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METHOD FOR PRODUCI NG UNSATURATED ALDEHYDE AND/ OR
UNSATURATED CARBOXYLI C ACI D FI ELD OF THE | NVENTI ON 5
The present invention relates to a nmethod for
produci ng an unsaturated al dehyde and/or an

unsat urated carboxylic acid conprising supplying a
feedst ock gas containing at | east one conpound
selected fromthe group consisting of propylene,

i sobutyl ene and tert-butyl al cohol and nol ecul ar

oXy ctlon tube to catalytically oxidize
sali ﬁﬂfm& I{lg SRR WTHRATEép‘&nDEHXQ@ AND/OR
obtai n an unsat ehyde and/ or an unsaturated
car boxyl i c aC|dﬂ£%%§gﬁa&$¥ GABBOXELKEARTED ART As an
exanple of a nmethod for producing an unsaturated

al dehyde 15 and/or an unsaturated carboxylic acid

conpri sing supplvyi sk ont ai ni ng at
| east one conpoundﬁggﬁ%gﬁﬁ'ﬂ &gﬁﬁﬁﬁ®fﬁfoup consi sting

o 21O G ORI 15, 0, LGB0 el e and

nol ecul ar oxygen

c Q&l@hbﬁtrhﬁéﬁl Jl&eh%b ‘Ahé/%r af 'ugsgthrllt%agarmﬁy%%c& gogrplgréﬁllgg ﬁe

vapor phase, d I's propose

prsepglyaig zﬁi@e&)sftodl'«aI é&{s%bnéﬁhﬁﬁ? anea oncéac'b éX&rgé §%ec\f?<({' ﬁalg the

different catalytic activities chan I Ng
Orgrowg@uBistin® bf pRpalens) iSSRAYIENE %&Eér‘é H{M AicbB8 and
catal ysts, these catalysts are fil I'n a reaction
t oibdecsibartdxagert into aat adtipattubsto délt:ilytld:a{]}?yr BARLSsHifl AMeAst
feedstock gas inlet toward a feedstock gas outlet and
a‘Reeurpeeid igasvapsr pBagebiobthin ah ankiwraLRacldddpdd B€or an
(see U S. Patent No. 5,276,178 and 25

Jpryatsied sarbpadic acid. However , such conventi ona

nmet hods are not necessarily satisfactory

DESCRIPTION OF THE RELATED ART

As an example of a method for producing an unsaturated aldehyde
and/or an unsaturated carboxylic acid comprising supplying a feedstock gas
containing at least one compound selected from the group consisting of
propylene, isobutylene and tert-butyl alcohol and molecular oxygen into a
reaction tube to catalytically oxidize said at least one compound in a vapor
phase, a method is proposed, in which after the preparation of plural kinds of
catalysts having different catalytic activities by changing the kinds or
amounts of metal elements constituting the catalysts, these catalysts are
filled in a reaction tube so that the catalyst activity increases from a
feedstock gas inlet toward a feedstock gas outlet and a feedstock gas is
supplied into the reaction tube (see U.S. Patent No. 5,276,178 and
JP-A-2000-351744).
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in the conversion of propylene, isobutylene or
tert-butyl alcohol, or inthe yield of an unsaturated
al dehyde and/or an unsaturated carboxylic acid. 5
SUMVARY OF THE | NVENTI ON An obj ect of the present
invention is to provide a nmethod which can produce an
unsat ur at ed al dehyde and/ or an unsaturated carboxylic
acid by the catalytic vapor phase oxidization of at

| east one conpound selected from the group consisting
of propyl ene, isobutylene and tert-butyl alcohol at a
10 g oodﬁéﬁfﬁ‘(/@r sichreonyerdgional insflads arg/mgtirekeksarilyesatisfactory
i nveptors of the present invention have found, through
t HBitRe COYeEsiyl Y rppviens. iisphuiders ontthettbuthlealatholer dbjlect
coula ge attained by fillin plural kinds of

c At yE# upsatpsaied alfehgde and/pramineaiuentedesboisfliceridng
from each other in ternms of the kinds and/or content
rati os of the constituent 15 netal elenments, which

talysts h b | '
ol ut)on or an aquhB0ard OF i pNbENIEGE" e o
: talyst. . . foll d. b | ci nat |
' on anault FEECRR AR el 81 REFHAA Dt wiosh g

.aﬁbgo(ﬁi_épﬁﬁ%g%rtﬂ@latalégnh?ﬁg A5 B for ia? iu:r)lggttugétg Egﬁal%ﬁsa.{c a?%by

reduci ng material, 0O a reac

Cc ghatatalytid Ghb o fhask DEIIEASSS of EPEFMn%anfn?ﬁlg%& ge%(ct(,gc? Fom

inlet toward a feedstock gas outlet an

i e g@up icigsicting FGEoS 6K, SRBulyMR dlEeFERGH] ADHMRE,

u
Thus, they have acconplished the present fnvention
basel-oonensiva iakoseisfactuty Rgpld That is, the present
I nvention provides a nethod for producing an
unsat urlieduventoestof dlee predérorinaen titnsledvarfai el teatRXydii
acid conprising the 25 steps of 2 supplying a
f BEERY Wl vedigations.dhat ty abtove elstt conldl leortpraniedtiby filling
seﬂegﬁed .
plural kinds of catalysts composed of specific mixed oxides differing from
each other in terms of the kinds and/or content ratios of the constituent
metal elements, which catalysts have been obtained by drying an aqueous
solution or an aqueous slurry containing the components of each catalyst,
followed by calcination in an atmosphere of a gas containing molecular
oxygen and subsequent heat treatment in the presence of a reducing
material, into a reaction tube so that the catalyst activity increases from an
feedstock gas inlet toward a feedstock gas outlet and then introducing a
feedstock gas into the reaction tube. Thus, they have accomplished the
present invention based on the above finding.
That is, the present invention provides a method for producing an

unsaturated aldehyde and/or an unsaturated carboxylic acid comprising the

steps of:
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fromthe group consisting of propylene, isobutylene
and tert-butyl alcohol, and nolecular oxygen into a
reaction tube, and catalytically oxidizing said at

| east one conpound in a vapor phase to 5 produce the
unsat ur at ed al dehyde and/or the unsaturated carboxylic
acid corresponding thereto, wherein (1) at |east two
ki nds of catalysts having different catal ytic
activities are filled in the reaction tube so that

t he cat al ELC a tivit% i ncreases froma feedstock gas
inlet tOWRPIMRAfRIgIck 8RS eendaiping aftleatt onpgompetd sehected

o s S ST e e oo g T ol
e R R RSB Se o, espect i vel y.
oast | anc gt o (A EARL R BT BB o g Ramerat phge t
R o r A AT AR WMo ROUEH A B PofRiarect

gEauEspondisikShiRg, fher@jOSphor us, boron, arsenic,
tellurium tungsten, antinony, silicon, 20 al um num
t (Daniesst i kiods loﬂﬁﬁta?@tsqmr@ajﬁﬁ}e&l% RAERRIN R0tk G8S
one el ement selected fromthe group consisting of

pbtledsi thyreacthindiubaso eegithecaal ehatilvith MOk ERLESENt S
oxygen, a, b, c, d, e, f and g satisfy the follow ng

r Eedstodngdsiiplet towsrdm feed@pclOgas aslet d0thekeadBn tube,

<&f 10, 0_e<10, 0<_f<l1l0andO<g<2when ai ssetequal tol2,

a a catalysts comprise each independently a mixed oxide represented by

the following formula (I):
MOaBibFeoAdBeCngOx (I)
wherein

Mo, Bi and Fe represent molybdenum, bismuth and iron, respectively,

- Arepresents nickel and/or cobalt,

B represents at least one element selected from the group consisting of
manganese, zinc, calcium, magnesium, tin and lead,

