17 February 2006 1 TITLE OF THE | NVENTI ON Oxi de catal yst conposition
BACKGROUND OF THE INVENTION 5 Field of the Invention The present invention
relates to an oxide catalyst conposition. Mre particularly, the present
invention 1is concerned with an oxide catal yst conposition for use in
produci ng methacrolein or a mxture of methacrolein 10 ant? hebawr30fc aci d
by reacting at |east one nenmber selected fromthe group consisting of

i sobutylene and t-butanol with a nol ecul ar oxygen-containing gas, wherein
t he oxi de catal yst conposition conprises, in specific ratios, nolybdenum
or a mxture of nolybdenum 15 amdTLENQ@Et FHE DNYBENTIDONI ron; anti nony; at

| east one nenber selected fromthe group consisting of yttrium and the

el enents of the | anthanoi d sepxddeexaltadyse cbmppsdbikdbhi um and at | east
one nenber selected fromthe group consisting of potassium rubidi um and
cesium and 20 cobalt solely, or a mxture of cobalt and at |east one
menber sel ected fromthe group consisting of nagnesium and nickel. The

oxi de catal yst conposition ofBACKGEHNHYeAF THE UANMENIHGNhi bits not only a

prolonged catalyst life due 25 to its excellent properties with respect to
thermal %7 Febﬁ%ﬂi&llﬂbﬂﬁﬂiﬁhﬁﬁﬂﬂﬁh&land reduction resistance, but also
excellent selectivity for the desired product. By the use of the_ oxide
cat al yst conpositi oFbsf DHes efte ddtentiednteda tesr topadd ¢&iAg FBERATSEH ein

or a mxture of nethacrolein and 5 nethacr¥lic acid, it becones possible to
stably produce&comPOSltlon' More particularly, the present invention

is concerned with an oxide catalyst composition for use
in producing methacrolein or a mixture of methacrolein
10 and methacrylic acid by reacting at least one member
selected from‘the group consisting of isobutylene and
t-butanol with a molecular oxygen-containing gas,
wherein the oxide catalyst composition comprises, in
specific ratibs, molybdenum or a mixture of molybdenum
15 and tungsten; bismuth; iron; antimony; at least one
member selected from the group consisting of yttrium
and the elements of the lanthanoid series exclusive of
promethium; and at least one member selected from the
group consisting of potassium, rubidium and cesium; and
20 cobalt solely, or a mixture of cobalt and at least one
member selected from the group consisting of magnesium
and nickel,
The oxide catalyst composition of the present in-
vention exhibits not only a prolonged catalyst life due

25 to its excellent properties with respect to thermal



the desired product for a long tinme while holding down the anount of
by-produced inpurities, e.g. diacetyl. The produced nethacrol ein or

m xture of nethacrolein and nethacrylic acid has | ow contents of the 10
by- produced inmpurities, e.g. diacetyl, and such meth- acrolein or nmxture
of nmethacrolein and nethacrylic acid is very advantageoud? E8Pryapy3Q06
material for produc- ing nethyl nethacryl afe having excellent transparency.
A nmet hyl nethacryl ate pol yner having excellent trans 15 parency, which can
be obtai ned by polynerizing such highly transparent nethyl nethacryl ate
nmononer, can bestashaiit e geol stedursdcna s egs istasiaet, ubatf el sgl axseddeéntquart z
in application fields requiring high transpar- ency, such as optical

fibers, |ight galectghuies o 2@ desitdede priddust .suBh bhghiyet pnthar ent
met hyl neth- acrylate pol ynmer has very high conmercial value. Prior Art A
pol ymer producekidomat@indt meompeedylisne ofs thes priegeadt dnveadion float it
Is glassy, hard and trans 17 February 2006 3 parent, and such polyner is
frequently used®Zefueifgh mefihaanod efigy ofl s fixtprecoénmeyrbacsolpant Badfj el ds
re- lated to optical fibers, a nethyl nmethacrylate polyner _is attracting
attenti oh as amefacEd! ifatacdidal i\?&h%@ﬁ‘o@e@aﬁ’%ﬁﬁﬁlﬁt &Pe SEAPLYURFPELCENd t he

use of the nethyl nethacryl ate polyner i.s spreadi n%._ Therefore, the
met hyl net hacrﬁ%ﬁéleﬁ&%rpr@é'd’ta °F supers: hiler yrilg Hedddpgqlartz s

(a1 ed 10 haug gl LANPR ek 200 g eaLer g Tassanee: For
a2 et il TRUARCoA AL IP0RTRL n3E0nd% chR 2 neRREEEL b hNer ef or.
and methacrylic acid has low contents of the
10 by-produced impurities, e.g. diacetyl, and such meth-
acrolein or mixture of methacrolein and methacrylic
acid is very advantageous as a raw material for produc-
ing methyl methacrylate having excellent transparency.
A hethyl methacrylate polymer having excellent trans-
15 parency, which can be obtained by polymerizing such
highly transparent methyl methacrylate monomer, can be
advantageously used as a substitute for glass and
quartz in applicaticon fields requiring high transpar-
ency, such as optical fibers, light guide plates and

20 the like; thus, such highly transparent methyl meth-

acrylate polymer has very high commercial wvalue.

