SPECI FI CATI ON CATALYST AND METHOD OF PRODUCI NG UNSATURATED ALDEHYDE AND
UNSATURATED CARBOXYLI C ACI D Technical Field The present invention
relates to a novel catalyst used in a gas phase catal ytic oxidation
reaction for obtaining an unsaturated al dehyde or an unsaturated carboxylic
acid. Background Art There have hitherto been a | arge nunber of
suggestions on the active ingredient conposition or shape in regard to
catal ysts for producing acmlein a%g 1§%&8¥€Cid by subjecting propylene to
gas phase catal ytic oxidation, cat F@iﬁ produci ng net hacrol ein and

met hacrylic acid by subjecting isobutylene, tertiary-butyl alcohol or

nmet hyl tertiary-butyl ether to gas phase catal ytic oxidation, or catalysts
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met hacrol ein 10 gas phase ¢ tic oxi shapes of the

catal yst such as a pellet fadRriRAEECARBDMAIMA@DCY! indrical form and a
ring formare known, and a catalyst Is used after being nolded in a form

appropriate for the operating conditions for carrying out an oxidation
reaction, and the production conditions and performance of the catal yst
itself Furdhesmmeeld, in regard to the method for nol ding a catal yst, various
. met hods such as tablet nolding, extrusion nolding and coating nolding are
known ThEhe pheoane invotiticiatelats to Aavtlicatalyst sisadsuagds phasa catatge oaidatidny passi ng
a raw material gas prepared by mxing the raw materials, oxygen and the

li ke, thrroastin far olgzicing aminsanivateghaldébyde aniap msatusgadghipexylic pdhever, in this
case, there occur problens, such as that when it is attenpted to flow nore
and nore of the raw material gas, an increase in the pressure occurs, and
the selectivity ratio for the target product decreases; and that | ocal

abnor mal 3%%&“ rature areas (hot spots) occur in the catalyst |ayer,
resulting in a decrea a _decrease i,n the

selectivity rat rehigye et]l:}%l?qltgplg%g%te %ll.ll¥l§etr 0% si‘uEggest%ns on the active ingredient
composition or shape in regard to catalysts for producing acrolein and acrylic acid by subjecting
propylene to gas phase catalytic oxidation, catalysts for producing methacrolein and methacrylic acid
by subjecting isobutylene, tertiary-butyl alcohol or methyl tertiary-butyl ether to gas phase catalytic
oxidation, or catalysts for producing acrylic acid or methacrylic acid by subjecting acrolein or
methacrolein to gas phase catalytic oxidation. For example, shapes of the catalyst such as a pellet
form, a spherical form, a cylindrical form, and a ring form are known, and a catalyst is used after
being molded in a form appropriate for the operating conditions for carrying out an oxidation reaction,
and the production conditions and performance of the catalyst itself. Furthermore, in regard to the
method for molding a catalyst, various methods such as tablet molding, extrusion molding and
coating molding are known.

The above oxidation reaction is usually carried out by passing a raw material gas prepared
by mixing the raw materials, oxygen and the like, through a reaction tube packed with a catalyst.
However, in this case, there occur problems, such as that when it is attempted to flow more and more
of the raw material gas, an increase in the pressure occurs, and the selectivity ratio for the target
product decreases; and that local abnormal high temperature areas (hot spots) occur in the catalyst

layer, resulting in a decrease in the catalyst life or a decrease in the selectivity ratio for the target



pm duct due to excessive oxidation reaction, and in a worst case, the
occurrence of a runaway reaction Anmong the catal ysts descri bed above,
since a catalyst having a ring form that is, a hollow cylindrical formor
a cylindrical formhaving a through-hole, has a through-hole, the shape is
known to have a small pressure drop. However, the shape has a snall
mechani cal strength, and thus in sone cases, the pressure |oss rather

i ncreases, pecause the catal yst undergoes wderi zation dering catal yst
backi ng. S BEVHER s A R SoRP S I BRI S A2 2, 2

def ect s, f%{i £xanmpl e, Patent Docunent 1 describes a nethod of fabricating
t he throu%%-%ole in the center or the external formof the catalyst into an
elliptical sha i ESE%JE@ L Sl lghqgﬁgja ction
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disintegrated at these areas. However, the prevention of powderization
occur ri ngo Bive b i@all proBure fdreat dlowelerfRodkiiRthad Ssohalishichinihbbngtly @il tHi®mgh such
a technology is applied, and an enhancenent of the frictional resistance of
t he cat alsymi cdsss, the pickvare leke ftrRelRckcases, becausPéieemhlyandenges pRvddamtisn degg a

nol ded catalyst in a hollow cylindrical formor aring-like tablet form
whi ch i s catalbystpatkingior powdenzatihaduragmsd. al yst end surface is curved in two
directions toward the edge end of the outer side and toward the edge end of
the center hol dnotderso eampshiatestichyiefesigdpr exempladatenidpasymantd ddicopes aTeghodat al yst
di sclosed in Patent Docunent 2 is a catalyst used in the oxychlorination of
et hyl ene Tebsicating thewhprahdiolean the ceier of the cxierndl dumysod the gatalyt ity calioical shagest |

which is substantially . disc|qsed in the same .docunent, i.s a nethod, of
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di stance of passage of the reactive gas'is |engthened, and heat

accunul ati on i rpateleDdainakt PSlbschibesiaMiylded saaly i gl tilindHeil fophogd agslikef t he
reaction Heat accunulation in the catal yst may cause a decrease in the :
cat al yst thbldt doron which i nlanayerivegian thacrcatabyaicnd herfaed is cweryedtibvoadiiestioas Weamdlet f or a
catal yst having a higher heat renoval effect. Pat ent Docunent 4 al so
di scl osesdge andiofithy swterside wil towanditlee edpelend of the cantay hole, hagyin|efivet ofupprdssing at o

whi ch a catal yst conponent is applied, is curved. _Furt hernore,
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t enper at ure-regul at edcgﬁnd noi st ur e-regul at ed envi ronnent Pat ent
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Docurent o eiblencde 12gichiomsthape, g r praguging grcatalit; hicha, #bht s
disclosed in the same document, is a method of impregnating a support with a catalytically active

Ve

substance, that is, a method of impregnating the pores of a support with a small amount of a
catalytically active substance. Patent Document 2 does not have any descriptions on a catalyst
produced by coating a support with a catalyst powder.

Furthermore, Patent Document 3 describes a method of incorporating an inorganic fiber
into the constituent components of a catalyst.  According to this method, the mechanical strength of
the catalyst is enhanced, but since the catalyst component itself is molded, the distance of passage of
the reactive gas is lengthened, and heat accumulation in the catalyst is increased along with the



Pat ent Docunents Patent Docunent 1: Japanese Patent Application Laid-Open
(JP-A) No. 6-170232 Patent Docunent 2: JP-ANo. 2001-293376 Patent Docunent
3: P-A No. 2002-273229 Patent Docunent 4: JP-ANo. 61-141933 Patent Docunent
5: JP-A No. 2008-207127 Di sclosure of the Invention Pnblemto be Sol ved by
the I nvention An object of the present invention is to provide a
catal yst which suppresses a decrease in the selectivity ratio for a target
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a catal yse?-e(i[ts not inproved only by sinply coating a ring-shaped support
with a catalyst powder, the probl ens described above can be sol ved by

setting parti cuylah 1SR UARS dbQsct Der-RRARVIRE thetd SHRRUTh hbllvetin®Rd t he
granul ation environnent, thus conpleting the present invention. That is,
the presapich Jb4RRk! BfpsiRh@is@pplicd)is curved.

Furthermore, Patent Document 5 discloses a technique of drying in a temperature-regulated
and moisture-regulated environment. However, Patent Document 5 is not related to a supported
catalyst.