C represents at least one element selected from the group consisting of
phosphorus, boron, arsenic, tellurium, tungsten, antimony, silicon,
aluminum, titanium, zirconium and cerium,

D represents at least one 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< 10 and 0 < g <2 when a is set equal to 12, , and

3
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X is a value determ ned dependi ng upon the oxidation
states of other elenents, (3) the catalysts differ
fromeach other in terns of the kinds and/or content
rati os of the netal elenents constituting the
catalysts, and 5 (4) the catalysts are each
i ndependent |y obtai ned by drying an aqueous sol ution
or an aqueous slurry containing the conponents of the
catal yst, followed by calcination in an at nosphere of
a gas contai ni ng nol ecul ar ﬁgen and subsequent heat
t Zaafvahe deterntiaephevadivg wionghe exidetioy statestadotladr. 10
According to the present invention, an unsaturated

e and/or an unsaturated carboxylic acid

al
correspondi ng. thereto can be produced in a
g@' tg? a%ﬁagyrsys (Pkfglr fropyeach atheadn rermscof Yhpkindp and/er content
xi di z Ieast one npound sel ected from
t ﬁ%t gl'jib ‘H’és erSHEYNE é’r?é?atéilg%bm nd ene and

b“t ¥‘Jc¥ﬁ| B COQA‘;"@ ﬁ{i@%ﬁ%ﬁy Eati ot st 1 PPREF o,
e L %%g&gsﬁ‘%m@%%%st
' ﬁﬂg%wb? R8lc it egﬁ Lh a@fﬂgéﬂhe% ? %S’ cogp q%{}!‘% VI\%]?

oxygen 1S sup nto a reac

f bkylefl aid lstib RlqUERd hdde @@%tlﬁgnﬁﬁttﬁh ¥Rdsinliatiandad ufl%er ent

catalytic activities so that e catalytic ac ity
I net@ades froma feedstock gas inlet toward a
feedstock gas outlet. The nore the kinds of catalysts,

t-he norecoréfdgeotthy prdsbetin@étidn) ah @indBtuhted @8ddhy@8 and/or
results or controlling a tenperature in the reaction
t abansdutateh eanoxgiccuipidarrapedlitd chare@pan deippsdueed in a
filling of 25 catalysts is. By taking these factors

i frtisfastayiald by the eatplysicernpin Bhase oxidezatinn of at least one

compound selected from the group consisting of propylene, isobutylene and

tert-butyl alcohol at a good conversion,.

DETAILED DESCRIPTION OF THE INVENTOIN

In the present invention, a feedstock gas comprising at least one
compound selected from the group consisting of propylene, isobutylene and
tert-butyl alcohol, and molecular oxygen is supplied into a reaction tube
which is filled with plural kinds of catalysts having different catalytic
activities so that the catalytic activity increases from a feedstock gas inlet
toward a feedstock gas outlet. The more the kinds of catalysts, the more
effective they are in terms of reaction results or controlling a temperature in
the reaction tube, but the more complicated the preparation or filling of

catalysts is. By taking these factors into account, it is preferable to use two

4
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4 kinds of catalysts. The catalysts to be used in the
present invention are each independently a m xed
oxi de represented by the following fornula (1):
MoaBi bFe, AaBeCrDgOx (1) 5 wherein M, Bi and Fe
represent nol ybdenum bisnuth and iron, respectively,
A represents nickel and/or cobalt, B represents at
Ieast one el enent selected fromthe group consisting
manganese, zinc, calcium magnesium tin and | ead,
1 represents at | east one elenent selected fromthe
gHHBO @ﬁ@B@ﬁing of phosphorus, boron, arsenic,
teIIurl tungsten, antinony, silicon, al uni num
titani eCfF%IE Ritube Berd indhe praselD insprtewenesactt | east

one, el e hf sel e ted fromthe group consi sting of
thdﬁggl?‘{j% Yr%}BP%? PP ecréglfeaﬁataﬁ y theafollpwimg fasnga (1)
repres vg , d, e, f and g satisfy the
fol I owi ‘ﬁ%"%éﬁ@oﬁ%?pﬁ? 0 < b<_ 10, 0 < c<_ 10, 1
Qferadd: 0<e<_ 10, 0 <f <10 and 0 < g52, when a is set
equa o0 12, and x is a value determ ned dependi ng

URRN £3 of ,oth l.Lements. 20 The
cggb §§§%9§§5§%%%@nﬁﬂ m eac nbpﬁgl%ﬁﬁnﬁgpﬁs“ﬁPa?ﬁﬁhklnds
AR IDesertORIRBE ad B c%?al(t)f the metal el ements
constituting the catalysts. The "catalysts dlfferlng

f BeapRaGis at RGLt ok d16H58: s%iectehﬁ%r&h @Iﬁjé3 ﬁtcgksﬁq&?}

el enments constituting the catal ysts”
| asgarnBe, k& BEBtunt, inaddetiib, An Hid 1@a&)r D of one

catal yst being conpared is different from any

C represents at least one element selected from the group consisting of
phosphorus, boron, arsenic, tellurium, tungsten, antirﬁony, silicon,
aluminum, titanium, zirconium and cerium,

D represents at least one 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<10 and 0 <g <2, when ais set equal to 12, and
x is a value determined depending upon the oxidation states of other
elements.

The catalysts differ from each other in terms of the kinds and/or
content ratios of the metal elements constituting the catalysts. The
“catalysts differing from each other in terms of the kinds of the metal
elements constituting the catalysts” means that at least one element in

Group A, B, C or D of one catalyst being compared is different from any

element in the corresponding group of other catalyst being compared. In

5



25 elenent in the correspondi ng group of other

catal yst being conpared. In 5 addition, "the
catalysts differing fromeach other in terns of the
content ratios of the netal elenents constituting the
catal ysts" nmeans that in a case where the values of

b, ¢, d, e, f and g when a is set equal to 12 in one
catalyst are conpared with the values of b, c, d, e,

f and g when a is set equal to 12 in 5 another

catal yst, respectively, at |east one value anbng b, c,
d addition, Fhelcafabsts differipafmhysachioshatiif fiemendf the eomttdie
val ue correspondi ng thereto of the other catalyst.
prafiesdghgmeta] elenends genssitetongy thesetalysts kodaroxtihdein a case

i f I I1): 10
B SRECEHSI ot G (14771 £ Wher aimecBgu i) 12ap oogatstys
d Cs bdenum. bismyth, iron, cobalt,
T s B SR e P eaii, 6 sengaal i
: : : L ’
o BhUBLY sl Ber iy W1 RS b0 FBS ipfrmb . e disnd ¢ of
’ 2 ar kS _a val ue det.erm ned dependi ng
il T PR e B

spgh)Re case, the catalysts are different from each
other in ternms of the kinds and/or content ratios of
t he netpgls A dohptdsPY miDE &ALk FNUSLS, n
a pref ergglﬁiéﬁ g%nb%gailtr%%ﬁ?st ggnlf)t ihsg cat gﬁgstﬁ é !?lﬁfgs nﬁeecgl%_’ b
f fdlloivivg; otate (iHhereof in the reaction tube, two kinds
of catalysts are filled in the reaction tube, and one