Prior Art
A polymer produced from methyl methacrylate is

25 characterized in that it is glassy, hard and trans-



very small which |ower the transparency and weat hering resistance of the
nmet hyl nmet hacryl ate polyner. 15 As nethods for produci ng nethyl

nmet hacrylate, which is a conpound highly useful in the industry, there
are known two nethods: a "direct M.-to-MVA proc- ess" conprising

reaction steps and a "via meth- acrylic acid process" co F%b%@wﬁwpée
reaction steps. 20 The direct M.-to- MVA pryocess conprises two catalytic
reaction steps, wherein the first reactlon step com prises subjecting

i sobutyl ene and/or t-butanol as a starting material to a gaseous phase

catal ytic oxi dgrarddn®) 8Ctdudh Wdlim@ralseEtegiueatyigensedna al sgbgas in 25
the presence of an oxide catalyst (hereinafter, this 17 February 2006 4
catal yst is freguaiitey fioaf eyllerd .t oIASracéfitrgeassagen theafyeldy re-t hereby
obt ai n met hacrol ein, and the sec- ond reaction step conprises subjecting

t he obt ai ned m&ﬁhﬁcm@<ﬂptﬂumhaﬂxmmmmsapma$eydamakyab¢yﬂ@é@tP@ﬁYWﬁFh 5

nmet hanol and a nol ecul ar oxygen-containing gas in the presence of a

carri er-suppor tisd atatralctsing @rtttzntiiog aﬁabha@@d#ﬂ@ﬂeméﬁﬁéﬁﬁérWhﬂﬁPs
catalyst is frequently re- ferred to as a "second stage catal yst"),

t hereby.5 produms rethsti tvgteh dory lgnea teMVAR dh Fhendisst OF GP@e@FF?Yllo from
nmet hacrolein (M.). In the recent studies by the present inventors on the
direct M.-to- MmmqmamnmiﬁtatPQ%ﬁmeﬁééﬁ reFeaddng: ThetehAtes WAfch show an
absorption in the visible range of 400 nmto 780 ng% re_causative

of dis 15 colomwmhﬂi<meﬁh§Qﬁﬂ Qﬁﬁ ef: #5eth@Ss g SLRSEL U ten SR ng an
absorption in the visible |ight range in- cluggg & gﬁ.% |aceggk which is
convent i onal | y 9&fifin OTadWsditfy i &%t di r80 SR 2PBECTAT'SS pyruvi ¢
and high weathering resistance. For obtaining such an
10 . excellent methyl methacrylate polymer, it is important
that, in a methyl methacrylate monomer used as the raw
material therefor., the amounts of trace impurities be
very small which lower the transparency and weathering
resistance of the methyl methacrylate polymer.
15 As methods for producing methyl methacrylate,
which is a compound highly useful in the industry.
there are known two methods: a "direct ML-to-MMA proc-
ess” comprising two reactidq steps and a "via meth-
acrylic acid process” comprising three reaction steps.
20 The direct ML-to-MMA process comprises two catalytic
reaction steps, wherein the first reaction step com-
prises subjecting isobutylene and/or t-butancol as a
starting material to a gaseous phase catalytic oxida-
tion reaction with a molecular oxygen-containing gas in

25 the presence of an oxide catalyst (hereinafter, this



al dehyde, 2-acetylfuran and the |ike. Thus, pyruvic 20 al dehyde,
2-acetylfuran and the |i ke have been found to be substances causative of

t he discoloration of nethyl nmethacrylate. The first stage catal yst used in
the direct M.-to -MVA process (wherein the first stage catal yst is used

25 for producing methacrol ein by subjecting at |east one H Nebreay2i8fy 2006
menber sel ected fromthe group consisting of isobutyl- ene and t-butanol to
a gaseous phase catalytic oxida- tion reaction with a nol ecul ar
oxygen-cont ai ni ng gas) was proposed by the present inventors (see, for
exanpl e, 5 |nt efdedlvealiPHEiueMNlly erifiecaredultlol @at Bon fhles t\Wotags/ 35273
and Unexam ned Japanese Patent Application Laid-Qpen Specification No. He
10- 216523) . Hoveanedlystet) tie theretyl obheideveltbaeeoledh,t Bedciheal get- it
was not well recognized that the inpurities, e.g. diacetyl, 10 which are
by- produced by drite maictixst strep carpatises efub jeledidgstbeorhtadnedf net hyl
net hacrylate. U S. Patent No. 4,249,019 , Exam ned Japanese Pat- ent
Appl i cation Publdidstdmriedn tSh@ $As368590 phds8. cRielysac Keacsisngwilgd and
the |ike propose various types of 15 palladi um containing second stage

cat al yst5for useetihandalharskcomd legadeiron*yoes -eontadndngegesvint §hEMVA proc-
ess (wherein the second stage catal yst is used for pro- ducing nethyl

net hacryl at e bypragsnes iofg ansarxdesi-suprorsed gadedystpranéadatapytic
reaction with nmethanol and 20 a npol ecul ar oxy en-containingggﬁgi.Y In the

studies of th@addaddmm j(Regedigad tert. fidspeanalyghdifnire ffRe

second stage catal ytic reactiqn (for, producin net byl thacrylate by
reacting net hadisd%&%h EnéthdnolseCerg étﬁﬁpefﬁgg}yﬁiyéenge Eﬁﬁf%ﬁﬁg gas) is

conduct ed un

produce methyl methacrylate (MMA) by one step directly
10 " from methacrolein (ML).

In the recent studies by the present inventors on
the direct ML-to-MMA process, it has been found that
substances which show an absorption in the visible
light range of 400 nm to 780 nm, are causative of dis-

15 coloration of methyl methacrylate. The substances
showing an absorption in the visible light range in-
‘clude not only diacetyl, which is conventionally known
as being causative of discoloration, but also pyruvic
aldehyde, 2-acetylfuran and the like. Thus, pyruvic
20 aldehyde, 2-acetylfuran and the like have been found to
be substances causative of the discoloration of methyl
methacrylate.
The first stage catalyst used in the direct ML-to
-MMA process {wherein the first stage catalyst is used

