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1 METHOD FOR PRODUCI NG CATALYST FOR USE | N PRODUCTI ON
OF UNSATURATED ALDEHYDE AND/ OR UNSATURATED CARBOXYLI C
ACI D, AND METHOD FOR PRODUCI NG UNSATURATED ALDEHYDE
AND/ OR UNSATURATED CARBOXYLIlc ACID 5 FIELD OF THE
| NVENTI ON [ 00011 The present  invention relates to a
nmet hod for producing a catalyst for wuse in the
producti on of an unsaturated al dehyde and/ or an
unsaturated 10 carboxylic acid. The present invention
aMIETHODAFOR RROBUGING CATALY SHROR ¢ S]QIN& @R@BHCTI@N@F
al dehyde and/or an_unsat ur at ed car box c acid

[Hﬁ¥ é§@$ XXTJC

usi PAFALBEERE B ANFY OFhE NSy

of 25TH1 48 ?@%&E&é%ﬁé@” NPT ARG

uron i's ef f asin/BR @Nsﬁﬁﬁ%ﬂ‘ﬁ!ﬁbmdgfgmﬁzﬁcﬁﬁr

produci ng acrolein and/or acrylic y a gas phase
catal ytic oxidation of propylene with nolecular
oxygen, and also effective as_a catalyst to be used
for producing netH bFU?Eﬂﬁi ﬁHW@?«W@%ﬁacryllc aci d by
a gas phase catalytic oxidation of 20 isobutyl ene or
tert-butyl alcohol w th nolecular oxygen. It is known
a0 1] Jhehprasetdimleyisibn rslafdsap ANREtheE ARIARbAYCIRY a B44ly38for
an aqueous sol ution or an aqueous slurry contai ning
catednyibe peotystine of en andatunated eddeabiyde agdiohen dmsattirated
pro I n t use of .this type of catalyst for the
8gxy ikt gﬁerpéﬁ%?fl  Gyentio "65{"’5?%/‘&3 li\{’@t}i“’i‘llff”feczl in

Zlgk%dﬁ&hg‘aﬁfuréamlaf&ldalﬁéiy@e%ﬁ/oq anhnd 9£etd d’%{yﬁ!c Y&l by
in a fixed bed reactor. If the cata yst

meshanricetdly Stpremagetl byithe faeragling tethel. br oken mhen it is
filled in a reactor and, as a result, a pressure drop
occurs in the reactor during the reaction. Therefore,
such a ﬁatalyst UﬁESéﬁﬂ#ﬂfﬁgCﬁpPﬁﬂyﬁAﬁhgh nmechani ca
strengt

[0002] A catalyst composed of a mixed oxide comprising molybdenum,

bismuth and iron is effective as a catalyst to be used for producing acrolein
and/or acrylic acid by a gas phase catalytic oxidation of propylene with
molecular oxygen, and also effective as a catalyst to be used for producing
methacrolein and/or methacrylic acid by a gas phase catalytic oxidation of
isobutylene or tert-butyl alcohol with molecular oxygen. Itis known that
such a catalyst is prepared generally by drying an aqueous solution or an
aqueous slurry containing catalyst components and then calcining the dried
product. In the use of this type of catalyst for the above oxidation reactions,
the catalyst is filled in the form of a molded catalyst or a supported catalyst
in a fixed bed reactor. If the catalyst has low mechanical strength, it tends
to be broken when it is filled in a reactor and, as a result, a pressure drop
occurs in the reactor during the reaction. Therefore, such a catalyst is

required to have high mechanical strength.
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2 [00031 To increase the nmechanical strength of a
catal yst, the conpounding of inorganic fiber in a
catal yst during the preparation thereof is proposed
(see JP- A-06-000381, JP-A-2002-273229 and

JP- A-09- 052053) . [ 00041 Howe¥er, a catalyst prepared
by the above nethod may not 5 necessarily have

[ [ t

R R BT RS T LSSl P mbiraine «

of IrrPsaY higer @ ABIhRA: aefmé ChPpRAUEA R ﬁaePébtf?é %x%hogeﬁr
use in the production of an unSaturated al

(seanid- AT06a00038 DSFR-UF 2002 T3RRH A XY |J1P€A@<9l0$,205®| ch catal yst
conprises a m xed oxide conprising nolybdenum

(008143 mbdweaad ai catalystnetepasdibyphe wbovemeetimdirmat nst r engt h.
[00061 As the result of extensive studies by the

neegseaalythgvesatisfeetory imechamicletrengtiound t hat t he above
obj ect can be acconplished when a catalyst for use in
the 15 production of an unsaturated al dehyde and/or an
unsat urated car t conprising
(or, preferably&ﬁ@g@th?ghgggggﬁ$Y§ﬁ§% ed oxi de
contai ning nolybdenum bisnmuth and iron, is used
whi ch is produced by a method conprising Step (1),

[0008) ARGbiet of BRGIre 19@&%11 ik Q0P i d W et fiELPT €SENt

i nvention provi es a method for producing a catal yst

prdducingZdcatalyst fortude ip Elopoiueorbf ANukki$atadéhRdhyde and/or an
al dehyde and/or an unsaturated carboxylic acid, the

unwluadwpétcadmpmhct séidgwlhioh caplgftenalplises beiirgl oxidpostprising
f) a m xed oxide conprising nolybdenum bisnmuth and
mollsrhsiﬁnuglabwmréhmd igomprd banguptered mepbawtal spiengthr.yi ng

IO@BLV""%E?%?qsiftso?é%?e{‘qs%rec%{?@?% by ?}é‘éafe'p%éq%m?r?&a;t”ﬁé‘s
d d

oS8 BuR BB RhG Badi ot Bt ea areiindte

proQiruQHHﬁ:B aI( a)'lsaﬁﬁ%tea glcielﬂgdg ?118/‘09 d&sg&%%ed%g%golx&ﬁ% 61'013 the

e presenc ucrng mat
cat@tﬁsﬁb&nﬁ\nélﬁg la&eﬁrdfé&%ﬁ beiRg\bRAGosed P S nl19§(§ox1de cop almng
represented by the folfow Rg equation (1),

mobMdenum, bismuth and iron, is used which is produced by a method comprising
Step (1), (2) and (3) described below.
[0007] Thus, the present invention provides a method for producing a catalyst for
use in the production of an unsaturated aldehyde and/or an unsaturated carboxylic
acid, the catalyst comprising (or, preferably, being composed of) a mixed oxide
comprising molybdenum, bismuth and iron, said method comprising the steps of:
(1) drying an aqueous solution or an aqueous slurry containing raw
materials of the catalyst and then firstly calcining a dried product in a molecular
oxygen-containing gas atmosphere to obtain a calcined product;
(2) heating the calcined product obtained in Step (1) in the presence of a
reducing material to obtain a reduced product having a mass loss,

represented by the following equation (I), of 0.05 to 6%:
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3 Mass loss (W =[(Wa -W)/Wa] x 100 (1) in which Wa
is a weight of a calcined product before the reduction
treatment, and Wb is a weight of a reduced product
after the reduction treatnent; and (3) secondly

cal cining the reduced produgt obtained in Step (2) in
a 5 nol ecul ar oxygen-contai ni ng gas at nosphere. [0008]