10 cat al y3Mo.BaFpdos$hnQs.H,mM xed @ri de of the formula (I11)
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inwhich f is not zerois filled in the feedstock gas
i Wheteirs Mde B, é%c €b,03b anb€s aeytesdne nofHirlenum, bismuth, iron,

cobalt, antimony and cesium, respectively,

a, b, c, d, f and g satisfy the following relationships: 0 <b < 10,0 <c < 10,1 <
d<10,0<f<10and 0 <g <2, when ais set equal to 12, and

x is a value determined depending upon the oxidation states of other
elements.

Also in such a case, the catalysts are different from each other in
terms of the kinds and/or content ratios of the metal elements constituting
the catalysts.

In a preferable embodiment of the catalysts and the filling state
thereof in the reaction tube, two kinds of catalysts are filled in the reaction
tube, and one catalyst comprising a mixed oxide of the formula (II) in which f
is not zero is filled in the feedstock gas inlet-side reaction tube and the other
catalyst comprising a mixed oxide of the formula (II) in which f is zero is

filled in the feedstock gas outlet-side reaction tube, and the content ratios of
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catal yst conprising a m xed oxide of the formula (I1)
in which f is zerois 25 filled in the feedstock gas
outl et-side reaction tube, and the content ratios of

6 nol ybdenum bisnmuth, iron and cobalt of the catal yst
in the feedstock gas inlet-side reaction tube are
equal to those of the ether catalyst in the feedstock
gas outlet-side reaction tube, respectively. Now, a
nmet hod for preparing the catal ysts used according to
the 5 present invention is described bel ow. The

c atalyhdanson Dismngthditon endnbbal t off the ptdatysant thei fhédsockabe
used in the present invention are prepared

i r’rBgﬁ'é’rﬁi&erﬁ?‘lt&i’nftﬂb?na%wabtm@o.se @isthe athomatt@byist s thef
sgch ?a%alysti, ,gonpounds of the respective el enents
c Shedstactigan guiltesidarencien tubestrspectivelyoxi des, nitrat es,

sul f at car bgnat es, hydr oxj des, oxoacids and

amoni UNP Yo" BETHAS (PrbreEBRne dhrcaiabpaesed arerdise o the
cPehR PO ARt ofselabinesRovie gigpai
iR e i
e ey a0l " A e R BB rGuR e 1

n iCbel@I)lﬁldS!df 25 ﬂe’égéétilvle)eleﬁwnftéa&ﬁlstiit&t &Jelcgéaégs%,%rgglg%

and the |ike maybe used as an iron conpound. _
Niokidas, eritra @b addifasel, tahenated h@ldkoﬁ@ésgg)%ogadg a4 tah%xdr%&r%
e,

may be used as a cobalt conpound. i mony trioxi

anglistdryedf] dodhalfilesrdrd @sedh taltRs kirketh alBYHR A4S nd $a @0l
anti nony conpound. Cesiumnitrate, cesium carbonate,

cetheralényentoxamlbe aatisficie Fiokexanmype, heolyiskd uaStryxeRSi UM
conpound. 20 In the present invention, an aqueous
s&%&hd&ﬁ%’ agrmerjuaicarasiolibdgtd and fhe dikameay byugeilxis g
the raw materials of the catalyst in water, followed
b{POLRAGR Y composrd.utBighuth ogferhismuthdtrate, hsndrthedlfate

%1)1(& leee]ilicesmgg & Iugee({j asi 3 blasmuth compound. Iron (ITI) nitrate, iron
(ITI) sulfate, iron (II) 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 (ITT) 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.

In the present invention, an aqueous solution or an aqueous slurry is
prepared by mlxmg the raw materials of the catalyst in water, followed by
drying the solution or slurry. Then, the dried mixture is calcined in a
molecular oxygen-containing gas atmosphere. Some of the raw materials of
a catalyst, such as an antimony compound, may be added after drying.

Each of the steps can be conducted according to conventional methods (see,

7
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nol ecul ar oxygen-cont ai ni ng gas at nosphere. Sone of

the raw materials of a catalyst, such as an antinony

conmpound, may be added after drying. 25 Each of the

steps can be conducted according to conventiona

nmet hods (see, 7 for exanple, JP-A-59-46132,

JP- A- 60- 163830 and JP- A-2000-288396). For exanple,

the drying can be conducted using a kneader, a box

dryer, a drumtype through-air dryer, a spray dryer

a flush dryer, or the like. The concentration of

ndPeexamaple GI §ei?- 461 32heP Hob 6830 aodyIPeA-20001288356NT For

gas is.5 usuyally from1l to 30 vol % and preferably

f reFATPEe: the dryingran begsidueted aising soknqader adxy deyer) &

ugﬁalLy used as the source of nol ecul ar oxygen. Such a

sSUPREPE thvughzar dryigs lagpunadrysr pdershabpempnibedikgasThe
necessary, being . diluted with nitrogen,

oD R e ey i incfhe Mo o EhEa s R s i
C AsuBR kRl LEIPRAR ST niderbliabe L0k S oPharonont s
¢ Do PR EP TN 82 leioktes W stksulhcaediing | Gych s
| Ot Rou & & dible0al BobdRlcESL B ink Bar Wilcatsfy aler being

R e Rl R G R A

material wll erei nafte e reterre I

" caldinetion Nerhp @ALIRNAL usudHHAHRh 890 6 6d e LS4 gfeif(gxgplg from

mat eri al include such as hydrogen, ammoni

g0 xo 51@°Chyjdrcﬁlb&fdﬂbﬂstim@i§@ﬂ@ﬂ§ froal sehnees t@m hours, and
amnes. Optionally, two or nore of such reducing

natederallysfromyibte 20dedrs.Pref erabl y,  hydrocar bons,

al cohol s, al dehydes and am nes each have 1 to about 6
car bon D Calcmﬁsf/ piestugipeadtiog ioucthepbioeanhonshiéded tide
saturated aliphatic hydrocarbons such as nethane,
eﬁﬁ%frfé‘?atﬁlr%bgh@,e metnpcane? midcingghaeninb, Such a treatment

conducted in the presence of a reducing material will hereinafter be referred
simply as a “reduction treatment”.

