SPECI FI CATION Title of the Invention Method for producing nethacrolein 5
Background of the Invention Technical field The present invention rel ates
to a nethod for producing nethacrolein. Mre particularly, the present

i nvention is concerned with a method for producing 10 nmet hacrol ei n, -
whi ch conprises subjecting at |east one nenber; sel ected fromthe group
consisting of isobutyl- ene and tert-butanol to gas phase catal ytic
oxidation with a nol ecul ar oxygen-containing gas in the presence of an

oxi de catal yst conposition which has a s@dfrfcarifoN relatively sinple
structural conposition and therefore can be easily prepared, and which has
not only a pro- longed catalyst |lifeidue bg the exnoehikedh thermal stability
and reduction resistance, but al so excelTent selectivity for nethacrol ein,
wherein the catal yst 20 conposition contains bisnmuth, cerium iron and
potassi- umin specific anountMethall i for prphocing metldereledimunt rati o,
and wi t hout such el enents as have conven- tionally been necessarily used to
achi eve high cataly- tic performances despite the acconpanyi ng

envi ronnent ab 25 “pol luti on Backgnound yofHrehe cHRVEREHOR| so wit hout the

Technical field

The present invention relates to a method for
producing methacrolein. More particularly, the present
invention is concerned with a method for 5roducing

10 methacrolein, which comprises subjecting at least one
member selected from the group consisting of isobutyl-
ene and tert-butanol to gas phase catalytic oxidation
with a molecular oxygen-cohtaining gas in the presence
of an oxide catalyst composition which has a specific,

15 relatively simple structural composition and therefore
can be easily prepared, and which has not only a pro-
longed catalyst life due to the excellent thermal
stability and reduction resistance, but also excellent
selectivity for methacrolein, wherein the catalyst

20 - composition contains bismuth, cerium, iron and potassi-
um in specific amounts and in a specific relative
amount ratio; and without such elements as have conven-
.tionally been necessarily used to achieve high cataly-
tic performances despite the accompanying environmental

25 pollution and toxicity problems, and also without the



2 need for using, as raw materials for the preparation thereof, conpounds
having low solubility in water, such as a tungstate, an antinony conpound
and a ni obi um conpound, which have frequently been used in order to 5
achi eve desired catal ytic performances, but the use of which is

di sadvant ageous because of difficulties in obt%i ni ng uni form cat al yst
conpositions. Prior art Heretofore, various proposals have been nmade with
10 respect to catalysts which can be used for production of

met hacrol ei n by gag, PSS £ 3l 4{9 @éjl@td ,_olalag d&asehé)@rgggpg{lon

selected fromthe group consisti |sob ene and tert-butanol. Mst of

such convention- aliHHAUYE AU ;?&fnay, rr?é&ﬁfb t:Eva heo liod LorPf 1.0l waBaES £GcH5
be contained in the catalyst conposition and atom c ratios of the el enents.

For exanpl e, there dins hagiydaomd), ad eahlinbiey | donpbeid Ceid udh hsobsasl as a
conpo- nent for a catalyst conposition to thereby 1 nprove catalytic

activities, especi aldmpoutic] dvinifchiaiacrfrediently |iseen usedeirnrordée to
conventional catal ysts proposed for producing nmethacrolein are stil
unsatisfactoby wit facteispes tddsimderatalgutienperfofmancesathitysthe haset €
yield of nethacrolein, such as catalyst life, ease and safety in the
preparation ther eofwhighl ¥ eliadvaniageru becauselcof | fiffhtul hieaehBe of

t he catal yst on the environ-
obtaining uniform catalyst compositions.

Prior art
Heretofore, various proposals have béen made with

10 respect to catalysts which can be used for production
of methacrolein by gas phase catalytic oxidation of at
least one member selected from the group consisfing of
isobutylene and tert—butanbl. Most of such convention-
al techniques are directed to the choice of elements to

15 be contained iﬁ the catalyst composition and atomic
ratios of the elements._ For example, there has been
known a technique in which cerium is used as a compo-
nent for a catalyst compqsifion to thereby improve
catalytic activities, especially, yield of methacro-

20 " lein. However, the conventional catalysts proposed for
producing methacroléin are still unsatisﬁactory with
respect to other requirements for a catalyst than the
yield of methécrolein, such as cétalyst life, ease and
safety in the preparation thereof, and freedom from the

25 . detrimental influénce of the catalyst on the environ-



3 ment. Thus, there has been a strong denmand for a - catalyst for producing
nmet hacrol ein, which i's satisfac- tory in respect of the above-nentioned
various require- nents. 5 As exanples of prior art patent
docunents, the working exanples of which disclose the use of catal ysts
containing Ce, there can be nentioned German Ratent No. 2035517
(correspondi ng to Exam ned Japanese Patent Application Publication No.

43-13987), Unexam ned 10 Japanese Patent Application Laid-Open
Specification No. @O-161933, Ingeh Japanese Rty dbpindatdbena -
Lai d- Open Specifica |on No. uéé(}] eeggégSO Li]\exam ned Jacggé\ese Pat ent

Application Laid-Opg aﬁBFsCé fi*cﬁ.at L ¥ad0L NP Inihddo1d e x amiell Japsaesefac-
Pat ent Application 15 Lai d en Specification No. 63-122641, European

Patent No. 0 267 53Grf 0 asdupEtt) b i exsiidaibritises evdpions require-
Appl i cation Laid-Open SpeC|f|cat|on No. 63- 122642), Unexam ned Japanese
Pat ent Applicati onnerittk. Open Specification No. 2-227140, European Patent
No. 0 20 420 048 (correspondi ng to Unexam ned Japanese Patent

Appl i cation kai d- Open Spexidxamples ob.pidl)orB)patentpdeeurentat tbe 0
523 727 (corresponding to Unexam ined Japanese Patent Application

Lai d- Open Speci f i cavonking Nexanp s s W i srtrse pEkR seSPaPEncaippY FES-

containing Ce, there can be mentioned German Patent No.
2035517l(cprresponding to Examined Jqpanese Patent
Application Publication No. 43-13987), Unéxamined

10 Japanese Patent Applicatibn Laid-Open Specification No.
60-161932, Unexamined Japanese Patent Application
Laid-Open Specification No. 60-163830, Unexamined
Japanese Patent,Aﬁplication Laid-Open Specification No.
63-107745, Unexamined Japanese Patent Application

.15 Laid-Open Specification No. 63-122641, European Patent
No. 0 267 556 (corresponding to Unexamined Japanese
Patent Application Laid-Open Specification No. 63-
122642), Unexamined Japanesé Patent Application Laid-
Open Specification No. 2-227140, European Patent No. O

20 " 420 048 (corresponding to Unexamined Japanese Patent .
Application Laid-Open Specification No. 3-109943),
Européan Patent No. 0 523 727 (corresponding to Unexam-
ined Japanese.Patent Application Laid-Open Specifica-
tion No. 5-23596), Unexamined Japanese Patent Applica-

25 tion Laid-Open Spécification No. 6-192144, Unexamined



25 tion Lai d-Open Specification No. 6-192144, Unexam ned \l Ti—ﬁ&@%ﬁ&%’%&m
patent Application Laid-Open Specification No. 52-111505, Eurgppean _

No. 0 102 641 (corresponding to Exam ned Japanese Patent Applicafion

Publ i cati on No. 62-36740), U S. Patent No. 4,537,874 (corresponding to 5

Exam ned Japanese patent Application publicat i‘ﬁn No. 2-32017), European

Patent No. 0 279 374 (correspondi ng to Unexam hed Japanese Patent

Application Laid-COpen Specification No. 63-315147), U.S. Patent No.

5,276, 178 (correspopd; 0 gjn%gm Jananss € L Cari A0s s 4n drd ON
Lai d- Open Specifi cgﬁyon 5 B 4i&%dnexam n?ﬁ%&%eese %(?:gﬁ&gtlon o
Appl i cation Laid- Q}{Z]_ \d i | : -é{lﬁ? , xR g ALd JGPRBESENd

Pat ent Application ailiia%ge’nc%gjfe | Al}lgal?%’)n _ @3-215441 and( Unexaménedlng
Japanese patent ApRld Gald@ihddi Shfditboneidn€apPlidWEidn BdblicatPR2NS) .
Exam ned Japanese Patent Application Publica- tion No. 53-23808
(corresponding to $E3dAEn oS, Fathte M. ands53dy B S65oreasdptidinhgeto
Japanese Patent Application Publication No. 55-44730. However, it is noted
that the cat gl yst xgmisidd alsparsesk i patdret Wpptiddtion pulgl beatpbrsNof t he
above-nenti oned patent docunments necessarily contain, in addition to
cerium sonme of und<s32QT ek HEwmepean RakentisNo hdl | 279 374! ( coruepponding

to Unexamined Japanese Patent Application Laid-Open
Specification No. 63-315147), U.S. Patent No. 5,276,178
(corresponding to Unexamined Japanese Patent Applica-~
10 | tion Laid-Open Specification No. 3-176440, Une#amined
Japanese Patent App;ication Laid-Open Specification No;
3-200733, Unexamined Japaﬁese Patent Applicatioh Laid- -
Open Specification No. 3-215441 and Unexamined Japanese
patent Application Laid-Open Specification No. 3-

15 2942238), Examined Japaneée Patent Application Publica-
tion No. 53-23808 (corresponding to U.S. Patent Nos.
3,936,505 and 4,025,565) and Examined Japanese Patent
Application Publication No. 55-44730. However, it is
noted that the catalyst cdmpositions used in the work-

20 "ing examples of the above-mentioned patent documents
necessarily contain, in addition to cerium, some of
undesirable elements, such as thallium, tellurium,
zinc, chromiuﬁ, thorium, uranium, tungsten, antimony
and niobium. The above-mentioned undesirable elements

25 cause not only prdblems of toxicity and environmental
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zinc, chromum thorium uranium tungsten, antinony and ni obium The
above- nenti oned undesirable el enents 25 cause not only problens of
‘toxicity and environnental 5 pollution, but also difficulties in
preparing a cata- |yst containing such elenments or in recovery of such

el ements. Therefore, the techni ques of the abqve- nentioned docunents are
unsati sfactory fromthe view 5 points of Tecent stringent requirenents
of prevention of environnmental pollution, reduction of cost required for

production of catalyilytiest ht eEd IR A IR S G g -idy (d&ata-
catal yst. For exanple, conpounds of tungsten, antinony and ni obli um have | ow

solubility in 10 1ysHRicRntaiieieistich ditteit® Ar HILSRISFRBHNEIS $@Eh
preparation of a catal yst conposition is disadvanta- geous in that, due to

the | ow sol ubilityellemepals.i N TiRireifore,| alge Wwalinilquds W ethaesistsvéo be
used for preparing slurry containing such conpounds during the 15
producti on t her eof mendionedh doamremiss aree dirisa thissfladtomerfza {he oview-
use. Specifically, when a | arge anmount of water is used during the
production df a cabpeliyds ednpresientostringenie remumensntsh o f)\preverbten
for drying the slur;y cont ai ni ng the conpounds 20 and, even if the
conpounds have bee® p@pmgnqugqjaLopollution, reduction of cost required

for production of catalyst, ease in recycling elements
contained in the catalyst. For example, compounds of
tungsten, antimony and niobium have low sglubility in
10 water. Therefore, the use of these compounds for_
preparation of a catalyst composition is disadvanta-
geous in that, due to the low solubility thereof in
water, a large amount of water needs to be used for
preparing'slurry containing such compounds during the
15 production thefeof,-or such compounds need to be pul-
verized prior to use. Specifically, when a large
amount of water is used during the production of a
catalyst composition, a ;arge amount of energy is
needed for drying the slurry containing the compounds
20 '-and, even if the compounds have been pulverized prior
to use, the catalyst composition obtained therefrom
inevitably becomes non-uniform in respect of a cataly-
tic activity fhereof, thereby leading to a disadvan-
tageously shbrt catalyst life. Further, when the low

25 concentration slurry of raw material compounds is



to use, the catal yst conposition obtained therefrominevitably becones
non-uni formin respect of a cataly- tic activity thereof, thereby |eading
to a di sadvan- tageously short catalyst life. Further, when the | ow 25
concentration slurry of raw material conpounds is 6 spray-dried,

quasi spherical particles having a desired sizg cannot be obtained, so that
a.subsequent tableting operation cannot be conducted efficiently. Further,
even if a certain catalyst exhibits 5 excel l ent catal ytic performance,

when the catal yst GQHy-8SiddP0 JRIBA SHHd BT P efidlss Hakeimy 08l UdésDhed
process thereof inevitably becones conplicated. Fur- ther, in the case of

the catal yst contaigiiAx diirdt ive JsEied Wie heistet ra neubsedyentf talebetinge
envi ronnment 10 or form conpounds having | ow solubility by the reaction
of the netallic el epardstivd camals e dashsctedtedfiigienelyli sposal of
waste [iquids fornmed during the produc- tion of the catalyst but also the
recovery of the netalli Futdwnt everomf e carthiatcatalyst exbiedts 15
Consequently, the total cost for the production of a catal yst containing
such el enent § i neviexgsiilant gatalygic perfomEmanRel Jhehctke rpatatlyst

Appl i cation Publica- - .
: comprises too many different elements, the production

process thereof inevitably becomes complicated. Fur-
ther, in the case of the catalyst containing metallic
elements which detrimentally influence thé environment

10 or form compounds having low solubility by the regction
of the metallic elements with acids or bases, not only
the disposal of waéte ligquids formed during the'produc-
tion of the catalyst buf aiso the recovery of the
metallic elements from the used catalyst is needed.

