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 acrolein and acrylic acid by subjecting propyl ene
to gas phase catal ytic oxidation, catalysts for produci ng nethaerolein and
met hacrylic acid by subjecting i sobgipHep&rcherti ary-butyl al cohol or

met hyl terti kwy-butyl ether to gas phase catal ytic oxidation, or catalysts
for producing acrylic acid or nethacrylic acid by subjecting acrolein or
nmet haerol ein to gas phase catal ytic oxidation For exanple, shapes of the
catal yst such asAIRALFET AND NIGTHOD OFFROBIEHG UNSATRATEY ALBEHYOEIANIDr m  and a
ring formare known, and a catalyst is used alter being nolded in a form
appropriate for the operatingNé ATEBNSARBPX¥BIGAGRY out an oxi dati on
reaction, and the production conditions and performance of the catal yst
itself Furthernore, in regard to the nmethod for nolding a catal yst, various
nmet hods sucqe% m&g%bet nol di ng, extrusion nolding and coating nolding are
known e above oxidation reaction is usually carried out bypassing
a raw material gasheRieponestidyeittstd MbviiRAalR MR A pBAsS cat)iy geitiand t he

| i ke, through a reaction tube packed with a catalyst. However, in this
case, t her eradpuafor prtathgmensasiatdd adshytidhetan wisenrated carbex it badhipt ed to fl ow nore
and nore of the raw maerrial gas, an increase in the pressure occurs, and
the selectivity ratio for the target product decreases; and that | ocal
abnormal high.te at ure areas (hot spots) occur in the catalyst |ayer,
resul ting i%dégﬁﬁgﬁégse inthe catalyst |ife or a decrease in the

sel ectivity rati onfiialdifnd@banh RhAMHE b dRubR SLIEAL el dat i on

reaction, and in a worst case, the occurrence of a runaway reaction
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 problerns, 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



Anong the catal ysts descri bed above, since a catalyst having a ring form
that is, a hollow cylindrical fotmor a cylindrical formhaving a

t hrough- hol e, has a through-hole, the shape is known to have a snall
pressure drop. However, the shape has a small nechanical strength, and thus
in sone cases, the pressure |oss rather increases, because the catal yst
under goes powderi zati on during catal yst packing or powderization during

use. In order to conpensate such defects, for exanple, Patent

Docut nent | describes a nethod of fabricating the though-hole in the center
or the exte f . : t ] L4 .nt. | o S y Thi s
nmethod is i%@gjﬁ@g&%&%ﬂ]&)g}r&gg@t %&feé{&% %V(%%C%Lﬁt eﬁ%w%a (’%ﬁ}g@ggﬁyaci ng or

powderi zat i grt® the m ni mum by providing areas of | ow nechanical strength
in the catalyst and designing the catalyst to be disintegrated at these
areas. However, tAmwonpirievedijsisdescitfed powg eindezaiiapst odpa ringfymathatiiye hdliowe of
catal yst packing is insufficient even though such a technol ogy is applied,
and an enha#iiedisd orpior & ¢ybndried] Br s atlaeieshelp dies aghroyghdiole dhehaps is knewif ur t her
demanded. Pat ent cunent 2 describes a nolded catalyst in.a hollow
oy i al OFREASBRT RGO BBV RBISEPS Pie Sl B SRR B 1 t hat
a catal yst i i red , i I end of
t he outer sfgj e C%ﬁgdal% %rg\slgt}r%jﬁﬁﬁgﬁc\églgrgé S%h%?%%%%@gﬁg%go%?g&%ﬁgng%Q ffect of
SUppr essi NGcadlyRR&SK oL d@Ration B&igakal yst di scl osed in Patent Docunment 2 is
a catal yst used in the oxychlorination of ethylene to 1, 2-dichl oroet hane,
and the net hod t Buorgeraduopengstasudatedeby,br exandplec PratdnsDaeuipstt & ddstrited ymehcdol osed

in the sane docunent, is a nethod of inpregnating a. support with a

cat al yt i cal brica@githydreighbelainéhe cenigs af the externg! st ({4 ceslyy wgraé@lhﬁwlﬁ@p% he pores
of a support with . a spall . nt of a catal.yticall cti.ve subst.apce.

pat ont Docurrent - JHERLPHSITARIS SRR b8 b ERS AR ced by
coating a SHRRRilimi byl Bl 5HoR ABhical srength in 1 UANACLIRE Gy 3ot
Docunent BStgescrl es gp rrelzt%ﬁ%%é%ﬁ ?ncormr“éat fﬁr?régtalﬁﬂgénor%ani C Sf?glml;1 r into the
const i t uent ca@ORRORLRISEsRfcd & 1884 Rday S THowd&E tchtdghtibroo b Eeripmibh@durriigdye

mechani cal strength of the catalyst is enhanced, but since the catalyst
conponent ithswehd ofcaalysbipadiant is infvdficanstvaribaigh fuchasdnglesyos appled, andact i ve gas i s
| engt hened, and heat_ accurul ation in the catalyst is increased along with

the progr edBanggmanid the dickerplgpsistapeerd fe caidlstindirtat fepefsd t he catal yst nay
cause a decrease n e cat st lif [ r.un Jeaction, and therefore,
there is a deman a@%%%@%ﬁ%& ’Sﬁgvgiﬁgg)caéa?yﬁtlHé?l@o\tﬁg%é%ﬁn%?%ﬁ%r\?ia Taety Eékt(%t.

Pat ent  DoCUBmA torth, RichGs BhiBGdPSER 18 Lahigh ¥ianitRe W6 if B8 eRdoRWWa.RGR: Of a
hol |l ow cylinder, to which a catal yst conponent is applied, is curved.

Fr at hennor exdgfRat] efihe doee sideand tobaditiseigsad ofahdeaadrhole hes a0 ket ofisigrekdinga

t enperature-regul ated and noi sture-regul ated envi ronment. However, Patent
Docunent 5 mesyiptiope|Tae edplstdiglossdppataneboaen L jpocatalpy pssd ingeroxpblotivason s

Pat ent Docu ts Patent Docunent 1: J nese Pat ent | i catjon. lLaid-Qpen
(TP Ay No. BERAErs SRR B i ot TR RN a5 g g DG pptsttan P

disclosed in the same document, is a method of impregnating a support with a catalytically active

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 Docunment 3: JP-ANo. 2002-273229 Patent Docunent 4: JP-A No.

