; €3eSNNOCLQ(t QR6RTSt z- - 1 Description Catalyst for Preparing Unsaturated
Al dehyde and Unsat urated Carboxylic Acid and the Production Process Thereof
Technical Field The present invention relates to a catalyst for use in the
preparation of an unsaturated al dehyde lanrd an unsaturated carboxylic acid,
Yhe preparation process thereof and the preparation process of the
unsat ur ated al dehyde and unsaturated carboxylic acid that uses such

catal yst, wherein the catalyst co i ses at | east nol ybdenum bisnmuth and
iron, and is used for preparationngéeﬁﬁmﬁwgaturated al dehyde and an

unsat urated carboxylic acid by vapor-phase catal ytic oxidation using

nol ecul ar oxygen from propyl ene) isobutylene, tert-butyl alcohol
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have been made concer ni nﬂcigaa%r@ilrt}‘n?tlﬁ'oaﬂgtiéﬂqﬁ{dgeggafffh%tré&n process for such

catal ysts, that can be useé he “preéparation of an unsaturated al dehyde
and an unsaturated carboxylic acid from propyl ene, isobutylene, TBA or MIBE
by vapor-phase catal ytic oxidation. Many of these catal ysts have conponents
cont ai ni ng ®WchhRasFidig! ybdenum bismuth and iron, wherein nolded catalysts
havi ng such a conposition are being used for industrial purposes. These

catal ysts are clipagres&st invdéritioprelates ena catalpst f6puge isthe prepardtion-sfuppor t ed
catal ysts and so on, depending on their nolding nethod. Usually, an

ext rusi on- ran aeshtaitéd sifehyde RhdRaT @nsaiirated ediboxylaatidetrespreparation ng t he
cat al yst r - 2 conponents then carrying out extrusion-nolding. On the

ot her hand,pracess theegof amuithetpreparatiah ypsocess gfitbe ansdturgted gigehydenand powder
conprising the catalyst conponents on a carrier. Wth respect to \

ext rusi on- rurisaturatest carbexgic acid thatsises suich gatalystawbetsie the eatglyséd; whi ch

i nclude, for exanple, a process for inproving strength and selectivity by
addi ng gr api9Mpises aideastonglybdenympbismulih aRg ionepadas Used {Fapanese Pat ent

Lai d- Open No. 60-150834); and a process whi.ch adds a certain type,of
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Background Art

Heretofore, a large number of proposals have been made concerning
catalysts and the preparation process for such catalysts, that can be used for
the preparation of an unsaturated aldehyde and an unsaturated carboxylic
acid from propylene, isobutylene, TBA or MTBE by vapor-phase catalytic
oxidation. Many of these catalysts have components containing at least
molybdenum, bismuth and iron, wherein molded catalysts having such a
composition are being used for industrial purposes. These catalysts are
classified into extrusion-molded catalysts, carrier-supported catalysts and so
on, depending on their molding method. Usually, an extrusion-moided

catalyst is prepared by kneading particles comprising the catalyst



Japanese Patent Laid-Open No. 2000-71313 discloses a nolding process of a
porous nol ded product, in which material charged into a piston type
extruder can be nolded into a shape that is easily charged into the piston
extruder cylinder by using a screw extraider or the |ike beforehand. Wiile
Exanpl e 4 of that docunent specifically discloses a nolding process for an
i sobutyl ene oxidation catal yst conprising nol ybdenum bisnmuth and iron as
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Di scl osure The pr esent | nventl on was carried out in
order to re‘g’%?lygpﬂ] g@éo'b/tg%ge%g?'?' ed probl ens. is an object thereof to

provide a catal ygin Eé’é)!)e]l&f‘o éﬁrl%é?ﬁnhﬁcﬂﬂé‘é %{%tg fbuﬁqggﬁﬁfq@%§ﬂ age dehyde

and unsaturated car I C acl IS eX ICc activity

and in sel %ééﬁ/pr‘obogéd%ﬁ@hli'ﬁcﬂw@ fa+ e%mg rﬁoeeé@fdan@g?&nﬁgﬂé# h' ¢ acid,

a preparation process of such catalyst a process for produ an

unsat ur at edaril S61ByMAtyYaddifg grapHiRlorca Moxyanie leér duﬁ'ﬁg prepauatiot el d using

this catalyst. The preparation process of a catalyst for an unsaturated

al dehyde andapanestsPhatentLaili-OpehNy.160s150834)pand afirogesowhith addssent
invention is a process for preparing an extrusion-nol ded catal yst

cont ai ni ng cartdiraqe ofdelintbse derivatieerdutingestrusion-rholdingef the dattalystr oduct i on
of an unsaturated al dehyde and an unsaturated carboxylic acid by

vapor - phaselJepanesa Paten Laigt-Opend¥o.at-16464)t  imadditiopr dapanase, Pateobut y| ene)’
tert-butyl alcohol or neth tert-butyl ether using nolecular oxygen, said

process confgHdRan Na. 30 %971%&%%9&66@)6&5@%7510'@69@@@6@5 Withl es as
d d t d |
ol y balenum (EHEZIRRS G eﬂwﬁ@ﬁﬁw%égatr B DX arBEIes L PORR & B ACATOAPer Lt her

heat treatl .sai, d %l‘l ed

| c?t al Iyzt co cined Pa éﬁ]‘ﬁe !ﬁsqbgﬁ dgjsl"?ni?:;g?av %PFQ%?Z%I gt ﬁp
first- m'oP3e%“%eﬁgﬁﬁﬁd%@éﬁéﬂmgﬂﬁ%aéﬁﬁgq'?%aﬁli bi Ston bl di ng‘)m;cﬂ.gn‘e “In
this preparati ongaggrﬁl r s?a{éﬁ?& : EFQfNé %ofo' fﬁ;fwgg@%ﬁ%‘% ngrgl ded by

t he above-descri I's cylindric bly has a

di ameter ofpfcesd bf@go%ué Rbffed n@@ﬁub@ﬁ?wﬁﬁ:ﬁ%&t Ia'irﬁﬁa@fe 'm)l dﬂs‘td'ﬂjer

di anet er of t he piston nol di ng Ine used in the sec ng step. -

4 The speaypeé exiudt tah Bé niGitéd intd W sHEY OBt Y €458 chiafgdd mit@fd! y from 1.1
to 2.7 kg/L. In addition, the average particle dianeter of the catalyst

conponent pEistonaxtrtidies cflltmmr 1Yy usindla@crewnexifbgesoethadikeférebbadconpr essi on
strength of the catal yst conponent particles is preferably from9.8 x 10~

to 9.8 X 1ONh|IeJEx§mplet4lda‘thakadndunmergrsapectfmaw disblvsesteamplding provessnt
particles is preferably from0.5 to 1.8 kg/L. Vacuum deaeration is
preferably ﬁbﬁn@qt}utsdane@mdatmnmgtammmganﬁng molyhdesumddisredthpardiuct i nt o
the finished shape using the piston nolding nmachi ne of the second-nol di ng.

During firdfQmas anagxampie peibis:the Uwenalscnarge@rra@ the pisten type exbiugieng.
had not been pre-molded.

However, the oxidation catalysts obtained by these commonly-known
processes are still insufficient as industrial catalysts in terms of their catalytic

activity and desired product selectivity.

Disclosure of the Invention



The amount of the liquid to be mxed with the catal yst conponent particles
rs preferably from35 to 55 parts by mass per 100 parts by mass of the
catal yst conmponent particles. The catal yst conponent particles are
preferably calcined particles. The pres&nt invention also relates to the
ctatal yst for preparing the unsaturated al dehyde and unsaturated carboxylic
acid according to the present invention prepared in accordance wth the
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unsaturated a and an unsat ur at e according to the

present i nvmgdtmtééam@hyaé %Hai&ﬁa{mlamﬁ%\hﬁé%cidlfaeﬁﬁrp??aﬁtﬁ Prdcdss

bel ow descri bed preparation process, used in preparing an

unsat ur at e%f%&ﬁ*b&ﬂ@ly@t[‘ idnu RSHYoRESS f5F preatiany lanturiatstatd élubiﬂ/ﬁaééEhﬁ?ot he

reaction raw materi a e. propyl ene, isobutylene, TBA or

vapor - phas eursszitarayéd cadokgiis acia at @i High WI@qsinPrthm@Ivst. The above-descri bed
catalyst is a catalyst conprising at |east nolybdenum bisnuth and iron as

a catal yst conpdirenprepabationgiratgss ohagatdlyst foroemp unsatucsted lajdehydergnahent s

ot her than nol ybdenum bisnuth and iron, such as silicon, cobalt, nickel,
chrom um |&aunsatrajed cadhoxylic acidracooeding4o ting preasebt inventiom isea, bari um

tin, tantalum zinc, phosphorus, boron, sulfur, selenium tellurium

ceri um turijocess faiprepaning an exkiHsigmmoidedaatglysieantainingsatdeastum r ubi di um
cesi um and th@l lium For exanple, the catal yst (fref erably has a conposition
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0012, cone pdlingCaBip b herbaag L i Rl il by cor o

tungst en, ant n represe east one nt

sel ected f rdl?rlg*‘@ QQM§QOWWEH{gCHdIO§BdgﬁhP$);%Mmh &% R6§ ovEs rubi di um

cesium and thallium Moreover, a, g, h and i represent the

atom c rat icxicinédpatticles pfeparé® by SavtitercneitRidiating \dakhdded-padicldshaystepy be
chosen so that b = 0.01 to 3,

c=0. 01t 05, defimixiryy asdDkneadin@sald catalysbéompendhtpsarticles with at lehst aat onmic ratio
of oxygen which satisfies the valence of each constituent el enent.

liquid; a first-molding step of molding the kneaded material; and a

second-molding step of molding the first-molded product to a finished shape

using a piston molding machine.