Furthermyre, the _present invention provides a nethod
f or &ﬁ@gg@ﬁﬁaozéﬁ%ﬁﬁégﬂbﬂgﬁ 180dehyde égd/or an
. unsat urated carboxylic aci.d c rising, . the steps of:
n B?%@hg‘f%lgq LIl Caﬁﬁm@ﬂ@rﬁ@%bef%@ thyzercstprctregtment,
] . accordin t.he present .
an® WhiFaSRORat o RSl BRENE Ay BUERERD sppogmegys ana
| eas g C I I, Siol
of Doy A R I R R el R L S SR B o
olath RS+ bRY g YRR ihih AnesHpMHee 0f the catal yst
mproduce %n t he égb§§ﬁﬁgtep. 15 ?0009] The net hod of
[0008¢ Buedeamdrayvent presentimypmidmprevided amysthobdyi pgoducing
better nechanical strength for use in the production
an ginsaturpisdtaldehyste and/de bpdmsatdratedagarbosdivactedmprising

car box¥_l ic acid. Mreover, when the catalyst produced
the,stepa@Tnet hod of the present invention is used in the

duct | f turated.al deh /
Unoab U o aEbult3r P thE St TREAE pERAdioret thgeatalyst
2 IR
o e o Be bt BRI R Pui ¢ 1o Feduce the
Pr esgube QP cQ%‘a[lgEiQ oxiEatid 8L At RAsABHe tc8mpoundﬁ$(leected

catal ytically oxidize a conmpound sel ected from
fro@f Shkper®qN&dissistifg of pRsBAYhE Neeb it 0 Yhenertangtyl alcohol
tert-butyl al coho? stably with nol ecul ar oxygen in a
withapoilepias exygerpimthcprespnon sty edtedy stl pedywded #bthe above
and/ or an unsaturated carboxylic acid. DETAILED
stePESCRI PTI ON ON THE | NVENTI ON

[0009] The method of the present invention can provide a catalyst having
better mechanical strength for use in the production of an unsaturated
aldehyde and/or an unsaturated carboxylic acid. Moreover, when the
catalyst produced by the method of the present invention is used in the
production of an unsaturated aldehyde and/or an unsaturated carboxylic
acid, the breakage of the catalyst is well prevented during filling it in a
reactor. As a result, it is possible to reduce the pressure drop during the
reaction and to catalytically oxidize a compound selected from the group
consisting of propylene, isobutylene and tert-butyl alcohol stably with
molecular oxygen in a vapor phase to produce an unsaturated aldehyde

and/or an unsaturated carboxylic acid.

DETAILED DESCRIPTION ON THE INVENTION
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4 [0010] The catalyst for use in the production of an
unsat ur ated al dehyde and/or an unsaturated carboxylic
acid according to the present invention conprises
(or, preferably, is conposed of) a m xed oxide
conprising nolybdenum bisguth and iron as the
essential elenents. The m xed oxide 5 may optionally

OGREL R b By P e et b Sy
STE MR Rl
coBy Bl R SRR et gl
mgRASHOR! AL QMR BN DI, o it v

mdyepp Beeilly 531 tyhel @b leastRinealbieabdthd Othar BPASddnBLY
A represents nickel and/or cobalt, 15 B represents an

bisshetteand seirectBa éxaanplehehgbtinpd oitki Siayngre@rably contain at
manganese, zinc, calcium nmagnesium tin and |lead, C
lease pmesdemenaselectarefrons thegray dansmstingeofjnmkel, cobalt,
consi sting of phosphorus,. horon, arsenic, tellurium
PotassyuR eFubIdmmppes ums apd ¢BAlllHR U num  tit ani um

OF=RIATRAT: E5abiot S ARERERGRLR 5 ShSTEa
LSS ERERAMAE S PALI ,Oy reents ovoen o

rel aMRQRs/PRA;BOH. 0 10, g c< 10, 1
<_d<_10(%, %b?gg_io, Of<_gf <_10ando(oljg<_2,v\/nen ais set equal

wHhe®eil2, and 25 x is a val ue determ ned dependi ng upon

the oxidation states of the other elenents. For
MaethrpidkeFe xepessebé naaybdenwead bibym nth thgdliyomgetpectively,
A r\églrees?e%%s (r)lfickel and/or cobalt,
B represents an element selected from the group consisting of manganese,
zing, calcium, magnesium, tin and lead,
C represents an element selected from the group consisting of phosphorus,
boron, arsenic, tellurium, tungsten, antimony, silicon, aluminum, titanium,
zirconium and cerium,
D represents an element selected from the group consisting of potassium,
rubidium, cesium and thallium,
O represents oxygen,
a, b, c, d, e, f and g satisfy the following relationships: 0<b<10,0<c<10, 1
<d<10,0<e<10,0<f<10and 0<g<2, when a is set equal to 12, and
x is a value determined depending upon the oxidation states of the other
elements. For example, x may be determined by multiplying the valence of

each element (except for oxygen) comprised in the mixed oxide with its

corresponding stoichiometric proportion within the mixed oxide, and adding
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each el ement (except for oxygen) conprised in the -

m xed oxide with its correspondi ng stoichionetric

proportion within the m xed oxide, and adding 5 up

the nultiplication products to forma sum whereby the

sumthus formed divided by 2 equals x. Accordingly,

if the mxed oxide is, for exanple,

Mol 2Bi 5Fe4Col o0CsOx and t he val ences of My, Bi, Fe, Co
up thednGitiplhcatirs prabme toforar @ sum, wherehyl the sumghas [formed

respectively, x can be determ ned by the 5 above

diviged oy aguals=.[ (Agrosfingly, 3f the mixel a>;1d$ le,szI @Yamr{li,
Morfzgkﬁrﬁﬂﬂéowgf @@&‘é&tﬂhﬁgﬁ%@r@nﬁéﬁe %0%2]% A o this
oL ET m
oo SREPLILES - QUL 1 G i
mlx%a%x‘?dé-wédd: Bafe Qhe $¥meta MOQ,&MFeéE(ﬁé‘Cé@eol 5Tlo. o

0013] Hereinafter, a nmethod for producing the
[00 IJZ]t @Lm&ﬁg ghe€ ebiippgnte rtabfbsenteﬁ?b}ﬂtfonmubnﬁl)o those having the
expl ai ned. An aqueous sol ution or an aqueous slurr
follewnigaarpgsitiaws fexe@pit éorsomgemetoma)aﬂryﬂrefegabm wsedand
then, the dried product 15 is calcined firstly in a
nol (MQIIZB#O @iﬂ?gen @!bwpci'pmlilng gas atnmosphere [Step (1)].