15 Consequently, fhe total cost for the production of a
catalyst containing such elements inevitably becomes
high.

In Examined Japanese Patent Application Publica-
tion No. 55-45256, Unexamined Japanese Patent Applica-

20 " tion Laid-Open Specification No. 60-84243, Examined

| Japanese Patent Application Publication No. 59-45415
(each of these three references corresponds to U.S.
Patent Nos. 4;155,938 and 4,186,152), Unexamined Japa-
nese Patent Application Laid-Open Specification No.

25 52-111506, U.S. Patent No. 4,778,930 (corresponding to



tion No. 55-45256, Unexam ned Japanese Patent Applica- 20 tion
Lai d- Open Specification No. 60-84243, Exam ned Japanese Patent Application
Publ i cation No. 59-45415 (each of these three references corresponds to

U S. Patent Nos. 4,155,938 and 4, 186, 152), Unexani ned Japa- nese Patent
Application Laid-Open Specification No. 25 7 52-111506, U. S. Patent No.
4,778,930 (corresponding to 7 Unexam ned Japanese Patent Application
Lai d- Open Speci- fication No. 51-34107), British Patent No. 1523772

(correspondi ng to IpraRsRtetpRRRYR AR e Mpriatd0tl di ld Tat Open NBpeci -
60-36812) and U.S. Patent No. 4,162,234 5 gtorresponding t o Unexam ned
Japanese Patent Ap@iicaiidn oo .l &10-3207 SpaErtftisti iRatdik Nd.- 1B335)72
cerium containing catal ysts are disclosed, however, such catalysts al so
contain iron in an (exarssEporididarige Bxanairiedriapariesen Patet Applidatione
selectivity for 10 met hacrolein is not satisfactory. On the other hand,
a nethod for inproBun]icwtdlont Nd.c 36813 kand G SatRatent fyoust nibd, 23de
earth elenent is disclosed in U S~ Patent No. 5,138,100 (corresponding to
Unexani ned Japanesd qarzaspoRsking Lo Unexamined Japanesp fetprt| Aprhifan

No. 4-41454). In the nmethod of U S. Patent No. 5, 138, r I
) tion Laid-Open Specification No. 1-f§§55§YWE§§ 3m9te y

containing catalysts are disclosed, however, such

catalysts also contain iron in an éxqessively large.

amount or contain nickel, so that the seléctivity for
10 methacrolein is not satisfactory.

On the other hand, a method for improving catalyt-
ic activities of a catalyst by using a rare earth
element is disclosed in U.S. Patent No. 5,138,100
(corresponding to Unexamined Japanese Patent Applica-

15 tion Laid-Open Specification No. 4-41454). In the
method of U.S. Patent No. 5, 138,100, two separately
prepared types of specific compositions are mechanical-
ly mixed and calcined, thereby obtaining a catalyst.

In this U.S. Patent, there is a description to the

20 " effect that thé catalyst thus obtained has high cataly-
tic activity and excellent selectivity for methacro-
lein. However, the technique of U.S. Patent No.
5,138,100 is disadvantageous not only in that cumber-
some operations are necessary for the separate prepara-

25 tion of two types of specific compositions, but also in



prepared types of specific conpositions are nechanical- |y m xed and
cal cined, thereby obtaining a catalyst. In this U S Patent, there is a
description to the 20 effect that the catal yst thus obtained has high
cataly- tic activity and excellent selectivity for methacro- |ein. However,
" the technique of U S. Patent No. 5,138,100 is gisadvantageous not only in

t hat cunber- sone operations are necessary for the separate prepara- 25
tion of two types of specific conpositions, but also in that in a

comercial scale prtg%u.{:ctiinoqi Yorir- SR dSd1e t%wc&é eﬂéieatgi-'yee

conpositions is likel'y to cause a non-uniform f'he conposition of the

re- sultant final ca{alnthaniUdl diofhd!Nt# KA tdodpbdEidns isNiXREly to

conposition of the catalyst also causes a non- uniformty in catalytic

activities, |eadi NnGgduged &Mid-urtlid¥n Oty t1e €l akompoditton | H£t BRe re-
commercial scale practice of synthesis of nmethacrolein, there are serious

problens in the foldulant) final ngatiyEs. Sheh a snoh-hensfothesysinfthe
nmet hacrol ein i nvol ves an oxidation reaction, which is acconpani ed by the
generati on of a | amgexxesdimonpadi hisart .off heheg armtalystdabeatcagsascanbated
in the catal yst bed. The accu- nul ated heat acts to | ower the catalytic
performances, 15 unifomhitie utcatalytic caertitdl tiesusteadinghtat a| ghart-

ening of the catalyst life.
In the commercial scale practice of synthesis of

methacrolein, there are serious problems in the follow-

10 ing points. That is, the synthesis of methacrolein
involves an oxidation reaction, which is accompanied by
the géneration of a large amount of heat. The generat—.
ed heat is accumulated in-the catalyst bed. The accu-
mulated heat acts to lower the catalytic performances,

15 and the catalyét is caused to sustain a heat load,
thereby causing the catalyst to deteriorate. In Euro-
pean Patent No. 0 102 641 (corresponding fo Examined
Japanese Patent Application Publication No. 62-36740),
as a method for reducing a heat load sustained by a

20 "catalyst, it is proposed to use a catalyst in a ring
form so as to alleviate the heat accumulation. In U.S.
Patent No. 5,276,178 (corresponding to Unexamined
Japanese Pateﬁt Application Laid-Open Specification No.
3-176440 and Unexamined Japanese Patent Application

25 Laid-Open Specification No. 3-200733), it is proposed



t hereby causing the catalyst to deteriorate. In Euro- pean Patent No. 0 102
641 (corresponding to Exam ned Japanese Patent Application Publication No.
62-36740), as a nethod for reducing a heat |oad sustained by a 20

catalyst, it is proposed to use a catalyst in aring formso as to
alleviate the heat accunmulation. In U S Pate No. 5,276,178
(correspondi ng to Unexam ned Japanese Patent plication Laid-QOpen

Speci fication No. 3-176440 and Unexam ned Japanese Patent Application.25

Lai d- Open Speci fi ' 7 3l 3iSr3 t : t
Op Peci Tl capLen 829:2%1%%3: $2a 1'# i IRHRPFE brovidd pﬁn.g@.iﬁl:g’ S

bed is divided to provi _ ral ity of reaction zones and then,
plurality of catal ygt $el\ids Fonked aHa atdni td PLuL 86 RECdaed Wy sthar ged

in the plurality of reaction zones to obtain a non-uniformb5

tenperature distri haiioly SUFHFeTenito aftavwatidd) e ddspacioRef dieatged in
accunul ati on. I n European Patent No. 0 460 932 (corresponding to Unexam ned
Japanese Pat ent Appihiec iliuaalliziyd-ofp ereaspecrd izxatdsortd\ambtaidd 45 I)on+uni Sorm
proposed to use silica in an anmount of from5 to 15 % 10 by wei ght,
based on theswei ghttesfpegatainges distyribyliore suah asiidid ingevgnt Hthe octyst .
However, the above techni ques have various di sadvantages. That is, the
techni que to use aremcs pft heaty adowpul@thamd tIfe European Patent No. 0

460 932 (corresponding to Unexamined Japanese Patent
Application Laid-Open Specification No. 4-41453), it is
proposed to use silica in an amount of frgm 5 to 15 %

10 by weight, based on the weight of catalyst, to improve
the stability of the catalyst. However, the above
techniques have various disadvantages. That is, the
technique to use a catalyst in a ring form and the
technique to divide a catalyst bed are, respectively,

15 disadvantageoﬁé in that the physical strength of the
catalyst is lowered and that the troublesome prepara-
tion of such a plurality of different catalysts must be
conducted. On the other hand, the use of silica_as a
component of a catalyst lowers the selectivity for

20 methacrolein. In the above context, from the.viewpoint
of prolonging catalyst life, it has been desired to
improve the thermal stability of an oxide composition
per se, which constitutes a catalyst.

In the above-mentioned oxidation reaction, an

25 oxidation reaction and a reduction reaction are con-



technique to divide a catal yst bed are, respectively, 15

di sadvant ageous in that the physical strength of the catalyst is | owered
and that the troubl esonme prepara- tion of such a plurality of different
catal ysts nust be conducted. On the other hand, the use of silica as a
conponent of a catalyst lowers the selectivity,for 20 met hacrolein. In
the above context, fromthe viewpoint of proldhging catalyst life, it has
been desired to inprove the thermal stability of an oxide conposition. per

se, which constitut t = [ | LONandg
setsar?tdl.x,l ?néﬁéeaa%el[@% Qg%caﬁgf’% | e ¥ PPEL ONand the

reaction, an 25 oxi uction reaction are con-

10 stantly, repeat %gga%?]réarpghﬁggépig@éﬂyﬁnc%t@ p@ﬁgﬂl dS§tacCgbod

appropriately function ong as a good balance i s nmintai ned between the

oxi dati on and redugsaldrie rEAGhd e i dddDSEwedh thd hex1@atfonf ahderaguont
5 of oxygen (contained in the nol ecul ar oxygen-containing gas) to the

starting material iidmrkegtyidmyer etbwkister f OfhexX atipe eratbo anf ethenamoant
operation or a local vigorous reaction, the catalyst is likely to be re-
duced, thereby causfgpseygdrangeontaimesd ciiysthe |noked@lar oxyaen-obntadniingl
species constituting the catalyst. As a result, the deterioration of the
catal yst is gas) to the starting material is markedly lowered due,
for example, to an erroneous operation or a local
vigorous reaction, the catalyst is likely to be re-
duced, thereby causing a change in the crfstallite
10 phase of chemical species constituting the datalyst.
As a result, the deterioration of the catalyst is
unfavorably promoted. In European Patent No. O 169 449
(corresponding to Unexaminéd Japanese Patent Applica-
tion Laid-Open Specification No. 61-33234), it is
15 proposed to oxidize-a deteriorated catalyst to restore
the catalytic activities. However, it has been desired
to develop a catalyst inherently having an improved
reduction resistance in order to achieve a prolonged

catalyst life.

20 ) SUMMARY OF THE INVENTION

In the above situations, the present inventors
have made intensive and exfensive studies toward de-
veloping a cafalyst composition which has a prolonged
catalyst life due to excellent heat resistance and

25 reduction resistance, as well as an excellent selectiv-



unfavorably pronoted. In European Patent No. 0 169 449 (corresponding to
Unexam ned Japanese Patent Applica- tion Laid-Open Specification No.
61-33234), it is 15 proposed to oxidi ze-a deteriorated catalyst to
restore the catalytic activities. However, it has been desired to develop a
catal yst inherently having an inproved reduction resistance in order to
achi eve a prolonged catalyst life. 20 - SUMMARY OF THE

| NVENTION I n the above situations, the present inventors have made

intensive and ext engiw ot Wl @hd: R th d8nd HORN thas (R StHeéteeaD0sOMDOA
whi ch has a prolonged catalyst life due to excellent heat resistance and 25

reduction resistangg tidh W |sidf i) £XGRidLIblsedmttthereforé ycanrbe
met hacral ei n, and which has a structural conpo- sition as sinple as

possi bl e and t her efearsai IBapispansi ) whemna eche vdwtalyst heompoal yson has
conposi tion has no necessity of using, as raw materials for the prepa- 5
ration thereof, conmourstsedmitynept asisw ubasitawimabextals efor, thenpvepds
of tungsten, antinony and niobi- un), and/or has no necessity of
i ncor porati ng net altaticn crhernenHi QQHRQ#Hinhﬁyim&hBQMe§@%u%ﬁ¥6ﬁYuﬁP
cadm um | ead, arsenic, nercury, thallium tellunium selenium 10 .
thorium uranium fWakss e -9 unRARPPURGS | FHntunggten, antimony and niobi-

um), and/or has no necessity of incorporating metallic
elements of copper, zinc, manganese, chromium, cadmium,
lead, arsenic, mercury, thallium, telluni&m, selenium,

10 thorium, uranium, fluorine, tungsten, antimony anq
niobium which are likely to cause environmental prob-
lems during the preparation of a catalyst and during
the recovery of metallic elements from a used catalyst.
That is, with respect to an oxide catalyst composition

15 for use in a méthod-for producing methacrolein, which
method comprises subjecting at least one member select-
ed from the.group consisting of isobutylene and tert-
butanol with a molecular oxygen-containing gas to gas
phase catalytic oxidation, the present inventors have

20 " selected molybdenum, bismuth, cerium, iron, cobalt,
magnesium, potassium, rubidium and cesium as metallic
elements for constituting an oxide catalyst composi-
tion, and have made intensive studies toward developing
an oxide catalyst composition having such desired

25 properties and performances as mentioned above. As a



ni obi um which are likely to cause environnmental prob- |lenms during the
preparation of a catalyst and during the recovery of netallic elements from
a used catalyst. That is, with respect to an oxi de catal yst conposition 15
for use in a nethod-for producing nmethacrolein, which nmethod conprises
subjecting at |east one nenber select- ed from4he group consisting of

| sobutyl ene and tert- butanol with a nol ecul ar oxygen-containing gas to gas
phase catal ytic oxidation, the present inventors have 20 sel ect ed

mol ybdenum  bi snut hheGed Uni ¢ IKQ urfiddtedBENesh i 1 POAGES | béen' gbutdaum
and cesiumas netallic elenents for constituting an oxi de catal yst conposi -

tion, and have madecHd¥ %(}Sid&&)cﬁéﬂi& afot Ol rlevsdopivg atomktdeathoal gst
conposition having such desired 25 properties and performances as
menti oned above. Ashe above-ni@astidned tsdibscted xgbatenty , conspitetaggyaheen
found that by choosing not only respective atomc ratios of the

above- ment i oned  selaxidsl cderkyss compesitiomgouh akseeacrebapive amount
conposition but also a relative anount 5 ratio of bismuth, cerium

pot assi um ané i ron zatis ob kisnetly, prelunc petrssbwengrd hrent §Py3e to
conposi tion can be provided which exhibits excellent properties and, .

perf ormances such t3REL$EY rEReGbELIQFSAULITPRERFGep Catalyst composition

can be provided which exhibits excellent properties and
 performances such that it has not only a prolonged
catalyst life due to excellent thermal stébility and

10 reduction resistanée, but also excellent selectivity
for methacrolein, without containing such elements as
have convéntionélly been necessarily used to achieve
high catalytic performances despite the accompanying
environmental pollution and toxicity problems, and also

15 without the neéd for using, as raw materials for the
preparation thereof, compounds having low solubility in
water, such as a tungstate, an antimony compound and a
niobium compound, which have conventionally, frequently .
been used in order to achieve desired pataIytic activi-

20 "ties, but the use of which is disadvantageous because
of difficulties in obtaining uniform catalyst composi-
tions. The present invention has been made, based on
these novel findings.