Prior Art Documents

Patent Documents

Patent Document 1: Japanese Patent Application Laid-Open (JP-A) No. 6-170232

Patent Document 2: JP-A No. 2001-293376

Patent Document 3: JP-A No. 2002-273229

Patent Document 4: JP-ANo. 61-141933

Patent Document 5: JP-A No. 2008-2(07127

Disclosure of the lnvention
Problem to be Solved by the Invention

An object of the present invention is to provide a catalyst which suppresses a decrease in the
selectivity ratio for a target product in a gas phase catalytic reaction using a supported catalyst
produced by coating a support with a catalyst powder, and has excellent frictional resistance.
Means for Solving Problem

The inventors of the present invention have found that although the frictional resistance of a
catalyst is not improved only by simply coating a ring-shaped support with a catalyst powder, the
problems described above can be solved by setting particular conditions for the shape of the support
itself and the granulation environment, thus completing the present invention.

That is, the present invention relates to:



(1) a catalyst for producing an unsaturated al dehyde and an unsat urated
carboxylic acid by correspondi ngly subjecting propyl ene, isobutyl ene,
tertiary-butyl alcohol or nethyl tertiary-butyl ether to gas phase

catal ytic oxidation, the catalyst being a supported catal yst having an
inert support coated with a catal yst powder, wherein the inert support is
ri ng- shaped and has an outer periphery that is curved in the |engthw se
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carboxylic aci orrespondi ngly subjecting propyl ene, 1sobutyl ehe,
tertiary-iDuiwd iedhé RRGhwRE difBlidhof tHe@figpoAy Y- but yl ether to gas phase
catal ytic oxidation, the nethod including a step of coating an inert
support with a (2aiatalstfoawbeing irouRitteee earboxslieRir Hystbjctih@h ytitespondiing-ei-n—t-he—— |
i nert support is ring-shaped and has an outer periphery that is curved in :
t he | engtimwingatedlaldehodd to gasqhhadeatalgticpyxidation, foa datathst bainga tupgorted tadlyss having
produced in an atnosphere of the step of coating that has been regulated to
have a weingtert safyeoicostal vith adfatyyt pofvde;, Whieraim thia ingty eupport is ring-shapédignd hasast hod of
produci ng a catal yst for producing an unsaturated carboxylic acid by

subj ect i myteapaiphers dpoinelirvey inths kenghwise direglieneafigsupneitgas phase catal ytic

oxi dation, the nmethod jncluding a step of coating an inert support with a
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catal yst accordi é toitem (1) or the catalyst obtainable by the nethod
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carboxylic acid, wherein an unsaturated al dehyde is correspondingly
subj ect edefat@Bs hpkaseitedbadlyt homidity cE0lamhigherysi ng t he catal yst accordi ng
toitem(2) or the catal yst obtainable by the nmethod according to item (4)
Ef fect of the |(Aveméthaiofproducing a catalyst for producing an unsaturated carboxylic acid by

subjecting a comresponding unsaturated aldehyde to gas phase catalytic oxidation, the method
inchuding a step of coating an inert support with a catalyst powder to produce a supported catalyst,
wherein the inert support is ring-shaped and has an outer periphery that is curved in the lengthwise
direction of the support, and wherein the catalyst is produced in an atmosphere of the step of coating
that has been regulated to have a weight absolute humidity of 0.01 or higher;

(5) a method of producing an unsaturated aldehyde and an unsaturated carboxylic acid,
wherein propylene, isobutylene, tertiary-butyl alcohol or methyl tertiary-butyl ether is
correspondingly subjected to gas phase catalytic oxidation, by using the catalyst according to item (1)
or the catalyst obtainable by the method according to item (3); and

(6) a method of producing an unsaturated carboxylic acid, wherein an unsaturated aldehyde



According to the present invention, there can be provided a catal yst which
suppresses a decrease in the selectivity ratio of a target product in a gas
phase catal ytic reaction and has excellent frictional resistance.
Furthernore, since the catal yst has a through-hole, the maxi mumreaction
tenperature (hot spot) can be nade smal L Best Mbde for Carrying out the

| nvention The catal yst of the present invention can be obtai ned by
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catal yst powder that "can be used wth preference in the presént invention

Will be eppbab R sclectivity ratiESPRIgBSHrefuct il o phak YAAlyRAVWIEEN 48 hasRk@Uu&i Ng an

unsat ur at ed al dehyde and an unsaturated carboxylic acid by correspondi ngly
subj ect i Mgctphapslsen®. ety S thé Qitdlyseliy a Busush-hek ahhohxinumiaeittynl
tertiary-butyl ether to gas phase catal ytic oxidation by neans of nol ecul ar
oxygen orterapanasiire (ot spot) cangermde amdlhi ni ng gas, i nclude catal yst powders
having a conposition represented by the followng fornmula (1) as descri bed
in JP-ANo. 10-028877: MoaBi bNi cCodFeXgZhOx(1) wherein My, Bi, Ni, Co and Fe
represent nol ybdenum bisnuth, nickel, cobalt and iron, respectively; Y

r epr esentBesdylodedpiGarpyiig ouf thodsrenties| ected fromtin, zinc, tungsten
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and the like, and calcining the obtained dry powder as necessary, at or above 400°C.
The catalyst powder that can be used with preference in the present invention will be
explained.
Examples of the catalyst powder for producing an unsaturated aldehyde and an unsaturated
carboxylic acid by correspondingly subjecting propylene, isobutylene, tertiary-butyl alcohol or
methyl tertiary-butyl ether to gas phase catalytic oxidation by means of molecular oxygen or a
molecular oxygen-containing gas, include catalyst powders having a composition represented by the
following formula (1) as described in JP-A No. 10-028877:
Mo, BipNiCogberY oZrOx (1)
wherein Mo, Bi Ni, Co and Fe represent molybdenum, bismuth, nickel, cobalt and iron, respectively;
Y represents at least one element selected from tin, zinc, tungsten, chromium, manganese,
magnesium, antimony and titanium; Z represents at least one element selected from potassium,

rubidium, thallium and cesium; and a, b, ¢, d, f, g, h and x represent the numbers of atorms of



wherein Mo, V, W Cu, Sb and O represent nol ybdenum vanadi um tungsten,
copper, antinony and oxygen, respectively; X represents at |east one

el enent selected fromthe group consisting of alkali metals and thallium Y
represents at |east one el enent selected fromthe group consisting of
magnesi um cal cium strontium bariumand zinc; Z represents at |east one
el ement selected fromthe group consisting of niobium cerium tin,
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havi ng a conposition represented by the followng fornmula (3) as descri bed
i N JP- ANGy tieFolit9ddElforidd 2)Yasflesaibealib aXadid, 2001a1940de fol l owi ng formula (4) as
described in JP-ANo. 55-122734: Mi NaPbd | cAsaXeYi On(4). The

mat eri al of thé&oseM,CaSppQrtZsed to obtd&)n the catal yst of the present
invention is not particularly limted, as long as the material has an
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applicable reaction is designated as 100. Exanples of the material include
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or a tunmbling granulator. Furthernore, a clay-like raw material or a dried
product thesreerhts ey Jwed rplesttk vt d 816 eldpidie B BRE <O frstets Orifdiing machi ne,
subsequent|ly the outer periphery of the obtained extrusion product nay be
rounded wegrésertts 0 1ighd 6, mgl hgemesghiathe humber bhexyitdeomanghied@satsal the nexdic In
regard to the size of the support, a support in which the outer dianeter of
t he cr ossaksars ofthe vanotdvempemnisr of the | engthwi se direction is usually 3 to
30 nm and preferably 4 to 20 nm_ and the length is usually about 0.5 to 2
times the out eExaiplatafdie cotalystipewderderprasveing mathponylictaeid b mibiseting rethasalen Al so,
a support in which the dianmeter of the through-hole is usually 0.1 to 0.8
times thdo saspaase gatalpticraxidation, ipeladeGripystnoaiders bivings compogionTareseied fydhey

The aperture .radiu t he t hayj he outer periphery rounded is
the appar@ivis @uﬁ%é&ﬁfg““%%ﬁrﬁ%g%g%il d to be equivalent to the inner
radi us obt ai na Ie%ml ay-like raw nageri al is nolded with a

ri ng- shape ext A ohe machi ne. The degree of curvature at the
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or the mechanic ras orce o e tunbling granul ator or the |ike,

and a support g, Wiip ;%3% er circunfepnential radius of curvature which
i s defined bel OWI}NSa [giglﬁa }qg out 0.01 tg)

The material of the inert support used to obtain the éatalyst of the present invention is not

particularly limited, as long as the material has an activity of 20 or less when the activity of the
catalyst powder for the applicable reaction is designated as 100. Examples of the material include

o-alumina, silicon carbide, pumice, silica, zirconium oxide, and titanium oxide.