Examples of the reducing material include such as hydrogen,
ammonia, 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 isobutane,
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,

8
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unsaturated aliphatic hydrocarbons such as ethyl ene,
propyl ene, a-butylene, O0-butylene and isobutyl ene,
and aromati c hydrocarbons such as benzene. Exanples
of such al cohol s include saturated aliphatic al cohols
such as 25 nethanol, ethanol, n-propyl alcohol,
i sopropyl al cohol, n-butyl alcohol, 8 isobutyl
al cohol, sec-butyl al cohol and text-butyl alcohol,
unsaturated al i phatic al cohols such as allyl alcohol,
crotyl alcohol and nethallyl alcohol, and aromatic
a|1%qbﬁ®r gleobelh sepsbtibalothol Erd it dstydfalwhol uabadekytods
n saturated aliphatic al dehydes such as
@i‘ﬂ'ﬁﬁ@%ﬁ]}%@ s gitchy ag albhpeholserpiyd plaohell addhyetb allyl alcohol,
Ialdeh% and |sobutylaldehyde and unsaturat ed
a|a|n HApPatgp g‘i*ﬁl%l gachsirgthensl. o dixampiles, of sndt adahytiehyiude

es of such am nes include

oot @&%aﬁﬁsﬁ AARAT AT A A AR Ny
GPIRORAREAE: bl TR A 1@ut§a&aﬁ"ﬁ%@aﬂm@uramd

h |
%‘Epﬁgtﬁéa?nd%’ AESatFadReR i Atgydh el s he
d b t
r @H&%g&gf %ﬁe(glaélﬂ’ﬁ%% éljtlaltlges%%lnia\f?& glg?dhnéltﬁtean?lﬂ ﬁuc aesc ' ng

ATABARS, Uy B oA ke o £ TGOS TRYERLA

The concentration of the reducing ma

| and tSethllaynihe GMdQunkab@aBY MPhKic @Hﬁln&r s%fcﬁ Qgh%;laitﬁ g}n}d

to 30 vol % The reducing 15 materi al

wiltalhlyhintinegen, aroaraio Antdh @xs @8 ,as\Watlele, h el I um argon,

or the li ke so that such a concentration could be

achi evdde rvblaipol tagatmex y garsualy abd dused KyosudjdcGhe ¥d €SS

the effect of the reduction treatnent is affected.

I—Eﬁ)&ﬂ}é‘ﬂ prqductyigyheaptreatheny Inpineduloaphearx p@gas @ntainids tha
erature for the reduction treatnment is usually
%Gn%tsﬂalzo Thssonceniintionef shearsidycingomatesal inghB 580

Tlli]seu B 1 to voﬂ’/u andoprefelably from 1to 30 vol%. 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 is allowed to exist unless the effect of the reduction treatment is
affected. However, it may not allow molecular oxygen to exist.

A temperature for the reduction treatment is usually from 200 to
600°C, and preferably from 250 to 550°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
keeping the container ventilated with a gas containing the reducing material.

At this time, a gas discharged from the container may be circulated and

9
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treatnment is usually from5 mnutes to 20 hours, and
preferably from30 mnutes to 10 hours. It is
preferable to conduct the reduction treatnment by
pl aci ng the cal cined product in a tubular or
box- shaped contai ner and keeping the container
ventilated with a gas containing the reducing
material. 25 At this tinme, a gas discharged fromthe
contai ner may be circulated and 9 reused, if
necessary The reduction treatnent usually causes nass
Id@%“*TﬁP§“ﬁﬁVybe due to the loss of lattice oxygen
at ons ff catalyst. It is preferable that the nmass
Ioss i sThG BARIEstp B pyulsesusen gt loser Abiymay bedue
RgBSQQﬂX mass. 5 If the mass | oss exceeds 6% by
g {16 OSEBPVE HOBURELPIRT. (hes TraBmablp bt the

no“?/ s E ARG e PR g s Sl e proer & 1 e 1{5,2@283.
§ﬁlelcr§£s]sssli§ %?(Cgeziégt/&d usin togge E%{eé%ﬁ%@p%gﬁfg%zgl e mass

b

P LN b Gl ?’ﬁ%?a?m)‘a“%f G g R VS

pbf?ﬁg‘éﬁtcog%&ﬁhg gh® gHﬁ&ép‘H@ret regt '?%{%E Yok Q?ltl %8 cal%tglliliged using

treatnent, the reducihg materi a

dﬁggmngﬁh@ugﬁaﬁgﬁducts deri ved fron1the reduci ng
material or the like may remain in the catalyst after

the reddadsiloss (v4) eatovaniiwa&ghOsftalth ddprofect h¥RBe Adduthon
the reducing materi al used, heat treatnent conditions

otrepment) kbveight dfuatalyst aftas seductien tRSENOHAweRRL bE
cal cul ated by neasuring the weight of the residua
nedleined product beforsardigtan taemintenen cal cul ating the

wei ght after the reduction treatnent by subtracting
t he nadd ﬂé‘F rﬁtdhlétlwaagneawentnﬁtemeﬁa(tlng notendetselli ght  of

e catal. [ I ing the residual material. A
‘f:)qoelé)los}lt g Ipa ryeddyom 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
is carbon and, therefore, the mass of the residual material can be determined,
for example, by total carbon (T'C) analysis.

The catalysts are usually molded into a desired shape, and then used
in the method of the present invention. In the molding, the catalysts may
be molded in the form of a ring, a pellet, a sphere and the like by tablet

compression, extrusion molding or the like. The shapes of the catalysts to
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20 is carbon and, therefore, the mass of the residua
materi al can be determ ned, for exanple, by total
carbon (TC) analysis. The catal ysts are usually nol ded
into a desired shape, and then used in the nmethod of
the present invention. In the nolding, the catalysts
may be nolded in the formof aring, a pellet, a
sphere and the like by tablet 25 conpression,
extrusion nolding or the |ike. The shapes of the
catalysts to 10 be used in_ the present invention

nb§ Beed indhe araseny inypi ey may be thesamt oif differemty Pee molding
carried out before or after the calcination in a

nBiRg bgIcariedwy defrre oneikeribs galsmativnis gondeatlanr after

t he reductian treatneng@$Upon the noldin for

i IRERICAYAHBE FaT ABMSEAsTes ot dltrgtthe spduckian degrsmgat s Upsn
e P Shes 0% s Rbatrlest O qagbBe added
eI AP g R ohdpaiy s el inegtty o "°
LSRR fifreaddfh R BeXRUE Bhosthbia 2y SARMIER BEVED-GRs

raw netghk he QQ&@}%‘H{ﬂaﬁﬁé ﬁﬁfeggntfclra@:ﬁ&ﬁp g(é:%ﬁé’s?a}r% gjtn)e}f ared.

consi sting of propylene, i1sobutylene and ter

aTROBAKI Y Bty BCAHCRCatalyeY 980 bl BvdIhgteR 198 RERI Ry 2

catal yst in vapor phase and neasuring thé converSion
Ofxidiaih gCaapay Bhle rahh en At@RAcoRipaaLd Salb@by Fiof MXigdaty on
is conducted by filling such catalysts in a reaction
t winsissiog bhptopyleae Gatlaltyleh € and edri-butyl aldohbiekiyh ndoh@ular
conversion increases froma feedstock gas inlet toward
a0xygert gethetyesenga st ocathbyist anchpoupphsd gl medeetzttbek
gas containing the raw material conpound and
nfsnEessioayof she grappound. t Fhe vapnygthepatatplvtigwaidagian is t i s
se. a fixed bed nultitubul ar reactaor

referable to u '
gq?ﬁﬂ*‘?%& b?é ﬁﬁ’ﬁ'ég SuBSEAIRIRIT BRRAFHPR Suhq wrthat Brecatalytic

activity, namely, the conversion increases from a feedstock gas inlet toward a
feedstock gas outlet and supplying a feedstock gas containing the raw
material compound and molecular oxygen. In the industrial production, it
is preferable to use a fixed bed multitubular reactor comprising the
above-mentioned reaction tubes.

