;rstue3ev r6T SPECI FI CATI ON METHOD OF PRODUCI NG CATALYST FOR SYNTHESI ZI NG
UNSATURATED ALDEHYDE AND UNSATURATED CARBOXYLIC ACI D, 5 CATALYST PRODUCED
BY TH'S METHOD, AND METHOD OF SYNTHESI ZI NG UNSATURATED ALDH

UNSATURATED CARBOXYLI C ACI D USI NG THI S CATALYST Techni cal memﬁmmmm“uwm
‘present invention relates to a method of producing an extrusion,mldi ng
catal yst containing at |east nolybdenum bisnuth and iron, used In

subj ecti ng propyl ene, isobutylene, tert-butyl alcohol (hereinafter,
referred to as TeA) or nethyl tert-butyl ether 15 (hereinafter, referred to
as MIBE) to gas phase catal yti c SREGREIGATI@Nng nol ecul ar oxygen to

synt hesi ze an unsaturated al dehyde and an unsaturated carboxylic acid.
Further, the present invention relates to a catalyst produced by this

e o BB PROBDEBNGSERTAR e AUETHERE TSRyt
Subj ecti ng.pr opyl oALDENEBEAYPCHESATHRRTEO\FRREPRVECARERL" 2 TVt ¢
oxi dation to synthestéﬁAﬁ8§E0858§§EEba§nggigeﬂggﬂoandAPEeunsaturated

carboxﬁiic acid, and produci ng~t he sand. majority of such

catal ysts have fesQRROBK SORTEREIINENNSATLRATEDTRLYEATDETAND! STt h and

iron, and 5 industrial ing catalyst having such a conposition is
used. the mol di DesaFRhnEhS CARBOXYRI®! ACEB USERGErHISSCATAINSTI NG
catal ysts, supporting nolding catalysts and the |ike depending on their
mol di ng net hods. The extrusion nolding catalyst is produced to usually via
a process of kneadi ng and extrusion-nolding particles containing a catalyst
conponent . Teehhieadt Fdeldand, the supporting nolding catal yst is produced
usually via a process of allow ng a powder containing a catalyst conponent
to be BsupportedThe presepdrtinvehtrRegareilageshsoert medhed @&fl di ng catal yst,
there are suggested, for example, a_nmgthod in_which silica sol and

i nor gani ¢ pireducing andextnisjopdnelding catalysitoronta NdNdkAlengt h
(Japanese Patent Application paid-open (~P-A) No. 9-52053)., et hod in
whi ch a certeaisit riojybgens,cbnism ang: iivep,y ased d@déd'ﬁ:’r?cah ng

ext rusi on- nol di a catalyst .(7P-A _NO. 7-16464), t Is .lggmever,
catal ysts (E’Jtoﬁyﬁ &y 1 W ﬁ@trﬁo'g’é‘jtgﬁe ah&O%%ﬂce@%aﬁreﬂF‘%fs fficient as
industrial cagtalys fr.am t I At Jﬁﬂﬁy y ivity and

sel ecti vi t)}"ea‘tpqryﬁéf %@ i9m %@d%df@'%&gw Z:ﬁgj he i]ke%fﬂ%rq]g there is desired
furtheri MRITR i , MIBES iadthake AMNQ1Yci2053
descri%%s%f%t a mtfxtteﬁrr’e r'or nr%gﬁgé; rs%‘(t:s'bstancepﬁﬁltga cg‘al yst corrpyg:nent,
silica sol oagdjaimrgae@'ﬁmd inRsre dufl d¥ eB@/gear! ty Syemtiexidd @i room
tenperature for about 6 to 20 hours under conditions not causing

evapor at i oyr¥fatiniftad e ldutsaky \dnt dn astswmnina tdekfaarbony Hiag@cid. i nprove

the mechanical strength of a nolded catalyst. the reason for inprovement in
the strengtpuratheéme the dete dmnly thventie wiakptes dasa iGRERTYSE by increase

in the 1o contact tinme of a catal yst conponent with water and,the |li ke, the
cat al yst cqanMNEdiby(ﬁhﬁsnmgﬁhna;iand(ﬁrMQﬁthiQﬁu%Nﬁ) €3I ahd a

nol ded article, when nol ded, becones conpact. However,, preserving,of a

mi xt ur @0or WERTLEtAtRMA Y dRANM b WsatH Fat aﬁj%ﬂ?‘gx*eg-{cn%gggsari ly
advant ageous, , and control of activity is difficult in sone cases. Further,
suffici ent Wein@t¥R1s Cakat¥stintended product is not necessarily obtained.

Background Art

Conventionally, there are a lot of suggestions on
25 catalysts used in subjecting propylene, isobutylene, TBA

or MTBE to gas phase catalytic oxidation to synthesize an

A
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JP- A NO 2000-71313, Exanple 4 describes a nethod in which a clayey

srat eri al obtai ned by kneading an 20 isobutyl ene oxidati on catal yst
.cont ai ni ng nol ybdenun) bismuth and iron is tenporarily-nolded into a
cylinder, which is filled in a cylinder of a piston type extrusion nol ding
“machi ne, and extrusi on-nol ded. However, in this nethod, a tenporary-nol ded
material in the formof 25 cylinder and the final-nol ded product are not
preserved, therefore, activity of the resulted catalyst my be |low 3 in

oo pr ovinAR G BTN o tAeliy s ik 4 Uh e S (Hrdf R "
unsat ur at ed al dehyde and qpsatu ated c rbggéﬁéc aciq, mhich can easily
control cal y]% (,’X%ﬁ??r\iﬁt?/ %@%‘1’%‘% & *of high activity and high
| tivity. F h . . i t t 1. ] ti i S: i d t
catalyst productif BiRIGTLERLES caiih, CRCRTESES hdf¥ o catibdsi bkl ovi de & (O
t t t b i i i jeld i
thie ontal CUItATIAG ZE1LASE MO Bdentin  HISHGT A M r ot Ofand © B, LO1 20

this catal ven ates to a nethod of producing an

extrusison pﬁa@ggg}égifly§tmgrggﬁén&ggaE*SQShigiﬁ@ &i¢lybglenum  bi snuth and

iron, Used in su hg at one propyl ene, isobutylene, tert-butyl

al cohol  angqfiBbeytibR"{sbysyd. etk hol dbrgpbacs] yetsal ykéc oxidation with
nol ecul ar oxygen to synthesize an unsaturated al dehyde and unsat urat ed

car boxyl i ccpgé i FPed hetei exthgsieh hndl ddngr catalyses st spspofting addi ng
liquid to particles containing nolybdenum bisnuth and iron and kneadi ng

t he ni xturmoldingezatatystsmahdi thet hikekdependisgbenatke]r(mo)dpngser vi ng
the nol ded article obtained by 25 extrusion nolding, and éiii) drying
and/ or cal methadst heTheeextrasionl Weliding catajyst, 1anBredusedr om addi ti on
of liquid to particles containing_nolybdenum aisnuth and irfa_to
i medild el ysual byeviacaspepcessi oF kagadjngoandcextrug1en-paldifdes 5 with
liquid, is 1 tg 48 hours, ,and tinme of greservinﬁ t he naldgﬁ ar%bcle in the
step (ii),PAEKEF)epr €9BEAT AGNGi AeCaftal¥sd, 6PMRARENL: BB LBRt 9EPeli ne of

e L e
Cubj et ngVan PoibBeBs GFpITBYIRACE" PouBerTREREATINGR, cAFaYET o) o
”Ethy|-terEmehﬁgn@tQgronsgpﬁopQggegﬁahagmbbgr%5 oxi dation with nol ecul ar

oxygen to synthesize an unsaturate dehyde and unsat urated carboxylic

acid, wherein ! RRgEPHARG ¢ABPEXTPASHBA FodBsnof caith19ed, nahiireuatat o
particles contal ning nol'ybdenum bisnuth and iron and kneadi ng the m xture,

20 and nDIdhggesmeaelfoprb&ampAEo!dimgxhbuiénkwhadedséqﬁsaasoa,aoui)
preserving the primary nol ded article obtained by nol ding,
inorganic fiber are added in production, for improvement
of strength (Japanese Patent Application Laid-Open (JP-A)
No. 9-52053), a method in which a certain kind of
20 cellulose derivative is added in extrusion-molding a
catalyst (IP-A No. 7-16464), and the like. However,
catalysts obtained by these known methods are not
necessarily sufficient as industrial catalysts from the
standpoints of catalyst activity and selectivity of the
25 1intended product, and the 1ike, and there is desired

further improvement.



(141) extrusion-nolding, nanely secondary-nolding, 25 the primary nol ded
*article preserved, and (iv) drying and/or calcining the secondary nol ded 5
.article obtained by extrusion nolding, and tine fromaddition of liquid to
particles containing nolybdenum bismuth and iron to i medi ately before the
“step (iv), nanely contact tine of particles s with liquid, is 1 to 48
hours, and tinme of preserving the primary nolded article in the step (ii),
nanely preserving tine, is 50% or nore of the contact tinme of particles

e i
car boxyl | SEETHTERE Uit 2 HHETR B el N e o arti ol e or
pri mar y moLglesh gt | Cfpordife PrEPPI¢a o &nd CTRGFGHNTE Fbér 15 40C . stil]

further, the present i1 nvention relates to a catalyst for synthesis of an

unsat ur at eﬁr@éé*Mﬁeodeem@wetw F@SMOtaMpEraetice f6OdlsaEt by t he
0od.

abovenent i oned net 20 Even further, the present invention relates to a
met hod sof gy NpHeROEFE JuRde Hneand B 6tls ahdehyagstng evsporatien ofir boxylic
acid wherein at |east one of propyl ene, isobutylene, tert-butyl alcohol and
net hyl t er tmgiisvliret (erese eving eréatment)asbefiase maldingj ct@5 oxidati on

wi th nol ecul ar oxygen in the presence of the above-nentioned catalyst. 6
The phr aseitppovei thegneohghiealnstbesgthhofina meobded neanalysbnt ai ni ng

mol ybdenum bisnmuth and iron as netal elements” , and it is esiingted t hat
this metal Teeeneasonsfeonimpnevementhanf then strength of theprekdedoxi de.
Herei nafter, the phrase "parthIgs cont ai ni g nglybdenunl bLsnuéh and iron"
i s substitbedy BysBregeryingi tsedesshid Fﬁiﬁg taP¥| VBEreaaforBntee | 10 Best

Mod f ' tt [ ' th t t . pbt ai ned t
nventi®n COREAFROTADe| BRca REERAMSRURPNBOCRIENWLEA MEGAT oanHabE, Ot °°"

[ cohutyl endiR¥sathe REER! 5t oROnEENERE 5SCH SMraratRHET bR nRRR ol cou ar
[ ] d d boxyl i
ac o "the PEANRFSLPRERTGIFSF, 4hd AopBlHeRL R dPter wHRRThOIBRy 8 on ot

two or ”DrBeEBHkEeEbm k. Bﬁéwﬁ??t§¢e§bﬁghh§eo¥nﬁ mAsdupeabpd 20

car boxylicaci nmeanS specifically acrolein of acrylic acid when the
reaction rfyelBkd" sabsitaneeOREVERG, ndndefiniaer ghape d8dnowt hacrylic acid
in the case of other reaction raw naterials. Depending on the catalyst
conposj4 i oneeedsaeddyi advaarndgeoass, aeid: ikentrol2efuacativridyedsal dehyde or
an unsaturated carboxylic acid is produced in sone cases, and the present
i nvention difificultted nssonecgases .t hEunthesd sufficientnged ecxiNEYt for
synt hesi zi ng an unsatur ated al dehyde and unsaturat,ed carbaxyljc acid
conpri ses, ofs thesdnitesdedoproduche 15t H9F HECESEA1IYdIARFATNGS-d to

particles containing catalyst _c onents and kneadi ng the m xture,. and
bt rusi on ol di AF-PaNG-k 3900sd Loddor Exagp e 4 describes'a hethod™in

which a clayey material obtained by kneading an

20 isobutylene oxidation catalyst containing molybdenum,
bismuth and iron is temporarily-molded into a cylinder,
which is filled in a cylinder of a piston type extrusion
molding machine, and extrusion-molded. However, in this
method, a temporary-molded material in the form of

