- 1 - 17 August 2006 Description Catalyst for Preparing Unsaturated

Al dehyde and Unsaturated 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 and an unsaturated
carboxylic acid, the preparation procéss thereof and the prbtbhrgustga06
process of the unsaturated al dehyde and unsaturated carboxylic acid that

uses such catal yst, wherein the cat 3‘ .ﬁ?npri ses at | east nol ybdenum
bi smuth and iron, and is used for %537 Pg on of an unsaturated al dehyde

and an unsaturated carboxylic acid by vapor-phase catal ytic oxidation
usi ng nol ecul ar oxygen from propyl ene, isobutylene, tert-butyl alcohol

her ei naf 5 |
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have been made concerni ”Q\Ci(??hé"(ﬁ{éE?o&lﬁﬁiohh@oﬁé@@??@?éo?” process for such
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catal ysts, that can be used for the preparation an unsaturated al dehyde
and an unsaturated carboxylic acid from propyl ene, isobutylene, TBA or
MIBE by vapor-phase catalytic oxidation. Many of these catal ysts have
conponent s TecHricaliFigidat | east nol ybdenum bisnmuth and iron, wherein

nol ded catal ysts having such a conposition are being used for industrial

purposes. These Tiw ptesehtirveation relatdsitoedcatalyst fottusesihdhe préptdtioRohl yst s,
carrier-supported catal ysts and so on, depending on their nolding nethod.

Usual | y, anarunhsaiiratedraitiefedle arsd ahyssatsaiedagmbexylicyadididhdipngparationcl es
conprising the catalyst -2- 17 August 2006
process thereof and the preparation process of the unsaturated aldehyde and
unsaturated carboxylic acid that uses such catalyst, wherein the catalyst
comprises at least molybdenum, bismuth and iron, and is used for
preparation of an unsaturated aldehyde and an unsaturated carboxylic acid
by vapor-phase catalytic oxidation using molecular oxygen from propylene,
isobutylene, tert-butyl alcohol (hereinafter referred to TBA) or methyl

tert-butyl ether (hereinafter referred to MTBE).

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 moiding method. Usually, an extrusion-molded

catalyst is prepared by kneading particles comprising the catalyst



conponents then carrying out extrusion-nolding. On the other hand, a
carrier-supported catalyst is prepared by supporting a powder conprising
the catalyst conmponents on a carder. Wth respect to extrusion-nol ded
catal ysts, various techniques have been proposed; which include, for
exanpl e, a process for inproving strengt-h and selectivity by7Adgustg006
graphite or an inorganic fiber during preparation (Japanese Patent

Lai d- , ' dd ' f
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wi t hout ( Copammlyat cumponantyl Gsh cansdrt i on of a surfactant, the calcined
particles of dried particles obtained using a spray dryer. These are all

preparation proceithaespsitie extrisibhaRoliRdbatalystsanancsetdihhfitiesliivé- Open No.
2000- 71313 di scloses a nolding process of a porous nolded product, in

whi ch mat er baén phepaged; which iaciide} for exayise e broutss f6RIMBIBVING ARhgtt 0 a
shape that is easily charged into the piston extruder cylinder by using a

screw ext r ugrd selectivity by kddingfgraphitendr an\terganioding|durihgrephatiofocunent
specifically discloses a nolding process for an isobutylene oxidation
cat al yst cozld@piageag PatentdaditrOneriNent@-1 58884); iandna process whiemptidsaf t hi s,
the material charged into the piston type extruder had not been

pr e- nol ded. CeRABFERe of erllungenderivative stusingsxdrusinramedding pf theecatalyst

commonl y- knpwn rocesses are still insufficient as industrial catalysts in
biepapgsa P

terns of th went Lad-Opgntjoafrd 6464).r db asiditians wJapanese Patent.

D sclosure Béidzélger% NG %bBr]IOT%Q d]is?cfo'b‘&lzJ ugﬁtrljzs(%gr?-molding by kneading, with
(Examples) or without (Comparative Examples) addition of a surfactant, the
calcined particles of dried particles obtained using a spray dryer. These are
all preparation processes using one-step molding.

Japanese Patent Laid-Open No. 2000-71313 discloses a molding
process of a porous molded product, in which material charged into a piston
type extruder can be molded into a shape that is easily charged into the
piston extruder cylinder by using a screw extruder or the like beforehand.
While Example 4 of that document specifically discloses a molding process
for an isobutylene oxidation catalyst comprising molybdenum, bismuth and
iron as one example of this, the material charged into the piston type extruder
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 present invention was -carried out in order to resolve the
above-descri bed problens. It is an object thereof to provide a catalyst for
use in the preparation of an unsaturated al dehyde and unsaturat ed
carboxylic acid which is excellent in catalytic activity and in selectivity
of unsaturated al dehyde and unsaturat@&dt carboxylic acid, a préparsitd08f
process of such catalyst, and a process for producing an unsaturated
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process for preparing an extrusio east

mol ybdenum ybé st prpdratid? of %gﬁ%{iulﬁe& %ﬁi@f})ﬁ%ﬁﬁoﬂ %ﬁﬂra‘i’@d unsat ur at ed

al dehyde and an unsaturated car I C aci ase catal ytic

Ox| nati on_otamod/RAatidAMcR s BHENENE ifsata WO End IPLiaBtliy ofd! cohor of

methyl tert-butyl ether using nol ecular gen, ‘said process- conprising. a

step of pr apgaturded Aldéhitle ARTURSHRNIatEd ChitfxGhic aéid%irpﬁ‘-é Bftibh rfcedy epar ed
Fypaenun

by spray drying an aqueous slurry conprising noly brsmuth and iron

or as cal cohsuttpeatalyst, e provesd fo plodiichiry ah BAsatuffal aldbrfdietrd | ed
particles; a step of mxing and kneadi ng said catal yst conponent particles

with at | eaunsaturdted cachoxyli€ acit atrehighngeldtigingthisreatilyss. t he kneaded
material; and a second-nolding step of nolding the first-nolded product to
a fini shed shapelheprapgration promesswof dicagalysicor an.unsaturates! aldehpdeandn
process, the shape of the first-nolded product nolded by the

above- descr@bpsaiwatedaaraendic acithaceording tadhe paeserdriovertionfiemabl y has a
dianmeter of 0.5 tines or ,Iar%er and less than 1 tinmes of the cylinder

di amet er of PIOFESH IURIRPAING AR EXRISIAMBOldadicatalysheortaining ahisest ng st ep.
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.

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.



-4- 17 August 2006 The specific gravity of said first-nolded product is
preferably from1l. 1 to 2.7 kg/L. In addition, the average particle

di aneter of the catal yst conponent particles is from10 to 150 pm The
average particle conpression strength of the catal yst conmponent particles
is preferably from9.8 x 10-4 to 9.8 X4t0-2 N. The bul k spedf Augugtr2f0bt y
of the catal yst conponent particles is preferably from0.5 to 1.8 kg/L.