61- 141933 Patent Docunent 5: JP- A No. 2008-207127 D sclosure of the

I nvention Problemto be Sol ved by the Invention An obj ect of the
present invention is to provide a catal yst which suppresses a decrease in
the selectivity ratio for a target product in a gas phase catal ytic
reaction using a supported catal yst produced by coating a support with a
catal yst powder; and has excellent frictional resistance. Means for Sol ving

Probl em - The inventors of the present invention have found that
al though the frictional. resistance of. a catalyst is not I oV |y by
sinply coat?ﬁ%egpbhﬂaﬁéIhpeﬁggﬁ%ﬁgﬁ?nﬁﬁ?ﬁggy%ﬁ?%a?%?g%gm g$§m%%%ﬁ§$%blens

descri bed ahoV&nGaNeREoSaHYIRALRY e khiBt ARk LGBy RONHETl RAShRkI t he
shape of the support i1tself and the granul ati on ‘environnent, thus

conpl eti ng &he. present Invention. That is, the present invention rel ates
to: (1) a catalyst for producing an unsaturated al dehyde and an
unsat ur at ed car bdehtiRocaoint 4y dsdoscespolydimghish thadnjl ackicroga pilopyyliads o

i sobutyl ene, tertiary-butyl alcohol or nmethyl tertiary-buLyl ether to gas
phase cat al Yiirla Glevetsorepcnt dpppiedtisiped pei ng a supported catal yst havi ng

an inert support ted with,a cat St orq%r' erei.n the jne port
Pgl(r)r cImore Wateig chmnent% c%ﬁlosega e?_l I {qu? OS 8{;}\% jis] zhielln%emtnﬁ% {e%%lﬁn g

is ring-shaped an as dn outer periphery ve hwi se

di rection ofpitRenSURPSdSenvironment. HoveRy, PaEARDYSIMehOT is RE REHME toRGuRBrted
unsat t gat ed- carboxylic acid by subjecting-a-eorrespondi ng

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. 2008-207127

Disclosure of the Invention
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:



unsat urated al dehyde to gas phase catal ytic oxidation, the catal yst being a
supported catal yst having an inert support coated with a catal yst powder,
wherein the inert support is ring-shaped and has an outer periphery that is
curved in the | engthw se direction of the support; (3) a nmethod of
produci ng a catal yst thr produci ng an unsaturated al dehyde and an

unsat urated carboxylic acid by correspondi ngly subjecting propyl ene;

i sobutyl ene, tertiary-butyl alcohol or methyl tertiary-butyl ether to gas
phase catal ytic oxidation, the nethod including a step of coating an inert

support with a catal yst powder. to pnduce S rted catal yst . wherein the
i nert support is?bﬁﬁéigﬁ@b@aﬁﬁﬁ%mﬁﬁgmﬁﬁﬂ&@@aaggﬁPPBﬁ@?@t %é?x$%a%uPVed in
the | engt hw se. di i.on..of S " nd. ' - is
produced i ‘r’]‘éogl%p%id%%@g};]bgé@g%g i Jp? & %t%g U(1)$'f te%gl tbpﬁgarkt%hgto ; ﬁgﬁ%ﬁ%ﬁ%ﬁ@g ulated to
have a wei ghfer RR8QIE SadiRLGAMn, @F cHaifdilbely aRin@b@d catalyst having ar it s@ppsRt hod  of
produci ng a catal yst for produci ng an unsaturated carboxylic acid by
subj ect i ng @atedwitispontyitpgwden satin dt et aippetiyide-saypedad hpha seerpatphtry thatc

oxi dation, the method including a step of coating an inert support with a
cat al yst poeteyedirghylprsghudss digciansb e SWECTe at al yst, wherein the inert support

is ring-shaped a has ap outer peripher hat. i s,.curved in the l.engthw se
direct?on o? thqu@ﬁﬁ%¥¥gwﬁﬂ CﬂﬁgPQI 1%W%m%g?ﬁ?§§¥%ﬁéﬂAW@@S@gﬁmﬁﬁﬂ%g

at nosphere f Li.n E%%H : @ wei ght
absol ute huﬁ%%@%%?%#ﬁ%#gTﬂggﬁﬁfgﬁg%?QQMBE%KQ%%%§ a né?%%ga%gmgﬁgﬁﬁ%ing an
unsat ur at edinaheHIPEcRARE wallla LRSATIHAL Stherei tHR M IsiPordis Hlly-stifae melihas 4r opy| ene,
i sobutyl ene, tertiary-butyl alcohol or nmethyl tertiary-butyl ether is

cor r espondi auigl yeriphoy tbat tsedrvecoin a engheiseliredibabithd soppori dati on, by using the
cat al yst accordizg toitem (1) or the catalyst obtaiggg%scgy he met hod
according to it efdegpethogpiproducinga catalyg Yor grofycng Gy unspug YRG"EH unsat ur at ed

b [ i i d I, t ted,al dehyd i : i I
O R e e A R N L
to item ( 2)aﬁg)fxﬁ)ltopﬁetﬁﬁ{eﬁla%typaﬁeﬂomh%el@é/talﬁl@%xjﬁﬁbﬁ% REABO AN 4 Lepiot em (4) .

Effect of t nventl on According to the present invention, there
can be pnvigeathgan Bat abystwiMaicallyspixeas peducaa dppiredselishnwhdien tehact i vity
ratio of a target product in a gas phase catalytic reaction and has
excel | ent fsupmttisomgishapedsing hasan evter Rertphesy atriscunsil imdle lngdwisadigripsofthas a

t hough- hol e, the naxi mumreaction tenpperature (hot spo ca e .made smal |
Best Mode fHPPOCAYMHgCBHE cHiwst Pf@@’r??“ﬂg pp atmosphere gthe S@E?%V&% %t?ms[kﬁ:gz present
i nvention can,be. obt ine%lgy LE T - ing a catal yst powder on an
i nert suppdf?&%§€$%ﬁ'%“% F Fgﬁggﬁggﬁéggpp¥ﬁ%§@%talyst powder can be
obtai ned by a ne m%eﬁﬂ@%br@%ngsmmﬁa for@Xaitlgen uasuaRs GhtioRad atimby P- ANO.
10- 028877 or JP-A'No. 50-30815, there may be nentioned a nethod of drying a
shi ny obt ai sagjektibya dinsgobdiigngsaaratcdiaBlgherstio gep phase onpwis neidation theingibng a
catalytically active elenment in water, by neans of evaporation to dryness
or spray drigdliipcarnisp pfreating Riinerisppog atith p fiHgt IEESDPRIR AR hGIREEr as
necessary, at or_ above 400C, The catal yst powder that can be used
Wh prel ereiEd enaa SRR R B RO i rrge DR Gl e GEiRE

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



Exanpl es of the catal yst powder for producing an unsaturated al dehyde and
an unsaturated carboxylic acid by conespondi ngly subjecting propyl ene,

i sobutyl ene, tertiary-butyl alcohol or methyl tertiary-butyl ether to gas
phase catal ytic oxidation by neans of nol ecul ar oxygen or a nol ecul ar
oxygen-cont ai ni ng gas, include catalyst powders having a conposition
represented by the following fonnula (1) as described in JP-A No.

