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
oxygen into a reaction tube to catalytically oxidize
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DESCRIPTION OF THE RELATED ART
As an example of a method for producing an unsaturated aldehyde
15  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
20  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

25 JP-A-2000-351744).




However, such conventional nethods are not necessarily
satisfactory in the conversion of propyl ene,

i sobutyl ene or tert-butyl alcohol, or in the yield of
an unsaturated al dehyde and/or an unsaturat ed
carboxylic acid. 5 SUMVARY OF THE | NVENTI ON An obj ect
of the present invention is to provide a nethod which
can produce an unsaturated al dehyde and/ or an
unsaturated carboxylic acid by the catalytic vapor
phase oxidization of at |east one conpound sel ected
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other in terns of the kinds and/or content ratios of
& he constituent 1BUMMAREDIEREINVENTPIDNGaAt al ysts
have been obtained by drying an aqueous sol ution or
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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

15 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

20 feedstock gas inlet toward a feedstock gas outlet and then introducing a
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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:



2 supplying a feedstock gas containing at |east one
conpound selected fromthe group consisting of

propyl ene, isobutylene and tertbutyl alcohol, and

nol ecul ar oxygen into a reaction tube, and

catalytically oxidizing said at | east one conmpound in

a vapor phase to 5 produce the unsaturated al dehyde
and/ or the unsaturated carboxylic acid correspondi ng
thereto, wherein (1) at |east two kinds of catalysts
having different catalytic activities are filled in
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10 (2) the catalysts comprise each independently a mixed oxide represented by

the following formula (I):
MOaBibFecAdBe CD ng (I)

wherein

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

15  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,

20  aluminum, titanium, zirconium and cerium,

25

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<¢ <10, 1

<dx 10,03&510,0sfs10and0<gs2whenaissetequalto 12, , and

3



a, b, c, d, e, f and g satisfy the follow ng
relationships: 0 < b:5 10, 0 <c¢:5 10, 1 25 d< 10, Cse
< 10, 0<_f510and 0<g52when ais set equal to | 2"and 3 x
is a val ue 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
ratios 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
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treatment in the presence of a reducing material. 10
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t he group consisting of propylene, isobutylene and
t ersoluionydr aal mpkols dtrrg cgoiadhia g tivecainentsldd tREdALLEE
DESCRI PTION OF THE I NVENTO N I n the present invention,
a flelleyerddukealrinationipransatnpsphereafia tgas pen taining mehdular
sel ected fromthe group consisting of propyl ene,
i sOBYESH Eresubseueng heatifyeatment oths! presende nbé eedvicing
oxygen .is supplied into a reaction tube 20 which is
fi M8 %t h plural kinds of catalysts having different
[ ctivities so, that the catalytic activity
i ncreas e‘gccf”?dﬁ?ﬁ gf’ %@Jgﬁ%‘é Rvention, gn.ynsaturated aldehyde and/or

an unsaturated carboxylic acid corresponding thereto can be produced in a

satisfactory yield by the catalytic vapor phase oxidization 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

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

4



toward a feedstock gas outlet. The nore the kinds of
catal ysts, the nore effective they are in terns of
reaction results or controlling a tenperature in the
reacti on tube, but the nore conplicated the
preparation or filling of 25 catalysts is. By taking
these factors into account, it is preferable to use
two 4 kinds of catalysts. The catalysts to be used in
the present invention are each independently a m xed
oxi de represented by the followng forrmula (1):
MoaBhRESE cafiBeseDIOx (1) 5 wherein M, Bi and Fe
represent nolybdenum bismuth and iron, respectively,
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| east one el ement selected trom group consis ng
of indeadesdea nﬁk@@m&@k@rb’mntmm'f ﬁiﬂ
10 C represents at | east one el erent se ec% omthe

group coMsiBitFag.BICDahapphorus, boron, arsenic,
tellurium tungsten, antinony, silicon, alum num

5t i tvelreireim zi rconi um and cerium D represents at | east
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one el enent sel ected fromthe group consisting of
e i amd Fedeprhisemt mob'bdermm,ridsrhhﬁi andaion, kespbetively,
represents oxygen, a, c, d, e, f and g satisfy the
f ol isRFasEnIsaicke] endier p@alto <b< 10, 0 <c!9 10, 1
sd 10 0<es10, O f 10and 0<gs2, when ais set equal to
2 Basaresents at 1ast gme glemenkielected fomrtiie gyowpomsistiog of
OXI dation states. of other  elenents.
anganese, zinc, calcium, magnesium, tin and lead,
C represents at least one element selected from the group congsisting 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, f and g satisfy the following relationships: 0 <b<10,0<c< 10, 1
<d<10,0<e<10,0sf<10and0<g<2, when a is 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
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20 The catalysts differ fromeach other in terns of
the kinds and/or content ratios of the netal elenents
constituting the catalysts. The "catalysts differing
fromeach other in terns of the kinds of the netal

el enents constituting the catal ysts" neans that at

| east one elenent in Goup A B, Cor D of one

catal yst being conpared is different fromany 25

el enent in the correspondi ng group of other catalyst
bei ng conpared. In 5 addition, "the catal ysts
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Preferably, the catal ysts conprise a nm xed oxi

r epyne satalyst iddiffetrent fifood thewiabge foraspbiding theretbQf the other
MbaBi bFecCodSbt CsgOx (11): wherein My, Bi, Fe, Co, Sb
an§a@dystepr esent nol ybdenum bisnuth, iron, cobalt,
anti nony_and cesium respectively, a, b, ¢, d, f and g
sat i sfy Rugterakly, thacatalyssy commnsstd pixed@xidelyepresanted by the
< Elpi} 1 <, d<]o0 )QSf <10 and 0 < g<2, when a is set
eqltlovng fosmulp 115 « i's a val ue deternined depending