In this preparation process, the shape of the first-molded product
molded by the above-described first-molding step is cylindrical, and
preferably has a diameter of 0.5 times or larger and less than 1 times of the
- cylinder diameter of the piston molding machine used in the second-molding

step.



Preparation of the catalyst for preparing an unsaturated al dehyde and an
unsat urat ed carboxylic acid according to the present invention conprises:
(1) a step of preparing catal yst conponent particles; (2) a step of
kneadi ng the obtai ned catal yst conponem particles; (3) a step of
first-nol ding the obtained kneaded material; (4) a step of second-nol ding
the obtained first-nolded nmaterial using a piston nolding nmachi ne; and

usual Iy further .conprises (5) a, step of dryin nd/.or heat-treating the
ol ded” pr oduct | TG Shecicarayty Bt S BeshmaleerRtodietis pisterainiRhd
particles, tﬁ‘r% g(g_ﬁrticles are prepared by spray drying an aqueous slurry
conpri si ng z g um bisnmuth and iron. Spray drying has the

pher ol shape ! AHCNR, e Erdos brRICEE HBlREr Bl et Sorfndti 1o,
ocal| zati darirer Retane il Yoo B VAR ajolRbe darfE SRt F I S anty e
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and the oxide m xing net uch as oxi sultates, nitrates,
car bonat es, N hy#the pufkespeciit §raivitfof e ataiy8t BampBRENGAHiARSidBreibRaibh) ement
of the catal yst conponent can be used as'the raw nmaterial for the catal yst
conponent . ffom e38mlgkg/Lhe raw material when nol ybdenumis a catal yst
conponent includes amoni um par anol ybdate, nol ybdenum tri oxi de and the

| i ke. Further noMacueirt dederation iy preferably votaetied outdenmynmotding whtee nore
can be enployed as the raw material for the catal yst conponent. Spr ay

dryi ng can firet-meldddeproduct into the finishwedghape/asingdhe pistah maldingfroachinanpl e, a |

rotating disk centrifugal atomi zer, a two-fluid nozzle atom zer and the
li ke. The fitag secondrgnaldingi + Duing fisstemolding,ra serewcertaider i preferabhyut | et
tenperature, nmay be suitably set so as to obtain a desired average particle
di aneter. RCAIREMAIAING: he standard drying conditions when spray drying an

aqueo lurr ntai ning 35 to 55 % 0 olid matter ing a ra
e e ol ppett i AmouRFe e g Suiclte B mied WA N FORYSEFORPENGRT | 1 o1
temperature of from 1Q0 00 n.outl.et tenperat from 100 to, 200C and
anngt om zerpﬁqwlﬁ P'Eﬁ%e'?b@eﬁo%‘f%ﬁ &)O#ggﬁgtb[ydnggﬁggr m(ﬁpa%?yﬂ?ﬁjmpart icles
obt ai ned i i i ain salts, such as nitrates, originatin
fromthe CQP%@@E%'@?@W;}@%“@Cﬁ%-t he Iike. If a nolded product rm?ded ’
fromdried parti 1R d i Lned to
deconpose tﬁe sgﬂe?fsat?ﬁgf’g?ﬁgﬁg?rﬂ ddﬁ{' %ﬁ%gﬁpgg%#%%%@e@%&%educed. For
this reason, thqmRAslesehtiRvéntorNaso 8latedio il catalyst3oPpRipEFingtRE er abl y

calcined at this point to give calcined particles. No particular

restricti onmsat@apdsidehpde bhg ubRhiiraiedcaBod)lici 4Uid ackotti ahey the
particles are calcined at a tenperature in the range of 200 to 600C in the
presence ofpresentundentidrpreblared inf accoxgyese with theabovd-deseribedThe cal ci ni ng
time is suitably chosen according to the catalyst raw nmaterial, the desired
cat al yst arprepasationrocessesi nThearatalysicshiapedd im pattictlarsa kmgl shaype,anci ned
particles conprising the catalyst cor’rPonent shall be together referred to
as cat al ystpreterpblydas gmeuter diametanehfradt diteddimmearri ed out wi t hout
crushing the catal yst cor’r:ﬁonent articles, if the average particle dianeter
i ncreases) | ar gd hgghrgsent inkentioly wiethep relatesdorapraparalion egeshet 8art i cl es
? Ltee;\/ renr) Lg@nr%g;%gig%pﬁﬁé?e é%uh\gnt dnéa?&r%?eé 8a|!brc7>9{/l?cvaeéid,C\)/qvhllcneus%tsqgcre hand, if
above-described catalyst in vapor-phase catalytic oxidation of at least one of

propylene, isobutylene, TBA or MTBE using molecular oxygen.

Best Mode for Carrying Out the Invention



_ g _ decreases) the nunber of contact points between particles per unit

vol unme increases, whereby the nechanical strength of the obtained nol ded
catal yst tends to inprove. In consideration of these points, the average
particle diameter is preferably 10 ~nT0? greater, while 150 ~mor less is
preferable. An average particle dianeter in the range of from10 ~, mto 150
~.m has an excell ent bal ance between selectivity and nechani cal strength.
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et o dfianiarey Exdbxyfiodcil SLRE RPN prtshBhGERibEs ) 0] °20 S, P11
O | SRS SIS/ SR BYER e bod GREAER | 1,
speci fic grEgbéds, iwhith e &@éwmrpggfagﬁggﬂ \-}Mﬁntsﬁﬁuétegj %ﬂrg{emdéaﬁa eferable. In

this range sufficient strengt st an ng can be obt ai ned,

so that thmmlt@rbfécﬁéar%bﬁylftoécié%?iéub{iéd‘tih@hﬁé' réationralPindtatial, i | e the
activity and selectivity of the Catalyst "are also high. FromO0.8 to 1.2

kg/'L is pargropyleae obutieriea TBA oHITBE, hoMapsPphasé eatalyaiéidxidatiort he val ue
nmeasured using a nmethod in accordance with JI'S K6721. The bul k specific
gravity of udirg oetiedulat oxygeponent particles can be adjusted, for exanple,
by adjusting the concentration of the agqueous slurry to be spray dried, the
m xi ng rate or diherabovg-describeédrdatalystrie pasadalyshcarhprising afjlessts sl urry, the
concentration of the slurry and the like. Geater average particle

conpr essi orMmalybdagum, bfsn‘ﬂlﬁé angkiraryas acatgysicsampeneantc| Egetcetaigsttmaw t hst and
nmol di ng, while | ower averaqe particle conpression strength tends to have

hi gher act i3/$Q Gompise Satalystromponents ather dhan mojykdenym, Hthangr operty

St engt 1 O SOPR a5 310 gbAlE ickel Shramidin; 5., S1anaznese¢aieiiph of or abl o)
df 4. - 4. . 10-2 N |s. ticularl f ble. Th
parti clo canpRasi, hifuh,Siver eron cut 3ol San MsofaflS Bodcan b
dj usted, f : ' s ' t he. I
0 be <pr ay UlHE SR, SO X, oton AR, Warims WVARLT 21 T on of

the aqueoussoafuth Hotabfint HIGRIIH dshindnd ! Ty and the |ike Next, in

step (2) for kneading obtal ned catalyst conponent particles (i.e. dried
particles or calpgraREnipié, the lcafalystpréferibly hasia éémeéﬁﬁén Tré"kﬁg%éﬁ ,
conponent particles and a liquid are kneaded to give a kneaded nmateri al .

