It obtains granules of the catalyst by
SWM&@Y@F&‘HErWN’I&QNng met hod a slurry containing

tal ﬁ%p@&;ﬁﬁ iﬂaﬁfl Eﬁg’ﬁ%@lﬁﬁ Ieplgala [0010]
[ooFo‘%{] {h (8o i %8{;@59{1%&%1&0 b S2kYAR it Egeegs@ﬁ%mmpm

prepa e pro uct’i'on process
theT@Efic[eaicgl dfasilcba i@ eowbah thFea@ioiBh € bindl theay tdigsONEThe

cat(a:l(l);sttaslhglpggalsao gives a large influence to the reaction process. The
shape 1s 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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25 netallosilicate having mcropores of a size that is

substantially 4.5 to 6.5 angstrons. It is better to

mll the netallosilicate raw material by a bead m |

such that the particle size of the netallosilicate

becones 1.0mor |ess at a currul ative frequency of 50%
nemga -

a{srs ﬁbserg dﬁéc?g(r#éjﬁ;énl u } %?eimnuﬁg&tssar 1o

selec te vana ium nb m tungsten,

co@d@ht@ﬁﬂﬂﬂerﬁ:@d}f&hé&d addinpey @@hsche&asmmort ed on the
netal l osilicate. is better that the anount of_ the
[OQﬁﬂ ybshe, wﬁﬁﬁﬁaﬁl@ées,i& QLellz %ﬁ@mn%ertbaath%fft%emyeof

I unt,_ of the cat. aI r t
coxatwg Wﬁ@lngﬁ’%%?a(’tb 35S 1 :M%% ng?ﬂo dﬁ ]? 21 ﬁgléel size of
seviSal Ben Pl zﬁ%rohieté@ mbﬁﬂ%ﬁz@dmgtdf MMicSdABEHrBY Sl ﬂie
under an atnosphere of an air of normal tenperature

otlerdhargt, ihiis peessaneto akeghberapnlasithiemdedvassieow in the

re AP R ol LB o Cria Re AT P g an R e ppEior in

welak b@s&ﬂ{deoﬂﬁi tR@nddd c}f\ﬂa %kar@ecoﬁ%lsa@,ﬁ%@hé@f 1S5
referred to as PVA) to urry ADVANTAGEQUS EFFECT

ne¥ssatELd MNENT IO tl@@gﬂinlﬁes mdn adatge dfmeunt of the cakmg
above-nentioned catal yst production pr ocess of 1

adfyenbesidesithe |C§t%&5§%m@+t@ 18b doRaticulat Acarylane F%%’E‘%ent
Wpcaaogfgaw{ 0sRn1b B o6 AR AERRT gpﬂmgagvg%gﬂq@smﬁa

ren no use O agen

catalgstaasincyt higied baGL 4 yewamnade19hl 1diite pysidak lslngy, but they
surface part of the catal yst. BRI EF DESCRI PTI ON OF THE

NErokes lpsodl@pcm@ of franspartasiom pridedgkapnd vibration.

Th%r Cf‘é?e.aﬁﬁpstel A \s/%yta pléxil sulba\()le ca r}gé%att B%ﬂdﬁﬁx lﬂaw

mAPBRLPIEAPR }gd'w&gl erating voltage: 15.0kV,
magni f1 cati‘on: 20, 000) of granules of Exanple 1;

MEAYS B‘OB;SQ)L\HN@ME@&SKh (accel erating vol tage:

15.0kV; 20 f 1, 000) of |
[0G83) npF Bus.a oot 3Irstlg%]% Iugtgom Qr%masg ﬁ%?% lgazﬁxsfk is a catalyst

PR AL A i IO SR8 Ty B 0B o

loviOh pdifoafbdrac deloBtaihk RGaualdsagdehe LatlyM by drymg by a spray
magni fi cation: 1,000) of granules of Exanple 25Fi g

drgnggmethodens sy @gn‘wgm%@ cafalyat perydenphagaed bs Imllmg a

t|o 5,000 ul es of Exanple 4,

mﬁ%@w? %EHPﬁH&%"o % Fmagni fication: 1,000)
Otﬁﬂmvv' mlt%%m@ Lme%%afg»fst 4 eB Y $H2. taék ig §I oatﬁfjﬁit Mpdpared

on the surface of granules of Exanple 4; 30Fig. I's
byaheﬁEMwwmgr(aphs(nagm fi catl on: 10, 000) show ng

di_strj but I t h
[0(%1:}jf u | £ {]p%bee(ggl@a%{ %pg r&atél1a1a1?1gy¥%)on%ncotntgininga
metallosilieate 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 1.0pm 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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Fig. 9 is an SEM phot ograph (accel erating vol t age:

15. 0kV; magnification: 1,000) of granules of Exanple

5; Fig. 10 is an SEM phot ogr aph

(accel erating voltage: 15.0kV; 5 magnification: 5,500)
of granules of Exanple 5; and Fig. 11 is an SEM

B R PO g g o
sl baabeprgy dfvingsmethdxafipt £ging. MABheCRILARRY Possible to

OUT THE | NVENTI ON 10 [0014] In a catal yst-containing
megttimy standing sEH wndeatan Rovpsileaeof eamiziohnegmedemperature

terigl has been mled an i ghly.di spersed.by a
anfieioialinee8iey o . RasPi A B i SoRRGERP i Mafhrid on
thé rERdi8si8eNtcAbT QHdiMpetR Mt RdnARA Rt Rheklafler

conducting aging for a given period of tine in the
Fugthainyse, grisdpdionah tprdd godyaogbaldvhol thereimafipr estmred to

[ ntion. It is 15 possible to conduct the aging by
asgﬁl‘@ 'Oﬁg‘etsﬁ’érréfl urry to stand still under an atnosphere

AWW@@&%@TWQWW%Y mal pressure.