ston & SieBRsSulither s ar @b T rerent from each

ot %Erejiﬁ 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<10and0<g<2, when ais set equal to 12, and
x 15 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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the 5 present invention is described bel ow The

terms of the kinds and/or content ratios of the netal
el ements constituting the catalysts. 20 In a

pref erabl e enbodi ment of the catalysts and the filling
state thereof in the reaction tube, two kinds of
catalysts are filled in the reaction tube, and one
catal yst conprising a m xed oxide of the formula (I1)

inwhich f is not zerois filled in the feedstock gas
inlet-side reaction tube and the other catalyst
conprising a mxed oxide of the formula (11) in which

f 1 moB®Uenud, Kismukh lifdh %HH Eoﬁﬁlé of Ja‘l? ? %:he ¢ feedstock gas

outl et-side reaction tu con
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equizbddtock fresmitlet-side eesithiftubatralpsstivdly the feedstock
gas outlet-side reaction tube, respectively. Now, a
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used in the present invention are prepared

i ndapideaetixities wrheametl im thepresdie ineontivataee padprad
such catal ysts, conpounds of the respective el enents
c oﬁ%@?ﬁe&fl?‘h@’ frpm eagh aﬂ}ﬁgt sAs saw materialoxf sied catdlystat es,
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the like may be us as a

Ni ifodiRlic hdi@hmMohiubl bal%ﬂltflﬁ}d%te bﬁcpﬂle( elr}x n’? B‘L {{Eéddas a

and the Iike may be used as an i1ron
molybdenum compound. Bismuth oxide, blsmuth mtrate, bismuth sulfate

and the like may be used as a bismuth compound. Iron (IIT) nitrate, iron
(I sulfate, iron (ITD) chloride and the like may be used as an iron compound.
Cobalt nitrate, cobalt sulfate, cobalt chloride and the like may beused as a
cobalt compound. Antimony trioxide, antimony (III) chloride and the like
may he 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 mixing 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,
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Cobalt nitrate, cobalt sulfate, cobalt chloride and
the like may be used as a cobalt conpound. Antinony
trioxide, antinmony (lI11) chloride and the |like my be
used as an antinony conpound. Cesiumnitrate, cesium
carbonate, cesium hydroxide and the |ike may be used
as a cesiumconpound. 20 In the present invention, an
aqueous sol ution or an aqueous slurry is prepared by
m xing the raw materials of the catalyst in water
followed by drying the solution or slurry. Then, the
dri & el i i Al My . ]

oxyge ngﬂf\: o%%égiglr)} i%ggggggzgtg?}oé gﬂéelr6 gﬁ%ﬁ 0 rr&t;‘lﬂ‘gfA 3000-388306).  For

mat @fandls, thk driing ahab '
conpo Sﬁi d, may %22 add eg \S’gl%dt‘%tgaglrseﬁlg ?“%E;‘*EQ%W‘ o(%ry thé

st eqisine &y etBraghelic degbrac idRgbr! i ;
nmet hodsaj?)see, 7 fo?ﬁgxangﬁggdg%- Aé)%g@g%%%,&%hke‘ The
J P-cnEit 1BRR34 msleculid dkygdOtr 8R33860ulaFSiyger ¥ Blfing gas is
the drying can be conducted using a kneader, a box

&r ysuallp frogr Ue 8¢ pel®e, land pyéfesibly HoMET0 toR5SHNBY AfBeut air
a flush dryer, or the like. The concentration of

ol BPWre pxygenpde nsuallyt used ms the sduace abygdend aomiygemli Rich a
gas is 5 usually from1 to 30 vol % and preferably

f r G110 1t Beerbas @ mplecplayiosygensiontainingeas af nsoegeny,i sfter being
usmg used .as the source of nolecul ar oxygen. Such a
S0 q withadirogen. sarhon diouide, watszgbeliworargomionghglike. A

i f necessar after bein iluted with nitrogen,
c arcﬁ‘%ﬁlagﬁo&%’alg erapareds uspaily gﬁﬁn 30038 §006r. aﬂﬁ@rgfﬁl@h’ fxom

Y j . 1s. | f 300 to 60Q0C,
10 O IE B AT, | BTGt 40 o5 tml ok Bemiaatasgn 4D heees and

us ] to 40 hours, and preferably
(RS i 1 A G

romlto " cal ci ned product resulting
from { herealatdifial hoRubireSiiBing Bl ol Ceat B Rlor & §3hTERL
in the presence of a regum ng mat gﬂrelcéjlkl.gg uoélhmg“ﬁ'ecmdto
t r haht@edtment in the presence of a reducing material. Such a treatment

conducted in the presence of a reducing material will hereinafter be reforred

15  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,

hydrocarhons, alcohols, aldehydes and amines each have 1 to about 6 carbon

20 atoms. Examples of such hydrocarbons include saturated aliphatic

25

hydrocarbons such as methane, ethane, propane, n-butane and isobutane,
unsaturated aliphatic hydrocarbons such as ethylene, propylene, c-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,
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conducted in the presence of a reducing material wll
hereinafter be referred 15 sinply as a "reduction
treatment”. Exanples of the reducing material include
such as hydrogen, ammonia, carbon nonoxi de,

hydr ocar bons, al cohol s, al dehydes and am nes.
Optionally, two or nore of such reducing materials may
be used. Preferably, hydrocarbons, al cohols,

al dehydes and am nes each have 1 to about 6 carbon 20
atons. Exanpl es of such hydrocarbons include saturated