Accordingly, it is an object of the present inven-

25 tion to provide a method for producing methacrolein,



catalyst life due to excellent thermal stability and 10 reducti on

resi stance, but also excellent selectivity for nmethacrol ein, wthout
cont ai ni ng such el enents as have conventionally been necessar|ly used to
achi eve high catal ytic performances despite the acconpanying environmnment al
pollution and toxicity problens, and al so 15 wi t hout the need for
using, as raw materials for the preparation thereof, conpounds having | ow
solubility in water, such as a tungstate, an antinony conpound and a

ni obi um conpound, Wpiseh RO ﬁ%@@d@f@ﬂﬁh% fd€auad Yond SNBSS (s d Te OESKET

to achieve desired catalytic activi I es, but the use of which is

di sadvant ageous beqaﬁﬁeﬂﬂé(aﬂdﬂﬁﬂﬁdﬂsihﬂﬂhgﬂﬁfﬂﬂﬁdﬁhﬁyméﬁﬁraﬂdﬂféﬁﬁi
conposi - tions. The present 1nvention has been nade, based on these novel

findi ngs. Accordi n@utandl itd yasohhacie datdleyfiicesenidd tiven-w2th a méleou+to
provi de a nethod for produci ng. nethacrol ein, 13 which conprises

subj ecti ng at | eastlaanexygdreicaeiadotiody fgasn irhethp uesmns sof ngn opxide

i sobutyl ene and tert- butanol to gas phase catalytic oxidation with a

mol ecu- | ar Bxygen-ced@laisti mpmpesitiarhe the sutide gfatmlyst deomposition
catal yst conposition, the oxide catalyst conposition being such that it has
a Spec| fi c, rel ati \mlly-l%I%Ib that it has a Spelelc relatlvely S:mele

structural composition and therefore can be easily
prepared, and that it not only causes no environmental
pollution, but also exhibits excellent préperties and

10 - performances, which are desired in the commercial_scale
practice of production of methacrolein, such as an
excellent heat resistance, an excellent reduction
resistance, a prolonged catalyst life and an excellent
yvield of methacrolein.

15 The foregding and other objects, features and
advantages of the present invention will be apparent
from the following'detailed déscription and appended
claims.

Detailed Description of the Invention

20 ' According to the present invention, there is
provided a method for producing methacrolein, which
comprises subjecting at ieast one member'selectéd from
the group consisting of isobutylene and tert-butanol to
gas phase catalytic oxidation with a molecular oxygen—

25 containing gas in the presence of an oxide catalyst



structural conposition and therefore can be easily prepared, and that it
not only causes no environnental pollution, but also exhibits excellent
properties and 10 per f or mances, which are desired in the comerci al
scal e practice of production of nethacrolein, such as an excell ent heat
resi stance, an excellent reduction resistancehbf.prolonged catalyst life
and an excellent yield of nethacrolein. 15 The foregoing and

ot her objects, features and advantages of the present invention will be
apparent fromthe fgl etal (o] @ APREN cl ains.:
Det ai | ed DESCFIptIOH#HA%#¥£anE é%%é%ﬁ%a 6§ e ccordlﬁggto t he present

invention, there is pro e th f0 oduci ng net hacrol ein, £gh
conpri ses subjecting at Wfdj th)dnEa q%{% %ct ed fromthe group c\(l)\lhns?stl ng

of isobutyl ene and iidsipist anol to gas phase catal ytic oxidation with a
nol ecul ar oxygen- 25 containing gas in the presence of an oxide
cat al yst 14 conposi t iznd effmsentesi diy § her farmikbufe )of [ €obalt and
(I') wherein: Ais cobalt solely, or a mxture of cobalt and
5 magnesium wherein the atomic ratio of magnesium to
cobalt is not more than 0.7,
B is rubidium, cesium or a mixture thereof, and
a, b, ¢, 4, e, £ and g are, respectively, the
atomic ratios of bismuth, cerium, pofassium, iron,
10 A, B and oxygen, relative to twelve atoms of
molybdenum,

wherein

0 < a

A
0] oo}

0 <b

A

15 0 <c

/3%

1.2,

0<d

A

2.5,

1.0 ¢

0]

£ 12,
0 < f£f g 2.0, and
g is the number of oxygens required to satis-
20 : fy the valence requirements of the other
elements present; and
wherein a, b, ¢ and 4 satisfy the requirements of
the following fomulae:
0.05 ¢ b/(a+b+c) g 0.7,

25 0 < c/(a+b+c) g 0.4, and



5 ~_magnesi um wherein the atonmc ratio of nagnesiumto cobalt is not
more than 0.7, B is rubidium cesiumor a mxture thereof, and a, b, c, d,
e, f and g are, respectively, the atomc ratios of bismuth, cerium

potassium iron, 10 A, B and oxygen, relative to twelve atons of
nol ybdenum™ wherein O < a [err] 8, 0 < b [err], 8, 15 0 <c
[err] 1.2, O <d [err] 2.5 1.0 [err] e [err] , 0 <f [err] 2.0, and g is

t he nunber of oxygens required to satis- 20 fy the val ence
requirements of the other el meniss IR < &G wherein a, b, ¢ and d
satisfy the requirenents of the follow ng fonulae: 0.05 [err] b/(a+b+c)
[err] 0.7, 25 0 < c/(atb+c) [err] 0.4, and 15 0 <

d/ (a+tb+d) [err] 0.9. In the present invention, bismuth (Bi) is an

In the present invention, bismuth (Bi) is an
indispensable component of an oxide catalyst composi-

5 tion for synthesizing methacrolein. Further, for
providing an oxide catalyst composition capable of
exerting the catalytic performances aimed at in the
present invention, it is nedessary that the atomic
ratio (a) of bismuth, relative to twelve ;toms of

10 molybdenum, satisfy the relationship O < a g 8.

In the present invention, cerium (Ce) 'is indispen-
sable for impérting a heat resistance and a reduction
resistance to the oxide catalyst composition. For
providing an oxide catalyst composition capable of

15 exerting the cétalytic perfdfmances aimed at in the
present invention, it is necessary that the atomic
ratio (b) of cerium, relative to twelve atoms of molyb-
denum, satisfy the relationship O < b g 8.

In the present invention, potassium (K) is indis-

20 "pensable for not only further enhancing the effect of
addition of cerium, but also for improving the selec-
tivity for methacrolein. For attaining these purposes,
it is necessary that the atomic ratio (c) of potassium,
relative to twelve atoms of molybdenum, satisfy the

25 relationship 0 < ¢ < 1.2. When c is more than 1.2, it



I ndi spensabl e conponent of an oxi de catal yst conposi- 5 tion for

synt hesi zi ng nethacrolein. Further, for providing an oxide catal yst
conposition capable of exerting the catalytic performances ainmed at in the
present invention, it is necessary that the atomc ratio (a) of bismth,
relative to twelve atons of 10 nol ybdenum, satisfy the relationship 0 <
a [err] 8. 1In the present invention, ceriun1(é%? I s i ndispen- sable for

i nparting a heat resistance and a reduction resistance to the oxide

catal yst conpositi ucdifs m@eéﬁm&%&%mﬁatéldﬁarﬁmmmﬂ;@@iﬁﬁmbl e

of 15 exerting the catalytic performances ained at 1n the present
invention, it is negRsisd \ddidted RatiBAtLc radtvidy, cdvarrifimotebnlyvehéeo
twel ve atons of nolyb- denum satisfy the relationship 0 < b 8. In the

present invention, gaohasss wi (the icsthexlisleménts theemspditass$bum nibut oal o
further enhancing the effect of addition of cerium but also for inproving
the selec- tivity fthe o hainatiodim. arkrfiating ntemperrberesr oS e8PPYe-i s
necessary that the atomc ratio (c) of potassium relative to twelve atons
of nol ybdenusy sat ipfiatedy amgulated] ationship 0 < c [err] 1.2. Wen c is

nore than 1.2, it 16 becones inpossible to obtajn a at?lzst,c nposi tion
In the present invention, iron (Fe s indispensa-

ble, similarly to bismuth, for commercial scale synthe-
sis of methacrolein. However, when too large an amount
of iron is contained in the oxide catalysé compositioh,
10 the amount of by-products, such as carbon monoxide and
carbon dioxide, is likely to increase, thus lowering
the selectivity for methacrolein. Therefore, it is
necessary that the atomic'ratio (d) of iron, relative
to twelve atoms of molybdenum, satisfy the relationship
15 0 <d g 2.5. |
Further, with respect to the iron component, the
relative amount ratio of iron to bismuth and cerium is
also important for providing a catalyst composition
exerting excellent catalytic performances.  Specifical-
20 " ly, it is necessary that a, b and 4 in formula (I)
satisfy the relationship 0 < d/(a+b+d) g 0.9, prefer-
ably 0.1 gld/(a+b+d)_§ 0.5. From the viewpoint of
achieving high selectivity for methacrolein, it is
particularly important that the iron component satisfy

25 both of the relationships 0 < d ¢ 2.5 and



havi ng desired catalytic activity, even if not only the amounts of the
other elenents than potassium but also the calcination and firing
tenperatures are appro- 5 priately regulated. In the present invention,
iron (Fe) is indispensa- ble, simlarly to bismuth, for commrercial scale
synthe- sis of nethacrolein. However, when to glarge an anount of iron is
contained in the oxide catal yst conposition, % t he anount of

by- products, such as carbon nonoxi de and carbon dioxide, is likely to.

i ncrease, thus | owgrinng /ABgpshect ioViol % iken tiideeng.ein. Therefore, it is
necessary that the atomc ratio %d) of iron, relative to twelve atons of

nol ybdenum satisfy themgelepahapeehitirther theDheat dilstahde drid tfeduc-
with respect to the iron conponent, the relative anount ratio of iron to

bi smut h and ceri umgisnakeeistRoiced Aimpaartad Gy diheg adidiatiainy sif cewpiosmti on
exerting excellent catalytic performances. Specifical- 20 ly, it is
necessary that a, khddle daimtedmimga thie) sedtectfiywittye ficgt aethetrplein, it
d/ (a+b+d) [err] 0.9, prefer- ably 0.1 [err] d/(a+b+d) [err] 0.5. Fromthe
vi ewpoi nt of 5achi edisngeliegisagyl dbatyithe melatdmen@mnsiusith ratiq ©f bismuth,
particularly inportant that the iron conponent satisfy 25 both of the
rel ati onships 0 < @erdum ands pgi@ssium be within a specific range.

Specifically, it is necessary that a, b and c in formu-
la (I) satisfy the relafionship 0.05 ¢ b/(at+b+c) g 0.7,
preferably 0.1 £ b/(a+b+c) g 0.5. ‘

10 With respect to the potassium component, whiqh is
an indispensable element for synergistically improving
the effect of the addition of cerium, the relative
amount ratio of potassium fo bismuth and cerium is
important. Specifically, it is necessary that a, b and

15 ¢ in formula (i) satisfy the relationship 0 < c/(a+b+c)
< 0.4, preferably 0.02 g c/(a+b+c) g 0.2.