The air is usually used as a source of molecular oxygen. Besides the
raw material compounds and molecular oxygen, the feedstock gas may
contain nitrogen, carbon dioxide, carbon monoxide, water vapor and the like.

By the above-described vapor phase catalytic oxidation, acrolein
and/or acrylic acid can be produced from propylene in a satisfactorily high
yield. Alternatively, methacrolein and/or methacrylic acid can be produced

from isobutylene or tert-butyl alcohol in a satisfactory yield.
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The air is usually used as a source of nol ecul ar

oxygen. Besides the 20 raw material conpounds and

nol ecul ar oxygen, the feedstock gas may contain

ni trogen, carbon di oxi de, carbon nonoxi de, water vapor

and the like. By the above-described vapor phase

catal ytic oxidation, acrolein and/or acrylic acid can

be produced from propylene in a satisfactorily high

yield. Alternatively, nethacrolein and/or nethacrylic

acid can be produced 25 fromisobutylene or

t er t - buftyeachion deroberatusg is ueuadtyaeern20 yo ¢0@PC. 1 A rdaction

reaction tenperature is usually from250 to 400C. A

r PEEIUEHM Ay bedediced pEgasure; ButitagugtalySueme nopoal pressuge to

u%%ﬁh#y f&gn1nornal pressure to 500 kPa. The anount

of Scullar aByygeaf meleganprxgen popuplly drom dép 8anghes per
conpound. The space

one nol.e the raw npteri al
VQPS&?%l?/O’g{I)eaFWtIﬂ%te@gf@é%&%ék & spage yghosity v Viof gk 500

xR0 SHE AL B SPH Bo v

arge ashown,.bel ow, but they do not 10 limt the present
inverntron i'n any way. In the exanples, the unit
"m/mn" indicating the flowrate of gas is at STP

unl ess otherwi se stated. In the exanples, the
conversion (% and the yighfmam defined as fol | ows:
Conversion (% = 100 x [(noles of introduced

| sobut yEemg)les of R lp@sscaf inBhfae hRGshown below, but they do not
i sobutyl ene)]/(noles of introduced isobutyl ene) fé

Tainak the elesent®pventibdGnang twalyal Iiibleaxamipld¥etHasti Ohel/Min"
and methacrylic acid)/(noles of introduced
i sbeatyl sethe)floRefage efgdsab aBXERpIndest ofaxpageadtated. ofn the
Catal yst a (catal yst without reduction treatnent)
examples, the conversion (%) and the yield are defined as follows:
Conversion (%) = 100 x [(moles of introduced isobutylene) - (moles of
unreacted isobutylene)l/(moles of introduced isobutylene)
Total yield (%) = 100 x (total moles of methacrolein and methacrylic

acid)/(moles of introduced isobutylene)

Referential Example 1
Preparation of Catalyst a (catalyst without reduction treatment)
4414 g of ammonium molybdate [(NH4)eMo70z4 4H20] was dissolved
in 5000 g of warm water to form Liquid A. Separately, 2020 g of iron (III)
nitrate [Fe(NOs)s 9H20l, 4366 g of cobalt nitrate [Co(NOs); 6H20] and 195 g
of cesium nitrate [CsNOs] were dissolved in 2000 g of warm water and
subsequently 970 g of bismuth nitrate [Bi(NO3s)s 5H20] was further dissolve

to form Liquid B. Liquid B was added to Liquid A while stirring to form a
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20 4414 g of anmmoni um nol ybdate [ (NH4) 6Mb7024. 4H20]
was di ssolved in 5000 g of warmwater to formLiquid
A. Separately, 2020 g of iron (I1l1) nitrate [Fe(N03)3
9H2Q], 4366 g of cobalt nitrate [ Co(NOG3)2 61120] and
195 g of cesiumnitrate [CsNO8] were dissolved in
2000 g of warmwater and subsequently 970 g of
bi smuth nitrate [Bi (NO3)a 51120] was further dissolve
25 to formLiquid B. Liquid B was added to Liquid A
while stirring to forma 12 slurry The slurry was
t hdRrTe i 'Elee sl was than Mrigdyath & dasbgien taoldrireddried
prodyct. Six parts by mass of silica alumna fiber
( Bt SPUgrastUerapyol sdigaplumsisafiber TRF Co® Shadetiiced by
100 .parts of the dried material. The resulting
i %1&'@0@%}3 Wadaddeddo 40P pagts phhe drind matesial.o fher

n inner

a b Bro8eria’ e R s LEAFer g o8 o b
catarybenEBethinuntl 68 CRohatns Tl She Hm e e
STy et A one. o R Al TR R BBt iy
A oAt @luabiid (o8 BAUEL Oforh " ERLIR Nidins, B BkBei SnaRa

prepared by filling alyst’a into a gl ass

t Foeam Edsih AEbnp B3 XL Fh oA eRhim Y Ghogen/ ni trogen (5/95 by
vol une) througR the glass tube to conduct a reduction

treatnment at 350C for 8 hours. This 15 catal yst
contained 0.96 bisnuth atom 2.4 iron atons, 7.2
cobalt atonms and O0.48 cédtauiplatom per 12 nol ybdenum
atons like Catalyst a, and the mass 1|oss due to the

r educt i Breparasnmd fiatalast (@ 0y BywittassluciRed aecetidm)
Exanple 2 20 Preparation of Catalyst b (catalyst

wi t hout Cataliist Aiveas nrerareddmtilling Catalyst a into a glass tube, and

then flowing a mixed gas of hydrogen/nitrogen (5/95 by volume) through the
glass tube to conduct a reduction treatment at 350°C for 8 hours. This
catalyst contained 0.96 bismuth atom, 2.4 iron atoms, 7.2 cobalt atoms and
0.48 cesium atom per 12 molybdenum atoms like Catalyst a, and the mass

loss due to the reduction treatment was 0.90% by mass.