25 cylinder and the final-molded product are not preserved,

therefore, activity of the resulted catalyst may be low



(i1) preserving the nolded article obtained by extrusion nolding, and (iii)
-dryi ng and/ or calcining the preserved nolded article, or the steps of (i)
+.adding liquid to particles containing catal yst conponents and kneadi ng t he
m xture, and nolding, nanely 1s primary-nol ding) this kneaded subst ance,
“(ii) preserving the primary nolded article obtained by nmolding, (iii)

ext rusi on-nol di ng, nanely secondary-nol ding, the primary nolded article
preserved, and 20 (iv) at |east one step of drying and cal cining the
secondary ol ded article obtained by extrusion nolding, and controls the
contact titHk MH£H39%Tes containing catal yst conponents with liquid from1
to 48 hours by regulation of the preserving tinme of the nolded 2s article
(al so including primary nol ded article) and controls the preserving tinme of

t he nol de i t 0 of the contact time of particles
cat al yst ré‘o (Eﬁé In&{nf?ﬁ he invention, it is necessary that
"preser— mol dedy Ardppler of €8 pdént | {RVENERSn Sis DEGSPRONTUe td e of the

nol ded article™ contarning p resent ri ng ti me of the than in "contact

time ofs Papstkd@Sof APFGHIETHg CAlEAtETysconPoncsystiesTs | ofliand” , namely,
nore than the total time of Tines necessary for kneadi ng and nol di ng and

the pfesefuhﬁﬂtﬁkaﬁe@favdéﬁwu@kﬁhdLﬁnsammeat@diomrbmuyﬁﬁ¢rﬂ¢idshape- lo By
thus controlling the contact tine of particles containing catalyst
conponent syki €l taAuéalsPYyregntpol ocatdlybec paetivitygandngivé ahe nol ded
article, the activity of the resulted catglﬁst can pe_easilé controlled,
and a cat atysalysti off kighl aebivityi andyhigl seleatiwhtyexceurther,
selectivity of the intended product can be obtained. therefore, according
to the preapnobjectnofobheaprasenysinventign 18t 1Qi PYo¥hdendgh sel ectivity
havi ng uni form activit

unsatdﬂhtegaﬁﬁbﬁﬁydﬁraéﬁtgﬁoggagaggi@€£€@a¥c56308;W%Eh§g?§¥2;%SLé gpoduced
activity aRunkhERTZanacany pEsaRurrRsduAl Aepwiacend: BSRLYERE S ned s not
conat ant 1+ 5rPoRb RFoRCIq 8 piYh 3AETA USRI RIS, CRtands T T on ana s
cesi um and The TTRoPBERER MR b R O Vg, and {hese
are rearrapgedyihgodh kRtFUsIBh AB1dAngheatalystuedhtdining and
15 least molybdenum, bismuth and iron, used in subjecting at
Teast one of propylene, isobutylene, tert-butyl alcohol
and methyl-tert-butyl ether to gas phase catalytic
oxidation with molecular oxygen to synthesize an
unsaturated aldehyde and unsaturated carboxylic acid,
20 wherein the method comprises the steps of
(i) adding liquid to particles containing
molybdenum, bismuth and iron and kneading the mixture,
and extrusion-molding this kneaded substance,
(i) preserving the molded article obtained by
25 extrusion molding, and

(iii) drying and/or calcining the preserved molded



5 calcination. zn the present invention, it is inportant that kneaded
substances are all nolded in constant form By nol di ng kneaded subst ances
+.all in constant form deviation of the activity of the resulted catal yst 1o
further decreases and reproducibility also increases. Here, "preserving"
“indicates |l eaving of a catalyst nolded article containing liquid before
drying and calcination (also involving primary nol ded article) under
condition causing difficult evaporation of the liquid. 15 As the preserving
nmet hod, a nethop in which a catal yst nolded article (also including primry
nol ded art?EFES €s wapped by a plastic film plastic sheet or the like, or

pl aced in a closed vessel and | eft.unde ondi tion | ng evaporation
of liquid, or o@’l‘ﬁgrtmh 'E%maq'ﬂffb%’?rheofiﬁ]eq"é}‘i %rﬁ%ﬁg‘g&% Contact time of
particles containing ¢ l vs o] rij gl mol ybdenum
bi smut h anﬁori‘ﬁ%m-' t%ﬁ%‘?%“"ﬁi %f%@?‘te@ {'ﬁ)@e{ #ﬁﬁﬁ%m%ﬂgg@% quid to
particles i nj I -0 S i ) e |y before
a 25 step ?Péfé/%ﬁga%gé@rgf:g& W%’Eéy n%?@%gdag?ﬁ@?eéﬁa?so mﬁ%di ng
secondary sarkhclel. 1 gt hern~hee e, sa; "drying" indicates positive
evaporgtiJ&pgﬁef?ﬁﬂi%’cﬁ%t%iﬁ%db§nh%pﬁ%ld%%&articIe such as air drying and
hot air drying gfifetgf bk@?er@ﬁhg'ﬁﬁé'tﬁ@'ld@d“&ﬁtﬁé'léle'ﬁﬁlﬂlﬁletf.@@ﬁ ment at

hi gh tenperature I n connon use. The catal yst for synthesis of an

unsat ur at edj ¢h dehyel pngraése pusag ut thmegd ter HoXydbicmaee dofinthéhe net hod of
producing the sane, according to the present invention, will be illustrated
in detail beheacttbtmeabfil pattotlebecontatningnmwehybdenim, abidmouth

extrusi on-nol ded catal yst contai ning as catal yst conponents at | east

nmol ybdenumandi snrohhwath 1iguidAs the catal yst conponent, in addition,
silicon, cobalt, nickel, chromum |ead, manganese, cal cium nagnesi um

ni obi UM si | ver Fupthenm thenpresantl inventhen pAdapas: &9, apBeshodis sul fur,
selenium tellurium, cerium tunﬁsten 31amtim)n

, , titaniunh.lhthiu sodi um
potafsiun1OfuBrGFUﬁ?ngeényﬁftfHé PFFWP anehsa¥ﬁﬂ35ﬁagoaé EBHPQiﬂgh. t he
iﬁgigifgp( ﬁgiaé:gf Qﬁgﬁagaahz' Bﬁﬁféﬁ%ﬁ éﬁfidﬁi?s_ ?ﬂﬁ%ﬁégﬁuﬁwgs%?éﬁﬂfﬁi iror
feast ol yBRBSGnENE: BhuPRoRYIenfon ERbURNIERE, SERLFBlRY1RIERRbE, 1S %,
produci ng BRn! hekAY1SRRERLBLE 19@EHE¥SEOC§§§°BﬁEE§’cﬁ%hT?tﬁEEP of kneading

t he resultegapartl containing cata t “conmponents,; and the like, (3)

a ste f : KBR- i S kpgadorthekizangs, and 11 (4) a
step ngdré?ﬁgﬁzﬁgﬁo?qg§|@PAFE81?ﬁe§?y?§2a??ng the 5 to resulted nol ded
article. | gnsheuratednhldengdei and bekarerdreidngarbaky icalacicli,ng t he

nol ded article, nanely, between the step (3) and the step (4), a step of
preser vi ngwhlegerinl dbe metholde comparises theesttepsi of nol ding is further
included. Further, in the q[esqnt invention, it nmay also be perm ssible
that mol di ng, ndmol pddringaryi qudidditeg pairdi€desucos¥radmd®d and preserving is
effected, then, nolding, nanely secondary | ding, into the final shape is
conduct ed. mﬁYhd@"Hﬂbs%ﬁﬁ"Wﬁ\'?‘eﬁf‘idoﬁ,rof’h@"éjt%e@ Nds MIX i cul arl y

restricted, d gonventionally known vari.ous methads can pe, applied, and

usual 139 a U@gﬁnﬂvuweé%tpéﬂmaﬁg‘ﬁp]l &% rm"fba(émﬁdeq)i smuth and iron
is dried, an% i.f necessary, further ground to give particles. the nethod of
produci ng an éﬁ@%ﬁﬁb slurry containing 20 at |east nol ybdenum bisnuth and

iron i s not parti.;cul ar r rj d, 194 ' rkabl e
| ocal i zati on of @gt}p%ﬁjﬁteﬁ&@m%% ipo'ﬁgﬁry %w%c‘)ﬁl\/\ﬁ@ré cs?uqsﬁrrtt ods can
be used suiﬂlﬂ&ﬂqﬁgkfcipitation nmet hod, oxide m xi ng nethod and the |ike.
(ii1) extrusion-molding, namely secondary-moliding,
25 the primary molded article preserved, and

(iv) drying and/or calcining the secondary molded



As-the raw material of the catal yst conmponent to be 25 dissolved in an
aqueous slurry, oxides, sulfates, nitrates, carbonates, hydroxides,

- ammonium salts, halides and the |ike of various el enents can be used. For
12 exanpl e, as the nol ybdenumraw material, amoni um pnol ybdat e)

ol ybdenum tri oxi de and the like are listed. the raw materials of the
cat al yst conponents may be used singly or in conbination of two or nore for
each elenent. 5 The nmethod of drying an aqueous slurry to give particles is
not particul arl restrLctgd, and there can 8e applied, for exanple, a

met hod of GF?Fﬁieug rained pbyyexrrusion mel@iAdof drying using a slurry
drier, a nmethod of du¥in? using a drunlgrler,.a met hod of1drying to solid
1o by evapor at i 8RdahdMmgr f RAMAdERETOR F LT8YIdNES PRTERE!®9r m of bul k, and

For of "ot B L bR, HISENEARGC G BBlARRY 1
"s"a rogul BETERERtNerFEEBTCTYS, “bAIELY cEahEaFkobibF Rt RAETER ERe e vi g
conditupnswyehy1QﬁBqagi@g N hﬁSdﬁth%oggbBOd’ when a spray drier is used,

the inlet tenperature’i s usually from 0 500C, the outlet tenperature

(s usually 100CcghenBFepreQePuthg" tREYprinary A51H8d28PE] ctBusnophal ned dry

particles contain salts of nitriT acid an e derived from catal yst
raw materi gkgpaqqihhenhinkRyi pregepviagetimandivhsoxt Besmoral 6§ dhe
deconposed by calcination after nolding, there is a 25 possibility of
decrease i aohkactt témat bfopaetieldsdcontatheéngFmolybdenumasbiismuthi s
preferable that 13 particles are not only dried, but also calcined in
this stageanhd girom waithi Aédupdrticles. The cal cination conditions are not
particularly restricted, and known cal cination conditions can be applied.
usual IMd s cal cFusthenmpsesotbecpedsentaineapéianurelasagetof theom 200 to
600C, and the calcination tinme is appropriately sel ected depending on the

i ntended cabavgsmentiengdemagbodapti preducing: ar catadystpdericl es or

cal ci ned partiﬁles co taining cat al yst ﬁgﬁgoaents used to for ,nmolding is

pr ef er abl ySYOTNESASoPThBReYN BFPﬁéFearéf ehyde apd URSAtUNBEE particularly
preferably 45 ,um,or nore. en.the.average, parti.cl e di er .of particles
containingcégpgrggﬁccaﬁﬂangﬁggeﬂﬁcrégsgbg Fﬁgpeofépgeﬁgﬁgghgytﬁﬁat a large
voi d, nanel.y; | qr re. r t rtigl.e .ol ding, to
i ncrease s@ éggpv?{gﬁcﬁgesgv Fi@ngaﬁpﬁggg igﬁgﬁgf gﬁbd ;a%gﬁpﬂc es or

cal ci p%%@g@?ﬁiu?@nqéi@ng gat@l yst conponents used for nmolding is
ly ur

prefera ,umor less, ther preferably 100 ,um or |ess,

particularly 2osphafiefapheds thempPesess invedribhe relartage teaaticle
di aneter. of particles containing catalyst conponents decreases, the nunber

of contact catalystbforesynthesisl of par unsaturaitede aldehyaleeandt her ef or e,
there is a tendency of increase in the nmechanical strength of the resulted
2s cat al ysunsaltded tad: icalrboxyld chaick ddepsioduced bar tthel @boyent ai ni ng

catal yst 14 conponents is preferably 0.5 kg/L or nore, further preferably
0.8 kg/ ~ omensiionedr meithied .st andpoi nt of handling. the bul k density of

particl es containing catalyst ?Pnponents i.S reterabI% 1.8 kg/L or less, 5
furthetOprefer alﬁl\’ﬁnl.fﬂmgﬁlf-oﬁ e P& eSENEMHYENIIQR 16 IAtES T or nance.

« 10°4 N ometBod By ihes e Bes Are iR b el 1 pbid B ar e “br okbn i n
mol di ng, unsaturated carboxylic acid wherein at least one of
propylene, isobutylene, tert-butyl alcohol and methyl-
tert-butyl ether are subjected to gas phase catalytic
25 oxidation with molecular oxygen in the presence of the

above-mentioned catalyst.



10.leading to little effective pore. on the other hand, the strength of
particles containing catal yst conponents is preferably 9.8 x 10-z N or |ess
- since when the strength is large, selectivity decreases in sonme cases.