10- 028877: MaBi bNi cCodl | ef YgZhOx(1) wherein M, Bi, N, Co and Fe
represent nol ybdenum bisnuth, nickel, cobalt and iron, respectively; Y
represents at | . one,.el nt sele dfro I i t.un hr om um
manganese, BRIHORTUMY SR ULy AR P G folyy bibe 5 B R BeR" 00

el ement Se'@?&%ﬂxﬁé@ﬂb@ﬁ&@é%yHEhmﬁHQk&h%&ho&&@&%'U”‘and cesium and a, b,
c, d, f, g, Ta and X represent the nunbers of atons of nolybdenum

bi smut h, ni cketoftedbadtbn iron, Y Z and oxygen, respectively, such that a =
12, b=0.1to7, ¢c+d=0.5t020, f =0.5t08, g=0to2 h=0tol1l,
and x val ue det erdscerdids loyhetphrscnbiniadiami bere eande provfedialeialyswhigh syprasgsesent s.
Furt hernore, exanp]es of the catal yst powder for producin crylic acid by
subj ecti ng SCHEEF& e sletyyiheratinda grge ‘&W?FV@*%QP@&@%&HF PR S%ﬁ?ﬁﬂyst

powder s havin C Qsitli r epr.esent the fal i ng. f l.a (2) as
escri bed | HeTEAAREIRS oot BRnbERRE ROy R G bR Bl D Lo Vw
Cu, SU and Qunp&Rineatnbotih¥oeeRWM) vanadi um tungsten, copper, antinony and
oxygen, respectively; X represents at | east one elenent selected fromthe

group consisting of alkali netals and thallium Y represents at | east one
el enent selected fromthe group consisting of magnesium cal cium
strontium Best Modnfarfdryingeut thg Iveppesent s at | east one el ement sel ected from

the group consistjn f niobium.cerium, tjin, chrom um. manganese, iron,
cobal t, sanariunﬂkﬁgW%ﬁHg‘z 1P %Wﬁﬂmmc‘HHO&@@%ﬁvéﬁmaﬁm%?ﬂﬁﬁ g?ag$%$, g and

h respectiv ‘ . ' | 0S . I : , and
with respect e 3 BEE eIl Al ul BBl L kil R RUESHERT S, aoent s
0 Sb C 10, Reth®PHESERE &. OFst cfang®, aslled-fRA BTLMN 0. 00ZE 7 Aor IRA M. SEPRESENt S O
Sc 50.5, f represents 0 Sf51, g represents 0 S g 56, and h represents the
nunber of otyrgeny Etromsoredguithetbitiying aslinsy gbtdned bpdisolviog nalispergies: cofipdune

vari ous conponents. anpl es of the catal yst powder for producing

Ex
met haer yl i cCoBINEe Byatdyisilyastva glomet Raaics Pempang of cyperahpiEe dypest 4 PR deving

Fol L ovi ng’ +BPGTE pobt et Elbe B g e P RS B o P esent e By the
M12V3PHCUCASUXEGRL 30 el N L 014D AU Re ol RS RSGARRAYE N IP-A No.
55-122734: MuV3Pbet| cAsdX0YrOn(4).

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,Bi,NiCogFerY o0« 93]
wherein Mo, Bi, Ni, Co and Fe represent molybdenum, bismuth, nickel, cobalt and iron, respectively;
Y represents at least one element selected from tin, zine, 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 atoras of



The material of the inert support used to obtain the catal yst of the
present invention is not particularly limted, as long as the material has
an activity of 20 or |less when the activity of the catal yst powder for the
applicable reaction is designated as 100. Exanples of the material include
a-alumna, silicon carbide, pumce, silica, zirconiumoxide, and titanium
oxi de. The support according to the present invention is

ri ng-shaped, that is, has a hollow cylindrical shape or a cylindrical shape
havi ng a through-hole, and use is nmade of a support in which the outer
periphery, that,is.,the t ends .in I 1.SE (i I, on i I I ow
cyl i nder, i%ggblﬁirm\l}léﬂdbllsrﬂut H}é%l’éér}’éa? ’H%H’S%Q |dr0§&%§’g%%e%§\ﬁg{sgl&§ét? helg’fgu—?) el:1 §

di aneter of;.hg-¢rQ550 865 1,QN: L Dt D=0 8N &ld xCf vahib@td AR Y MhSRidsHOR &L T ON 1S
| arger than’the outer diametéer of the cross-section at the two ends in the
| engt hwi se dfite@aiouodkemefitdch a support can be produced by planing the outer
peri phery of a commercially available ring-shaped support with a ball ml|
or a tumbling gr&nthicme, oRppleheitwsatelyst povedeniyr Hrodeeing aswliggeiddwiseliccdne a dri ed

product thereof nmay be nolded with a ring-shape extrusion nol din chi ne,
subsequent | 3P0 GRS Cﬁ&#ﬁ*ﬁoﬂ%’@ﬁ}%\ﬂ&v%a B%‘B‘?‘%@H%%V%Wﬁgff’%%mﬁﬁ %&%%tgﬁay be

'iBéfdh?JtP-A% JohKRp@&nd then cal ci ned.
port 1 tr

rounded w t,h bl i.n ranul at
In regard t{gtﬁeh%]%gim eforg)f'gt@émése%ﬁ a support in which the outer dianeter

of the cross-sectyOR, wWitddex per of the phengthwi se direction is usually 3
to 30 nm and prek@;]blfglb&zl toq%’ lFrm and thde?l ength is usually about 0.5 to
2 tinmes thewtiayio,di an@d, b adfO khesenmabbdent vasadvnniuhdsencepyeemtimbgy and ed.

Al so, a support in which the dianmeter of the th(ou%g- hole is usually 0. Ito
0.8 tines thezwuepectivibaMaensesenifat epreonseloment sdasted bom fha soreconsvingeTalkpls” used.
The aperture radiys_of the su rt haying the quter peripher ounded is

t he appar en@et?l?ﬂ’?@ﬁ“p“émi%@?mﬁﬁgg%ﬁﬁﬁ%ete\(eﬁﬁgtss?a}?c&ed gl f‘g‘ﬁ?%%f)%t o the inner
radi us obt aj g?i - : ol K8 i DRt EE Aleas] 1e8ed Borf
ring-shape e %&%%ﬁ%%@ﬁ@,%éﬁﬁgz&@ﬁr _ ﬁgﬂwée%?gig%lo ggcurvaturlg at the
outer peri ph&oGRfhgReniethi Stfeh, BY, cheeihathidghetdBon@bAT tatdariaih, gtii@nisppor t
or the mechanical abrasive force of the tunbling granulator or the I|ike,
and a suppottiniinmeodbisai; 4, he, datferand hrapemfvelyesptasat the dothin sitiofof g varmnur e whi ch
is defined belowis usuallé about (1.01 to 0.5 tines, and preferably 0.05
to 0.4 ti medemoprandyithuespent inoelybigupgemeepprepentsls 45l repseR@=pallPowi ng,
the outer circunferential radi f cutvature t oMt er di r in the
center may Carle@%%%sed?%? éﬂ%ﬁ%"b‘a‘s‘f%&g??% de:ebealreefﬁttsﬁrﬁggﬁé ’ #{FPécsgnu Og“rg%pggi phery.