[00&A] al | Asioldingt - thenttmivehingntiancdas erlysd prodntabnprasess of
catal yst material  at |east one netal caonmponent
the greeaitian, £ Bresstte daprowdad e lzo ot hisheaaniles of the

st C I. I G Nt al
oGSO T S5 DELT OREUER 20 cEREPA
wHIR! idlck@fdih €86 effbetivd@rdd 6f HRanestAfind stirfRe tpadt of the
substantially 4.5 to 6.5 angstrons. The
catdystl | osilicate is illustrated in Japanese Patent
] ' Publ.i cat,i - 91. Specifically, as
Bﬁ@t ret uﬁ% (i)%]la(?g ?@ﬂﬁ.ﬁ%’g et al losilicate), 25 for
[OC?PS'C}”PLﬁS’l isthr BEM $86tFraph UL QS EAt Qtagd: 1550kV;
possi bl e to nmention nol ecul ar sieve 5A, faujasite (NaY
maprdfidatioZIVD60)) efinglaMiGlé2@f Exdnnghe 4r e por ous bodi es
fornmed of, sili and alunm na. Furthernore, it | be
exeﬁﬁ;g- iz léomb§l%§4 f’beisq&r@péﬂaﬁrﬁl@atm Efﬂt%e-&%@%us
_ i: 0. W _ [.C i . maj or conponent,
m%glgH%t%&hVﬁlﬁsﬁg%)gépa@%g?llﬁézseﬁ%ﬁggﬁ%ﬁ sing 30 m cropores
or CRanmelsPSEM bRoangahhdABeel GG h@solfA RO 15 Gl
VPI -5, and a nmesom croporous support, which contains
magnifieation’ h0AR) of greompeneilixamale Bartial |y contains

oyl E e SRR BBp bRt et VB CR oS
m £1da 90 ANOSHY ABhnuPdiCly B8q,hpid 46 and MOM 41.

urthernore, besides the alumnasilicate, a
et aFig$i siaraBEM photkrephdatiederadng toltags:d5.@GE. can

m al sl ) be u_seg is &We STat%jﬁst. b OO_lg]QT( 2) SUPPIOt?T_I NG
agn %@Wﬁ BN ST ALYET is a
pr efF{ 0 S TPERRH ihﬂﬁf%%ﬁﬁ (%&d&%%%@ga%i 15.0kV;

predet®erm ned concen on IS sup

madgipfiegiad | Ho0Ooferamiuddd ebEkieple4as a support. 10 The
amount of rmlébdenum supported is p(ef_erablgﬁ/ 2-12 wt %
r el aFig/d isen RBM phatosxapbrimasmifipetiont hPQQk shiwiee

aispRbpfned SdpontaCh (T phoitnd BTt By g ol o

Ex&ﬁﬁcﬂé@f ay drying nethod the slurry containing the
catal yst powder nmlled by a bead mll, gas is .
geneFmt &dsiam SR3 ghatngreph It apmificatiomel (ARONghovdinigh

.this,. the spheric rapul es st,..and there, occurs
disbyy HUHBﬁé’ng”ﬁ%Wé?@’g“d bk ) vt SRR o exansics St
granules. If PVA is added, PVA is vaporized and
renmoved during the baking to produce nmany

4
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m cropores in the granules. The gas escapes fromthis

gas pore to the outside. Wth this, it is possible to

prevent the burst and generation of the 20 defects.

The anmount of PVA to be added is preferably 0.1-1 wt %

relative to the netallosilicate in the slurry. [0018]
ExtaipiM4Ll NG OF CATALYST POADER There is

Ret I oned a process for preparing a slurry obtained by

m | | Fig iy sn BEM phibtdgraphEhelel@sitidgcadleageabroai\er i al

or a netallosilicate, 25 which sugports the net al

S

maggifioriaen:, 1.0AQolisenslesed exampld ess.  The

| 0S| . i al he. | osi-LiGat
o ppbr s e SEAE R hb AR r P s p B .
m WL oS5, BED)NEE aheléf divExd Bphabeind 0 make a slurry

solution, for exanple, to have a ratio of catalyst
powdBig. :11viataer SEML photoEnap hilwiagyification: 19, D shomiingd

.to,this, and it js, preferabl 30.make.a suyitabl
disgibidions ol eﬁ@éaéwcﬁ (65 AnStrn sl enpg i iteint exufos of
FxdlAklsosi | i cate used. The slurry viscosity on that

occasion is preferably 100cps or |ower. Upon m xing
MODE FOROARRYIMNGeO AN THRINVENTEONot al anobunt  of

er is previously put into a mxer, and then the

(oG aly 8 oo e eI WEiGl § R ADpS AL e Hgining

t 0. 4- ' . R o
rof P e L T oy bR AR SRR i
convertdtdbXaluleS by ek ¥ diing immsdablyPdfeéetlabslRrron

this occasion, there is used one that can arbitrarily

preyeration di after ahaystingoaging fepagivas pewedof sane imthe
rtti culdar . the bl ade st@ﬁe anﬁ t he speed of. rotat.ion
catalyst FOdUPHER PYOCEFLRTHIE LB %pf%s%‘gé%?%%?‘é' for'°t he
posHiblel oG Bﬁﬁg§tl‘r§§?idgrb§ BRoRSRE e blurry 8020 B N@r an
t he beag m Il of tThe above specification, a hose punp
atthosp Hreaif racud iataf mgrinaé tehiperyturs sevengimmadptessgonduct