First ol ded proni SPEERG Saftofkoid A ihatled ot BrafBieby fof ring
machi ne of td e |gpepond-nol ding. During first-nolding, a screw extruder is
preferably wused Tor nolding. The anmount of the liquid to be mxed with the

catal yst componoitaddii, e Betageistieleihbinetérinie cafaips dfdchd mss per

100 parts by nass of the catal yst conponent part yst

conponent - ppakticidsss frne 10ref1B0ARNY Tﬁb(‘évé‘?é%é’ﬁéhicfé EmpreSiforPéfaridth

I nvention also relates to the catalyst for preparing t unsa

al dehyde andf thescatalyst csmpenésbpdriicless greteedhdiras 9.8 ! 16 tdoe£Ah2
i nvention prepared in accordance with the above-described preparation

processes. MNhe Thetkally specifiepeavity dfithpaatdlgstl comporiari pagtiieeis preferably
preferably has an outer dianmeter of from3 to 15 nm The present invention
further rel@o®0.6d04.9kgfhar ati on process of an unsaturated al dehyde and an
unsaturated carhoxylic acid, which uses the above-described catalyst in
vapor - phase cat aY¥§euum egpaeatiopris preferably ast camiedoiut duriogyrhelding ofthieut y| ene,
TBA or MTBEf, usi nq mol ecul ar oxygen. Best Mdde for Carrying Qut the
| nvent i on first-molded product into the finished shape using the piston molding machine
of the second-molding. During first-molding, a screw extruder is preferably
used for molding.
The amount of the liquid to be mixed with the catalyét component-
particles is preferably from 35 to 55 parts by mass per 100 parts by mass of
the catalyst component particles.
The catalyst component particles are preferably calcined particles.
The present invention also relates to the catalyst for preparing the
unsaturated aldehyde and unsaturated carboxyfic acid according to the
present invention prepared in accordance with the above-described
preparation processes. The catalyst shape is in particular a ring shape, and
preferably has an outer diameter of from 3 to 15 mm.
The present invention further relates to a preparation process of an
unsaturated aldehyde and an unsaturated carboxylic acid, which uses the
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



-5- 17 August 2006 The catalyst for preparing an unsaturated al dehyde and
an unsaturated carboxylic acid according to the present invention is an
extrusi on-nol ded catal yst prepared using a bel ow descri bed preparation
process, which is used in preparing an unsaturated al dehyde and

unsat urated carboxylic acid by subjectiSrg the reaction raw ni? &ugest2008e.
propyl ene, isobutylene, TBA or MIBE, to vapor-phase catal ytic oxidation

usi ng nol ecul ar Ty egmalyst i ﬁ\@ﬁ&ﬁné‘ﬁﬁ%ﬂsﬁﬁﬂgféﬁahéﬁ dé and apat al yst
conprising at |east nolybdenum bisnuth and iron as a catal yst conponent.

The cat al ysungeturated sartsoxyit skl sctiopdivigtto #eeTprRSMt fvehlieh i RAn ol ybdenum
bi smuth and iron, such as silicon, cobalt, hickel, chrom um | ead,

manganese, exrusiommolded catdlysnprepaedwsing blbetdw-deatiited preparatigit al um
zi nc, phosphorus, boron, sulfur, selenium tellurium cerium tungsten,
antinony, tprogessiwhichtisiused in prepiarimg grotirsaturared aldghgideandcesi um and
thallium For exanple, the catalyst preferably has a conposition
r epr esent edungatursted tatioylic gcigenesutijedtingrieareatlion v Baterdalti¥e Yt ZgSi hoi
wherein Mo, Bi, Fe, Si and O independently represent nolybdenum bismuth,
iron, silicRAPyieReeisphdtylenssia or MIBE, 1 vaporehasecatalylicasidator el enent
selected fromthe group consisting of cobalt and nickel; X represents at
| east one YHRGBMICSIREEXYILN.r om the group consisting of chromium |ead,
manganese, cal ci,ym nagnesi u i obi um silver, barium tin, tantalum and
zinc; Y represer#? %90\?%§§§°f catalyshie a eatalyist goMPYAINGAL 1§a%tup consi sti ng
of phosph boron, .sul fur, seleniu el lurium cerjum tungsten,
ant i nony %gﬁ(PP?QH%mS"&H #id &op @§é‘n‘fr%at¥§{ pREeneRle dinerkatalysEMa¥t ed from
the group gais0 comprise catalyst components other than molybdenum, bismuth and

iron, such as silicon, cobalt, nickel, chromium, lead, manganese, calcium,

magnesium, niobium, silver, barium, tin, tantalum, zinc, phosphorus, boron,

sulfur, selenium, tellurium, cerium, tungsten, antimony, titanium, lithium,

sodium, potassium, rubidium, cesium and thallium.

For example, the catalyst preferably has a composition represented by
the following general formula (l).
MoaBibFechXaYngSihO; (I)

wherein Mo, Bi, Fe, Si and O independently represent molybdenum, bismuth,

iron, silicon and oxygen, respectively; 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, 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

consisting of lithium, sodium, potassium, rubidium, cesium and thallium.

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



consisting of lithium sodium potassium rubidium cesiumand thallium

3

Moreover, a, b, ¢, d, e, f, g, h and i represent the atomc ratios of the
-6- 17 August 2006 aforesaid elenments. Wien a = 12, they nay be chosen so
that b = 0.01to 3, ¢ =0.01to5 d=1to 12, e=0to8 f =0to5, g =
0.001 to 2 and h =0 to 20; i is the-&-onmic ratio of oxygenlWAugust2006
satisfies the val ence of each constituent elenent. Preparation of the

catal yst. { opidhessiardidtent. UNIALAL 39, HeludBotiilseltotRsEh Y 61900 8

carboxylic acid according to the presén ion compril a'step

of preparing L@0alty¥, cCCONMENSNE =P9|rt6 gk ég togg)sq a o?@qaopvé aiﬁaqn@gi | nggq;ﬂg

obt ai ned cat al yst conponent particles; ( ep o I rst-

obt ai ned kneigdhd @iy fatib:of okygén Whith SatisTREAE vARINEH daldh c%%ﬁiu@f.tﬂ
a y turther

first-nolded material using a piston nolding nachi ne; and usual
conprises (&emertep of drying and/or heat-treating the nolded product, In
step (1) for preparing the catalyst conponent particles, dried particles

are prepared by Brapayatibryofitheaatalgsteor preganhgyarc OngHtuEited aldetyidedgislm
bi smuth and iron. Spray drying has the characteristic that the shape of
t he obt ai nean pasaturates desbexylicisoid atcgrding todthe Pregent iteertiont camprses:
restriction is placed on the nethod for preparing the aqueous slurry,
provi ded t hél) a stepsd preparingacatalyst compohentpartitiesa () zasteprof kheatding
conponents. Any of the various techniques which have heretofore been

vel | - known hgrplaingdaptalysiceoraponens paridepi Bhaisiep ekfitstanaldingtthe oxi de
m xi ng nmet hod. ., Compounds. such,  as oxi des, sulfates, nitrates, carbonates,

hydr oxi des, © knradec:matariglh{4) asier ehaecand-mglding the ehiainedt t he

talyst cof b d as,th material for the catalyst
Component . HaPHEded el o, A Pistar radindcmantins e sl Ardet a yst

comprises (5) a step of drying and/or heat-treating the molded product.

In step (1) for preparing the catalyst component particles, dried
particles are prepared by spray drying an aqueous slurry comprising
molybdenum, bismuth and iron. Spray drying has the characteristic that the
shape of the obtained particles is a uniform spherical shape.