al i ﬁBHﬁﬂyPach}Ydir&%%@ﬂrﬁcoﬁ%ﬁh@ﬁerﬂﬁﬁﬁrggﬁohﬁt &?ﬁ%ﬂra’ced

propane, n-butane and 1sobutane aturat
al i @liyHdti d]éfﬁbl%%&b@@%]lﬂ«'ﬂﬁbm c%tgymsl?ol aﬂa%ﬁhmﬁl alcohol,

cc-butylene, 13-butylene and isobutylene

ar oamd aoniwiitr-06diolosh 3 pReds. DERZRPRS of mimh@éyd% include
such al cohol s include saturated aliphatic al cohols

s ucsatamta(s alighdtirnailichydeb st as foralIRYY e hehlehyde,

i sopropyl al cohol, n-butyl alcohol, 8 isobutyl

&l coiep nakbbyimmybuta]aﬂ)drﬂwﬂe and 1sobﬁty-lﬁdélwdeah1¢@bﬂéaturated
unsaturated aliphatic al cohols such as allyl alcoho

cr otlinhagic eliebydesnchmsiaatdlsin, eotiblehydaand arediiilein.
al cohol s such as phenol. Exanples of such al dehydes

i ncfarep e%aﬁwhtaganaﬂ mshta‘msettga@dmlmégtxs aotineessuch as

R A b B e
Y R
N B HE TR e
am
di et hyl aqfh 0fqu@86h Errehﬁﬁéﬁfl Fffbtpﬁlﬁ; &ﬂﬁu&a& %t %{lgltegtgng the

al i phati c-am nes such as a

di @hlcitleAPro@uct W He s (RERGL ﬁ{rhﬂﬁﬁngﬂ) ol S? d:'gj gagl%il};ﬁghe

reduction treatnment 1s usually con
t heeducing material. The concentration of the reducing material in the gas is

usually from 0.1 to 50 vol%, and preferably from 1 to 30 vol%. The reducing
15 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
20 600°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. Itis 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.

25 At this time, a gas discharged from the container may be circulated and
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cal ci ned product to heat treatnent in an atnosphere of
a gas containing the reducing nmaterial. The
concentration of the reducing material in the gas is
usually fromO0.1 to 50 vol% and preferably from1l to
30 vol % The reducing 15 material may be diluted with
ni trogen, carbon di oxide, water, helium argon, or
the like so that such a concentration could be

achi eved. Ml ecular oxygen is allowed to exist unless
the effect of the reduction treatnent is affected.

HOWRY &L, if decBRYrynOt al | ow nol ecul ar oxygen to exist. A
tenperature for ‘the reduction treatnent is usually

f rom 2007h@ red?fetibY BleatrBélft JHGIE EARY nfdse ¢ > ?F%/igp?aggn%due

The tinme of the reduction treatnent IS usua _
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to 10 hours. It is preferable to conduct the reduction
t r enad¥HOds iDPronDd .08 k6% Y AR shdEEFERBEUSsm 0N & 5% by mass.

tubul ar or box-shaped contai ner and keeping the
5c olf tlienansslesd éxcaddzd by hads gas tcietextddsive rbdi@tion, the mass
reducing material. 25 At this time, a gas di scharged
f r denstthay boracavared byregndweting caluinatien agait in% melesgdr | f
necessary. The reduction treatnment usually causes nass
| o$8YZeprtontainingEasddmosphere.nfHeguassdsd antliexaloolatgd nsing
atons froma catalyst. It is preferable that the nass
| odhe fallopangequationt o 6op by nmass, and preferably from
0.1 to 5% by, mass. 5 If _the mass | oss exceeds 6% by
mass du g&ﬁ"?ﬁy ]Pfr“e(iéx_“c%’l‘ {(weiebl of saleined produpiheforergduction
may_ be regoyer.e nducti ng, cal ci nati on ain.in a
107 VsBfip& °Ybgh ottty el Raf spapmer O VP
|l o JS | he, fol | om ng equati on:
l\/agélcﬁlgg 4 9?‘3}5% @h&%egmte? gf‘?‘a‘k{.}g%@eﬁ) cal ci ned product
bef ore rRqUetifidtion 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
15  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
20  iscarbon 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

25 compression, extrusion molding or the like. The shapes of the catalysts to
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10 treatnment) - (weight of catalyst after reduction
treatnent))/ (wei ght of cal cined product before
reduction treatnment) In the reduction treatnment, the
reducing material itself, deconposition products
derived fromthe reducing material or the Iike may
remain in the catal yst after the 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
we - I yS :
then saPh e BriEat pRh o Rl eThe s ik of afRihe S bldineg

t 1 gy R Harl¥d S a6 ok Bftet e HRGSatn ANEmbRslLGyal

material fromthe weight of the catalyst 1ncluding

t hexyges dbfinifiBg@s hhosphbdd bf Bfter eI rdladtiofBk&thiaht.2Wpon
is carbon and, therefore, the nmass of the residual

matler inaldieg fortienpatediag ihemdehaniil saxagil f thOyathBlss,
carbon (TC) analysis. The catal ysts are usually nol ded
5i ntwrgardefibered thhdiie whitidistsabstavtielly idedt tohtheirichded of
the present invention. In the nolding, the catalysts
magxidpieomrdaddon imaythecdded as déscaibed,fgr exangdk) iatdP-A-9-52053.
sphere and the |like by tablet 25 conpression,

ext r usi dusoibgicatplysts hagngidifferemteatalitip estivfies Ae prepared.
ca&,ﬁl ysts to 10 be used in the_present invention may
beThe\eatalybis astividy pf eachsatalysicandp gy Hyateddy dwsalgtisallyed
out .before . or after the calcinatiogn.n nol ecul ar
oxVEREA I SAT PG r@%?%ﬁ%ﬁﬁ’é’ﬁ&?g elecied &rom the eroup

ti. t t. U th di ' [
10 { FEEIRY oF REPVERP inphiine pAE o biats) Heoh S Bhlepier
fi i i i t ial i .t th
| kel WS P i B B AL g "
d j off aﬁ?ﬁ?d"{ﬂll , i - - g&gg,ﬁ ol iSiont;
c?gﬁglgfdgl Oﬁé@ié%g di ffdgr ghtgvélg%f%@??c ACtIVI T Zlgnéf?:
Pr&Rdn&dd by filling such catalysts in a reaction tube so that the catalytic

activity, namely, the conversion increases from a feedstock gas inlet toward a
15 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
20 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