0.5 tinmes, and preferably 0.05 to 0.4 times, the outer dianeter in the
center, is used. In the followi ng, the outer circunferential radius of
curvature / the outer dianeter in the center nay also be referred to as the
curvature of the outer periphery The outer circunferential radius of
curvature refers to the radius of the Pounded portion in the corner portion
of a hollow cylinder, and this is the radius of an elliptical or circular
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measurenent conforns to M5 R2205. Void content (%9 = (WB - W)/ (WB -W2) x
100 \Wat eravailable ripg-staped sappant Wilk)a ball ilBor-awdpling granaBior. \\FurtheDngre \eailaytike (a#20C x
60 m nutes) W2: ve;?ht in water WB: Water-saturated wei ght

material or a dried product thereof may be molded with a ring-shape extrusion molding machine,

subsequently the outer periphery of the obtained extrusion product may be rounded with a tumbling
granulator or the like, and then calcined.

In regard to the size of the support, a support in which the outer diameter of the
cross-section in the center of the lengthwise direction is usually 3 to 30 mm, and preferably 4 to 20
mm, and the length is usually about 0.5 to 2 times the outer diameter of the cross-section in the center,
isused. Also, a support in which the diameter of the through-hole is usually 0.1 to 0.8 times the
outer diameter of the cross-section in the center, is used.

The aperture radius of the support having the outer periphery rounded is the apparent inner
radius, and cannot be said to be equivalent to the inner radius obtainable when the clay-like raw
material is molded with a ring-shape extrusion molding machine.

The degree of curvature at the outer periphery can be adjusted by regulating the material of
the support, or the mechanical abrasive force of the tumbling granulator or the like, and a support in
which the outer circumferential radius of curvature which is defined below is usually about 0.01 to
0.5 times, and preferably 0.05 to 0.4 times, the outer diameter in the center, isused. Inthe following,
the outer circumferential radius of curvature / the outer diameter in the center may also be referred to

~ as the curvature of the outer periphery.

The outer circumferential radius of curvature refers to the radius of the rounded portion in
the comer portion of a hollow c¢ylinder, and this is the radius of an elliptical or circular roundness that

can be obtained by planing the outer periphery of the raw material support with a tumbling granulator



The nethod for supporting by coating a catal yst powder on an inert support
is not particularly limted, but an exanple may be, as described in JP-ANo.
10- 028877, a nethod of tunbling granulating a catalyst powder together with
a binder such as an alcohol, or the like. After the catal yst powder is
supported as such, this supported catalyst is dried and if necessary
calcined at 440 to 650C, and thereby the catalyst of the present invention

i s obtained or. the.catal yst of .the present invention, the su riing
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cat al yst "powder Specific exanples of the strength enhancing aid that can be
used i nclpugigably 25% ofinre ahd $3% 65 less. A [HRAvaldr BiRbtioiath hhegios: is proferableunt  of
use of the strength enhancing aid is usually 30% by wei ght based on the
cat al yst cpeawtteind S0%er kw sidmgraprdfcablt/10¥: & hioeragtl A0%hRici The mirkitpafthde m xed
i n advance before supporting the catal yst powder, or may be added

si mul t anesopsitys peftrablp SO%ef tore and 80% bt less, and enoacipieieiably 68% o wercaad 8% st powder
and the like into a nolding machine as will be described later.

Furtherndese, in order to support the catal yst powder on a support, it is
preferable to use a binder. Specific exanples of the hinder that can be

used i ncl ude waitheimethad plalpritingshaened cogteatang the sfey dhsprptionpiiiney follogs.
such as. ATBGRYRYaPPEurRER P B8 RERy I ene gl vcol o glyeerin. o a
wel ght based ot R Gy 683 aRBURs W) RS e bt abs bl ute. hum di ty

b oher. pr of or Ab 25oh1B lig Bt (8 SWRRRISHGY (P8, OB 012 16 0. 04. Tt ha

case, the tenp t i : C or higher, and the relative
SR st thhhds

hum dity is pr 0% or h r. “Regul ati on of the atnosphere for
coating may be WQJW@%@%@@@ met hod of bringing the humdity in the

granul ati on chanber to a certain value using an appropriate appar at us.
Furthernore, ifws:hextaisasrbierght S hum dified under the conditions described
above when the nolded catalyst is dried and/or calcined, the degree of wear
remai ns equal drhenstiet kg kippyrtideby eatmecth catalysiglowidsr qarae inert aldpert is not The
aperture dianeter of the support and the catalyst is the apparent inner

di anet er ,pagicefardyalimited, Hne arsexaniple analy be, as destribed in BpeNo L0283 Anemethod dthe

diameter may vary at the inlet and at the qutlet, or the opening of one

si de or ingigeraylatinga glalystinewder togreiher ikl lierlensuck ag angicakalipg the like. 3 e ur e
diameter js as foll ows. erture di aneter. =, erture.dianeter
at t he | bl ieripupporied RSB A ﬁe@%ﬁ#@%ﬁwﬁmh at

440 to 650°C, and thereby the catalyst of the present invention is obtained.  For the catalyst of the

present invention, the supporting ratio of the catalyst powder is usually 20 to 80% by weight, and
preferably 30 to 70% by weight (catalyst powder/catalyst).

In order to support a catalyst powder on a support, it is preferable to use a molding aid
and/or a strength enhancing aid.  Specific examples of the molding aid that can be used include
crystailine cellulose, starch, and stearic acid. The amount of use of the molding aid is usually 30%
by weight or less based on the catalyst powder.  Specific examples of the strength enhancing aid that
can be used include "cera-mic" fibers, carbon fibers, and whiskers. The amount of use ofthe



The catal yst of the present invention can be applied to a nmethod of
produci ng an unsaturated al dehyde and an unsaturated carboxylic acid by
correspondi ngly subjecting propyl ene, isobutylene, tertiary-butyl alcohol
or nethyl tertiary-butyl ether to gas phase catalytic oxidation, or to a
met hod of producing an unsaturated carboxylic acid by subjecting a
correspondi ng unsaturated al dehyde to gas phase catal ytic oxidation The

reagti_on an.,be carrllﬁd out §5é’§1yflxiﬁﬁﬁﬁ?efﬂ?6ﬁﬁo%ﬁg%§’ grse eh‘g% ‘EC{ I

oXi at!oﬁﬁgﬁgb as alytic
BQLSZ;E’W@@%&%&W@%N A She AR e KR Al e RN e AR 518 '&ftLﬁZ‘Z}
the condlw uswﬂmr%%re%@mﬂn Outoq}%' Ay go@a&%tthé)iﬂce

reaction ene e reaction Is carrie ducing, as a raw

mat eri al Iﬂ§§moﬁiﬁ[§rﬁééﬁmgmgéaggﬁﬁeﬂ%nl to 10% by volune, and preferably 4
to 9% by vol une, of propylene; 3 to 20% by volune, and preferably 4 to 18%