[o@";ﬁ]{ggag@%mt ; %*él%tr%iﬁéh c"bead size and the time. It
e ik FhotPoBlicard PRy dEh e B8k nl SRLRLAMNATRL Baflatlst
matBtial hods Gakanbed @RS oheBisolectaiSHont rivertiufi) valnadéum,

frequency of 50% For exanple, in the case of ZSM 5
molehdaratrer tagsten.chromigue rangethsay eompeusily angfconpainsps a

illing.to 0,3 i,ble;b i, 1.i.ng, ti f
sl P9 DEGERRNBEE| Y b
miBRMIEEs ba LEEARGE 66 sBsBWER! 119 thles §H§§ﬂr¥)n{é. nerjfd om

cl 0sed systemto open system [0021] (4) GRANULATION A
matellbdtichrrisdiystigtahth dapantst Paip it He pdandlopsi ublovatem
20 _slurry wt

' h h ar. ' ' Y
200 9P o SBPBLEHIE o el oA B aRE e TerlieR(p)

d- ' .S DL ' .
oI A RS MEL Rl malhes
mdlyfgapkievh &S Hhajastiey@a¥ anddlaRardddes ard Y MOH-220which

downwar d spray, parallel flow systemis preferable.
areTheroyeZwidéey forpresk efrilicy ang aeumapal i Jurtheyesateeit can be

syst.em..lt is .preferable to,25 suitab change. t h .
exG¥PRATY vy, h B SRk G GRAR b TR P B ¥Rk Byospbonic
acidnd ol BajhaddnShferihang whichhs chatflt¥SkeBYWABMprising

Operation condition of the spray dryer is suitabl
miadjpostecr depends of 60lB ahgstgbust yuch ssddiRQ-Fasmad N‘féﬁ and a

particle size of the catalyst S’poxg{der in the sl urr%. d
MEePRMIGORPIAYHERIR G FRER $ULARS BACR A6 R BT FIRPeLent an

30 [0022] According to the catal yst production process

of the present invention, it is possible to provide a

catal yst that has an increaged effective area of the

catal yst crystal surface part by mlling of the

cat al yst powder of nanoneter size and that has an

i nproved crash strength of the catal yst granul es even

i f no caking agent is added. Therefore, it becones
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15 conparati ve exanple are shown. [0025] (COVPARATI VE
EXAMPLE 1) As a catal yst powder according to
Conparative Exanple 1, there was used a type of
netal losilicate, a proton-type ZSM 5, having an
average particle size of 3Imand a crystalline size of
paptlgﬁ’ﬁ hSS Bﬁ{&lirﬁi Sg.lc%) %%n% aird Xﬁltlfﬁjl H O l%lcﬁlﬁ‘lmr
y calcu e average val ues ot
cyl}i)ﬁdﬁlb:ﬂ' @&r&ﬁ&@@“@l@a@ﬁelé}i@maémmm e8! (011,000 angstroms),
m croscope photo ph. A slurry was prepared to have a

sudioht FSMTIcennd SHabhi at Fonthsmiow hesigesitingl tﬁnmafsiﬂe@te a
| 026 t
mo ISR B of Aro by anish el Hryaro 38 b e e

cafldiytl made by YAVATO SCI ENTI FI C CO LTD.). After
settl ng the operation conditions to have an inl et
[0Q1&dp chSMH’@RTIBRG A0SR0 BRESH MIETA LD ATALY S5F
ying and granul ati on were conducted with a dry
S ORdt e of 08 mmn, a nozzle spray air pressure of
O 1MRa :
obt al ne (? an u (leésJ EI{\/\;éet Pré‘? Sfrij ﬁe@kﬁ rR{Jl%rE Q(z‘fllfg‘(rlma(%Y %gg%eftgl;m %%Ibed

corZ@ntratRagay dippersid endhbrafmdtivn gn annbedlosdiash as a support.
strength of each particle was nmeasured in accordance

Thejampownizgglybdeguas fugk¢ng ihperienadlyZakt Mgt relative to the

tai ne wn in Table 3, every
t°*§?sﬂm i ol3Re ZRANVES %ﬁﬁf&g%ﬁ rm®, which was the
[0EASH 8 Rbter toHdd FRAYE thE slﬁl&y”e?ﬁ? thé BEsccPPRldheSranules
[00271b (EXAMPLE 1) 5As a catal yst powder according to

obtainepby dryinghby ehevasl axséxﬂsrlagtry@fémdfthe@tlm ﬂymntamﬂe the
V|n a ra rticle size
colRyAaren i En g bt e Cisvears B Dindde paie
dufReaHeAlalAs, OWiB R 8nd ¥PR ﬁgzﬂ EANGEES 196hsk oand thele
proton-type by conducting a alngtreatrrent at
ocqure Geplerruimeth te gpesate ﬂefeck@tmthm&phmd&al%rppuietsed I6RVA is

10, ZSM 5 used .in the present, exa 28] Firstl
added RYAR ﬁ@p%%%angﬁeweéa’tuar% epbag@g r9dygg gpany

HIIEI} poiféss 1ndﬁg C%(akiﬁﬂ?s f’ﬁgh(g g llé%/{é’z{ﬂe%df V\%ﬂtt%'is %Sc, Pﬁ{sé ﬁ:hﬁpe
ouﬁﬁ@él ntwefh tHie, RUE pbbad]agd ﬁfevwas tReIbuk st Ond@ gehératioigof the
contai ner. Wile rotating a blade of a stirrer, the

defeotsal Troamoust of RYA® bardfigd is pralersblyids] -ddutsd ralative to

ut e. er, that, a slurry-circulating punp
th%ﬁ?@ﬁ‘é&lﬁﬁ@&“ﬁ}?&w Ypas started to circul ate and

lodid}! (Bh&1 Lchyep‘\O@e*AL@éTtﬁ@mbERry was taken out at

an'interva m nutes after the start to neasure
t he Thera i meﬁ’aoaediya andedshier paepaxihe ssslnery obtained by

il g Sk Wb DA e BROGR OB B £ PO
wh?élf Hﬁ%&‘%% %g ?ﬁetﬁ??%j:flg)oﬁgﬁt qg{oe i rﬁﬂ?oﬁ%?ég orolfegié heI‘he
mlI'rng,

rcu punp was stoppe

me3hDbgiVichte isﬁe nSatstRMNovaBEe trﬁktemlosﬂia:eté eGPYVEItAL ﬂiwﬁmyal
was 3.76kg rel ative to 5kg of the added slurry weight.