25 for producing methacrolein by subjecting at least one



25 der noderate reaction conditions wherein the reaction 17 February 2006 6
tenperature is in the range of fromroomtenperature to 100 C, the
inmpurities, e.g. diacetyl, which would be causative of the discoloration
of the resultant nethyl nethacrylate remain alnost unreacted and
undeconposed 5 during the second stage catal ytic reacti o/ Fehiarhd09em
purities as such are carried over into a subsequent pu- rification step.
When the inpurities causative of dis- coloration are carried over into the
purification sfepber tseleqtesesinany the Erder nseepeat tutyofhéspbuitiilcat i on
10 operation for renmoving the inpurities fromthe nmethyl nethacrylate. As
a result, greatheommnsy di-dutdingaldvian-a tSaes0ws cbpasedcabalhitict beidepeat ed
purification op- eration causes a |loss of nethyl nethacrylate, leading to
an increase intiea mesdididrowviddsta meletielar oxpgeRceontaindng @asckess i s
al so a method for producing nmethyl nethacrylate by using isobutyl ene

and/ or t-but an®asaPre@pstsad iy e riesentThenveataesh{saerylfior ssianpiecess
is described at pages 172 to 176 of "Sekiyu Kagaku Purosesu (Petrochem cal
Process)?, 20 puattersigdd anglKRidieria S bitatien Puelicatpan. Nohe Wldocunent
states that the via nmethacrylic acid process conprises three reaction
steps, that is?35d 3547} apd PRexangmest elpranese Rt oxt dAPPOhcaEdpn and an
esterifica- tion step. The first oxidation step is a ste? of sub 25 jecting
at | east one st@dd-fperattPecifisatearedier oiel7lEebt6a?y)200807evVRE .gr oup
consi sting of isobutylene and t-butanol to a gaseous phase catal ytic

oxi dati on reac@tortPR ttimfpldc the e wsderRPerh PhetBeeSahéYsft o idatas st ,

to t hereby ) , o )
not well reccognized that the impurities, e.g. diacetyl,

10 which are by-produced by the catalyst are causative of
the discoloration of methyl methacrylate.

U.S. Patent No. 4,249,015 , Examined Japanese Pat-
ent Application Publication No. Sho 57-35859, U.S5. Pat-
ent No. 4,518,796 and the like propose various types of

15 palladium-containing second stage catalyst for use in
the second reaction step of the direct ML-to-MMA proc-
ess (wherein the second stage catalyst is used for pro-
ducing methyl methacrylate by subjecting methacrolein
to a gaseous phase catalytic reaction with methanol and

20 a melecular oxygen-containing gas). In the studies of
the present inventors, it has been found that, since
the second stage catalytic reaction (for producing
methyl methacrylate by reacting methacrolein, methanol
and a molecular oxygen-containing gas) is conducted un-

25 der moderate reaction conditions wherein the reaction



obt ai n nmet hacrol ein. The second oxidation step is a 5 step of subjecting
the nmethacrolein obtained in the first oxidation step to a gaseous phase
catal ytic oxi- dation reaction with nolecul ar oxygen in the presence of a
catalyst, to thereby obtain nethacrylic acid. The esterification step is a
step of subjecting the meth 10 acrylic acid obtained in tHeFeuuam$006
oxidation step to esterification, to thereby obtain nmethyl nethacrylate.
Vari ous proposal s have been nade on the catal yst used in the first
oxidation step of the via nmethacrylic acid process, that is, the catal yst
used for producidmperdiuret Hacrial ehe pngebjoEctfirng apomefempemetyrer tiong
mate rial selected fromthe group consisting of isobutylene and t-butanol
to a gaseous phase°cat ghyt iepaxidaesone . geadiroatyMysvhothswenldr bposal s
are concerned with the selection of the types and ratios of the conponents
20 of the catalgmisatfor efarlee diskbedleresnobe ofefibporedulErpfli ReFNYdpanese
Pat ent Application Publication No. Sho 48-17253 (correspondi ng to Canadi an
Patent No. 947 mgtdjacriyl8tePaesninNedmosto0nreertafdandsgndgeampogsd

Unexam ned Japanese Patent Application Laid-Open 25 Speci-fication Nos.
Sho 60- 153830, OMLNGR-the2eeToadd strIPebAtaLY t200528CHPR2- 2D9148S s

catal ysts disclosed in these patent docunents are ainmed gainl t

achi evi ng an i MY TRIE@®S WiSe|S¥CHf 2FBe CAESILEd OFREdLBES dngY FﬁqFﬁggepBétent
docunents, the experinmental data concernigg t he ger 5 for qgeogf { be

catal ysts are Gnifioatdodasiedr tWReRoHRe EFRILhtETS | S¥htR VTR and

methe acrylic SATANER AEEpEEE T80 AYoBy BISdNAEdb P E L Froery Sre |
it is necessary to perform repeatedly the purification

10 operation for removing the impurities from the methyl
methacrylate. As a result, great commercial disadvan-
tages are posed in that the repeated purification op-
eration causes a loss of methyl methacrylate, leading
to an increase in the production cost.

15 The via methacrylic acid process is also a method
for producing methyl methacrylate by using isobutylene
and/or t-butanol as a starting material. The via meth-
acrylic acid process is described at pages 172 to 176
of "Sekiyu Kagaku Purosesu (Petrochemical Process)”,

20 published by Kodansha Scientific, Inc., Japan. The
document states that the via methacrylic acid process
comprises three reaction steps, that is, a fixrst oxida-
tion step, a second oxidation step, and an esterifica-