The out er GLOCUNTRE SOk h fefcHS 1R hubd YR WeR bS] €fifed @ IR tealiys of the
rounded po?ﬂf%grgsng% n"?ﬁé’ cor r?glr eporti%‘n of ag’g?o?llow@(ﬁ:yl [ nde?i,9 aend this is the
radi us of anlegdel bfiplid vedus mpohdh@ul ar roundness that can be obtai ned by

pl aning the outer periphery of the raw material support with a tunbling
granul ator or aEyahilesof th caRlystpowdendr produding nestheeylicdrid hprbiccting nethecrddnt er
refers to the outer dianeter of a holl ow cylinder. . The ,voi d
content, wdf & PREEEapLic erdatian peludrfatalyg ey aghe %%B’P%%}BBB@PFS@&%M? fect the
per f or manc The voi ontent . of & SUDROEL L is preferably 20% or nore and
70% or Iesgf?noé"rlln f?rnﬁlrué‘(%rase%eg#}é ?J%g&%r rmlrhe' and 55% or | ess. The water
absorption rationgf,\ihe.sugpert is preferally 5% or nore and 50% or |ess,
and nore preferably 10% or nore and 40% or 1'ess. The porosity of the
support is qaefdbabl Hrbilpss deRriedand-A806561121784s, and nore preferably 60%
or nore and 80% or | ess. The nmethod of cal culating the void content
and the water ab®mphionAsekYEhis as fol | Ghs. The nethod of measurenent

conforms to JI'S I%ﬁez r?mStérial of the inert support used to obtain the catalyst 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.



Void content (%9 = (WB -W)/(WB -W2) x 100 Water absorption ratio (%9 = (W
- W)/w x no Dry weight (120C x 60 m nutes) W2: Weight in water WB:

Wat er - sat ur at ed wei ght The nethod fir supporting by coating a

catal yst powder on an nmed support is not particularly limted, but an
exanpl e may be, as described in JP-A No. 10-028877, a nethod of tunbling
granul ating a catal yst powder together with a binder such as an al cohol, 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 catal yst of t hke pp@aarbdingwend i@t inSer@b Rt Hapef @ it BR a¢8tA) yst of the
present invention, the supporting ratio of the catalyst powder is usually

20 to 80% byyhudiiephthapeantcypindetd stapy yvidga thougiO8ddyndwe ighide bfxestyployt st which
powder / cat al gst L _In order to support a catalyst powder on a
support, it U ’r%?l%‘%eﬁ’btf‘%lsttéetﬂ@émﬁ“*@1@1&@%ﬁ@¢%ﬂﬁ@f&0%w§¥hﬂé%gﬁtmé¢manci ng
ai d. Specifi Les of the | di n id.that can be used include .
crystalline t%eei i éumlo ggl,rectéo ’a&rla(t: R, t{l%)rli‘%r %‘%‘3‘%‘ Péél%‘if?sﬁ?ecﬁ%én tﬁ?’r‘f?ﬂtﬁlt‘)fg? kl‘}%tgw‘éef t he
mol di ng i d dirscibhSH Alebdhed Ao MRIBRLE 1V crds S8 t powder.
Specific exarrplles ofglat he stor engtﬁ: enh%ﬁgsﬁgeag?gﬁ%ﬂg‘?aggﬁ%g&%@égi ncl ude

ceram ¢ fi belirsstiors aStdn sfigpbesad be ochcdtypleging the NG paipRdbT a@bmseaf t he
strength enhancing aid is usually 30% by wei ght gased on the catal yst
powder . The avadiplel mg-shiped sngittovith s ballenig bha temblang giandat@i dPuntbeymixe, andax-dikk
advance before .su&g{g{s&i ng the catal yst powder, or may be added

si nul t aneouSt¥FIHie PIR@IRacohmey befraqkied pih a Heggihene svsipn mplding meclingst  powder

and the |ike.,i. ing.machine as. will be descrjbed |later.

Fur t her nor e?uljl's%%glrﬂgtehgg ‘{‘t‘g pglg%epl?ﬂg{}het%gmg(éfxﬁﬁ}%ltp“@gmy Ledﬁm‘é%“@wg’pﬂdw?hngt i's
preferabl e tLRnSEe RHPHIRIBH raP8&ity c exanpl es of the binder that can be used
i nclude water; a polynmer binder such as polyvinyl alcohol; an inorganic

bi nder such as si hirgardsobe o odthtiibRa, SQpporandhienhagamiGeRonEer such as a

pol yhydri c al cohol such as ethylene glycol or glycerin, or a mxture

t her eof The SRFfTEHON Brhogeer ofthe lngthiviisa disectionsis wrsalaBlty300Om.tand BeRmbly 4 wei0ght

based on th ?nn% %Ed%LEYI% 1plso_1YS\9a?lg/ 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 fo llowing,
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 corer portion of a hollow cylinder, and this is the radius of an elfliptical or circular roundness that

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



The wei ght absolute hum dity (kg-water vapor/kg-dry air) of the atnosphere
upon coating is 0.01 or higher, preferably 0.01 to 0.05, and nore
preferably 0.015 to 0,04. In that ease, the tenperature is preferably 20C
or higher, and the relative humdity is preferably 20% or higher.
Regul ati on of the atnosphere for coating nmay be achi eved by a nethod of
bringing the humdity in the granul ati on chanber to a certain val ue using
an appr oy h BiIEnAP PRtsSore, e bhibedifRée in tht cdniterefid e SilvatetdibBetttoTh Holfowe d
under the conditions described above when the nolded catal yst is dried
and/ or cakkideed, the degree of wear remains equal or is slightly decreased,
whi ch is preferable. The aperture dianmeter of the support and the
catal yst i s th&hapgdcemnnt wateetbsoliptonetir and aosityahitho sufpert slag affecidhde a uni f orm
aperture dianeter The dianeter may vary at the inlet and at the outlet, or
t he openipadorofaneene Tl i wntetyof the simpes ismesferitdy 20% siadore Tk (e oHess, apfl more

cal culating the aperture diameter is as follows. Aperture di aneter
() = (Apderetly 25% panere ard $06 eressi nlherwaigrasomtiofyatia filee yprosds Rpfemblyhfe
outlet (mm)/2 The catal yst of the present inv i on _can_pe appli to a
met hod  of BIOBHIE PPrg ORl§ss Ard S10+ e blé(llg‘iéw Hlé’rea%l?g Q@’ﬁ otleat Eﬁ%lfoé%?% 8‘5 Oxylic:

acid by correspondi ngly subjecti ropyl ene, i sobut ne, tert.i - but yl

al cohol 8Fmﬁﬁﬁﬁ§$g?@?§%ép§m%ﬁ¥?é&g@5@9%ﬁ388§§”5ﬁ§§@y§§%§¥§PF¥m8§$%§fion, or
to a method of pnduci ng an unsaturated carboxylic acid by subjecting a
correspoﬁﬁ?ng unsaturated al dehyde to gas phase catal ytic oxidation. The
reaction can b i I EP@Q NAS S I

oxi dati on reac?ﬁgﬁ%&gﬁ (%ggﬁﬁﬁﬁﬁiééﬁﬂ% tl?g%ﬁﬁgggﬁ?%e gagﬁg as%kﬁgtalytic
oxi dat i oAHE GREHH 8 e RRELERYoisnR ) Ji§ Reh@ut by a conventional single-stream
passage nethod or a recycling nethod. The reaction can be carried out under

t he condi ti ons \ggnehtaithd) +ewd - Woywexawp) ejocconsi deri ng an oxi dati on
reaction of pnpylene, the reaction is carried out by intioducing, as a raw

mat eri al gas, avarabdrgasrafio@red(Ws oW1/Wbx 1@% by vol ume, and preferably 4
to 9% by vol une, of propylene; 3 to 20% by volune, and preferably 4 to 18%
by vol une, of 8l :&ruivaightdX305€n;60@nitnge30% by vol une, and preferably 4 to 50%
by volune, of water vapor; and 20 to 80% by volune, and preferably 30 to
60% by vol ume, Vé2: Véaeht wevatergas (ni trogen, cathon dioxide, or the like), at
250 to 450C and at a pressure of normal pressure to 10 atnospheric

pressure, at a Vépraersemgel vgighc f1ow rate of raw naterial gas/apparent

vol une of packed catal yst) of. 300 to 5000, hrl. rei nafter,

the present inVeRFEHAC FPpW@“%@%%?@E%H“?H“ﬁﬁW@géggg#E§ﬂ§mﬁ%Frﬂngxanples.
I Lo MBS D A LSS TR R PABLOR s Sl g Sear
and yi el ¢, 3HB3RGHa g o LGy Sbl Ok QnIRATHY RN R AL or #RIKET tARPS-

the catalyst powder is supported as such, this supported catalyst is dried and if necessary, calcined 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
crystalline 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 ceramic fibers, carbon fibers, and whiskers. The amount of use of the