Exanpl es Ofthefﬂtﬁiﬂg?@h@rdlifalnhmat(p. be used in this step include water and
al cohol s. Exanpl es of the al cohol include | ower al cohols, such as ethanol,

met hyl al cohol , Mo BiyAeMXNELSig@d butyl al c@ipol. Wiile these |iquids can
be used alone or in conbination of two or nore, it is preferable to use

wat er becauwsherein Mo, Bi,dreyi§i@andr@ irdependentiynepresentmolyipdenump bismughi d used
may be suitably chosen according to the type and size of the catal yst
conponent (&, silices andraxyggperespertivalyidM4rBresests akleastengelementsual |y t he
anount is in the ran of from10 to 70 parts by mass per 100 parts by mass
of the cat aﬁeﬁq"quﬁﬁgﬁﬁgmh@rqqn@!s@gg %icﬁgénénﬂdmjiﬂ'? X ferresents atilgasty used
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and titanium; and Z represents at least one element selected from the group
consisting of lithium, sodium, potassium, rubidium, cesium and thallium.

Moreover, a, b, c, d, e, f, g, h and i represent the atomic ratios of the



- 10 Further, the smaller the used anmount of liquid) the denser the nol ded
product becones, which tends to inprove the strength of the nol ded product.
Therefore, the used anbunt of liquid is preferably 60 parts by nass or

| ess, nore preferably 50 parts by nmass @r-less, and even nore preferably 45
parts by mass or |ess per 100 parts by mass of the catal yst conponent
particles. In step (2)) it is preferable to add a nolding aid (nolding

22?2??2[‘%?&%@#@%# éﬁ%ﬁ%ﬁ?i@%mﬁé %%30?\‘9?"\"6?&%&%&3 R’y Bt Rg "
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et hyl hydr oxpefdent. cel | ul ose and hydroxypropyl cellul ose. The added anount
of these nolding aids is preferably 0.1 parts by nass or nore per 100 parts

by mass of the [Rrepaition of ¥ EafIVE férifrepating ¥AlurkallitaRbideRyde dn@arts by
mass or nore is especially preferable. From1he point that post-treatnent,

such as headn Unsaturated cafioxylicratidi agtording a0ese prssedt inveRtodgsprisadunt of
the nolding aid is preferably 10 parts by mass or | ess per 100 parts by
mass of t he(1parstep bt prepamngi cataigst doempenerntpartictesi2nastep efkhdadmgt s by
mass or less is especially preferable. A conventionally known additive can
al so be addbe obtaingd catalyst companent partinias; €3) a stepeafffirstamioldingthe nor gani ¢
conpounds such as graphite and di atomaceous earth; and inorganic fibers
such as gl biainegdineaded material; (dya step efzasondimelding tke qhiainedul ar
restricti or}, is placed on, the apparatus used for kneading the m xture

cont ai ni ng ¥ &-Mﬁfﬁd GRS Haing pisten ewlding maghingiiand ysyallyfumiere, t here
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obtained in the kneading step is no in irst-no oduct” usi ng

an appar at hapeddt tRe opthised pHAResOs aautﬁ}fcﬁﬁﬁsdf?é‘rmap%a ] apparatus can al so
be enpl oyed ich perforns Phe kneadi ng and the fi rst@pm)l di ng in succession

(one-pass) . Her ®No particalaprestactidn is placadon Yhe Hethd @ fdfpRaparisy tHed ng a bat ch
type kneader and the first-nolding using a screw extruder, in terns of the
fact that lagedussiuray) previded thatdt dogs nbi causeesignifiedhhigcalizdtioni of moni t or ed
and in terns of productivity. The first-nolding shape is not particularly
restri ct edthaiconpnegents. iAnyeokthervaious dechniques which hevedwerstoforegbeendi anmet er
of 0.5 or nore tines and less than 1 tines of the dianeter of the piston
mol di ng nad¥glhknewn canhe ysad, sieh asdbe precipitation methodsand theroxide di anet er
of the cylindrical firfst-nolded £roduct, the easier it is to charge the

f
first-nol ddBXEIGOAGEOY. niPMRRULSBURN ABLYIdSS, BltatesdIlraleReGRIDONAIRS: t he
ai amet or 1 e Ao shidBha FRueSs sovnng heelemmmtpgtne. O ° ° 1 "°
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t he di anmet g!r()ﬁg?‘ theﬁﬁ%—ﬁlﬁp{i ng, E‘F{aﬁ%ﬂé‘\/\er E?'@&XQQ @Hﬁggﬁgde%% | oad
pl aced on thelikét aFyahemdrel 6itfsr ontypl det rashattive Eément &r (Wl SBmpte POT €

control. Therefore, in particular, a“cylindrical shape having a dianeter of

from 0. 8- orcanbecemployedtas thesaw material forthe catalysteomporiedgr di aneter of the
pi ston nol di ng machine is preferable. : :




In addition, the greater the specific gravity of the prepared first-nol ded
product, the greater the strength of the finished catalyst, while the
smal l er the specific gravity, the nore the selectivity of the finished
catal yst inproves. Therefore, in consrdération of the strength and
Selectivity of the finished catalyst, the specific gravity of the
first-nol ded product is preferably in the range of from1l.1 to 2.7 kg/L,

orereraply n @Ry EnGRaR e £aFiBh ol Sl £ strelitives Salaod wingRar ¢,
ot aduct | congrapieg 2 et B o Uef Sdrhzat S, R Ol o
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machi ne. Pl whieratlre! ey o S8 Sei2ol 4 (obta RABGHED 0 kUST on and

the li ke, which inproves the product yie urt hernore, ng can be

carried outdiahidie WirfexamMpié, th8Stdnda irfiRYy &h@itb@&%ﬁ@%ﬁ&@qiﬁécess air

is small. This allows a uniform nol ded prodlct to be achi whi ch t he
powder ratianaguebas giuny dontainingi 38 1RGS Riadlsys bf sdlidmatter LSRG §iralyube is
reduced and selectivity is inproved. Conpared with the case where  a
first-nol di diyer equippedavith & dotating diskrceranfuigalistomizémaearsinied kneaded
material is directly gusi ng a piston extruder and the |ike)

ext r usi on- nemparatune of frofm HG teeG0BIC =) outhet tempseeature fromt0®io 200°Gys t he
snoot her extrusion-nol di ng because the shape is already fornmed after the
first-nol di ¥ amatemizex sasiuticnspeed ofdrop| 8008toR0000spoat al yst - 13
particles duri ngl_ nol, di ng, a soft nolding can be achi eved that does not
destroy the cat allfEs@riesparticlesobtaingd in this way somelines cantaie salisisusht ed i n

the finished catalyst. . Th t {aj talyst with |l ent i talyti
act i vi Ly  artP NTEGRs GHIaINADg T o Sehis cawnaseniglandiie Ieaitfat ca

car boxylic el e - noj di.n tep, if.i.s preferable o not carry
out vacuum@éla(t%rd a:érlggh& @§%ﬁ3€°”&‘ 'eg#ﬁ%gm{g@nmg ﬁéaﬁgﬁﬁ'l“%'f‘{ o5 not
reduced. T e I t bt al Q rusi on- ol di ng
from the secue]SReichied Brudtbititod fbTals, 1 BRI of b ™ BB He ol e
into an ar iy dedred S j sﬁ?ﬁ j il and
stellate pil Igr S. eHE??a‘? mﬁﬁ}g&fr@séﬂg%g 0 @E%%ﬁg?ﬁé{egﬁgé{fgﬂgpﬁ%@ not

par ti cul ar |l alsé préfetaHiy BalchRecatIRis o th : C YRt ar ed
wi th conventi ogal rml% processesB?)n whi ¢ eg?lpg‘seﬁﬁ%r{ﬁgﬁﬁl ngl%i nt 6&’?%@

fini shed sheptictions are prdedwn the calcihinglconditRes, b@truéuwl?tn% gbﬂﬁﬂ@s shaped
particles are piston nolded, the present process is preferable for a ring
shape, whi creglaicired at ademperatureeintheangge lop 20046 600eCim i prssepdeiofc! es
during nmolding, in particular for a ring shape having an outer dianeter of
from 3 to 18 underthe flowrgf, oxygens Rixpeniteogeral Sthe edleinirertire isisuitablp
different term "hollow cylindrical shape.” Next, in the drying and/or

cal ci ni ng epsccarding, to thel eatalystray materialhtheotasitedaatalystiand thet al yst i s
dried and/ﬁfk calcinated to give the catalyst (p rod uct) . No particular
restrictiod®Ps placed on the drying method enployed in this step, wherein a
wel | - known drying nethod such gs _hot-air drying, humdity drying,
far-infrared qrﬁ%ﬁﬁm ﬁaf’ﬁﬁ%ﬂaﬁﬁ\%ﬂaﬁ'% ﬁgdgﬁ%%g"}ﬁﬂmmaﬁ Ic@ ?’!ﬂ/ed. The

drying congj, gﬁﬁﬁ%ﬁ%gﬁfon%i’ SREN l)gttgéé/thgp 38Med %o b2 %%\télpsei c%?nsrgornee%t wat er

content can achi ev
particles.