by vol une, of IraiReMb@lin6XaE Bip 5@n e caflfe Edwdeebmmpp@ﬂd ispratbrgiléhye £ t o 50%
by vol une, of water vapor and 20 to 80% vol une, and preferably 30 to
60% by vaiddse, Spdcifiz@xdniddstor the dinderitiat cxpedo usedafchﬂa welien) ¥ polgmerdrindetsach aske) , at
250 to 450C and at a pressure of normal pressure to 10 atnospheric

pr essur e,pojvingl adqphalpanviedrgenictbjndersufh apwilicatoborcuntigansolyagdami cagany dsesparasnt

vol ume of packed catalyst) of 300 to 5000 W. EXAMPLES Her ei nafter,
the pr es@mplyhydr@mbphnimwhmetm&mgbwluonglmcmqmnext@réﬂ&relofby way of Exanpl es.
The termparts used in the follow ng neans parts b ight, and the degree

of wear; bul k sheampyntotpsactthsbipdss samually 1%@@9%@%@%&3@0%@@3?% ty ratio

and vyi el d are based on the fol |l owi ng neasurenent nethods or definitions.
(Degr ee d%ow\%@ar) g of a catalyst is accurately weighed (this

oo T B taa;sob%&%@@ﬁ%&g ST RA i
ek o TR b s PR AD LS. gt L

conpletion™o he ca a siéve having a nesh
2 1, Sl R U oS g (11
e g ik cagb okt gt sty
Met hod ofthe@astakiemEainber to a certain value using an appropriate apparatus. Furthermore, if the
atmosphere is humidified under the conditions described above when the molded catalyst is dried
and/or calcined, the degree of wear remains equal or is slightly decreased, which is preferable.
The aperture diameter of the support and the catalyst is the apparent inner diameter, and
cannot be said to be a uniform aperture diameter.  The diameter may vary at the inlet and at the
outlet, or the opening of one side or both sides may be closed.
The method of calculating the aperture diameter is as follows.
Aperture diameter (mm) = (Aperture diameter at the inlet {mm) + aperture diameter at the
outlet (mm))/2
The catalyst of the present invention can be applied to a method of producing an
unsaturated aldehyde and an unsaturated carboxylic acid by comrespondingly subjecting propylene,
isobutylene, tertiary-butyl alcohol or methyl tertiary-butyl ether to gas phase catalytic oxidation, or to

a method of producing an unsaturated carboxylic acid by subjecting a corresponding unsaturated



1. 50 M of a catalyst is neasured (Ws) in a 100-m graduated cyli nder
having an internal dianeter of 28 7 mm Bulk specific gravity = W/50

(Porosity/graduated cylinder nethod) Method of neasurenent: 1.50 m
of a catalyst is nmeasured in a 100-m graduated cylinder having an internal
di aneter of 28 7 nmm 2.50 M of pure water is added thereto, the

Bl ost o, Bubbl 65, cone out The: deanssing | s BALLLAG. ouL o Olud. Aegassi N0
time of % Yglﬁfo_egafﬁha?‘f‘?%&d{@:’g‘sﬁ@l} ?—ﬂ@%‘ﬁgcwgﬁc@fmgpyﬁa%%ébé%&gﬁl) s

e e PR o b IO PR SR e e ORNEE A 5 (9
OBy 0ty e e bbbl Bl b MR TRl oEDER AL 1 0ucec
Yi el d (Ao N TRGEacBIn R bESnRld oﬁfﬁfg%&%@ooﬁdiﬁ&ﬁkéie&up fiseBC T Briear@id, d) / (nunber -

of noles of supplied propylene) x 1
considering an oxidation reaction of propylene, the reaction is carried out by introducing, as a raw

material gas, a mixed gas formed from 1 to 10% by volume, and  preferably 4 to 9% by volume, of
propylene; 3 to 20% by volume, and preferably 4 to 18% by volume, of molecular oxygen; 0 to 60%
by volume, and preferably 4 to 50% by volume, of water vapor; and 20 to 80% by volume, and
preferably 30 to 60% by volume, of an inert gas (nitrogen, carbon dioxide, or the like), at 250 to
450°C and at a pressure of normal pressure to 10 atmospheric pressure, at a space velocity (= flow

rate of raw material gas/apparent volume of packed catalyst) of 300 to 5000 ',

EXAMPLES

Heremafter, the present invention will be described in more detail by way of Examples.
The term parts used in the following means parts by weight, and the degree of wear, bulk specific
gravity, porosity, conversion rate, selectivity ratio and yield are based on the following measurement
methods or definitions.

(Degree of wear)

50 g of a catalyst is accurately weighed (this weight is designated as W6) and introduced
into a plastic drum, having a diameter of 40 cm, of a tablet abrasion tester manufactured by Hayashi
Rikagaku Co., Ltd. The catalyst is rotated at 25 rpm for 10 minutes.  After completion of the test,
the catalyst is sieved with a sieve having a mesh size 0f 2.38 mm, and the sample on the sieve is
accurately weighed (this weight is designated as W7).

Degree of wear = (Weight of catalyst before test (W6) - weight of catalyst after test
(WT))/weight of catalyst before test (W6) x 100

(Bulk specific gravity/graduated cylinder method)

Method of measurement:

10



(Preparation of catal yst powder-1) VWil e 3000 parts of distilled

wat er was heated and stirred, 423.8 parts of amoni um nol ybdate and 2. 02
parts of potassiumnitrate were dissolved therein, and thus an aqueous
solution (A was obtained. Separately, an aqueous solution (B) was prepared
by dissolving 302.7 parts of cobalt nitrate, 162.9 parts of nickel nitrate,
and 145.4 pails of ferric nitrate in 1000pof distilled water, and an
aqueous sol utign was prepar.ed Lssolving 164, 9.parts.of bismith
nirate i 200 o ERRaR FRRE e A R ARLBRS bbien B ng
25 parts f‘ﬁgnffg?&£§6d nitric acid. The aqueous solutions (B) and (C
were m xed, d e mxed liquid was added dropwi se to the aqueous sol ution
(A) under vi gorn P g M Yo B suspension liquid thus produced was dried
using a spray Eﬁ@égéﬂ%#%&ags\gggyininarily cal cined at 440C for 3 hours,
and thus 570 papdssit9horad lileP@éthédy cal ci ned powder was obtained. The

i nstant product was designated as catal yst powder-1. The conposition

excl udi ng oxygevietedd drhRast@h@htyst powder-1 was Mo = 12, Bi = 1.7, N = 2.8,
Fe = 1.8, Co =5.2, and K= 0.1, in ternms of atomc ratio. Support-1 The

met hod for produs)mppfa cathipg Grbeadurand a t 0B mbgraghated cdidathatihearsinpmal t are as
fol | ows. 500 g of a ring-shaped support having an outer

ci r cunf erdiamcteabf 28akknws of curvature of 0.0 nmm an outer dianeter of 5.8 nm
a length of 6.5 mm and an aperture dianeter of 2.8 nm was introduced into
a ball nill ha dymbofpuisaater i added 2wetp, the peasairsigredvesd sith 8 Weist aspicdhonand.  The
support thus obtained had an outer circunferential radius of curvature of
1.3 mm dhe wilerdydegassadantilalragst mp byibhlas come quh g tThe gegassing isgaqried At fors dsgresindr e
dianeter of 2.8 mm Furthernore, the support had a void content of 35% a
wat er ab it GHYHSPPENBFS150 a bul k specific gravity of 1.01, and a

porosity of 67%..Support-2_Th r.0 i es of support-2 were neasured, and
t he val ues shoé% é&%%kwgﬁgmggggﬁwgghsErmmﬂm%?ing-shaped support havi ng an
outer circunfer Qﬂ%/t” I 4S rvapure oft 5 mm an outer dianeter of