Next, in the step (2), a mxture of particles 15 obtained in the step (1)
and liquid is kneaded. the apparatus used for kneading is not particularly
restricted, and for exanple, a batch-w se kneader using a double armtype
stirring bl ade, continuous kneaders of axis rotation reciprocation node,

self cleaning npde and 20 the |ike,.can he used. of .the bat ch-w se

appar at uses ar eTg?ePEFQB?e SR, i"HgI ycbﬂs?r%“'c 1&?&% Wﬁfl e confirm ng
the conditihon of the kneaded_substance. the term.nation_of, kneading is
usual 1y | AEER"t SRS 1 orRa baney M Yy eRuoa P cBuER B8 ABSHaST; qui d
used in th p er oho . h al cohol s,
for exanpl @e%?@ eﬁ%@g%f@‘zl ’co%gtfsﬁlsﬁlcsﬂ éa%ﬁ{{taeg%ﬁlﬁrg%}ﬁs erec ol , propyl

al cohol, b coho : LK r I sted t IS
particuIarP;XEFQ#eﬁgbkgﬁ?gahgghghs?gﬁdggfmtéFo?xgé%ngﬁgtgﬁgiﬁgndling. These
l'i qui ds; mayyhgeused singly or in conbination of two or nore. the use anount
of liquid i1s appropriately selected depending on the kind and size of

particles, the kepdiphftefyi dheapHrabe |tpdrtvdledisetntainingis from10 to
70 parts by wei ght based on 100 parts by weight of particles io containing

cat al yst cpahgbdehamobbismathi andheérea®p is)subdei tistediraled of liquid is
preferably 20 parts by weight or nore, further preferably 30 parts by
wei ght or nfpartpetds ceormdiningfeatdl ysBscoupdrserys®ei ght or nore based on
100 parts by weight of particles containing catalyst 15 conponents. when
the use amount of liquid increases, there is a tendency that a | arge void,
nanely, a large pore is fornmed.,in the dried and cal cined nolded article

315 iMades: § A8 QBH&asEAE LAVER 1) to i ncrease
selectivity. on hhe othir hand, the use aHDunt 20 of.Iiguid is preferably
60 parts by wei GHE GAtRIYST PRtaABed PX: EhEHPye88NSa PYERFIRBI ght or | ess,

:&E;Lg“é?r GpERiNgSa Lﬁei?ﬁ?ﬁéﬁgﬁén?ﬁgBiﬁ%Qﬁbﬁﬁédbmﬁ Sﬁelﬁﬁepzlﬁéﬁn?yof
and handi i 58 AP acoBBhRy' o bl datket tp” SUBISEL TG, E¥RE T pacs
| ead h d

! _ 3 : ; | %)
further, | ToMonaTefials BRopyIRE, M 1ebhy 1B PTER DM eE e B c.
bi“derlﬁndph3§e|E5§a1§¥j%d6&ﬁHﬁQieh #i%hl AoNecalyir biyyent ke strength of

the resulted nol ded afticle increases. As such a nolding auxiliary, for
exanpl e, neyhtheelkzel apeunehtyirateduaddehydar hady amt ylsatiuratese,

car boxynet hyl cel | ul osesodi um hydroxyet hyl cel | ul ose,

hydr oxypr ogpirbelyltias acidydr dkeprepgitrionhyavemadesdals may be used

hydr oxyet hyl met hyl cel | ul ose,, hydroxybutyl net hyl cel | ul ose,

et hyl hydr osyisgly o8 rinl combingdiery efoswocoin Mosee ofndhee 1ike are 1isted.
these nol ding auxiliarjes na sgﬁqgéﬂaly or, i n conbi nat,ion of two or

nore. zt is 15 HEFE, t hHASAK rggﬁat anends UNRRTHERLLAG auxiliary is
el gnior  GaTBoNdds g5 800 BaRhs BRkaroRel oY SFelEiBsoroAckviify -
catal yst cq nent s.  Eur [ R | t-hat =t h jat i 0 nt of the
A S B
particles containing catalyst conponents since then pos reatments such as

heat treat RRlctdloheraiP ditediand .t NDepeiel ipRF A WRSkatalyst

composition and reaction conditions, either an

25 unsaturated aldehyde or an unsaturated carboxylic acid is

produced in some cases, and the present invention



25 -Further, in the step (2)) conventionally known additives other than the
above-nentioned auxiliaries may 1~ be used. As such additives, for

+ exanpl e, inorgani c conpounds such as graphite, diatomaceous earth and the

| i ke, inorganic fibers such as glass fiber, ceramc fiber, carbon fiber and
‘the like, and so on are listed. s In the step (3), the kneaded substance
obtained in the step (2) is extrusion-nolded. Though this nolding may be
nolding into the final intended shape, primary nolding is preferable from

S I St
ol ng = f 80hecnafC Pl Fodiel Rah] ok P FoF OO el Ty g1 O @
kneadi 19 S4fRulgatatated 4 1deRybE Sy A EPErSdcea B TC PRcfdT | od o

| Nt egr at ede bR 80BA" &5 UdeSUFBEY SabBlie ! Ntfie LBEpSosf of the primary ol ded

article is not 20 particularly restricted, and ftor exanple, cylinder,
rectangul ar par g{ ) eh@di Rgdl §ude ﬁ@d?éhﬁitlé§ esRtatheRgeatdlyort he size
of the nolded article is not particularly restricted, and size of certain

| evel or npomponrentsf andbkreading tkermilxtubel i ddt extdpusdorRs i ncrease when
the size is larger. For exanple, the size of the thinnest portion of the
primary nohotdingtthis ksedded spubstambéy 10 mmor nore, further preferably
30 mmor nore. In the present invention, after primary nolding, the prinary
mol ded article (31brpseseemjngnuhehmoldedaarticﬁe ebbaipedt byl es contai ni ng
catal yst conponents with liquid is controlled. when preserving at the final
i nt ended feXxkrusipaswpbdéngshapdng into the final intended formis
conducted wi thoyt ,effecting the pri y.ml ding, then, the nolded article
is prdderved. 1E1Fﬂ£séFVFﬂ P@gégﬁdggiEH"EQQmFgﬁpPﬁgsﬁrHﬁgd@GHaﬁgicIe wi th
a plastic fihnb Elastic sheet or the like and/or placing a nolded article
into a cl o8B68162€sel, and leaving it for given time at given tenperature

under condjt.i S Sgkng evaporation of liquid. Particularly, it is
preferablebfhgﬁeagggpgegkarticle is wapped with a plastic film plastic

sheet or the 11 k) 8gainb o1 7689HC8q"GaPk #2183 pntRiRSAL! £8caToLing) and it

is nmore preferable that Thus 'seal e rticle rs turther place in a closed

vessel forcgRpohaAts2@ndSkAéadihgethabmirturk,i anaemeIadnhy, t Rameipr €serving
time of the nolded article” Iis nbre than tinme other than "preserving tine

of theswl gedmary-mbdding, " ehsakheaded slibeeahcel, es containing catal yst
conponents with [iquid®" , nanely, nore than the total 25 tinme of tines
necessary for kfgadi pgesedvimgdihg pnimahny moddedvamgicileeobtadnkedeaded
subst ance having no definite 19 shape. Nanely, the ratio of "preserving
time of tthangdmnﬁﬁticle" is 50%or nore, preferably 70% or nore, further
preferably 80@6gn, re, Earticulaﬁlg preferaily 90% or nore_in "contact
time of particlb3iddneXtRHAEOBaMANFIngeonBBRdN: seRPPAAryqlOddIngsn t he

present in ntionﬁ the c gt ct iL of particl,es_cgntaining catal yst
conmponent s GFtH;F aﬁydmpi Faoﬂr ?Egegirﬁﬁgrgnghégaontﬁct tinegff particles
conL i) 9, <et 2155, SBTTRRERL A ShehuBt’ 5ok Shal EEsbRh.BRY 5o
A
W th quurg |8 poﬁger, Pﬁe resa?tgd ca?abyst géngs?Po Rave hlgk%ﬁ activity

and al so i”prOVFHdrEBhQ?B?EbEhEt¥on%ﬁFiTE3mEOB?aE rici@edf particles

cont ai ni ng catalyst conmponents w t quidis preferably 36 hours or |ess,
further prebatakh¥ngOcheHN§ser cbMponeRds! Wathanhyuideonblly &/ 4gours or

| ess. when the contact tinme of particles containing catalyst conponents
with liqui Houts by regulation of the preserving time of the molded
25 article (also including primary molded article) and

controls the preserving time of the molded article at 50%



20-shorter, the resulted catalyst tends to have inproved selectivity. wing
this period, the preserving tinme of the nolded article is preferably 0.5

* hours or nore, further preferably 1 hour or nore, particularly preferably 6
25 hours or nore, nore preferably 18 hours or nore. on the other hand, the
‘preserving time of the nolded article is 20 preferably 46 hours or |ess,
further preferably 34 hours or less, particularly preferably 28 hours or

| ess, nore preferably 25 hours or less. The preserving tenperature is

osual 1y 11 QF Aok 8, BF e bRERPECETAY' AP ASPRIERY EptafiPlgLoLY, 10 o
i gher., L heagepuliedopbabPs POHS1iquiaYe 1ACHREgheaght Y LY. | rhe

preserving nperatare s preferabl ess, fu to preferably 30C

or |less. "‘@ﬁ{?eﬁ{??oﬁre?ff’(&”ﬁe%@ﬁ?ﬁ%f'gtfﬁ ! Szﬂl‘i%!r%r’vj MG aHd Cl e tends

to show decreased allhesi on an ved han reserving i s not

necessari | i : be t ature, and the
M%BSH AP EPe fé’?ﬁc{ﬁﬁ%ﬁnagfie d@i?rri?tﬁeﬁer‘@ﬁﬁﬁf

preserving tenperature nmay above-nmenti oned tenperature

range, sand %@Nﬂ»%t@ﬂn@toﬁ% WY1 deImaF il qAnt *@bneicactivity and
the like is easy. zt becones possible to control the activity of the

resul ted ceimeyef, paytiedesatbnnadhihecavalypst tompoonénts wathicles
cont ai ni ng catal yst conmponents with l1quid and the preserving tine. the
preservi ngliquidand nameky atmoee ofharmethe | tethhrtind eofretyinkes appropri atel y
sel ected depending on the activity of a_catalyst powder and the activity of
t he i nt endadcessaey fiori khead26gwand maddpngnang thedpreserving is
preserved, nolding, panely secondary nolding, into_the final 21 i nt ended
shape is etiweted arkeeadedssubstigncenbanindonoodefdndtgashanst ding is not
particularly restriﬁted, and ﬁit exapple, it may,be canducted.,using an
auger k@ pe ext r BY¥i SAUSDFENREOHAEABNE! pFQPBﬂCFyéémS g%t PAELIR18SI di ng
machi ne and _the. artiche .S _not

| i.ke. The.formof the ﬁecomﬁ ri.nDLge
parti cul ar FENEBINING; CATALXFTEPUPRGENES WA 6 RAPLASBYNEEY) ARAON Y i nder
star and t Lke i LAl e Thecp e wpyent.i IS it abl e when the
secondary ﬁﬁlhég 8?§F§?2§h§ ?nghgffgﬁﬁl@b1P?§QEP§EEEFCUEQFIy, ring having
a di aneter : r +hgs R vk epRakl call ed "hol | ow
cylinder fSgﬁ?éstggb?héhgr?ﬁ%?$k§§|g?ﬁg“!ﬁg gg@oggagggﬁgyding, nanely fi nal
mol di ng, i kohtrB1eka’akha AOkata1y9RdHEYIHaCEN eI TeeaaLRiVeRySAndS not to
decrease the pore volune of a catalyst. Next, in the step (4), a catal yst
ol dedmrtishbwihg dxcedland/ selealtdvied bf gheeqiateatedyprodoarelcanpr oduct .
The drying nethod is not particularly restricted, 20 and generally known
met hods subke abthinhedi.r Theiredoreynadicoyddngi tg, ther pireseated drying, micro
wave drying and the |like can be optionally used. The drying condition may
be appropr iBvengiesl, cat eatadysiudofighdght petinisydandwhiioh content. 2s
t hough the d myl ded ErthIe i s usually.calcined, when particles are

cal ci ned iﬁeﬁéétéﬂéEY( AVARg Hpiform gg ANFEYbﬂﬁd@PtéﬂHe%heapﬂk Yare not
used, it is als$ gﬂssible Ho omt cal cination. Tﬁapﬁalcigﬁ%éon condi tions
are not paMSEc@Fathys: catplysty ap ynsasiirated. aidehyde; &ons can be

applie u LLy, l,ci [ Ls n t ratun in a

t errperiaitq ur @Hgﬁﬁéé' a%'?df Fg%?g& -Ilt"% %58@ %éﬁd%ghﬁtr'gyﬁg%ﬁlaﬁbOﬁ§ IS
appropriatgq¥1aelected dependi ng on the intended catalyst. ~t may be al so
per m ssi bl hat the drying step is onitted, and calcination is only _
conducted. 10 ! hfiofghalehe! reallofl Fotd adifalcrathaltdlay RakaIPs io¥iigand 1 ron
produced in the preSent invention preferably has a conposition of “the

foll ow ng gerqiakyl ahduhd ghZse1dRavikehbioy 4nSifdrt adviviny Rg formul a
(t), M, Bi, Fe, Si and O7represent 1s nolybdenum bismuth, iron, silicon
and oxygenopbitadpedt Hgehot appalienanr dxeritss saipposadl thax dyenment sel ect ed
fromthe group consisting of cobalt and nickel, x represents at |east one
el emrerngs selcendad tiingmpresegwvimg aftersmolgieig div @onstantedbrmanganese,

cal cium 2o magnesium niobium silver, barium tin, tantalumand zinc, Y

r epr esent s edutheasandndidifersdion of ewxilgtdenum,t e sputly cioran strichg of
phosphorus, boron, sulfur, selenium tellurium cerium tungsten, antinony
and titanium and z represents at |east one elenent selected fromthe group
25 consisting of lithium sodium potassium rubidium cesiumand thallium

9



23 .a, b, c, d, e, f, g, h and i represent atomc ratios of elenents, and
When a=12, then, b=0.01 to 3, ¢=0.01 to 5, d=1 to 12, e=0 to 8, f=0 to 5,
9=0.01 to 2, and h=0 to 20, and i represents an oxygen atomc ratio
hecessary for s satisfying the above-nentioned atom c val ences of
conmponents. zn the present invention, conventionally known inorganic
conpounds such as graphite, diatomaceous earth and the |ike, inorganic

fi bers such as glass fiber, 1o ceramic fiber, carbon fiber and the I|ike,

. il R B PR AR5,
11 tst rat eueh, 58, BOsRiuRG, Cedivhodnd” tHe ST RE PEAE: bEBuMUEryde and an
Unsat“rate@oEﬁWbQé¥Hbﬁﬁ§§gqufPPBEePQ?ﬁﬁ”tahﬂvﬁﬂggﬁgar@ F@&Tpﬁhﬁéggl gas

cont ai ni ng any one or eacti on FAw mat er pr opyl ene;

| sobut yl engi thBGrandch Fzatded TH! eAE! SUbSeKdeAL! Aryihpeghad to das phase

catal ytic oxidation in the presence of a catalyst p by the net hod of
t he presentalieyaaition. the reaction is usually conducted in a fixed bed. 2s
one catal yst |layer may be used or two or nore catal yst |ayers may be used.