No particular restriction is placed on the method for preparing the
aqueous slurry, provided that it does not cause a significant localization of
the components. Any of the various techniques which have heret_ofore been
well-known can be used, such as the precipitation method and the oxide
mixing method. Compounds such as oxides, sulfates, nitrates, carbonates,
hydroxides, ammonium salts and halides containing the element of the
catalyst component can be used as the raw material for the catalyst
component. For example, the raw material when molybdenum is a catalyst
component includes ammonium paramolybdate, molybdenum trioxide and
the like. Furthermore, either one type per respective element or two or more

can be employed as the raw material for the catalyst component.



conmponent i ncludes anmoni um par anol ybdat e, nol ybdenum tri oxi de and the

| i ke. Furthernore, either one type per respective elenent or two or nore
can be enployed as the raw naterial for the catalyst conmponent. -7- 17
August 2006 Spray drying can be carried out using a spray dryer equi pped
with, for exanple, a rotating disk cent/r-ifugal atomnizer, a tWAUgUstROREZzzI e
atom zer and the like. The spray drying conditions, such as inlet

t t d i i tain a
| ermer Ut e and syl PERFDa o SR, APt By
condi tions ehemptsasotaling Mgk céﬁtrﬁ@lgﬁcéiénﬁéﬂé 4 YwS RGP afoim i@g Eﬁd mass%

of solid matter using a spray dryer equipped wth a rotating

centrif ugal the like. z TheasgragiiriNg LontRIGAS! SlicH 8s fHief leRiPekaird anaREt an
outlet tenperature from 100 to 2000C and an atom zer revolution speed of

from 8000 t terap@@burepmayThesuitalstysopss as ke abab ai duditedaviehdge pamickomet i mes
contain salts, such as nitrates, originating fromthe catalyst raw

mat eri al andianteter.i Kieor éXanaplenthiecstdngareddiytngredrititibriy whed spet dgiig cl es
containing a | arge anbunt of salts is calcined to deconpose thé salts, the
strengt h of af lguRoLE sturpr cahiginingdy td 65 meaissse df sblid Maties usirsasprayhe
particles are not only dried, but are also preferably calcined at this
poi nt to gi Y&¥EEgnUipped with airetating digk pentrifugal atomizesard anirdes are pl aced on
t he cal ci nip%ﬁ:ondi tions, but usually the particles are calcined at a
t enper at ur 'SP&TRIIE Ol fromy 1 00 to 508°Goaw cutlet tempesatte fromm 00 to @800t@ider t he
fl ow of, ox%ﬁ((fn agi r.or nitrogen. The_cal cini ng]ti ne i s suitably chosen
accordi ng t34 A8 %méﬁe;';é'?"‘?'%ﬁglhﬁ 284 af from200Q.tg 2@R0Q MY yst and the i ke.
Hereinafter, th [] articl and, t he. cal ci ned particles conprising the
cat al yst corrpongmL gﬁ%‘l’ Paticles chiaired 'Fgﬁﬁr‘?@ﬂs‘?'@eﬁ&'%&%@&s nidfitent

as nitrates, originating from the catalyst raw material and the like. 1f a

molded product molded from dried particies containing a large amount of

salts is calcined to decompose the salts, the strength of the molded product

may be reduced. For this reason, the particles are not only dried, but are

also preferably calcined at this point to give calcined particles. No particular

restrictions are placed on the calcining conditions, but usually the particles

are calcined at a temperature in the range of 200 to 600°C in the presence of,

or under the flow of, oxygen, air or nitrogen. The calcining time is suitably

chosen according to the catalyst raw material, the desired catalyst and the

like.

Hereinafter, the dried particles and the calcined particles comprising
the catalyst component shall be together referred to as catalyst component
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



particles. Wien nolding is carried out wthout crushing the catal yst
conponent particles, if the average particle dianeter increases, |arge
voids, i.e. large pores is formed between the particles after nolding,
whereby selectivity tends to inprove. On the other hand, if the average
particle dianeter -8- 17 August 2006 -&ecreases, the nunber &f AvgustZop

poi nts between particles per unit volunme increases, whereby the nechanical

strength of deteaghs ahaeriniBerdstCoptdct pbirits bRk B?réicl%ﬁé/reunii Volume

consi deration of these points, the average partic aneter 1s preferably
10 Rm or gr mereasesyinhiefethbhel mtivdnit&sirdngtiP bEHRY stithmedMoReer GdgiyBer ticl e

dianeter in the range of from10 tLmto 150 Itm has an excell ent "bal ance

bet ween sel tertdsvotimpeovi. M lconsidatatioh sfitbeSe pbints, e avafageyatiede particle
dianeter of 20 [tmor nore is nore preferable, 45 Rmor nore bei ng

especi al | y giastetenis prefexhblyd 0409 drigreater, Whites 156 i be la¥sds piafersbleand 65
larn or | ess being especially preferable. A greater bulk specific gravity
tends to wi Anaveregenpadiclegdiametérdnahe ramge obindm tpani fo t5@pavhayahends to
have higher activity and selectivity. Therefore, in view of handling
property dueXedilepbbaliange between selgcindty and mechanical stremgthk  Fpetbief,ian gravity
in the range of fromQ0.5 to 1.8 k8/L is preferable. In this range
suf fi ci ent 3Yeraggiariigle diaraetgr oh20 ami oriareigymada preferaleadmed) OEo t hat t he
particles are nBt. easiplrﬂy_ rushed duri ng? mol ding, while the activity and
sel ecti vi t y"9f€ PRIOGLR Cgﬁgly pieferable owhilg A 00 mng @r (eSS is anarespnefgrable s
particul arl ferable. Here, bulk specific gravity is the value neasured
using a net%%‘g%smefz Afid &PP‘FP'QIIIbg'ngQ?ﬁe-The bul k specific gravity of
t he catal yst co ti.cl n,. be adjusted, for anmpl e. by adjusting
the concentrati ﬁagﬁéhgaéﬁbggﬁg 925\1%‘;?“?8 t?)é‘"@ﬁﬂ&d WPF‘@W’ WRIE & xing rate
or lower bulk specific gravity tends to have higher activity and selectivity.

Therefare, in view of handling property during molding and catalytic

performance, a bulk specific gravity in the range of from 0.5 to 1.8 kg/L is

preferable. in this range sufficient strength able to withstand molding can be

obtained, so that the particles are not easily crushed during moiding, while

the activity and selectivity of the catalyst are also high. From 0.8 to 1.2 kg/L

is particularly preferable. Here, bulk specific gravity is the value measured

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 particle

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




stirring rate during preparation of the aqueous slurry, the concentration
of the slurry and the |like. Geater average particle conpression strength
of the catalyst conponent particles tends to withstand nolding, while

| ower average particle conpression strength tends to have higher activity
and selectivity. Thereforei in view of®handling property dur ﬂ%ﬁ\uﬁﬁ-’rtﬁoﬂﬁ and
catalytic perfornmance, an average particle conpression strength in the

range of 9.80%te 9:8 1 10AUYiSprel&Rble, Hhddrém £9& 1028 2.9\ Ho2N gf erabl e, and
from4.9 x 10-3 to 4.9 x 10-2 Nis particularly preferable. The average

particl e copprtieakirlyrpreferaiigt hThe Mm%@pankl@éompmmﬂétr thiothigs can be
adj usted, for exanple, by adjusting the concentration of the agueous
slurry to beatalyshgontpoaent partiches danche atjested, $6r examgles by adjlisting she
preparation of the aqueous slurry, the concentration of the slurry and the
li ke. Next,concestrafion f theaqueeusisiuyyitb dectpray ddddctieanpdatg rateonent
particles (i.e. dried particles or calcined particles), a mxture of at

| east the gHfiagyate dwmgopreparation ofdhe aguedus sltirgyithie eorcantetidedbfithegi ve a
kneaded nmaterial. Exanples of a preferable liquid to be used in this step
i ncl ude wat MY and thedikBol s. Exanpl es of the al cohol include | ower

al cohol s, such et hanol t hyl al cohol , propyl al cohol and butyl

al cohol . Wi le ﬁ%’gem qt?ﬁlﬁﬁ?)dgg’?éfﬁﬂa@BgdB@@b&#'B%C@'falyfii cepmsingati on of two or
nore, it is_pteferable. t se wat er because it is econom ¢ and easy to
handi e, ThePaiElgR BrdiadprdClesal Galgne PaTIces): § kiR e! BEIRASEIR) 1o t he
type and sizs. | v.Si npgnept .particle he, ty of ,1jquid and
the |ike. ﬁ:m&%tewﬁﬂéﬁéd’ﬁQ/P’{'ﬂégéﬁ@lﬁwﬁq‘i"g arg k[‘ﬁéa?%iﬂg@'VSféj kneaded) " o 70

parts by  materiai.