Referential Example 2
Preparation of Catalyst b (catalyst without reduction treatment)
Catalyst b was prepared in the same manner as in Referential
Example 1, except for adding 2.54 parts by mass of antimony trioxide (Sh20s)
to 100 parts by mass of the dried material in Referential Example 1 and
changing the calcination temperature to 546°C. This catalyst contained

0.96 bismuth atom, 0.48 antimony atom, 2.4 iron atoms, 7.2 cobalt atoms and
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Catalyst b was prepared in the same manner as in
Referential Exanple 1, except for adding 2.54 parts
by mass of antinony trioxide (Sb2G3) to 100 parts by
mass of the dried material in Referential Exanple 1
and changing the calcination tenperature to 546C
This catal yst contained 25 0.96 bisnuth atom 0. 48
antimony atom 2.4 iron atons, 7.2 cobalt atons and
13 0.48 cesium atom per 12 nol ybdenum atons. Exanpl e
2 Preparation of Catalyst B (catalyst with reduction
t rledd eashin) agnCaeal I solyBdwasn ptepar ed by filling
Catalyst b into a glass tube, and then flowi ng a

m xed gas of hydrogen/nitrogen (5/95 by vol une)

t hrough the glass tube to conduct a reduction
treatment at 350C for 8 Ho@wmpleZhis catal yst

cont ai ned 0.96 bismuth at 0.48 antinmony atom 2.4

i ron atloisRaratipnyf Cagalyst %?Cg]ﬁaiyféﬁﬂt}@.r%@%@stl@ﬁﬁmlﬁ}n per
pRg T CERIRTE AT
(PR Pk BBl Pesh e BER BHoS DY Setu hrpean the
T R R E R b L T el L e

GRSy AT B AT A

anth Qbak £6as #U BUSRAGH égm@rna%ﬁym&h%ﬁgm@mp' e
3 20 Preparation of Catalyst C (catalyst wt

I €l bta) ahdeRé ARBE JosSCakatyle red¥@DNRFERALEHWRY 1.28% by
filling Catalyst ¢ into a glass tube, and
mass.

Referential Example 3
Preparation of Catalyst c (catalyst without reduction treatment)

Catalyst ¢ was prepared in the same manner as in Referential
Example 1, except for changing the amount of cesium nitrate for use to 273 g.
This catalyst contained 0.96 bismuth atom, 2.4 iron atoms, 7.2 cobalt atoms
and 0.67 cesium atom per 12 molybdenum atoms.

Example 3
Preparation of Catalyst C (catalyst with reduction treatment)

Catalyst C was prepared by filling Catalyst ¢ into a glass tube, and
then flowing a mixed gas of hydrogen/nitrogen (5/95 by volume) through the
glass tube to conduct a reduction treatment at 350°C for 8 hours. This
catalyst contained 0.96 bismuth atom, 2.4 iron atoms, 7.2 cobalt atoms and

0.67 cesium atom per 12 molybdenum atoms like Catalyst c, and the mass
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then flow ng a m xed gas of hydrogen/nitrogen (5/95 by
vol une) through the glass tube to conduct a reduction
treatment at 350C for 8 hours. This catalyst

contai ned 0.96 bisnuth atom 2.4 iron atons, 7.2
cobalt atons and 25 0.67 cesium atom per 12 nol ybdenum
atons like Catalyst ¢, and the nass 14 | oss due to
reduction treatnment was 0.77% by nass. Referentia
Exanpl e 4 Preparation of Catalyst d (catalyst wthout
reduction treatnment) 5 Six parts by nmass of silica
alasfidng 19 reseectipRbregnoentsyaydt. oabgdnasg.  Sai nt - Gobai n
TM and 2.54 parts by mass of antinony trioxide
(Sb203) were added to 100 parts of the dried nmateri al
produced in Referential Exanple 3. The resulting

mi xture was nol ded i Resrentialdgapidet havi ng an out er

di 6. ' di anet f 25 d
[ engt ARG SAL e HAG1 0V B chodeon Cagoenior o

h i ir fl Q obt ai. . _Thi
cgt”af’y'sﬁx?Qﬁ?é&m‘%gféﬁcﬁf@m&'w“ﬁ%%ﬁkﬁ%o%gsdwﬁwy
. 7..2 cabal t | .0.67
oSO Gty 090 4B SRR O A0 500 wer

P tq | '
R R

Ogth ekttt tigl nftQrdwdl 89RAURE a ﬂﬂg /f091'5 {}71{1/% %\"ongi)%r Yiameter

m xed gas of hydrogen/nitrogen (

t bt €8 ghm | Ninn@l A6 4t 4 D @ AHH Glleth @€E Girh O4hd then was
treatnment at 350C for 8 hours. This catal yst

caritiabhatl490°8Fob6 hiuisinamait 16w 28 obtain TatysBAONTh. 4
iron atonms, 20 7.2 cobalt atons and 0.67 cesium atom
peatalyst eroityibde A 96 lasronth dtoke 0.2Gatndinysty adomand itoneatoms.s
| oss due to reduction treatnent was 1.17% by nass.

Chisabat ptesrDah @ casium atom per 12 molybdenum atoms.

Example 4
Preparation of Catalyst D (catalyst with reduction treatment)
Catalyst D was prepared by filling Catalyst d into a glass tube, and
then flowing a mixed gas of hydrogen/nitrogen (5/95 by volume) through the
glass tube to conduct a reduction treatment at 350°C for 8 hours. This
catalyst contained 0.96 bismuth atom, 0.29 antimony atom, 2.4 iron atoms,
7.2 cobalt atoms and 0.67 cesium atom per 12 molybdenum atoms like

Catalyst d, and the mass loss due to reduction treatment was 1.17% by mass.

Comparative Example 1
Oxidation using Catalyst A (Catalyst A monolayer)

Into a glass reaction tube having an inner diameter of 18 mm, 14.30
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Oxi dation using Catal yst A (Catalyst A nonol ayer) 25
Into a glass reaction tube having an inner dianeter of
18 mm 14.30 15 m of Catalyst A was filled after
being diluted with 30 g of silicon carbide

( SI H NANO- RUNDUM GC F16 produced by Shinano Electric
Refining Co., Ltd.). An oxidation reaction was
conducted at a reaction tenperature of 330C by
supplying a m xed gas of

i sQb | ene/ oxygen/ nitrogen/steam5 (1.0/2.2/6.2/2.0
b ?ﬁgigé‘)a?ﬁﬁﬁowal%féu%%\fé% sing dbded it 30 pof silicoa catbide

SR SOy SR LR By shesai e
e
L T AT R B T
GRS AL, U408, TS SONMEESL O s wn
L e

NRREH RBIC)acia@6hd@h iR TahRACT | ON was conducted in the
sane manner as in Conparative Exanple 1, except for

changi ng the reaction tenperature to 20 350C. The
conversion of isobutylene and the total yield of
met hacrol ein and mebohaaratiieCEathgle@r e shown in Tabl e
1. Conparative Exanple 4 Oxidation using Catal yst B
(Cat al yst @xidiphioh angmg)Catalyst A (Catalyst A monolayer)
An oxidation reaction was conducted in the same manner as in
Comparative Example 1, except for changing the reaction temperature to
340°C. The conversion of isobutylene and the total yield of methacrolein

and methacrylic acid are shown in Table 1.

Comparative Example 3
Oxidation using Catalyst A (Catalyst A monolayer)
An oxidation reaction was conducted in the same manner as in
Comparative Example 1, except for changing the reaction temperature to
350°C. The conversion of isobutylene and the total yield of methacrolein

and methacrylic acid are shown in Table 1.