tion step. The first oxidation step is a step of sub-

25 jecting at least one starting material selected from




10 in the via nethacrylic acid process (that is, the prod- ucts other than
met hacrol ein and nethacrylic acid which are, respectively, the desired
products of the first and second oxidation steps of the via methacrylic
acid process), the descriptions of prior art docunents are 15 as foll ows.
For exanple, Exami ned Japanese Patent Ap- plication PublithfeHanz008ho
53-23809 describes the selectivities for qacetic acid, CO2 and CO Exam ned
Japanese Patent Application Publication No. Sho 57-61011 describes the
selectivities for acetone and 20 acetic acid; and Exam ned Japanese Patent
Application Pulld cataun ddosisShimgsb£f1352budydefieoabd- 12605apadhtdea scri be
the selectivities for CO2 and CO. In addition, U S. Patent No. 3,928, 462
(correspondi ng daseEanipiete tagalgsd cPakdédiatAppl reartdonPuybithc arilesuNos.
Sho 25 47-32043 and Sho 47-32044) describes that the selectiv 17 February
2006 9 ity for lmgr olxaigen sins thet @resEncal bfol chsalupgtni tPeshegedEri bed in
t he above-nentioned patent docunments are different fromthe substances
whi ch are causatibpdnofme tdiasaelledat-i ofhe 55eEORY X+ &t 1P aFT PR LI aPpanese
Pat ent Application Publication No. He! 5-86939 describes _that a gaseous,
oxi dati on reactSte® pfogudieciingh the msthrsEaleynsabrainedi h§ Afel east one
menber selected fromthe group consisting of isobutylene and.t-butanol to
a gaseous 10 pHddetc &ddpbionoSiteRt iton af GPSBPBHUBPﬁﬁenEFﬁagyﬁFEi fxi-
contains not on]y nethacrolein and ne hac‘t_&l ic acid, . b% al so | ow boiling
: 8, *8ctdfeP

poi nt  by- pr odud¥®s 108U R 25T T8 Hd  PalM @ iy e 2 TaCEY 8f hyS&B&Pi ¢ acid
o e S PR 20 B DURLOAURL 8 2GR 8RS nd S 1 ¢
esterification step is a step of subjecting the meth-
10 acrylic acid obtained in the second oxidation step to
esterification, to thereby obtain methyl methacrylate.
Various proposals have been made on the catalyst
used in the first 6xidation step of the via methacrylic
acid process, that is, the catalyst used for producing
15 methacrolein by subjecting at least one starting mate-
rial selected from the group consisting of isobutylene
and t-butanol to a gaseous phase catalytic oxidation
reaction. Most of such proposals are concerned with
the selection of the types and ratios of the components
20 of the catalyst. For example, there can be mentioned
Examined Japanese Patent Application Publication No.
Sho 48-17253 (corresponding to Canadian Patent
No. 947,772), U.S. Patent Nos. 4,001,317 and 4,537,874,

and Unexamined Japanese Patent Application Laid-Open

25 Speci-fication Nos. Sho 60-163830, Sho 63-122641 and



stances and tarry substances. For obtaining a gaseous, oxidation reaction
product containing substantially no polyneric substances and the |like, the
above-nenti oned patent docunent proposes a method in which the gaseous, 20
oxi dation reaction product is contacted with a solid alkaline earth netal
conpound to thereby suppress the formation of the pol ynetd celyupyi2fbes and
the like, and also proposes a nethod in ich the polyneric sub- stances
and the |like contained .in the gaseous, oxida 25 tion reaction product are
deconposed and renoved there 17 February 2006 10 from This patent docunent
describes the atmiints22f140.heThy- patdlgetdsmaisectoaeddianthébe bytendduced
poly- meric substances, in addition to the anmounts of the produced

met hacr ol ei n antbdumeerpr=o duee G imetch aariyiliyc adciadhigviloweaer implroyegdat ent
docunent has no description about the trace inpurities which are causative
of the discol - wreltd arf dfhergldsjilreatepraduyitat andl, niadd¢hesenpatenits
considered that, since a high reaction tenperature, nanely 300 C to 400 C,
is used 10 in ddmumsgdond the dapeonimsngglofiathe congerpihdcitei peaci d
process, nost of the substances (such as diacetyl) causative of

di scol oriati on Viftxmenge dafy - theodadad vistst age PRAFt tBRi datrorfstBp gpa-
deconposed during the second oxidation step of the via methacrylic acid
process. 15 Corf$afiam I19f isedudydensnaad 6&8§§PP9& 8rddtBeor8tat P&n  have
not been particularly considered as being a _prob- lemin the case of the
vi a nethacryl i dBcivdedihodsand ﬁ@&@@éﬁylgfn£8rn8Ft5FFrBFe?HeoguBEFBﬁces
causative of discaloration are deconposed in the second oxidation 20 step
of the via et BEFRIY% 3% process, it is neces- sary that a catal yst

whi ch does not by_pﬁ@%ﬂcge%%%c%ugb the by-produced impurities formed

i0 in the via methacrylic acid process (that is, the prod-
ucts other than methacrolein and methacrylic acid which
are, respectively, the desired products of the first
and second oxidation steps of the via methacrylic acid
proceés), the descriptions of prior art dccuments are

15 as follows. For example, Examined Japanese Patent Ap-
plication Publication No. Sho 53-23809 describes the
selectivities for acetic acid, CO, and CO; Examined
Japanese Patent Application Publication No. Sho
57-61011 describes the selectivities for acetone and

20 acetic acid: and Examined Japanese Patent Application
Publication Nos. She 51-13125 and Sho 51-12605 each de-
scribe the selectivities for CO; and CO. In addition,
U.S. Patent No. 3,928,462 (corresponding to Examined
Japanese Patent Application Publication Nes. Sho

25 47-32043 and Sho 47-32044)} describes that the selectiv-



stances causative of discoloration be used in the first oxidation step of
the via nethacrylic acid process. In connection with the first and second
oxidation 25 steps of the via nmethacrylic acid process, Japanese 17
February 2006 11 Patent No. 2509049 (corresponding to U. S. Patent No.
5,264, 627) describes a nmeasure for reducing the anounts dfFabieary@pofities
which are causative of the discolorationgof nethyl methacrylate. In this
patent 5 docunment, the via nethacrylic aci'd process is perfornmed as
follows. At | east one conpound selected fromthe group consisting of

i sobutyl ene, t-itit st aadimdinhyls- 5t sbitbyle €t hexll of ntheodingsuelritbget her
wi th nol ecul ar oxygen, into a shell-and-tube heat exchanger type first 10
oxi dati on reactdwsqradiesd in ttheaboviedamendtiahgst padantt dboumgnhiss aoeh,

nol ybdenum and iron, and a gaseous phase catalytic oxidation reaction is
ef fect ed t her eidif flexrenitefeloyn dibeaisnbatgasesushiehcarencpusdtdvecodpri sed
mai nl y of nethacrol ein. Subsequently, the nethac 15 rol ei n-containi ng
gaseous reacti ai.gocdadwettiamd nol ecu- | ar oxygen are introduced into a
shel | -and-tube heat exchanger type second reactor packed with an oxide
cat al yst5 cont ai ni ng Imogida&aam, akgaphosphérnsneandPategtisdpndipraden
catalytic oxidation reaction is effected 20 therein to thereby produce a
gaseous reacti dwbdisatden HenpHeded-#RPAPYISFCREPPRACEYRT c2 R3OV R  thi s
met hod, the space of the gas outlet portion of the second_reac- tor is
packed with a §é%dd'~t|5f§'6’kirﬁ‘6°§é°§sPFBGPEHucBhiLﬁE 15oPHRE1BRAL RE §BRce (of