When molding is carried out without crushing the catalyst component
particles, if the average particle diameter increases, large voids, i.e. large
pores is formed between the particles after molding, whereby selectivity

tends to improve. On the other hand, if the average particle diameter



- 14 Usually, the dried nolded product is subjected to cal ci ni ng. However,
Where in step (1 ) the particles were calcined, and an organi ¢ bi nder and
the |li ke was not used, calcining of the nolded catal yst can be omtted.
Accordingly) the dried nolded product-i& —al cined as required. The
talcining conditions are not particularly restricted, and commonly known
cal cining conditions can be enployed. Usually, calcining is carried out in

2, Lermer 2t g 3000 il o) 0 oA B hEA FHA3SER BBt "
cccerd ng leheodcit et AL locHonidh Sy AU Sho SHANSK el BhyY |
ol .U nde Y9I ekl B i, HREa B atga Ll Yol

prepar at | OrUiQ&efté"}fls ?%@Y&Wﬁgn?gg ggér?‘tgé ‘\ngﬁl ofbPhicdMESs %Dﬂ'e\‘m%ﬂe‘?r at ed

carboxylic acid, the powder educed because ere are no

mol ded pr odaw bveldiRtpdiacie diametss i il bén’@@df'(frlogfa g@ﬂﬂh% 1506urRPedain ratio is

defined as provided bel ow Ml ded catal yst g) was charged into a

stai nl ess séxeellenbalanes bewden seéctivity andatietifimealdtingi.! YFirthdrhan
hori zontal direction having an inner dianmeter of 2.75 cmand a | ength of 6

m by dr oppiawgrage pasticle fiaavetehef 20 pmodr hibee sombes preferablie; 48ouckast cat al yst
was subsequently recovered froma |ower portion of the container. Fromthe
recover ed rbtebeingtespesially pfefetableyrwhilte 100am dif lésads mone preferablgh a si eve
having apertures of 1.19 mmis taken as X g: Powder ratio (% _

((1000- X) / 16085 um goless being esneniallyrprefasabliecr eases, a catal yst havi ng hi gh
selectivity can be achi eved, since the pressure loss is small. In addition,
conpared with tHegeater Bk speeific oravityiteads tawihgtand saelding. mhilga t i ¢l es
obt ai ned by _a thod .- 15 . ofher .than ray dryjn excess. | oad is not

pl aced on tlﬂweggpigl’%pﬁcmﬁeﬂrﬁ"y @déd?iweiﬁg#rﬂ‘ft&@égbgée V®%i on- ol di ng
can be carr4.e mor e sppot hi whereby a soft.nol din n be achieved

t hat does ntqeqﬁgog%’r'89"?‘%8%3[@”%}%”%&(% ”é‘g.mg{dmﬂaa qgg@ﬁﬁﬁl e pores can be
achi eved i i NiL.S : I i jchis
excel | ent m]ér#cbg?{ﬁ”% i g%gg{?éleﬂfycsgrﬁgﬁ%ﬁ‘g{&%ur%gbggﬁgﬁoﬁzﬂﬁquﬁg%é%at urat ed
carboxylic ; | et by é\gmr ; j ur at ed
al dehyde arfg'6 Lér}:gglt%ijr g’? gﬁé _‘é%r}gooxy '?Igag%%hﬁwifeb ‘Qﬁ@f‘?ﬁﬁe"g‘?“%e@% yst
accor di ng tgbthin@dPSE Bftithe Bléﬂlélésoé‘re' ﬁot“éé%'il?%lfhériébcul Lﬂfirfg%_@ﬁﬁei | hiee made of,

for exanple, stainless steel, to forma catal yst |ayer. eedi ng gas

cont ai ni ng thbectigigcah@ Belegtivitpdfthedatalystcare RSP Highne Froma® Bty 11emRg/LTBA or
MIBE, and nol ecul ar oxygen were supplied to this catal yst |ayer, whereby

the reacti ds padiculatyepriefdrables Hdrpebulkdpegificagravityisahe vaileaingasarenki dat i on.
The reaction raw naterial, i.e. propylene, isobutylene, TBA or MIBE,

using a method in accordance with JIS K6721. The bulk specific gravity of

the catalyst component particles can be adjusted, for example, by adjusting

the concentration of the aqueous slurry to be spray dried, the mixing rate or

stirring rate during preparation of the aqueous slurry, the concentration of the

slurry and the like.

Greater average particle compression strength of the catalyst
component particles tends to withstand molding, while lower average patrticle
compression strength tends to have higher activity and selectivity.

Therefore; in view of handling property during molding and catalytic

performance, an average particle compression strength in the range of 9.8 x




can be used singly, or in conbination of 2 kinds or nore. Wile the
concentration of these reaction raw materials in the feeding gas may vary
over a wide range, from1 to 20 volune%is suitable and from3 to 10
volume% is preferable. Wiile it is econdnical to use air as the nolecul ar
bxygen, if necessary air enriched with pure oxygen may be used. The oxygen
concentration in the feeding gas is defined by the nolar ratio in relation

0 TG BB T Nl BRGNS, 05 S T
TS o PTEABON e T SRR AR S BT
vt er_conc Al Smbhiariced an bEGAP9e o ehalfd BRSO |0
nert gas. iRenfiafioh BUR SRR IpIEHEARYaisR e TARRENAId 6r Pressure Lo

several hundred kPa. The reaction te can be chosén 1 n the range of

from 200 t ostithRgratel dutitgPrepARation I eh@bglié s Slafy! he'QiHeehtrafisRoftid | v
preferable. The contact tine is preferably 1.5 t0 15 seconds. In the

reaction t udlgrry ahd thetiréyst may be diluted with an inert carrier such as
silica, alumna, silica-alumna, silicon carbide) titania, nagnesia,

ceram c bal I s oNettainrstep 2)Sfoekheading tize eblainecceatalysteomponehthe cat al yst
according to the present invention include preparation of acrolein and
acryl i c acipariclem(iéiadried phrticlea ovfcajningd pamieleshraimixtapmobat leastthe

nmet hacrol ein and nethacrylic acid fromthe oxidation of isobutylene, TBA or
MIBE. Exanptadalysheorppenrenitparticiesnandm liquid arslinerdetbioegive @diridaded| y
explained with reference to the foll owi ng exanpl es and conparative

exanpl es. I'Rat&k@ldescription of the exanples and the conparative exanpl es,
the term"parts”

kneader equi ppe@&rﬁ%‘ﬁggﬁglpgg{&ﬁhlgéﬂf‘ S‘?’ﬁlflzgé {]E'setﬁ%ggtgﬂé'g‘dg éﬁ‘%t%%/f)g of the

(ot er! ol SRROROH, | SoRSREL TR ISAE) WS SBIE RN o) 925 oo o

conver 1 on S SE ety A1 Arobd) b SRR AP, LPRGRARRACT oI er e

eyt GRS B SAeR R ol BB g ot o o to
use water because it is economic and easy to handle.

The amount of liquid used may be suitably chosen according to the
type and size of the catalyst component particles, the type of liquid and the
like. However, usually the amount is in the range of from 10 to 70 parts by
mass per 100 parts by mass of the catalyst component particles. Since a
larger amount of liquid used allows for smoother extrusion-molding, the
spherical particles are less easily crushed, whereby large voids, i.e. large
pores, form in the dried and 'calcined molded product, which tends to improve
selectivity. Therefore, the used amount of liquid is preferably 20 parts by
mass or more, more preferably 30 parts by mass or more, and especially
preferably 35 parts by mass or more per 100 parts by mass of the catalyst

component particles. On the other hand, a smaller amount of liquid used

reduces adhesion during molding, which improves handling property.