(Degree of wear) 50 g of a catalyst is accurately weighed (thi
wei ght is designated as W) and introduced into a plastic drum having a
dianeter of 40 cm of a tablet abrasion tester immufactured by Hayashi

Ri kagaku Co., Ltd. The catalyst is rotated at 25 rpmfor 10 m nutes.
conpletion of the test, the catalyst is sieved with a sieve having a
size of 2.38 mm and the sanple on the sieve is accurately weighed (this
wei ght is designated as W). Degree of wear = (Wight o f catal yst

before test (W)

S

After
nmesh

- meight of catalyst after test (W) /weight of catalyst

bef or e L et o eattnd 00 Bl ARG L atay b ¥ gradaled ol hofisL et hod

Met hod of nea

100- 11119r agupt GehohkhiRdSS aidy 1 &b lre(%h h&th %adms: Bul k
specific gragﬁty g%ﬁﬁ oﬁ%%m?%§??§$g?égéﬁ%§ﬁ02y|@ﬁgér n ﬁgﬁm

I'S nmeasur

Met hod

measur enmentay be added similltan®@Qsiyvitiodr before atidadfiyiSlie atidtior@ase dsmiyst powder Hi0hdtike
gr aduat ed leinder having an internal dianmeter of 28.7 nm 2.
of pure waU@Dah@dméd@dmwhewéﬁedﬁmﬁedbEESsure is reduced with a water

aspirator,

and the water is,  degassed un al nrost no bubbl s cone out .

(WB) in

of
50 ni

The

degassing i s car FPEQISR DOgE g SHRYEESTH “ﬂPW%“Bﬁaﬁmmwh%¥8m 5018 UL es.

binder.  Specific examples of the binder that can be used include water; a polymer binder such as
polyvinyl alcohol; an morganic binder such as silica sol or alumina sol; and an organic binder such as
a polyhydric alcohol such as ethylene glycol or glycerin, or a mixture thereof.

The amount of use of the binder is usually 10 to 60% by weight based on the catalyst
powder.

The weight absolute humidity (kg-water vapor/kg-dry air) of the atmosphere upon coating
is 0.01 or higher, preferably 0.01 to 0.05, and more preferably 0.015 to 0.04.  Inthat case, the
temperature is preferably 20°C or higher, and the relative humidity is preferably 20% or higher.
Regulation of the atmosphere for coating may be achieved by a method of bringing the humidity in
the granulation chamber to a certain value using an appropriate apparatus.  Furthermore, if the
atmosphere is bumidified 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 (mmy))/2

The catalyst ofthe present invention can be applied to a method of 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, or to

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

a



3. The water |evel alter degassing (VI) is neasured. Porosity (7)/0) = (1 -
(Vi - 50)/50) x 100 Conversion rate (%9 = (Nunber of noles of
react ed propyl ene)l (nunber of noles of supplied plopylene) x 100
Selectivity ratio (%9 = (Nunber of noles of produced acmein or acrylic

d)/ (nunber of noles of reacted propylene) x 100 Yield (%9 = (Nunber
of noles of produced acm ein or acrylic acid)/(inunber of noles of supplied
propyl ene) x 100 (Preparation of catalyst powder-1) Wil e 3000 parts

of distilled water was heated and stirred, 423.8 parts of ammoni utn

mol ybdate apg, e%%a%%ﬁat%%c%%ﬁ%ﬁi %%ﬁi&é@ﬁ d?t%l}%@ﬁx\é&gedtt %%&i n, and

t hus an aqueous sol . ) Was obtalne epar at e ~an aqueous sol ution
(B) was pr gpaeedaiid oSS Rledhing aQleflatRA tiftit®ulaf QRadal pHatdchal @ oxlifidn 9 part s
of nickel nitrate, and 145.1 parts of ferric nitrate in 1000 parts of
distilled wedcgon, andndy Brraaigdien bga ealdaitionaiinglEGktreaapagsage pathedoryecghlisgs ol vi ng
164.9 parts of bismuth nitrate in 200 parts of distilled water that had
been aci di fiaigpdpyThgeraftion cabe paradguignde 8\ eeriipnagengafy vsed. ¢ Facdxaplohe aqueous
solutions (B) .and (C). were mixed, and the nixed |iquid. was added dnpwi se to
Ehe aqueous BB AR SO plogare e S et Y eBERE RS ut o

t hus produ I JVEY o i1 nar i | ci ned
at 4400  or rhany S SR RRE ySPLt @ iind B8 MRS bR O der
was obt ai nqgopylEhe3 (o284 ol dtic M@ty 483 R G RAL@ENAST hddcalbdsiyochasler]. The
conposi tion excl udi ng oxygen of the catal yst powder-1 was Mo = 12, Bi =

1.7, N = 2y8plufie aid iBefer@dy &0 502, by avtdmd ofwDer apot; mdt28tand)%ofy valnoriacd r at i 0.
Support- | The method ter Producing a support-I and the properties of the
11

support ar @egalinidieoie by volume, of amingt gps (itrogeny Gapgn dirireer tiafplot £5Havi ng an
out er circqgﬁ 1thiaI rad'uslaf_curva ure q%,o.q qnlzgncgqae%%%¥%geter of
5.8 mm a | ﬁaﬁ B PESSCQURP IS REFSHIY A p @ BUPEoh aie e 812 81 2% Was
it roduced 0 Al iR BO oF-GARARILY o0k 200G 1] and ves rotat ed
for 2 hours. Tﬁ% suppo%t us oLtaiﬂ%géﬁadhéﬁ outer circunferential radius
of curvature of 1.3 nm an outer dianeter of 5.8 nun" a length of 6.3 mMm
and an aperture dianeter of 2.8 nm Furthernore, the support had a void
content of B&WPlaESvat er absorption ratio of 15% a bul k specific gravity of
1.01, and a porosity of 67% . ] , o )
Hereinafter, 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 ofa catalyst is accurately weighed (this weight is designated as W6) and introduced
into a plastic dram, 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 of 2.38 mu, and the sample on the sieve i
accurately weighed (this weight is designated as W7).
Degree of wear = (Weight of catalyst before test (W6) - weight of catalyst after test
(WT)yweight of catalyst before test (W6) x 100
(Bulk specific gravity/graduated cylinder method)