The reason why the excellent performances aimed at
in the present invention can be exerted when the rela-
tive amount ratio of bismuth, cerium and pofassium

20 " satisfies the above-mentioned requirements has not yet
been elucidated. However, it is believed to be as
follows. When bismuth, cerium and potassium are used
in a specific relative amount ratio, molybdic acid
compéunds respectively of bismuth, cerium and potassium

25 undergo solid solubilization, thus exerting advanta-



17 0 < d/ (a+b+d) [err] 0.9 simultaneously. To enhance further the heat

resi stance and reduc- tion resistance inparted by the addition of cerium
while nmaintaining the selectivity for nethacrolein, it 5 I S necessary
that the relative anount ratio of bisnuth, ceriumand potassiumbe within a
specific range. Specifically, it is necessary g1at a, band c in formu- la
- (l') satisfy the relationship 0.05 [err] b/(a+ +c) [err] 0.7, preferably 0.1
[err] b/(a+b+c) [err] 0.5. 10 Wth respect to the potassium .

conponent, which i ' 'fﬁgyﬁgﬂg %?gyg Aveh€@Vi NY
the effect of the ?&glnuté ?nao ceril ue%]%i aﬁv%@m%n%éﬁﬁ o‘y%
potassiumto bisnuth anfiﬁﬁ!ﬂélrﬁfe%éd@qrx{xﬁéﬁtlépe%ébéﬂ |(>Co) I a8 Keggessary

that a, b and 15 c-in formila (1) satisfy the relatlonsh|p 0 <

c/ (atb+c) [err] O. &ornffer@),y i& Ghdiigdnsdibe Py Infirdvihg. tHdecdtabph
why the excel | ent performances aimed at in the present invention can be

exerted when the rdix ddtisriPwE thd ioxkiode Mstalyst campos At obhtlsoutn

20 satisfies the above-nentioned requirenents has not yet been

el uci dat ed. kloweverovering bde eadeedtolbictiastdm|natimcigierini sndpecitiealim
and potassiumare used in a specific relative anount ratio, bdi c acid

conpounds respecti sty idf i naadssaxs |ﬂm1an“d1%)(ﬂ‘%€§%i%rﬁ@5'-0 (eﬁn‘él%rg@‘

solid solubilization, thus exerting advanta- .
balt relative to twelve atoms of molybdenum, satisfy

the relationship 1.0 ¢ e g 12.
In A of formula (I), magnesium is an}element which
10 can be used in partial substitution for, but cannqt be
used in entire substitﬁtion for the cobalt ‘component.
The use solely of magnesium as A cannot satisfactorily
improve the catalytic acti&ities of the cataiyst compo-
sition. However, with respect to the cost of a start-
15 ing material, é magnésium material is less expensive .
than a cobalt material. Therefore, it is commercially
advantageous to be able to use magnesium in partial
substitution for the cobalt component from the view-
point of reduction of cost. When a mixture of magnesi-
20 "um and cobalt is used as A in formula (1), it is neces-
sary that the atomic ratio of magnesium to cobalt is
0.7 or less and that the atomic ratio (e) of A, rela-
tive to twelve atoms of molybdenum, satisfy the rela-
tionship 1.0 ¢ é < 12, as in the case of the use solely

25 of cobalt as A.



geous perfornmances desired in the present invention. In the present

i nvention, cobalt (Co), as Ain fornula (I), is indispensable for inproving
the cataly- tic activity of the oxide catalyst conposition w thout 5
lowering the selectivity for nethacrolein. Specifical- ly, it is necessary
that the atomc ratio (e) of co- balt, relative to twelve atons of

nol ybdenum satisfy the relationship 1.0 [ernge [err] 12. In A of fornula
(IL, magnesi umis an el ement which 10 can be used in parti al
substitution for, but cann be used.in _enti.r.e su | tf r abal t
cgrrp,onenlt. The use sol e&? %enfﬁﬁg?ﬂ}mlgeﬂtéé’r?ﬁo%%?at#% aci%%ﬂ%%rr%%ave
the catalytic actiyiti f L \ QUMY Sl | RS ] hat
respect to the cos%ehgf %gl(s%tcétr&tb’it%gtf%xy%{er% mat -elrel%'g{’, q_afl; r%a%nem usn?ér(r*i?{te]triaal

is | ess expensive &g%{_ldauﬁpb@etsim S A miASHY Yrerdds, B BTE Cicdtila

advant ageous to be e to’use naghesiumin partial substitution for the
cobalt component frgmthe \isRd iRPitHe HatRGMY iUmpgYsidivn. WisscHf itad-ur e
of magnesi - 20 umand cobalt is used as Ain fornmula (1), it is neces-
sary that the atomg,rat asPhdtrgrraiea etmlic imtld (F) |@6B andelaat
the atomc ratio (e) of A rela- tive to twelve atons of nolybdenum
satisfy-the rel a- tdismes i tivel eeratjoms [cef mjolihdersun n satistyetld t he use
solely 25 of cobalt as A

relationship 0 < £ ¢ 2.0, preferably 0.1 ¢ £ < 1.0.

When £ is more than-Z.O, it becomes impossible to
obtain a catalyst composition having a saéisfactory

10 cafalytic activity even if not only the amounts of the
other elements than rubidium and cesium but also the
calcination and firing temperatures are appropriately_
regulated.

On the other hand, nickel (which is in the same

15 series in the feriodic Table as cobalt).is another
elément which can be used in partial substitution for
the cobalt component in the present invention. Howev-
er, the presénce of nickel in a catalyst composition
unfavorably promotes the generation of by—pfoducts,

20 " such as carbon oxide and carbon dioxide. Therefore, it
is not preferred to use nickel in the catalyst composi-
tion. When the use of a certain starting material is
needed for some reasons even if it contains nickel as
an impurity, care must be taken so that the atomic

25 ratio of nickel, relative to twelve atoms of molybde-



19 In the present invention, for further inproving the selectivity for

nmet hacrolein, it is necessary that rubidium cesiumor a m xture thereof,
as Bin formula (1), be used in the catal yst conposition. Specifical- 5

ly, it is necessary that atomc ratio (f) of B, rela- tive to twelve atons
of nol ybdenum satisfy the relationship 0 < f i@rr] 2.0, preferably 0.1
[err] f [err] 1.0. Wen f is nore than 2.0, it~ Decones inpossible to obtain
a catal yst conposition having a satisfactory 10 catalytic activity even

if not only the amyp Sﬁodﬂ? Ahedz&l&gept s than rubidiumand cesium but

al so the cal cination dn Iring tenperatures are appropriately regul at ed.

On the other hand, nickephd Vdik{de iSatdlLjde »dbtion tSEhée8séd ihethe
Periodic Table as cobalt) is another el’'enent ich can be used in parti al

substitution for thsr&diat tiGRPONaNicdl BdORS@SCEd bpventdbRventiovayl er,
the presence of nickel in a catalyst conposition unfavorably pronotes the

generation of by-prgskied®. 2br exampld), athe avdide cxatielpstd compositdioni de.
Therefore, it is not preferred to use nickel in the catal yst conposi- tion.
When t he useSof a cm=n dhen praducert bppt@rmethod, neenpxi$ing sthe stepsnefeven
if it contains nickel as -
(1) preparing a slurry of starting materials, (2)
spray-drying the slurry prepared in step (1) above to
obtain a dried particulate catalyst precursor, and step
(3) subjecting the dried particulate cataiyst precursor
10 obtained in step (2) above to calcination and final
firing.

Hereinbelow, explanation is made with respect to a
preferred embodiment of the above-mentioned method for
producing the oxide catalyst composition to bé used in

15 the present invention, which comprises the steps of
(1), (2) and (3).

In step (1), a slurfy of starting materials is
prepared. In the starting materials, each of the
elements (which are to be incorporated into a catalyst

20 ' composition), i.e., molybdenum, bismuth, cerium, po-
tassium, iron, cobalt, magnesium, rubidium and cesium,
may be present in the form of an ammonium salt, a
nitrate, a chloride, a sulfate and an organic acid

salt, which are soluble in water or nitric acid.

25 Especially, it is preferred that a molybdenum source be



an inpurity, care nmust be taken so that the atom c 25 rati o of nickel
relative to twelve atons of nolybde- 20 num shoul d not exceed 1. The
oxi de catal yst conposition to be used in the present invention can be
produced by a conventional nethod. For exanple, the oxide catalyst
conposition 5 can be produced by a nethod,]ponprising the steps of (1)
preparing a slurry of starting materials, (2) Spray-drying the slurry
prepared in step (1) above to obtain a dried particul ate catal yst

precursor, and st e n( Phes WAirde o i ol Reh R Ol Rl Ay FE ecur sor

10 obtalned in step (2) above to calcination and final firing.

Her ei nbel ow, expl abdismth,s cErdem) Pot=Raitt, tidch PIRiIEd nidsifnt of
t he above-nentioned nethod for produ0|ng the ‘oxi de catalyst conposition to

be used in 15 rhuibd diiues @nid icesdnin O UMEE rc UhY ifah 0P Stepsrate (1),
(2) and (3). In step (1), a slurry of starting materials is prepared. In
the starting material s, Featlexaimples dhemslterriwofstarting waterioalporedred
into a catal yst 20 conposition), i.e., nolybdenum bismuth, cerium po-
tassium irdn, cob®et prepgres by migdingi @msedditien whtained by dissolving

an ammonium molybdate in hot water and a solution
obtained by dissolving nitrates of the other elements
in water or an agqueous solution of nitric acid.
In step (2) the slurry obtained in tﬁé step (1)
10 above is subjected to spray drying, to thereby obtain a
| quasispherical particulate catalyst precursor. The
spray drying of the slurry can be generally conducted
by centrifugation, two-phase flow nozzle method or_high
pressure nozzle method to obtain a dried particulate
15 catalyst precursor.- In this instance, it is preferred
to use air which has been heated by an electric heater,
steam or the like, as a heat source for drying. In
this case, it is preferred that the temperature at an
entrance to the dryer of the spray dryer be from 150 to
20 400 °C. By the use of the dried particulate catalyst
'precursor thus obtained, it becomes possible to obtain
the oxide catalyst composition in the form of an ex-
truded catalyst, or preferably in the form of a table-
ted catalyst which is prefefred because of uniformity

25 in shape and density thereof.



may be present in the formof an ammoniumsalt, a nitrate, a chloride, a
sul fate and an organic acid salt, which are soluble in water or nitric

acid. 25 Especially, it is preferred that a nol ybdenum source be 21
in the formof an amonium salt, and that each of bismuth, cerium -
potassium iron, cobalt, magnesium rubidium cesium be used in the form
of a nitrate. For exanple, the slurry of starting materials can 5 be

prepared by m xi ng a sol ution obtained by dissol ving an ammoni um nol ybdat e
in hot water and a sol utimotelp qizned dhe GrSTd \Pateitulates cfalyift Pher

el ements in water or an aqueous solution of nitric acid. In step (2) the
slurry obtained i ncui@oit eptlinel) in stedd ) iabciidhjiectcrrl dimeaPramd dryi ng,
to thereby obtain a quasispherical particulate catalyst precursor. The
spray drying of th&isaldyy fdaredeayaherastdyy abdraduc tee ddni mehtox fde) ata o

t wo- phase fl ow nozzl e nethod or high pressure nozzle nmethod to obtain a
dried particul ate 1¥st compgsdltion.pr &he dnied pattiiculatteamataiyst s
preferred to use air which has been heated by an electric heater, steam or
the |ike, a$ a heaPTresyrEeT d ALHGed ath | Separature o rigran rlGP thmat

the tenperature at entrance to the dryer of the spray dryer be from 150
to P 4%% °C for about 1 to )&4 hours, an%, yif esired, molded

into a tablet having an appropriate shape, followed by
final firing at a temperature of from 350 to 600 °C for
1 to 24 hours. For calcination and final;firing, a

10 kiln, such as a rotary kiln, a tunnel kiln or a muffle
kiln, can be used.

In the present invention, it is preferred that the
oxide catalyst composition‘be porous and have a pore
diameter distribution such that the sum of pore wvolumes

15 of pores having a pore diameter of 1 ym or less is 95 %
or more, based on the total pore volume of the oxide.
catalyst composition. By virtue of such a specific
pore diameter distribution, not only are physical
strength broperties imparted to the catalyst composi-

20 " tion per se, but also the diffusion velocity of mole-
cules in the catalyst is controlled, thus preventing
reactions in the catalyst composition from excessively
advancing even when the catalyst composition experi-
ences an unexpected sudden rise of temperature.