- 17 Unsaturated al dehyde selectivity (%9 = C A x 100 Unsaturated
carboxylic acid selectivity (%9 = DA x 100 where A is the nunber of noles
of the reacted raw nmaterial olefin, TBA or MIBE; B is the nunber of noles
of the supplied raw material olefin) “TBR or MIBE; C is the number of noles
of the fornmed unsaturated al dehyde; and D is the nunber of noles of the
formed unsaturated carboxylic acid. The bulk specific gravity of the

oo v=t g S 8 BB I P B OB
or vty CAyeftie o thrids 8 RFORAECSIGRTOf 1o bldErobue®r. (C,
conpri si ng PRéraforeMPeSistdambant @f’]f&uﬁi’ is}\%f@féf&ﬂ)lgréb Gdrtd B niddsSér|gns ded

product Particle conpression stren asured using a m cro-conpression

testing mackions pteferbdy?80 paft8 by A bERsSYarrl V8 Atbr ré@ré’él%@@par@‘e

aver age conpression strength was taken as the neasured average val ue of 30

particles. thyFnaselo? Idss pér 100 parts b thdssdehthe satdlyffconipoHnt papigarol ybdat e,
6.2 parts of ammoni um paratungstate, 1.4 parts of potassiumnitrate, 27.5

parts of antinory step (2 ités preferéBlicStopmid & nedldipigit {Mmolding ussietingr e added to
1,000 parts of purified water, and this m xture was heated with stirring

(fluid A). reatariad)tsioh aslans ofggrdc bindef td #re mixtuiet carttainirkBéatalystr t s of cobal t
nitrate and 35.1 parts of zinc nitrate were successively added to 1, 000
parts of pueamperemdasticles andiasliguid,daecanse strangth impro®s. AExamples afqueous
slurry was prepared by adding fluid Bto fluid A this aqueous slurry was
spray- dr i edSUsh meldirg qusdncluge methslgewoanwhyleqllulmd with a rotating disk
part cl o di GATRORIMEIYISBILdSS, grboRygetnieluleie Scm setohVIBERNY | he
oD o e RS gE Bl e, Er o R BB 20, 270,
200G 1" L R hPGRERLPEE. AR mpRGIERS bl o 2 oot
S S R T e S

of these molding aids is preferably 0.1 parts by mass or more per 100 parts

by mass of the particles comprising the catalyst component, and 2 parts by

mass or more is especially preferable. From the point that post-treatment,

such as heat-treatment after molding, becomes easier, the added amount of

the molding aid is preferably'10 parts by mass or less per 100 parts by mass

of the particles comprising the catalyst component, and 6 parts by mass or

less is especially preferable.

A conventionally known additive can also be added to the above

mixture, examples thereof including inorganic compounds such as graphite

and diatomaceous earth; and inorganic fibers such as glass fiber, ceramic

fiber and carbon fiber.

No particular restriction is placed on the apparatus used for kneading
the mixture containing catalyst component particles and a liquid. For |

example, there may be used a batch type kneader having double-arm



parts of nethylcellulose, followed by dry blending. After 180 parts of
purified water was m xed therewith, the resulting indeterm nate shaped

m xture was kneaded on a kneader until a clayish material was obtained.
Thereafter, using a screw type extrudedl the clayish material was
extrusion-nolded to obtain a cylindrical shape having a dianeter of 45 nm
and a length of 280 nm Here, this first-nolded product had a specific

doing a pi StpEHces AndcriRbp R bRy ReRl Sy BRGRARDEIRN 50" vy cna
i endel Ofregiiocalind e tidh PR RAGpERndader * HowSVer & tath BBe0

di anet er of aneter nmand a |en acuum
deaer ati on ghadded i i i ' k BEi [ LYEr. the
deact at 1o WiécRs IUBleRfg Bea it it AL 1hE dqitagbet BErd B 1aGer ", the
for 3 hour skriediig While e ¥ate oPtherieatieti MaeharistAbMitdted, PrRguct . The
conposi tion of the el ements, except oxygen (hereinafter the sane),
constituti ﬂmédmg)bémglwdntfoﬁhﬁ@Qduélglgﬁdﬁéd b?!‘tﬁ_ﬁ’é!%sdﬁ%bservation or

MD12WOp. 1B~0. 9Fel. 3Sb0. 8C04. 2Zn0. 5~. Thi s finished caicined product was
char ged i nttouehfeelingl on tube nade of stainless steel, and a feeding gas
conprising 5% of propylene, 12% of - 19 oxygen, 10~ of water vapor and
73% of ni trogen Nex, ia the ffisstamoldingestepd8), libe kneaded maderia dbtdined gintHene

catal yst layer at atnospheric pressure (pressure at the catalyst |ayer
out | et) andkneasing siep is malded indo @ firet-oaitied produatusing an appapatustsuch of
310C. As a result of the reaction, the propylene conversion ratio was.

99. 0% t he 3xaBEXirHderPrz prassipaghiseg1An agpasaiustcas alse Peiemployed
selectivity 6.6% (Exanple 2) A nolded catal yst was prepared in the sane
manner as tm@Fhi%r@@ﬁﬁ%i@?g@ﬁs%ﬂ thedirstrmelding ik syaseasign{PBEPEESIas made

i nt lindrical havi j ter,.of 20 I t f 280
then sub; edigls f0° BFREGRls Bhcamy Buf LRGeS harh b Fashtesne
[ ' 9 ' I i Vit T i id
cel ect ?'V?t”tyé'ﬁé trg @EA-P"?JE?%(%?@%% St Pubierangbyte f i3 g t%h't he same
nmanner as thal, 8\ : ; e spra
dryer atom zer d\/@s%ggg&g F'?)eg %ﬁ‘ﬁ@ eeﬂ%\?ier}%ggq%gf %I@%Fgr%%&bf t he gri gd
particles %ﬁné%fgréau&ibﬁﬁ subjected to a reaction. At this time, the
average particle dianeter” of the calcined particles was 41 wn) the average

particl e conpreSHeofitsbiriohdiag BhUPS islndt aarﬂi&:larlwee}th&eayhlfh&ycnis C gravity
was 0.91 kg/L, and the specific gravity of the first-nolded product was

1. 98 kg/ L. preterablgcd cylimdrieallsHapeltsavigg hltarnetor ook 6phoretithey attlict were a
propyl ene conversion ratio of 99.0% acrolein selectivity of 91.0% and
acrylic acildsstiarct timesyofdhe diathetet Bk theppistoh) molding dathire caryying oat
prepared in the sane manner as that in Exanple 1, except that the anount of
purified wdhemsecandmaolding: d TBevgralgythe diarseter béthesepinddcalfirsbmeldeshct i on.

At this tinme, the average particle _ ) .
product, the easier it is to charge the first-molded product into the piston

(D

molding machine. However, when the diameter is from 0.5 or more times
up to less than 1 times, the greater the diameter is, the harder it is for excess
air to enter during second-molding, whereby the load on the catalyst particles
is lessened. In addition, the volume inside the cylinder can be used
effectively. Thus, there is the advantage that productivity is improved when
producing the same amount bf molded product because the number of
first-molding and second-molding cycles can be reduced. Further, in this

range, the greater the diameter of the first-molding, the lower the mechanical



- 20 diameter of the dried particles was 59 ~.m the average particle

di aneter of the calcined particles was 51 lum the average particle
conpression strength was 5.4 x 10-2 N, the bul k specific gravity was 1.12
kg/L, and the specific gravity of the #£2rst-nol ded product was 1.94 kg/L.
The reaction results were a propyl ene conversion ratio of 98.9% acrolein
selectivity of 90.9% and acrylic acid selectivity of 6.4% (Conparative

Exanpl e 1 )04y ; éét%ﬁoarfﬁkaééfé&s{@i%gp\%ﬁﬂ is §89§ﬁa§%8§%mi& gdat in

Exanpl e 1, 'exc preparation was carri ng a spray

dryer for thmudly! TRergforbM® ﬁ-\g&ﬁlﬁﬁ aswmmalté?f’aip@rﬂa‘?ﬂwgféﬁ‘iérﬁéﬁ? opei ng

prepared by heating the agu shurr e stirringto evaporate to give

sol i d, therorhltrg @Phidr8 e lo IdsP LT timédofdne egnﬁdarr o@amegr%f%ﬁe 130C, and

the resulting dried product was pulverized to préepare dried particles

havi ng an igiglehahskdirlf mathimeds pféterabiéed particles were then subjected to a
reaction. The average particle dianmeter of the calcined particles having an

i ndeter mi nate shapdditien, thtlgréater tho dpedific grdvitysdfake brepared firstmelied0. 88

kg/ L. The specific gravity of the first-nolded product was 2.10 kg/L. The
reaction r gzotdust, i greaterthp\strengticofithe finishedr cetalgsiy wHilg.thétsneatieothes n
selectivity of 90.3% and acrylic acid selectivity of 6.1 % (Exanple 5)

Fi ve hundr especifienyrapity, ttbe oforarthe iselectivity ofitbie\finisttes] catalyst imaprovesf anmoni um
paratungstate, 23.0 parts of cesiumnitrate, 24.0 parts of antinony

tri oxi de anthesefagepiarconsisderatiomot thetstiepgthiandselectiviticef the finiged parts of
purified water, and this m xture was heated with stirring (fluid

; . . : | , A) .