né@ ter al s g e catalyst, in general,
tive éotﬁ‘¥ﬁé P@@ﬁ et p %M1elenents constituting the
cat 0X at | fat
car @éﬁﬁ?&l 5%%)9815 Sg %)Slgég §F§ndsgm“rgn|eﬁm salts
oogQF f}? in2fd, I?iaxln'egﬁéd foraﬁx%duéﬁ% iHe deRhiy2s a%e&lalﬁ@@é the

eS|re atom’'c ratios of the elenents are

preSéhi SiveadionR8rexpianple, Ali@zh(}ﬁ!&dﬂmtﬁ@mtrm@m dm aqudogisdilerry
aci d, anmmoni um paranol ybdate and the |i ke may be used

condsimngohwhdeberinlsafphardtalyBi snditied exidddenbtlerdtied product
nitrate, bismuth sulfate and the |i ke may be used

is caldinedrfirtly mmn@cularo@mglenrgonﬁmmag &as .aﬁgwsPhﬂe; FStep W1.

| f at
e S e CE BT 02 a1 LUK AT RO,

elements constituting the catalyst, such as oxides, nitrates, sulfates,
carbonates, hydroxides, oxoacids and ammonium salts thereof, and halides,
are used in ratios such that desired atomic ratios of the elements are
satisfied. For example, molybdenum trioxide, molybdic acid, ammonium
paramolybdate and the like may be used as a molybdenum compound.
Bismuth oxide, bismuth nitrate, bismuth sulfate and the like may be used as
a bismuth compound. Iron (III) nitrate, iron (III) sulfate, iron (ITI) chloride
and the like may be used as an iron compound. Cobalt nitrate, cobalt
sulfate, cobalt chloride and the like may be used as a cobalt compound.
Antimony trioxide, antimony (III) chloride and the like may be used as an
antimony compound. Cesium nitrate, cesium carbonate, cesium hydroxide

and the like may be used as a cesium compound.
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25 sulfate, cobalt chloride and the |i ke may be used
as a cobalt conpound. Antinony trioxide, antinony
(I'11) chloride and the |like may be used as an

anti nony conpound. Cesiumnitrate, cesium carbonate,
cesi um hydroxi de and the l6 ke may be used as a cesium
conpound. 6 [0014] The aqueous solution or the

(00 {fle Shecaduspinel 03?5'? Iﬂg 'tﬁgaﬁﬂg?‘é% P it tpihelle 2
matealals %txééf g@%rgﬁ%reel J csf urnatw o o 002 1a8S w‘fﬁ?@a@@ﬁ’

egua e aqueous solution or th e

mlxgﬂé; %@Mﬁe?ﬁﬂﬁ{ré YntPan QE:}(HMtQﬁL v@r‘:ﬂe? Gis8d In &y 8adQhatedy BEX

drumtype through-air dryer, a spray dryer, a

seldctdts h THé %gheo® sdlagiohi diethel ldlus Berrgried berddett ising a
obt ai ned by the above drying step is firstly calcined

knelaflef, st bealdeyaratidmm itypd beronghesinl dryeneygenyabyesi sflngh
gas atnosphere. The concentration of nol ecul ar oxygen

dryen daritberdteecul ar 10 oxygen-containing gas is usually
froml to 30%by val ume,  and, pr ferably from

[0028hs e dued prod pshplinined '.ay éhe ng‘ée K58 PR l%glﬁsaﬁtlﬁ?y

S
O
atm&%@nggr YTh E)l%%xﬁféﬁgn die %1&9.11% Bgﬁgéxf fxﬁ oL mcﬁé’&ﬁgf‘

Ium argon,

tihe é(%fb SflufR), aindgfretabl
Oxy%@é;doﬁgélﬁgﬂ 5@??3%&%%51&{?% 600C, ar%{i plrlefer abl(rj]gi/efrc‘;:)lmy

frofhOf0 t@25%515)5€v0]/&n$@| cAfib8Nalri orepunre ddygehiis stsually used as
calcination step is usually from5 mnutes to 40

thehuirsg ofnmlandheoapian.f romhlatsoud® isoised.as{ 0oIdicutpe
cal cined product resulting fromthe first cglclnatlon
oxyigensueitaisting gasoif megessarsaatsenbeing dihgep edhulrogengcarbon
reduci ng erial [Step (2 to obtain.a 20 re
diopspdse a@teﬁ%ﬁaﬂa&% Fobete' ol 65 " gL ORin the
Such a.treat t.C c f
firsy CPngBEPHﬁ SR bsr\lsalfal&eﬁfmhggg ilé%gﬁ g er’ ax%e ]rf err ggﬁnﬁ 400 to
55(§JC;TP | X ngn@atngr? A45e §0Mhd Hegt SRBinatio&efBS Tsh@BS fidm 5
deti ried y
minutes to 40 hours, and preferably from 1 to 20 hours.
[0016] The calcined product resulting from the first calcination is subjected
to heat treatment in the presence of a reducing material [Step (2)] to obtain a
reduced product having a mass loss of from 0.05 to 6% by weight. Such a
treatment conducted in the presence of a reducing material will hereinafter
be referred simply as a “reduction treatment”. The mass loss is defined by
the following equation (I):
Mass loss (%) = [(Wa -Wb)/Wal x 100 D
in which Wa is a weight of a calcined product before the reduction treatment,

and Wb is a weight of a reduced product after the reduction treatment.

[0017] Examples of the reducing material include hydrogen, ammonia,
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the followi ng equation (I): Mass loss (% = [(W
-Wb)/Wa] x 100 (I) 25 in which Wa is a weight of a
cal ci ned product before the reduction treatnment, and
W is a weight of a reduced product after the
reduction treatnment. [0017f Exanples of the reducing
mat eri al include hydrogen, ammoni a, car bon

7
' - hy; carhons, _al cohol al dehydes and
car R TS B RTBRRO MR, Bl TRl E ity
. . S,
Op gAML T ShoRe gL Sty LR L B IUELPHELIAEE Pefirably,
hy GERHbns2 b REBOo1EAIIN R s n B HEin by 4585 BRPONS ol éﬂ)%lulﬂ @ carbon
saturated aliphatic hydr ocar bons such as net hane,
atostharexampbpasfeuch-Bulraberbdmd insRile fit@ratedngaingtad ed
al i phati c hydrocarbons such as ethyl ene, propyl ene,
hydrobanthdnsreich ds8miethyhenethand, paoazitey helwetanenchdisobatate,
hydr ocar bons such as benzene. Exanples of such
unsgtushisidsalipha tielbydsacarborsisath phethyleabcptmiydens)ohbatylene,

nmet hanol , et hanqgl, n-propyl al cohol, isopropyl
BbFYI8AB ANd-SBRRGTlenp. b ATOm Bt JB1PSATLRRE GRER as benzene.

o B B D, S
e RIEL O P s AT
isols@dyll addod] Adcpall a1 dhde Qﬁgggrtsﬁﬁ%[}?a;(ﬁ%}ﬁggﬁ{}%%%d

acet al dehyde, propi onal dehy

alip etbdialcbBbReducliens algl aleshsly cadt9U alcbhoRhihRRaétlallyl aleohol,
al dehydes such as acrol ein, crotonal-dehyde and

andwatdraatioladéahols Excnpk @heabl.s Uekampilewest suntl aldehydes include
saturated aliphatic am nes such as nethyl am ne,

saturatedralina tiealdebydes Rythrisfermeldativale. neetaldehyde,
progiape R hED ISR 0 Yok B ey deanan assHmated
. and. ] i h. il 0 [Q0181 The .
AR SRR LSRR Pnatithefeabdychurateimg
Exérhgll)escﬁi &icﬁ%jmﬂ{é%dilﬁﬂu&é)smglté% ﬁﬁf)ﬁgﬂE anlin3f such as
at nosp 0 e

ere a gas contal ni ng
methylamine, dimethylamine, trimethylamine, ethylamine, diethylamine

and triethylamine, and unsaturated aliphatic amines such as allylamine and
diallylamine, and aromatic amines such as aniline.