25 From the viewpoint of improving the selectivity



20 400 [err]. By the use of the dried particul ate catal yst precursor
thus obtained, it becones possible to obtain the oxide catal yst conposition
in the formof an ex- truded catalyst, or preferably in the formof a

tabl e- ted catal yst which is preferred because of uniformty 25 in
shape and density thereof. 22 In step (3), 44fie dried particulate

catal yst pre- cursor obtained in step (2) above is calcined and finally
fired to thereby obtain a desired oxide cata- |yst conposition. The dried

particul ate catal y$or methad¥ Q@ISO it SIS HSINUbRL thd €METSH 1 8a Ope f r oM
180 to 400 [err] for about 1 to 24 hours, and, if desired, nolded into a

tabl et having an apePrd@t & shaal, feid auesuby df nellicd i g thhe acatalyst
tenperature of from350 to 600 [err] for 1 to 24 hours. For calcination

and final firing, &ochpositidi |be =3icdnagll aag giosgilkie n, Howewwe) wWhém Lt a
muffle kiln, can be used. In the present invention, it is preferred that

t he oxi de cat al yst isonfessiredrntdeporease artlie mvueface axreali afiethe catalyst
di stribution such that the sum of pore vol unes 15 of pores having a
pore di anetes of 1 dampdsigridressp ias 9% WUNProNg ctheAeHi vty hehexeaf, pore

vol une of the oxide catal yst conposition. B]}/ virtue of such a specific
silica may be used in a limited amount. Examples of

silica sources include silica sol, silica gel, a sili-
cate, such as potassium silicate or éodium silicate.
In the catalyst composition, it is prefer;ed that the
10 atomic ratio of silica, relative to twelve atoms of
molybdenum, be 3 or less, more preferably 1 or less, °
most preferably 0.1 or less, in terms of silicon (Si).
In the method of the present invention, the gas |
phase catalytic oxidation can be carried out by intro-
15 ducing a feedstock gas (comprising 1 to 10 % by volume
of isobutylene, tert-butanol or a mixture thereof and
99 to 90 % by volume of a gaseous mixture of a molecu-
lar oxygen~containing gas and a diluent gas) to a fixed
bed reactor having a fixed catalyst bed of a (prefera-
20 " bly tableted) catalyst comprised of the above-mentioned
oxide catalyst composition, at a temperature of from
250 to 450 °C under a pressure of from atmospheric
pressure to 5 atm, and at a space velocity of from 400
to 4,000/hr [under normal temperature and pressure

25 (NTP) conditions].



pore dianmeter distribution, not only are physical strength properties

I nparted to the catal yst conposi- 20 tion per se, but also the

~diffusion velocity of nole- cules in the catalyst is controlled, thus

- preventing reactions in the catal yst conposition from excessively advanci ng

even when the catal yst conposition experi- enﬁff an unexpected sudden rise
o]

of tenperature.
selectivity

25

From t he vi ewpoi f inproving the

23 for nethacrolein, it is desirable that no silica be used

or, if used, the amount of sijica in e I L1 |
as possi bl e. However, \A:fé’f\a"l'?ielséaoa:ées'?éi;%c‘ggéﬁn%%%@%%%%ﬁ%@gggéggngf

the catal yst 5

he *}9&&49@' ' AP g Lyl EYntBEReRE. gas,
silica may be used Tha %ﬁ%%ﬁ%ﬁ%ﬁgnﬁgs&o%’g#%caés%urces én%laﬁde
silica sol, silicagfln & Sdid: CliSmpPeSofSaPDiaRE] uisss | 1681848 nELLUM
silicate. In the catalyst conposition, it is preferred that the 10

atomc ratio of sild&m, d&HsdnV@idLidae! yEedihOdRdO0h MDkyRoenthere6£3 or
less, nore preferably 1 or less, nost preferably 0.1 or less, in terns of
silicon (Si)s In the nethedtid plhesqieshmyentiienfi by, ishprgfisrpedsthat the
catal ytic oxidation can be carried out by intro- 15 duci ng a feedstock
gas (conprising 1 twolhinédotytiolafrethe molecular oxygen to the above-

10

15

20

25

mentioned gaseous mixture of a molecular oxygen-
containing gas and a diluentlgas satisfy the require-
ments of the formula 0.04 < molecular oxyéen/(molecular
oxygen-containing gas + diluent gas) < 0.3, and that
the concentration of molecular oxygen in the feedstock
gas be from 4 to 20 % by volume.

For preventing the ocdurrence of cdking on the
catalyst composition, it is necessary that steam be
contained in the feedstock gas. However, from the
viewpointlof suppressing the.by-production'of carboxyl-
ic acids, such as methacrylic acid and acetic acid, it
is preferred that a concentration of steam in a diluent

gas be reduced to a level as low as possiblé. It is

"preferred that the amount of steam in the feedstock gas

be generally from more than 0 to 30 % by volume.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention will be
described in more detail with reference to the

following_Exampies and Comparative Examples, but they



of i1sobutylene, tert-butanol or a m xture thereof and 99 to 90 % by vol une
of a gaseous m xture of a nolecu- |ar oxygen-containing gas and a dil uent

gas) to a fixed bed reactor having a fixed catal yst bed of a (prefera- 20

bly tabl eted) catal yst conprised of the above-nenti oned oxi de cat al yst

conposition, at a tenperature of from250 to [err] under a pressure of
from at nospheric pressure to 5 atm and at a ce velocity of from400 to
4,000/ hr [under nornal tenperature and pressure 25 (NTP) conditions].

24 Bxam! es of ol el ol QUOYL CUNANIDY 05 IGd dhd Ui YGE P8BS,

and an oxygen-contal ning gas, such as alr. uent” gases

include nitro- gen,.carhan 4 Q{den steamand a mxture thereof. 5
In the present invéention, it iIs pré}erred that the volune ratio of the

nol ecul ar oxygen to the BRORMUENd OB FRAELOUS thelcHtalfs@ dhhEsst Blon
oxygen- containing gas and a diluent gas satisfy the require- nents of the

formula 0.04 < nol gxll@tepnsgRid (8Pl v the vaMEgere aodwl remgntasos
di luent gas) < 0.3, and that the concentration of nol ecul ar oxygen in the

f eedst ock gas be frume otherR@érpnto preserror Flremfors, tir Bxaunplescandf
coking on the _
Comparative Examples, the number of oxygens in the
catalyst composition is omitted from the formula repre-
senting the catalyst composition.
In the following Examples and Comparative Exam-

10 ples, the conversion and selectivity used for evaluat-

ing the results of the reaction are defined as follows:

mole of isobutylene or tert-butanol reacted

Conversion = x 100
(%) mole of isobutylene or tert-butanol charged
15 mole of methacrolein or methacrylic acid formed
Selectivity = x 100
(%) mole of isobutylene or tert-butanol reacted
Example 1

An oxide catalyst_cbmposition having a structure
20 " (in terms of atomic ratios of constituent metallic
elements, relative to twelve atoms of molybdenum)
represented by the formula:
Moj,Big . 6Ceg. aFe1.0C08.0CS0. 4K0. 2
was prepared as follows.

25 Ammonium heptamolybdate in the amount of 364 g was



catal yst conposition, it is necessary that steam be 15 contained in
the feedstock gas. However, fromthe viewpoi nt of suppressing the

by- production of carboxyl- ic acids, such as nethacrylic acid and acetic
acid, it is preferred that a concentration of steamin a diluent gas be
reduced to a level as |low as possible. It is %? preferred that the
anmount of steamin the feedstock gas be genera ?y fromnore than O to 30 %
by vol une. BEST NCDE FCR CARRYI NG QUT THE INVENTICN Her ei nbel ow, the

present invention vy§ f§5§ % r ha r ebRpEPSEUEQ bBe 25
foll ow ng Exanples an ‘%gﬁparatlve <§Pe§a ut t é 25 shoul d not be
construed as |im tidghibesscape b tﬂ@réﬁfsﬁ%aiﬂ%nédﬂ?@tlgﬂe( 88Theionfa).
oxygens in the catalyst conposition is determ ned depending on the val ence

requirements of 5 133 §hef Bhaiueh AEEESLE) €28N8 .g dhesefDaR, nidr&xeppl es
and Conparative Exanpl es, the nunber of oxygens in the catal yst conposition

is omtted fromthesd ot gl &f repse-nserdtag 13e4 cataf yséstanpotttave, | n the
foll owi ng Exanpl es and Conparative Exam 10 pl es, the conversion and
sel ectivity Bsed fd.4va) uaf -potassien resttate odnd 00 egcof opohadtdaitnate
as fol lows: were dissolved in 290 g of a 15 wt% aqueous oitric acid
solution, to thereby obtain a solution (solution B).
Solutions A and B were mixed, while stirring for about
2 hours, thereby obtaining a slurry. The;obtained
10 slurry was subjected to spray drying, to thereby obtain
a dried, particulate catalyst composition precursor.
The obtained dried, particulate catalyst composition
precursor was calcined at 200 °C for 3 hours, to there-
by obtain a calcined catalyst composition precursor in
15 the form of a quasispherical particle. The obtained
calcined catalyst composition precursor was molded into
a columnar tablet having a diameter of 5 mm and a
height of 4 mm, and the tablet was subjected to final
firing at 460 °C for 3 hours, thereby obtai'ning a final
20 ' tableted catalyst composition. With respect to the
_obtained final tableted catalyst composition, the pore
diameter distribution was measured using an Auto-Pore-
9200 (automatic porosimeter manufactured and sold by

Shimadzu Corporation, Japan). As a result, it was

25 - found that the sum of respective pore volumes of pores



nol e of isobutylene or tert-butanol reacted Conversion =

x 100 (9% nol e of isobutylene or tert-butanol charged 15

nol e of methacrolein or nethacrylic acid forned Selectivity =

x 100 (99 nol e of isobutylene or tert-butanol reacted Exanple 1 An
oxi de catal yst conposition having a structure (in terns of atomc

rati os of constituent netallic elenents, relative to twelve atons of
nol ybdenun) represented by the forrmula: [err] was prepared as follows. 25

Ammoni um hept anol yhdalse, 4 ny tﬂlﬁ‘réoﬁl%eﬁér 3¢ ESrdR0.01 2 di S efas N9 820

g of water having a tenperature about 50 [err], to thereby obtain a

sol ution (sol utionsed 3h Grd RIEUIHLIY (YelEne 29F Scite Wa€LIYyHE) BbhPOSE-
69.4 g of iron nitrate, 13.4 g of cesiumnitrate, 5 3.46 g of potassium

nitrate and 400 g afidipbaddd NiHd aden e erdbpect sl pore 3o umés aof Spatés
aqueous nitric acid solution, to thereby obtain a solution (solution B)
Sol utions A and B wveimg e howdidiamsdter iof) foom ahare héamul sQ thet@bym
obtaining a slurry. The obtained
5 was 2 %, based on the total pore volume of the catalyst
composition.

The catalyst composition exhibited excellent
physical strength due to the reduced number of pores
having a large diameter. When the catalyét composition

10 was allowed to fall by gravity in a tube having a
diametef of 2.54 cm and a length of 3 m, breaking of
the catalyst composition did not océur.

In order to evaluate the initial performances of
the catalyst composition, 4.0 g of the tableted cata-

15 lyst.cqmposition was charged into a reaction tube, made
| of stainless steel (JIS SUS304), having a diameter of
10 mm and being-provided with a jacket. A gaseous
mixture of 6 % by volume of isobutylene, 10.8 % by
volume of oxygen, 10.0 % by volume of steam and 73.2 %
20 by volume of nitrogen was flowed to the reactor at a
flow rate of 100 ml/min (NTP), while maintaining the
internal temperature of the reactor at 350 °C, to
thereby conduct a methacrolein synthesizing reaction.

The results of the reaction were evaluated, and it was

25 found that the conversion of isobutylene was 97.3 %,



10 slurry was subjected to spray drying, to thereby obtain a dried,
particul ate catal yst conposition precursor. The obtained dried, particulate
catal yst conposition precursor was calcined at 200 [err] for 3 hours, to
there- by obtain a cal cined catal yst conposition precursor in 15 t he
formof a quasispherical particle. The obtaingg cal cined catalyst
conposition precursor was nolded into a columar tablet having a dianeter
of 5 M and a height of 4 mm and the tablet was subjected to final firing

at 460 [err] for 3] ddhanay FiRInRtthdrdidid wik 87.1 tapl&i@dthe
catal yst conposition. Wth respect to the obtained final tableted catalyst

conposi tion, the pHSHHAREIEY fHi1SMdthidBfl W@ aditRswde® 1Bifg an
Aut o- Pore- 9200 (autonmatic porosinmeter nmanufactured and sold by Shinadzu
Cor poration, Japan). As subsssildntlyt, e 2feaction otempetmtutdevasinebévat-
respective pore vol unes of pores 27 having a pore dianeter of fromO0.01
to 1.0 [err] was 9%4 thastlD oYC tarel tihenl £lnw craks o Yie tdkovertmeytioned
conposi - tion, and the sum of respective pore volunes of pores having a
pore dianete? of frapAemise nihure as dppged to 15RQgnb/min HENER) pnap@ed

total pore volune of the catal yst conposition. The catalgst conpggé&ion
exhi bit ed excel | entcontinuous operation was conducted for about

hours. Subsequently, the reaction conditions were
changed to the same conditions as in the reaction for
the evaluation of initial performances of)the catalyst

10 composition (reaction temperature: 350 °C; flow rate of
gaseous mixture: 100 ml/min), and the results of the
reaction were evaluated (life test of catalyst composi-
tion). As a result, it waé found that the conversion
of isobutylene was 97.4 %, the selectivity for metha-

15 crolein was 87.2 %,- and the selectivity for methacrylic
acid was 2.4 %. As apparent from the above results, a
lowering of the activity of the catalyst composition
did not occur. Any discoloration or shrinkége of the
catalyst composition was not observed.