24 ~n this cagm, the presenti dnvenkdonq dat dsysmporyahe e¢hhwted with inert
carriers such as silica, alumna, silica-alumna, silicon carbide, titania,

nmagnesi a, kpeaded sabktascesnheesadiiembldad tihecbnktanEuform.r, By t hese

inert carriers may be added also in the_step (2), nanely, in kneading. the
concent r at mohddngr kneaded substancesand] pnopphstanti fobm,yl ene, TBA and

MIB, in a raw_ materi al %as can be varied in the_w de range, and preferably
is lo fronfeviationyef thenacgaviityi efetbromesullted gasadystas a nol ecul ar
oxygen source,,air .enriched wth ox¥gan,,apiathe i ke ,may al so be used, if
necessidt y. THRENRE decreasgsopnde KEPTBAUCART ity r AAF9 1BCHRA585-in the raw

fo 15 11 s phEFEran R EHaTvIRg « Andikdas e R e R st n
pref er abl cnen B8, AREETY, EBRERR HeC TaRH B S Y9 TRo: BB ' gas®uch as
nitrogen, ggnBgRation (also involving primary molded article) under
condition causing difficult evaporation of the liquid.
15 As the preserving method, a method in which a catalyst
molded article (also including primary molded article) s
wrapped by a plastic film, plastic sheet or the like, or
placed in a closed vessel and left under condition
suppressing evaporation of liquid, or other methods and
20 the 1ike are mentioned. “Contact time of particles
| containing catalyst components (particles containing
molybdenum, bismuth and iron) with liquid” dindicates
time from addition of liquid to particles containing
catalyst components in kneading to immediately before a

25 step of drying and/or calcining a molded article (also

including secondary molded article). Further, here,

10



20 -di oxide and the like. The concentration of water in the raw material gas
Is preferably from1 to 45 volt. The reaction pressure is preferably from

* normal pressure to several hundred kPa. the reaction tenperature is
selected usually in a range from 200 to 25 450C, preferably from 250 to
"400C. the contact time is preferably from1.5 to 15 seconds. 25 EXAMPLES
the present invention wll be specifically illustrated by the foll ow ng
exanpl es and conparative 5 exanples. Parts in the exanples and conparative

Goubl e arm Y] Pine Be R el &gp@*}#@% Wﬁw Atertal gas and

2 react! oncaRtasdcon achBTaBY dnceetelueNALUIRNY - THE SRE ! L o

conposli tion was erm ne rom e use anoun raw

the react!gir! akydn faﬁ&“&ﬁét?ﬁk@' Otﬁﬁt?ﬁatﬁéﬁ fna1éﬂﬁﬁs<nsag iRgtter.

referred to as ivit ~5 sélectivit an unsatura al dehyde

and an unsekaagﬁeﬁ Catbﬁ¥éh'Qeﬁ?b?a@ﬁ?é“?ﬁdc ﬁmgntﬁ§et°ta' yield of the

unsat urated al ehy e and Unsaturate carboxy ic acld, in the exanples and

conparaf i ve examhéeéatueygtC¢b¢ukgheﬁe§¢§06dlaa RshBaragbiow ng for nul ae.
20 Reactivity (~) = A/B X 100 selectivity (~) of unsaturated al dehyde = c/A

x 100 sel ealtdehyde( A ah unsaturated earboxylie aeid and ¢haé 100 Total vyi
el d (96) (C+D) /B x 100 25 Here, A represents the nol nunber of raw

materi al oMmethod, ofBprodukiBg thecsame Baceprdsngt tot bhenpresanher 26  of
raw material olefins, TBA or MIBE fed, C represents the nol nunber of an
unsat ur at ednseashgte widdubedi13dnstoatedr dvedesat hebedownunber of an
unsaturated carboxylic acid produced. 5 <Exanple 1> To 1000 parts of pure
wat er was addedTbgocéaﬁﬂysﬁfOinﬁbﬁlQﬂﬂﬁeﬁﬁlyﬁuaﬂ§10m21ﬂ Arts of ammoni um

p-tungstate, 23.0 Ear%i of, cesi n1n|trateh 27.4 parts ﬁf antinony trioxide
and 330 pS¥F§U§F° ded; Fagailyat 5ﬁataheyngoaﬁeﬁet§ Y6ted with heating

| | 100 dded 209. 8
é?ofgﬁlfﬂ chinpHRRYE 85 1eh8r 5P TPlkbimy bR St 880,128 S 88 EBRn i 'S

Sequent | ai Fytanagt; rayPRERE«T: 1h a8t sdan, o i Bn s £BBFE BT aREA < ums
added to_t BRrafi kil OleAd ndhy8naLeade8ILT R, UnhhineShER, hiTbBiaAYCOUS

slurry was made I nto ry part es in the spheré having an average
particle sk33velr,6Barilmysitif at%ﬂ&ﬁﬂuﬁr'QﬁncthghékbhéPhgr'Békoﬁart'0|es

were cal cined at ‘20 300C for 1 hour then at 510C for 3 holrs, to give a

15 sulfur, selenium, tellurium, cerium, tungsten, antimony,
titanium, Tithium, sodium, potassium, rubidium, cesium,
thallium and the like may be contained. The catalyst
(particles containing catalyst components) of the present
invention 1is estimated as a complex oxide of molybdenum,

20 bismuth, iron and other metal elements.

such an extrusion-molded catalyst containing at

least molybdenum, bismuth and iron is produced generally
via (1) a step of producing particles containing catalyst
components, (2) a step of kneading the resulted particles

25 containing catalyst components, and the 1like, (3) a step

of extrusion-molding the resulted kneaded substance, and

11



catal yst cal ci ned substance. Thus obtai ned catal yst cal ci ned substance had
an average particle size of 55 ,u m a particle strength of 1.3x 10-z N and
"a bulk density of 0.95 kg/~. 25 TO 500 parts of thus obtained catal yst

cal cined substance was added 15 parts of nethylcellulose, and 2~ these
were dry-mxed. Into this was m xed 180 parts of pure water, and these were
m xed (kneaded) by a kneader to give a clayey substance, then, the kneaded
substance having no definite shape was extrusion-nolded using a s screw

form of cyltRaar Shabi o5 o i Adpend/ BF' Gaeineha Th¥aRCEREETBAN Hie' Naory

primary mobg5grednnBPHENGrtYBTEY™ dfaghE! pPESERE TRVeAETEHSt ed. then,
this prinmary nolded article was seal ed by 10 wapping with a plastic film
so as not pefarkowrgyagoant/er ehledhehg tHetMElded! apeficia,a closed vessel
and preserved in a conStant tenperature chanber of 2 5C for 22 hours. After
preser Vi ngnamélly, pbetwegnmehdedtapt (8)eandsthet s¥epo4hpl degdtepi 8¢ a pi ston
type 15 extrusion nol ding machine, to obtain a catalyst nolded article in
the forsn opresagviing theamoddedr aditdeieeobehihetnbyasxtnostiodi aneter of 2
mmand a |length of 5 mm nanely secondary nol ding. zn nol di ng, vacuum

deaer at i onmoddingt isofiduthed. iAc1dded. t Farthev,t®d theapyesentl ded article
was dried using a 110C hot air drier, and calcined again at 400C for 3
hours, to ghven&ibhpali tcmhyi adgoabei peemissihdecthatymoldbhded article. zn
this operation, the contact_tinme of particles containing catalyst
conponentsnﬂm§HYZBrmﬂﬂ§V mad dingnoiss ConducEerpenres oandf PERSREMT BYot her

t han oxygen in_the 2 esul t ed ,cat al yst | ded article .as descri bed
bel ow. Nol 306eFBECEEdre SheBoMaNd NG, Changiyo SapBNdaEY, o) AiBdeat al yst

nDIdegﬁirthke %gs fa.lled {n_a stainless.reaction tube, and reaction was
condu d ﬁglﬂg erﬁ%ﬂﬁitéhﬁﬁﬁ éésceaﬁyﬁﬁﬁ ng 5% of isobutylene, 12~ of
, 1096 of ~ i 9 d I
i detre at o r BHCHiE BPBRERaTnsEnsTbn, o EhBOSReb b L AR RO S e ™
ds. . f : i t ARV hsab :
oo . BaPLiERTAIS! rREriERel, Olnd! BEnUEATIbHAYknbAADVRIEE Vo

met hacryl i geghbls"ean4b8~appPiedh! and>usuaanylyah agudedsasiugrgy was
produced and reaction was conducted in the same manner as in Exanple 1

except 15 tbatatihdnpgrazeleast molybdenum,hbtismuthdahtieieont 4gt time of
particles containing catal yst conponents with water was 8 hours. As a
resul t1of dirdedeaandonf neeessacyi,vifuytberi ground ¢oegiae 97. 2k t he
selectivity of nmethacrolein was 90. 0k and the selectivity of nethacrylic
acid was 2partidwlesExanpl e 3> a catal yst nolded article was produced and
reaction was congucted ia the sane manner as in Exagple 1 except that the
tenperature of THE BEtLEEnOT: PFPEMST NG AP AAHEPUSS SIHE MY5CONKRIRTNGsul ¢ of

th tign, 4th tivity of isobutylene.was 98.2k the selectivity of
et hacr ol eA% 3645t [IR1Ybdentiny b isHDtherBd: 15i0R, Ts: Mt RIS ALV v

3. 8-~. restricted, and providing there is no remarkable
20 localization of components, conventionally well known
various methods can be used such as a precipitation
method, oxide mixing method and the 1ike.
As the raw material of the catalyst component to be
dissolved in an aqueous slurry, oxides, sulfates,
25 nitrates, carbonates, hydroxides, ammonium salts, halides

and the 1like of various elements can be used. For

12



<Exanpl e 4> A catal yst nolded article was produced and reaction 5 was
tonducted in the sane manner as in Exanple 1 except that the tenperature of
* the constant tenperature chanber was 5C. As a result of the reaction, the
reactivity of isobutylene was 97.6k the selectivity of methacrolein was
'89.9k and the selectivity of methacrylic acid was 10 4.0~. <Conparative
Exanpl e 1> A catal yst nolded article was produced and reacti on was
conducted in the sane manner as in Exanple 1 except that, wthout

SﬁQSSC&LQQS*QﬁBEEES§§¥5”§!ﬂé*&?ﬁ%ﬂﬁmlfs@? 3UEF 1S AR R paa e, oofi i e
cl osed vessgiyBAdLar °AB1YBHehh 7182143 hA2rRENTIRE! alEPRLRLYT e chamber

at 25C, then I's Kk stance was extrusi I using a piston

wweHW%mdwmwwm@%waEmﬂﬁwaﬁ$%ﬁwwmd@www'n

the formof ring having an outer anete an i nner |aneter of 2

mm and a | giiggyobrdiANtombihltsoAPBFatieNort REreéofbaCkathNB] eheRRti Cl s
cont ai ni ng cafalyst conmponents with water was 24 hours. As a result 25 of

the reaction, tiher mathbdi b¥ d?gnngbuhthueou555$ﬁrﬁy tbegseeectivity of
met hacrol ein was 89. 4k and the selectivity of nethacrylic acid was

3.3~. ~n cpapticles ust hoExpapitésulardyd)yestrigued:;i apndi theeti ¢ahy anong

t he produced catal yst nolded articles increased. 5 <conparative Exanple 2>
A cat al yst beoappdiedyi fbe exampil eduaedezhddr eficdiryingausingdacspdayn t he
sane manner, as in Exanple 1 except that preserving of the prinmary nol ded
article madrhlf,cénmaggéd ofndryiipgopsing ansluneycdniacty ai metbpdio

particles cqgntaining catal yst conponents with r S .40 m nut s As a
Pesult of Ohed F¥&BQ|Hﬁ1n9hé dsumt v1sy,oa m§§b“§ o%n8ryasgotoskoiAd
select|V|tK¥of net hacr.ol ei n was

d the ele t|V|t thacryllc
aci d Vi evaeorﬁtagnpanﬂseﬁ1l angExﬁﬁp#gae ?F EfangeéﬂlgﬁFtK n
o Exarml o20t, DFGbBIRG &R, GRhBr BealBHsr s BF) thelire 120i8ar i zed in table
L 2031 phebeaBie 1oPbBsssK nefepartanes Swht%ﬁh'?orp

pfcarboxylpcsreserV|ng reservin ervin |nerntact ﬁpherFyAldehyde
ield TOtaTUBHH§leESFH9raPHE?t'EﬁﬂE@'bBr}H&qbg afe °bta1nfh)(

