1 METHOD FOR PRODUCI NG CATALYST FOR USE I N PRODUCTI ON
OF UNSATURATED ALDEHYDE AND/ OR UNSATURATED CARBOXYLI C
ACI D, AND METHOD FOR PRODUCI NG UNSATURATED ALDEHYDE

AND/ OR UNSATURATED CARBOXYLIC ACID 5 FIELD OF THE

| NVENTI ON [ 0001] The present jnvention 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
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an0a0ule The psedent ibRnebn @6latedCGt QQHGtheH Eirito @i @h Qh1adyst for
catal yst conponents and then cal cining the dried

priespuatthe produstion s’éa@ﬂnﬁaﬁusatteslpéd@ﬁfde andfoy en ungaturhted

abov dat OoR,reacti 1t he.cat St | lled in

10 ¥ o e, T Rt -nl ey upn g1sogeBitioiod Battod B y .

25 1oRuéink 'aﬁ%sgﬁﬁ'afeﬁaeﬁa&fyde andfo? %n(iﬁ{sﬂwiﬁjéed%%(lx?ﬁ’c acid by
mechani cal strength, 1t tends to be broken when'it 1Is

f i udiegl aicatadystpaepared Apdhe fgegoinemethaod. a pressure drop

occurs in the reactor during the reaction. Therefore,
such a catalyst is

DESCRIPTION OF PRIOR ART
[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. It is 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.



required to have hi gh nechanical strength. 2 [0003]
To increase the nechanical strength of a catal yst, the
compoundi ng of inorganic fiber in a catalyst during
the preparation thereof is proposed (see

JP- A-06- 000381, JP-A-2002-273229 and JP- A-09- 052053).

[ 0004] However, a catal yst prepared by the above

nmet hod may not 5 necessarily have satisfactory
mechani cal strength. SUMMARY OF THE | NVENTI ON [ 0005]
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PrRAYET As the result of extensive studies by the present inventors, it has
15  been found that the above object can be accomplished when a catalyst for use
in the production of an unsaturated aldehyde and/or an unsaturated
carboxylic acid composed of a mixed oxide containing molybdenum, bismuth
and iron is produced by a method comprising Step (1), (2) and (3) described
below
20 [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 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
25 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,



(2) heating the calcined product obtained in Step (1)
in the presence of a reducing material to obtain a
reduced product having a mass | oss, 3 represented by
the follow ng equation (1), of 0.05 to 6% Mass |o0ss
(%9 =[(Wa -Wb)/Wa] x 100 (l)qin which WA is a weight
of a cal ci ned product before ?fhe reduction treatnent,
and W is a weight of a reduced product after the
reduction treatnment; and 5 (3) secondly calcining the
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grvuR molecular oxygen in the presence of the catalyst produced in the above
step.
[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 aresult, 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



consi sting of propylene, isobutylene and tert-butyl
al cohol stably with 25 nol ecul ar oxygen in a vapor
phase to produce an unsaturated al dehyde and/or an
unsat urated carboxylic acid. DETAI LED DESCRI PTI ON ON
THE INVENTION 4 [00 101 The gatalyst for use in the
production of an unsaturated al dehyde and/or an
unsat urated carboxylic acid according to the present
invention is conposed of a m xed oxide conprising
nol ybdenum bisnmuth and iron as the 5 essentia

el ements. The m xed oxi de may optionally contain at
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D represents an el ene cted fromthe group
conS|stmthﬁEbpbﬁQS£hOH1 rubﬁm um cesi um and
tthL&$g1 O represents oxygen
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,
zine, calcium, magnesium, tin and lead,
C represents an element selected from the group consisting of phosphorus,
boren, 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, fand g satisfy the following relationships: 0 <b < 10,0<c < 10, 1
<d<10,0<e<10,0<f<10and 0 <g <2, when ais set equal te 12, and
X is a value determined depending ﬁpon the oxidation states of other
elements. '

[0012] Among them, those having the following compositions (except for

oxygen atoms) are preferably used:
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a, b, c, d, e, f and g satisfy the follow ng
relationships: 0 <b < 10, 0 <c < 10, 1