DR R R L X

consisting of isobutylene and t-butanocl to a gaseous

10 phase catalytic oxidation for producing methacrolein,
contains not only methacrolein and methacrylic acid,
but also low boiling point by-products (such as aceto-
aldehyde, acetone, acrolein, acetic acid and acrylic
acid), high boiiing point by-products (such as maleic

15 acid and aromatic carboxylic acids), polymeric sub-
stances and tarry substances. For obtaining a gaseous,
oxidation reaction product containing substantially no
polymeric substances and the like, the above-menticned
patent document proposes a methed in which the gaseous,

20 oxidation reaction product is contacted with a solid
alkaline earth metal compound to thereby suppress the
formation of the polymeric substances and the like, and
also proposes a method in which the polymeric sub-
stances and the like contained in the gaseous, oxida-

25 tion reaction preoduct are decomposed and removed there-



reactor, wherein the reduction of the volunme of the space of the gas
outlet portion is intended to shorten the residence tine of the gaseous
reaction product in the space of the gas outlet portion, thereby suppress
5 ing the by-production of diketones. This patent docu- ment further states
that, when diketones are contained in nethacrylic acid dbtFgbrEd 4986 the
first and second oxidation steps, a probjgmarises in that the di ketones
are converted into furan conpounds in the final meth 10 acryl ate pol yner
and the furan conpounds cause discol- oration of the polynmer. (In the

Wor ki ng Exanpl ésonf. This patemt document desetidss rile appibiie 95
nmentioned as a diketone.) Therefore, when the catal yst used in the first
re- 15 actor usbe by-phedabedemgdsiri beddnenfoting sby ripredeeed oPoh¥-t o
decrease the anount of the by-produced di ketones, the inproved catalyst is
effective for Besicasthgtensesandineddbtienetaubhe fReantawRht i@ of the

di scolora- tion of nethyl methacrylate _produced by the via neth- 20 acrylic
acid process. RI¥ogufeBeMmetbacrpdminhandetbei BrPoncedimeheaehblec 2ftfti oned
patent docunents, it has_been recognized to _sone extent. that thﬁ

di scol oPati on BPYREERy| thefhBEF§Rt| SPEUBRBHURRE BY FFRCTHRIHRR ARYYFi ¢ acid
process is 25 caused by the inpurities,. e.g. diacetyl ich are 17
February 2006 f§eb§?BF%d6EEHrEE£FﬁeWP?F§tagﬁi8%??%5¥%?e%Po€h?h TRTAL-
met hacrylic aci din areac- tion in which at

d gnocesg, nggﬁby b¥ﬁ r od ced in a _
| east one nemb&F25&PBcPEA™MP t & 5?5&% §8n5|st|ng of isobutyl ene and
t-butanol is sub 5 jgolgg,tooR, 9pgepUs phassecal yii ¢ axidatd amggaction
in the presence of a ca afys?, thereby produci ng neth-

reaction temperature, namely 300 °C to 400 °C, is used

10 in the second oxidation step of the via methacrylic
acid process, most of the substances (such as diacetyl)
causative of discoloration which are by-produced in the
first oxidation step are decomposed during the second
oxidation step of the via methacrylic acid process.

15 Consequently, the substances causative of discoloration
have not been particularly considered as being a prob-
lem in the case of the via methacrylic acid process.
However, since not all of the substances causative of
discoloration are decomposed in the second oxidation

20 step of the via methacrylic acid process, it is neces-
sary that a catalyst which does not by-produce the sub-
stances causative of discoloration be used in the first
oxidation step of the via methacrylic acid process.

In connection with the first and second oxidation

25 steps of the via methacrylic acid process, Japanese




acrol ein. However, there have been no nmethods for im proving the catal yst
used for producing nethacrolein in. the first oxidation step of the via
met hacrylic acid 10 process wherein the inprovenent is for decreasing the
anounts of the substances (such as diacetyl) causative of discoloration
whi ch are by-produced in the first oxidation step of thdnfepryayRERFylic
acid process. Wien nethyl nethacrylate isiproduced by the direct 15
M.-t o- MVA process, oxidative nethyl esterification (the second stage
reaction) is conducted at a |l ow tenpera- ture (roomtenperature to 100 C).
The advant age ofaterite N+ e230M4 S o-dvX gRTOUEENY $o Was .t Ratengl d of net hyl
nmet hacrylate is higher than in the case of the 20 via nethacrylic acid
process. Howeve¥Q. the & +&1) sqi-iadA S meassy ehf9ra rgdulsiam ithet hat nost
of the substances (such as diacetyl) causative of discolora- tion are not
deconposed by t3OWHEME sthfgemacitiios wuch pie gagsatdveapti é8eover into
t he subsequent 25 purification step. Therefore, in the direct M-to-MA 17
February 2006 PESFUOFEEiqpef metdwilngethacqyaritey ofRntehy I PaEeRECry-
late, it_is necessary to decrease the ampunt of the substances causative
of discolorati SPCURGh 4Me ViU ety 15y prdduBEaceast kg PPFEPTERSge
reaction. Thus, 5 reis % s&ron demand for l%he Jg_ievel ppent of a cata-
lyst which is & Sus hbt 16RFY PRet AAPPIURF gReleBt LI RAT yth%r