Method of measurement:

10



Support-2 The properties of a support-2 were neasured, and the val ues shown
bel ow wer e obt ai ned. A ring-shaped support having an outer
circunferential radius of curvature of 1.5 nm an outer dianeter of 5.8 mm
a length 01'6.4 mm and an aperture dianeter 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 nmethod for producing a support-3 and
the properties of the support are as foll ows. 400 g of a

ri ng- shaped support having an outer circunferential radius of curvature of

0.0 mm an outer QB@ERHQEmgﬁnﬁnéa tOaﬁphﬁﬁﬁbgﬂg£?%§§gﬁ%%$m%@ Ip_w%aerture

dianeter of 2.0 nm was subjecte aning o ery with a
tunbl i ng gr anuketers. ham ng a dianeter of 30 cm for one hour at a speed
rotation of 260 rpm The support thus obtained had an outer circunferential
radi us of curvat uBwk specify. gavityy WebrfOout er di ameter of 6.3 nmm a length of 5.1
mm and an aperture dianeter of 2.0 mm Furthernore, the support had a void
content of 46% JdPwatiwerdpsdedidsmetadi o of 24% a bulk specific gravity
of 0.83, and a p er%%% of 75% Support-4 The properties of a support-4
were neasured, and tHe FSPHEE ™ hown bel ow wer e obt ai ned. The

support had an ouf & m,ieh CHUHFEE fRl o?52&%M%g$ﬁ§%§5MﬁBHﬁﬁhéﬁnﬂw m an

outer diameter of 5.8 mm a | engt an aperture dianeter of
1.8 mm Fur thesooreR.7 e support had a void content of 48% a water
absorption ratio of 25% a bulk specific gravity of 0.81, and a porosity of
78% Support-5 (CoAMaldpirywatBiemipédahereto, the pressure is reduced with a water aspirator, and

the water is degassed until almost no bubbles come out.  The degassing is carried out for a degassing
time of | minute fo 2 minutes.

3. The water level after degassing (V1) is measured.

Porosity (%) = (1 - (V1 - 50)/50) x 100

Conversion rate (%) = (Number of moles of reacted propylene)/(number of moles of

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 acidy/(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 parts of ferric nitrate in 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 stirring,  The suspension liquid thus produced was dried using a spray

11



The properties of the ring support used as the raw nmaterial of the
support-1 were neasured, and the val ues shc. Avn bel ow were obt ai ned.

Quter circunferential radius of curvature O O nm outer dianmeter 5.8 mm

|l ength 6.5 mm aperture dianeter 2.8 nm void content 35% water absoiption
ratio 16% bulk specific gravity 0.98, and porosity 66% Exanple 1
Preparation of catalyst-1 300 M of the ring-shaped support-1 was
introduced into a tunbling granulator, and was wetted with an aqueous

gl ycerin solution Subsequently a m xture of 300 g of the catal yst powder-1

and 15 g of qCLysl ahdifintial Lithess 462 AAded: LARLEL® akd % nak %Igﬂ th an

aqueous glycerin solution, us catal yst' powder-suppo icles

wer e prepar gfsined pewRakAs®bainddhes h&%ﬁﬂﬂrﬁu&&va}!\&@%}mﬂ%ﬁia@@ta@&t ph@@ t epper at ur e
for 15 hours, and then were calcined at 530C fbr 5 hours under an air

st ream andcdnpositian egatdalpysigend! thelvatalpt poatet-1 wanhdat L HBi-wh3 NobR &) Feed.8, The

catal yst thus obtained had an outer dianeter of 7,4 mnm a length of 7.7
rum and an“apse. a et lein teps afa@nygftioryur t her nore, the catal yst had a degree
of wear of 4.0% $a bul k specific gravity of 1.03, and a porosity of 68%
Exanpl e 1-2 Prepdat8ti'on of catal yst-1-2 The granul ation chanber

was regulated to i : t 1.dj 1 QIQ% r
t enperature 250),ﬂ%\r?%th%%ﬁﬁgﬂgmgp%ﬁ%%rL?aﬁg&lgh%g;en\{cfsgﬁ%epo t?#\%\g@@ﬁtroduced
into the tunblingogbedttbakapéd saRpdr WaGnoWE bli@diriniienBAl rRARY BRUS Al W E®E | N
sol ution. Subsequently, a mxture of 300 g of the catal yst powder-1 and 15
g of cryst ainhi, aeouedliinto o5 .vas, ddgeécdHh eme tugl @lapamrdhabyr of.8 mnawaaqueous
glycerin solution, and thus catal yst ovvder-supporteg garfi cics were

b

prepar ed. THEpBgHhie a ball ralblavigg p eapeqing o1 2087 wl g watrogied opdbause mplersatbgite for 15
h . and fhe | cined at 530C. for 5 hour der an,.air st d
thus a cat aryore EHEt i SERe Mmoo A e Set B HE orhe @i P Uil T hus
obt ai ned h aﬁ‘nrf?‘ﬁ‘ IR @6.3%& &t ﬁrap%ﬁzﬁaﬁaeﬁwf 0 88 © @Qﬁllkll:nﬁctre, ﬁlggupg&ghad% Rgqan

aperture dianeter of 0.5 nm Furthernore, the catal yst egree of wear
of 1.2% a doalekt oF P86 iafular odptioh yti@bf 159DBbullespetiid cROMBIfN Y1,0hd H@MsiFfanpl e 2

Preparation of catalyst-2
67%.
Support-2
The properties of a support-2 were measured, and the values shown below were obtained.
Aring-shaped support having an outer circumferential 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 circumferential radius of curvature 0of 0.0
| mm, an outer diameter of 6.4 mm, a fength of 5.3 mim, 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 of 46%, a water absorption ratio

12



A catal yst of the present invention was obtained in the same manner as in
Exanpl e 1, except that the ring-shaped support-2 was used as the
support.catal yst thus obtained had an outer dianeter of 7.1 nm a |length of
7.7 nun, and an aperture dianeter of 1.1 ram Furthernore, the catal yst had
a degree of wear of 3.0% a bulk specific gravity of 1.06, and a porosity
of 70% Exanple 2-2 Preparation of catal yst-2-2 A catal yst of the
present invention was 'obtained in the same manner as in Exanple 1, except
that the granul ation chanber was regulated to have a wei ght absolute

humi dity of 402, (EhQEDRI A B8 RELH SRRy of780d the ring-shaped support-2
was used as the support gﬁv'he catal yst' t hus obtai ned had an outer dianeter
of 7.4 mm a |lengpp@fs 7.6 nm and an aperture dianmeter of 0.1 nun.
Furthernore, the catal yst had a degree of wear of 0.6% a bulk specific
gravity of 1.06, Hmarogeres pisippprigiwetgnesuiedzamp the vaue@skepabd@w wereobtaiesdt al yst - 3
A catalyst of the _present invention was obtained in |te sanme nmanner as in

Exanpl e 1, exceptﬂieﬁléipmméa%?%ﬁl@ﬁ@%écat%@ﬁwfﬁ%a%%f ltPsr@a a5 QUIBKEIEShpor ¢ .