< d<_ 10, Oses10, 0 f<10andO<g<_2,when a is set equal to
12, and 25 x is a value determ ned dependi ng upon the
oxi dation states of other elenents. [0012] Anong
them those having the foll owm ng conpositions (except
for oxygen atons) are preferably used: 5 M12B10.
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a bismuth compound. Iron (ITI) nitrate, iron (ITT) sulfate, iron (III) 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 (ITI) 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.
[0014] The agueous solution or the aqueous slurry containing the raw
materials may be prepared by mixing the raw materials with water. A
mixing temperature and an amount of water used may adequately be
selected. The aqueous solution or the aqueous slurry may be dried using a
kneader, a box dryer, a drum-type through-air dryer, a spray dryer, a flush
dryer, or the like.
[0015] The dried product obtained by the above drying step is firstly

calcined (first calcination) in the molecular oxygen-containing gas



20 and the like nmay be used as a cesi um conpound.

[ 0014] The aqueous solution or the aqueous slurry
containing the raw materials may be prepared by

m xing the raw materials with water. A m xing
tenperature and an anount of pat er used may adequately
be selected. The aqueous sol ution or the aqueous
slurry may be dried using a 25 kneader, a box dryer, a
drumtype through-air dryer, a spray dryer, a flush
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15 the fol&owing equation (I):

Mass loss (%) = [(Wa -Whb)/Wa] x 100 oy
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,
20  carbon monoxide, hydrocarbons, alcohols, aldehydes and amines.
Optionally, two or more of such reducing materials may be used. Preferably,
hydrocarbons, alcohols, aldehydes and amines each have 1 to about 6 carbon
atoms. Examples of such hydrocarbons include saturated aliphatic
hydrocarbons such as methane, ethane, propane, n-butane and iscbutane,
25  unsaturated aliphatic hydrocarbons such as ethylene, propylene, o-butylene,
B-butylene and isobutylene, and aromatic hydrocarbons such as benzene.
Examples of such alcohols include saturated aliphatic alcohols such as

methanol, ethanol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol,



in which WA is a weight of a cal cined product before
the reduction treatnent, and W is a weight of a
reduced product after the reduction treatnment. [0017]
Exanpl es of the reducing material include hydrogen,
amoni a, 20 car bon nonoxi de, derocarbons al cohol s,

al dehydes and am nes. Optionally, two or nore of such
reducing materials may be used. Preferably,
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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.

20 [0019] A temperature for the reduction treatment is usually from 200 to
600°C, and preferably from 300 to 500°C. The time of the reduction
treatment is usually from 5 minutes to 20 hours and preferably from 30
minutes to 10 hours. It is preferable to conduct the reduction treatment by
placing the calcined product in a tubular or box-shaped container and

25  keeping the container ventilated with a gas containing the reducing material.
At this time, a gas discharged from the container may be circulated and
reused, if necessary.

[0020] Accordingly, the reduced product having a mass loss, represented by



usually fromO0.1 to 50% by volunme, and preferably from
3 to 30% by volune. 15 The reducing material may be
diluted with nitrogen, carbon dioxide, water, helium
argon, or the like so that such a concentration could
be achieved. Ml ecular oxygeg may be present in the
reduci ng at nosphere unless the effect of the

reduction treatnment is affected. Preferably, no

nol ecul ar oxygen is present in the reducing

at nosphere. 20 [0019] A tenperature for the reduction
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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
20  iscarbon and, therefore, the mass of the residual material can be determined,
for example, by total carbon (TC) analysis.
[0022] The reduced product resulting from the reduction treatment is
secondly calcined (second calcination) in a molecular oxygen-containing gas
atmosphere [Step (3)]. The molecular oxygen concentration of the gas is
25  usually from 1 to 30% by volume, and preferably from 10 to 25% by volume.
Ambient air or pure oxygen is usually used as the source of molecular oxygen.

Such a source is used as a molecular oxygen-containing gas, if necessary,

after being diluted with nitrogen, carbon dioxide, water, helium, argon, or



reduction treatnment is preferably fromO0.1 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 catal yst after §he reduction treatnent
according to the type of 15 the reducing materi al

used, heat treatnent conditions or the like. In such a
case, the mass | oss can be cal cul ated by neasuring the
wei ght of the residual material in the catalyst and
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present invention is usually molded in a desired form
15 hetgferablyanolitdbefatathesecomcabinatiind e Specificalleitiisr m of
g)grr:egagfﬂ&lg tg %lolh? Elie (ilngtf) Qﬁ)rd%ctoorbtgigeed Ibly lﬁgm?l% tLg gtlp?éotuls régl’uticon

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.