25  from isobutylene or tert-butyl alcohol in a satisfactory yield.
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The catalytic activity of each catal yst can be

eval uated by catalytically oxidizing at |east one raw
mat eri al conpound sel ected fromthe group 10

consi sting of propylene, isobutylene and tert-butyl

al cohol with nol ecular oxygen in the presence of a
catal yst in vapor phase and neasuring the conversion
of the conmpound. The vapor phase catal ytic oxidation
is conducted by filling such catalysts in a reaction
tube so that the catalytic activity, nanely, the
conver si L JAC C S.AnBhet .t owar d
e o LU L b

gaspeQiilr@inty sk fdGcd PesdtBL ?dtiﬂ isg%qgfr?% gl‘li}lél[all?%nmal pressure to

nol ecul ar oxygen. In the 1 ndustri

pr 95(E_T ki € TR 448G of hf&fééut%@%x?%gntig hﬂ@é’hﬂra@gﬁ&t #ﬁxgles per

conprising the above-nentioned reactio S.

ai roresmolzwithrassgetertal 2oHPYILE TheBPhRCHIGH tyBY Hthe
Besides the 20 raw material conpounds and nol ecul ar

fox yigedstodikhgasfie asisillydiorg 360 1®F000CKNAESTP thh @aQtemperature
carbon di oxi de, carbon nonoxi de, water vapor and the

| i kand Byssure). above- descri bed vapor phase catal ytic

oxi dation, acrolein and/or acrylic acid can be
produced from propylene in a satisfactorily high

yield. Alternatively, nethacrolein and/or methacrylic
aci d can be produced 25 EXdMFIsBHutyl ene or

tert-butyl alcohgl in a satisfactory yield. 11 A
react i onﬁi“é‘ﬁﬂé‘ﬁa the@rpgent iapention pre,phovapbelowdpt theyndo not

reggctd ressure may. be reduced pressure, but jt is.
10, ¢ i s pRe e AR R R e o 10 BisceNemplest flae whib l/min”
of .1l ec FS. USU from1 to.3 er
on TRl Bl VB o 55 RESTE ARG e frice Sptele. B e
veleQgi e 5 C [ f rom 500
R TSR SR P ok
Conversion (%) = 100 x [(moles of introduced isobutylene) - (moles of

unreacted isobutylene)l/(moles of introduced isobutylene)

15 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)

20 4414 g of ammonium molybdate [(NHJ)sMo7Oz4 -4H20] was dissolved
n 5000 g of warm water to form Liquid A. Separately, 2020 g of iron (11D
nitrate [Fe(NOs)s 9Hz0], 4366 g of cobalt nitrate [Co(NOa); 6Hz0] and 195 g
of cesium nitrate [CsNOs] were dissolved in 2000 g of warm water and
subsequently 970 g of bismuth nitrate [Bi(NOs)s 5Hz0] was further dissolve

25  toform Liquid B. Liquid B was added to Liquid A while stirring to form a
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and pressure). EXAVMPLES Exanples of the present

i nvention are shown below, but they do not 10 limt
the present invention in any way. In the exanples, the
unit "m/mn" indicating the flowrate of gas is at
STP, unless otherw se stated. In the exanples, the
conversion (9% and the yield are defined as foll ows:
Conversion (%9 = 100 x [(noles of introduced

i sobutyl ene) - (noles of unreacted

i sobutyl ene)]/ (ol es of introduced isobutylene) 15

1l i iy 20, T 1 AP
ST RS il T R ot

Cat'al yst a (cata

44 1dnift-Obb AR WHR FaARd 06 pkﬁ@'dﬂ]&“@rzor i ﬁel'#ga?l

di ssolved in 5000 g of warmwater to

Se pegdtiaknix®G40v4 Rbldbd fito Glridg formiHakHi
OH201, 4366 g of cobalt nitrat ld ’6o( ﬁos)g%‘{emof H’Eg}%te”f

5195%.8 mmf arcidsiet! tanidténdfe. § HiNaRd a\bﬁ{%ﬁh @F §§%V§rﬁl {en was

10

15

20

25

2000 g of warm water and subsequently 970 g of

bi saldkedntt528t@ fdrll KNGS s ad ahiAibiv weshtiiurd H18)yselh S SThive
25 to formLiquid B. Liquid B was added to liquid
Awtsatadysticontainggl 0.96 bsmvdh atdin s2. 4oy .atdihe 72 cobalt avems and
then dried with a flash dryer to obtain a dried

pr Ocifteesivop giognpeslbmolyhdenwh agérhs.ca al umi na fi ber
(RFC400- SL produced by Saint-Gobain TM was added to
100 parts of the dried material. The resulting

m xture was nolded into a_ring_form having an outer

di anet er of 5 6.3 nm an i l4laneter of 2.5 nm and

a | engt hP paratmn of %ﬂagalygt 1{1 (cm?aiyst with reduction treatment)
Catalyst A was prepared by filling 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 gs in Referential
Example 1, except for adding 2.54 parts by mass of antimony trioxide (Sbhz03)
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