corpporzet}t (hezeinafies, rgerta&ncﬂtaxqveiel?rm weighsd Rellu%tlﬁ(atfaMW@l to
e spuie folibtnls o HhsB b ik AEfgletiimberdas

wa@@ﬁ/s 1:4n The n%&mgmﬁs §s ﬁbyhmfltémo ik oxed it R Heddble to
still in the atnosphere of air of normal tenperature

medrech poitable ptjestueet ddpen]inghe ttd prapegtinast tenduct ed
in.a.stirrin ainer. After set at .an.inl et

metR R s Wt e ot atvosny Sier BegRidh i Brdopbly
9OC dryi ng and granul ation were started by a spray
dryer (Type DL-41 nade by YAMATO SCI ENTIFIC CO., 30
LTD.) under conditions of aedry air wind rate of 0.8
n3/mn, a nozzle spray air pressure of 0.1MPa, and a
slurry feed rate of 20 g/mn. The obtained granules

were dried in the air at 120C for 20hr. The SEM
(scanning el ectron m croscope) photograph after the
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5 [00301 (EXAMPLE 2) As a catal yst powder according to
Exanple 2, there was used a type of netallosilicate,
ZSM 5, having an average particle size of 39pm and a
crystalline size of 4.2pm The subsequent preparation
conditions are simlar to Exanple 1. Table 2 shows the

oflpIsey i b ol Rl B e
anfhettegralr of ptdeoglapitastdy hixer spidyhdl yer cdthjpe powder

. DL-41 nmade by YAMATO SCIENTIFIC CO., LTD.) is shown in
is mided nndey stivuing bycrdiusions at abrabPel-Bke per waigute.  Ifitis

onfid rnmed that crash strength of .the granul es . :
taGRR BT Rt DREsRRRE BB Y edlord Lo d b iitb fsegin the mixer
Thebé BRI LD iOhot PRISFANM eOnadeObeiaRthil ehdr FBXaidal dhelthat can
[0031] It is understood fromthe results of Table 1

arkatchriyded the tvade shaped agd dhe sheedaf witgasionpowder of
hommgeneoys nanoneter size beco ossible in shoyrt
In BaRBOa I ten gr Shape A hscaiepn et Fhuast e BhBERtd.

er-: -ar: = 4 i .
OGNSR RIERNEER B3P D B Lol e B i
[00R0]t Hey meire thashdsl miBaf the abovdepedfcdtien,of hdabpen®, for

it is possible to obtain a higher crash strength b

cirgplaginsscheoslupmamynergizss: tai wad upy malimgokihe ¢atalyss }épavier-
h ' e " 3

B b B AP RGP M LNy 105
befteiBainall the B¥HRIsdichtOfrad MABSisl B the bysd illsduded that the

80nm obtained by sinply spray drying a slurry. 25
paFticle serenolrthe metallosilitedabertraes sk ortlpss gf asubradabive

Exanpl e a an increased crystal rface area.
ErefBEUTY PO ool REAATIE: Hythst ARG IASTMA Fotl IRatiyal an
ave e?%eﬂartfcﬂ,esi%refo!f QQEH{“‘,% o rl}ﬁiéﬁg)g(@@&ﬁpﬁeé@rﬁ& ﬁ(ik?:}ible.by a

thon gas I ncreases, a an act as I cl ent

- mitlad@ativsd o1 Aout.esTley eluriy obtaiaad biyanillingehe satilght fdwier i1s

rate condition, such as fl| ow bed Process. It was al so
reqoyared ke gwaehemathe peprlyociee &oas plosed skgfiem taAPeR system.

kxg@ﬁgkggggg%wihh$'ﬂghﬁhe netallosilicate raw materi a

I™I'na ‘manner that the particle size of

t he ANRE@®JORE IdrGRigCa e ¢ PARSlati MR cdt8Bft powder in the

particularly O 5mor less, at a cunulative frequency
slusky 509% a[<p@32dryEiANREEtBheds & sairafyreblotwdieectly dry and

according to Exanpl e 3, ere was used a type 5 of .
erfiogige e phogay brobdapy (loTith ey itags b ase ffler aging

' fi: ‘ st i i

fors e e Ao o AEh b Bhe B ol P I KB tghot
patticylaelydimitede ablowoonatt kping, pabdkdlrftpvw seatemed patfemmble.

predeterm ned tenperature. Metal was not supported on
Theszglaisagefarabhiechs Ewentawd aingeie systempodBls prefegahle to

sl e Sismh A BrRibhe BRARE o By B8Ry na
thd phatidld %hb?ﬁ e ehOtatNesicpdaliyst adeion @nditibe of Bhékpray

amount of e purified water was put into a stirring
drysorisaiuntebly WHjusted dependigeobthaeluaty sissosity and theeparticle
. tot anpynt, of the. cgtalyst pouwder was. added,.at 400
sizh ot he B et B i e b ey HSE et BTie Sort Bl s