20 [0025] Thus, the method of the present invention can improve the
mechanical strength of a catalyst for use in the production of an unsaturated
aldehyde and/or an unsaturated carboxylic acid which is composed of a
mixed oxide comprising molybdenum, bismuth and iron. Accordingly, the
breakage of the catalyst is prevented when it is filled in a reactor. Asa

25  result, it is possible to reduce the pressure drop during the reaction, to
catalytically oxidize propylene stably with molecular oxygen in a vapor
phase to stably produce acrolein and acrylic acid, and to catalytically oxidize

isobutylene or tert-butyl alcohol stably with molecular oxygen in a vapor



nol dng or the like. The catal yst conponents may be
supported on a carrier, for exanple, silica, alumna,
silicon carbide and silicon nitride. In the 10
nol di ng, for inproving the nmechanical strength of the
catal yst, inorganic fiber orgthe like, which is
substantially inert to the intended oxidation

reacti on, may be added as disclosed in, for exanple,
JP- A- 09- 052053. [0024] The present invention can
increase the nechanical strength of the catalyst by
p ephagertostplin praduce methadroleimandmetheeylef anid, t he

ol R Bl BRASeh R Bb6 s A ont by
{ hendle &d cgfﬂﬂﬁ%f u{é&ms&&q wntwnvm@ﬁ}meﬂ%ﬁgﬂﬁgwu

SO|UtI0n eous S urry containing t

mateaciodladddbedihe a Q'awah ytehial piecontaindighe eaw hedeihl compound
obtalned by the first calcination, or the reduced

pr flerded rem thie g gonsHtingead @éméeltee sabnivigne apl t[eoplzwl

Th the Q of t he present i NV can
¢ niEo S RO R oxt el PO o, Y o] S A dahiTR of
Pr @dlehiae '%x?éenan BéQﬁ@E %ﬁ@fsﬁ:@ma@éﬁﬁ%%oﬁﬂ&g Qﬁd ﬁfdlecular
unsat urat ed carboxylic acid which is conposed a
mi seegenxthd eawongterisl gap moay yjnhlmmlly\ CObtmithogBdealbom dioxide,

Acco din ..t he breakage he catal yst is
E’g’ nGxidR Viater yapen gndthe r‘ﬁ‘& reactor. As a 25

10' eﬁ)@btz} ’P#é rb&ctBﬁ%%hR'eFath?e Ise\féﬁ?aﬂ %ﬁ Qiﬁ(?t‘cﬂét]'oecOIIr PRe
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ring the reaction, cat al y oXldl ze

pr mayhanpr@mdal may\foé hecm@be ﬁﬂésaﬁreolsygﬂﬁs wsuAlWRAAI100 to 500
phase to stably produce acrolein and acrylic acid, and
t kBt al e armenntyof syalegular oxygem i yavaHy fepm d de t?»lmlwper mole

o R et ettt ol oTRla” - Eh R o SRS A5 P MR vp G paterial

adghs ik Q@aﬁly fib@ 308R850D0ASE T @tildaed Puhpdab®R and
reaction is usually carried out by filling the

camaB?SF)of the present invention in a fixed bed

TR ST AN TN
Limit the present invention in any way. In the examples, the unit "ml/min"
indicating the ﬂov&-r rate of gas is at STP, unless otherwise stated.
[0029] Falling Strength Test of Catalyst
[0030] A stainless steel mesh having 4.76 mm openings is fixed at the
bottom of a metal tube having an inner diameter of 30 mm and a length of 5
m and being arranged almost perpendicularly to the horizontal direction so
that the plane of the mesh is substantially horizontal. Then, X gofa
catalyst is charged from the top of the metal tube to fall. The fallen catalyst
particles are collected and placed on a sieve having 4.76 mm openings,
followed by vibration of the sieve. Then, Y g of the catalyst particles remain
on the sieve. The falling strength (%) of the catalyst is defined as follows:

Falling strength (%) = Y/X x 100 (%)