20 '-Examgle 2

A tableted catalyst composition having the same

structural composition as that of the oxide catalyst
composition prepared in Example 1 was prepared in
substantially the same manner as in Example 1. With

25 respect to the obtained catalyst composition, the pore



physi cal strength due to the reduced nunber of pores having a | arge

di aneter. Wen the catal yst conposition 10 was allowed to fall by
gravity in a tube having a dianmeter of 2.54 cmand a length of 3 m
breaking of the catalyst conposition did not occur. In order to evaluate
the initial performances of the catalyst conpggjtion, 4.0 g of the tableted
cata- 15 | yst conposition was charged in a reaction tube, made of
stainless steel (JI'S SUS304), having a dianmeter of 10 nmm and bei ng provided

with a jacket. A gai‘éﬂdé%e%il)&tj}ért‘}i%ht?ogz %svmegx%g? i%%g%%tﬂgt%r}%yia\]/lgmﬁ r%eg?!

vol une of oxygen, 10.0 % vol une o eam an

nitrogen was flovwedaine WAGNESAGEON N2 ExAnf1QW 1,2t & e%%(ldgt/i@é-g é{\reﬁrpx%j]’tia%lo

while nmaintaining the internal tenperature of the reactor at

thereby conduct a perifacmaneic’ wwal Besidticted a%h Yespbed @SU .6 Plod Ree
reaction were evaluated, and it was 25 found that the conversion of

i sobutyl ene was 97tab¥pted 2atallgsteompositticon)r ifeiduderairtiiaes the 1 %
and the selectivity for nmethacrylic acid was 2.5 % Subsequently, the
reaction terfper at usemeamasherans dd Exadple dr,r hndndhcheahleowasailefad it
above-nentioned 5 gaseous m xture was changed to 150 m/mn (NTP), and
a Example 1 were obtained (the conversion of isobutylene:
97.3 %; the selectivity for methacrolein: 87.1 %; the
selectivity for methacrylic acid: 2.5 %2). As a strin-
gent-condition test, a methacrolein synthésizing reac-
10 tion was conducted under conditions such that the
reaction temperature was elevated to 455 °C, and a
gaseous mixture of 6 % by volume of isobutylene, 10.8 %
by volume of oxygen, 10.0 % by volume of éteam and
73.2 % by volume of nitrogen was flowed to the reactor
15 at a flow rate of 180 ml/min (NTP) for 24 hours.
Subsequently, the reaction conditions were changed to
the same conditions as in the reaction for the evalua-
tion of initial performances of the catalyst composi-
tion (reaction temperature: 350 °C; flow rate of gase-
20 " ous mixture: 100 ml/min). The results of the reaction
were substantially the same as in the reaction for the
evaluation of initial performances of the catalyst
composition. That is, the conversion of isobutylene

was 97.2 %, the selectivity for methacrolein was

25 87.2 %, and the selectivity for methacrylic acid was



conti nuous operation was conducted for about 4000 hours. Subsequently, the
reaction conditions were changed to the sane conditions as in the reaction
for the evaluation of initial performances of the catal yst 10

conposition (reaction tenperature: 350 [err]; flowrate of gaseous m xture:
100 mM/mn), and the results of the reaction e evaluated (life test of
catal yst conposi- tion). As aresult, it was ?ﬁtnd that the conversion of

i sobutyl ene was 97.4 % the selectivity for netha- 15 crolein was 87.2
% -and the selectl tqffor methacrylic - acid was 2.4 % As apparent from

t he above results, owering of the activity of the catal yst conposition

did not occur. Any Ad PhMorrd Nkage of the catal yst conposition
was not observed. ég@&%ﬂkﬂ%xangﬁ%“éLﬂ—rableted cat al yst. conposition having
the sanme structural conpesiddidited dawd1lpit tdngoe el sty SHrEeapedi 1hon

prepared in Exanple 1 was prepared in su stantlally the sane manner as in
Example 1. Wth 25 substdrSiElly tthd samdimames cad airy SExamppesl t éroepthe

por e 29 diameter distribution was neasured in substantially the sane
manner as i n5Exanplthat thee walafitceaniwi nittrate wes fonbebeds wike
conducted with respect to 4.0 g of the
obtalned catalyst composition had a structure (in terms
of atomic ratios of constituent metallic elements,
relative to twelve atoms of molybdenum) represented by

4

the formula:

10 MojoBij gFe;,0Cog.0Csp.4Kp.2-

wWith respect to the obtained catalyst composition, the
pore diameter distribution was measured in substantial-
ly the same manner as in Example 1. The evaluation of
the initial performances of the obtained catalyst was
15 conducted  in substantially the same manner as in Exam-
plé 1, exceﬁt that the gaseous mixture was flowed
to the reactor at a flow rate 60 ml/min (NTP). The
results of the reaction were evaluated, and it was
" found that the conversion of isobutylene waé 97.3 %,
20 " the selectivity for methacrolein was 84.0 %, and the
selectivity for methacrylic acid was 2.7 %.
Subsequently, the reaction temperature was elevat-
ed to 400 °C and thé flow rate of the above-mentioned
gaseous mixture was changed to 90 ml/min (NTP), and a

25 continuous operation was conducted for about 4000



tabl eted catal yst conposition, in substantially the 5 same manner as in
Exanple 1, and the sane results as in Exanple 1 were obtained (the
conversion of isobutylene: 97.3 % the selectivity for nethacrolein: 87.1
% the selectivity for nmethacrylic acid: 2.5 %3 As a strin-
gent-condition test, a nethacrolein synthesizing reac- 10 tion was
conducted under conditions such that the reaction tenperature was el evated
to 455 [err], and HASLOUSIBddich®fy 5 GAdYra@d+idn aton@DbLbNE enere10. 8 %
by vol une of oxygen, 10.0 % by vol une 'of steam and 73.2 % by vol une of
nitrogen was flowedtHandd teagi@rsafe conditiorid oxe rimetioé #88ctioni fior
(NTP) for 24 hours. Subsequently, the reaction conditions were changed to

t he sane conditi onstlas eévalueti@acdf anitial hperfotmances onf othéncatalyst
performances of the catal yst conposi- tion (reaction tenperature: 350
[err]; flow rate ofcapgsmsitibn (reaxkion xtemperatdret /3%9) °C; Thtovesatesoss
the reaction were substantially the sane as in the reaction for the

eval uation of initigaseeus onkakiers: of0 twb/mhn i) yard cBRPoseErbES Fhathes,
the conversi gn of isobutylene was 97.2 % the selectivity for_mnethacrolein
was 25 87.2 wreartion werefvyygted  (hifaatestiefacrfalgst cosposis

%
tion). As a result, the conversion of isobutylene was

94.6 %, the selectivity for methacrolein was 84.0 %,
and the selectivity for methacrylic acid was 3.4 %. As
apparent from the above results, a lowering of the

10 activity of the catalyst composition occurred. A
discoloration and a slight shrinkage of the catalyst

composition were observed..

Comparative Example 2

A tableted catalyst composition having the same
13 structural composition as that of the oxide catalyst
composition prepared in Comparative Example 1 (contain-
ing no cerium) was prepared in substantially the same
manner as in Comparative Example 1. With ;espeét to
__the obtained catalyst composition, the pore-diameter

20
distribution was measured in substantially the same

manner as in Example 1. With respect to 6.7 g of the
obtained catalyst composition, the evaluation of ini-
tial performances and the st:ingent—condition test were

25 conducted in substantially the same manner as in Exam-



Conparative Exanple 1 A tableted catal yst conposition was prepared in
substantially the same manner-as in Exanple 1 except 5 t hat the use of
ceriumnitrate was omtted. The obtained catal yst conmposition had a
structure (in ternms of atomc ratios of constituent netallic el enments,
relative to twelve atons of nolybdenun) represgnted by the fornula: 10
[err] Wth respect to the obtai ned catal yst conposition, the pore dianeter

distribution was nmeasured in substantial- |y the sane manner as in Exanple
1. The eval uation qfid he i nid idlrpRIMON B acivite abteidashealpsyst was
15 conducted in substantially the same manner as in Exam ple 1,

except that the gasmipodiitdot eraddrd b 10y tiwiamall OrTied corfivarsiah eoH0
m/mn (NTP). The results of the reaction were evaluated, and it was found

t hat the conversi onigtbutsalute lveare asldy.aks %0 2 or leddie shlechern) t théne
met hacrolein was 84.0 % and the selectivity for nethacrylic acid was 2.7
% Subsequently, thwenrealdservdd meatideslonasiat etduich s ta dODtérieon ofid
the flow rate of the above-nentioned gaseous m xture was changed to 90

m/min (NTP)5 and &ies deterigmmtinmaf e maenlyes eURRR e For Bedue-

4000
tion, and a shrinkage which is a criterion of deterio-

ration of the catalyst caused by heat. Results are
shown in Table 1.
From comparison of the results of Exémples 1 and 2
10 ~ with the results of Comparative Examples 1 and 2, it is
apparent that by the use of cerium in the catalyst
composition, the heat resistance and reductiqn resist-
ance of the.catalyst_compo;ition were markedly im-
proved, and the life of the catalyst composition was
15 prolonged.

Examples 3 to 18

In Examples 3 to 18, tableted catalyst composi-
tions having respective structural compositions as
shown in Table 1 were prepared in substantiélly the

20 ' same manner as in Example 1, except that the sources of
metallic elements and amounts thereof were selectéd so
as to comply with the respective oxide catalyst compo-
sitions indicéted in Table 1. With respect to each of
the obtained catalyst compositions, the pore diameter

25 distribution was ﬁeasured in substantially the same



31 hours. Subsequently, the reaction conditions were changed to the sane
conditions as in the reaction for the evaluation of initial performances of
the catal yst conposition (reaction tenperature: 350 C, flow rate of gaseous
m xture: 60 mM/mn), and the results of the 5 reaction were evaluated (life
test of catalyst conposi- tion). As a result, 31.3he conversion of isobutyl ene
was 94.6 % the selectivity for nmethacrolein was 84.0 % and the
selectivity for nethacrylic acid was 3.4 % As apparent fromthe above

results, a |loweri ”%a?lfnetzh%slg.ng%g{a}‘ﬂ hl%é ?1;{ _tg}m Gl a1 IS I 3 F Ofhe

occurred. A discoloration an ri nkage of the catal yst

conposi tion vere ohsAnMer HferBR¥Riices RIATRIe 2titfdmiacbrdl elosttest
conposition having the sane 15 structural conposition as that of the oxide

Cat@'YSt COWPOSitiW@ﬂ@“ﬂﬁﬂ&ﬁéﬂéﬂ(iﬂﬂﬁﬁhﬁﬁaﬁtié%myﬂﬁhd.damﬁﬂmémnefrqsrin
ceriunm) was prepared in substantially the same manner as in Conparative
Exanple 1. Wth respesiplie 2,hexipt nddhtcattad ystowrnhpok i datal yshecoupesi-
di aneter 20 distribution was neasured in substantially the same manner as
in Exanple 15 Wt h tiesperted @rgl/ony wWie tflow rate of the gaseous mixture
was regulated so that performances of each of the
catalyst compositions can be evaluated under conditions
such that each of the catalyst compositions exhibits
approximately the same conversion of isobﬁtylene.

10 Further, in each of Examples 5 and 8, the life test of
the catalyst composition was conducted in substantially
the same manner as in'Example 1, except that in Example
5, the continuous operation was conducted for 3,000

hours.' Results are shown in Table 1.

15 Comparative Examples 3 to 10

In Comparative Examples 3 to 10, tableted catalyst
compositions having respective structural compositions
as shown in Table 1 were‘prépared in substantially the
same manner as in Example 1, except that the sources of

20 '.metallic elements and amounts thereof were selected so
as to comply with the respective oxide catalyst compo-
sitions indicated in Table 1. With respect to each of
the obtained éatalysf compositions, the pore diameter
distribution was measured in substantially the same

25 manner as in Example 1, and the evaluation of the



obt ai ned catal yst conposition, the evaluation of ini- tial performnces and
the stringent-condition test were 25 conducted in substantially the
same nmanner as in Exam 32 ple 2. As a result, the activity of the

catal yst conposition was drastically |owered. The conversion of isobutylene
was as low as 70 %or |less. Further, there werg, observed a discoloration
which is a criterion of 5 the deterioration of the catal yst caused by
the reduc- tion, and a shrinkage which is a criterion of deterio- ration of

the catalyst caused {y fientpe RS Hidicds Cartdl Wk | StIBEn-cHhe Tt LonPesseon
of the results of Exanples 1 and 2 10 with the results of Conparative

Exanples 1 and 2, ijers chinficdad tintsiystdietieELPf tiker same | Mahhercasalyst
conposition, the heat resistance and reduction resist- ance of the catal yst
conposi tion were nEd@idde i PFureter Anth tdsch i 6£ Coémparcatival Esamples 5
conposition was 15 prol onged. Exanples 3 to 18 In Exanples 3 to 18,

t abl et ed catal yst caompds, -the ahisfdavesy ofsteetcatabystuccompbsibiposwasons
as shown in Table 1 were prepared in substantially the 20 same nanner
as in Exanpl 8 1, exxwplucted imeswbskantiaily the same manner as in Exam-

ple 1, except that in Comparative Example 5, the con-
tinuous operation was conducted for 3,000 hours.
Results are shown in Table 2
With respect to relative atomic ratigs of Bi, Ce
10 and K, the results, shown in Table 1, of Examples and
Comparative Examples clearly show that when the rela-
tionship 0.05 ¢ b/(a¥b+c) < 0.7 is satisfied, the
obtained catalyst COmposifioﬁ exhibits excellent heat
resistance and reduétion resistance, whereas, when the
15 catalyst composition contains cerium in such a large
amount as félls within the range represented the formu-
la: 0.7 < b/(a+b+c), the selectivity for methacrolein
is lowered. From comparison of the results of Example
5 with the results of Comparative Example 5, and from
20 "comparison of the results of Example 8 with the results
of Comparative Example 6, it is apparent that the life
of the catalyst composition is influenced by the pres-
ence of potassium in the.catalyst composition. From
comparison of the results of Examples 1 and 4 with the

25 results of Comparétive Example 7, it is apparent that



metallic el enments and anpunts thereof were selected so as to conply with
the respective oxide catal yst conpo- sitions indicated in Table 1. Wth
respect to each of the obtained catal yst conpositions, the pore dianmeter 25
di stribution was neasured in substantially the sanme 33 manner as in
Exanple 1, and the evaluation of the initial formances and the
stringent-condition test were conducted in substantially the same manner as
'in Exanple 2, except that the amount of catal yst conposi- 5 tion used

and/or the flow ratg;fqifit HARURINT MUK Hdassd® Ui ad esh 81 yH8t composi-
performances of each of the catal yst conpositions can be eval uated under

condi tions such thaii RGO Lhgioraic| s SOIHosiviepseexhhdthscrolein.
approxi mately the same conversion of isobutylene. 10 Further, in each
of Exanples 5 and &udtteer, ffrdmesthofrddiel €atet YCompargpobve | BExamptes 8 and
conducted in substantially the same manner as in Exanple 1, except that in
Exanpl e 5, the cont9,nuioksispaprdrent dsatondhen enfi¢loel 3i900seéduin. paRbialt s
are shown in Table 1. 15 Conparative Exanples 3 to 10 In Conparative
Exanmples 3 t® 10, tsubstithicionfer thepebal oreoneenert s ethecsedectivity

structural conpositions as shown in Table 1 were prepared in substantially
t he for methacrolein is lowered.