The catal ys bt had_.an _out er. di.a gr of a Ien of 6.9
mm and an é%%? e “ﬁg er OP’qu dmfﬁ?t ernDreFmﬂ¥ rqgﬂlé?@x& %ad a
degree of wegy cdﬂtent%f Qé)‘/(% a@va@f‘ﬁbgoﬁigﬁf%hé SIO5GT A BecRe othviBAF 08N Enc RRERSI ty Of
72% Exanple 3-2 Preparation of catalyst-3-2 catal yst of the

present invefwstson was obtained in the sane manner as in Exanple 1, except
that the granul ati on chanber was regul ated to have a. weight absolute

humi dity of 0. 037Puppdianerparainperariklr e 35' C), and the ring-shaped support-3
was used as the support. e catal yst thus obtalqu had an_outer dianeter

T

of 7.9 mm a | engt™hPEPOS ortiHne SIEOhcdfheriy welgalehliesprat-| gyoir mppgured,

Furthennore%ﬂ%%gmﬁg%ﬁ%xﬁ%b@@gﬁgbggg{ee of wear of 1.8% a bulk specific
.05, and a

gravity of
Outer circumferential radius of curvatare 0.0 mm, outer diameter 5.8 mm, length 6.5 mm,

aperture diameter 2.8 mm, void content 35%, water absorption ratio 16%, bulk specific gravity 0.98,
and porosity 66%.

Example 1

Preparation of catalyst-1

300 ml of the ring-shaped support-1 was introduced into a fumbling 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 howrs under an air stream, and
thus a catalyst of the present invention 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 0f4.0%, 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 infroduced into the
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porosity of 71% Exanple 4 Preparation of catalyst-4 A catal yst of
the present invention was obtained in the sane nmanner as in Exanple I,
except that the ring-shaped support-4 was used as the support. The catal yst
t hus obtai ned had an outer dianmeter of 7.4 nm a length of 7.6 nm and an
aperture dianeter of 1 5 nun 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 catalyst-4-2 A catal yst of the present invention
was obtained in the same manner as in Exanple 1, except t hat the

granul at | O%&gﬁigng%ﬁu V\gsémc{ a%m %d‘%wqﬂxtax?ac%l%) f,lP/cenn Logli, nagﬁ%&%n‘?l Qgrﬁ}t&' ny of

0. 015 (cha eratu aped used as

the suppor t3TRemea bg&a@%adérh% 1@%@&&%}@@&%@{& u%'!i(ﬁéd tﬁéra@rﬁ&ﬁgte19t«lrﬂm5 m a
| ength of 7.5 nm and an aperture dianeter of 0.2 nun Furthernore, the

cat al yst haguausggeaesobfionngdthudtatadsiG¥w da-sippbied ppeaddsiie pgpast. t Fheadaft@, 92, and
a porosity of 75% Exanple 4-3 Preparation of catal yst-4-3 A
cat al yst of thésepaiicées were diiadwiemenn tsrpeveisre Sty Ahavesdani fen Wese edpingd ﬁféﬁ@?@rﬁ)lés in

Ex le | h h I
Ca?(r:rlp ngtl Orp%ﬁ%g g%l a%[étireémffﬁ a§n a? qag Istt%gthg_gggegt?nevgntmnw Io%%mg{ ° e cata?

thus obtained had an outer diameter of 7.5 mm, a length of 7.6 mm, and an aperture diameter 0f 0.5
mm. Furthermore, the catalyst had a degree of wear of 1.2%, a bulk specific gravity of 1.03, and a
porosity of 66%.

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 mum, 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 pososity 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 mim, 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 supporl.  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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wei ght absolute hum dity of 0.015 (chanber tenperature 27C), and the

ri ng- shaped support-4 was used as the support. The catal yst thus obtained
had an outer dianmeter of 7.6 nm a length of 7 5 ram and an aperture
dianeter of 0.2 mm Furthernore, the catal yst had a degree of wear of 0.6%
a bulk specific gravity of 0.92, and a porosity of 75% Conparative Exanple
1 (Preparation of catalyst-5) Acat al yst was obtained in the sane
manner as in Exanple |, except that the ring-shaped support-5 was used as
t he support. The catal yst thus obtained had an outer dianmeter of 7.8 nm a
| ength of 7.t camiystémth c&gtcc&ﬁ&f@ér'éf%‘%@ja%ﬁﬁ%&ﬁiﬁ@%a@t-y@ff@mmﬁ‘d%@mf’b% the
catal yst had a de%ree of wear of 26.0% a bulk Specific gravity of O.85,
and a porosity of Exaege Reacti on Exanple 1 A stainless steel (SUS304)
reaction tube having a total |ength. of 50 cmand an internal dianeter of
28.4 nmwas per perdP¥diPacicyialysidedal | ed, and a thernocoupl e having an
external dianeter %%ta@ﬁgmm_wag. i n;tal | ed .at. .the center of the reaction
tube. The catal ys{\- Wl "BALRSHMYHIHES Piddiitiie s @apgt a5 iHerepe Lot 15 em
and then ceraishGabal bsnddaftcnfRiPyhd e ® G JERFRLAN. MRTG, BAFKE] above

the catalyst and to the top of the reaction tube: ction bath
t enper at ur e (shasbarginpératine e SPCR anBROGg-sBPEH @pihh38chs 088 of (RS sﬂyrt.f MEESaile bY

vol unme of propyl ene (propylene flowrate 4.821/hr), 14.0% by- vol une of
oxygen, 24. @Wﬂvﬂ?ﬁéﬂm&eowﬁrdﬁmmmow&pmma leapitl oBR27 984 byl av gletirediahetdnbf 0gen,
was passed over .the catalyst to react. At this tinme, the maxi num

t enper at ur e "BF  FHLRErERLE B alyst by a degiogof wowed | §/ha bk spyificawvite oierasi on rat e
was 97. 2% P&l@sitﬁrgfﬂl‘/ yield of acrolein and acrylic acid was 91.6% and the
total selectivity ratio for acrolein and acrylic acid was 94. 2% Reaction

Exanple 1-2 ExafpR4r eaction was carried out in the sanme manner as in
Reacti on Exanple 1, except that the catalyst used in the Reaction Exanple 1
was changed t o t hgepmtial of sdtalybt-L. At this tinme, the maxi num

tenperature of the catal yst |ayer was 398C, the propyl ene conversion rate
was 97.4% the totefalyadihd pisteniinventionivias ehtrthed arthd supe mainek anaEx@apl7 % and t he
total 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 0of 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 of 0.015
(chamber temperature 27°C), and the ring-shaped suppori-4 was used as the support.  The catalyst
thus obtained had an outer diameter of 7.5 mm, a length of 7.5 mm, and an aperture diameter 0of 0.2
mm.  Furthermore, the catalyst had a degree of wear 0f 0.8%, a bulk specific gravity 0of 0.92, and a
porosity of 75%.