Comparative Example 4
Oxidation using Catalyst B (Catalyst B monolayer)

An oxidation reaction was conducted in the same manner as in
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25 An oxidation reaction was conducted in the sane
manner as in 16 Conparative Exanple 1, except for
changi ng Catal yst Ato Catalyst B. The conversion of
i sobutyl ene and the total yield of nmethacrolein and
methacrylic acid are shown in Table 1. 5 Conparative
Exanple 5 Oxidation using Catalyst C (Catalyst C
nonol ayer) An oxidation reaction was conducted in the
same manner as in Cbnparative Exanpl e 1, except for
changi ng Catal yst Ato Cat al C and the reaction
t Enpepmtied tapma 0 Ccexcepilon g Qatabfst AoBatalysrie e
the 10 total yield of nethacrolein and nmethacrylic
a&?rweéﬁl@l gmmty anqapd thertotal gk methaerobsin api enaghacrylic
gatl usj n talyst D (Catal yst D nonolayer) An
oRPH&L ‘Wb%b 3%hlwas conducted in the sane manner as
in 15 Conparative Exanple 1, except for changing
Catalyst Ato Catalyst D and the reaction tenperature
to 350C. The conver§kpn of but gne and the total
yi el d of methacr ol ei 1P Hi{g? %%ﬁ c aci d are shown

ARSI R
8 eact | %M@a&aﬁé@l&% %{:Ui‘\?ﬁct%li%e Janfd m;‘!t§n sih 19

of Catal yst was Into a region on e S|de

Oﬁoﬁlbﬁraft%mgﬁﬁe @3Skchp¥ 61 chﬁ%ﬁ%{)CQ(%&@gA% bHan

of silicon carbide (S pro uce

Stiienaatidnl ®eipet guRefd 31109@ CPhe cdnkz@rs)onaﬁ‘i'so%uﬁﬁer[@ argf the
Catalyst A 25 was filled into a region side of

f eedstidd lof gash ausleet anf methdbsilngcd drokRekn ﬁ17Tab1e 1.

Comparative Example 6
Oxidation using Catalyst D (Catalyst D monolayer)
An oxidation reaction was conducted in the same manner as in
Comparative Example 1, except for changing Catalyst A to Catalyst D and
the reaction temperature to 350°C. The conversion of isobutylene and the

total yield of methacrolein and methacrylic acid are shown in Table 1.

Example 5
Oxidation using Catalysts B and A (Catalyst B/Catalyst A bilayer)

In a glass reaction tube having an inner diameter of 18 mm, 7.15 ml
of Catalyst B was filled into a region on the side of the feedstock gas inlet
after being diluted 15 g of silicon carbide (SHINANO-RUNDUM GC F16
produced by Shinano Electric Refining Co., Ltd.) and 7.15 ml of Catalyst A

was filled into a region side of the feedstock gas outlet after being diluted
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with 15 g of silicon carbide (SH NANO RUNDUM GC F16
produced by Shinano Electric Refining Co., Ltd.). An
oxi dation reaction was conducted at a reaction
tenperature of 330C by supplying a m xed gas of
I sobut yl ene/ oxygen/ nitrogen/steam (1.0/2.2/6.2/2.0 by
nole) into the reaction 5 tube at a flow rate of 157.5
m /mn. The conversion of isobutylene and the total
yield of nethacrolein and methacrylic acid are shown
in Table 1. Oxi dation using Catal ysts C and
A V(itadagywE ﬁlh@’ n‘glC?SfSHN\IﬁiN%ﬁéH\}DUM)G@rF I6xirdédediy
re ctlon was. conducted in the same manner as in

Hlectgie Kapininmro.chtthyi dy Gadatiopsrad@ionow Gatoatlysed
C and changln the reaction tenperature to 340C. The
c hGerasig %PPP%BL& 3f13HeC AngupHEngs mixedygpep of

00T L0 B, SR D i
bi | An d
TP A s LIS,
D
YT EIR0R 5Pl PG R

conversion of isobutylene and the total vyield of

nmet hacrol ein and nethacrylic acid are shown in Table
1. 20 Conparative Exanpl guy4,f égation usi ng Catal ysts
b and a (Catal yst b/Catalyst a bilayer) An oxidation

r eact ORilatids ueRRAURhRAtd @ ahRA ARy NRNOSIalRS Allayer)
Exanpl e 5, except for changi ng Catal yst B and Cagalyst

A to CaAmbxiditidn sndtioCatakystuctad in@EPELhE RinYer 108
conversion of isobutylene and the total yield of 25
mbxhmpto’, exeepdic dienbagrGdtalysaBitd Catdyshbwnd chankaly ghe
1Irea]é§ion temperature to 340°C. The conversion of isobutylene and the total

yield of methacrolein and methacrylic acid are shown in Table 1.

Example 7

Oxidation using Catalysts D and A (Catalyst D/Catalyst A bilayer)

An oxidation reaction was conducted in the same manner as in
Example 5, except for changing Catalyst B to Catalyst D and changing the
reaction temperature to 350°C. The conversion of isobutylene and the total
yield of methacrolein and methacrylic acid are shown in Table 1.
Comparative Example 7
Oxidation using Catalysts b and a (Catalyst b/Catalyst a bilayer)

An oxidation reaction was conducted in the same manner as in
Example 5, except for changing Catalyst B and Catalyst A to Catalyst b and
Catalyst a, respectively. The conversion of isobutylene and the total yield of

methacrolein and methacrylic acid are shown in Table 1.
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Conpar ative Exanple 8 Oxidation using Catal ysts ¢ and
a (Catalyst c/Catalyst a bilayer) An oxidation
reacti on was conducted in the sane manner as in
Exanpl e 5, except for changing Catal yst B and Cat al yst
A to Catalyst ¢ and 5 Catalyst a, respectively, and
changing the reaction tenperature to 340C. The
conversion of isobutylene and the total yield of
nmet hacrol ein and nethacrylic acid are shown in Table
1. Conparative exanple 9 Oxidation using Catalysts d
aﬁ%map?GQWQEVQﬁméi&atalyst a bilayer) 10 An oxidation
reaction was conducted in fhe sane nmanner as in
%%BF‘BOIBHS%%‘@}S%IYFT@& aud anGiab)y g Gatplyst BbdaykrCat al yst
Ato Cat d and Catalyst _a, respectively, and
changi n @%’é’&é??‘iﬁwntw}aé‘ﬁ%?‘ém e3BOE, marfipa as in

G 2?%2%%" B F gt Gl sgs%é%a?alm and
AR B B ES BR SERAS e s
B P T SR
?:a‘*?‘i:?%‘?’z\g%gg AR R e Comaratve

Comparative example 9 ‘
Oxidation using Catalysts d and a (Catalyst d/Catalyst a bilayer)

An oxidation reaction was conducted in the same manner as in
Example 5, except for changing Catalyst B and Catalyst A to Catalyst d and
Catalyst a, respectively, and changing the reaction temperature to 350°C.