~sel ectivityselectivity(xjpreserving(e~)(h)nmolded article

(x) Exaopl ekPmultanesnsd9dwith dré;ng and since the form of the
article252291. 72498. 189. 94 092. 1Exanpl e2di tt odi tt0785. 7897. 290. 04.091. 4Exam

pl e3dixs 03p8301téd4parede1€é3:i89a SEyailpire4tapeosnitabl24Forcqdhed4. 091. 6Conp
ngg;;ﬁsggggggentziBVee&éonB.3§hoﬁaha¢bEeHCyﬁpgranhdé;jpnﬁowhmy97.289.53.59
0'4Exanp|e%epending on the drying method, when a spray drier is
used, the inlet temperature is usually from 100 to 500°C,
the outlet temperature is usually 100°C or moré,
20 preferably, from 105 to 200°C.
Thus obtained dry particles contain salts of nitric
acid and the like derived from catalyst raw materials and
the 1ike in some cases, and when these salts are
decomposed by calcination after molding, there is a
25 possibility of decrease in the strength of a molded

article. For this reason, it is preferable that
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<Exanpl e 5> To 1000 parts of pure water was added 500 parts by anmoni um
Pp-nol ybdate, 6.2 parts of ammoni um p-tungstate and 23.0 parts of cesium
“nitrate, and they were stirred s with heating (solution A). Separately) to
600 parts of pure water was added 41.9 parts of 60 wt~ nitric acid, and the
‘m xture was made uniform then, 68.7 parts of bismuth nitrate was added and
di ssolved. to this was added 200.2 parts of ferric nitrate, 116.6 parts of
io nickel nitrate, 432.7 parts of cobalt nitrate and 54.5 parts of
magnesi um gi S ephka st her 0 r t added and
t hey were @?§§3F$88 ?§§|ﬂPFoéhly.arﬁéHéoPﬂﬁiglgg &gleg %@d?@o%ﬁﬁ% sol ution
A to give 8RagguepuyisbUuEaYcihBaNpaftié1Balt STRE 881LTRAYibA! OXi de vas
added and theanixtuge maséstirredpaf?héhgiting,éaﬁgnsyﬁgg1éging a spray

drier to gcyAdiEioR3" hre! ASLI PatrbeclParI9f repkpietEayi a8darnaws" age
particle size of 55 ,ccm the dry sphericCal particles were calcined at 300C

for 1 hour chhefnatibhOCohdit3oRe takr be hpplivd.a osbalygt cal cined _
substance. thus obtai ned catal yst cal ci ned substance had an average parti

cl a sis zecallchhattion aspaohducited shrangempetaturé rxadfezoR fingma bul k
density of 0.96 kg/~. To 500 parts of thus obtained catal yst cal ci ned 25

subst ance 286 &#dd660X%, pand stivé ¢ bic gt opytine Mg cappromsiately t hese
were dry-m xed. 33 into this was mixed 170 parts of pure water, and these
were ni xedselkaesdddilependingeatetheoipitendadccayayystibst ance, then, the
kneaded substance having no definite shape was extrusion-npl ded using a
screw type extrUBRoAVErRgRdPAGtiadRi Addamegesnofi ArY parsdcyesoPHed article

in the formof .cylinder .having a di,aneter of _.45 nm and a | ength of 280 mm
namel y priﬁéﬁ?’ﬁéﬂdpﬁﬁt1£ €%o Bﬂﬁé?"UQSUGﬁFééMéFanﬁﬁoﬂﬁgtﬁogséénducted.

Then, isfﬁrinag&.nnlded ar%icls maipsealed by lo Mfap ing with a plastic
ilm as ow’e er, ers ed in a close
fil 5t mpddingo0Sepapdesalbdy 0 AP eor ¥%F%h u ﬁh%. d | osed
Arter prosR6TREaBTY. 20 o0t  flte, cPRFEFILECEL EE o CAREY 5 Glatl osi g o
pi ston tYPSrlﬁoféFr“ﬁbQH.%Hbd509rHB%th?tiquPBﬁﬁbEt@rcagahé?EiE?EQEd
article in'the ftorm ot ring having~an outer dianeter of an | nner

di ameter otoAtHTh3AY 2ak@Nyst ebmpof@ntsNamRIrkaseson¢neyemkdang. ~n
mol di ng, vacuum deaérati on”was not conducted. 20 Next, the resulted

cat al yst npedddnayt thhe wadatgecdoid,naamelyQCahdtarger pdrieeis and cal ci ned
again at 400C for 3 hours, to give a final calcined article of the catalyst
mol dedlr t iforrmed| bettiveenoparaticdes afEecomoddti ngi, ntoofi naaretisel es cont ai ni ng
catal yst conponents with ] ]
selectivity. The average particle diameter of dry
particles or calcined particles containing catalyst
components used for molding is preferably 150 um or
less, further preferably 100 um or less, particularly
20 preferably 65 um or less. when the average particle
diameter of particles containing catalyst components
decreases, the number of contact points between particles
per unit volume increases, therefore, there is a tendency
of increase in the mechanical strength of the resulted
25 catalyst molded article.

The bulk density of particles containing catalyst

14



25 -water was 24 hours. the conposition of elenments other than oxygen in the
34 resulted catalyst nolded article is as descri bed bel ow. M 2W. | B~

© 0. 6Fe2.1Sb0. 7N~ 1. 7C~6. 3My0. 9C50.5 this catal yst nolded article was filled
in a stainless reaction tube, and reaction was conducted using 5 a raw
‘material gas containing S96 of TBA, 1296 of oxygen, 109K of water vapor and
739K of nitrogen (all volt) under nornmal pressure at a reaction tenperature
of 340C for a contact tinme of 3.6 seconds. As a result of the reaction, the

reactivityfgﬁPgﬁ@nﬁgs?gg@?ﬁgepgﬁaiebggtkgggyg}ggﬁ?e?eygﬁ%ﬁQFein was 88. 39K

and the selectivity o cry acrd <Exanpl e 6> A catal yst

ol ded ar t pobpebas] 9 09PCRY/BNGrT RBPE] ORruAStRENSEaAF0T AL GF Sane manner

as in Exanple 5 except 15 at the preserving time was 1 hour and 15

m nutes. zRahHl$ngper theoBulkhdeA§NtRCoHFt paPLIET RS EDALEPNERGE @I Ni NG
catal yst conponents with water was 2 hours. As a result of the reaction,

the reactigatylpstTEémpeneatbkishpre€eeablyi 1y8okg/et brctesein was 88. 19K,
and the 20 selectivity of nmethacrylic acid was 2. 39K. <Conparative Exanple
3> A ca& al Jartherdpdefierablly 1a2 kggduoedlasd,r €aomi thewatandpdinted i n the
same manner as in Exanple 5 except that, w thout conducting the primary
mol di ng, th€ perkoemandesubst ance havi ng no definite shape was seal ed by
wrapping with a Rlastic film further, placed in_a closed 35 vessel and
preserved for 2Phaosteength efnpankiciespeontainingasssal¥st25C, then, this
kneaded subst ance mas_extruzion-nnlded using a piston type extrusion
mol di ng raEAMRANenESohsaPReferablyyd: 8iolQied Naot Boge §18cenwhedr m of ring

S Czn e SHEEABEBn 1S ARALEn RATtH FRESoAr RabPKRBs ROMDAARNAG cal ol yst
§ ¢ Bacon: BE TS

react Ly BRUTalTREC 11880 € s UG R xSRBS Of thel Hib?ﬁ?ﬁ%h%gﬁg? 50 and

5.6, i rregi arory DY BATEYE e iR el RS e Tl oo

Loonees S PATSEEPILS. SO B 160! Ao P R St eRpie 3 ore
large, selectivity decreases in some cases.

Next, in the step (2), a mixture of particles

15 obtained in the step (1) and liquid is kneaded.

The apparatus used for kneading is not particularly
restricted, and for example, a batch-wise kneader using a
double arm type stirring blade, continuous kneaders of
axis rotation reciprocation mode, self cleaning mode and

20 the 1like, can be used. 0f them, batch-wise apparatuses
are preferable since kneading can be conducted while
confirming the condition of the kneaded substance. The
termination of kneading is usually judged temporally,
visually or by manual touch.

25 As the liquid used in the step (2), water and

alcohols are preferable. As such alcohols, for example,
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Preservi ngReacti on resultRati o of Car boxyl i cPreservi ngPreservi ngpr eservi ng
timeContact tinme Re tyAl dehyde ~eld To~Tim ng oftenperaturetineofrith
“1iquid~%selectivity~l~tivity(x~presemg(' C) (h)nol ded article(h)(x)

(x) ExaaQ e5Priwary nol ded articl e252291. 724100. 088. 32. 590. 8Exanpl e6Pri mary
nol ded article251h15m n. 62. 52100. 088. 12. 390. 4Conpar ati ve~~
@522-24100. 08Z. 52. 189. 6Exanpl e3 w <Exanple 7> To 1000 parts of pure
wat er was added 500 parts by ammoni um p-nol ybdate, 6.2 parts of ammoni um
p- t ungst at 4 f agsi i1 at 715 of ,yrony s
trioxide aﬁgwég.gmggbélgo?egbsﬁitﬁe??bglfd@?tQXL ?E§§ﬁﬁéfep§€¢*?gd w th

heating (s } p , 0 t f wat added
123.9 partgng?h?gffpgtg?t?gggﬁbg8gﬁﬁ %ggtlwg? %5 a??gﬁﬁgfatgfaﬁGQQB.l parts

of zinc nikaeee i§cparelcalhy] aPﬁeréﬁxbmerfrth§ﬁéV§€aA8p6$ﬁtytbP” s). the
solution B was added to the solution A to give an aqueous slurry, then,
this aqueoesoabmyrandahaddﬂédgusimbegeSWﬁquidsimaytbeguseddSanﬁytiCleS in
the form of sphere having an average particle size of 60 ,um The dry
spheri cal partihctembinationl ofnedoabr3méEefor 1 15 hour, to give a catal yst
cal ci ned substance. thus obtained catal yst cal cined substance had an
average parti cTha esezamotins4ofuliiquidaisi apprapsiatedyhselettedx 10-Z N
and a bul k density of 0.90 kg/~. To 500 parts of thus obtained catalyst
cal ci ned 2depandingcenwtbealkided andpsize of partjcies) utbeekinddofhese were
dry-m xed. _i,ntQ this wa 1 xed 18S parts_of pure water, and these were

m xed (kne$a9H7dbyaadkﬁE§giFk9® andeusuaitdyeyituhst rew, 10nsa, 70he kneaded

LTS5 BETRETORE SRS B, SRR o Ao EE AR 8
o1 iy | nchREatRIOEaRRISEE RakhAReRs R abriFkAThENE sERaTT 1o
L1 s b1 oKl oAl che 133,382 SpPErHr ABRY 0" pohed Bl okl ™ =

and preser gpdmbPed FAPEhEP! pLEFRPABN YT 80CPAFRE! bPT wéBGhitobrafiohayrs. After

preserving, this primary nolded arti S extrusion®nol ded usihg a screw

type extru?haﬁi&uﬂdkmg prefiaprab1{039bpartsabyaivali yht 69! Medeaphisele in 1o
the formof ring having an outer dianeter of "5 mm an inner dianeter of 2

mm and a | engl@0opabtsnbynagightsefopdarty ciesdcogtatiningl eamglyggcuum
deaeration was not conducted. Next, the resulted catal yst nolded article
was drlifed ¢empehapgts.11@benothei usdr amountndfcaliquiddiagaieases,510C for 3
hours, to gjve a . final calcined article of the catalyst nolded article. In
thi s operathere imeactandency; ¥hasf apdaroel ¥oidennameilyy 8atlarget
conponent s mﬁth.ma%er mgs.30 ours. 20 the c ositiog of el enents ot her
than oxygeROrR #ReTPEQEA: AR tALafyirdnBndegadringdemeddgd a&ddcilged bel ow.
N(]ZVb'1Bl?eggg&s$§99m8§E%dZ%Q%a?§gtogf the present invention) to
increase selectivity. On the other hand, the use amount
20 of liquid 1is preferably 60 parts by weight or less,
further preferably 50 parts by weight or less,
particularly preferably 45 parts by weight or less based
on 100 parts by weight of particles containing catalyst
components. When the use amount of liquid decreases,
25 there 1is a tendency that adhesion in molding lowers and

handling increases, and the molded article becomes more
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t hi-s catal yst nolded article was filled in a stainless reaction tube, and
Teaction was conducted using 2 5 a raw material gas containing 596 of