net hacr ol ei n canrol%e a%hi gV oJlL but gl so i_r_:,_ t hat t_tge cat | yst. ha hh: gh
her mal st abi | (B4 CORIST PSSt 60 SPESerdnc, SaR  Phe b8l BEEMLLy f or
ltgsello iSBpM‘\J/Li?:{it%éu%%ESl%%%ﬁﬁ%%‘d% i 0R,5aEne NELA H8YBcuigra M ninum
oxygen, into a shell-and-tube heat exchanger type first
10 oxidation reactor packed with an oxide catalyst con-
taining bismuth, molybdenum and iron, and a gaseous
Phase catalytic oxidaticn reaction is effected therein
to thereby obtain a gaseous reaction p:oduct comprised
mainly of methacrolein. Subsequently, the methac-
15 rolein-containing gaseous reaction product and moclecu-
lar oxygen are introduced into a shell-and-tube heat
exchanger type second reacto: packed with an oxide
catalyst containing molybdenum and phosphorus, and a
gaseous phase catalytic oxidation reaction is effected
20 therein to thereby produce & gaseous reaction product
comprised mainly of methacrylic acid. In this method,
the space of the gas outlet portion of the second reac-
tor is packed with a solid packing so as to reduce the

volume of the space (of the gas outlet portion) which

25 is present downstream of the catalyst bed in the second



In this situation, the present inventors have made 15 extensive and

i ntensive studies toward devel oping an oxide catalyst which is

advant ageous not only in that a high selectivity for nethacrolein can be
achieved, but also in that the catalyst has high thermal stability and
hi gh reduction resistance, and the selectivity for 20 thel7 rghiyaryi2886
causative of discoloration can be held to a mnimumlevel. As a
result, it has unexpect- edly been found at the above-nentioned obj ect
can be attained by an oxide catal yst conposition which com prises

nol ybdenum or ae@otbut, e whk rgbhy hHenwegasdibnngf 2bhet ealube sofit thei r on;

anti nony; at |east one nenber se 17 February 2006 15 |l ected fromthe group
consi sting of wplaceumfantiet lgas euetent pootidbheibahhhanded bersksregnl usive
of prome- thium and at |east one nenber selected fromthe group

consi sting of phkeaseisidencebitdmencéntheegasepuandegotfohaprodatel yn or a
m xture of cobalt and at |east one nenber selected fromthe group

consi sting of mahgnepeum odndhei ghel puthereportheny etperebyesupprnegsrati os
of the above-nentioned elenents and the rel ati onship between the anmounts
of the dbove- mingi shedbxrpredustipp efiodthetones. aThis Ratierty dgserific
requirenents. That is, it has unexpectedly been found that such oxide
catal yst conp®&rti SHrERRIrbEEtASt thaly Wher ol bRgEenest aFgstortatnedue to
its excellent properties with respect to thermal stability and reduction
resi stance, butPalM&tPgCRYghCsacis PRERiNeEy2FbRT nERhattBF bi FP AP SO 8w
selectivity for i es i are causat|ve, of discqiﬂgg%ion of

the inpurit whi ch
met hyl net hacr JFaE819ReSHPREent PROBRKET o HERS peRntPebnhiet 2883 on
this novel Tinding, AGEotdhnglYy bhrks GoRpoOREY 00 &L PlndnPpgsent
10 acrylate polymer and the furan compounds cause discol-
oration of the polymer. (In the Working Examples of
this patent document, acetonitrile acetone is mentioned
as a diketone.)
Therefore, when the catalyst used in the first re-
15 actor used in the above-described method is improved so
as to decrease the amount of the by-produced diketones,
the improved catalyst is effective for decreasing the
amounts of the substances causative of the disceclora-
tion of methyl methacrylate preduced by the via meth-
20 acrylic acid process.
As can be seen from the descriptions of the above
-mentioned patent documents, it has been recognized to
some extent that the discoloration of methyl methacry-
late produced by the via methacrylic acid process is

25 caused by the impurities, e.g. diacetyl, which are



20 invention to provide an oxide catal yst conposition for wuse in producing
nmet hacrolein or a mxture of nmethac- rolein and nethacrylic acid wherein
the nethacrolein or mxture has low inpurity content and is very advanta-
geous as a raw material for producing a highly trans 25 parent nethyl

met hacryl ate. 17 February 2006 16 The foregoi ng and ot her17o'fﬁl?§%@r¥,20§%atures
and ad- vantages of the present inventionwll be apparent to those
skilled in the art fromthe follow ng detailed description taken in
connection with the acconpanying 5 drawi ng and the appended cl ai ns. BRI EF
DESCRI PTI ON OF BHEpDRAESE Frngthe first fédoidathbon stemio the wiaeps of the
direct M.-to- MVA process conducted in the Exanples for 10 producing nethyl
met hacryl at e. DesthaprybhcofcRéf prepess Numarely by-prRiguredtidya et on
step 2: Methacrolein (MAL) absorption step 15 3: Second stage reaction
step 4: Met hacrbienninp Mirich egbvbegsttepe grenhey 34 aatrhtinem dhai |
separation step 6: H gh boiling point substance separation step 7: Low

boi | i ng poi nt s#Be¥Rreenstpbiagi of Steptviene and My PHERe A SER T MAR)
purification step DETAI LED DESCRI PTI ON OF THE | NVENTI ON According to the
present Pnventi #PSteheF@ 3 sIPFROVF deP I e it AXAA2 I/ IEATHPR or use
I n produc- 25 ing nethacrolein or a m xture of rret%gvcrol ejn and 17 February
2006 17 net hacr’y‘lﬁ‘gi?:h%cl?lae%‘?/n?%a?:fi‘?'lgc% alysht UiRFshhggodeing meth-

acrolein. However, there have been no methods for im-
proving the catalyst used for producing methacrolein im
the first oxidation step of the via methacrylic acid

10 process wherein the improvement is for decreasing the
amounts of the substances (such as diacetyl) causative
of discoloration which are by-produced in the first
oxidation step of the via methacrylic acid process.