[0018] The reduction treatment is usually conducted by subjecting the
calcined product to heat treatment in an atmosphere of a gas containing the
reducing material. The concentration of the reducing material in the gas is
usually from 0.1 to 50% by volume, and preferably from 3 to 30% by volume.
The reducing material may be diluted with nitrogen, carbon dioxide, water,
helium, argon, or the like so that such a concentration could be achieved.
Molecular oxygen may be present in the reducing atmosphere unless the
effect of the reduction treatment is affected. Preferably, no molecular

oxygen is present in the reducing atmosphere.
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reducing material. The concentration of the reducing
material in the gas is wusually fromO0.1 to 50% by
vol une, and preferably from3 to 30% by volune. The
reducing material may be diJuted with nitrogen, carbon
di oxi de, water, 25 helium %rgon, or the Iike so that
such a concentration could be achieved. Ml ecul ar
[0098) 9% fe APYr A0y FSSEY rddicdtid® frEQHAEAYILLERIABN &8 200 to
unl ess the effect of the reduction treatnment iIs

60r(f, aadqoefdable bt B00R6 SO0PECUITHe timeyEfethe 1@ dREESENT
in the reduci ng atnosphere. 8 [0019] A tenperature

tredtomenths wsatllyt from 6 meatutesto 26 heswralang predenadd fitcan 30
.600C, and preferably from300 to 500C. The tine of the
minggsdeilénhounse ad rismpreferapde 4o conduesthe neidugties treatagent by

SR IR TR T
R RN AR R A A —
A YRS E! AR 00 (90 L 1L A DR A APHE Dl and

reuSOM!ifndesssARy be circulated and reused, if necessary.
[ 0020] Accordingly, the reduced product having a nmass

[00D20F sAccoedingdy the debyced Prédivt daiBe acuaks Wiks( FopreSénted by
0.05 to 6% by weight is obtained. The nass | oss nay

thelzboareteguationd [}, @ 0h@5 to6% oy weaght Seoldaimeh dFloamsssdoss
the cal ci ned Eroduct, which results in the formation

magfberéripatret trths lngaof lattiverastygen atomsdromistdhel eadeinefl

ool SRS B SOUEL (NS e S D BT,
e Thgb PGSy R AL b LA S5 Domonicr
AR e SUES St PR BB BBy,

suffifiedt BHeBGEWAhe PEMAHOA AR NDE BY RAREANEWBhen W Elcined
w Il be explained below, so that the tenperature

prodaot isedxceByivbBcwdriced] héatcisl dbrupbler éfrerated Hiethe@sscond

| oss of the cal cined product after the
calcination step carried out in a molecular oxygen-containing atmosphere,
which will be explained below, so that the temperature control may become
difficult. Therefore, the mass loss of the calcined product after the
reduction treatment is preferably from 0.1 to 5% by weight.
[0021] In the reduction treatment, the reducing material itself,
decomposition products derived from the reducing material or the like may
remain in the catalyst after the reduction treatment according to the type of
the reducing material used, heat treatment conditions or the like. In such a
case, the mass loss can be calculated by measuring the weight of the residual
material in the catalyst and then calculating the weight after the reduction

treatment by subtracting the mass of the residual material from the weight

of the catalyst including the residual material. A typical residual material
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20 reduction treatnent is preferably from0.1 to 5% by
wei ght. [0021] In the reduction treatnent, the
reducing material itself, deconposition products
derived fromthe reducing material or the |like may
remain in the catalyst afté? the reduction treatnent
according to the type of the reducing material used,

is c4¥Rh 44 EFHERYbrE Qﬁeiﬁéé’g‘@feﬂ%a{e%g}%%ﬂgga ér?al%é?pb@dgérﬁleined,

case, the nmass I'0ss can y measuring t

for avedrgple, By tobsl c@BbHURC) amli@sikal in the catalyst and
then cal cul ating the weight after the reduction

[0022]e Tiheereid ubyd pubd netctdsnttihy romshe ebd iiton esaduint is
material fromthe weight of the catalyst including

secanifdy caldined (secand caklifinationyipi s aholeesladusly grateontzinifg gas
IS carbnac&atherefore, the mass of the residual )

atmegpherey St6323 e déeapplesulpr ofygenssonepniration efthel gas is

carhon (,TC | ysis. [00221 The reduced product
usufifly 3?9’%1( 2 30th b olies, ambare P%lﬁmmi 10t 2% yolume.
in second _cal ci nat;ion) {n mol ecul ar
Ao S SR RS R DA Bl ed Mo PuC P Faytectige owveen
I .
s Bl SISH CADIAMEREL AR Lol B S H,
afteBheyi9 diited HTHH BRrogéN, QirbBH'Bo AWK IR LS heBUR | HrediCHr
as the source of nol ecul ar oxygen. ~Such a source’1s
the liked Jheacalthatiohatendpergenre DOtHasdtond @dG&nation steg is
necessary, after being diluted with nitrogen, carbon
usugllptrate, 200atoe 0Kk landhpredegdly form BH0t teeh30°Ke. e

cal cination tenperature in the second cal ci nati on step
calciration tiae yn the fecroul ¢alckpon stie 1prustetladrgms s srngses to

. Con ti . h A
20 Reyrd, Pt pdlese B FOBLR0 IS il Hiat e 1 0 20
| 3 ] t 1Q . ..
00305y BB, ATV bR 4o
! ; . | ; ; _
usufﬁ?ﬂ?&ﬁ&ﬂeﬂ'iﬂean&éﬁfb_rdh ﬁ)rﬁf’béﬁ);lgtdslé. Wh@%t%grggn?%?b% Ergolded in

orm bef ore use. e cata may be no .
the faminodh réng, Ngellét, RedplRire @ thRNkEh P &aﬁllé@tih%ﬁ@xtlﬁ?ﬁsion
e

tabletting, extrusion noldng or the like.
moldagalrythe ldemp dlentatahgst doesormmis tnesly ba sappertedem a carrier,
for example, silica, alumina, silicon carbide and silicon nitride. In the
molding, for improving the mechanical strength of the catalyst, inorganic
fiber or the like, which is substantially inert to the intended oxidation
reaction, may be added as disclosed in, for example, JP-A-09-052053.
[0024] The present invention can increase the mechanical strength of the
catalyst by performing the second calcination. Therefore, the catalyst is
preferably molded before the second calcination. Specifically, it is
preferable to mold the dried product obtained by drying the aqueous solution
or the aqueous slurry containing the raw materials of the catalyst, the

calcined product obtained by the first calcination, or the reduced product

obtained by the reducing treatment.