» propyl ene , 129b of oxygen, 1096 of water vapor and 7396 of nitrogen (all
vol %9 39 under nornmal pressure at a reaction tenperature of 310C for a
‘contact time of 3.6 seconds. As a result of the reaction, the reactivity of
propyl ene was 99.0k the selectivity of acrolein was 91. 0k and the
selectivity of s acrylic acid was 6.5% <Exanple 8> A catalyst nol ded
article wa ce §e t cond e nner as in
Exanmple 7 33@g2gfthg?§@¢ kﬁgag@§r¥9 gtgﬁcgﬁ%athgnggﬁdé |n| e shape was to
extru5|on ﬁPnggg Ypkigla, screw type extrusion nDIdlng machine, to obtain a
catal yst nolded article in the formof ring having an outer diameter of 5

mm - an inner di gARERE efeg nn)anﬂuathengtht0i55?98¥eaa91éhté gdgd article
was seal ed by wapping w a plastic fil urther, placed 1n a closed

vessel andmpld$argvadxidiary Sachsasnan 6pPHahRat birderr ahdr thehpiker at 28C.
zn this operation, the contact tinme of particles containing catalyst
conmponent sByi addiatien vfisa3fiohding. adkidiaeygyl thef sthengehcofothet he
reactivity of ?ropylene was 99.0k 20 the selectivity of acrolein was 90. 80
and the seresuiltedymoldedr grticiei inaseases% Agxsupheadmoldingal yst nol ded
article was produced and reaction was conducted in the sane_nmanner as in
Exanpl e 7 auxdpiapy,tfiar, example, pnenhyycediuilnge, t athyhecaddulosest ance
havi ng no defjnite shape was_sealed b w th_a 40 plastic film
further, ppaebaxvmes hy| 6géaUJ@§ge|caﬁéO§y@g§hyiaeﬂ6u192e§@dngmbn a const ant

w appi ng. WYATEXEEEEF) ee??hmpaﬁdtB?eEé%gﬁhﬁpgﬁcQE?HiééécEe.ﬁaZ iSEL?Sn?y
bar 11 ¢ qf“rﬁxﬁr§¥§5h33%;wsfbxiceiﬂﬁiﬁgﬁféa&}?R’m;tircﬁgéaéé hour s, As a
22?32%.STt99§r5§?§%h2Tme&a§‘éﬁ*?ﬁ“éh%y ﬁ&dP§9§§L§Q?P§Q5¥?§P§58 BBee acia

vwas 6. 4-. ggﬁ&&?b WEE?1ﬂTo§eca ¥6& B?¢chqhqb§e“@ﬁdpr°duced

and react|on S con cte I'n the sahe nne € 7 except that,
wi t hout cogdeciRe hPe BisERHY nvhésegmoqHené5a&ﬂ¢¢¢s¢1é§bﬁhynse havi ng no
definite shape was seal ed by wapping with a“plastic film further, placed
in a closedsedssthgdpdopr ¢aecembinatigh bfutwoi Bramoeast amt fenper at ur e
chanber at 18C, then, this kneaded substance was extrusion-nol ded using a
pi st orl & ypusealr thatnthe addiitmgnnambunt, ofotbbt mbidingaaakydtiamyl ded
article in_the farmof rin haV|n an outer dianeter of 5 nm an inner

di amet er ofi s2prefanab QYIQngtnaGI ynweightt Brsmopes apasti culardynt act tine
of partlcles §ontsi Eg catalést conponents with water was 30 hours. As a

result 25 REa Artsh yrwaag v.py wprsr a§pénenwa9 9Pagkst he
selectivit of ac gleln mag &F g sel ecti V|t¥ of acryllc
aci d was 6 ~wepdnf a5 PREGHC FhCEQ ﬁﬂpé997C95a§y5trF9@BPQ MF-in activity

arong e prpdleRd 8! 3Ly aL,AY! ¢Rdx theohaRi IBReRBIn o "neesul S of

Exanpl es 7
20 molding auxiliary is preferably 10 parts by weight or

less, particularly preferably 6 parts by weight or less

based on 100 parts by weight of particles containing

catalyst components since then post treatments such as

heat treatment after molding and the like become easy.
25 Further, in the step (2), conventionally known

additives other than the above-mentioned auxiliaries may
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Exanple 4 are summarized in table 3. 42 Table 3 PreservingReaction
resul tRati o of Car boxyli cPresem ngPreservi ngpreserving tineContact tine
- ReactivityAl dehyde acid Total yieldTimng oft~raturetineofwth

| i quid(x)selectivityselectivity(X)preserving(C) (h)nolded
‘article(h) (9% (x) Xexa~l e7Pri mary nol ded
articlel82886. 73099. 091. 06. 596. 5Exanpl e8Fi nal nol ded

articl el82886. 73099. 090. 86. 496. 2Exanpl e9f ed

ubst ance189603005. o80. THCRodBEE INeP o i EXPRBIETTHBFGRRIT Chal 1) Tv he
catal yst_f epmBUIhASSLACR" a8NgaBAY HE! AYaRbASEYMS 28dr PR HRGEHES ed
car boxylic ac rchi's obtain y the present Tnvention I's excellent in

5 catalytiqjﬁeyithVganqciFisekgcgh&htxsog1§9§ Fmbgpgeéepaﬂﬁect- therefore,
by using this catal ySt, an unsaturated al dehyde and an unsat ur at ed

carboxyl i cfabe#,caarbenpfodescandi thedP9ReYi g8hd- sGUbhhate A§§0EHI NG to the
met hod of producing a catalyst for synthesis of an to unsaturated al dehyde

and an sinsat ur atadther bosp! (8)actHeoknehdedr eabstahaeeobtatinedainl ytic
activity can be easily controlled. 44 what is claimed is: 1. A nmethod of
produci ng gheestepsi(2n sl dkugusaontmeldednt aThoughathtisamblddhgbdenum

bi snuth and 5 iron, used in subLect{ng at |east one of propylene,

i sobut yl enmayt bet mbldyhgaliothothenfiinald hyhtendedbshapeet peimaoygas phase
catal ytic oxidation with nol ecul ar oxygen to synthesize an unsaturated

al dehyde am@ldivgt isapeafesabdeyfromathe, skapdppinthefnet hod conprises 1o
the steps of &i) adding liquid to particles containing nolybdenum bismnuth
and iron aRHORHERAVAZYthe mixture, and extrusion-nolding this kneaded

substape. (1) B e kRakys wBTLdFe, AEbhBhE, PO ERERaRe, L aonl L5t o
and time fLomaddohi RB185ny' GHHIpt8s82hbT84RY are 1isted. of them,
extrusion molding is preferable, and more preferable is
extrusion molding using a screw type extruder from the
standpoint of productivity. Further, the kneading step
15 (2) and the extrusion molding step (3) may be carried out
continuously, and they may also be conducted
simultaneously using an integrated type apparatus
suitable for this.
The form of the primary molded article is not
20 particularly restricted, and for example, cylinder,
rectangular parallelopiped, cube and the like are
selected. Also the size of the molded article is not
particularly restricted, and size of certain level or
more 1is preferable since reproducibility tends to
25 increase when the size is larger. For example, the size

of the thinnest portion of the primary molded article 1is

18



cont.ai ni ng nol ybdenum bisnmuth and iron to imedi ately 20 before the step
(iii) (contact tinme of particles with liquid) is 1 to 48 hours, and tinme of
* preserving the nolded article in the step (ii) (preserving tinme) is 50% or
nore of the contact tine of particles containing nolybdenum bisnuth and
iron with 25 liquid. 45 .) 2. A nethod of producing an extrusion nol ding
catal yst containing at |east nolybdenum bisnuth and iron, used in

subj ecting at | east one of propyl ene, isobutylene, tert-butyl alcohol or

met hyl -t er preferhb Py cl0ehm! orofsrenararentnl yrépe Prb U 30rmii oR ol ecul ar
oxygen to synthesize an unsaturated al dehyde and unsaturated carboxylic

aci d, whergbpet he met hod conprises the steps of (i) adding liquid to
particles containing 1o nol ybdenum bisnmuth and iron and kneadi ng t he

m xture, and noidi tbe(preseny- iMvehedon| hafrknepabda pybrobdtrg, (the
preserving the primary nol ded article obtained by nolding, (irt)

ext rusi on- prlidany fetdeddaryiabedisgpréesertédprandr yheotdrtaett tthe
preserved, and (iv) drying and/or calcining the secondary nol ded article
obt ai néd bgfeparticbasnobdtaiyniagdcatatystocompdnents withi fiqaido
particles gontainini mol ybdenum bisnmuth and iron to imediately 20 before
the step (1§)ceBsrodded:inwhen presecviéBgwaththeqfiiaali intendeds hours, and
time of preserving the, primary nplded article_in the step (ii) (preserving
tine) is 560081 1RoPESEiblRe SHAPARY 1NHe shepkipa |é@t@63ediﬁpﬁ@ is

| ybden bi,smut h and, i ron i th liguid. .46 .
Mol yDEeNUM ondiicted Without e%?eg%%ng iﬁglpr1mary molding, then,

the molded article 1is preserved.

10 Preserving is conducted by wrapping a molded article
with a plastic film, plastic sheet or the like and/or
placing a molded article into a closed vessel, and
leaving it for given time at given temperature under
condition suppressing evaporation of Tliquid. |

15 Particularly, it is preferable that a molded article is
wrapped with a plastic film, plastic sheet or the like so
as to produce no clearance, to realize sealing, and it is
more preferable that thus sealed article is further place
ih a closed vessel for sealing.

20 As described above, it is necessary that

“preserving time of the molded article” is more than
time other than “preserving time of the molded article”
in “contact time of particles containing catalyst
components with Tiquid” , namely, more than the total

25 time of times necessary for kneading and molding and the

preserving time of a kneaded substance having no definite
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3. sthe method of producing a catalyst for synthesis of an unsaturated

al dehyde and unsaturated carboxylic acid according to claim2 wherein the
“primary nolding is extrusion nolding. 5 4. the nethod of producing a

catal yst for synthesis of an unsaturated al dehyde and unsat urat ed
‘carboxylic acid according to any of clains 1 to 3 wherein in the step of
preserving the nolded article or primary nolded to article, the preserving
tenperature is from3 to 40C. 5. the nethod of producing a catalyst for

synthesi s ghapB.Unfahel ¢t edha! ﬁshyeeoﬁnd“mwﬁﬁq%ﬁ@é hoF e acid

according to any of clainms 1 to 4 wherein said 15Tiquid 1s water. 6. the

met hod of pedded Agtdctaral y$t50% o MbRes Frofe fdb WPSAI% G afbed dehyde and
unsat urated carboxylic acid according to any of claims 1 to 5 wherein in

the 20 stefutithert peefddabi gng8owoort motesapdrriauldriy prefetdbly 70 parts
by wei ght based on 100 parts by weight of particles containing nolybdenum

bi smut h an@0%r oir. méreAinat ‘adtgistadortayetdespsroiches uwertaiwimg 25 al dehyde
and unsaturated carboxylic acid produced by the nmethod according to any of
clains 89 tacagalyst componen&s Witht hdduati”’synt hesi zi ng an unsat urat ed

al dehyde and unsaturated carboxylic acid wherein any one of propylene,

i sobutyl ene, teln- Eheypreseotolinyaotienhytheecontactl tamgeofare subjected

to gas phase catal ytic oxidation with nol ecul ar oxygen in.the presence of
the catal yPRrkd€desi sgntaipnpgnratalyst components with liquid s

CAe  AA AL ALLA A Ay AY. Ay. Ay. A .Af.A%Af.AS.ASf.Af.A, .A9nY. AS. AS. A@ A@ A@
CAF AL, ATF8M 4 RPAA?N%QP}/"A;. ATREAROREACK tAMRPRPALA] é.eﬁ. . AF. AYR AFl 2. A
, | su; O6av- 1

et 405 hnEatBing, ratnl ¥ et SPURPRENLS Mitha] 194 dafl A BTEEREAPING ca cal ¢
a]ca]CfQCAQLLgagLCQVI&ngénggghggUb$gkgIgb1y 8 hours or more,

particularly preferably 20 hours or more. Wwhen the
contact time of particles containing catalyst components
with Tiquid is longer, the resulted catalyst tends to
have higher activity and also improved reproducibility.

15 The contact time of particles containing catalyst
components with liquid is preferably 36 hours or less,
further preferably 30 hours or less, particularly
preferably 27 hours or less. when the contact time of
particles containiﬁg catalyst components with Tiquid is

20 shorter, the resulted catalyst tends to have improved
selectivity.

During this period, the preserving time of the
molded article is preferably 0.5 hours or more, further
preferably 1 hour or more, particularly preferably 6

25 hours or more, more preferably 18 hours or more. On the

other hand, the preserving time of the molded article 1is
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Cag]:(ii]oga TeferaRiYnt LOHT1 95 haRRe TKIFE TnRRSTETRRYY o3 PPULS o) ca) ca

a lgal ca] ca] ca
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molding, namely secondary molding, into the final
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restricted, and for example, it may be conducted using an
auger type extrusion molding machine, piston type
5 extrusion molding machine and the Tike.