When methyl methacrylate is produced by the direct

15 ML-to-MMA process, oxidative methyl esterification (the
second stage reaction) is conducted at a low tempera-
ture (room temperature to 100 °C}. The advantage of
the direct ML-to-MMA process is that the yield of
methyl methacrylate is higher than in the case of the

20 via methacrylic acid process. However, the direct
ML-to-MMA process has a problem in that most of the
substances (such as diacetyl) causative of discolora-
tion are not decomposed by the second stage reaction
catalyst and are carried over into the subsequent

25 purification step. Therefore, in the direct ML-to-MMA



| ected fromthe group consisting of isobutylene and t-butanol with a
nol ecul ar oxygen-contai ning gas, the oxide catalyst conposition being
represented by the 5 following forrmula (I): (MO+tW 1zBi aAbBc FedXe Sbf Qg
(1) 10 wherein: A is at |east one nenber selected fromthe_ group
consi sting of |anthanum cerium praseodynm um neodym um/ E&MW@I@PS

europi um gadolinium terbium dysprosiumy hol mium erbium thulium
ytterbium lutetiumand yttrium B is at |east one nenber selected from
the group consisting of potassium rubidiumand cesium 15 X is cobalt
solely, or a m graressi Cobalmpaodiny theagtalidey nefrimstisel endtdchdryom t he
group consist- ing of nmagnesi um and ni ckel; wherein the nunber of

nol ybdenum ( M) tatensitsisnnectesanngeo oledremserorte tdareontt taf the and t he
num 20 ber of tungsten (W atons is in the range of fromO to |ess than 3,
each rel ative t8vuPfeppeesteavsative hef t@testobiramigbderhiel MYe dmbu-ungst en
(W,; and a, b, ¢, d, e, f and g are, respectively, the atomc ratios of
bi snuth (Bi), A,ritﬁ'-e?r}éiﬁ“QF%‘}?C@@ 5 e i Horst (SHgarkkasdigan (Ohusrel ati ve
to twel ve 17 February 2006 18 5 10 15 20 atoms of the total of nolybdenum
(Mb) and tungstgger?vgg a strong demand for the development of a cata-

lyst which is advantageous not only in that a high
selectivity for methacrolein can be achieved, but also
in that the catalyst has high thermal stabiiity and
high reduction resistance, and the selectivity for the
10 impurities causative of discoloration can be held down

to a minimum level.

SUMMARY OF THE INVENTION

In this situation, the present inventors have made
15 extensive and intensive studies toward developing an
oxide catalyst which is advantageous not only in that a
high selectivity for methacrolein can be achieved, but
also in that the catalyst has high thermal stability
and high reduction resistance, and the selectivity for
20 the impurities causative of discoloration can be held
down to a minimum level. As a result, it has unexpect-
edly been found that the above-mentioned object can be
attained by an oxide catalyst composition which com-
prises molybdenum or a mixture of molybdenum and tung-

25 sten; bismuth; iron; antimony; at least one member se-



wherein 0<as8 O0<bs8 O0<c<3 02<d<5 1ses12 0.1
<f <3, and g is the nunber of oxygen atons required to satisfy the

val ence .requirenents of the other elenments present; and wherein a, b, c, d
and f satisfy the requirenents of the follow ng fornmulae: 0.02 < b/(a+b+c)
< 0.6, 0 < c/(ath+c) s 0.9, 0.01 < d/(a+b+d) s 0.9, and 17Fgbreary200& 2. 5,
For easy understanding of the present inv lon, the essential features
and various preferred enbodi- nments of the present invention are enunerated

bel ow. 1. An oxide catal yst conposition for use in producing 25
nmet hacr ol ei n or lactedt Aremothaeyhaap otensiahing 7o Feprtaiym 2006 it
nmet hacrylic acid by reacting at | east one nenber se- lected fromthe group
consi sting of i|isadbmepkenefabbe labthanoidwséhias nexteslusd are oxfy garemont ai ni ng
gas, the oxide catalyst conposition being represented by the 5 foll ow ng
formula (1): (MOeWIm2Baadb8t FeeaxeSpi@Im¢nherd Osdbe®RR@Xrom the group
consisting of potassium, rubidium and cesium; and co-
5 balt sclely, or a mixture of cobalt and at least one
member selected from the group consisting of magnesium
and nickel, wherein the respective atomic ratios of the
above-mentioned elements and the relationship between
the amounts of the above-mentioned elements are chosen
10 so as to satisfy specific requirements. That is, it
has unexpectedly been found that such oxide catalyst
composition exhibits not only a prolonged catalyst life
due to its excellent properties with respect to thermal
stability and reduction resistance, but also a high se-
15 lectivity for methacrolein and a low selectivity for
the impurities which are causative of discoleoration of
methyl methacrylate. The present invention has been
completed, based on this novel finding.
Accordingly, it is a primary object of the present
20 invention to provide an oxide catalyst composition feor
use in producing methacrolein or a mixture of methac-
rolein and methacrylic acid wherein the methacrolein or
mixture has low impurity content and is very advanta-

gecus as a raw material for producing a highly trans-

25 parent methyl methacrylate.



wherein: A is at |east one nenber selected fromthe group consisting of

| ant hanum cerium praseodym um neodym um samarium europi um

gadol i nium terbium dysprosium holmum erbium thulium ytterbium
lutetiumand yttrium B is at |east one nenber selected fromthe group
consi sting of potassium rubidiumand cesium X is cobal t17skahsugry 28P6 a

m xture of cobalt and at |east one nmenbegy¢selected fromthe group consist-
i ng of magnesi um and ni ckel; wherein the nunber of nolybdenum (M) atons is
in the range of fromnore than 9 to 12, and the num ber of tungsten (W
atons is in the rangmeoffdrayning tand eshetrhabjdcteachenthatsventioanel ve
atons of the total of nolybdenum (M) and tungsten (W; and a, b, c, d,
e, f and g are,varesped iofelthe tpreseattodingendtioos wafl LbbemappafBRx, tR B,
iron (Fe), X, antinmony (Sb) and oxygen (0), relative to twelve 17 February
2006 20 5 10 13rusmrsskiflldik itrottdle efrtndirpbdehemtelBpwang defgdted (W,
wherein 0<a8 0<b8 O0<c<3 02<d<5b 1s es12 0.1<f
< 3, and description taken in connection with the accompanying

5 drawing and the appended claims.