10

15

20

25

for exanple, silica, alumna, silicon carbide and
silicon nitride. In the nolding, for inproving the
nmechani cal strength of the catal yst, inorganic 20
fiber or the like, which is substantially inert to the
i ntended oxidation reactidh, nmay be added as

di scl osed in, for exanple, JP-A-09-052053. [00241 The

T e T
. t.al ' | d f
e RS2 RS DARE PP PR SRR PRI e

aldeg{rﬁfeeéfﬁybﬁ ah%ﬂ@kgrét@ﬁ A SR a&qﬁ %hi@ﬂ%ﬁ%ﬂ?gﬁ %E}rises (or,

ying the aqueous solution” or the aqueous”slurr

prefe@abBi f¥ dinp AR d FVa TRERA Rlide @6mb9_ﬁiﬁ@§@l%’§(§endl’ﬁ?bismuth
cal ci ned product obtained by the first calcination, or

andtibenr educedipglodiint brealithge p€ dhdyatdlpstrisdurevagted when it is
treatment. 10 [00251 Thus, the nethod of the present

filledrimemréanioc amds apeouls, ithe porsibheatn reducstthermgesswde drop
catal yst for use in the production of an unsaturated

durmp g srachioay & calinlyiiedbpsidiee pranydsns stabde mathmalecular

o B S S SO o P S SRS T
cr RS 80 KB, 50 BRESHSBL0 WA R SBI R SHFRLt

oxygé’ﬁ $h Al \ﬁaﬂo? gflﬁ%@ O°|8 s%@lﬂgﬁ{r%ﬁﬁh‘é S AhaProl S 409 Iﬁ&ﬁglcrylic

eacti on, catal ytic y oxi di ze propyl ene stably

acidM th nol ecul ar oxygen in a vapor phase to stably

produce acrolein and acrylic acid, and to
(0026 dthet vayadrt phaoxi ditaly ticsohdatibereadion & vsumllytarried out by
__alcohol stably with nolecular 10 oxygen in a_vapor
fillipgdbe Otataalytshb%/ theppragan b invertiay b1 aifixedrie dvrtderulipe

aci d. dgﬁ%oéﬁl The vapor-phase catalytic oxidati on
reaglog andoitefing 3 gaw patenish @2p CARLABYNErE FaW gatepial compound

AT IRt AT i (R
e AP TRt SEPOLDA S, e
mole@llartky¥bn. Besides the raw material compounds and molecular
oxygen, the raw material gas may optionally contain nitrogen, carbon dioxide,
carbon monoxide, water vapor and the like.

[0027] The reaction temperature is usually from 250 to 400°C. The
reaction pressure may be reduced pressure, but it is usually from 100 to 500
kPa. The amount of molecular oxygen is usually from 1 to 3 moles per mole
of the raw material compound. The space velocity (SV) of the raw material
gas is usually from 500 to 5000/h at STP (standard temperature and
pressure, such as a temperature of 0°C and a pressure of 100kPa).

[0028] Examples of the present invention are shown below, but they do not

limit the present invention in any way. In the examples, the unit "ml/min"

indicating the flow rate of gas is at STP, unless otherwise stated.
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al cohol, and nol ecul ar oxygen. An air is usually used
as a source of nolecul ar oxygen. Besides the raw

mat eri al conpounds and nol ecul ar oxygen, the raw

mat eri al gas may optionally contain nitrogen, carbon
di oxi de, carbon nonoxi de,1water vapor and the [|iKke.
20 [00271 The reaction tenperature is usually from 250

003l £afline ShnefAest SEGR! aﬁ;f;’? om 190 o 500 kPa. The
OO@DA%&algl];lesnsD %t%%f“ &k Pﬁ% rm %e{lfnllf{a e¥u n%s {@féx ta?.zﬁt the

B RISEL U ¥ 2l R0 s o

m ah@rﬂé@lﬁéhﬂﬁﬁlg%ﬂdal%ﬁ)sﬁ p%%%éﬁcﬁcufalightcﬁﬁleahbﬁﬂ@@t[a@ﬂlﬂfe%m@ﬁ SO
C and a pressure of 100kPa) 0281 Exanpl es of the

thatptl%le]ramldf\th@tm@gh & aulshontialie I}mmzobtﬁl t fitherdX gof a
limt the present invention in an . In the
cataéxﬁrmICé@rdewéroun the tod phthe" metadcnUX)attp hgllt hd'helfellen gatalyst
gas is_at STP, unless otherw se stated. 11 [0029]
par%heﬁ g C@tl?@ﬁ@taﬁlmﬁe%ﬂn@a$lﬁ}’? ;htawméﬂfi M1 ORERINESs

fOIGRHEE BevGh B4t fef%%wge TSR L YR h el 2?&1?{%%503?8 sgnain
on (BTN 2 MEDEIIn@lst it () 9t REL ot AL LARARE BB qliow:

theF@h%ﬁgsa%ngﬂﬁo%¢8h@m§xq@©%v9nt'a"y hori zontal .

Then catalyst is charged fromthe top of

[003 ﬂelﬂﬁh@m)&aliﬁﬁleb Oa feghVersidie(%ophhén wialdhysdefipad bb ¢losys:
are col | ected and pl aced on a sieve having 4.76 mm

opefongsrsiof d%d) e Ry (naolesatf |supphédmkrénﬂ:yIa®) Thetes of
g of the catalxst particles remain ghe si eve. The
unreagteil gpbsity tangy H(modes of Stlmh@@tl%ﬂ%ﬂelr@ defined as

E 8|Og‘9f I%gﬂ{dh@ER allgglxeér g gt a(:%)ieéggné %@t@a&ryhe

acid (et ofuflind Rebhane) tCSPZﬁS" ?”(frff? es o

unreacted i sobutyl ene)]/ (nol es of supplied
i sobut yl ene)

EXAMPLE 1
[0032] (a) Preparation of Calcined Product [Step (1)]
[0033] 13,241 g of ammonium molybdate [(NH4)eMo7024 4H20] was
dissolved in 15,000 g of warm water to form Liquid A. Separately, 6,060 g of
iron (ITI) nitrate [Fe(NO3z)s 9H20], 13,096 g of cobalt nitrate [Co(NO3)2 6H20]
and 585 g of cesium nitrate [CsNO3] were dissolved in 6,000 g of warm water
and subsequently 2,910 g of bismuth nitrate [Bi(NOs)s 5H20] was further
dissolved to form Liquid B. Liquid B was added to Liquid A while stirring to
form a slurry. The slurry was then dried with a flash dryer to obtain a dried
product. Nine (9) parts by weight of silica alumina fiber (RFC400-SL
produced by Saint-Gobain TM) and 2.5 parts by weight of antimony trioxide
(Sb203) were added to 100 parts by weight of the dried material. The
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Total yield (%9 = 100 x (total noles of methacrolein

and nethacrylic 15 acid)/(noles of supplied

i sobutyl ene) EXAMPLE 1 [0032] (a) Preparation of

Cal cined Product [Step (1)].[0033] 13,241 g of

amoni um nol ybdat e KNH4) 6 24 4H201 was 20 di ssol ved

in 15,000 g of warmwater to formLiquid A
roSR0Biih e QuR3RoPBon il Kbd A8 L o
6.32iman 585 &Y diaasdtef bR @ing ah@SANBIgt W @ MinS Sld/athd Was