Comparative Example 11

A tableted catalyst composition having a structure
(in terms of atomic ratios of constituentimetallic
10 elements, relative to twelve atoms of molybdenum)
represented by the formula:
| "Moy2Biy  6Ce0.4Fe1.0C08.0C%0.4%0.2
was prepared as follows.
In 1,200 ml of water were dissolved 127.2 g of
15 ammonium molybdate and subsequently 5.0 g of césium
nitrate and ;.3 g of potassium nitrate, while heating
and stirring, to thereby obtain a solution (solution
A). 149.8 g of cobalt nitrate and 26.0 g of ferric
nitrate were dissolved in 150 ml of water, to thereby
20 " obtain a solution (solution B). 49.9 g of bismuth
nitrate was dissolved in an aqueous nitric acid solu-
tion comprising 26 ml of 60 % nitric acid and 260 ml of
water, to thereby obtain a solution (solutioh C).
Solutions B and C were, in this order, dropwise added

25 to solution A while mixing, and the resultant slurry



sane manner as in Exanple 1, except that the sources of 20 metallic

el enrents and anounts thereof were selected so as to conply wth the
respecti ve oxide catal yst conpo- sitions indicated in Table 1. Wth respect
to each of the obtained catal yst conpositions, the pore dianeter
distribution was neasured in substantially theygsane 25 manner as in
Exanple 1, and the evaluation of the 34 initial performances and the
stringent-condition test were conducted in substantially the sane manner as

|0 Bxample 2. FUrthals dubRatted i uPpaRtdXpLEKATES ctndratyl Sbrate aife
u

test of the catal yst conposition was cted in substantially the -

same nmanner as in aned Matdly X @hipddiption grsmarsdt Ve Tiuanpbtatnedhe
con- tinuous operation was conducted for 3,000 hours. Results are shown in

Table 2 Wth respediried redtadliyet adanpasitiomnsprdcrsoewdd calcimad Kn t he
results, shown in Table 1, of Exanples and Conparative Exanples clearly
show t hat when t he subskantionsly ptite Osanermdnex cad+i) Example. ¥, i to
satisfied, the obtained catalyst conposition exhibits excellent heat

resi stance ahd reduhensby @mm@mmw (Whkrhawing ;an atogieargsio

conposition contains ceriumin such a |large ampunt as falls within the
range represented tMRY/BifFR/Co/Cs/K of ik 2/1.8/1/8/6.4/0.3.

Ammonium molybdate in the amount of 28.6 g was
dissolved in 300 ml of water, while heating and stir-
ring, to thereby obtain a solution (solut{on D).

10 35.2 g of cerium nitrate was dissolved in an aqueous
nitric acid soiution comprising 10 ml of 60 % nitric
acid and 100 ml of water, to thereby obtain a solution
(solution E). Solution E Qas dropwise added to solu-
tion D while mixing, and the resultant mixture was

15 neutralized with aqueous ammonia and heated at 100 °C
while stirring for 8 hours, to thereby obtain a pre-
cipitate. The obtained precipitate was washed well
with water, followed by drying and calcination, to
thereby obtain composition (II) haQing an atomic ratio

20 ' Ce/Mo of 0.5/1.

Compositions (I) and (II) were mixed so that the
composition of the resultant mixture has the atomic
ratio Mo/Bi/Ce/Fe/Co/Cs/K of 12/1.6/0.4/1./8/0.4/0.2.
Distilled water was added to the mixture of composi-

25 tions (I) and (II), while heating.and stirring for 16



la: 0.7 < b/ (at+b+c), the selectivity for nmethacrolein is | owered. From
conparison of the results of Exanple 5 with the results of Conparative
Exanple 5, and from 20 conparison of the results of Exanple 8 with the
results of Conparative Exanple 6, it is apparent that the |life of the

catal yst conposition is influenced by the presy; ence of potassiumin the
catal yst conposition. From conparison of the results of Exanples 1 and 4
with the 25 results of Conparative Exanple 7, it is apparent that

35 rubidium or cesijyg aistedia dirkf Hy dryEidlaas 1 M0 Sor tiDhdwrs, to
I mproving the selectivity for nethacrolein.” Further, fromthe results of

Conpar ative Exanpl emetedid dhtdiln ia EfiRd eidtdliast odupodiitien. | sSulsssl- i n
partial 5 substitution for the cobalt conponent, the selectivity for
met hacrol ein is | oweiesct1yGo sy atbtes deddrtised catdlys etcunpes ttion was
conposition having a structure (in terns of atomc ratios of constituent
metal lic. 10 elsugected diatfiimal Eingiy ettt @ fart ybdeowwng, to
represented by the fornmula: [err] was prepared as follows. In 1,200 m of
wat er were dissolvé&&EEDZZQPtﬁin a final catalyst composition. The
obtained final catalyst composition was pulverized, and
molded into a columnar tablet having a diameter 6f 5 mm
and a height of 4 mm. Using the obtained tableted
catalyst composition, a methacrolein syntﬂésizing

10 reaction was conducted in substantially the.same manner
as in Example 1. Results of the reaction were evaluat-
ed in substantially the same manner as in Exémple 1.
Results are shown in Table.l.

In this Comparative Example 11, it had been ex-

15 pected that the catalyst composition prepared in this
Comparative Example exerts excellent performances as
described in U.S. Patent No. 5,138,100 (corresponding
to Unexamined Japanese Patent Application Laid-Open
Specification No. 4-41454). However, it was found that

20 "the selectivity for methacrolein was low. That is,
although the conversion of isobutylene was 97.1 %, the
selectivity for methacrolein was as low as 75.3 %, and
the selectivity for methacrylic acid was 4.1 %. |

The difference between the catalyst composition

25 prepared in Comparative Example 11 and the catalyst



15 ammoni um nol ybdate and subsequently 5.0 g of cesiumnitrate and 1.3
g of potassiumnitrate, while heating and stirring, to thereby obtain a
solution (solution A). 149.8 g of cobalt nitrate and 26.0 g of ferric

nitrate were dissolved in 150 m of water, to thereby 20 obtain a
solution (solution B). 49.9 g of bismuth nitrgée was dissolved in an
aqueous nitric acid solu- tion conprising 26 of 60 % nitric acid and 260

mM of water, to thereby obtain a solution (solution C). Solutions B and C
were, in this ordergofi i fshfdeesh 280 ExampPes Bty 08, Apabéhe RbXing, and
the resultant slurry 36 was subjected to spray drying, to thereby obtain

a dried catal yst cEHIES 1100 ESSHESSIndihg bt vndeshn e dTspsnéyat Patent
conposition precursor was calcined in substantially the sane manner as in
Exanple 1, to 5 Appiel &byi it b 19 -ampege SSpeehf {da tihow i Ng. ad-414543 caht0
Mo/ Bi / Fe/ Co/ Cs/ K of 11.2/1.6/1/8/0.4/0.2. Amoni um nol ybdate in the anount
of 28.6 g was di sscdieick ionBPOiml thdt vishercathlyst heonposgi bhonst usedr ing,
to thereby obtain a solution (solution D). 10 35.2 of ceriumnitrate
was di ssol ved in arEXapRRS ¢ﬁtU4%~éE@tB%blM@io&,b%&pl®gi@@ notneoptadn %

nitric acid and 100 mM of water, to thereby obtain a solution
alkali metals and the atomic ratio of iron (Fe) in each

catalyst composition is more than 2.5, relative to
twelve atoms of molybdenum, but the catalyst composi-
tion prepared in this Comparative Exampleill contains

10 potassium and cesium and the atomic ratio of iron in
the catalyst composition is 2.5 or less.

Examples 19 to 24

In Examples 19 to 24,‘tableted catalyst éomposi—

tions having respective structural compositions as

15 shown in Table 2 were prepared in substantially the
same manner as in Example 1, ekcept that the sources of
metallic elements and amounts thereof were selected so
as to comply with the respective oxide catalyst compo-
sitions indicated in Table 2. With respect to each of

20 " the obtained catalyst compositions, the pore diameter
distribution was measured in substantially the same
ﬁanner as in. Example 1. 1In each Example, using respec-
tive catalyst compositions, a methacrolein synthesizing
reaction was conducted in substantially the same manner

25 as in the reaction for the evaluation of initial per-



(solution E). Solution E was dropw se added to solu- tion D while m xing,
and the resultant m xture was 15 neutralized with aqueous ammoni a and
heated at 100 C while stirring for 8 hours, to thereby obtain a pre-
cipitate. The obtai ned precipitate was washed well with water, followed by
drying and calcination, to thereby obtain conpgﬁltion (I'1) having an atom c
ratio 20 Ce/ Mo of 0.5/1." Conpositions (1) d (Il) were m xed so that
the conposition of the resultant m xture has the atomc ratio

Nb/Bl/CE/Fe/Cb/Cslﬁfof %Eé% QAP 44%Q§é€??§ %dc?ﬁ#ééit%gﬁ fﬁtﬁ a eagged to

the m xture of conpos

stirring for cféé%réhaéoél e By HE ¥ii8e 30 1@04[§r5% GSi?ﬁé Beurs,

to thereby obtaln a cat al conp05|t|on Subse- quen

obtained dried catalyst-KQERS1! i PN, yog BYbieciRe 66 bk ?Qénf”l' 89%aby540
[err] for 4 hours, to 5 t heteby obtain a final catalyst conp05|t|on

The obt ained fi nal ¢al @hey/ SH£ COERART 4h@N77R8 PUbyevbIesde 8Pdnierdgeni whe a
columar tablet having a dianmeter of 5 mm.and a height of 4 mm Using the

obt ai ned t abket ed caéad ysto cthi@peby i measaraethacselechisynyhéorzmaghdtro-

reaction was conducted in substantially the sane manner
lein, the selectivity for methacrylic acid and the
‘ratio of by-produced isobutylene to tert-butanol.
Further, a methaqrolein synthesizing reaction was
conducted in substantially the same mannef as in the

10 reaction for the stringent-condition test in Example 2,

and the amount ratio of by-produced isocbutylene to
tert-butanol charged was measured. Results are shown

in Table 2.

Comparative Example 12

15 A tableted catalyst composition having a structur-
al composition as shown in Table 2, which is the same
structural composition as that of the oxide catalyst
composition prepared in Comparative Example 1 (contain-
ing no cerium), was prepared in substantially the same

20 "manner.as in Example 1. With respect to the obtained
catalyst composition, the pore diameter distribution
was measured in substantially the same manner as in
Example 1. Using the obtained catalyst compos1t10n a
methacrolein synthe51z1ng reaction was conducted in

25 substantially the same manner as in the reaction for



as in Exanple 1. Results of the reaction were evaluat- ed in substantially
the same manner as in Exanple 1. Results are shown in Table 1. In this
Conparative Exanple 11, it had been ex- 15 pected that the catal yst
conposition prepared in this Conparative Exanple exerts excell ent

- performances as described in U S. Patent No. 5,138,100 (corresponding to
Unexam ned Japanese Patent Application Laid-Op Speci fication No.
4-41454). However, it was found that 20 the selectivity for

rethacrol ein ves | Qe SMhadad!df diaidie msRlieglof ot ub easyes

97.1 % the selectiVi croleln was Tas low as /5.3 % and the

selectivity for ne oH G Gf 1 ih Wbl %, Hiedt f@lanee fesases mivture
catal yst conposition 25 prepared i n Conparative Exanple 11 and the

cat al yst 38 conpsid.ions vis asblundocitst-Hutarnl Pale/s Noby Svd Bnd 06£
(correspondi ng to Unexam ned Japanese Patent Application Laid-Open

Speci fication No. 4xdkdr) £8-% Btvolamey ofh dtwdm tdred C2X 28 y¥tby volume
conpositions used in 5 Exanpl es of U S. Patent No. 5,138,100 do not
contain al ka$i net afs mindrdden atasriused it ofheraby (legsure cthé salechivi-
conposition is nore than 2.5, relative to twelve atons of nolybdenum but
t he catal yst conpodiy for methacrolein, the selectivity for methacrylic
acid and the ratio of by-produced isobutylene to tert-
butanol charged. Further, a methacrolein synthesizing
reaction was éonducted in substantially tﬁe same manner
10 "as in the reaction for the stringent-condition test in
Example 2, and the amount ratio of by-produced isobu-
tylene to tert-butanol charged was measured.  Results
are shown in Table 2.
As apparent from Table 2, also when tert-butanol
15 is used, instead of- isobutylene, in the feedstock

gaseous mixture, the catalytic activity of a catalyst

composition containing no cerium was low.