Examples of a preferable liquid to be used in this step include water
and alcohols. Examples of the alcohol include lower alcohols, such as
ethanol, methyl alcohol, propyl alcohol and butyl alcohol. While these
liquids can be used alone or in combination of two or more, it is preferable 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 handiing property.




mass per 100 parts by nmass of the catal yst conponent particles. Since a

| arger anmount of |iquid used allows for snoother extrusion-nolding, the
spherical particles are |less easily crushed, whereby |arge voids, i.e.

| arge pores, formin the dried and cal ci ned nol ded product, which tends to
i nprove selectivity, Therefore, the ub®d amount of |iquid i37press2dBby 20
parts by nass or nore, nore preferably 30 parts by nass or nore, and

especi al |y Fprihégthdisynalier iy tsedEmaBatoPliquid the RRINS&P thePAloldedprotiies  of
the catal yst conponent particles. On the other hand, a smaller anount of

l'i qui d usedbeceniesewhietiitend®to idprove thestlength ofithe malded pregudtandl i ng
property. _10- 17 August 2006 Further, the smaller the used anmobunt of

li quid, theTderefere, tieused drbunt ofiliquid idpreferbly 6 ipaftsttanwass orilegy; ove the
strength of the nolded product. Therefore, the used anmount of liquid is
pref erably swrepreferahly 58partsrby mass or hess apdedvenanbre pefermbiys49pantsss or
| ess, and even nore preferably 45 parts by mass or |ess per 100 parts by
mass of t hePy sagseitlessppohed papabyiroass of the catalyst @mponentparticlesr abl e to
add a nmolding aid (trml di ng assi sti nttg material) such as an organi c binder
to the nixture dbritteR @l 12 preferahle faadd emaldingaid (meldingrassistingqui d,
because strength anroves. Exanpl es . of such nol di ng ai ds include
met hyl cel | uMG&@rialbsugh 8% AN Argaric bindarie yeeniyae spntainjag catalyst
car boxymet hylcel | ul ose.sodi um salt, hydroxyethyl  cell ul os hydr oxypr opyl |
cel | ul ose, %%PBQ?%W?EWM @@-I”#uti’ ISeg] VBPWP%EE’@F@% al ose,
hydr oxybuty, cel | ul. et hydr oxyet hyl .cel | ul ose and
hydroxypropéﬁggﬁﬁ%ﬁﬁﬁgk&‘%ﬁ@dgdﬂgﬁxgﬁﬁﬁﬁ?e'%&w%ﬁﬂggsﬁolding aids is
preferably s . f e
particles c%ar{B gjf(g'?'%{g@tl%glu@? aF%@’@@%@ﬁéﬂw&a%%@aWaﬁllg Wﬁé?o’&g@rror nor e
I's especi al ¢gfiups<d, ByaRbGprdpy? Ebiid1ese HydrokyiRbp Rt tyiceRbigee!

hydroxyethyl methylcellulose, hydroxybutyl methylcellulose,

ethylhydroxyethyl cellulose and hydroxypropyl cellulose. The added amount

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'w parts by mass or less per 100 parts by mass

of the particles comptising 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



such as heat-treatnent after nolding, becones easier, the added anmount of
the nolding aid is preferably 10 parts by mass or |ess per 100 parts by
mass of the particles conprising the catal yst conponent, and 6 parts by
mass or |less is especially preferable. A conventionally known additive can
al so be added to the above nixture, ekanples thereof includih§upusr§adic
conpounds such as graphite and di atonmaceous earth; and inorganic fibers

such as gl aagitdtifteblades; #wd contiriuees tapel kaeadss SiJEh%fS- an\Bxiaprdthfion ar

restriction 1s placed on the apparatus used for kneading the m xture
cont ai ni ng rediprogating typecarahs serdieaning krfeddefiui However, £baithltgpet here

may be used a batch type kneader havi ng doubl e-arm 17 August 2006
agi tating bkaeder iapdeferratibecause ithas theeahantageusitbeksg ableato cdrry otitat i on
reciprocating type and a self-cl eaning type kneader. However, a batch type
kneader is kneadingahiledbastateiof tiekneadedhhaterial iemohitorschg BB e to carry
out kneading while the state of the kneaded material is nonitored. The
kneadi ng colpeading gopiletion poinkisaisually jutlged by timeneisual shedrvaticreor at i on or
touch feeling. Next, in the first-nolding step (3), the kneaded materi al
obt ai ned i ntolgk feRlGdi ng step is nolded into a first-nol ded product using
an appar at us suc’g as %g extruder or a press machine. An apparatus can al so
be enpl oyed whiligdp (firgt-melding step (), thedkneadedmateriabebtaingd ip the
succession (one-pass).. Here, .it | referable to carry out the kneadi ng
usi ng a bat l&'l‘?ﬁ‘l’ﬁ%s 'ﬁdﬁ?ldegrﬂwoﬁﬁmﬁﬁ‘gé@iﬁf‘?ﬂ% USSR arRanalys 8ueh uder
in terns of f h kneadi can, be carried ou Il e the kneading
tate 15 not 0eetUahOrh predy Rieclihel AL Beraply Car dio'Be effployed

which performs the kneading and the first-molding in succession (one-pass).

Here, it is preferable to carry out the kneading using a batch type kneader

and the first-molding using a screw extruder, in terms of the fact that

kneading can be carried out while the kneading state is monitored and in

terms of productivity.

The first-molding shape is not particularly restricted, although it is
- preferably a cylindrical shape having a diameter of 0.5 or more times and

less than 1 times of the diameter of the piston molding machine carrying out

the second-molding. The smaller the diameter of the cylindrical first-molded

product, the easier it is to charge the first-molided product into the piston

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 of 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



The first-nolding shape is not particularly restricted, although it is
preferably a cylindrical shape having a dianeter of 0.5 or nore tinmes and
|l ess than 1 tinmes of the dianmeter of the piston nolding machi ne carrying
out the second-nolding. The smaller the dianmeter of the cylindrical
first-nolded product, the easier it 1$to charge the first-AbA4eEstF088uct
into the piston nolding machi ne. However, when the dianeter is fromO0.5 or

more times logd placéedn the 2dtalystipaPioled, Wehioh @awaﬁtggen%l}éﬁ%ﬁh%oz e@et he

harder it is for excess air to enter during secon di ng,

| oad on t hecontrall y Thepeford, th particutar] 8eyRmdrbal bﬁap@lﬁwngra diefetgPbte | nsi de
the cylinder can be used effectively. Thus, there is The advantage that

product i vi t froims0.8ngrmerdtimbe o lewsatas inimées ef SwNeylinder Blanséterdf gd pr oduct
because the nunber of first-nolding and second-nol ding cycles can be

reduced. Fupistay molding machimeisgerefdrablegr eat er the di aneter of the
first-nmolding, the |ower the nechanical -12- 17 August 2006 |oad placed on
the catal yst parlniagdition, Whe greater thevaperifipegravity of ther prepafedfirse-malded r ol .
Therefore, in particular, a cylindrical shape having a dianeter of fromO0.8
or nore tinBPdust tae greatenthe strengih of thenfinished catalyst white the srhatlérthepi st on
mol ding machine is preferable. In addition, the greater the specific
gravity of PRRETG gravitkdthe mere the selectivily ofitha finished gatalystimpravest r engt h of
the finish catalyst, while the smaller the specific gravity, the nore
the sel ect %F?V%WP’ {heensideratien of i!eaﬂj'%’igth r?&ﬂcﬁﬁé%c.tw'mﬁ’é%’éﬁ ﬁlﬁlégeﬂ n
consi derati strength .an el.ectivity of the finished catalyst,
t he specif |(gé}86;3¥l|tt$|§ SB?cﬁﬁ%rﬁ“{' 1 -tﬁ%mﬁéﬂnﬂllr‘%étﬂf?d‘i‘? 'iPé?tJQF Yinthe t he
range of fr . .4l L feerably in the range from 1.5to
%5 a1, e e £o7d Bl P bEERBN, b8 oS TSt a0LS 1o/
'(;'?r e SPeqkd/L Cadd 8t MorapR&rerddlF i’ MleYang8'of Wolh §% 29 kgLl NAetdle el ght
specific gravity means the value calculated by dividing the weight of the
first-molded product comprising the liquid used in kneading by the volume of
the first-molded product.
Next, in the second-molding step (4), the obtained first-molding is
molded into a finished shape using a piston molding machine.
Piston molding is effective to reduce bending during extrusion and the
like, which improves the product yield. Furthermore, molding can be carried
out with a uniform strength, whereby the intermixing of excess air is small.
This allows a uniform molded product to be achieved, in which the powder
ratio in charging the finished catalyst into the reaction tube is reduced and
selectivity is improved.
Compared with the case where a first-molding is not carried out where
an indeterminate shaped kneaded material is directly (using a piston extruder
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