13



cal cined at 525C for 6 hours in an air flow to obtain
Catal yst a. This catalyst contained 0.96 bisnmuth
atom 2.4 iron atons, 7.2 cobalt atons and 0. 48
cesi um atom per 12 nol ybdenum atons. 10 Exanple 1
Preparation of Catalyst A (catalyst with reduction
treatnent) Catalyst A was prepared by filling
Catalyst a into a glass tube, and then flowing a

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

t hrough the glass tube to conduct a reduction

tr 350C fr ours. . This 15 catal yst
Coﬁ)?%%gg‘”g%b"é‘? g?%%?]ﬁﬁrgpslﬁ‘fmf?%?'r on atons, 7.2
cobalt atonms and 0.48 cesium atom per 12 nol ybdenum
atons like Catalyst a, and the mass 1|o0ss due to the
reduction treatnment was O.Eg\qéxgﬁg mass. Referenti al
Exanple 2 20 Preparation o taFyst b (catal yst

wi t hout P@ﬁbﬂfaftiaﬁrbftfa%&&@tc)atal%t@h?{ §éd§gg}9n%§réea£ln‘?8ﬁ5 ed

in the sane manner as 1n Referenti a

sexcept f@éta@@ﬁan@aSZpr'éﬂaﬂ@arbsxm% BsdyRh ifﬁEH A g&gy tube, and

10

15

20

25

trioxide (Sb203) to 100 parts by nmass of the dried
matleer Abwing atafxetdeat obhydrsganierote@ (5195 By dadiddd tKrid8gh the
cal cination tenperature to 546C. This catal yst

coglami gk @xofd8h abiedaation taéximendattS5ROLfHLI® hyuit 0Mhis
2.4 iron atons, 7.2 cobalt atoms and 13 0.48 cesium

at oatapst catainel PHfdriammtlt atvm, 0.4S@rtphenylatbme Pairiadi atoms,
of Catalyst B (catalyst with reduction treatnent) 5

Caff & gﬁéﬂ% Bierasany 848 cesiumatpm|der 1§ ngdvhdepym aoimstlikea

gl ass .t uhe, d thep flowing a m xed gas of
hygﬁ‘ﬁ’d&ﬂﬁh ?P& g@%ﬁﬁﬁ%ﬁ%dwmﬁgﬁ FRdyction AEpagmentwas 1.28% by

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 c into a glass tube, and
then flowing a mixed gas of hydrogen/itrogen (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 ¢, and the mass

14



gl ass tube to conduct a reduction treatnent at 350C
for 8 hours. This catalyst contained 0.96 bisnmuth
atom 0.48 antinmony atom 2.4 iron atons, 7.2 cobalt
atons and 0.48 cesium atom per 12 nol ybdenum at ons
like 10 Catalyst b, and the mass | oss due to the
reduction treatnent was 1.28% by nmass. Referentia
Exanpl e 3 Preparation of Catalyst c (catalyst wthout
reduction treatnment) 15 Catalyst c was prepared in
the sane manner as in Referential Exanple 1, except

f ' i ' te f t
2730 e A B en bl B O ST ut  atom 2. 4

iron atons, 7.2 cobalt atons and 0.67 cesium atom per
12 nol ybdenum at ons. Exanple 3 20 Preparation of

Catal yst C (catal yst VAdflrehBELELALARIClL €at Ment)
Catalyst C was prepared by filling Catalyst ¢ into a

gl ass tRdeparafta of i(Realykd @Wafﬁlf@ WithRd r8d&:1i0h treatment)
hydr ogen/ ni trogen (5/95 by vol une) through the glass
5t ube t o Sianduethyam bedifeilicaraliimnant iRARBC4G68L preducdd by
hours. This catalyst contained 0.96 bisnuth atom 2.4

i r Gaintt Getsin TMD andi2a54 patto hp nessl oRan tin 6y t6sddeiSBiONwere
per 12 nol ybdenum atons |i ke Catal yst c, and the nmass
14 added togL2 payts efthe diied materalpoducesn Referontisl Eremsple 3.
Referenti al Exanple 4 Preparation of Catalyst d

( caAPaIresling pHstwre waguealdeshinge e aingdonn) hevisganpaterslibmeter
mas f silica alumna fjber (RFC400-SL produced b
SaPhS-SceBarh iy dameter oh? S mmands leagd &6 mm Aad#hen was

10t ' Iczg_)l)éljn% ag 293"%3901' \lbﬁlro%rs in an air flow to obtain Catalyst d. 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.

Example 4

15 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,

20 7.2 cobalt atoms and 0.67 cesium atom per 12 molybdenum atoms like

25

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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added to 100 parts of the dried material produced in
Referential Exanple 3. The resulting m xture was
nol ded into a ring form having an outer diameter of
6.3 mMmm an inner dianeter of 2.5 mMmand a length of 6
mm and then was 10 cal cined at 490C for 6 hours in an
air flowto obtain Catalyst d. This catal yst

- contained 0.96 bismuth atom 0.29 antinony atom 2.4
iron atons, 7.2 cobalt atons and 0. 67 cesium atom per
12 nolybdenun1atons Exanpl e 4 15 Preparation of