20

25



tion prepared in this Conparative Exanple 11 contains 10 pot assi um and
cesiumand the atomic ratio of iron in the catal yst conposition is 2.5 or

| ess. Exanples 19 to 24 In Exanples 19 to 24, tableted catal yst conposi -
tions having respective structural conpositions as 15 shown in Table 2
were prepared in substantially the sane mannerilas in Exanple 1, except that
the sources of netallic elenments and anounts thereof were selected so as to
conply with the respective oxide catal yst conmpo- sitions indicated in Table
2. Wth respect to each of 20 t he obtai ned catal yst conpositions, the
pore dianeter distribution was neasured in substantially the sanme manner as
in Exanple 1. In each Exanple, using respec- tive catal yst conpositions, a

nmet hacrol ei n sypthesi-ai-ng—+eaction—was—conductedtn-substantially the sane
manner 25 hg i n tlhe reaction for the evaluat|on of initial pert 39
f or mances of th,ccatéﬁ st composition in Exanple [l, except that a ghseous
m xture of 6.4 Mw\Qﬂﬂﬁ%ﬁTéﬁ“mﬁﬂﬁW”ﬁﬁ§%ﬂﬁﬂmﬁmﬁﬁﬁ%ﬂqmmA43
- Q
% by vol unme of $fké&am-gnd 77.8 % by volunme of nitrpgen was 5 usefd, to
t her eby neasur erthe—sgrectivi-ty—for—rnethacro—terf—the—seteet+vity| f or
met hacrylic aci figand tlhe
: ¥ O NO OO WE NN DWW WO WWW
2 Qmmmmmmmom’mmmmmmc\mm ommmmmmomml
s= 9
s
. o
== .25000000000000'90\0000 OOOOOOO’LDLOO_CJ
;::.:vmmoocoococomwooocommht\oo W OOWR WPWWH
S, [TV TVI T I ITIVITIICTY | ITTOT T T TW0
=%
Qe o O
— r— o o
S P
= o o
= M M
= e o
S “ - « " - s s
© ° ° ° s o a R
= ¥ oM M M M o
o - - -~ ” "N n o ” =0
= D T S S e m
S e ¢ 3§ 4 dd R s8] &4 462 w5 og
- « |MEMMYOMEMMMMMEMMOOT, | MMMM OO MM
@ - w v T A ®N N W v ¥ W YT N -~ N QO O - v v v v T W o O T 2w
© o o'ée'e'o'a‘ée'e'ciéo’o’o‘e‘«'-'; S 6 6 9 8 6w e % o O
_ : tnm.a,am,nmmmrnmmmm,nencno M D DN S @
a = VOVEFEOMOLOODOVOLVLUMIES L | VVLLLLUMZZOO
a8 a4 a o o 9 0 © w o o 9 © 9 o 9 o o - 2 a & O O v © o O o o
© b B e N I N S S % B @ m e 6 w W w B
[ — OOOOOOOOOOOOOOOOOS QO 00 00O 00 00O
=2 [ONCNONOREORCNONORGRONONONONGRORS RO I NONONO NG NORONG RO RO RO NS
— ooowma_wowaooﬂ«mm“ - 0 0 Q@ 9 w a9 @ N & 0 9
—_ R s s N e . 4
8 0&000@0@@0000000&: 9 9 L OOV VOV OVY
[P R I O P N LI R P L P R C N DI PO P C DR (R ¢ DO ¢ DR N L I ¢ PR M C N (N L R (B < Y
6 6 6 6 G 6 @ ~ ~ 6 4« 4 a6 a6 0 a o -~ 6 < & 6 6 © o
— VUV O VDO VOO DI OO v O vV VDUV UV VD
[ORONCHONGEONINONSRONSNONONOGNO NS NG N &) CRSNSNONONSNORS NS N
W W e @8 W W W O O N O W W Y v W W n QO O o v v 0 Ww w 9w v 9
e = T =P 4 N . s e oA -
OMAMMMAM@MMAaMNOAMAANM0AM | mMmomaaaaaaaeaan
600000000006000000G| 006G6G00000GGQ
SS333533323S3333332333|33323322=2222%2
HF NN IO~ ODO ANMNMTNON~D S NN PO~ NO A
o B B B o B I B B ] ~ o~
—————————————————— ) e €a) £2) €2 ) ) fx) G () €}
B O O O Oy S G B O £ i G B O A &£, & &, . .« - . . - . .A‘.ﬂ..ﬂ'.
SeegsSsge9858:88¢¢8)| 399995 ¢¢5¢§
M > M > > > ¥ > M W 3 > > W > > M D QOO0 D DO O 0 0 09
2xl €a) fxl.42) ) Ge) £x} el Cad €l €x) r) fx] Gal £2) X)) GaY ) DO QOO LLDLLLOLO




rati o of by-produced isobutylene to tert-butanol. Further, a methacrolein
synt hesi zi ng reacti on was conducted in substantially the sane manner as in
the 10 reaction for the stringent-condition test in Exanple 2, and the
anount ratio of by-produced isobutylene tgaotert-butanol charged was
measured. Results are shown in Table 2. Conparative Exanple 12 15

A tableted catal yst conposition having a structur- al conposition as gshown
in Table 2, which is the sane structural conpositi.on as that of the dide
catal yst conposition prepared in Conparative Exanple 1 (contain- ing o
ceriunm), was prepared in substantially the sane 20 manner as i-n Exanpl e
1. Wth respect to the obtained catal yst conposition, the pore dlanéier

di stribution was neasured in substantially the same manner as in Exgrple 1.
Usi ng the obtained catal yst conmposition, a methacrolein syntheS|2|ng0
reacti on was conducted in 25 substantially the sane manner as g the
reaction for 40 the evaluation of initial perfornmances of the caga]yst
conposition in Exanple 1, except that a gaseous mi xture of 6.4 % bys \lol urre
of tert-butanol, 11.5 % by vol unme of oxygen, 4.3 % by vol une of st eam and

Q
77.8 % by vol une .
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5 of nitrogen was used, to thereby measure the selectivi- ty for

net hacrol ein, the selectivity for

nmet hacrylic acid and the ratio of

by- produced i sobutylene to tert- butanol charged. Further, a methacrolein
synt hesi zi ng reaction was conducted in substantially the same manner 10
as in the reaction for the stringent-condi #3on test in Exanple 2, and the

anount ratio of by-produced i
measured. Results are shown

tert-butanol 15
gaseous m xture, t
contai ning no ceri

(to be conlinued)

2

e

Tab

sobu- tylene to tert-butanol charged was
n Table 2. As apparent from Table 2, al so when
instead of -isobutylene, in the feedstock

catal yst conposition
err] [err] 42 [err] [err]

is used,
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43 [err] 44 [err] 45 Industrial Applicability According to the
present invention, in a nmethod for producing nethacrol ein, which conprises
subj ecting at | east one nenber ‘sel ected fromthe group consisting of 5

i sobutyl ene and tert-butanol to gas phase catalytic oxidation with a

nol ecul ar oxygen-containing gas in tQ@ presence of an oxi de catal yst
conposition, use is nmade of an oxide “catal yst which has a specific,
relatively sinple structural conposition and the3efore can:be easily pre-
10 pared, and which has not only a prolonged,catalyst life due to the
excellent thermal stability and reduction resistance, but al so excellent

selectivity for nethacro- |lein, wherein the catafyst conposition contains
bi smut h,

al pore volume) x 100
0 wm | total pore volume
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cerium iron and potassiumin specific amobunts and in a 15 specific
relative amount ratio, and wi thout such el enents as have conventionally
been necessarily used to achieve high catalytic performances despite the
acconpanyi ng environnental pollution and toxicity problens, and al so

W thout the need for using, as raw materials f the 20 preparation

t hereof, conpounds having |low solubility in er, such as a tungstate, an
anti nony conpound and a ni obi um conpound, which have frequently been used

in order to achieve desired Cata'yt&ﬁdﬁ%%&ﬁ%ﬁaﬂﬁﬁéicgpﬁlﬁgi use of which is
Ul

di sadvant ageous fromthe vi ewpoi nt of—25 n obt ai ni ng

uni form catal yst conposijdisa: dfe6S G pidbet Ofcdh oo B! BaREeeheaNELS
hi gh yield can be advant ageously perf or ned. 46 Clainms 1. A et hod for
produci ng met hacr Og%dliud\ihé SEHRCIB1SHS, SHbi &l tddiftbrd sé€astb ysetinghat
selected fromthe group consi sting of isobutylene and tert-butanol to
gas phase catal yti claadtladrne membdr asdhdeted af rax yeien - gromp aconafsydngi of

t he presence of an oxide catal yst conposition represented by the formula
(r): [err] 5 isobutylene and (t9rf-butanoheteigas phase catalytic

oxidation with a molecular oxygen-containing gas in the
presence of an oxide catalyst composition, use is made of
an oxide catalyst which has a specific, relatively simple
structural composition and therefore can ﬁé easily pre-

10 pared, and which has not only a prolonged catalyst life
due to the excellent thermal stability and reduction
resistance; but also excellent selectivity for methacro-
lein, wherein the catalyst composition contains bismuth,
cérium, iron and potassium in specific amounts and in a

15 specific relative amount ratio, and without such elements
as have conventionally been neceséarily used to achieve
high catalytic performances despite the accompanying
environmental pollution and toxicity problems, and also.
Without the need for using, as raw materials for the

20 ' preparation thereof, compounds having low solubility in
water, such as a tungsfate, an antimony compound and a
niobium compound, which have frequently been used in
order to achieve desired catalytic performances,.but the
use of which ié disadvantageous from the viewpoint of

25 difficulties in_obtaihing uniform catalyst compositions.
Therefore, the production of methacrolein in high'yield.

can be advantageously performed.



Ais cobalt solely, or a mxture of cobalt and magnesi um wherein the atomc
ratio of magnesiumto cobalt is not nmore than 0.7, B is rubidium cesium or
a mxture thereof, and 15 a, b, c, d,_e, f and g are,
respectively, the atomc ratios of bisnuth, cerium potassium iron, A B
and oxygen, relative to twelve atons of nol ybdenum wherein 20

0 <a 8 O <bJerr] 8 0<c Jerr] 1.2, O d [err] 2.5, 1.0 [err] e
[err] 12, 25 0O <f [err] 2.0, and 47 g is the nunber of
~oxygens required to satis- fy the valence requirenents of the other
~elements present; and wherein a, b, ¢ and desatefy the requirenents of 5

. the followi ng fonulae: 0.05 [err] b/(a+b+c) Terr} 0.7, 0 < c/(a+b+c) [err]
0.4, and 0 < d/ (a+b+d) [err] 0.09.

1. A method for producing methacrolein, which com-
prises subjecting at least one member selected from the
5 groﬁp consisting of isobutylene and tert-butanol to gas
phase catalytic oxidation with a molecular oxygen-
containing gas in the presence of an oxide catalyst
composition represented by the formula (I):
Moy BiaCepK FegAgBeOy - " (1)
10 wherein:
A is cobalt solely, or a mixture of cobalt and
magnesium wherein the atomic ratio of magnesium to
cobalt is not more then 0.7,
B is rubidium, cesium or a mixture thereof, and
15 a, b, ¢, d, e, f and g are, respeqtively, the
atomic ratios of bismuth, cerium; potassium, iron,

A, B and oxygen, relative to twelve atoms of

molybdenum,
wherein
20 ' 0 <azg 8,
0 <b g 8,
0<cgl.2,
0 <dg 2.5,
1.0 g e g 12,
25 0 < f ¢ 2.0, and
e

R A



10 2. The net hod according to claim11l, wherein said Ais cobalt
solely. 3. The met hod according to claim1, wherein said oxide catalyst
conposition is porous and has a pore 15 di aneter distribution such that
the sum of pore volunes of pores having a pore dianeter of 1 [err] or |ess
Is 95 % or nore, based on the total pore volu of said oxide catal yst
conposition. 20 4, The et hod accordingq¥% claim1, wherein a, b and
c in formula (1) satisfy the requirenents of the fornmu- la: 0.1 [err]

b/ (a+b+c) [err] 0.5. 5. "B N AGRSEH NG  Sufd@hdn dequibipee! Bodsabisnd
25 c informula (1) satls y the requi renments of the fornu- 48 | a:

0.02 [err] c/(atb+c) [err] 0.8 $he vdlend®tPoGuoESASKIESJoE OthéabBhér
wherein a, b and d in fornmula (I) satisfy the requirenents of the fornmu- 5
la: 0.1 [err] d/(at+b+d) [err]elkdentd geén€b and
wherein a, b, ¢ and 4 satisfy the requirements of
5 the following fomulae:
0.05 ¢ b/(a+b+c) g 0.7,
0 < c/(a+b+c) £ 0.4, and

0 < d/(at+b+d) g 0.9.

10 2. The method'according to claim 1, wherein said A is

cobalt solely.

3. The method according:to claim 1, wherein said
oxide catalyst composition'is porous and has a pore

15 diameter distribution such that the sum of pore volumes
of pores having a pore diameter of 1 pm or less is 95 %
or more, baéed on the total pore volume of said oxide

catalyst composition.

20 "4. The method according to claim 1, wherein a, b and
¢ in formula (I) satisfy the requirements of the formu-

la: 0.1 £ b/(a+b+c) g 0.5.

5. The method according to claim 1, wherein a, b and

25 c in formula (I) satisfy the requirements of the formu-
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15

20

25

48
la: 0.02 g'c/(a+b+c) £ 0.2,
6. The method according to claim 1, wherein a, b and

d in formula (1) satisfy the requirements of the formu-

la: 0.1 g d/(a+b+d) g 0.5.

LN