6,000 g of warmwater and subsequently 2,910 g of
calbirsbath5 454 futres hBinksN@DBn 2H2fldwwe bl alit Hehalcitkdpridird.

to formLiquid B. Liquid B was added to Liquid A while
Thig ¢aleined prodst ¢ontained 0 @6 isniith atbor, /4 wam 4 toers, 7.2

dried with a flash dryer to obtain a dried product.
cohglhatquy, 48 cesiyn ateigrand .48 antdmony atpauper b2molybdenum

RFC400SL produced by Saint-Gobain TM and 2.5 parts

atQUS-wei ght of antimony trioxide (Sbh203) were added to

[00539 ﬁ)?rﬁe%i&){iom%m%fnﬁg?geé)g@)ﬁd material. The 12

resul'ting mxture was to a ring form having

[003B] 08 &dn 'Lf?\l"@eﬁf?)g frﬂ% of e eﬁ@gbaggg olgcia 1 i 11 aBowe

nm and a [ engt mm and t Ined a

stepAaLwizerfilledtiih lads AibeabnditheW o Middd ghe oﬁhgafdéeﬁﬁﬁtrogen
product. This cal ci ned product contained 0.96 bismuth

(5/9%5 bmvoPurhe) wais fidvoed at Z.flvb ratdel 30@i(NEin. @hSugieshdlMass
atom and 0.48 antinony atom per 12 nol ybdenum at omns.
tuljepgi@aindusy amreductipn irdataaententt 34 Cefor @hdufs003Hen, the
Seventy-five (75) m of the calcined product obtained
SumﬁYtQ%Yélﬁ%%l wasahopRad. il the pragdluch wsglogled tatsem and
th i . of _hydrogen/ni trpgen 0 (5/95.b
cor s S B3NSY SRR Bt A oA e
uy rreductjon o
ore RO ALRES AT 4R E000HER RSO oo

welbHir ogen was stopped, and the product was cooled to
room

[0036] (c) Second Calcination [Step (3)]

[0037] The reduced product obtained in the above step (b) was calcined at
350°C for 3 hours in an air flow to obtain Catalyst A.

[0038] (d) Falling Strength Test of Catalyst A

[0039] Thirty (30) g of Catalyst A obtained in the above step (c) was
subjected to the falling strength test described above. The falling strength
of Catalyst A was 91.8%. The result is shown in Table 1.

[0040] (e) Oxidation of Isobutylene

[0041] Into a glass reaction tube having an inner diameter of 18 mm, 14.3
ml of Catalyst A obtained in the above step (c) was filled after being diluted
with 30 g of silicon carbide (SHINANO-RUNDUM GC F16 produced by
Shinano Electric Refining Co., Ltd.). An oxidation reaction was conducted

at a reaction temperature of 360°C by supplying a mixed gas of
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tenperature while flowng the nitrogen gas alone to
obtain a reduced product. The nass | oss due to the
reduction treatnment was 1.04% by 15 weight. [0036]
(c) Second Cal cination [St es (3)] [0037] The reduced
product obtained in the abo @ step (b) was cal ci ned at
350C for 3 hours in an air flowto obtailn Cat al yst A

. «1 t

bR LAY b o B AR e GUACRL G Bl

readteettieet & Eowbste UHTES hEAMNIO T'DRe LAV RBSS RGBT lene

test described above. The falling strength of
anQahal tptd] yheldasf BatldférolEie andsubthdGyEbawd werd 88198 and
[0040] (e) Oxidation of Isobutylene [0041] Into a
T94i%seespeeferdlpn t ube having an inner diameter of 18 nm
14.3 25 m of Catalyst A obtained in the above step
(c) was filled after being diluted wth 30 g of

ili bi d SHI NAl R GC F16 duced by
aﬁ: Ing(r)]g Elacraclt riec( Ref i nw %d_. ). f\ﬁrgxiud?ti on f
i ; r t,Lon erature o
[0 LA Prefitfa ORI Ealflysh IS BpSTHS (3Pt 0

i i . 0[2. 7
[OO&%‘} b@ta?itfél g@?ﬁgé@ ?g%%gﬁgﬁ%%m%qr%rzas%%e étig% (q?),/ ()

le) in e at a fl'ow rate of
andl(OriffExafiplec DRx Y that Ahe icaREHING @ASperdRErd ﬁ?tﬁegéstﬁg O}OC) of

yield of nmethacrolein and nethacrylic acid were
Example 19w 88¢charsqkfiony 869°C 5o BXOMPLE 2 [ 0042] (a)
Preparation of Catalyst [Steps (1), (2) and (3)]
[00[4634&]? Radlingydremzthebestrod atelystB t he same manner as
in,the. st (a b) and (c) of Exanple 1 except ‘
[Oot‘ﬁgét Jﬁ’(eiﬁféy gg@cﬁ Hz Qagalé(ﬁbBr%tatreed m theepxaveouy stiepdf) ofithis
70C.
Exgrxn%qg lweaslsu\?%éc’ctgldq%g %ﬁg fgﬁf)nrg s%:?‘grcl:gt ote%t c()1Ea:s<:1'ibed above. The
falling strength of Catalyst B was 91.9%. The result is shown in Table 1.

EXAMPLE 3
[0046] (a) Preparation of Calcined Product [Step (1)]
[0047] A calcined product was prepared in the same manner as in Step (a) of
Example 1 except that the amount of the silica alumina fiber was changed
from 9 parts by weight to 12 parts by weight.
[0048] (b) Reducing Treatment [Step (2)]
[0049] A reduced product was prepared in the same manner as in Step (b) of
Example 1 except that the calcined product obtained in the previous step (a)
of this Example was used in place of the calcined product obtained in the
step (a) of Example 1. The mass loss due the reduction treatment was
1.06% by weight.
[0050] (c) Second Calcination [Step (3)]

[0051] The second calcination was carried out in the same manner as in the
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[0044] (b) Falling Strength Test of Catalyst B [0045]
Thirty (30) g of Catalyst B obtained in the previous
step (a) of this Exanple was subjected to the falling
strength test described abgve. The falling strength
of Catalyst B was 91. 9% THé result is shown in Table
1. 15 EXAMPLE 3 [0046] (a) Preparation of Calcined

stef (& BFHExAnPpRP1 bddpt[tPAF Che Pe R PRIAUM %ﬁ;‘:&g@lﬁ@ﬁ the

prepared in the sane manner as in Step (a Exanpl e

prefiomsagep (bhef thihExampletwaf usdeisbldeeafahyFedacdd priduct
was changed 20 from 9 parts by weight to 12 parts by

obtaimieghin. theGods (b) ¢f)ERedpli hghbroadtimang tdipemt(i2) Was changed
[ 004%1: A reduced product was prepared in the same

fromaHER @s334 Coaadl ths) cadeinimy s &vas chaagetl fromat3 hpars to 5

| cjpned bt ai inth ' t f
houtf < TBRERIG) £ AlAL ShAcHap ROgRed. of |t e cal ci ned pr oduct