Separ at el y,caialysig thayspecific gravity jof the firskimolded produst {sspreferapinipithe; % rate,
446. 4 t f |t nit , 31.3 f lead nitrat d_2. t f
e A b e S BT
Er egg; ﬁd g?géld’a%qusﬁlf'g\oﬁe B“?fg'_' %\"3“_&,’3‘5‘%? ?Fﬁaﬁ‘eﬁkﬁfﬂr‘@@-mﬁg‘:@p; iay- éri ed

S ; u
a%/om' zer toS@g?%rQr&y&}g%rnlggg{a Q’gﬁ‘%&&@%%ﬁat& ﬁg‘d}}%’ g.'lveé&%' E%ﬁr & gl e
di t fe 80 ' i ‘ - |, &bl d
atom zor vt Tl BrouBopadmpfisinb A I skl kBBATHG Hy heoRfgor o ver
t enper at ur ghéFpét-moltRaDratuctspherical particles were calcined at 300C for 1

hour, then further calcined at 510C for 3 hours to formcal cined particles.

The average par N@&,andhérsgb@rﬁdmolaihgs@@ﬁg)nm oitained frst-mididg is. m the
average particle conpression strength 1.3 x 10-2 N, and the bul k specific

gravity wasnblded ikty a finishel @hapeanisingod pisten nalidingedachinel yst material thus
obt ai ned was added 18 parts of nethylcellul ose, followed by dry bl ending.
After 185 part s Ristopumoldingrisedfestivevtsraduce dending:diring extrgsior antttheg

i ndeterm nate shaped m xture was kneaded on a kneader until a clayish

mat eri al wdikeowhighigtproves theaprogiuct yieldn g Furhermare, ypelding ¢ardee catrigsl cl ayi sh
material was extrusi gn-nolded to obtain a cylindrical shape having a

ﬂi Smeter ofoﬁyv'mﬁé'ﬁﬁoﬁnfgﬁﬂgw’ E\ﬂﬂ/ezwminﬁ%mms I‘?lf gX‘F? ‘fj isosrRak: prﬁduct
ifi. i . 1.94 L., Thi i - . .

oxt r st on. TogEIoRS e bTE! mebiedrpauetlo bt g Vi e enddl 1o

di f . | i [ ng- | ded

catalyst ndonngEhaRnE el pardiSy i i Batfiaf s B ADBEG ARG 1TV, &

| engt h of ~Mae ration during nolding was not carried out. Using
a hot-air 37%/%“,"“?%%@8?@1 ng nol ded catal yst was dried at 110C and then

cal ci ned again @orﬂrﬁ%df\ﬁﬁh %M@wﬁ@@é figtfmélhﬁg it hoPRhAdd sut'wharehed

cal ci ned product. e conposition of the enen except oxygen,
consti tuti ngh indetethiiRhteashapedikneaded Matbnads RireethE lusii§ a piston extruder
Mol 2Wbo. 2Bi 0. sFe2. 2Sbo. ~Ni , . 2Cos. sl ' bo. 4Po. ~ Cso.’s.
and the like) extrusion-molded into a finished shape, the present invention
allows the smoother extrusion-molding because the shape is already formed

after the first-molding. Thus, excess load is not placed on the catalyst




- 22 This finished cal ci ned product was charged into a reaction tube nade
of stainless steel, and a feeding gas conprising 5% of isobutylene) 12% of
oxygen) 10% of water vapor and 73% of nitrogen (on a vol unme percentage
basis) was passed through the catal yst 1Bayer at at nospheric pressure
{pressure at the catalyst layer outlet) and a contact tinme of 3.6 seconds
to react at a tenperature of 340C. As a result of the reaction, the

85-9%  ana RAILCIee B sty Wiortioliia bF bEHRRRER Rafluoee 6 (11 Y DR
| ' : ] : h
The-amount St RAASI IR GETartPRARraf pordl oo e RBitEsted IRED | o

to a reactifiishetd cthlyst.! | Thesd attaih 'df EHtalyB! Wil eRESIHE in ERARMICIdetigitpvi ty was
2.13 kg/L. The reaction results were an’i sobutyl ene conversion rati o of

97. 8% et hawd Pl Sulectifty of Undatiralell Aetifde AnFungitiRtey cafbagiidasiel ecti vi ty
of 3.8% (Exanple 7) A nolded catal yst was prepared in the Sane nmanner as

that in Exanpl e |5 theseecarid-tmoing seem itds preferatie ¢olnot camg onrwiecuunt 0 a
cylindrical shape having a diameter of 25 mmand a |l ength of 280 mm then
subj ect ed tdeaeratiargtsocthat the pdriesvalune of theecatalyst ismdtdedupediduct specific
gravity was 1.94 kg/L. The reaction results were an isobutyl ene conversion
rati o of 97.9% The shapeodfdha rseidedicatalyst obtaised om exisusienimaalding ¢ aci d
selectivity of 3.9% (Conparative Exanple 2) A nolded catal yst was prepared
i n the sandromiheseaend-malding isnahpadicglariyrestpcted, gndtmay pbemaeldadl di ng was
not carried out, so that the kneaded material havi nglan indeteréﬂ nat e shape

was dir ect Q13N agRjtrary shapessHchasadingshapsnasylingricsl shape apd stellatey product
th hj ect t = 23 ion. T ' .Ul

oouny eI cPi S, o i o he Mo RIEALAER 88 CSREUERY ST o2
and net hacryl ic i electiwvt f 3. 7% J1n.additi e.ring-shaped
nol ded cat J%?b"td%?’@%g%gag%cécoﬁ W%PFE"Q gay ﬁeé‘:ﬁb‘%"%gac‘{@i@a’ﬁ@&"ﬂh formand a

| di i j: - . .
g? eplaP gd?/: ﬁé @E%@%&@%rgegés%'é& tﬁéﬁ@l&ﬁﬁér@blﬁ@gﬂﬁ& ﬁ?thfgi' rgérde\gg?ati on
Slurry, the Be o o e R e g e e B e L vy

whi | e stirrpis@ntmoRiéaPtiepresbht PloBss A préferabrRrfof & rirdesiipedwitich sol i d
pr oduct Was‘b dried forp6 e?\%urs altgll 130C, %nd t he resuldtglesng dried product was

pul veri zed places apahtpataiivdly Rageilcaden tHaeatdlyse ganields sy mdtding,liAn
subjected to a reaction. The average particle dianeter of the cal cined

particl es hpartioglanforiandeg shape hbeingrarpeutendiaidetenof framdB tdes ouhk specific
gravity was 0.87 kg/L. The first-nolded product specific gravity was 2. 11
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met hacrol ein sel ectivity of 89.5% and nethacrylic acid selectivity of
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Next, in the drying and/or calcining step (5) of the molded catalyst, the
obtained molded catalyst is dried and/or calcinated to give the catalyst
(product).

No particular restriction is placed on the drying method employed in
this step, wherein a well-known drying method such as hot-air drying,
humidity drying, far-infrared drying and microwave drying can be arbitrarily
employed. The drying conditions may be appropriately chosen so that the

desired water content can be achieved.




Using the catal yst according to Exanple 5, a reaction was carried out in
the same manner as in Exanple 5, except for changing the raw material to
TBA. The reaction results were a TBA conversion ratio of 100% nethacrolein
selectivity of 88.7% and nethacrylic ddid selectivity of 3.1 %
{Conparative Exanple 4) Using the catal yst according to Conparative Exanple
3) a reaction was carried out in the sanme manner as in Conparative Exanple
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according to the desired catalyst.
The catalyst obtained in this way is a uniform molded product, because
uniform catalyst component particles are molded using a uniform strength.
Furthermore, as the finished catalyst, if a uniform molded product is charged
into the reaction tube used during preparation of the below-described
unsaturated aldehyde and unsaturated carboxylic acid, the powder ratio can
be reduced because there are no molded products that have an extremely
small strength.
The powder ratio is defined as provided below. Molded catalyst
(1000 g) was charged into a stainless steel cylinder container arranged
perpendicularly to the horizontal directiqn having an inner diameter of 2.75
cm and a length of 6 m by dropping catalyst from the top of the container.
The molded catalyst was subsequently recovered from a lower portion of the
container. From the recovered molded catalyst, if the amount that did not
pass through a sieve having apertures of 1.19 mm is taken as X g:
Powder ratio (%) = ((1000-X)/1000) x 100
If the powder ratio decreases, a catalyst having high selectivity can be

achieved, since the pressure loss is small. In addition, compared with the

case of production from catalyst component particles obtained by a method



prepared by spray drying an aqueous slurry conprising nol ybdenum bisnmuth
and iron or as calcined particles prepared by further heat treating said
dried particles; a step of m xing and kneadi ng said catal yst conponent
particles with at least a liquid; a fi A%t ~nol di ng step of nolding the
kneaded material; and a second-nol ding step of nolding the first-nol ded
product to a finished shape using a piston nolding machine. 2. The
preparatio ' 2l j | ' - mml ded product
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catalyst can be obtained which is excellent in catalytic activity and

e

unsaturated aldehyde and unsaturated carboxylic acid selectivity.