5 selected fromthe group consisting of propylene,

i sobutyl ene and tert-butyl al cohol, and nol ecul ar
oxygen. An air is usually used as a source of

nol ecul ar oxygen. Besides the raw material conmpounds

and nol ecul ar oxygen, the rﬁg mat eri al gas may
optionally contain nitrogen, carbon di oxide, carbon
nonoxi de, water vapor and the like. 10 [0027] The
reaction tenperature is usually from 250 to 400C. The
reacti on pressure may be reduced pressure, but it is
us{et31y HhrtheExathiles, 3@0nvéPan (Fandrohdd 08 depbhatsd fatlows:

ran mt ' Sqnﬁféi%m%dfﬁé’t% %ﬂ&l@%@"f‘ééuiihgiispﬁ{y%m?éf&?ﬁeof
000/ h STP
(<VafBS R B IR BBt ARy S0 00g) |

Exarrpl esroeél ¥idle () eSRMtx Gt&\éﬁﬁiolé%rbf%i&hé&m@ih Bed MhRlic
they do not |imt the present |nvent|on in any way.

5| natid¥(reclaspl swpliehesobntyedad / mi n" i ndicating the

flowrate of gas is at STP, unless otherw se st at ed.
[0029] Falling Strength Test of Catal yst 20 [0030] A

stai nl ess steel nesh haviﬁ?Agﬂﬁ%:gnlopenings is fixed
at the bottomof a netal tube having an inner

di E0032E r(a)pPreparationasfcdC Acihed Prdduwet [Step 11)RNd bei ng
arranged al m)st perpendi cularly to the horizontal
di 1088] 98243 £ ¢ o giofe KNELIRBHOsSIFLOl was

ﬁﬁ%ﬁ S PL1 00I0E bERRYE Ward Wit LB A7 SPRpRRIR 00 € of
f ajrbg mmqheday@me&ﬁo@@rgmeu e, (6% &%bﬁ@ hﬁga@g@om@ngedﬂzo]

on a sieve having 4. Eenln gs,
vi amdb8g obéesiure mﬂretﬂdcsm wehe ayss:ﬂvetdm 6e00eg 9’b$/arm water

(ofid Pulimac b 8o iuf?afli Sirate BT B:Ghrs figther
St iis %H foo’ﬁ)rm élﬁd)B 1 s aﬁ@%hbﬁd d{'ﬁ neatlrrmg to

Exan'p conver si on

15 f ofolrmwsslurry The slurry was then dned with a flash dryer to obtain a dried

20

25

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
(Sh203) were added to 100 parts by weight of the dried material. The
resulting mixture was molded into a ring form having an outer diameter of
6.3 mm, an inner diameter of 2.5 mm and a length of 6 mm, and then was
calcined at 545°C for 6 hours in an air flow to obtain a calcined product.
This calcined product contained 0.96 bismuth atom, 2.4 iron atoms, 7.2
cobalt atoms, 0.48 cesium atom and 0.48 antimony atom per 12 molybdenum
atoms,

[0034] (b) Reduction Treatment [Step (2)]

[0035] Seventy-five (75) ml of the calcined product obtained in the above
step (a) was filled in a glass tube, and then a mixed gas of hydrogen/nitrogen

(5/95 by volume) was flowed at a flow rate of 300 ml/min. through the glass



Conversion NO = 100 x [(nol es of supplied isobutyl ene)
- (noles of unreacted isobutylene)]/(noles of

suppl i ed i sobutylene) Total yield (%9 = 100 x (total
nol es of nethacrolein and nethacrylic 5 acid)/(noles
of supplied isobutylene) EXANBLE 1 [0032] (a)
Preparation of Calcined Prod th [Step (1)] [0033]
13,241 g of ammoni um nol ybdate [ (NH4) 6Mb7024 4H201 was
10 dissolved in 15,000 g of warmwater to form Liquid
A. Separately, 6,060 g of iron (Ill) nitrate