The conversion of isobutylene and the total yield of methacrolein and

methacrylic acid are shown in Table 1.
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Conparative Catalyst B Yes 330 80.3 69.5 Exanple 4
nmonol ayer Conparative Catalyst C Yes 340 98.4 81.8

Exanpl e 5 nonol ayer Conparative Catal yst D Yes 350

Exanpl e 5 Catal yst B/
Yes/ Yes 330 99.1 83.1 Catalyst A Exanple 6 Catal yst
Cl Yes/Yes 340 99.0 82.7 Catalyst A Exanple 7
Catalyst D/ Yes/Yes 350 99.1 84.6 Catalyst A
Conparative Catalyst b/ No/No 330 90.9 78.3 Exanple 7

93.4 80.1

Eash

Exanpl e 6 nonol ayer

yst a Conparative Catalyst ¢/ No/No 340 96.7 81.3
5k 8 catal yst a Conparative Catalyst d/ No/No 350

99.1 81.9 BExamplyw:9 Catalyst prZiigWhat 8 rﬁr‘eﬁéi%?“l‘o‘tﬁ
L A et hod g5 QRS R, AT, e Uil @hdehydel g
and/ or an _unsaturateq 1583l émyl(be) acl ;ﬁn’p_ﬂ S1 ng &%e
S o9 S A eeastorRk gas—¢€ a1 Rg—at
I eggrt?&p%r?%vgor}%%ﬁﬁéiégl g&? ed fr%& the gr o('ifapé consi sﬁﬁwg
of -propyi-end PLBRE vl ene and-tert-butyll al cohol | and
m)E., BRZEVE X AUAYSRA | d2% eact | GHOt ube, ~ a6 80.6
xample 2 monolayer
Comparative | Catalyst A | Yes 350 100.0 79.7
Example 3 monolayer
Comparative | Catalyst B | Yes 330 80.3 69.5
Example 4 monolayer
Comparative | Catalyst C | Yes 340 98.4 81.8
Example 5 monolayer
Comparative | Catalyst D | Yes 350 93.4 80.1
Example 6 monolayer
Example 5 Catalyst B/ | Yes/Yes 330 99.1 83.1
Catalyst A
Example 6 Catalyst C/ | Yes/Yes 340 99.0 82.7
Catalyst A
Example 7 Catalyst D/ | Yes/Yes 350 99.1 84.6
Catalyst A
Comparative | Catalystb/ | No/No 330 90.9 78.3
Example 7 Catalyst a
Comparative | Catalystc/ | No/No 340 96.7 81.3
Example 8 Catalyst a
Comparative | Catalyst d/ | No/No 350 99.1 81.9
Example 9 Catalyst a
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30

catalytically oxidizing said at | east one conmpound in
a vapor phase to produce the unsaturated al dehyde
and/ or the unsaturated carboxylic acid 10
correspondi ng thereto, wherein (1) two kinds of
catal ysts having different catalytic activities are
filled in the reaction tube so that the catal ytic
ctivity increases froma feedstock gas inlet toward
3Fé%8§@6@alﬁas outlet of the reaction tube, (2) the
catal ysts conpri se each independently a m xed oxi de
represented by 15 the formula (11):

MoaBi hFes GostBloli @58 Prodhding anher®itnrded dAdehfée a@d/orSm

and Cs represent nol ybdenum bismuth, jron, cobalt,
unsttiurated crboxpls aed oseprsingtdeysters o, ¢, d, f and g

sati sf he fol.l om ng rel ationships:;; 0 < b!5: 10

o< atbpigne ferdtiorkoesy Sneainascy Jetsien GrReeradaeted
frbﬁ'llé‘geta?%lff) dohsPstids HE Wé%,Q%&?Wéth%t§hﬁlcohol,

oxXl n-states of o el'enents, (3) the catal ysts
afld h dlecililae Bxgaeh ivide reddtidretulr, ahdt he ki nds and/ or
content ratios of the netal_ elenments constituting the
cat al sadalyticadly @adizing spwdl alaleasy epe campopndyn a vapor phase to

PSR O S B AP
oGaiglising FEhatiscal ol et Lon L1 e Bt oepner e o
(Drieat kimdss df eatdle sty lesengdlifferentradalyitivpctivitios pae fidied in the
LS ahetel, gne Gat al el compr/sing s Tixed ofide, o
iIillgt %(pv%uff g qg’éc?s%gclg gis 'oﬂjclg{ bfs.ﬂgeerera%@l%'hi tQﬂ)et, ube and
(2) the catalysts comprise each independently a mixed oxide represented by
the formula (ID):

MoaBipFecCoaSbiCseOx (ID:
wherein Mo, Bi, Fe, Co, Sb and Cs represent molybdenum, bismuth, iron,
cobalt, antimony and cesium, respectively,
a, b, ¢, d, f and g satisfy the following relationships: 0 <b <10,0<c¢<10,1<
d<10,0<f<10and 0 < g<2, when ais set equal to 12, and
x is a value determined depending upon the oxidation states of other
elements,
(3) the catalysts differ from each other in terms of the kinds and/or content
ratios of the metal elements constituting the catalysts, and
(4) the catalysts are each independently obtained by drying an aqueous
solution or an aqueous slurry containing the components of the catalyst,
followed by calcination in an atmosphere of a gas containing molecular
oxygen and subsequent heat treatment in the presence of a reducing

material,

and wherein one catalyst comprising a mixed oxide of the formula (II) in
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the other catal yst conprising a m xed oxide of the
formula (Il) in which f is zerois filled in the
feedstock gas outl et-side reaction tube, and the
content ratios of nolybdenum bismuth, iron and cobalt
of the catalyst 5 filled in the feedstock gas
inlet-side reaction tube are equal to those of the

BRIEE PRl Pl i Do L5 SR B0 B one
tReo el dtdl sﬂ‘@@rﬁ%kf&ﬂ@ﬁ Iﬁﬁgle‘a' (ﬁﬁ&é @f‘th@fori‘xgﬂﬁqm liﬁtv@ﬂch fis
at 300 to 600C. 3. The nethod according to claim1l

z&xo ietdleal m theefebdatock tgasatutiritsids reamnouctde, and200 t o

600C. 15 4. The nethod accord| é%to any _one of clains
the gontgnt fadee phmalebdensys, bisazutdy ixanead cabals of Hhecatslyst

fr %_b
LR BGRE R FROIE s el SER s o e Y g T B g o e
ofte ca%ngfsﬁ«’ dyenng ﬁlﬁ%tfgédﬁbck £a8butReSIdLRR EBARABRT
sel ected fromthe group consisting of hydrogen,
reapeotively. car bon nonoxi de, hydrocarbons having 1 to 6
carbons, al cohols having 1 to 6 carbons, al dehydes
having 1 to 6 carbons, and amnes having 1 to 6

car on.S' T%% method according to claim 1, wherein the calcination is

conducted at 300 to 600°C.

3. The method according to claim 1 or 2, wherein the heat

treatment is conducted at 200 to 600°C.

4. The method according to any one of claims 1 to 3, wherein the
mass loss of the catalyst due to the heat treatment is from 0.05 to 6% by

mass.

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