' ' 2 f le 1. Th
o088 TR SR80 Pt BhesbaE o e ot
. : . 100 h -

1005 oo R G CBbliaBgn hTRelpibiicnBindp (18 gpis

ExaafipldwhB8ubjbctsd 8Ptk TalRbhg @Ef’éhﬂéltﬁ té s@&&&?fbeﬁ%ov%? e (’)I‘fhe

reduced product obtained In the previous step (

falliny stréxgtipbeCudybs €dvafoploase Thetrbeult 86 WEE®RNAROTHIAE 1.
obtained in the step (b) of Exanple 1, the cal cining
tenperature was changed from 350C to 330C, and the
calcining time was changed from3 hours to 5 5 hours.
Thereby, Catal yst C wa Ided. [0052] (d) Falling

o8] o S s SR T 0,8
[00%@2(@#%1@7\3@2%% per%gglgeé %t Ll NSt 58 qgttple ts%éc’lgs (a), (b)
and (c) of Example 3 except that the calcining temperature in the step (c) of
Example 3 was changed from 330°C to 420°C.

[0056] (b) Falling Strength Test of Catalyst D

[0057] Thirty (30) g of Catalyst D obtained in the previous step (a) of this
Example was subjected to the falling strength test described above. The

falling strength of Catalyst D was 93.3%. The result is shown in Table 1.

COMPARATIVE EXAMPLE 1
[0058] (a) Preparation of Catalyst [Step (1) only]
[0059] The procedures of the step (a) of Example 1 were repeated to obtain a
calcined product, which was used as Catalyst E.
[0060] (b) Falling Strength Test of Catalyst E
[0061] Thirty (30) g of Catalyst E obtained in the previous step (a) of this
Comparative Example was subjected to the falling strength test described

above. The falling strength of Catalyst E was 86.1%. The result is shown
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falling strength of Catalyst C was 92.0% The result
is shown in Table 1. 10 EXAMPLE 4 [0054] (a)
Preparation of Catalyst [Steps (1), (2) and (3)]
[ 0055] Catalyst D was prepared in the sane manner as
in the steps (a), (b) and %5,) of Exanple 3 except
that the calcining tenperature in the step (c) of 15
in B4xdMhe 3 was changed from 330C to 420C. [0056] (b)
Falling Strength Test of Catalyst D [0057] Thirty (30)

[0apalf (FaDaldysionRdfdBbitydehd N the previous step (a) of
this Exanple was subjected to the falling strength
[00GH! Istdsdyldnedvaboxelizdkhin tHasdmagnshnengs tn ohe step (e) of
Catal yst D was 93.3% The result is shown in Table 1.
ExagdeNparart Vi elaweyet E olitadss] in #)e #Shepastapi(ahobthis
Cat al yst ]{;ﬁStep (1) only] [0Q059] The procedures of the
CO&W%’&’F ampplgpies useldpelpepebitathlyst Abt dihe cenversion of

o Y Y O B S bupre
95_'I'1Ia/iétdiil 93an S%fecg%% yst E obtained in the previous
t ziaé o{ ’ ? RS

step bar ative Exanpl e was subjected to
the falling strength test described above. The
falling strength of Catalyst E was 86.1% The result

IS shown 15 in COMPARATOOGZHXARMPIGKIdat i on of

| sobutyl ene [0063] |sobutyl ene was oxidized in the
[00Stte(adimeprraison of CagalisefStep) (0F an@X2nphle] 1 except
that Catal yst E obtained in the above step (a) of this
[0065¢0 Fhapapsadares ahphe steps (abendi(bh) of Esample Cataleyisbedted to
ion_of isobutylene and the total yield of

The conver
obtiadh Rakeigces RradRctnatig iy Fefersed to agefatalyst F.
[0066] (b) Falling Strength Test of Catalyst F

[0067] Thirty (30) g of Catalyst E obtained in the previous step (a) of this
Comparative Example was subjected to the falling strength test described
above. The falling strength of Catalyst F was 83.8%. The result is shown
in Table 1.

COMPARATIVE EXAMPLE 3
[0068] (a) Preparation of Catalyst [Step (1) only]
[0069] The procedures of the step (a) of Example 3 were repeated to obtain a
calcined product, which was used as Catalyst G.
[0070] (b) Falling Strength Test of Catalyst G
[0071] Thirty (30) g of Catalyst G obtained in the previous step (a) of this
Comparative Example was subjected to the falling strength test described
above. The falling strength of Catalyst G was 86.4%. The result is shown
in Table 1.



10

95.1% and 79.4% respectively. COVWARATI VE EXAVPLE 2
10 [0064] (a) Preparation of Catalyst [Steps (1) and
(2) only] [0065] The procedures of the steps (a) and
(b) of Exanple 1 were repeated to obtain a reduced
product, which is referred % as Catal yst F. [0066]
(b) Falling Strength Test of Catalyst F [0067] Thirty
(30) g of Catal ysOMPARYATVEE FIXAMPL.PUevi ous step (a)
of this 15 Conparative Exanple was subjected to the
[oof7al | (ah @Prepaertigrhof €atalstesStepedl) abd@.onlhE fal | i ng
strength of Catalyst F was 83.8% The result is shown
[00778] THI¢ prdced stepEXanend (19 of x4 10pE83 Weak repeated to
Preparation of Catalyst [Step (1) only] [0069] The
obtginpaagdueed produss, whaeh ways wiedmshptadyst Wer e repeat ed

foozd) 2y el shtrrathiyt el CiatnlysbH engt n Test of
00T 2oy ST ATL Ba oE GTPE

. i t | 4 h est. ..:
CoigbaTRiFe SRAnBAPES PR POl o R, ol BHicRARh ol Riscribed
aboA@S a‘ile“f)élhﬂ_%gt&reﬁﬁ% bf 'Cfatﬁi;@WH wad 8884 ITrhelfosult is shown
COVPARATI VE MPLE 4 [0072] (a) Preparation of
in Tehlallyst [Steps (1) and (2) only] [0073] The
procedures of the steps (a) and (b) of Exanple 3 were

repeated to obtRABLE educed product, which was used

?:zt ;?;glt y(lgif[“{aglﬁ%tg] }”/Eﬁ%éﬁ{)?/é ?30; ICI(S’?‘ C;{ a?)'?l’i]'tiﬂgll SEE aim;]ed
in the previous stappedd)y of ealctnat@ynpastieingsh Bxanpl e
was subjlect ed to| iddrictin i NTeaty. eMhinke | est(9esclri bed
treatment | (°C) | (hrs)
(wt. %)
Example 1 A 1.04 350 3 91.8
Example 2 B 1.04 370 3 91.9
Example 3 C 1.06 330 5 92.0
Example 4 D 1.06 420 5 93.3
Comp. Ex. 1 E - 86.1
Comp. Ex. 2 F 1.04 83.8
Comp. Ex. 3 G 86.4
Comp.Ex.4| H 1.06 84.6
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above. The falling strength of Catalyst H was 84. 6%
The result is shown in Table 1. 10 TABLE 1 Cat al yst
Mass | oss Second Falling caused by calcination
strength reduction Tenp. Tine (% treatnent (O
(hrs) (wt. %9 Exanple 1 A 1104 350 3 91.8 Exanple 2 B
1.04 370 3 91.9 Exanple 3 C 1.06 330 5 92.0 Exanple