%ﬁ% o Corgd bR By e fife ﬁﬁv#&”"&iﬁ 75 Sl paybie
hy r oge% tr ogewg?gg 63)%v gi{iﬂ?l%ﬁ%lﬁgw eﬁé’l“é%gﬂ

tulpgqso &9 Hﬁﬂﬁﬁorﬁfe{/ag?lﬁg E)Jr?tg g?%%@?%f%g ]E)E%t“%? %%aée%tugre of

hours. This cata

0. 330anky 5%11)\1 ik Alhixe Z;% g&ﬁé

at ons an%l g gesn &mdg?%?nﬂg%@t 8/0 denu at tbam

51 1 kKE0/2@8 212y (Bhy sholedi¥eto the rdRESn Eﬂ%sat‘iilﬁovtr Qat’é%@lig'y B%]/mm
treatment was 1.17% by mass. Conparative Exanpl e

Ox THatcomvrersien oflistladiglens tand th&edtal pisld oA niBRAraléaT AndZS
Into a glass reaction tube having an inner dianeter of
18methactdliGarid afe sHownfin(Babld yst A was filled after
being diluted with 30 g of silicon carbide
( SHI NANO- RUNDUM GC F16 pr oduced by Shinano Electric
Ref i ni ng Co. Ltd.). oxi dation reaction was
conduct ed at a react ﬂ&mn@%mﬁsmele& 330C by
suppl ying a ed gas

10 sobut yl one s H/%H%é@*@}wsy\éﬁmab@ﬁm@me@ 2/2.0

by nol e) |nt the reaction t flowrate of |,
157 5 niRidationreactin Rgs @bﬁ%%%ﬂénaﬁfda%%

t oé@tlnpﬂaﬁvg E&fan{ﬁé li]a%:rc&l)tefor chan%mg the reaction temperature to

340°C. The conversion of isobutylene and the total yield of methacrolein

and methacrylic acid are shown in Table 1.
15

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

20 350°C. The conversion of ischutylene and the total yield of methacrolein

and methacrylic acid are shown in Table 1.

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

25 An oxidation reaction was conducted in the same manner asin
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met hacrylic add are shown in Table 1. Conparative
Exanple 2 10 Oxi dation using Catal yst A (Catal yst A
nonol ayer) An oxidation reaction was conducted in the
same manner as in Conparative Exanple 1, except for
changi ng the reaction tenperature to 340C. The
conversion of isobutylene and the total yield of

nmet hacrolein and nethacrylic acid are shown in Table
1. 15 Conparative Exanple 3 Oxidation using Catal yst A
(Catal yst A nonol ayer) An oxidation reaction was

o r@olﬂ? ar%twg Exgﬁpfef ?errch%ﬁgxﬁlg Ca%??ta}x it bX&lyst B. The

exce andl n rea

ggﬁ{gegﬂh%f #s%buté? d‘l%%?lq thyﬂtﬁ:af Pﬂle%é%H dﬂf}le acr {ﬁ)éh‘?d'&?ylic

tota rrethacro el n

aci I%Sﬁgg.qul pikapl e 1. Corrparat|ve Exanpl e 4
O(laggtp%on usi ng talyst B (Catal yst B nonol ayer) 25

An oxi dati on reaction was conducted in the sane.
manner as in 16 Conparative Exanple 1, except for

schangi ng Catal yst A t Qoaph@hiveExBmpld® conversion of
i sobutyl ene and the total yield of nethacrolein and

met hacryl i ¢ Oxddatibratiging BavalystrC (GavhlestlC nfonctaypsr at i ve
Exanple 5 Oxidation using Catalyst C (Catal yst C
nmonol ayeAn odittatixm dedcition wazaotdwrted\asthe gache gather mstine
same nmanner as in
Comparative Example 1, except for changing Catalyst A to Catalyst C and
the reaction temperature to 340°C. The conversion of isohutylene and the

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

Comparative Example 6
Oxidation using Catalyst D (Catalyst D monolayer)
An oxidation reaction was conducted in the same manner as in
15 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
20 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 m}
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
25 was filled into a region side of the feedstock gas outlet after being diluted
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Conpar ati ve Exanple 1, except for changing Catal yst A
to Catalyst C and the reaction tenperature to 340C.
The conversion of isobutylene and the 10 total yield
of nmethacrolein and nethacrylic acid are shown in
Table 1. Conparative Exanple 6 Oxidation using

Catal yst D (Catal yst D nonol ayer) An oxidation

reacti on was conducted in the same manner as in 15
Conpar ative Exanple 1, except for changing Catal yst A
to Catalyst D and the reaction tenperature to 350C.

TR E Lo SRR INAR SR St O v

(ARSI T TR E e
i i i . 1.415

| sk @R L A% 8 STk et o' e

| oo 695 0h gl RERD B BBl cacion

5Shitaleaar £66 trafeCf R8T 5MAINGICO Th i i
Catal yst A 25 v?/as filled into gkﬁgg%rglﬁﬂgﬂfgﬂ%fymtnﬁ%%dthe

f eeatal yiel (asethadtoRin ahd sietRirfli: 4id BietthowhinWable 45 9
of silicon carbide (SH NANO RUNDUM GC F16 produced by
Shinano Electric Refining Co., Ltd.). An oxidation
reacti on was conducted at a reaction tenperature of
330C by supplying a m xedEgampdd 6

i sobut yl ene/ oxygen/ ni trogen/steam (1.0/2.2/6.2/2.0 by
nol e) émdetl% using{eatalypts® andd (Gatadyst ICHlatalise Adlilagsd . 5

m /mn. The conversion of isobutylene and the total

10vield ofAnge eartipnawas eandigleryin the spmeimanpesamion

i nnxTabl . Ex e 6
! Exampl% 5:,L except ?oq:%klangmg Catalyst B to Catalyst C and 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.

Example 7

15 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.