first-nol ded product conprising the liquid used in kneading by the vol une
of the first-nolded product. Next, in the second-nolding step (4), the
obtained first-nmolding is nolded into a finished shape using a piston
mol di ng machine. Piston nolding is effective to reduce bendi ng during
extrusion and the Ilike, which inprove$3the product yield. FarAwgustca0es
nol ding can be carried out with a uniform strength, whereby the

i nt er m xi ngpaftictesegringiroldingsaebit molditgscat! beuBhidvaa tiha ed product
to be achieved, in whiggh thegpovvder ratgisco I n char E?ﬁgﬁ?hdea indlished

cat al yst i ntesiriy theceatalyet patictes, andqitefesblaPdres 6hE bl Mbhifedted ifHeov ed.
Conpared with the case where a first-nolding is not carried out where an

i ndet er ni nafirisbad pathlysteaThdsewmttain alcatlydliwithcéxaellbbsinngatalyhic abmatyext r uder
and the |ike) extrusion-nolded into a finished shape, the present ‘i nvention
al | ows the 8nddin selectivity oisunsatunstet algiehydaasd unsetwhtiecarboryliceaely. f or med
after the first-nolding. Thus, excess load is not placed on the catal yst
-13- 17 August 2lodbe sespnddheldingstepgit isopréfergblestosudticannyl alitvacuam be
achi eved that does not destroy the catal yst particles, and preferable pores
can be mani f#B8@/@H0NnSe Hat the ﬁpmnmlumaﬂtiﬁletc.atawgenat teduced. catal yst with
excellent in cat_glaé/ti}; acii vity and in selectivity of unsaturated al dehyde
BaaRe P

and unsat ur at ed thecngldedcatalysteltainedfsemi exgrusianmoiding s
Phe. cat al ystOmORe SeePBMBe NG cl PABEEAT b ST GeanC e B Motach: ned 1 r om
and may be T BaroRaREshebe S5 AL A g St s aeheal shapecind eleliate | °
oo e et PRRREE 1A, A S bt Hemoldifcadfud & it "
restricted, because a soft molding can be achieved compared with
conventional mold processes in which extrusion-molding into the finished
shape is carried out in a single stage, or indeterminate shaped particles are
piston molded, the present process is preferable for a ring shape, which
places a comparatively large load on the catalyst particles during molding, in
particular for a ring shape having an outer diameter of from 3 to 15 mm.
Further, ring shapes are also referred to using a different term, “hollow
cylindrical shape.”
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.



restricted, because a soft nolding can be achi eved conpared with
conventional nold processes in which extrusion-nolding into the finished
shape is carried out in a single stage, or indeterm nate shaped particles
are piston nolded, the present process is preferable for a ring shape,
which places a conparatively large | o#l-on the catal yst par ¥ &ugsst@idbng
nol ding, in_ particular for a ring shape having an outer diameter of from3

to 15 nm  Furt hgsuall ch :ﬂg%aheamlaés ’@cﬁi&t ise§ttﬁﬂé€l§dtt8 cﬁﬁﬂllrﬂﬁgor AblesbpNt

term "hollow cylin shape ryrng an calcrning

step (5) of whiee imtepd1y tHepartitlestviére @l&lﬁéd‘%hd@ﬁ G%arﬁé‘bﬁidé?bnbihé“ I ed

and/or calcinated to give the catal yst (product parti cul ar

restricti onlikeswasamtdised, tdleinthg/otbermsided cﬁrﬁri/swaﬂ belomitfds Step, wherein
a wel | -known drying nethod such as hot-air drying, humdity drying,

far-i nf r ar eAccorgiingly,dhe driedrmuleled plogictds carinsi @ Riduiredi | Theasadiggd. The
drying conditions may be appropriately chosen so that the desired water

cont ent cancditioms akecnot particularly resjristed2a0é cobimwanly knowhecatsiniag nol ded
product is subjected to cal cining. However, where in step (1) the particles
were cal ci neenditions ean begmmployed.nddsually calsining isearvied ouwbin ased, cal ci ni ng
of the nolded catal yst can be omtted. Accordingly, the dried nol ded
product is @mwﬁaﬂeagng%ahfrpeUZOGrtcefsementh@prewmaemf oorsuinater thet

parti cul arlﬁ :F‘trl cted, and commonly known cal cining conditions can be

enpl oyed. Of Xyge. @lrnq)rn@trpge@.ar Thegalining ime isisuitpblythosenr ange of from
i trogen. 1ot dnbite G BERET calait abl'y chosen ' according (o the desired
catal yst. 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 alength 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



The catal yst obtained in this way is a uniform nol ded product, because

uni form cat al yst conponent particles are nolded using a uniform strength.
Furthernore, as the finished catalyst, if a uniform nol ded product is
charged -into the reaction tube used during preparation of the

bel ow descri bed unsaturated al dehyde-4hd unsat urated car boxy¥iAtigHel 2006t he
powder ratio can be reduced because there are no nol ded products that have

an extrenel pthesthan sptayedyiny, ekbespadds notpiseet oribki digalyaspattiensded
bel ow. Mol ded catalyst (1000 g) was charged into a stainless steel

cyl i nder codudngenoldingsepadse mtnusiot-molding vah et dierié® but mdrelsnitiotisig) i on
havi ng an inner dianmeter of 2.75 cmand a length of 6 m by dropping

cat al yst frwierely a spftorolding cambeiachieved That dessinct destlyythe catalyst
subsequently recovered froma |ower portion of the container. Fromthe
recover ed nBadiEles: atSinge preferalle poramean be laahievied indhe fipished chtalysgihaa si eve
having apertures of 1. 19 mmis taken as X g: Powder ratio (% = ((1

000- X)/ 1 0064talysi gan be abtaingewhich isiexeeligst inceatalyticactiviihagdt  havi ng hi gh
selectivity can be achieved, since the pressure loss is small. In

addi ti on, CU%PQQWJ@WY% andhyesaltraied gatayiic peidealeatiityst conponent
particles obtai r}gd bg a nethod -15- 17 August 2006 other than spray

dryi ng, excess 024 PPIRBRrAYCAALACSTS fian Basatuated gidehyseand duri ng nol di ng

ol ding can i BEPE BHRPuTE aBEuliis el The catalyst particles.
catal yot can be B et APt B hreBeb Ry erSet O Bt y "and
oS ARG Gl B4 0o SERRS Ao i S er '
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




unsaturated carboxylic acid will be explained. The catal yst according to
the present invention is charged into a reaction tube nmade of, for
exanpl e, stainless steel, to forma catalyst layer. The feeding gas
contai ning the reaction raM/naterlaI i.e. propylene |sobut | ene, TBA or
MIBE, and nol ecul ar oxygen were supplré@-to this catalyst %éwguﬂﬁﬁpﬁby
t he reaction raw material was subjected to vapor-phase catalytlc