5.8 ”Mm a Ieng#ﬁﬂ% Qi%gnFQEgﬁwgwxgggrture dianeter of 1.3 mm had a void

content of 33% 0 i i 0 S ravity of
1.01, and a po$%§¥%§6o wggibGQ&HQQ0fﬁ$&§bﬁ%m£ﬁ%@¥fk&ﬂ%d&n&9%ﬁﬁ$k§a@~

supplied propylene) x 100

Selectivity ratio (%) = (Number of moles of produced acrolein or acrylic acid)/(number of
moles of reacted propylene) x 100

Yield (%) = (Number of moles of produced acrolein or acrylic acid)/{mumber of moles of
supplied propylene) x 100

(Preparation of catalyst powder-1)

While 3000 parts of distilled water was heated and stirred, 423.8 parts of ammonium
molybdate and 2.02 parts of potassium nitrate were dissolved therein, and thus an aqueous solution
(A) was obtained.  Separately, an aqueous solution (B) was prepared by dissolving 302.7 parts of
cobalt nitrate, 162.9 parts of nickel nitrate, and 145.4 pérts of ferric nitrate i 1000 parts of distilled
water, and an aqueous solution (C) was prepared by dissolving 164.9 parts of bismuth nitrate in 200
parts of distilled water that had been acidified by adding 25 parts of concentrated nitric acid. The
aqueous solutions (B) and (C) were mixed, and the mixed liquid was added dropwise to the aqueous

solution (A) under vigorous stiring.  The suspension liquid thus produced was dried using a spray

11



Support-3 The nethod for producing a support-3 and the properties of the
support are as follows. 400 g of a ring-shaped support having an
outer circunferential radius of curvature of 0.0 mm an outer dianeter of
6.4 mm a length of 5.3 mMm and an aperture diameter of 2.0 nm was

subj ected to planing of the outer periphery with a tunbling granul ator
having a dianeter of 30 cm for one hour at a speed rotation of 260 rpm

The suppogt thus obt.aine ad | rcunf.erentd al. radiys .of. curvature
of 0.5 et e BB PR 4 SR BR S10 s ARG, per Lur e
di anet er . o ;EEEﬁ: - quﬁg nt 46% a
wat er abé%%%%?'%ﬂgé?E%%E%P&gzgf a nﬁmgﬁg%ﬁ¥@§95§§¥%t R@S@S,qgﬁd a
porosity 0 5 LS. 31 i 2 asyred, and
he val s Bhatn R ot e B RS 1 ey Bt B A T

ci rcunf er@nt 5 alnd Rl 018 idEmsWrYBe®RiRf 1.0 mm an outer dianeter of 5.8 mMm
a length of 6.5 nm and an aperture dianeter of 1.8 ram Furthernore, the
support had a \Wupgbrepntent of 48% a water absorption ratio of 25% a bulk
specific gravity of 0.81, and a porosity of 78% Support-5 (Conparative
Exanpl e) Tha encfhod fie podedngof supoet- I and ghegugeaied ofilsadpmst atdw follaws.nat er i al
of the support-1 were neasured, and the val ues shown bel ow were obtai ned.
Qut er ci r cunf er’®fgobd ringatiimed saipott bavicg anogteOGrenmierantial eadivd iodevastagire .08 nm

l ength 6.5 mm aperture dianmeter 2.8 nm void content 35% water absorption
rati o 16%mbagoutes diameterof 5 §maniatlgngth of 9.5 ram.dmg s apsitary dgwoter of 2.8 mm, was

introduced into a ball mill having a capacity of 2000 ml and was rotated for 2 hours.  The support

thus obtained had an outer circumferential radius of curvature of 1.3 mm, an outer diameter of 5.8
mm, a length of 6.3 mm, and an aperture diameter of 2.8 mm.  Furthermore, the support had a void
content of 35%, a water absorption ratio of 15%, a bulk specific gravity of 1.01, and a porosity of
67%.

Support-2

The properties of a support-2 were measured, and the values shown below were obtained.

A ring-shaped support having an outer ciccumferential radius of curvature of 1.5 mm, an
outer diameter of 5.8 mm, a length of 6.4 mm, and an aperture diameter of 1.3 mm, had a void
content of 33%, a water absorption ratio of 14%, a bulk specific gravity of 1.01, and a porosity of
67%.

Support-3

The method for producing a support-3 and the properties of the support are as follows.

400 g of a ring-shaped support having an outer circumierential radius of curvature of 0.0

| mim, an outer diameter of 6.4 mm, a length of 5.3 mm, and an aperture diameter of 2.0 mm, was

subjected to planing of the outer periphery with a tumbling granulator having a diameter of 30 cm, for
one hour at a speed rotation of 260 rpm.  The support thus obtained had an outer circumferential
radius of curvature of 0.5 mm, an outer diameter of 6.3 mm, a length of 5.1 mm, and an aperture

diameter of 2.0 mm. Furthermore, the support had a void content 0of 46%, a water absorption ratio

12



Exanple 1 Preparation of catalyst-1 300 mM of the ring-shaped
support-1 was introduced into a tunbling granulator, and was wetted with an
aqueous glycerin solution. Subsequently a m xture of 300 g of the catal yst
powder-1 and 15 g of crystalline cellul ose was added thereto alternately

wi th an aqueous glycerin solution, and thus catal yst powder-supported
particles were prepared. Thereafter, these particles were dried at room

t emper at ur.g,for, 15 hours, .an en, were.c pned at 530C for 5 hours under
an air stofgﬁél/ﬁabé‘ﬁ(osp?cr‘#f%mgg a%%g?daﬁoqs%g%pﬁégent i nventi on was obt ai ned.
The catal yst thus obfained had an outer dianmeter of 7.4 mm a length of 7.7
mm and an aperture dianmeter of 1 8 nm Furthernore, the catalyst had a

degree of wear ”[‘PJEBég%&@a%ﬁ%@ﬁ%@gtﬁé’vaﬁfes;ﬁrlﬁ%bel&@%eﬁad%%.i ty of

68% Exanple 1-2 paration of catal e granul ati on chanber

was regul ated t19e Q@6 Bad¥R ot cirdipiidntif rddofduiraneé ofd.(0A®, nGRFEigketer
tenperature 25C), and 300 ml of the ring-shaped support-1 was introduced

i nto the off 8hRh € @B BIngh Gihd aldheit@s dineibieast 1V8 rhif. aFurleees) the Glppoe hidn
solution. Subsequently a m xture of 300 g of the catalyst powder-1 and 15 g
of cryst abld datestel 481, asmtenalsomdoredtid GESE, abalk tpecifia praliyy ofidBh, aad a pojostygu s

gl ycerin solution, and thus catal yst powder-supported particles were
prepar ed.of T8ér eafter, these particles were dried at roomtenperature for 15
hours, and then were calcined at 530C for 5 hours under an air stream and
thus a cat al ystSupgport-hé’opiregévetExampleht i on was obt ai ned. The catal yst thus

obt ai ned had an_outer dianeter of 7.5 alength of 7.6 mm and an
aperture di anet@PP@Pe@@?fﬂaﬁﬂnFW%ﬁl%@eWW@%@&fﬁ?ﬁuﬂpﬁﬁ'ldﬂ%@%@%f wear

of 1.2% a_hul k specifi ravity. of 1.03, and a ponsity of 66% Exanple 2
Pr epar at i3 f"lélﬁ%ﬁsgqvgi‘ef‘?‘gwere%%ﬁ“iat al yst of the present invention was
obtained in th ane _nmgnner. as in Ex l.e, 1., except th t he ring-shaped
support-2 was 3%%75@5%’".' %@l}ﬁ%gsrqr}_cuqﬂgl%gg}[ qper § "gtm(‘)%%al g‘*&g‘hgg% out er
‘dianeter of 7. % o WG . @p%ﬁ I 1 mm
Furt her rma?e, (#%aejﬁécléptza ysevr#%}a%n%hd%éf’ ee o a(?{}% /%D%IE ﬁﬁ%@%’eﬁél C
gravity %ﬁo@ﬁtyé@%d a porosity of 70%

Example 1

Preparation of catalyst-1

300 ml of the ring-shaped support-1 was introduced into a tumbling granulator, and was
wetted with an aqueous glycerin solution.  Subsequently, a mixture of 300 g of the catalyst powder-1
and 15 g of crystalline cellulose was added thereto alternately with an aqueous glycerin solution, and
thus catalyst powder-supported particles were prepared. * Thereafter, these particles were dried at
room temperature for 15 hours, and then were calcined at 530°C for 5 hours under an air stream, and
thus a catalyst of the present mvention was obtained. The catalyst thus obtained had an outer
diameter of 7.4 mm, a length of 7.7 mm, and an aperture diameter of 1.8 mm.  Furthermore, the
catalyst had a degree of wear of 4.0%, a bulk specific gravity of 1.03, and a porosity of 68%.