] L. anhd it was started to circulate and m ||

patlghgfﬁfgﬁgﬁﬁh | hr after the start of the mlling, the
[0082] | Aogrdisg totisucitadystntrolueticn pso@isk iofi¢hs preseaft invention,
. 0.2)tm After stopping the cjrculating p t.he
it ig nesFApLe Fo Pﬁéﬂé(;/ Stk ChakBRS ARIBCTASEY ShisaliEp greq of the

was 18.9kg relative to 25kg of the weight of the

slurry introduced. 20 [0034] Then, the granul ation

met hod of the catal yst powdgr by a spray dryer is

explained. The slurry fornerly prepared was subjected

to an aging for 5 days. In the aging, the slurry was

allowed to stand still in the atnosphere of air of

normael tenperature and normal pressure. Then, the
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[0036] Flow property of the granules was based on the
bul k density 5 neasurenent nethod according to JIS
Z2504 and JIS R6126 (to obtain flow property index
fromthe way of decrease of bul k by conducti ng

tappi ng). The nmeasurenent was conducted according to

ca@\/\%cﬁlé/ﬁ%zﬂtsuggasc& arlggnz ﬁ’m%%?%kiﬂ; %fﬁrﬁfﬂgs{{ﬁig gi ?f:rltﬂﬁlometer

siAAMB AL Kavak @ﬂiTl SRy alsh Qi &iﬁh@ﬂtﬁelcﬁﬁﬁysﬁ@mles even if
bei ng better in 10 fl ow Fr operty. Flow pr operty index

nogfaking ageahusl addefas Thezsforp 0y IELomBXARPILE paysihle toprasdaice

spEHERR B R ST R f‘qgeé%' P Buthoa
Fxf%éﬂ?ﬁ&féoﬁtebeéoﬁ?escﬁés%ibﬁtto BhAH 59% éch% e HBganic

present éxanple is the same as cata yst
caRimgplagdriton Wighithds, at becohherged sy @@Jm:loet ghe metabon ithe

havi ng a_procedure, of supporting a netal conmponent by
CaFéﬂfﬁﬁ‘e@%‘ﬁt{?’owr&ﬁlﬁ%l%ﬁ%eag’&ﬂuﬁ%vvder mlled by a bead
06%}' ForisiRlorkl [dobm dufiels g thufihAl 163 o B RE A on the
npr éghati on and supporting of a net e
caﬁalpppp@xedel and és poidibleng mbvidiea catAl yisthapaydapehyr i flow

bead ml|l. 20 2kg of the slurry prepared under the
prepeity o6 hbe er omeleg andhss e ropvesk aprashstipngtiy by ingiregnating

db t
Rt Rt R T D SR S
coﬁﬁ’Joﬂbh@'ﬁo PheRdaled cﬁi’al%ﬁ?@xk/&éf‘@mﬂt%gnﬁlfg AAPBNI Whash strength
hept anol ybdate in 200 wat er, and then stirring was

of tbe gumwsﬂmcomhs fuﬂ;ﬁet bogieir Ish addlrtg‘r@VQrta b sl

oBEHI 50 86 it i, Sty Eiter it By B BN aR B el bove
Coﬁlg)aégmlv@&gn{&)?ggg‘g ahtg of 230-240C and an outl et

erature dryi ng and granul ati on were
[oszart@mmmgmﬁﬂ BXyaMPLEype DL-41 nmade by YANMATO
SCIENTIFIC CO., LTD.) under conditions of_a dry air
wi ndAsa @at@cﬂm I@%@lrﬁ?pm%ngéo femparadpielixample 1, there was

wl e e P RsE Cafeedhito bl 4505 LR e Bl "

palr ﬁ&l@é}% of si’ﬁaﬁnan@ab,@wamm«n@g;z@mwm f @heSdiitlS size and
under 550C. [0040] The result (the average of ten

crxzmlaﬂme) sizh vmmshesrmredd{t)hcaif:u]tahmggtrWEe?@ge galiesvef the
Tab] e an the t of f]lo ropert
I ] G S T R R e A S S T S

8 A YRR 008 i
pugtfalivesenhs eslvehe baking are shown in Fig. 5

ézrra gnification: 1,000) and Fig. 6 (magnification:
[082@l0G}his plyrek evarﬁ)?terleéém Eahbﬁ@ért&ﬁﬁ£r§ﬁﬁi|/ﬁﬁ%é hyha spray dryer

Tg]{ﬂ“?bgt th I o@%gyﬁgﬁm% ’ﬁon\ImCS{JQ g?ﬁDMb) At :Qaettmg the

op@f@lﬂtﬁ‘ﬂl EbE@kioPR:to hanQQJ)n ﬁﬂgt fdifiperhithB 5RERO-RU0BC i@ an outlet
0, 000). [0041] (EXA 5) The cat al yst

temp@dmntneo]f a9eChddyiog atrttbgmmdehnnewammc@dmwdwmﬁaﬁdry air
he caf al yst production nmethod a

rajgp offeQ@etat /g, ARRzzle SINAY AT @F%%Séaaro %O{ﬁ?’% P EQS@F;% geed
ra@e X ﬁj %%Ergusl‘ﬁé) H%ddﬁgd tggaﬁﬂfessﬁl/&rerdﬁ 1é&"il9 tﬂé A LT for

tanol’ gueous solu

20‘th r R@gﬁﬁﬁng[éﬂ%?éthﬂfahe iggandkg;, @fasﬂlhﬂaéxhgtﬂf (yf E;)Ichgmmﬂzle
under the sanme conditions as those of Exanp

wageg apuredirgageerdante witdo 152884 ¥-r | %ashﬁtae%gﬁh@ﬁ %granules
container. Then, into this slurry, there was
i ntroduced an aqueous sol ution prepared by dissol ving
429 of ammoni um hept anol ybdage in 200g of water. 20
Furthernore, 8g of 10% PVA aqueous sol ution was added,
followed by stirring for 3 hours. The subsequent
granul ation nmethod is the same as the catal yst
granul ati on procedure according to Exanple 4. [0043]
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25 in Table 5. The neasurenents of crash strength and
flow property index were conducted in the sanme net hods
as those of Exanple 3. SEM photographs of the granul es
after the baking are shown in Fig. 9 (magnification:
1,000) and Fig. 10 (nmagnification: 5,500).