[ Fa(ieds eond@iti20ledudtiorD@6atgnentt at GU&IQE foniSthculre [TiemNEsd 2
6H20 . and 585 g of cesiumnitrate [ CsNO3] were

di §4ly ebhydrogempes gtoppedvaansh tha papduch wigs sorled turaem y

2, f. hi h _.ni Bi (NOs) 3. 5H20] . f h
o Bl Faloe SRR thEhfrohgi alode hab e Baepyie
Li grtideheAWTHeBn 8451664 ditk fo@hd Ped@tidh AréuthlehY wad 1948 By 'Y

was then dried with a flash dryer to obtain a drie
S5prwdight. Nine (9) parts by weight of silica alumina

fi FC400- d d by..Saint-Gobain T d 2.5

| Bl 5000 b, el L covaln T ang

?ﬂ%@ﬂ @%%d&@&ﬁo@%t%bﬂﬂ&d ?I t]:ltgth%o% !St%g (%g% &:ﬁémed at
e resutlng m xt ure was nol de lntoarlng orm

ha830r¢ fan 3 histey inchirpaie ek t0fobP4n € adalysd Aan i nner
difarreter of 2.5 mmand a length of 6 mMmm and then was
ca

0938k dd:Faling Styengths Tess of Satalysdd air flow to obtain

a Lei red .product.~ . This.cal ci ned product .cont.ai ned

105 GR5H] ARinR QP e credlifa FBAAED e300 iR O dirn
0. dihjc@ed MR YAIEN3Wred Bt AN HEPBYd ab&E. Pahe Fling strength

bdenum atons. 25 [0034] (b) Reduction Treat nment

Fglo talys} A[v638] 8%e vEmt seshiltiie skavs) imTalde 1t he cal ci ned
o B OSSRl SLe, () ves TiTed I
YR Rl Y0 A 9GF S 10
15 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
isobutylene/oxygen/nitrogen/steam (1.0/2.0/10.0/2.7 by mole) into the
20  reaction tube at a flow rate of 157.5 ml/min. The conversion of isocbutylene
and the total yield of methacrolein and methacrylic acid were 98.9% and
79.6%, respectively.

EXAMPLE 2
25  [0042] (a) Preparation of Catalyst [Steps (1), (2) and (3)]
[0043] Catalyst B was prepared in the same manner as in the steps (a), (b)
and (c) of Example 1 except that the calcining temperature in the step (c) of
Example 1 was changed from 350°C to 370°C.



12 tube to conduct a reduction treatnent at 345C for
8 hours. Then, the supply of hydrogen was stopped,

- and the product was cooled to room tenperature while
flowi ng the nitrogen gas alone to obtain a reduced
product. The mass |oss due to4he reduction treatment
was 1.04% by 5 weight. [003 (c) Second Cal cination
[Step (3)] [0037] The reduced product obtained in the
above step (b) was calcined at 350C for 3 hours in an
air flowto obtain Catalyst A [0038] (d) Falling
St 1&g HbX EallingfSt@atgsh {Test of Ch@aly8OBO] Thirty (30) g of

%ﬁ)a?de%i i BALE L Rakyt B iR i ke rskiage sinec(e) of this
i A 1. 89
o <Papl el Suhfia o RO ol e Sbaginkpils o fhe

of fAlkindwireheiheof {45t B 9. 8% aSBhd RAGIIIOShdwlth Table 1.
havi ng an inner dianmeter of 18 mm 14.3 15 m of

5Catal yst A obtained in the above step (c) was filled
after being diluted wt silicon carbide
( SHI NANOG- RUNDUM GC F16 p:]%ggjéfg)&%b? Shi nano El ectric
Re{dgu6PdalPrepaldtibn of AHlcif¥d BAUJRP [SeBAEHI ON Was
conduct ed g?aa rea%#ﬁg% tenperatLreﬁgPHSGOC by

suf9147] nycalcined prbdyes waé prepared in the same manner as in Step (a) of

[ s%but yLe;ene/ ox%/agan/ ni trogen/ steam (1.0/2.0/10.0/2.7 by
moF&fmpt bexqent Hptithe amopnt elithe sticaalaming fbgrevas changed

15 ' ] [Sj . {sobutyl ene and the

1Ot otirzgﬁ1 %éﬁg%gfva-eﬁ&ﬁitgg?gﬂaasgnnya“ﬁ%‘ghét hac?/yl ic acid were
98098 hrib) R TreatResd [Sy&l @)] EXAVPLE 2 25 [0042]
(a&wgreparatlon of Catalyst [Steps (1), (2) and (3)]
[ 0W4P] Gaxeduged pdueisway prenatad inrthe seme amsinen as én Step (b) of