Next, a preparation process of an unsaturated aldehyde and
unsaturated carboxylic acid will be explained.

The catalyst according to the present invention is charged into a
reaction tube made of, for example, stainless steel, to form a catalyst layer.
The feeding gas containing the reaction raw material, i.e. propylene,
isobutylene, TBA or MTBE, and molecular oxygen were supplied to this
catalyst layer, whereby the reaction raw material was subjected to
vapor-phase catalytic oxidation.

The reaction raw material, i.e. propylene, isobutylene, TBA or MTBE,
can be used singly, or in combination of 2 kinds or more. While the
concentration of these reaction raw materials in the feeding gas may vary
over a wide range, from 1 to 20 volume% is suitable and from 3 to 10
volume% is preferable.

While it is economical to use air as the molecular oxygen, if necessary
air enriched with pure oxygen may be used. The oxygen concentration in
the feeding gas is defined by the molar ratio in relation to the reaction raw
materials. This value is preferably from 0.3 to 4 molar ratio to 1 mole of the
total raw material, and in particular from 0.5 to 3 molar ratio is preferable.

The feeding gas preferably comprises water in addition to the reaction

raw material and molecular oxygen, in which the water concentration in the



150 ~,m 5. The preparation process according to any of clains 1 to 4,
wherei n average particle conpression strength of said catal yst conponent
particles is from9.8 x 10-4 to 9.8 x 10-2 N. 6. The preparation process
according to any of claims 1 to 5, whel®in bulk specific gravity of said
tatal yst conponent particles is from0.5 to 1.8 kg/L. 7. The preparation
process according to any of clains 1 to 6, wherein vacuum deaeration i s not
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in the reaction tube, the catalyst may be diluted with an inert carrier
such as silica, alumina, silica-alumina, silicon carbide, titania, magnesia,
ceramic balls or stainless steel.

Preparation examples from the catalyst according to the present
invention include preparation of acrolein and acrylic acid from the oxidation of
propylene, and preparation of methacrolein and methacrylic acid from the
oxidation of isobutylene, TBA or MTBE.

Examples

The present invention will now be more specifically explained with
reference to the following examples and comparative examples.

In the description of the examples and the comparative examples, the
term “parts” refers to parts by mass. For kneading, a batch type kneader
equipped with double-arm agitating blades was used. Analysis of the raw
material gas and the reaction raw material was carried out by gas
chromatography. |

In the examples and the comparative examples, the degree of
conversion of the raw material (olefin, TBA or MTBE) (hereinafter referred to
as the ratio of conversion), and the selectivity for the unsaturated aldehyde or
unsaturated carboxylic acid formed were calculated according to the
following equations.

Ratio of conversion (%) = A/B x 100



to any of clains 1 to 10. 12. The catal yst according to claim 11, wherein
the catal yst shape is a ring shape, and an outer dianmeter thereof is from3
to 15 nm 13. A preparation process of an unsaturated al dehyde and an

unsat urated carboxylic acid, conprisrn§7a‘vapor-phase catal ytic oxidation
of at | east one of propylene, isobutylene) tert-butyl alcohol or nethyl
tert-butyl ether using nolecul ar oxygen using the catalyst for preparation
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Bulk specific gravity: Measured in accordance with a method described
in JIS K6721

Specific gravity: Calculated by dividing the weight of the first-molded
product comprising water (moisture) content by the volume of the
first-molded product

Particle compression strength: Measured using a micro-compression
testing machine (MCTM-200, manufactured by Shimadzu Corporation). The
average compression strength was taken as the measured average value of
30 particles.

(Example 1)

Five hundred (500) parts of ammonium paramolybdate, 6.2 parts of
ammonium paratungstate, 1.4 parts of potassium nitrate, 27.5 parts of
antimony trioxide and 49.5 parts of bismuth trioxide were added to 1,000
parts of purified water, and this mixture was heated with stirring (fluid A).
Separately, 123.9 parts of ferric nitrate, 288.4 parts of cobalt nitrate and 35.1
parts of zinc nitrate were successively added to 1,000 parts of purified water
and dissolved therein (fluid B). After an aqueous slurry was prepared by

adding fluid B to fluid A, this aqueous slurry was spray-dried by means of a
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spherical particles having an average particle diameter of 60 um. At this
time, the revolution speed of the spray dryer atomizer was 11000 rpm, the
inlet temperature 165°C and the outlet temperature 125°C. These dry

spherical particles were calcined at 300°C for 1 hour to form calcined

particles. The average particle diameter of the calcined particles was 52 um,

the average particle compression strength was 1.1 x 102 N, and the bulk
specific gravity was 0.90 kg/L.

To 500 parts of the calcined particles thus obtained was added 15
parts of methyicellulose, followed by dry blending. After 180 parts of purified
water was mixed therewith, the resulting indeterminate shaped mixture was
kneaded on a kneader until a clayish material was obtained. Thereafter,
using a screw type extruder, the clayish material was extrusion-molded to
obtain a cylindrical shape having a diameter of 45 mm and a length of 280
mm. Here, this first-molded product had a specific gravity of 1.95 kg/L.
This first-molded product was then extrusion-molded using a piston type
extruder having a cylinder with a diameter of 50 mm and a length of 300 mm
to give a ring-shaped molded catalyst having an outer diameter of 6 mm, an
inner diameter of 3 mm and a length of 5 mm. Vacuum deaeration during
molding was not carried out.

Using a hot-air dryer, the resulting molded catalyst was dried at 110°C
and then calcined again at 510°C for 3 hours under air-flow to obtain a
finished calcined product. The composition of the elements, except oxygen
(hereinafter the same), constituting the obtained finished calcined product
was Mo12Wo0y.1Bio.sFe1.3Sbo.sC04.2ZN0.5Ko.06.

This finished calcined product was charged into a reaction tube made

of stainless steel, and a feeding gas comprising 5% of propylene, 12% of

10%
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oxygen, 10% of water vapor and 73% of nitrogen (on a volume percentage
basis) was passed through the catalyst layer at atmospheric pressure
(pressure at the catalyst layer outlet) and a contact time of 3.6 seconds to
react at a temperature of 310°C. As a result of the reaction, the propylene
conversion ratio was 99.0%, the acrolein selectivity was 91.1%, and the
acrylic acid selectivity 6.6%.

(Example 2)

A molded catalyst was prepared in the same manner as that in
Example 1, except that the first-molded product was made into a cylindrical
shape having a diameter of 20 mm and a length of 280 mm, then subjected
to areaction. The reaction results were a propylene conversion ratio of
98.8%, acrolein selectivity of 90.7%, and acrylic acid selectivity of 6.3%.
(Example 3)

A molded catalyst was prepared in the same manner as that in
Example 1, except that the revolution speed of the spray dryer atomizer was
13500 rpm and the average particle diameter of the dried particles was 45
pm, then subjected to a reaction. At this time, the average particle diameter
of the calcined particles was 41 um, the average particle compression
strength was 1.4 x 102 N, the bulk specific gravity was 0.91 kg/L, and the
specific gravity of the first-molded product was 1.98 kg/L.

The reaction results using the finished calcined product were a
propylene conversion ratio of 99.0%, acrolein selectivity of 91.0%, and acrylic
acid selectivity of 6.4%.

(Example 4)

A molded catalyst was prepared in the same manner as that in

Example 1, except that the amount of purified water in the fluid B was 600

parts, then subjected to a reaction. At this time, the average particle
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was 5.4 x 102 N, the bulk specific gravity was 1.12 kg/L, and the specific
gravity of the first-molded product was 1.94 kg/L. The reaction results were
a propylene conversion ratio of 98.9%, acrolein selectivity of 90.9%, and
acrylic acid selectivity of 6.4%.
(Comparative Example 1)

A molded catalyst was prepared in the same manner as that in
Example 1, except that preparation was carried out without using a spray
dryer for the drying of the aqueous slurry, the dried particles being prepared
by heating the aqueous slurry while stirring to evaporate to give solid, then,
the obtained solid product was dried for 6 hours at 130°C, and the resulting
dried product was pulverized to prepare dried particles having an
indeterminate shape. The dried particles were then subjected to a reaction.
The average particle diameter of the calcined particles having an
indeterminate shape was 140 um, and the bulk specific gravity was 0.88 kg/L.
The specific gravity of the first-molded product was 2.10 kg/L. The reaction
results were a propylene conversion ratio of 98.6%, acrolein selectivity of
90.3%, and acrylic acid selectivity of 6.1%.