h D ).
o BRI e N 65! BROER I BB, Y5 Al s cha
0.0& /8, RehigH v &CthOmebiBBrghamtlif8t afikesdfaie headiing

11. [0044] It is understood fromthe results of Table
apparpars. t he granul es of Exanple 4 obtained by

[Oti Pof ' Wﬁdenum by inpregnation on the slurry,
%’Bayw , and baki ng have a higher crash strength,
as CaRPALSRIVtthviRIralc8FdhB Yo 3G Rglel NGhete &as used a type

nano-size raw material slurry such as that of Exanple
of JetBlinsibientmn ZSMif, having dersteoage phaticle sezegrizdiyine st a

Exanple 5 5 gbtained b ddi n VA, spray drying ,and
crﬁb%traﬁpﬁg@ pigg of um-gme e LT R Fﬁ&@]ﬂi Wesdia ng
e "+ he

ark BRI HEPRR Fofterl @Rt pnorghin bE IV MELELERE  hakudge, |
trddteveriiraineptodetsimned feehperataw. pridperltwas ndexespated on

each | ower than that of the catalyst of Exanple 3. 10
Z9Mdneyedan thromresent Exgmpdet o Fig. 8, conpact,

oGBS itiily, ¢ B Bt RbRe e AL RS 0h ropRTRUPis
deSORhéd. Mefk d HRbuARAW SR r W ddwhidhelareli®i@Cto 1kg of the catalyst

(depression) are obtained according to the catal yst
poprdedurend tie bethhathomtB{dhpperfled watd whs PVl inksa stirring

added. The.cat al yst er .in the anu) es has a
CORREPh s O Bloas (R ADIRAC Of RIS APF ACEByE s of the
caf%lggﬂ ggwdgp%ragfa(elrd%d ;ftnﬁ)(ﬁ%/frﬁi‘fﬂu CYARLy thet, CORLRRF- cbtting

t reaction gas I ncreases, and they can act as
pueh incisestergided| yat ignanutestcdveritcnlsteraaat iidrthenderrya A

high flow rate condition, such as,  f] ow hed proc

ess.
rarpofithe furnhwessrken put ahanankrual ol 3mapyias after the start to

hot ogr aphs._ of .Fi q.,7,. Fj nd. Fi.a. .11, \
i 8P ERNGGrvisesiekioatd s Pod Rk L plISn of g gatalyet
poslePhoTeBIaP BowE the\bhidbe wiltovn) sfihRUMicsd §ikb didteibution

The phot ographs of "Si Kal" show silicon distribution.

of The catedy sigpapher. ofLht Mitdraihte $hvvwitdieybtlbimgnihe circulating
distribution, Whjt.e parts.of. the photographs show t he
PR AP PBRL G Hie SRehe i the AR o8 o TR st vered
‘ Al . . H ol
I LA 8%y slati®e RAGRY B End RAGOILLG WAt O on the
[0629]f Tenothd pengilatichasetindesf thewatdlgstrhbywdesby iataptreg dryer

o condition. It is pgssible to confirmthat Sj is .
is gupleansd.di The shuredowmerly prepdres was spbigsted &g ap @ging for 5

f | i ' .Q .
asGRTERR TR Rl ALY AL U ATRLES) AR Aot
of Bt 67 h@m A1StehBherh084BAn dnokal heddsulrt ONThbA, flesulifSn®fwas
t he above exanpl es, according to the 30 catal yst

copductedtinansipringsentfinehe Aftesseftinighalenniinlet temperature of
ffectjve area of the crystal rface part,of the..
23D T RerBubisonpit iy BPC ARl Bhah tition wore
; eaq fhlid by NAMRAURTIERFTIBIC CO.
St%gégibélséesﬁ%\gfﬁ{gg%ygg%i calﬁhgr ajﬁfu es, which has been ~
LT J funelek icohyitioals! dfngd gy airukatd oateroftth® an 3/iim t 40 eonale espray
It is possible to omt or greatly reduce the iporganic
aip BRGSSYrage Rt MEacand i slpeaoieed r@%%g)? £8 shaie aTEﬁiﬂgEﬁ‘lﬁFd
netal supporting on a 5 catal yst powder contained in
granul es by inpregnating the catal yst powder with the

metal component by adding tie metal conponent, which
is
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exenplified by nolybdenum to a slurry containing the
mlled catal yst powder. Furthernore, it is possible to
make fl ow property of the granul es better.

Furthernore, crash strength of the granul es becones
high. In 10 particular, it is possible to further

B Y e e
elddexaalierobiopd)| lﬁ%@ﬁpﬁaﬁﬁeﬂdﬂd diGang iathoen (AFig. 1. The

PartcheSlzea&l mn 15 mMn 30 mMmn 45 nin 60 mn
reg@lt fthisaveyagsy @gﬂl@pgmztsboflmslz otengyl of thggranulps is

show%61% ’9&1)21333 30
[0030] (EXAMPLE 2)

As a catalyst powder according to Example 2, there was used a type
of metallosilicate, ZSM-5, having an average particle size of 39um and a
crystalline size of 4.2um. The subsequent preparation conditions are
similar to Example 1. Table 2 shows the change of the particle size
distribution of the catalyst powder milled by the bead mill. The SEM
photograph of the granules by the spray dryer (Type DL-41 made by
YAMATO SCIENTIFIC CO., LTD.) is shown in Fig. 2. Although not shown
in Table 3, it was confirmed that crash strength of the granules according to
Example 2 was almost equal to crash strength of the granules according to

Example 1.