4D 6 3 Comp. Ex. 1 E--- .-. -- 86.1
]Wgﬁtl%ﬁ“i’egd --- 83.8 Conp EX. 3G--- ..

cI ai msd | g? é‘{%bdig Iﬁ%f“%d_'c?}?%lg C&t%]éﬁ}i F?Fgu%e ’65% Q/@uFUPn of an
urdd@uidteiNAdPR LA H IR o u@&x ;#Q?e%f &Hx@%ﬁglé?égﬁh¥gﬁ cattalyst

and/ or an unsaturated car I C acl

cofPTNihgiaNghiRedTbxRId J@Qs&%rﬁ%lﬂid@ﬂu?@lbi%%‘ﬂli Bnd i iron, said
bi smuth and iron, sai met hod conprising the steps

metthod(@mplriyinggtherstapsiefius sol uti on or an aqueous
slurry containing raw naterials of the catal yst and
t hen ( b deiing agafquenusgsadution ed apr aguedius sluery coiteimihgraw

ox tai ning gas atnpsphere to obtain a cal ci ned
ygﬁié 10% tﬁ%)ﬁawéé%ﬁ #f then 8asidy salripingdy drledmradne@m a

resence 10 of a re(g%tm n ter o

m@.&{: 'E %% 3&‘5’888&88 1[5‘1“6%1 §eP AIMPSRYCLP al“b alcined pro uct;
(2) heating the calcined product obtained in Step (1) in the presence

of a reducing material to obtain a reduced product having a mass loss,
represented by the following equation (I), of 0.05 to 6%:
Mass loss (%) = [(Wa -Wh)/Wal x 100 )
in which Wa is a weight of a calcined product before the reduction treatment,
and Wb is a weight of a reduced product after the reduction treatment; and
(3) secondly calcining the reduced product obtained in Step (2) in a

molecular oxygen-containing gas atmosphere.

2. The method according to claim 1, wherein said mixed oxide is a
compound represented by the following formula (II):

MoaBinFecAgBeCD Oy In
wherein
Mo, Bi and Fe represent molybdenum, bismuth and iron, respectively,
A represents nickel and/or cobalt,
B represents an element selected from the group consisting of manganese,
zinc, calcium, magnesium, tin and lead,
C represents an element selected from the group consisting of phosphorus,
boron, arsenic, tellurium, tungsten, antimony, silicon, aluminum, titanium,

zirconium and cerium,
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represented by the follow ng equation (1), of 0.05 to
6% Mass loss (99 = [(Wa -Wb)/Wa] x 100 (I) in which
WA is a weight of a calcined product before the
reduction treatment, and Wygis a weight of a reduced
product after the reduction treatnent; and 15 (3)
secondly cal cining the reduced product obtained in
Step (2) in a nolecular oxygen- containing gas

at nosphere. 2. The nmethod according to claim1,
wheeprasestaiagh elemeut skéctieal fremeathe goopotondistiep vépensdamby
the following fo a (11): 20 MaBi bFe~AdBeCf DgOx
(’f‘ﬁ)‘dl“\%éﬁ%llﬁl WB{’“ 1¥Hd Fe represent nol ybdenum

by ' , respectively, A represents nicke

R

epresents an el enent sel ected from

t 86b, @I QU f 6RA§isatibRGhe Fol IRRGRRAGaRenshéRs: BIdIE < 1080 icWMo, 1
magnesium tin and lead, C represents an el enent
sedect®® ¢ silt fis fgr Dt S2) wiernd ipsedephadrtad 2, and

boron, arsenic, tellurium tungsten, .antinon

o 4 £ §rte € ARG denendmeERon e PEuhtamsIAeS ttheim 18
DepRhEsents an el ement sel ected fromthe group

consi sting of potassium rubidium cesium and
thallium O represents oxygen, a, b, ¢, d, e, f and g
satisfy the following relationships: 0 <b < 10, 0 < c

< 10, 31 Themeikod pcogeding do daimp 1 @2y gdrerein shoheat

aj Uals, t 042 . and x i val ue det ersgned ndi ng
BRGS0 P telel 3 G ST AL 98T
nmet hod according to claim1 or 2, wherein the heat 10

treatment in Step (2) is conducted at a tenperature of
200 t 0460@@e method according to any one of claims 1 to 3, wherein the

first calcination in Step (1) is conducted at a temperature of 300 to 600°C.

5. The method according to any one of claims 1 to 4, wherein the

second calcination in Step (3) is conducted at a temperature of 200 to 600°C.

6. The method according to any one of claims 1 to 5, wherein the
reducing material is at least one compound selected from the group
consisting of hydrogen, ammonia, carbon monoxide, hydrocarbons having 1
to 6 carbons, alcohols having 1 to 6 carbons, aldehydes having 1 to 6 carbons,

and amines having 1 to 6 carbons.

7. Amethod for producing an unsaturated aldehyde and/or an
unsaturated carboxylic acid comprising the steps of:

producing a catalyst by the method according to any one of claims 1
to 6, and

a gas phase catalytic oxidation of at least one compound selected



4. The method according to any one of clains 1 to 3,
wherein the first calcination in Step (1) is
conducted at a tenperature of 300 to 600C. 15 5. The
nmet hod according to any one;of clainms 1 to 4, wherein
the second calcination in Step (3) is conducted at a
tenperature of 200 to 600C. 6. The nethod accordi ng
to any one of claims 1 to 5, wherein the reducing
material is at |east one conpound selected fromthe
direuph? @rapnhsisting obprdpybimegsshutglenenind text dnivylmlcohol
nnngxiqe, hydr ocar bans havi ng ﬁl to 6 carhons,.
aveBmeteculaiexygen 1 Hhegoreasnss ok thegagalnstquedpneadiinghe apeye
qngﬁrbons, and am nes having 1 to 6 carbons. 7. A
nmet'hod for produci ng an unsaturated al dehyde and/or an
25 unsaturated carboxylic acid conprising the steps
of . producing a catalyst by the nethod according to
any one of clainms 1 to 6, and a gas phase catal ytic
oxi dation of at |east one conpound selected 19 from
the group consisting of propylene, isobutylene and
tert-butyl alcohol wth nolecular oxygen in the
presence of the catal yst produced in the above step.