: nEE{Qnelp et

£ g:?ce{;?l gliat (tgg calcined product obtained in the previous step (a)
of this Example was used in place of the calcined product obtained in the

15  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
step () of Example 1 except that the reduced product obtained in the

20  previous step (b) of this Example was used in place of the reduced product
obtained in the step (b) of Example 1, the calcining temperature was changed
from 350°C to 330°C, and the calcining time was changed from 3 hours to 5
hours. Thereby, Catalyst C was obtained.
[0052] (&) Falling Strength Test of Catalyst C

25 [0053] Thirty (30) g of Catalyst C obtained in the previous step (c) of this
Example was subjected to the falling strength test described above. | The

falling strength of Catalyst C was 92.0%. The result is shown in Table 1.
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and (c) of Exanple 1 except that the cal cining
tenperature in the step (c) of Exanple 1 was changed
from350C to 370C. 13 [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 descri bed
above. The falling strength of Catal yst B was 91. 9%
The result is shown in Table 1. 5 EXAMPLE 3 [ 0046]
(a) Preparation of Calcined Product [Step (1)] [0047]
A cal ci ned product was prEBAMRLEHA t he sanme manner as

U i AL ST
ry LR e Get V8] et A bk B Sl B,
pr apd @ df ERainple $ axteptrehtiehe 8fcinin Stedip e Mur®in t@hﬁﬁp (& of

1 except that the cal cined roduct@ obtained in the
(Ekaiﬁﬂ" .was used in place

of i.ned produc bt.aj ned .in the 15 step (a) of
a@#%ﬁﬁﬁifaﬂﬁggrﬁgeggﬁb@gﬁ&h@a{ﬁgst duction treat nent
wafo54] 0 ' 51 58O SkeTRLS KRR G PLF thi
[ Stﬁ)ep ]( 3) %@t%%%% &‘%ﬁ:a&y&@%té@%c& ?ﬁat [ or?gi\%lgg Sf:bgrd??gdt his
ouExampleheas autjeated tiethedslling stivagtlsteapdéseyibed abxsanp The
1 cept that the reduced product obtained in the 20
préﬁl%%tr%w of Gptalystelh wasB3a3% cThgaxesuld deishawmingEabled.
t he reduced product obtained in the step (b) of
Exanple 1, the calcining tenperature was changed from

350C to 330C, and tdeMPARATIVEEIANEIHA$ changed from
3 hours to 5 hours. Thereby, Catalyst C was obtai ned.
0058] (a) Preparation of Catalyst l)étep (1) onlyl

[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
in Table 1.
[0062] (c) Oxidation of Isobutylene
[0063] Isobutylene was oxidized in the same manner as in the step (¢) of
Example 1 except that Catalyst E obtained in the above step (a) of this
Comparative Example was used in place of Catalyst A. The conversion of

isobutylene and the total yield of methacrolein and methacrylic acid were

95.1% and 79.4%, respectively.

COMPARATIVE EXAMPLE 2
[0064] (a) Preparation of Catalyst [Steps (1) and (2) only]



[0052] (d) Falling Strength Test of Catalyst C 25

[0053] Thirty (30) g of Catalyst C obtained in the
_previous step (c) of this Exanple was subjected to

the falling strength test descri bed above. The

falling strength of Catalyst was 92.0% The result

is shown in Table 1. 14 EXAVPLE 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 (c) of Exanple 3 except

t hE066h eTheaprocetiuregs ofetip etewss ia)earidh(b} hEEz4raple(Icyexefrep&ated to

Ex le 3 h d from 330C 420Q0C. [ 0056 b

Fa PPy SR EROREC B Etelyiped GrAq GOBHSUTh Tty 30)
A BER ety f

nf 0SB B e Rt o R R o1 g <t rempth

t ebn06db Hirtyed0lobofMBataliREE dhodinkd th Bid Begiolis 8fep (a) of this
Catalyst D was 93.3% The result is shown in Table 1.
5 10Compprave Eramplavassubjectgionghe fallinpsupagtlt teshdestribed

ot &) THF b st naR GRS RLE g S U egtle i Fown

calycrpgd 1product, which was used as Catal yst E. 15
[0060] (b) Falling Strength Test of Catalyst E [0061]
Thirty (30) g of Catalyst E obtained in the previous

step (a) of this arative Exanple was subjected to
the falling streng%@%g@rﬁ%&l)%%ve. The

f afdni . Of .1% The result
10
i s[dg ﬁg}%g#lﬁ"‘g%ﬁfo& Of%%g’%@%%% w???ﬁqu plat i on of
| skwoeb ITheerbétdGds if 3RO by (N BiasnrdX B Wet€ ey datdd¥® obtain a
same manner_as in the st e(i) (e) of
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
15 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.