_ [0081} It is understood from the resnlts of Table 1 and Table 2 that milling of

the catalyst powder of homogeneous nanometer size becomes possible in a
short time. Furthermore, it is possible to obtain compact, spherical
granules, as shown in Figs. 1 and 2, by spray drying the milled catalyst
powder. Furthermore, as is clear from the results of Table 3, it is possible to
cbtain 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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11.43 0.633 0.456 0.314 0.270 40 13.04 0.716 0.500
0.357 0.307 50 14.63 0.816 0.546 0.398 0.346 60 16. 33
0.950 0.598 0.442 0.387 70

metallosilicate becomes 1.0um or less, particularly 0.5pum or less, at a
cumulative frequency of 50%.
[0032] (EXAMPLE 3)

As a catalyst powder according to Example 3, there was used a type
of metallosilicate, ZSM-5, having an average particle size of 42um and a
crystalline size of 5um. The catalyst powder raw material was of
ammonia-type and converted to proton-type by conducting a baking
treatment at a predetermined temperature. Metal was not supported on
ZSM-5 used in the present example.
[0033] Firstly, the milling method of the catalyst powder by a bead mill is
explained. 20kg of purified water was weighed relative to 5kg of the
catalyst powder, and the total amount of the purified water was put into a
stirring container. While rotating a blade of a stirrer, the total amount of
the catalyst powder was added at 400 g/minute. After that, a
slurry-circulating pump was energized, and it was started to circulate and
mill the slurry. In 1hr after the start of the milling, the milling was
conducted until a crystalline size of 0.2pum.  After stopping the circulating
pump, the slurry in the system was taken. The recovered slurry was 18.9kg
relative to 26kg of the weight of the slurry introduced.
{0034] 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 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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18.33 1.139 0.662 0.495 0.436 80 21.01 1.424 0.755
0.565 0.502 90 25.68 1.946 0.926 0.687 0.617 95 30.75
2.548 1.123 0.825 0. 748

granules was measured by a measurement method in accordance with JIS
78841. The measurement results are shown in Table 4. The average crash
strength of the granules was not higher than 60.8 gf/mm?2.

[0036] Flow property of the granules was based on the bulk density
measurement method according to JIS 72504 and JIS R6126 (to obtain flow
property index from the way of decrease of bulk by conducting tapping).

The measurement was conducted according to Kawakami's way tap density
measurement method. The measurement result is shown in Table 5. A
smaller value in Kawakami's way flow property index means being better in
flow property. Flow property index of the granules was 0.38.

[0037] (EXAMPLE 4)

As to the catalyst powder according to Example 4, molybdenum as a
metal component is supported on the metallosilicate. Furthermore, the
catalyst production method of the present example is the same as the
catalyst production method according to Example 3, except in having a
procedure of supporting a metal component by impregnation on the catalyst
powder milled by a bead mill.

[0038] Firstly, there is explained a method of impregnation and supporting
of a metal to be supported, after milling of the catalyst powder by a bead mill.
2kg of the slurry prepared under the same conditions as those of Example 3
was aged for 5 days, followed by stirring in a stirring container. Then, to
this slurry, there was added an aqueocus 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
is 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.

12



10

15

20

26

30

[0050] [Table 21 15Particle Size Distribution of

Cat al yst Powder (Exanple 2) MIled by Bead M|

Cumul ative (% Particle Size (pn) O min 15 min 30 nmin
45 mn 60 mn 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

Then, a baking was conducted for 5 hours under 550°C.

[0040] 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. 5
{magnification: 1,000) and Fig. 6 (magnification® 5,000). Furthermore, SEM
photographs showing the distribution of elements (O, Al, Si, and Mo) on the
surface of the granules are shown in Fig. 7 (magnification: 1,000) and Fig. 8
(magnification: 10,000).

[0041] (EXAMPLE 5)

The catalyst production method of the present example is the same
as the catalyst production method according to Example 4, except in that it
has a procedure of further adding a PVA aqueous solution to the slurry into
which an ammonium heptamolybdate aqueous solution was introduced.
[0042] That is, 2kg of the slurry prepared under the same conditions as
those of Example 3 was aged for 5 days, followed by stirring in a stirring
container. Then, into this slurry, there was introduced an agqueous solution
prepared by dissolving 42g of ammonium heptamolybdate in 200g of water.
Furthermore, 8g of 10% PVA aqueous solution was added, followed 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
(0, 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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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 10.35 0.935
0.588 0.455 0.378 70 14.09

Example 4 obtained by supporting molybdenum by impregnation on the
slurry, spray drying, and baking have a higher crash strength, as compared
with spray drying and baking of a nano-size raw material slurry such as that
of Example 3. Furthermore, it is understood that the granules of Example 5
obtained by adding PVA, spray drying and baking have a higher crash
strength.