Example 1-2

Preparation of catalyst-1-2

The granulation chamber was regulated to have a weight absolute humidity of 0.015
(chamber temperature 25°C), and 300 ml of the ring-shaped support-1 was introduced into the

13



Exanpl e 2-2 Preparation of catal yst-2-2 A catal yst of the present
I nvention was obtained in the sanme manner as in Exanple 1, except that the
granul ati on chanber was regul ated to have a wei ght absolute hum dity of
0. 02 (chamber tenperature 30C), and the ring-shaped support-2 was used as
t he support. The catal yst thus obtained had an outer dianeter of 7.4 mm a
| engt h of 7 6 mMm and an aperture dianeter of 0.1 mm Furtherm)re the

I d 9 | K | f d
o por bai {4PNE %@%&ﬁm@%eﬂ%sﬁlgﬁ% eBFrb SR, Sty doflydo0) O

h
except efﬁQ‘%g? R R S LA %%%sﬁﬁfmﬁ%‘?cit al yst

t hus obt 7 nd an
apert ure ane%ﬁgﬂfw“%%dﬂ*“@éﬁﬁ?%@?fﬁ% pREAENI et STRIRAANC,
wear of ﬁle&/ artRIeQWLIE GHIRES lradn&e&fyaymﬁeyorqﬁ ham%nd RRwée BRIt 3300 fof 3%

Exanple 3-2 Preparatlon of catal yst - 3- A catal yst of the present

i nvent i ORoWREndRPAniri@Ehm, Bnd hEs SRRAE/sHTRMNE Bresedbinbdhtibx anqubeinkd. EXgephlydthat the
granul ati on chanber was regul ated to have a wei ght absolute humdity of

0. 037 ( cliarbethinédam e altetdanRRCyt 7. Suneh, & kegth bfie shopednapgtmer dianktavatl fised as

the support. The catal yst thus obtai ned had an outer dianeter of 7.9 mm a
| engt h ofmifi. TFunthgrmaresithe tataysehidurdegnde afivesaest 126, @ bilk specifiegraviteoiidBeandahe
catal yst had a degree of wear of 1.8% a bulk specific gravity of 1.05, and
a por osi tpyrogify of $6%. Exanpl e 4
Example 2
Preparation of catalyst-2
A catalyst of the present invention was obtained in the same manner as in Example 1,
except that the ring-shaped support-2 was used as the support.  The catalyst thus obtained had an
outer diameter of 7.1 mim, a length of 7.7 mm, and an aperture diameter of 1.1 mm. Furthermore,
the catalyst had a degree of wear of 3.0%, a bulk specific gravity of 1.06, and a porosity of 70%.
Example 2-2
Preparation of catalyst-2-2
A catalyst of the present invention was obtained in the same manner as in Example 1,
except that the granulation chamber was regulated to have a weight absolute humidity of 0.02
(chamber temperature 30°C), and the ring-shaped support-2 was used as the support.  The catalyst
thus obtained had an outer diameter of 7.4 mm, a length of 7.6 mm, and an aperture diameter of 0.1
mm. Furthermore, the catalyst had a degree of wear of 0.6%, a bulk specific gravity of 1.06, and a
porosity of 68%.
Example 3
Preparation of catalyst-3
A catalyst of the present invention was obtained in the same manner as in Example 1,

except that the ring-shaped support-3 was used as the support.  The catalyst thus obtained had an

outer diameter of 7.9 mm, a length of 6.9 mm, and an aperture diameter of 0.5 mm.  Furthermore,
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Preparation of catalyst-4 A catal yst of the present invention was
obtained in the sane manner as in Exanple 1, except that the ring-shaped
support-4 was used as the support. The catal yst thus obtained had an outer
dianeter of 7.4 mm a length of 7.6 nm and an aperture dianmeter of 1.5 nm
Furthernore, the catal yst had a degree of wear of 4.0% a bulk specific
gravity of 0.92, and a porosity of 76% Exanple 4-2 Preparation of

cat 2yt R B S OSBRSS,

regul ated to hay %\@ ght absolute humdity of 0. 015 (chanber terrperature
27C), and the ri n&-s aped support-4 was used as the support. The catal yst

t hus obt ai ned li'?egarﬁt?b %@éﬂl ghameter of 7.5 nm a length of 7 5 nm and an
e

aperture di anet nm Furthernore, the catal yst had a degree of

wear of 0.8% %cgﬁly&o?ﬁﬁﬁfe%@m%rﬁyﬂ%){s&im&d%e@Hﬁn%nﬂ&%@ﬁa'ﬂxﬂmﬂé175%
Exanpl e 4-3 Preparation of catalyst-4- A catal yst of the present

i nvent i Oﬁxdéﬁﬁhﬂﬂfe@dﬂﬁ]ﬂndnf&hﬁrﬂﬁérmgtﬂﬁ&ﬂﬁﬂ}a@%Wd’glﬁ&ﬁﬁlﬁde@mﬂndﬁ?éﬁm that the
granul ati on chanber, drying process and cal ci nati on process were hum dified

to a wel(cghmbétbaqiemtﬁe Barah, dhd e diig-ShaptliSufpohtanbs nsdienthe sudpont.e Thé Gtalysind t he

ri ng- shaped support-4 was used as the support. The catal yst thus obtained
had an  otitvs pbtdinahhati en owér dbn@tarod 7. Amirea phith of 6.7mf, Ay anapettusediamster o). &
dianeter of 0.2 mm Furthernore, the catal yst had a degree of wear of 0.6%
a bul k spei fﬁltﬂign@m,ﬁlycaﬁlywh@zdemoﬁvq@m %y bolk s coatpelrdlSi and aExanpl e
1

porosity of 71%.

Example 4

Preparation of catalyst-4

A catalyst of the present invention was obtained in the same manner as in Example 1,
except that the ring-shaped support-4 was used as the support.  The catalyst thus obtained had an
outer diameter of 7.4 mm, a length of 7.6 mm, and an aperture diameter of 1.5 mm.  Furthermore,
the catalyst had a degree of wear of 4.0%, a bulk specific gravity of 0.92, and a porosity of 76%.

Example 4-2

Preparation of catalyst-4-2

A catalyst of the present invention was obtained in the same manner as in Example 1,
except that the granulation chamber was regulated to have a weight absolute humidity o£ 0.015
(chamber temperature 27°C), and the ring-shaped support-4 was used as the support.  The catalyst
thus obtained had an outer diameter of 7.5 mm, a length of 7.5 mom, and an aperture diameter of 0.2
mm. Furthermore, the catalyst had a degree of wear of 0.8%, a bulk specific gravity 0f0.92, and a
porosity of 75%.