20 Comparative Example 7

25

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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Oxi dation using Catalysts C and A (Catal yst C Catal yst
A bilayer) 10 An oxidation reaction was conducted in
the sane manner as in Exanple 5, except for changing
Catalyst B to Catalyst C and changing the reaction
tenperature to 340C. The conversion of isobutylene and
the total yield of nethacrolein and nethacrylic acid
are shown in Table 1. Exanple 7 15 Oxidation using
Catal ysts D and A (Catalyst D/ Catal yst A bilayer) An
oxi dation reaction was conducted in the sane manner as

C(FWHEQ Peeé)t for changing Catalyst B to

angl ng the reaction terrperature to

35%d§mﬁ‘1 &ﬁﬂ%@%g%l?ﬂs Qlan g%&(gdk&{%&'lﬁ‘a? s{ Qﬁﬂ.ri)?etr

yiel d of methacrolein are shovvn

in Tabl e | 7, |
cat al ystéﬂgﬁﬁs%%?éﬂffﬁﬁ%ﬁ ytg?%a @%%915?%

oX Bakipdé 5 a6t fol S ifo0aG e 8 4va ¢Aa1y3RAR. @a&n?ét Ahd
in Exanple 5, except for changing Catalyst B and

5CatCaltylgst o) respeCiivall, uold changiflg th@bailkdion tétuperature to 340°C.
respectively. The conversion of isobutylene and the

t offhk cyneirsionfof isAbutybnbanddhe totabyidl dofnfthadtbletn aed d
are shown in Table 1. 18 Conparative Exanple 8
Ox imepabaaypliciadid grstiomnyist Bable &nd a (Cat al yst c/ Cat al yst
a bilayer) An oxidation reaction was conducted in the
sa@énmhﬁt@fe%@mpﬁe9Exanple 5, except for changing
st B and Catalyst Ato Catalyst ¢ and_ 5
fy”ﬂondlsn}gegg@b{sts/@ ppd aafﬁataéwéﬁgfﬂﬁglwh@ bilayeri i on
10terrperature éo 340C. . The conversian of i sobutyl ene_ and

the tot 412 Pridptionyeastion, g5 smsugtedin 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 isocbutylene and the total yield of methacrolein and

methacrylic acid are shown in Table 1.
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met hacrylic acid are shown in Table 1. Conparative
exanple 9 Oxidation using Catalysts d and a (Catal yst
d/ Catal yst a bilayer) 10 An oxidation reaction was
conducted in the sane manner as in Exanple 5, except
for changing Catalyst B and Catalyst A to Catal yst d
and Catalyst a, respectively, and changing the
reaction tenperature to 350C. The conversion of

i sobutyl ene and the total yield of nethacrolein and
nethacrylic acid are shown in Table 1. 19 Table 1

gag¥ Reacti on Conversion Total Inlet/Qutlet
maalontamaau”e(% vield treatnment (C (%
Conpar ati ve Gdfathiyst A Yes 330 OFRé&actions [lenwersion | Total
nmonol a er CondaiaiOuttet CRedhgtinA téempesdaroA% 80. 6 |yield
Exanpl e 2 nonol ayer Conpaaahéme] ©a) al yst A Yes 350| (%)
100¢6im &aﬁveT@ﬂﬁ]y@tﬁ mypol ayer | ggppar at i vag £at al ypv9.8
£5E§§ 1RO 3 BRemvlayeralpl € 4 nopol a er Cophparative
e ) .8 EBX € 5 m ayer
Cm%gﬁﬁ f:\(gé'gcscfgfggﬁo Y 350 Bota go 1 | TR Y (808
Comparative | CatalystA | 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 §1.8
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 99.1 846
Catalyst A
Comparative | Catalystb/ | No/No 330 90.9 78.3
Example 7 Catalyst a
Comparative | Catalyst ¢/ [ No/No 340 96.7 81.3
Example 8 Catalyst a
Comparative | Catalyst d/ | No/No 350 99.1 819
Example 9 Catalyst a
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Exanpl e 6 nonola er Exanple 5 Catal yst B/ Yes/Yes 330
99.1 83.1 Catalyst A Exanple 6 Catalyst C Yes/Yes
340 99.0 82.7 Catalyst Exanple 7 Catal yst D/ Yes/ Yes
350 99.1 84.6 Catalyst A Conparative Catal yst b/
No/ No 330 90.9 78.3 Exanple 7 Catalyst a Conparative
Catal yst ¢/ No/No 340 96.7 81.3 Exanple 8 Catal yst a
Conparative Catalyst d/ No/No 350 99.1 81.9 Exanple 9
Catalyst a 20 What is clainmed is: 1. A nmethod for
producing an unsat ur at ed al dehyde and/or an
%5 rboxyllc acid conprising the steps of 5

§@$§ ﬁﬁ dstock gas containing at |east one
conpound selected fromthe group consisting of
propyl ene, isobutylene and tert-butyl alcohol, and

ol ecul af_ oM BrcRuifBSh M hHGA Mibhydo andor an

catalytlca y OXi ng sa feast ‘one onpound

a \@ARNurRRAeRyliP4Qd bsRplifife Wnsakpy ¢t ed al dehyde
and/ or the unsaturated carboxylic acid 10

of catal ysts having di f¥ rent catalytic activities are
from the group consisting of propylene, isobutylene and tert-butyl alcohol,

and molecular oxygen into a reaction tube, and

catalytically oxidizing said at least one compound in a vapor phase to

produce the unsaturated aldehyde and/or the unsaturated carboxylic acid
corresponding thereto, wherein

(1) at least two kinds of catalysts having different catalytic activities are
filled in the reaction tube so that the catalytic activity increases from a

feedstock gas inlet toward a feedstock gas outlet of the reaction tube,

(2) the catalysts comprise each independently a mixed oxide represented by

the following formula (I):