Example 4-3

Preparation of catalyst-4-3

A catalyst of the present mvention was obtained in the same manner as in Example 1,

except that the granulation chamber, drying process and calcination process were humidified to a
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selectivity ratio for acmein and acrylic acid was 94. 1% Reaction Exanple
2 The reaction was carried out in the same manner as in Reaction
Exanpl e 1, except that the catal yst used in the Reaction Exanple 1 was
changed to the catalyst-2. At this tinme, the maxi numtenperature of the,
catal yst layer 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 acrotein and acrylic acid was 94. 1% Reaction Exanple 2-2

The reaction was carried out in the sane manner as in Reaction Exanple 1,

except that wepbt datued ysiditysRID16 chiher BeaeiiroT°EX aMhSind WS GRaRgeds to the
cat al yst - 2- 2. At this time, the maxinmum tenperature of the catalyst
| ayer was 397d2s hedpprio pihcanelys Snvehtariedmdna beeramedial 2 %mnt, hengtiobals mhel d of
acm ein and qgrylic.%cid s 91.4% and the total selectivity ratio for
acrol ei n and™ PP SR QA< o . dyrhemeone the evialidAp Hegreg of wear of 0.6%Thlenlk

reacti on wag e‘éiﬁ@% ed in . the sa nner as in Reaction Exanple 1, except
that the cat%l ys uggﬁé'?jh dﬁgoﬁselzgﬁs h Exanple 1 was changed to the

catal yst- 3. C()m}ﬂati{xehi_i’x%n}gléﬂe, t he maxi num tenperature of the catal yst

| ayer was 392C, the propylene conversion rate was 95.9% the total yield of
acrol ei n and acr y(Preparation of @lsst89. 0% and the total selectivity ratio for
acmein and acrylic acid was 92.8% Reaction Exanple 3-2 The
reaction was car rdethbiivas pblaindddn Sasmec mammess ilsainple Reacdpt tha tHEXiaaghhyed 1,

except that the cat al&’iSt used in_the Reaction Exanple | was changed to the
Spipport-5> was used as the support. - The catalyst thus obtained had an outer diameter of 7.8 mm, a

cat al yst - 3- 2:
length of 7.8 mm, and an aperture diameter of 1.5 mm.  Furthermore, the catalyst had a degree of
wear 0f 26.0%, a bulk specific gravity of0.85, and a porosity 0f 74%.

Reaction Example 1

Astainless 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 in 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
sclectivity 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 Jayer 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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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 t'or acrolein and
acrylic acid was 92.8% Reaction Exanple 4 The reaction was carried out in
the sane manner as in Reaction Exanplec" that the catalyst used in the
Reacti on Exanple 1 was changed to the catal yst-4. At this tinme, the
maxi num t enperature of the catal yst |ayer was 390C, the propyl ene
conversion rate was 96.5% the total yield of acmein and acrylic acid was

91.19% and tderfiQkab b RkAG! dhyichal 1 f1a5, acr ol ein and acrylic acid was
t%x Yicha %

94. 4% Reaction anple 4-2 The reaction was carried out in the sane
manner as i n ReacRdaonn Beappl2e 1, except that the catal yst used in the
Reaction Exanple 1 was changed to the catal yst-4-2. At this tine,

the maxi mum t enpelhatcastion wes cruied eainaliopaite bapperes dsac8ouiBamplad, praphidive
OO LS P AL P} Sl fleBch i 2nd poryl i acid ves
54, 4% Feacti o0 EXAIR, Sy gy LI LFRELLR ML SRV AR L S
Reacti on Exafipdror rat¥@ss GNeN@edial Qod f8coRhah Y ytidhicRl was 91.4%, and b olahi S ti e,
t he maxi numtenperature of the catal yst |ayer 'was 390C, the propyl ene
conver si on sckt@vitpeso Bbacdldin i ecrylotad wyd %l1eh. of acm ein and acrylic acid was
91.0% and the total selectivity ratio for acrolein and acrylic acid was
944% Reaction Example 2-2
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-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 Example 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 acrolem 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 [ 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 vield 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 same manner as in Reaction Example 1, except that the
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Reaction Exanple 5: Conparative Exanple The reaction was earned out
in the same manner as in Reaction Exanple 1, except that the catal yst used
in the Reaction Exanple | was changed to the catal yst-5. At this
time, the maxi numtenperature of the catalyst |ayer was 390C, the propyl ene
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 oldie present invention is a catalyst
whi ch exhibits high activity and high yield, and has an excel |l ent degree of
wear.  CLAI MBalyst used in theReaofloBhpR 1 9fs SeAUGIRGaAy€at al yst for produci ng an
unsat ur ated al dehyde and an unsaturated carboxylic acid by correspondi ngly
subj ecting propyl éhtis ting dtontayhmmdsmfetatugd clirhy cdialysybyecalvasOC, the proplcny |
teitiary-butyl ether to_gas phase catal ytic oxidation, the nethod

conpri si ng &OSFER" B @At hdcdtil vid pf acsipsirer eorvic etd wasPad o ypd the ghder t o

produce a s 1ed catalyst  wherein the inert support is ring-shaped and
has an outegaggébg%@%§agwImefmgﬁngdm§ﬂﬁ%he | engt hwi se direction of the
support, and wher gipidhte fAlfbyst is produced in an atnosphere of the
granul ation chanber in the step of coating that has been regul ated to have

a wei ght absol ut eTlvuaiktbintiys @ifrie@ o 1 (B sk GB@%r as in Reaction Exampl 1Tetc8Q¢hathe
produci ng a catal yst for producing an unsaturated carboxylic acid by

subj ecti ng &t vedpdndicronifremplal aredumkdolhedaalyvigas phase catal ytic

oxi dation, the nmethod conprising a step of coating an inert support with a
catal yst powder t©O! ] G te MaxEyRSEReRared tha Falyst laghwaseP Gt thepPiviene  suppor t

is ring-sha outer periphe that is.cur , i n. the |engthw se
di rection o?&gﬁgagﬁ%g%?gﬁhgﬁﬁgﬁﬁgg Pﬁ“?%ﬁ“’%?%¥§§?§W§xﬁgéﬁﬁ»35“% an

at mospher e leckifie b AL 82 GORMBEIL M bhe step of coating {hat has been
regul ated to have a wei ght absolute humdity of 0.01 or higtiet 3.
A met hod of produRdactgn &rempitsiad ur at ed al dehyde and an unsaturated car boxyl
acid, wherein propylene, isobutylene, tediary-butyl alcohol or nethyl
tertiary-butyl ethEireaptsnyorespondithigipe seles indtattion esppphhsecpdtahyt i ¢

claim 1. g R R e Sen i QHCGHURE (et o0 car boxyl 1€ aci .
e, 2 s e SO, DL BB P
accordi ng t eonGdr@bMutdwas 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 Reaction 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 yield, and has an excellent degree of wear.
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CLAIMS

1. Amethod of producing a catalyst 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, 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 granulation chamber in the step

of coating that has been regulated to have a weight absolute humidity of 0.01 or higher.

2. Amethod of producing a catalyst 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 granulation
chamber in the step of coating that has been regulated to have a weight absolute humidity of 0.01 or

higher.

3. Amethod 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 obtainable by the

method according to claim 1.

4. Amethod of producing an unsaturated carboxylic acid, wherein an unsaturated
aldehyde is correspondingly subjected to gas phase catalytic oxidation by using the catalyst obtainable

by the method according to claim 2.
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