Example 4-3

Preparation of catalyst-4-3

A catalyst of the present invention was obtained in the same manner as in Example i,

except that the granulation chamber, drying process and calcination process were humidified to a
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(Preparation of catalyst-5) A catal yst was obtained in the sane
manner as in Exanple 1, except that the ring-shaped support-5 was used as

t he support. The catal yst thus obtained had an outer dianeter of 7.8 nm a
| ength of 7.8 nm and an aperture dianeter of 1 5 mm Furthernore, the
catal yst had a degree of wear of 26.0, a bulk specific gravity of 0.85, and
a ponsity of 74% Reaction Exanple 1 A stainless steel (SUS304)

[ . havi : | f B ognd 2R, L ., di f

264 m Wk Bl Fh s R et B B e s AN B R ©
g . : ‘ o .

'?)ljt)g.r nfil'he cata ?/ursprpgl& was C%)%lgﬁeg Pf?]ﬁ? e lrigﬂg%l?%ron %eggﬁé&(; agéugl ?fg C)(r:]ul,

and then aﬁ@é:?@%ﬁn@@hh&eﬁd? 8L of" SrurtiGidord fhe Eeﬁﬁy&% RAGLdeBrRe Mﬁﬁér A dbakove

the catalys d to the top of the reaction tube. The reaction bath

t enper at YpRifvaviipé el 484 palosiBZiI&s,and a m xed gas formed from 8. 3% by
vol une o?ﬁpropylﬁg (propylpgne flowrate 4.82 L/hr), 14.0% by vol une of
oxygen, 24.8% lgynyabtiveExahpaat er vapor, and 52. 9% by vol une of nitrogen,
was passed over the catalyst to react. At this tinme, the maxi num
t enper at ure of (Piyeratiah of cpmatysttgyer was 397C, the propyl ene conversion rate
was 97.2% the total yield of acrolein and acrylic acid was 91.6% and the
total sel ecti viAoptalysitwas obteinedio thel satheymamrer asin Hkanmpleal extepidbat the riggshapeslact i on
Exampl e 1-2 The reaction was carried out in the same manner as in

React i on SEBPaFi véas psed axide propethat The pealysh thip gdainaddedian eyter diammseeft/iSgamBanpl e 1
was changed to_t he catal yst-1-2. At this tinme, the Xj nym
t enper at 3ﬁngﬂwf7-t8ﬁén &) peure digpterpfd -Saanc Fﬁ@ﬂ@#@ﬂﬂy F@ﬂ@%&@?% rate
was 97.4% t t ield of .acrolein and acryljc acid was 91.7% and the
total | steattogpfy? bl ngeific BB Be% A APaeRo e d was 04 166

Reaction Example 1

A stamless steel (SUS304) reaction tube having a total length of 50 cm and an intemal
diameter of 28.4 mm was perpendicularly installed, and a thermocouple having an external diameter
of 3.2 mm was installed at the center of the reaction tube. The catalyst-1 was packed i the reaction
tube to a height of 15 cm, and then ceramic balls that were inert to the reaction were packed above the
catalyst and to the top of the reaction tube.

The reaction bath temperature was maintained at 320°C, and a mixed gas formed from
8.3% by volume of propylene (propylene flow rate 4.82 L/hr), 14.0% by volume of oxygen, 24.8%
by volume of water vapor, and 52.9% by volume of nitrogen, was passed over the catalyst to react.

At this time, the maximum temperature of the catalyst layer was 397°C, the propylene
conversion rate was 97.2%, the total yield of acrolein and acrylic acid was 91.6%, and the total
selectivity ratio for acrolein and acrylic acid was 94.2%.

Reaction Example 1-2

The reaction was carried out in the same manner as in Reaction Example 1, except that the
catalyst used in the Reaction Example 1 was changed to the catalyst-1-2.

At this time, the maximum temperature of the catalyst layer was 398°C, the propylene

conversion rate was 97.4%, the total yield of acrolein and acrylic acid was 91.7%, and the total
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Reaction Exanple 2 The reaction was canied out in the same manner as
I n Reaction Exanple 1, except that the catalyst used in the Reaction
Exanple 1 was changed to the catal yst-2. At this tinme, the maxi mum
tenperature of the catalyst |ayer was 395C, the propyl ene conversion rate
was 97.1% the total yield of acrolein and acrylic acid was 91.4% and the
total selectivity ratio for acrolein and acrylic acid was 94. 1% Reaction

Exanmple 2-,2.. . . dhe neaction.was,card,ed out in the same nanner as in
React i on élﬁﬁ%tlﬂgér%c%%nﬁ dﬁ%gg]g\?%dew%adﬁall@st used in the Reaction Exanple 1
was changed to » s - 2- 2. At this tinme, the maxi num

tenperature of the catal'yst | ayer was 397C, the propyl ene conversion rate

was 97.2% the 1hotalion el GnRl oBGh HeShrhe ARheARTYRELHRGEMPRS] %é#t%aiﬁ@d the
0

total selectivity ratio for acrolern and acrylic acid was 94. React i on

Exanmpl e atalyst used iBe REAGS BAMMRS WAChArBed Be chidlyéti’e same nmanner as in
Reacti on Exanple 1, except that the catalyst used in the Reaction Exanple 1

was changed t o Atkigs thad, thk yakindum temperatudiof thB t@alist iRer wiakh 89316 xheptopyllenaper at ur e
of the catalyst layer was 392C, the propyl ene conversion rate was 95. 9%

t he t ot alcomiession raié wacd7dl6 ithe tetaldichbafiptriokinaod derylsci8 Hvad 3.4%ed tHedotslot al
selectivity ratio for acrolein and acrylic acid was 92. 8% Reaction Exanpl e
3-2 selqdtivity ratie for anoleimsndzarylic add wag94ilo.t he sane manner as in Reaction
Exanpl e 1, except that the catal yst used in the Reaction Exanple 1 was
changed to t he Reagtign Yxampde 52

The reaction was carried out in the same manner as in Reaction Example 1, except that the
catalyst used in the Reaction Example 1 was changed to the catalyst-2-2.

At this time, the maximum temperature of the catalyst layer was 397°C, the propylene
conversion rate was 97.2%, the total yield of acrolein and acrylic acid was 91.4%, and the total
selectivity ratio for acrolein and acrylic acid was 94.0%.

Reaction Example 3

The reaction was carried out in the same manner as in Reaction Example 1, except that the
catalyst used in the Reaction Exarnple 1 was changed to the catalyst-3.

At this time, the maximum temperature of the catalyst layer was 392°C, the propylene
conversion rate was 95.9%, the total yield of acrolein and acrylic acid was 89.0%, and the total
selectivity ratio for acrolein and acrylic acid was 92.8%.

Reaction Example 3-2

The reaction was carried out in the same manner as in Reaction Example 1, except that the
catalyst used in the Reaction Example 1 was changed to the catalyst-3-2.

At this time, the maximum temperature of the catalyst layer was 392°C, the propylene
conversion rate was 95.9%, the total yield of acrolein and acrylic acid was 89.0%, and the total
selectivity ratio for acrolein and acrylic acid was 92.8%.

Reaction Example 4

The reaction was carried out in the same manner as in Reaction Example 1, except that the
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At this time, the maxi num tenperature of the catalyst |ayer was 392C, the
propyl ene conversion rate was 95.9% the total yield of acrolein and
acrylic acid was 89.0% and the total selectivity ratio for acrolein and
acrylic acid was 92.8% Reaction Exanple 4 The reaction was carried out in
the sane manner as in Reaction Exanple 1, except that the catalyst used in
the Reaction Exanple 1 was changed to the catalyst-4. At this tine,

t he maxi num.te rature .of -1 he t al yst er 90C, the propyl ene
conversi & tm?'gtug%\?%@legg%%EwleﬁgW%%@qgﬁ%X%efcat\ggfsto'ei n and acrylic acid was
91.1% and the %QI gﬁg ¥k | | o | I d was
94. 4% Reag:tioﬁﬁht farrp%g'!e - %@%ﬂg%rogg%f?%gﬁ\%%r%ag??{? ggﬁ%hﬂtoﬁ!{l%%t he sane
manner agoh iRk wggb@%,%t&gﬂyﬁa@aﬁa%ﬁamaa%ﬁ&cﬁ%&agby% HAB i the
Reaction Exanple | was changedto the catalyst-4-2. At this tinme, the
naxi mim tsgERRiAfaHG for Aokl @ndRhAb ¥&d wheyser,was 391C, the propyl ene _
conversion rate was 96.5% the total yield of acrolein and acrylic acid was
91. 1% and t he Readtioh Esghgie4-2vity ratio for acrolein and acrylic acid was
94. 4% Reaction Exanple 4-3 The reaction was carried out in the sane
manner as i n R&&e rdaction xacaplticel olif intheGapt mbinet astinBeactidralfxasipleuk egcepirthat the

Reaction Exanple 1 was changed to the catal yst-4-3.
catalyst used in the Reaction Example | was changed to the catalyst-4-2.