oxi dati on. feeelingegas lsopreferablyeicrhitelo. 45 v@lurr@'i@PWt@@ﬁLso' ;ﬁ@fwémbetnat thEBA or
| VITBE, can be used singly, or in conbination of ki nds or nore. Wiile

t he concenfeedingga®be idilated] witlhahiinert gag, materi al s ln the feeding gas may
vary over a wde range, from1l to 20 volume%is suitable and from3 to 10

vol ume% i s pref eftebteactidhipressureiis prsferably frain atmasphert pressurdeo nol ecul ar
oxygen, if necessary air enriched with pure oxygen may be used. The oxygen
concent r at i $@veral huridred &&adi. nd hgareactionl tsmperdturg daneberoheserr iatthe rangeel at i on
to the reaction raw materials. This value is preferably from0.3 to 4

nmol ar rat i ooftfeom 200 to 450°Chalthougtathe tangesafdrama 25040 400ACHnREpEcialy from
0.5to 3 nolar ratio_is preferable. The feeding s preferably conprises
wat er in adEFﬁF?@h'Qo"fhﬂaC‘?'Bé@ttWBﬁ is peaferaiiet 5S40 1%0%Bmd§cul ar oxygen, in
whi ch the water co centration in the -16- 17 August 2006 feeding gas is
preferably fromh thereaction tyheothe gatalystyngy b@r@ﬁ@‘hmt@ amvinertiagerier eedi ng
gas be dilute The re CtIOI’l ressure i s S5)referably from

at mospheri c® "lﬁ?"e%ﬁ' ’t%u%éﬁﬁ -FHRina & IFPQ.C ide, tigpia. Madngsidr at ure can
250 o 000 e bR FpBnee BBk ani c. “The contact (ime s preferably LS
to 15 seconds. 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



In the reaction tube, the catalyst may be diluted with an inert carrier
such as silica, alumna, silica-alumna, silicon carbide, titania,

magnesia, ceramc balls or stainless steel. Preparation exanples fromthe
catal yst according to the present invention include preparation of
acrolein and acrylic acid fromthe oxt#ati on of propyl ene, dRdugHelR08t i on
of nethacrolein and nethacrylic acid fromthe oxidation of isobutylene,

TBA or MIBE. Exagpsataratél aldemedeledtiviptvd): ofA k 1o be more specifically
explained with reference to the. follow ng exanples and conparative

exanpl es. In thdewuratpdicarbm{yliblaeicfs’éieﬂi\ﬂZ (28)= D] xcrgpar ati ve exanpl es,
the term"parts"” refers to parts by mass. For kneading, a batch type

kneader eqwhpred isthéndmbier ef molesigf thet reagtddl rastemarerial ofafih, TBRbY S s of
the raw material gas and the reaction raw material was carried out by gas

chr omat ogr aff\BE; B 1$ theeuerbempodfanoles df tine suppiied mw waterial aiéfirs TBAer degr ee
of conversion of the raw material (olefin, TBA or MIBE) (hereinafter
referred t oMTEE:Gis thetnumber efonolessifdng formet! uhsaturited eidshygef and Che
unsat ur at ed, abdeh%{ie or _unsaturated carboxyfic acid formed were cal cul at ed
accor di ng t'§ 16eaumbarafnelgs of the fasmed urgaturated canbouylid acid(%) = A/B x 100
-17- 17 August 2@%6 lL(Jnsat rated al dehyde selectivity C A x 100 Unsaturated
car boxyl i c acid lkispeclicgravity of thecatalgst gasnponenitparticdesnanddhe of nol es
of the reacted.traw material, ol efi TBA or MIBE; B is the nunber of noles
of the supp#qegg'cr%ﬁqﬁﬁpéheaf'rsk)'ml‘gq’ﬁ Prgghics were measured in the following
manner.
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 paris 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



MIBE; C is the nunber of noles of the formed unsaturated al dehyde; and D

I s the nunber of noles of the forned unsaturated carboxylic acid. The bul k
specific gravity of the catal yst conponent particles and the specific
gravity of the first-nolded product were neasured in the follow ng nmanner.
Bul k specific gravity: Measured in acc®dance with a nethod dédeghgel®06in
JI'S K6721 Specific gravity: Calculated by dividing the weight of the

first-nol despragrdrgecequipped wsthrarotatineg diskeptrifugal SteniiLsttoferrh ey vol ume of
the first-nolded product Particle conpression strength: Measured using a

ni cr o- conpr epherinal padiciésivaving anravetaAde phidfe diepvaté pet 60 ah. byAtShisTadzu
Corporation). The average conpression strength was taken as the neasured

aver age val imeothe @yohdionispeed.of i sprayedrypr Btoreizbrwased 008GHIN, taet s of
amoni um par anol ybdate, 6.2 parts of ammoni um paratungstate, 1.4 parts of
pot assi um ninetde@peratuee P51 and thexauiletdemperatuxe de52@d FheSepeyts of
bismuth trioxide were added to 1,000 parts of purified water, and this

mi xture wasSheficaipasticlesswerner ¢algined 1ali300G for Shpar to farm caleiged parts of
ferric nitratrg, 288,4 parts of cobalt nitrate and 35.1 parts of zinc
nitrate werRAdiGsesJheavpragriparticle diapmiepat the esiicipad iparicleswas52 am

di ssol ved therein After an agqueous sl urqé_zwas pr epared by

p

addi ng f1 ui tgle@(tegiaéqf bgh%@?mpgemﬁasn@hmsﬂ e 19pMhyang thedbully means of
geﬁ%?i- i a;af&%éiﬁﬁ &%9'%( Svsa%gﬁﬁp% = s;e)ﬂglr ngld \;I)Mawi gl (ragt ﬁ;l/in%gd;?\kaver age
particle di amet &, o Brd'k tHe cAifindd particies thus obtained was added 15

parts of methylicellulose, 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-moided 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 Mo1,Woy 1Bio.sFe;.3Sbe.sC04.22N05Ko.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



time, the revolution speed of the spray dryer atom zer was 11000 rpm the
I nl et tenperature 1650C and the outlet tenperature 1250C. These dry
spherical particles were calcined at 3000C for 1 hour to form cal ci ned
particles. The average particle dianmeter of the calcined particles was 52
Rm the average particle conpression-8%rength was 1.1 X 10, 27 Kugasic200Re
bul k specific gravity was 0.90 kg/L. To 500 parts of the cal cined

particl es t lowpgert 0% of waaer vapsbe dntiS73% a0t tritrederiry veRIné!pefcentdqd | owed by
dry blending. After 180 parts of purified V\ngr was rrixedbt herechnth h, the

resul ting i basispwasmessedthmedhrtha catalystdayeratenatodpharieplayeaser until a
clayish material was obtained. Thereafter, using a screw type extruder,
t he cl ayi sh{pressureaat the catalystuayarroutiet)dant & @ontamt sime of 3.¢/serdnts s shape
having a dianeter of 45 mmand a |length of 280 mm Here, this first-nol ded
product hadread gééaitempegatave of 360°CL. 98s egekult Bhihe feactionntbegedpyenduct was
t hen extrusi on-no| ded using a piston type extruder having a cylinder with
a di anet er 6PNVRISIOM ratia was %9\@%#1 tae agodeimrselectivify was91.il Pig-astdthed nol ded
catal yst having an outer dianmeter of 6 mm an inner dianeter of 3 nmand a
| ength of Saﬁwc%&m@%ﬁﬁ%@n during nmolding was not carried out.
Usi ng a hot 5 iq&%&ry r, the resulting nolded catalyst was dried at 11 OCC
and t hen ca‘% eggai n at 51 OOC for 3 hours under air-flowto obtain a
except oxygen