The form of the secondary molded article 1is not
particularly restricted, and molding into any shape such
as ring, cylinder, star and the like is possible. The
present invention is suitable when the secondary molded

10 article is in the form of ring, particularly, ring having
a diameter of 15 mm or less. “Ring form” 1is
alternatively called “hollow cylinder form”

In the primary molding and secondary molding, namely
final molding, it is preferable not to conduct vacuum

15 deaeration so as not to decrease the pore volume of a
catalyst.

Next, in the step (4), a catalyst molded article is
dried and/or calcined to give a catalyst, namely product.

The drying method is not particularly restricted,

20 and generally known methods such as hot air drying,
humidity drying, far infrared drying, micro wave drying
and the 1ike can be optionally used. The drying
condition may be appropriately selected depending on the
intended water content.

25 Though the dry molded article is usually calcined,

when particles are calcined in the step (1) and an
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organic binder and the 1ike are not used, it is also
possible to omit calcination. The calcination conditions
are not particularly restricted, and known calcination
conditions can be applied. Usually, calcination is

5 conducted at temperatures in a temperature range of from
200 to 600°C, and the calcination time is appropriately
selected depending on the intended catalyst.

It may be also permissible that the drying step is

omitted, and calcination is only conducted.

10 The catalyst containing at least molybdenum, bismuth
and iron produced in the present invention preferably has
a composition of the following general formula (I).

Mo,Bi,Fe MgX,Y¢Z,S1,0; ¢
In the formula (1), Mo, Bi, Fe, Si and O represent

15 molybdenum, bismuth, iron, silicon and oxygen,
respectively, and M represents at least one element
selected from the group consisting of cobalt and nickel,
X represents at least one element selected from the group
consisting of chromium, lead, manganese, calcium,

20 magnesium, niobium, silver, barium, tin, tantalum and
zinc, Y represents at least one element selected from the
group consisting of phosphorus, boron, sulfur, selenium,
tellurium, cerium, tungsten, antimony and titanium, and Z
represents at least one element selected from the group

25 consisting of Tithium, sodium, potassium, rubidium,

cesium and thallium.
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y3910%  of elements, and when a=12, then, b=0.01 to 3, ¢=0.01 to
5, d=1 to 12, e=0 to 8, f=0 to 5, g=0.01 to 2, and h=0 to
20, and i represents an oxygen atomic ratio necessary for
5 satisfying the above-mentioned atomic valences of
components.

In the present invention, conventionally known
inorganic compounds such as graphite, diatomaceous earth
and the like, inorganic fibers such as glass fiber,

10 ceramic fiber, carbon fiber and the 1like, and so on can
be added. Addition thereof may be conducted in kneading
of the step (2).

Next, the method of synthesizing an unsaturated
aldehyde and an unsaturated carboxylic acid of the

15 present invention will be illustrated.

In the method of synthesizing an unsaturated
aldehyde and an unsaturated carboxylic acid of the
present invention, a raw material gas containing any one
or more of reaction raw materials, propylene,

20 1isobutylene, TBA and MTBE, and molecular oxygen is
subjected to gas phase catalytic oxidation in the
presence of a catalyst produced by the method of the
present invention.

The reaction is usually conducted in a fixed bed.

25 One catalyst layer may be used or two or more catalyst

Tayers may be used.
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In this case, in a reaction tube, a catalyst may be
diluted with 1inert carriers such as silica, alumina,
silica-alumina, silicon carbide, titania, magnesia,
ceramic ball, stainless steel and the 1ike. Further,

5 these inert carriers may be added also in the step (2),
namely, in kneading.

The concentration of reaction raw materials,
propylene, isobutylene, TBA and MTB, in a raw material
gas can be varied in the wide range, and preferably is

10 from 1 to 20 vol%.

Though it is economical to use air as a molecular
oxygen source, air enriched with oxygen, and the 1like may
also be used, if necessary. The molar ratio of reaction
raw materials to oxygen in the raw material gas, namely

15 volume ratio, is preferably in a range from 1:0.5 to 1:3.

It is preferable that the raw material gas contains
water in addition to reaction raw materials and molecular
oxygen, and it is preferable that the raw material gas is
diluted with an inert gas such as nitrogen, carbon

20 dioxide and the 1like. The concentration of water in the
raw material gas is preferably from 1 to 45 vol%. |

The reaction pressure is preferably from normal
pressure to several hundred kpa. The reaction
temperature is selected usually in a range from 200 to

25 450°C, preferably from 250 to 400°C. The contact time 1is
preferably from 1.5 to 15 seconds.
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EXAMPLES

The present invention will be specifically

illustrated by the following examples and comparative
5 examples.

Parts in the examples and comparative examples are
by weight. For kneading, a batch-wise kneader equipped
with a double arm type stirring blade was used. Analysis
of a raw material gas and a reaction gas was conducted by

10 gas chromatography. The catalyst composition was
determined from the use amounts of catalyst raw
materials.

The reaction ratio of raw material olefins, TBA and

| MTBE (hereinafter, referred to as reactivity), the

15 selectivity of an unsaturated aldehyde and an unsaturated
carboxylic acid produced, and the total yield of the
unsaturated aldehyde and unsaturated carboxylic acid, 1in
the examples and comparative examples, were calculated
according to the following formulae.

20 Reactivity (%) = A/BX100

Selectivity (%) of unsaturated aldehyde = C/AX100

Selectivity (%) of unsaturated carboxylic acid = D/A
X100

Total yield (%) = (C+D)/BX100

25 Here, A represents the mol number of raw material

olefins, TBA or MTBE reacted, B represents the mol number
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of raw material olefins, TBA or MTBE fed, C represents
the mol number of an unsaturated aldehyde produced, and D
represents the mol number of an unsaturated carboxylic
acid produced.
<Example 1>

To 1000 parts of pure water was added 500 parts of
ammonium p-molybdate, 12.4 parts of ammonium p-tungstate,
23.0 parts of cesium nitrate, 27.4 parts of antimony
trioxide and 33.0 parts of bismuth trioxide, and they
were stirred with heating (solution A). Separately, to
1000 parts of pure water was added 209.8 parts of ferric
nitrate, 75.5 parts of nickel nitrate, 453.3 parts of
cobalt nitrate, 31.3 parts of lead nitrate and 5.6 parts
of 85% phosphoric acid, sequentially, and they were
dissolved (solution B). The solution B was added to the
solution A to give an aqueous slurry, then, this aqueous
slurry was made into dry particles in the form of sphere
having an average particle size of 60 um using a spray
drier. The dry spherical particles were calcined at
300°C for 1 hour then at 510°C for 3 hours, to give a
catalyst calcined substance. Thus obtained catalyst
calcined substance had an average particle size of 55 u
m, a particle strength of 1.3%X1072 N and a bulk density
of 0.95 kg/L.

To 500 parts of thus obtained catalyst calcined

substance was added 15 parts of methylcellulose, and
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1098& () -| they@&vere di9-miked. 1Into this was mixed 180 parts of
pure water, and these were mixed (kneaded) by a kneader
to give a clayey substance, then, the kneaded substance
having no definite shape was extrusion-molded using a
5 screw type extrusion molding machine, to obtain a primary
molded article in the form of cylinder having a diameter
of 45 mm and a length of 280 mm, namely primary molding.
In molding, vacuum deaeration was not conducted.
Then, this primary molded article was sealed by
10 wrapping with a plastic film so as not to allow
evaporation of water, further, placed in a closed vessel
and preserved in a constant temperature chamber of 25°C
for 22 hours. After preserving, this primary molded
article was extrusion-molded using a piston type
15 extrusion molding machine, to obtain a catalyst molded
article in the form of ring having an outer diameter of 5
mm, an inner diameter of 2 mm and a length of 5 mm,
namely secondary molding. 1In molding, vacuum deaeration
was not conducted.
20 Next, the resulted catalyst molded article was dried
using a 110°C hot air drier, and calcined again at 400°C
for 3 hours, to give a final calcined article of the
catalyst molded article. In this operation, the contact
time of particles containing catalyst components with
25 water was 24 hours.

The composition of elements other than oxygen in the
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This catalyst molded article was filled in a
stainless reaction tube, and reaction was conducted using
a raw material gas containing 5% of isobutylene, 12% of
oxygen, 10% of water vapor and 73% of nitrogen (all vol%)
under normal pressure at a reaction temperature of 340°C
for a contact time of 3.6 seconds. As a result of the
reaction, the reactivity of isobutylene was 98.1%, the
selectivity of methacrolein was 89.9%, and the
selectivity of methacrylic acid was 4.0%.
<Example 2>

A catalyst molded article was produced and reaction
was conducted in the same manner as in Example 1 except
that the preserving time was 7 hours and the contact time
of particles containing catalyst components with water
was 8 hours. As a result of the reaction, the reactivity
of isobutylene was 97.2%, the selectivity of methacrolein
was 90.0%, and the selectivity of methacrylic acid was
4.0%.
<Example 3>

A catalyst molded article was produced and reaction
was conducted in the same manner as in Example 1 except
that the temperature of the constant temperature chamber
was 35°C. As a result of the reaction, the reactivity of

isobutylene was 98.2%, the selectivity of methacrolein
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A catalyst molded article was produced and reaction
5 was conducted in the same manner as in Example 1 except
that the temperature of the constant temperature chamber
was 5°C. As a result of the reaction, the reactivity of
isobutylene was 97.6%, the selectivity of methacrolein
was 89.9%, and the selectivity of methacrylic acid was
10 4.0%.
<Comparative Example 1>
A catalyst molded article was produced and reaction
was conducted in the same manner as in Example 1 except
that, without conducting the primary molding, the
15 kneaded substance having no definite shape was sealed by
wrapping with a plastic film, further, placed in a closed
vessel and preserved for 22 hours in a constant
temperature chamber at 25°C, then, this kneaded substance
was extrusion-molded using a piston type extrusion
20 molding machine, to obtain a catalyst molded article in
the form of ring having an outer diameter of 5 mm, an
inner diameter of 2 mm and a length of 5 mm. 1In this
operation, the contact time of particles containing
catalyst components with water was 24 hours. As a result
25 of the reaction, the reactivity of isobutylene was 97.6%,

the selectivity of methacrolein was 89.4%, and the
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selectivity of methacrylic acid was 3.3%.

In comparison with Examples 1 to 4, irregularity in
activity among the produced catalyst molded articles
increased.

5 <Comparative Example 2>

A catalyst molded article was produced and reaction
was conducted in the same manner as in Example 1 except
that preserving of the primary molded article was not
conducted. 1In this operation, the contact time of

10 particles containing catalyst components with water was
40 minutes. As a result of the reaction, the reactivity
of isobutylene was 97.2%, the selectivity of methacrolein
was 89.6%, and the selectivity of methacrylic acid was
3.5%.

15 In comparison with Examples 1 to 4, irregularity in
activity among the produced catalyst molded articles
increased.

The results of Examples 1 to 4, and Comparative
Examples 1, 2 are summarized in Table 1.

20
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<Example 5>
To 1000 parts of pure water was added 500 parts by
ammonium p-molybdate, 6.2 parts of ammonium p-tungstate
and 23.0 parts of cesium nitrate, and they were stirred
5 with heating (solution A). Separately, to 600 parts of
pure water was added 41.9 parts of 60 wt¥ nitric acid,
and the mixture was made uniform, then, 68.7 parts of
bismuth nitrate was added and dissolved. To this was
added 200.2 parts of ferric nitrate, 116.6 parts of
10 nickel nitrate, 432.7 parts of cobalt nitrate and 54.5
parts of magnesium nitrate, sequentially, further, 400
parts of water was added and they were dissolved
(solution B). The solution B was added to the solution A
to give an aqueous slurry, then, 24.1 parts of antimony
15 trioxide was added and the mixture was stirred with
heating, and dried using a spray drier to give dry
particles in the form of sphere having an average
particle size of 55 um. The dry spherical particles
were calcined at 300°C for 1 hour then at 510°C for 3
20 hours, to give a catalyst calcined substance. Thus
obtained catalyst calcined substance had an average
particle size of 51 um, a particle strength of 1.7Xx107?
N and a bulk density of 0.96 kg/L.
To 500 parts of thus obtained catalyst calcined
25 substance was added 15 parts of

hydroxypropylmethylcellulose, and these were dry-mixed.
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Into this was mixed 170 parts of pure water, and these
were mixed (kneaded) by a kneader to give a clayey
substance, then, the kneaded substance having no definite
shape was extrusion-molded using a screw type extrusion
molding machine, to obtain a primary molded article in
the form of cylinder having a diameter of 45 mm and a
length of 280 mm, namely primary molding. In molding,
vacuum deaeration was not conducted.

Then, this primary molded article was sealed by
wrapping with é plastic film so as not to allow
evaporation of water, further, placed in a closed vessel
and preserved in a constant temperature chamber of 25°C
for 22 hours. After preserving, this primary molded
article was extrusion-molded using a piston type
extrusion molding machine, to obtain a catalyst molded
article in the form of ring having an outer diameter of §
mm, an inner diameter of 2 mm and a length of 5 mm ,
namely secondary molding. In molding, vacuum deaeration
was not conducted.

Next, the resulted catalyst molded article was dried
using a 110°C hot air drier, and calcined again at 400°C
for 3 hours, to give a final calcined article of the
catalyst molded article. In this operation, the contact
time of particles containing catalyst components with
water was 24 hours.