[0045] According to the results of Table 5, it is understood that the catalysts
of Examples 4 and 5 are granules superior in flow property, since their flow
property indexes are each lower than that of the catalyst of Example 3.
[0046] As shown in Fig. 5 to Fig. 8, compact, spherical granules are obtained
as granules of Example 4. Furthermore, as shown in Fig. 9 to Fig. 11, it was
confirmed that granules with little defect (depression) are obtained
according to the catalyst production method of Example 5, to which PVA was
added. The catalyst powder in the granules has an increased area of the
crystal surface by the milling. Therefore, 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.
[0047] Furthermore, in the element distribution photographs of Fig.7, Fig. 8
and Fig. 11, the photographs of "O Kal" show oxygen distribution. The
photographs of "Al Kal" show aluminum distribution. The photographs of
"Si Kal" show silicon distribution. The photographs of "Mo Lal" show
molybdenum distribution. White parts 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 AlO3
and Si0g, and since the Si02/Al2Q3 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
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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 [00511 [Table 31

catalyst powder by the bead mill. It becomes easily possible to produce
spherical granules, which has been difficult by rolling granulation method.
Furthermore, it is possible to omit or greatly reduce the inorganic caking
agent. Then, it becomes easy to have a uniform metal supporting on a
catalyst powder contained in granules by impregnating the catalyst powder
with the metal component by adding the metal component, which is
exemplified by molybdenum, to a slurry containing the milled catalyst
powder. Furthermore, it is possible to make flow property of the granules
better. Furthermore, crash strength of the granules becomes high. In
particular, it is possible to further increase crash strength by adding PVA.

[0049] [Table 1]
Particle Size Distribution of Catalyst Powder (Example 1) Milled by Bead Mill

Cumulative (%) Particle Size (um)

0 min 15 min 30 min 45 min 60 min
10 7.137 0.478 0.351 0.214 0.184
20 9.594 0.560 0.409 0.269 0.231
30 11.43 0.633 0.456 0.314 0.270
40 13.04 0.716 0.500 0.357 0.307
50 14.63 0.816 0.5646 0.398 0,346
G0 16.33 0.950 0.598 0.442 0.387
70 18.33 1.139 0.662 0.495 0.436
80 21.01 1.424 0.755 0.665 0.502
90 25.68 1.946 0.926 0.687 0.617
95 30.75 2.548 1.123 0.825 0.748

[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 10.35 0.935 (.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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Crash Strength (gf/mR) Conparative Exanple 1 Less
than 0.06 Exanple 1 60.8 [00521 [Table 5Crash
Strength of Granules (gf/nmmR) G anule Size 40-125pm
125- 250pm Exanpl e 3 66.2 Exanple 4 607.7 349.2
Exanple 5 848.8 [ 00531 [Table 51

[0051] [Table 3]

Crash Strength (gffmm?2)
Comparative Example 1 Less than 0.06
Example 1 60.8
[0052]
[Table 4]

Crash Strength of Granules (gffmm?)

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

[0053] [Table 5]

Flow Property Index of Granules

Granule Size | 40-125um
Example 3 0.38
Example 4 0.28
Example 5 0.29
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1. A process for producing a catalyst, conprising the
steps of: (a) mlling a
nmetallosilicate-containing raw material to obtain a 5
slurry containing a cat algysgijgwder i ncl udi ng
particles having a size of 1.0mor less at a
cumul ative frequency of 50% and (b) drying the
slurry by a spray.,drying nefhod to aobtain granul gs of
L a cafidmpsess @6 PPORUENE et alst oFAPRGSIE @%tﬁpapg
wher gj | I I A
ot oceodniilerl bk Aol BoSRAMIE Silp ¥ aR BRI oftath o
shitgy 2ohideigdatcatdpsagbwdebiiciedimgt hrartRlapbatialy @asde of
(b). 15 4. A process according to claim3, wherein
1.Qm Oa‘dﬁﬁﬁfga‘iBCQWGEW@JFWG@ICY@%W&@?@W@ slurry to stand

*erpUpalares B THBRTEY ety PlofipeBhol B BRlain sranles of a

Cagﬂf@gding to any one of claims 1 to 4, wherein the
netallosilicate-containing raw naterial contains a
nmetallosilicate having mcropores of a size that is
substantially 4.5 to 6.5 angstrons. .. 0.. A proce
2. accofdrREe TR aRdo St 17 Hetoinths milingds foRdogE by a
bedBLMI 25 conmponent at |east one selected fromthe
group consi sting of rhenium vanadi um nolybdenum
tungsten, chrom um and their conpounds is supported
on the netallosilicate. . ) . .
A process according to claim 1 or 2, wherein the slurry is subjected to

an aging between the steps (a) and (b).

4. A process according to claim 3, wherein the aging is conducted by
allowing the slurry to stand still under an atmosphere of an air of normal

temperature and normal pressure.

5. A process according to any one of claims 1 to 4, wherein the
metallosilicate-containing raw material contains a metallosilicate having

micropores of a size that is substantially 4.5 to 6.5 angstroms.

6. A process according to any one of claims 1 to 5, wherein as a metal
component at least one selected from the group consisting of rhenium,
vanadium, molybdenum, tungsten, chromium, and their compounds is

supported on the metallosilicate.

7. A process according to claim 6, wherein amount of the molybdenum

supported is 2-12 weight % relative to total amount of the catalyst powder.
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7. A process according to claim®6, wherein anount of
t he nol ybdenum 30 supported is 2-12 weight %relative
to total amount of the catal yst powder. 8. A process
according to claim6 or 7, wherein the netal conponent
'S supported on the nmetallosilicate by adding the
met aly r ;
B R e R S
suppopddean tie inleeaﬁcbsxhﬁa/ce by addifg tAepnoicd semponenttmghé o
any one of clains 1 to 9, wherein the catalyst is a
Sh@&ﬂalyst for producing an aromatic conpound and
hydrogen froma | ower 10 hydrocarbon. 11. A catal yst
produced by the process according to any one of clains

9.1 toAlkocess according to any one of claims 1 to 8, wherein polyvinyl

alcohol 1s added to the slurry.

10. A process according to any one of claims 1 to 9, wherein the catalyst

is a catalyst for producing an aromatic compound and hydrogen from a lower

hydrocarbon.
11. A catalyst produced by the process according to any one of claims 1 to
10.
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