[t shed cal ol i S TRAR 8 e sdhe s Rsha o2 950
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to a reaction. 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
um, 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 resuits 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



oxygen, 10% of water vapor and 73% of nitrogen (on a vol une percentage
basis) was passed through the catal yst | ayer at atnospheric pressure
(pressure at the catalyst |layer outlet) and a contact tinme of 3.6 seconds
to react at a tenperature of 3100C. Asa result of the reaction, the
propyl ene conversion ratio was 99. 0% 2@hke acrol ei n sel ecti vil¥yAugsst 28061 %
and the acrylic acid selectivity 6.6% (Exanple 2) A nolded catal yst was

prepar ed i ndidmetenobtheadied pasicldsavas B9 (inr Bl vetagepariele didaietbPss
first-nol ded product was nmade into a cylindrical Shape having a dianeter

of 20 mm antheacaleingdipasticie8Wawd1 pire the ab¢regeqshrtitie coniprassiba Strehgth
reaction results were_a propyl ene conversion ratio of 98.8% acrolein

sel ecti vi t ywas 54 x79a b theabulk|specHicigtasitt wasitvi2 kolf, ahd3Re spéEifisnpl e 3) A
nmol ded catal yst was prepared in the same nmanner as that in Exanple 1,
except t hat gtavilyof e fitst-onolded prodiictwes .84 dy/ldr yEhe seavtionaesults wetd500 r pm
and the average particle dianmeter of the dried particles was 45 Rm then
subj ect ed t 8 PiOp\eRe converaion natie afi9ded%; aeraiginselpctivity of 80.8%ii ambt er  of
t he cal ci ned &Frt icles was 41 [tm the average particle conpression
strengt h walcylioagidigploativity i 8Aflok specific gravity was 0.91 kg/L, and the
specific grayi tﬁ of, t first-nmolded product was 1.98 kg/L. The reaction
resul ts usi ﬁ\g/orp grativg; led)ci ned product were a propyl ene conversion
ratio of 99.0% l,ei,n |l ectivity of 91, 0% and acrylic acid
sel ectivity of (ﬁﬁ‘ﬁqu?%fgﬁz\fsz WAS We}{?ﬁf‘%ﬂ:‘ﬁ' Qtsﬂr@%mw¥ﬁﬁéﬁ%'9d in the sane
{rﬁgnﬂ U?Z Eﬁ%@b%ob%@ﬁlt fhat prép&rabn W cdriSa 3R WithoOf usihg o é&gyMt er1n
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




parts, then subjected to a reaction. At this tinme, the average particle
-20- 17 August 2006 dianeter of the dried particles was 59 ttm the
average particle diameter of the calcined particles was 51 pin, the average
particle conpression strength- was 5.4 x 10-2 N, the bulk specif ic gravity
was 1.12 kg/L, and the specific gravigy-of the first-nol ded1prrogust200és
1.94 kg/L. The reaction results were a propylene conversion ratio of

98. 9% acr oHissolved|thetsiry (fluid B). 9Af8Pan aBtieods sNnyowas prepetb8 By atding Of
6.4% (Conparative Exarrpl(e 1)B)A nol ded gat al yst m pPep%dr?ed(bis’natH%gsarr_e

manner as tflaid B to fliigadthis douetusaiirry hak spraparied by maass 684 lspegl out

W thout using a spray dryer for the drying of the aqueous slurry, the

dri ed partidiyes equippgdprithparetatingydisieeentrifugahatomizeptesfosiidrysphierical
stirring to evaporate to give solid, then, the obtained solid product was
dried for 6pw<‘uafé§ havingao@verage particlecdiaireatergof 60 jued ptanisdimaeyethepul veri zed
to prepare dried particles having an indeterm nate shape. The dried

particl es wavelutivarspags efdhe spray dryeeatamiaar washd 000apagdhginie cl e di anet er
of the calcined particles having an indeterm nate shape was 140 |im and
the bul k spl&EReratye 3657¢ anskthe @dlektpmperature 2556 f iThegealryspheficalhe
first-nol ded product vvaai@_z.&o kg/cl,_ Thereaction results were_a propyl ene
conver si on PHtiFteswergcalgined at 80Q76 farel beur, #her fusther salcingd ahd1Q& fari ¢ aci d

)50 B SO . kA e B P UL,
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heated with, ghng i i thle BlIK spleific 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 materiél 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-moided product had a specific
gravity of 1.94 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 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

Mo012W0,.2Big.6Fe2 2Sbo 7Ni1 2C0g 5Pbo.4Po.1CS0ss.



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
wat er and -21- 17 August 2006 dissolved therein (fluid B). After an
aqueous slurry was prepared by adding-2BFuid B to fluid A tH7AusyedPs
slurry was spray-dried by neans of a spray dryer equipped with a rotating

di sk centri fugal Thisdinistesd talcihedproduct wetcehargbd intord redctisn hatva Ataden
average particle diameter of 60 Rm At this tinme, the revolution speed of

the spray dofstainiessrsteet, amisa 1@ty gascotipeising 5% oftisomsgylehs| €2%650C and
the outlet tenperature 1250C. These dry spherical particles were cal cined
at 3000C f oPxygemul% o matérvaposandad3% of ditesgeml(of@0vdlame Befventayet o form
cal cined particles. The average particle dianeter of the calcined
particles whasishwaspassad thioeghdbe satalystllayer ahatrassplerispressgteh 1.3 x

10- 2N, and Ehe bul k sgecific ravity was 0.96 kg/L. To 500 parts of the
cal ci ned catRiP§ayrelt eicatalystggvafmlieﬁwd/@soamﬂmem dasesonds to

met hyl cel | m%%%ﬁ’ followed b dr¥ blending. After 185 parts of purified
wat er was niSa% af RdpRpEraturd AE34Q <y tAng resubobihe reactionithe dspbutylenaer e was
kneaded on a knea.derilkmtil é'asﬁl%gyésh rrster' al was obtained. Thereafter,
usi ng a scr 8WYSIBENJR{IP Yras 98.De the Metaacrelgin selactiviswag 88.2%anddneled to
obtain a cylj ' a aying a diameter of 45 mm and a |length of 280
mm Here, tmegﬁé(%&@gﬁals%’g@?'ﬂha%&“'ﬂ%d a specific gravity of 1.94 kg/L.
This fi rst-{/@l pgoduct was then extrusion-nolded using a piston type
extruder having a c}linder with a diameter of 50 nmand a |length of 300 nm

o0 e 7 SHHSTR SR BT 0 S P MRS, O, P "
ol di ng WaSER@hpRAS, &xépPtiat 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 cyfindrical
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
kg/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



Using a hot-air dryer, the resulting nolded catalyst was dried at 11 OOC
and then cal ci ned again at 4000C for 3 hours under air-flow to obtain a
fini shed cal cined product. The conposition of the elenents, except oxygen,
constituting the obtained finished cal cined product was

MD12W00. 2Bi 0. 6Fe2. 2Sho. 7Ni | . 2C06. SPhO-2P©. | CSO. 5 -22- 17 AugugtAugne62006hi s
finished cal ci ned product was charged into a reaction tube nade of

st ai nl ess saeehctiamd Ehe madtion rgsuitsoneny ars isobubflend comvdreion ratie .of 12% of
oxygen, 10% of water vapor and 73% of nitrogen (on a vol une percentage

basi s) was PasSednethacnybint dedectvitylof 89.6%y and atethacnylio beid seloctistywie
(pressure at the catalyst |layer outlet) and a contact tinme of 3.6 seconds
to react aB.731 elrpaddition,dhefingsitGpedinokiedastalysrepared aedrding tot he

| sobutyl ene conversion ratio was 98.0% the nethacrolein selectivity was
89.9% and H#hemetkodwasyiareuritirm and adnolding yieltswas tow. ( Exanpl e 6) A nol ded
catal yst was_prepared in the same manner as that in Exanple 5, except that
the amount Gforpparativedx@mple 3duri ng kneadi ng was 165 parts, then subjected
to a reaction. % this tine, the first-nolded product specific gravity was
2.13 kg/ L. The rafqlded cataiyst waspreparad indhpsamemanngsasdhation rati o of