COMPARATIVE EXAMPLE 4
20 [0072] (a) Preparation of Catalyst [Steps (1) and (2) only)
[0073] The procedures of the steps (a) and (b) of Example 3 were repeated to
obtain a reduced product, which was used as Catalyst H.
[0074] (b) Falling Strength Test of Catalyst H
[0075] Thirty (30) g of Catalyst H obtained in the previous step (a) of this
25  Comparative Example was subjected to the falling strength test described
above. The falling strength of Catalyst H was 84.6%. The result is shown
in Table 1.



Exanpl e 1 except that Catal yst E obtained in the above
step (a) of this Conparative Exanple was used in

pl ace of Catalyst A The conversion of isobutylene
and the total yield of nethacrolein and nmethacrylic
acid were 25 95.1% and 79. 4% respectively.

COVPARATI VE EXAMPLE 2 [0064] (a) Preparation of
Catalyst [Steps (1) and (2) only] 15 [0065] The
procedures of the steps (a) and (b) of Exanple 1 were
repeated to obtain a reduced product, which is
referred to as CatdI‘ABLEE [0066] (b) Falllng Strength
Tést of Catal ThirT 307 T Catal yst E
obt ai ned in 3%515 \/Mégéios %%Ifdt hi ?a]l‘sng
Conparati ve Exan'pl e E =rF HmaHOFhPS?TﬁPE‘ihM
sfrength test descr tﬁé’@lcumo dempheTime | i ng%st r engt h
of Catal yst [F was 8Btr88tmebhte|regyl { () shown ip Table
1] COVPARATI VE EXAMPLEGyB %)10 [0068_ (a) |Preparation of

1E§h¥1ﬂeibtelo AJ.I) o1 )1]041 UU:uimqun eoélrgs f the
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F 0
S1 =X e f-e—T+¢ et—to—obt
Cﬁgﬁgkﬁ oduc F whi-ct vﬁ ,ggﬁi_a: Gat al \/@1-8;6} [ 0070]
( hExpmplq %o Str@ngth TAd6 of | A3 [yst6 G| [ 098] TThi rty
(.BE)cagnpta‘tlcdt alPst |G ohi0si ned 420t he 5or ¢vigis sfep (a)
0
f
s
i

t CopSEx1b | Conpar af | vg-.ExamoI e..wabk subj ecg@g to the
3bbh1$9]ﬂ§_““’ng[f' rest dexeriped. & Ey_ge. |n§3é t11ing

CTTYLl U} Cat d Dt G Was 83 40//‘) Tne St L 1 S ShOWn
_&Qﬁr_&__g@gﬁ; TLVE EXAMPLE 4 207 [ 0n7246.4
Pt EpmpaEroh | of Hat al ys.06St eps -(1)| and 2)84;61| y]
[0073] The procedures of the steps (a) and (b) of
Exanple 3 were repeated to




obtain a reduced product, which was used as Catal yst

H [0074] (b) Falling Strength Test of Catalyst H
[0075] Thirty (30) g of Catalyst H obtained in the
previous step (a) of this 25 Conparative Exanple was
subjected to the falling strepgth test described
above. The falling strength of" Catalyst H was 84. 6%
The result is shown in Table 1. 16 TABLE 1 Catal yst
Mass | oss Second Falling caused by calcination
strength reduction Tenp. Time (%9 treatnent (O

(hrs) (vWWhat§s dxiansollie: 1 A 1. 04 350 3 91.8 Exanple 2 B
1.04 370 3 91.9 Exa le 3 C1.06 330 5 92.0 Exanple
4 D 1. 06t 47bmsthpd for pggimgmgg(catglygt for use in the.plgéuq_tmn of an