(Example 5)

Five hundred (500) parts of ammonium paramolybdate, 12.4 parts of
ammonium paratungstate, 23.0 parts of cesium nitrate, 24.0 parts of
antimony trioxide and 33.0 parts of bismuth trioxide were added to 1,000
parts of purified water, and this mixture was heated with stirring (fluid A).
Separately, 209.8 parts of ferric nitrate, 82.4 parts of nickel nitrate, 446.4
parts of cobalt nitrate, 31.3 parts of lead nitrate and 2.8 parts of 85%

phosphoric acid were successively added to 1,000 parts of purified water and
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particles having an average particle diameter of 60 um. At this time, the
revolution speed of the spray dryer atomizer was 11000 rpm, the inlet
temperature 165°C and the outlet temperature 125°C. These dry spherical
particles were calcined at 300°C for 1 hour, then further calcined at 510°C for
3 hours to form calcined particles. The average particle diameter of the
calcined particles was 54 um, the average particle compression strength 1.3
x 10 N, and the bulk specific gravity was 0.96 kg/L.

To 500 parts of the calcined catalyst material thus obtained was added
18 parts of methylcellulose, followed by dry blending. After 185 parts of
purified water was mixed theréwith, the resulting indeterminate shaped
mixture was kneaded on a kneader until a clayish materiail was obtained.
Thereafter, using a screw type extruder, the clayish material was
extrusion-molded to obtain a cylindrical shape having a diameter of 45 mm
and a length of 280 mm. Here, this first-molded product had a specific
gravity of 1.94 kg/L. This first-molded product was then extrusion-moided
using a piston type extruder having a cylinder with a diameter of 50 mm and
a length of 300 mm to give a ring-shaped molded catalyst having an outer
diameter of 5 mm, an inner diameter of 2 mm and a length of 5 mm.
Vacuum deaeration during molding was not carried out.

Using a hot-air dryer, the resulting molded catalyst was dried at 110°C
and then calcined again at 400°C for 3 hours under air-flow to obtain a
finished calcined product. The composition of the elements, except oxygen,
constituting the obtained finished calcined product was

Mo12Wo0g.2Big sFe2.2Sbg 7Ni1.2C0g sPbg.4Po.1Cso .
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This finished calcined product was charged into a reaction tube made
of stainless steel, and a feeding gas comprising 5% of isobutylene, 12% of
oxygen, 10% of water vapor and 73% of nitrogen (on a volume percentage
basis) was passed through the catalyst layer at atmospheric pressure
(pressure at the catalyst layer outlet) and a contact time of 3.6 seconds to
react at a temperature of 340°C. As a result of the reaction, the isobutylene
conversion ratio was 98.0%, the methacrolein selectivity was 89.9%, and the
methacrylic acid selectivity was 4.0%.

(Example 6)

A molded catalyst was prepared in the same manner as that in
Example 5, except that the amount of purified water during kneading was 165
parts, then subjected to a reaction. At this time, the first-molded product
specific gravity was 2.13 kg/L. The reaction results were an isobutylene
conversion ratio of 97.8%, methacrolein selectivity of 89.8%, and methacrylic
acid selectivity of 3.8%.

(Example 7)

A molded catalyst was prepared in the same manner as that in
Example 5, except that the preformed product was made into a cylindrical
shape having a diameter of 25 mm and a length of 280 mm, then subjected
to a reaction. At this time, the first-molded product specific gravity was 1.94
kag/L. The reaction results were an isobutylene conversion ratio of 97.9%,
methacrolein selectivity of 89.8%, and methacrylic acid selectivity of 3.9%.
(Comparative Example 2)

A molded catalyst was prepared in the same manner as that in
Example 5, except that the first-molding was not carried out, so that the
kneaded material having an indeterminate shape was directly molded by

piston type extrusion-molding. The resulting product was then subjected to
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areaction. The reaction results were an isobutylene conversion ratio of
97.5%, methacrolein selectivity of 89.6%, and methacrylic acid selectivity of
3.7%. In addition, the ring-shaped molded catalyst prepared according to
this method was non-uniform and a molding yield was low.

(Comparative Example 3)

A molded catalyst was prepared in the same manner as that in
Example 5, except that preparation was carried out without using a spray
dryer for the drying of the aqueous slurry, the dried particles being prepared
by heating the aqueous slurry while stirring to evaporate to give solid,
wherein the obtained solid product was dried for 6 hours at 130°C, and the
resulting dried product was pulverized to prepare dried particles. The dried
particles were then subjected to a reaction. The average patrticle diameter
of the calcined particles having an indeterminate shape was 145 um, and the
bulk specific gravity was 0.87 kg/L. The first-molded product specific gravity
was 2.11 kg/L. The reaction results were an isobutylene conversion ratio of
97.4%, methacrolein selectivity of 89.5%, and methacrylic acid selectivity of
3.6%.

(Example 8)

Using the catalyst according to Example 5, a reaction was carried out
in the same manner as in Example 5, except for changing the raw material to
TBA. The reaction results were a TBA conversion ratio of 100%,
methacrolein selectivity of 88.7%, and methacrylic acid selectivity of 3.1%.
(Comparative Example 4)

Using the catalyst according to Comparative Example 3, a reaction
was carried out in the same manner as in Comparative Example 3, except for

changing the raw material to TBA. The reaction results were a TBA
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acid selectivity of 2.5%.

Industrial Applicability

The catalyst for preparing an unsaturated aldehyde and unsaturated
carboxylic acid according to the present invention is excellent in catalytic
activity and in selectivity of unsaturated aldehyde and unsaturated carboxylic
acid, thus, the use of this catalyst allows an unsaturated aldehyde and an

unsaturated carboxylic acid to be prepared at a high yield.
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CLAIMS

1. A process for preparing an extrusion-molded catalyst containing at
least molybdenum, bismuth and iron for use in the production of an
unsaturated aldehyde and an unsaturated carboxylic acid by vapor-phase
catalytic oxidation of at least one of propylene, isobutylene, tert-butyl alcohol
or methyl tert-butyl ether using molecular oxygen, said process comprising:

a step of preparing catalyst component particles as dried particles
prepared by spray drying an aqueous slurry comprising molybdenum,
bismuth and iron or as calcined particles prepared by further heat treating
said dried particles;

a step of mixing and kneading said catalyst component particles with
at least a liquid,;

a first-molding step of molding the kneaded material; and

a second-molding step of molding the first-molded product to a finished

shape using a piston molding machine.

2. The preparation process according to claim 1, wherein said
first-molded product is in a cylindrical shape having a diameter of 0.5 times or
larger and less than 1 times of the cylinder diameter of the piston molding

machine used in the second-molding step.

3. The preparation process according to claim 1 or 2, wherein the specific

gravity of said first-molded product is from 1.1 to 2.7 kg/L.
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4, The preparation process according to any of claims 1 to 3, wherein

average particle diameter of said catalyst component particles is from 10 to

150 pm.

5. The preparation process according to any of claims 1 to 4, wherein

average particle compression strength of said catalyst component particles is

from 9.8 x 10410 9.8 x 102 N.

6. The preparation process according to any of claims 1 to 5, wherein

bulk specific gravity of said catalyst component particles is from 0.5 to 1.8

kg/L.

7. The preparation process according to any of claims 1 to 6, wherein

vacuum deaeration is not carried out during molding of the first-molded

product into a finished shape using the piston molding machine of the

second-molding.

8. The preparation process according to any of claims 1 to 7, wherein

during the first-molding a screw extruder is used for molding.

9. The preparation process according to any of claims 1 to 8, wherein the
~amount of said liquid to be mixed with said catalyst component pa_rticles is

from 35 to 55 parts by mass per 100 parts by mass of the catalyst component

particles.

10. The preparation process according to any of claims 1 to 9, wherein

said catalyst component particles are calcined particles.
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unsaturated carboxylic acid prepared by the preparation process according

to any of claims 1 to 10.

12.  The catalyst according to claim 11, wherein the catalyst shape is a ring

shape, and an outer diameter thereof is from 3 to 15 mm.

13. A preparation process of an unsaturated aldehyde and an unsaturated
carboxylic acid, comprising a vapor-phase catalytic oxidation of at least one
of propylene, isobutylene, tert-butyl alcohol or methyl tert-butyl ether using
molecular oxygen using the catalyst for preparation of an unsaturated

aldehyde and an unsaturated carboxylic acid according to claim 11 or 12,