97.8% nethacroleip selectivity of 89.8% and nethacrylic acid selectivity
of 3.?3% (EEﬁWBPEe gi)eweﬁﬁh?é@f réF’?@tW%(g%arBPQ;S’éﬂFM%PHt U$iBd SPRfaanner as
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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 particle diameter
of the calcined particles having an indeterminate shape was 145 pm, 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



kg/L. The reaction results were an isobutyl ene conversion ratio of 97.9%
nmet hacrol ein selectivity of 89.8% and nethacrylic acid selectivity of

3.9% (Conparative Exanple 2) A nolded catal yst was prepared in the sane
manner as that in Exanple 5, except that the first-nolding was not carried
out, so that the kneaded material havifhg an i ndeterni nate sHZFIGKELE2006
directly nolded by piston type extrusion-nolding. The resulting product
was then subpmraarsigntratio 28-100%, AoethacraléinGelectivitpof 88I1.% Taved FrrARadlic r esul ts
were an isobutylene conversion ratio of 97.5% nethacrolein selectivity of
89.6% and aeidiaetectivity ofi@if¥sel ectivity of 3.7% In addition, the

ri ng- shaped nol ded catal yst prepared according to this nethod was

non-uni formand a nolding yield was | ow. (Conparative Exanple 3) A nol ded
catal yst was prepared in the same manner as that in Exanple 5, except that
prepar at i oningistrigh Applieabilily wi t hout using a spray dryer for the drying of
t he aqueous sluryy, the dried particles bein repared by heating the
aqueous slurry vﬁ%a yst foryeparing apsmnsatura Cg@'d@hw pad ungatirated t he

obt ai ned sol i r.ooduct, was dried for 6 hours at 1300C, and the resulting
dried prod u?ﬂrgﬁgg'cp%ﬁ'Q@PPQEﬂ"g tp thedyesentinveationis xgelient meataiytied
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selectivity of




Using the catal yst according to Exanple 5, a reaction was carried out in
the sanme manner as in Exanple 5, except for changing the raw material to
TBA. The reaction results were aTBA conversion ratio of 100% nethacrol ein
selectivity of 88.7% and nethacrylic acid selectivity of 3.1 %

(Conpar ative Exanple 4) Using the catakyst according to Conpdiaiuguet Z008npl e
3, areaction was carried out in the sane nmanner as in Conparative Exanple
3, except for changing the raw material to TBA. The reaction results were
a TBA -24- 17 August 2006 conversion ratio of 100% methacrolein
selectivity of 88.1 % and nethacrylig apyg selectivity of 2.5%

I ndustrial Applicability The catal yst for preparing an unsaturated al dehyde
and unsaturated carboxylic acid according to the present invention is
excellent in catalytic activity and in selectivity of unsaturated al dehyde

and unsat ur dt ed Agrboess for pregarthg ahte&truéibﬁ-m@@eﬁfcdtﬂg?td&?gﬁb?ﬁpata' I ows an

unsat urated al dehyde and an unsaturated carboxylic a repared at

a hi gh yi el épast pilyldenumyuisisi2e9 Gnd Gloal fyBuse infthe ModsstiéPbf AR epari ng an
extrusi on-nol ded catal yst containing at |east nol ybdenum bisnuth and iron
for use in HABalwedaldehydst anchan wnsaturatederhrabxidicyatid by dapdr-pAass ur at ed
carboxylic acid by vapor-phase catalytic oxidation of at |east one
conpound seFBEME axidatianef afleast onsoeampoimd selectedoipyinethe grospbut yl ene,
tert-butyl al cqohol an met hyl tert-butyl ether using nol ecular oxygen,

sai d procesSORYFII of HrgpYlens; ispbutylena partimiyl@iceho sndouethyhtert-butyt ti cl es

as dried parEhi cles . -
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 caicined 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, wherein the specific

gravity of said first-molded product is from 1.1 to 2.7 kg/L.



prepared by spray drying an aqueous slurry conprising nolybdenum bismnmuth
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 first-nolding step of nolding the
kneaded material; and a second-nol di ng28tep of nol ding the filfugysl 2058
product to a finished shape using a piston nolding nachine. 2. The

prepar at i on4pr oc€he pagparation précess didtrding Y6 elefn™ , Sidteir avethgao! ded
product is in a cylindrical shape having a diameter of 0.5 tiTres or |arger

and | ess t hparticle diaesetef of Said watalpstesoripenerit partidies Retrdhstor® 180 ding
machi ne used in the second-nolding step. 3. The preparation process
according to claiml1, wherein the specific gravity of said first-nol ded
product is froml.1 to 2.7 kg/L. -26- 17 August 2006 4. The preparation
process acc®r di njhe prepaiation pradesseiacordirg dyelajrart, wHereidi avepags of said
catal yst conponent particles is from1l0 to 150 Rm 5. The preparation
process accBrdicleycerppeassion strengtbrofisaicheatalysbcomponent partiolep i fonrs.8
strength of szi_4d cat al{s_; conponent particles is from9.8 X 10-4 to 9.8 X
10-2 N. 6. FHO PPhBratGoN- process according to claim1, wherein bul k
specific gravity of said catal yst conponent particles is from0.5 to 1.8
kg/L. 7. The preparation process according to claim1, wherein vacuum

deaeration ks nof, carried.out during nolding of the first-nolded product
into a fi n$'s hegf%%aﬁ"? i 'i’q{bp'f%gsﬁiag‘?ﬁfd"ﬂﬂﬁqgj?lﬁﬁn ra¥herindsulk ﬁBeleig
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7. The preparation process according to claim 1, wherein vacuum
deaeration is not carried out during molding of the first-moided product into a

finished shape using the piston molding machine of the second-molding.

8. The preparation process according to claim 1, wherein during the

first-molding a screw extruder is used for moiding.

9. The preparation process according to claim 1, wherein the amount of
said liquid to be mixed with said catalyst component particles is from 35 to 55

parts by mass per 100 parts by mass of the catalyst component particles.

10.  The preparation process according to claim 1, wherein said catalyst

component particles are calcined particles.

11. A catalyst for preparation of an unsaturated aldehyde and an

unsaturated carboxylic acid prepared by the preparation process according to

any one of claims 1 to 10.




first-nolding a screw extruder is used for nolding. 9. The preparation
process according to claim1l, wherein the anount of said |liquid to be
m xed with said catal yst conponent particles is from35 to 55 parts by
mass per 100 parts by nass of the catal yst conponent particles. 10. The
preparation process according to clai mI- wherein said cat al yi§tAugush2(léent
particles are calcined particles. 11. A catalyst for preparation of an
unsat urated al dehyde and an unsaturated carboxylic acid prepared by the
preparation process according to any one of clains 1 to 10. -27- 17 August
2006 12 TH@. calheyatalpstanedidiog to i 1T, Wherdidhe caidijit sFab!iy alrgy1ape 1 s
0 nmm :

a ring shape, and an outer dianeter thereof is from A

pr epar at i onshapecard ah caterdismicterahekolisRbds teng ngn, unsat ur at ed
carboxylic acid, conprising a vapor-phase catalytic oxidation of at |east

one conpound selected fromthe group consisting of propylene, isobutylene,
tert-butyl alcohol and methyl tert-butyl ether using nol ecul ar oxygen using
the cat al ys#3f orAprepanation procssscof amersaturdted afdehybe dmdaatuasatupgagur at ed

carboxylic acid according to claim11.
carboxylic acid, comprising a vapor-phase catalytic oxidation of at ieast one
compound selected from the group consisting of propylene, iscbutylene,
tert-butyl alcohol and methyl tert-butyl ether using molecufar oxygen using
the catalyst for preparation of an unsaturated aldehyde and an unsaturated

carboxylic acid according to claim 11.