Co GBg%iﬁgateéande}lygﬁ anﬂ/oplag Lﬁxéaturateﬁocn?lgﬁ(Egc 'ﬁld c\(mlgf)squof a
cl aliRedlodide c&npﬁsxﬂ@trmgbtfe%mp TREEtheh Pir &l o/ ﬁiétlfo‘ar

use in the groductl on of an ‘unsaturated al dehyde
5a_nd¢mpl'18mga satepsaf'ed carboxylic acid conposed of a

m xed O)i risin i ybdenum bi snuth and iron,
: t h grymg aqueaus solution or an aqueous slurry contammg raw

said ne
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
10 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 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 treatment; and

15 (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 (ID:
20 Mo,BiyFe.A4B.CiD O« (aIn

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,
25  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,



5 conprising the steps of. (1) drying an aqueous
sol ution or an aqueous slurry containing raw
materials of the catalyst and then firstly calcining a
dried product in a nolecular oxygen-containing gas
at nosphere to obtain a caIC|g_ product; (2) heating
t he cal ci ned product obtained™in Step (1) in the
presence 10 of a reducing material to obtain a
reduced product having a mass | oss, represented by
the follow ng equation (1), of 0.05 to 6% Mass |o0ss
( 9P rephdsts-abgleibht xeldded {rojn the ghbiys Borldbisting: of OB sSTim,
of a .cal cined product before the reduction treatnent,
an&l“l‘lAﬂ“ﬁn%’ cgsiphg) apd thedliumy educed product after the

[.on %reatnent and 15 (3) secondly calcining

the ré{ﬁfg% W%‘tht obtained in Step (2) in a

noh &gl are, P4xd 21T
ot ) A DA R R BRSAE eb 2ag D R e 10,2

5i s<d < Hh®poesdOr 8 grfesHhaedio bye £ Bewheh hasbargghal w2 and
(Ill)l: 20, Mo BI bFeﬁﬁ BeCf DgOx (11) wherein My, Bi and
FeX 1o ralig et upp the grtlation states of other

reseeshivel v, A represents ni ckel and/or cobalt, B
represents an el enment selected fromthe group
consi sting of manganese, 25 zinc, calcium nmagnesium

tin and lead, C represents an el enent selected from
the grodp &baAsmeshy gecotdipl b plabm Uwr 2, wheorin the beati c,

o b SRR A5 o AT L

eI enment selected fromthe group consisting of
pot assium rubidium cesiumand thallium
4. The 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.

15 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
20  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
25 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



O represents oxygen, a, b, c, d, e, f and g satisfy
the following relationships: 0 < b < 10, 0 < c < 10,
1 5 <d< 10,0 _e< 10,0 f<10 and 0<gs2, when a is set
equal to 12, and x is a value determ ned dependi ng
upon the oxidation states of .@ther elenents. 3. The
nmet hod according to claim1l & 2, wherein the heat 10
treatment in Step (2) is conducted at a tenperature of
200 to 600C. 4. The nethod according to any one of
claims 1 to 3, wherein the first calcination in Step
( L¥roinsthe@roue tedhi sin goof tpeopdersd, isobutilerdOihad erEba§] alcdhol
5. The %gpd according to any one of clains 1. to 4,
whEH; Iﬁ&g ag gxvey 18 zhe prasencsirfithe eatalyst pyoduged in the above
cog%gcted at a tenperature of 200 to 600C. 6. The

ne d according to any one of clains 1 to 5, wherein
the reducing material is at |east one conpound

sel ected fromthe group 20 consisting of hydrogen,
ammoni a, carbon nonoxi de, hydrocarbons having 1 - to 6
carbons, alcohols having 1 to 6 carbons, al dehydes
having 1 to 6 carbons, and anmines having 1 to 6
carbons. 7. A nethod for producing an unsaturated

al dehyde and/or an 25 unsaturated carboxylic acid
conprising the steps of. producing a catalyst by the
nmet hod according to any one of clains 1 to 6, and a
gas phase catal ytic oxidation of at |east one conmpound
selected 19 fromthe group consisting of propylene,

i sobutyl ene and tert-butyl alcohol wth nolecular
oxygen in the presence of the catal yst produced in the
above step.