Mo.BizFe . AqB.CiDgOx Y
wherein
Mo, Bi and Fe represent molybdenum, bismuth and iron, respectively,
A represents 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
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filled in the reaction tube so that the catal ytic
activity increases froma feedstock gas inlet toward
a feedstock gas outlet of the reaction tube, (2) the
catal ysts conpri se each i ndependently a m xed oxi de
represented by 15 the following formula (1):

MoaBi bFecAaBeCf DgOx (1) wherein Mo, Bi and Fe
represent nol ybdenum bisnmuth and iron, respectively,
A represents nickel and/or cobalt, 20 B represents at
| east one el enment selected fromthe group consisting
of nganese. ..zl nc, . cal cj - nesium tin and | ead,
C 8%%533hf§ghll €g§?ugﬁ§he enent selected fromthe

?;;@rpelpggﬁﬂss&gﬁg?’g& phosphorus, boron, arsenic,

urium tu antinmony, silicon, alum num

ti bapi U e ZnQ tawgfe,feg.g f&%&iﬁglrelaﬁm%mﬁso pespayd, dke<10, 1

| eaSt’ one el emen ted fromthe group consisting

of < #4109 28 W)Y JUbiFhiAD <g,e§'2 A WistsbAbdual B 12,Pand
represents oxygen, a, b, c, d, e, f and g satisfy the

5f olkliowivabhe' ®ftainians Residitk apdithe bidabiost stafes dfbthdr
_d<_10,0<_e< 10,0 _f<_ 10and0<g<2when ai ssetequal tol2,

, a@lvthémtyx IS a val ue determ ned dependi ng upon the
oxi dation states of other elenents, (3) the catalysts
di {3)ethe tatabystadiffenfiorr edch otleeria tafms dfehk kinls spdéhr@pntent
content ratios of the netal elements constituting the
catatigssefshe metal(edomente conatiditing theeatalyatshand
[ n?e)pendent I¥ obt ai ned_ by dryi ng an agueous ‘
4) the catalysts are each independently obtained by drying an aquecus
10  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.

15 2. The method according to claim 1, wherein the catalysts comprise

each independently a mixed oxide represented by the following formula (II):
Mo.BiyFe.CoaSb¢Cs,Ox an:

wherein Mo, Bi, Fe, Co, Sb and Cs represent molybdenum, bismuth, iron,
cobalt, antimony and cesium, respectively,

20 a,b,c, d fand g satisfy the following relationships: 0 <b <10,0<¢<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.

25 3. The method according to claim 1 or 2, wherein the number of

22



10 solution or an aqueous slurry containing the
conponents of the catalyst, followed by calcination
in an at nosphere of a gas containing nol ecular oxygen
and subsequent heat treatnent in the presence of a
reducing material. 15 2. The nethod according to
claim1l, wherein the catal ysts conprise each

i ndependently a m xed oxi de represented by the
following formula (I1): MoaBil FecCodSbhf CsgOx (I1):
wherein Mo, Bi, Fe, Co, Sb and Cs represent

Mok I; nony and

cesi um%?‘r:iggscp?gél %teqmdlgg% rea%ﬁ&f‘wbg lgp&'gnd g satisfy
the foll ow ng relatlonshlps 0 <bs 10, 0 < c <_ 10,

1 d< 10,0 _f<_|Oand 0<g52,when ais set equal to 12, and

X is a wal %e%ﬁé%&@%ﬂ@ﬂ?&l%ﬁ‘g WR&R:, he oxidation
states of other elenents. The net hod accordi ng

to clai mnd caralydt coMighidhg atxmedn H:EIB@ bf e fordulal (M0l $n %mh fis

the catalysts filled in the reaction tube is two.

5 Theotnerhidilkddartbe frigdttoclc ko ikled:sid@astidh fibe aadtthb Mﬁier

10

o 1858r S B AR Bk bl o e

15

20
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conprising a m xed oxide of the forrmula (I1) in which
f ¢agalySt cootprisinga nsixéd btidelof the tfhvanfle €H} irowkich s zero is
inlet-side reaction tube and the other catalyst

cobibed iy the fepdstogk gapmitlet-<ode reaetifotubel and | 1) in which
f is zerois filled in the feedstock gas outlet-side

react i ofhg ngéentgﬁa'oq #en@&hdw ragaeh, don rmanidyobialh of the
bi s on_.a t of the catalyst illed in the
f e@ang'yafc‘kleéagth%g St@ﬁ 59%13& gidg Aeacgion tab%a@qwal tathose

respectively.

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

calcination is conducted at 300 to 600°C.

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

heat treatment is conducted at 200 to 600°C.

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

mass.

8. The method according to any one of claims 1 to 7, wherein the
reducing material is at least one compound selected from the group

consisting of hydrogen, ammeonia, carbon moenoxide, hydrocarbons having 1
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respectively. 5. The nethod according to any one of
claims 1 to 4, wherein the calcination is conducted
at 300 to 600C. 15 6. The method according to any one
of claimse 1 to 5 wherein the heat treatnent is
conducted at 200 to 600C. 7. The nmethod according to
any one of clains 1 to 6, wherein the 20 nmass |oss of
the catalyst due to the heat treatnment is fromO0.05 to
6% by mass. 8. The nethod according to any one of
claims 1 to 7, wherein the reducing material is at

| eagie %ﬁoﬁ@?&%ﬂ@g hﬁ@in%clt ﬁ% éarggﬂsc gﬁlﬁg%&q.?&%%gd]eto 6 carbons,

consistin rogen,” anmmonl

hydg@&gﬁlm%atgﬁlvgl %écargﬁnd%o 6 carbons, alcohols

having 1 to 6 car ons hydes having l1to6
carbons, and amnes having 1 to 6 carbons. 24
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