At this time, the maximum temperature of the catalyst layer was 391°C, the propylene
conversion rate was 96.5%, the total yield of acrolein and acrylic acid was 91.1%, and the total
selectivity ratio for acrolein and acrylic acid was 94.4%.

Reaction Example 4-3

The reaction was carried out in the same manner as in Reaction Example 1, except that the
catalyst'used in the Reaction Example 1 was changed to the catalyst-4-3.

At this time, the maximum temperature of the catalyst layer was 390°C, the propylene
conversion rate was 96.4%, the total yield of acrolein and acrylic acid was 91.0%, and the total
selectivity ratio for acrolein and acrylic acid was 94.4%.

Reaction Example 5: Comparative Example

The reaction was carried out in the same manner as in Reacﬁon Example 1, except that the
catalyst used in the Reaction Example 1 was changed to the catalyst-5.

At this time, the maximum temperature of the catalyst layer was 390°C, the propylene
conversion rate was 93.8%, the total yield of acrolein and acrylic acid was 88.3%, and the total
selectivity ratio for acrolein and acrylic acid was 94.1%.

As such, the catalyst of the present invention is a catalyst which exhibits high activity and

high vield, and has an excellent degree of wear,
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At this tinme, the maxi num tenperature of the catalyst |ayer was 390C, the
propyl ene conversion rate was 96.4% the total yield of acrolein and
acrylic acid was 91.0% and the total selectivity ratio for acrolein and
acrylic acid was 94.4% Reaction Exanple 5: Conparative Exanple The
reaction was carried out in the same manner as in Reaction Exanple 1,
except that the catalyst used in the Reaction Exanple 1 was changed to the
catal yst-5. At this tine, the infum t enperature of the catalyst

| ayer was 390C, the propyl ene conversi©o ate was 93.8% the total yield of

acrol ein and agrylyi i . 0 I 5'1%%2,- i or
acrolein and agfy Ic%?%p@éc@ﬁm%ﬂ@dﬁ%&%@hn t tg&%g%éa y ?é%#&t){]e
present i i I S i i-hi. i [IRTAR AV i gh
I o R e e U B el A
for pruuciHagodss phagaktikt &ﬁhaﬁ&xﬁﬁi@)éﬁiﬁly@ﬁéﬁn%@mﬁ Wta® tavalaReplsippoaci d by
correspondi ngly subj ecfing propyl ene; isobutylene, tertiary-butyl al cohol
or et hylcokted Writted datalbist pokvder Whdkreih the @& siipas & ringishdpyd il Hagdrthaiter petiphéri that
catal yst being a supported catal yst having an inert support coated with a
cat al yst ipawadin thedesgtiewise diretidnoéthe sgyppyport i s ri ng-shaped and has an outer
periphery that is curved in the |lengthwi se direction of the support.

2. A catal yst for Apatelysidorprpdacingarsmsairaitdehraylisewid by sutgasting deprssppiding i ng a
correspondi ng unsaturated al dehyde to gas phase catal ytic oxidation, the
cat al yst ubsigedaldshysde gasdphasa cathlytinroxidationn e satalysh being c ith a
catal yst powder, wherein the jnert support _is ring-shaped and S an outer
per i pher yAnnegsugpert seatedarithiacatalye powres: Whradnthe merd speyhis BPg‘ﬁlﬁEedsf@E o),

3. A nethod of. producin .catal yst. for produci ng an unsaturated al dehyde
“and an uﬁé‘?ﬂ?ﬁ“ﬁgﬁﬂ&@ﬁ I GE'E%/‘EW‘S?‘?‘E@S&‘?%S%WH%H&I y subj ecting propyl ene,
i sobutyl ene, terti,ary-hutyl .alcohol. gr. nethyl tertiarys et,her to gas
phase catal yti ‘of%in&%lﬁg(?t%{m%@gﬁﬁ? f?{(?ﬂgiﬁgg‘?%’gmgauﬁ%%gg%ﬁeo%gﬁ%g an inert
support VH'E aka t . ggﬂ - t: . erein the
i nert suppo?frﬁlag ri %ﬁg lgg aﬁ@%ﬁgégg%@%h@%@?’pﬁ%e? %é'ﬁg%%l}ysb%r ved in
the | engtRwhsigr HbthfGddiRRoRll diRfiodPRRN cataBREoMRRHE KR thdiRdCBiBristpta step of
pr oduced a;l.bﬁ(h%%rat ngs&l@?e&gf_ tﬁe step o%dta%’ga?i ng %hat has been reagu gt ed to
have a Web@hi R Bee kigpsit Wb Sitdiyst ffwdlr © brodicdH sUpRited catalyst, wherdin i iget hod of
produci ng a catal yst for producing an unsaturated carboxylic acid by
subj ect i ngprrtddidpehied tidtgs eadrpedphed tiak Behryebin tie lggtwih diatiomdfabyt i C
oxi dation, the nethod conprising a step of coating an inert support with a
cat al yst sppperieand twheeinabiumalyat ispipheed Bdn emtosphestof thelsep ef avatingehat hegibeens uppor t
is ring-shaped and has an outer periphery that is curved in the |engthw se
di r ect i orrepfatadiehaya p poight absciae mpidiey of Ot eor bighes| yst i s produced in an
at nosphere of the step of coating that has been re%lljrlaat ed to_ _have a wei ght
absol ute huni di% y Asretipdof praduginggitatalyst for producing an unsaturated carboxylic acid by

subjecting a corresponding unsaturated aldehyde to gas phase catalytic oxidation, the method

comprising a step of coating an inert support with a catalyst powder to produce a supported catalyst,
wherein the inert support is ring-shaped and has an outer periphery that is curved in the lengthwise
direction of the support, and wherein the catalyst is produced in an atmosphere of the step of coating
that has been regulated to have a weight absolite humidity of 0.01 or higher.

5. A method of producing an unsaturated aldehyde and an unsaturated carboxylic acid,
wherein propylene, isobutylene, tertiary-butyl alcohol or methyl tertiary-butyl ether is
correspondingly subjected to gas phase catalytic oxidation, by using the catalyst according to claim 1

or the catalyst obtainable by the method according to claim 3.
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5. A nethod of producing an unsaturated al dehyde and an unsat urated
carboxylic acid, wherein propylene, isobutylene, tertiary-butyl alcohol or
met hyl tertiary-butyl ether is correspondingly subjected to gas phase

catal ytic oxidation, by using the catalyst according to claim1 or the
catal yst obtainable by the nethod according to claim 3. 6. A nethod
of pnduci ng an unsaturated carboxylic acid, wherein an unsaturated al dehyde

i s con-espondi using t he
catal yst accor | H&@ﬁgﬁ%ﬂﬁ%%aﬂﬁ%gﬁ%%%%a%§§%ké%%ﬁﬁ§% nethod
accordin %ltfeﬂyd% lisado%sﬁondmgly subjected to gas phase catalytic oxidation by using ths catalyst according

to claim 2 or the catalyst obtainable by the method according to claim 4.
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