The composition of elements other than oxygen in the
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This catalyst molded article was filled in a
stainless reaction tube, and reaction was conducted using
5 a raw material gas containing 5% of TBA, 12% of oxygen,
10% of water vapor and 73% of nitrogen (all vol%) under
normal pressure at a reaction temperature of 340°C for a
contact time of 3.6 seconds. As a result of the
reaction, the reactivity of TBA was 100%, the selectivity
10 of methacrolein was 88.3%, and the selectivity of
methacrylic acid was 2.5%.
<Example 6>
A catalyst molded article was produced and reaction
was conducted in the same manner as in Example 5 except
15 that the preserving time was 1 hour and 15 minutes. 1In
this operation, the contact time of particles containing
catalyst components with water was 2 hours. As a result
of the reaction, the reactivity of TBA was 100%, the
selectivity of methacrolein was 88.1%, and the
20 selectivity of methacrylic acid was 2.3%.
<Comparative Example 3>
A catalyst molded article was produced and reaction
was conducted in the same manner as in Example 5 except
that, without conducting the primary molding, the
25 kneaded substance having no definite shape was sealed by

wrapping with a plastic film, further, placed in a closed

35



10 - .

V010%&' () -~0109%&' ()-~010%&' ()-~010%&' ()-~010%&' ()-~010%&' ()-~010%&' ()-~ABCD
*EFQ P1rX> 10109 () - ~010%&' ()-~010%& ()-~010%&' ()-~010%&' () -~

n:# +00PQR] *_x0r X>

n: # +0010%&' ()-~010%& ()-~0109& ()-~010%& ()-~0109%& ()-~_" al waCo>

G0109%& () - ~0109%& () - ~0109%& () - ~0109%& () - ~( 010%& () - ~010%& () - ~010%& () - ~j P1
>

9 Y 0 ~010%& ~ P
COLOYE () VRRAUE ot BHAErLEY- 4082 honPdOY &) coRdOUREO) - O-~A

(010010%& empelatdire) chamB¥e aix- 2(95@?@6% 0&!@%& I(r)ea@é@%ulsétanée AF1>
@010010%& () - ~(010%& ()=~ n:# +0010%& ()-~0109%& ()-~ % *.1]Ki>
Q010%&' () - was0eRtrusTohoHB1ded-0s4%§ A) pietom&type- eiems(ibWOlO%& ()-~/345

>U Aj K1> G010%10%: () - ~010%& ()-~G n: B 00100 ()-~010%& ()-~UX[ " chmeF1>
Q010990 10%&mp)l didgoMa'ch)i neQl@uRobraihla%@athl y8toms] dpd~-ar@%€T1e) snngvwz” AF1>
GD109910%& () - ~(010%' ()-~G| n:# +0010%&! ()-~010%&' ()-~eF1>

D109 1D%&the- fFormaf( ringlbxging- adlouter) diamevdr( pf-610Ms an- ~z° AF1>
Q1099109 () - ~(010%& ()-~G n:# +0010%& ()-~0109%&' () - ~eF1>
G)100/@100/&'lnnemdowem)e#ofo%&mm) and1avdeppthoofod min. ~0I00&his- ~z2° AF1>
Q109%910%& () - 010%& ~F n:# +Q010%& ()-~Q1Q%& ()- ~eF1>
GOlO%)lO%&OPFJ” E~@po¢aqt) tigeoof pprrocdes cpnteindky()-~ (z AF1>

Q01099109 0100/ # +0010%& 09%& ()-~(+.36; @F1
G)lowmlow&c% alysio&o ODG%WOFE Wager was- 8% UPFJ ~oz\§%§ (Fsuéﬁl JSTUZ F
, 1>0109& Q1.Q%&: () 3 =010%

At +001oc(y eof&&&t(‘)"" uq\%h% G{‘Eﬂi’dfd%ﬁf( TBAYa92100%.01H6% () - ~0109%& (
) -0 éewgmg%gg o ko LAY 8 SKTP3hd) Ehe010%10%! () - -010%

~)010%

5”‘13 P! 501 GT0RE 0 e T e Ta P b e & Worooel e

n:# +0}51 >0 1n comparison with Examples 5, 6, irre u1ar1t in
n: # +00100& () - ~0109& () - SOT0%& () - ~0100& () ~0100& (P ~RbA0K N

1 1098& () - acxivit§¥@fiohy the produced catalyst mo1ded art1c1es

increased.
15 The results of Examples 5 and 6 and Comparative

Example 3 are summarized in Table 2.
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<Example 7>

To 1000 parts of pure water was added 500 parts by

ammonium p-molybdate, 6.2 parts of ammonium p-tungstate,
1.4 parts of potassium nitrate, 27.5 parts of antimony

5 trioxide and 49.5 parts of bismuth trioxide, and they
were stirred with heating (solution A). Separately, to
1000 parts of pure water was added 123.9 parts of ferric
nitrate, 288.4 parts of cobalt nitrate and 28.1 parts of
zinc nitrate, sequentially, and they were dissolved

10 (solution B). The solution B was added to the solution A
to give an aqueous slurry, then, this aqueous slurry was
dried using a spray drier to give dry particles in the
form of sphere having an average particle size of 60 um.
The dry spherical particles were calcined at 300°C for 1

15 hour, to give a catalyst calcined substance. Thus
obtained catalyst calcined substance had an average
particle size of 54 um, a particle strength of 1.1x1072
N and a bulk density of 0.90 kg/L.

To 500 parts of thus obtained catalyst calcined

20 substance was added 15 parts of methylcellulose, and
these were dry-mixed. 1Into this was mixed 185 parts of
pure water, and these were mixed (kneaded) by a kneader
to give a clayey substance, then, the kneaded substance
having no definite shape was molded using a screw type

25 extrusion molding machine and a pill machine, to obtain a

primary molded article in the form of sphere having a
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diameter of 20 mm, namely primary molding. 1In molding,
vacuum deaeration was not conducted.
Then, this primary molded article was sealed by
wrapping with a plastic film so as not to allow
5 evaporation of water, further, placed in a closed vessel
and preserved in a constant temperature chamber of 18°C
for 28 hours. After preserving, this primary molded
article was extrusion-molded using a screw type extrusion
molding machine, to obtain a catalyst molded article in
10 the form of ring having an outer diameter of 5 mm, an
inner diameter of 2 mm and a length of 5 mm, namely
secondary molding. In molding, vacuum deaeration was not
conducted.
Next, the resulted catalyst molded article was dried
15 using a 110°C hot air drier, and calcined again at 510°C
for 3 hours, to give a final calcined article of the
catalyst molded article. In this operation, the contact
time of particles containing catalyst components with
water was 30 hours.
20 The composition of elements other than oxygen in the
resulted catalyst molded article is as described below.
MO, Wy,1B1¢ oF€; 35Dg 6C04. 2ZNg 4Ky, 06 _
This catalyst molded article was filled in a
stainless reaction tube, and reaction was conducted using
25 a raw material gas containing 5% of propylene, 12% of

oxygen, 10% of water vapor and 73% of nitrogen (all vol%)
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under normal pressure at a reaction temperature of 310°C
for a contact time of 3.6 seconds. As a result of the
reaction, the reactivity of propylene was 99.0%, the
selectivity of acrolein was 91.0%, and the selectivity of
5 acrylic acid was 6.5%.

<Example 8>

A catalyst molded article was produced and reaction
was conducted in the same manner as in Example 7 except
that the kneaded substance having no definite shape was

10 extrusion-molded using a screw type extrusion molding
machine, to obtain a catalyst molded article in the form
of ring having an outer diameter of 5 mm, an inner
diameter of 2 mm and a Tength of 5 mm, and this molded
article was sealed by wrapping with a plastic film,

15 further, placed in a closed vessel and preserved for 28
hours in a constant temperature chamber at 28°C. 1In this
operation, the contact time of particles containing
catalyst components with water was 30 hours. As a result
of the reaction, the reactivity of propylene was 99.0%,

20 .the selectivity of acrolein was 90.8%, and the
selectivity of acrylic acid was 6.4%.
<Example 9>

A catalyst molded article was produced and reaction
was conducted in the same manner as in Example 7 except

25 that, before primary molding, the kneaded substance

having no definite shape was sealed by wrapping with a
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catalyst components with water was 30 hours. As a result
of the reaction, the reactivity of propylene was 98.8%,
the selectivity of acrolein was 90.7%, and the
10 selectivity of acrylic acid was 6.4%.
<Comparative Example 4>
A catalyst molded article was produced and reaction
was conducted in the same manner as +in Example 7 except
that, without conducting the primary molding, the
15 kneaded substance having no definite shape was sealed by
wrapping with a plastic film, further, placed in a closed
vessel and preserved for 28 hours in a constant
temperature chamber at 18°C, then, this kneaded substance
was extrusion-molded using a piston type extrusion
20 molding machine, to obtain a catalyst molded article 1in
the form of ring having an outer diameter of 5 mm, an
inner diameter of 2 mm and a length of 5 mm. 1In this
operation, the contact time of particles containing
catalyst components with water was 30 hours. As a result
25 of the reaction, the reactivity of propylene was 98.8%,

the selectivity of acrolein was 90.1%, and the
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selectivity of acrylic acid was 6.0%.

In comparison with Examples 7 to 9, irregularity in
activity among the produced catalyst molded articles

increased.

5 The results of Examples 7 to 9 and Comparative

Example 4 are summarized in Table 3.
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INDUSTRIAL APPLICABILITY

The catalyst for synthesis of an unsaturated
aldehyde and an unsaturated carboxylic acid which 1is
obtained by the present invention is excellent in

5 catalytic activity and in selectivity of the intended
product. Therefore, by using this catalyst, an
unsaturated aldehyde and an unsaturated carboxylic acid
can be produced with good yield. Further, according to
the method of producing a catalyst for synthesis of an

10 unsaturated aldehyde and an unsaturated carboxylic acid
of the present invention, catalytic activity can be

easily controlled.
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1. A method of producing an extrusion molding
catalyst containing at least molybdenum, bismuth and
5 1iron, used in subjecting at least one of propylene,
isobutylene, tert-butyl alcohol and methyl-tert-butyl
ether to gas phase catalytic oxidation with molecular
oxygen to synthesize an unsaturated aldehyde and
unsaturated carboxylic acid, wherein the method comprises
10 the steps of
(i) adding Tiquid to particles containing
molybdenum, bismuth and iron and kneading the mixture,
and extrusion-molding this kneaded substance,
(ii) preserving the molded article obtained by
15 extrusion molding, and
(iii1) drying and/or calcining the preserved molded
article,
and time from addition of liquid to particles
containing molybdenum, bismuth and iron to immediately
20 before the step (iii) (contact time of particles with
Tiquid) is 1 to 48 hours, and
time of preserving the molded article in the step
(i1) (preserving time) is 50% or more of the contact time
of particles containing molybdenum, bismuth and iron with

25 liquid.
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iron, used in subjecting at least one of propylene,

isobutylene, tert-butyl alcohol or methyl-tert-buty]

5 ether to gas phase catalytic oxidation with molecular
oxygen to synthesize an unsaturated aldehyde and
unsaturated carboxylic acid, wherein the method comprises
the steps of

(i) adding Tiquid to particles containing
10 molybdenum, bismuth and iron and kneading the mixture,
and molding (primary-molding) this kneaded substance,
(ii) preserving the primary molded article obtained
by molding,
(iii) extrusion-molding (secondary-molding) the
15 primary molded article preserved, and
(iv) drying and/or calcining the secondary molded
article obtained by extrusion molding,
and time from addition of 1liquid to particles
containing molybdenum, bismuth and iron to immediately
20 before the step (iv) (contact time of particles with
Tiquid) is 1 to 48 hours, and
time of preserving the primary molded article in the
step (ii) (preserving time) is 50% or more of the contact
time of particles containing molybdenum, bismuth and {iron

25 with Tiquid.
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4. The method of producing a catalyst for synthesis
of an unsaturated aldehyde and unsaturated carboxylqic
acid according to any of claims 1 to 3 wherein in the
step of preserving the molded article or primary molded

10 article, the preserving temperature is from 3 to 40°C.

5. The method of producing a catalyst for synthesis
of an unsaturated aldehyde and unsaturated carboxylic
acid according to any of claims 1 to 4 wherein said

15 1iquid 1is water.

6. The method of producing a catalyst for synthesis
of an unsaturated aldehyde and unsaturated carboxylic
acid according to any of claims 1 to 5 wherein 1in the

20 step (1), the addition amount of said liquid is from 10
to 70 parts by weight based on 100 parts by weight of

particles containing molybdenum, bismuth and 1iron.
7. A catalyst for synthesis of an unsaturated

25 aldehyde and unsaturated carboxylic acid produced by the

method according to any of claims 1 to 6.
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8. A method of synthesizing an unsaturated aldehyde
and unsaturated carboxylic acid wherein any one of
propylene, isobutylene, tert-butyl alcohol and methyl-

5 tert-butyl ether are subjected to gas phase catalytic
oxidation with molecular oxygen in the presence of the

catalyst according to claim 7.
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