BRIEF DESCRIPTION OF THE DRAWING

Figure is a flow chart showing the steps of the
direct ML-to-MMA process conducted in the Examples for

10 producing methyl methacrylate.

Description of Reference Numerals

l: PFirst stage reaction step
2: Methacrolein (MAL) absorption step
15 3: Second stage reaction step
4: Methacrolein (MAL) recovery step
5: Acid treatment/water-oil separation step
6: High boiling point substance separation step
7: Low boiling point substance separation step

20 8: - Methyl methacrylate (MMA) purification step

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, there is pro-
vided an oxide catalyst composition for use in produc-

25 ing methacrolein or a mixture of methacrolein and



g is the nunber of oxygen atons required to satisfy the valence
requirements of the other elenents present; and wherein a, b, ¢, d and f
satisfy the requirenents of the followi ng formulae: 0.02 < b/(a+b+c) <
0.6, O < c/(atb+c) s 0.9, 0.01 < d/(atb+d) s 0.9, and 0.1 < d-f < 2.5. 20
2. The oxide catal yst conposition according to item1 albdveebrygig280&, in
the mxture X in formula (1), the atomcjratio of cobalt to the total of
cobalt, magne- sium and nickel is 0.5 or nore, wherein, when the m xture X
in formula (1) con- 25 tains magnesium the atomc ratio of magnesiumto
the 17 Februar ymetdc2dliotatidiby arddt imnpgriesiaantantheninehdden rseghe
mxture X is 0.5 or less, and wherein, when the mxture X in formula (1)
con- tains nickkgtedhefmironile rataup afondicksing @f Hesdottatler® @gndobal t,
magnesi um and nickel in the mxture Xis |l|ess than 0.33. 3. The oxide

cat al yst conpostthwtranckoridimg e lig@amidr oy eraimordaivigreigass, theand ¢ in
formula (1) satisfy 10 the requirenents of the fornula: 0.05 < b/(a +b+ ¢)
< 0.5. 4. The @xi%% il et qampseslitiiam hedadr dieRFaserdid hohdhsf items 1
to 3 above, wherein a, b and c in for 15 nmula (1) satisfy the requirenents
of the f®rnul a:fothowdng/formul® (L)g. 8. 5. The oxide catal yst conposition

according to any one of itenms 1 to 4 above, wherein a, b, d and f in
(Mo + W) 33 Big Ay Be Feg Xe Sbe Og (1)

wherein:
A 1is at least one member selected from the group
consisting of lanthanum, cerium, praseodymium,

10 neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium,
lutetium and yttrium;

B is at least one member selected from the group
consisting of potassium, rubidium and cesium;

15 X is cobalt solely, or a mixture cof cobalt and at
least one member selected from the group consist-
ing of magnesium and nickel:
wherein the number of molybdenum (Mo) atoms is in
the range of from more than 9 to 12, and the num-

20 ber of tungsten (W) atoms is in the range of from
0 to less than 3, each relative to twelve atoms of
the total of molybdenum (Mo) and tungsten (W); and
a, b, c, d, e, £ and g are, respectively, the
atomic ratios of bismuth (Bi), A, B, iren (Fe), X,

25 antimony {(Sb) and oxygen {0}, relative to twelve



20 formula (1) satisfy the requirenents of the fornmulae: 0.2 < d/(a+b+d) <
0.9 and 0.3 s d-f s 2.3. 25 Hereinbelow, the present invention will be de-
scribed in detail. The oxide catal yst conposition of the present in 17
February 2006 22 vention is represented by the follow ng formula &Ie]:
( Mo+W 12Bi aAbBc FedXeSbf09 (1) 5 10 15 20 25 wherein: A sFehruans28v6 one
menber selected fromthe group consistinggof |anthanum cerium
praseodym um neodym um samarium europlium gadolinium terbium
dysprosium holmum erbium thulium ytterbium Jlutetiumand yttrium B
is at | east one neniadromselcfctid frodmlit bé gedybdecomsi(¥b)ngndf tpogassinum
rubi diumand cesium X is cobalt solely, or a mxture of cobalt and at
| east one nenber sel(@bt.ed fromthe group consist- ing of magnesi um and
ni ckel ; wherein the nunber of nolybdenum (Mb) atons is in the range of
fromnore than 9 towh®&redmd the num ber of tungsten (W atons is in the
range of from O to less than 3, each relative to twelve atons of the
total of nolybdenum (M) Gard & sngsten (W, and a, b, c, d, e, f and g are,
respectively, the atomc ratios of bismuth (Bi), A B, iron (Fe), X
5 0 < b s 8,
0 < c < 3,
0.2 < d < 5,
l=<e =< 12,
0.1 < £ ¢ 3, and
10 g is the number of oxygen atoms required
to satisfy the valence requirements of
the other elements present; and
wherein a, b, ¢, 4 and £ satisfy the requirements
of the following formulae:
15 0.02 < b/{(a+b+c) < 0.6,
0 ¢ c/{a+b+c) = 0.9,
0.01 < d/(a+b+d} = 0.9, and

0.1 < d-f < 2.5.

20 For easy understanding of the present invention,
the essential features and various preferred embodi-

ments of the present invention are enumerated below.

1. An oxide catalyst composition for use in producing

25 methacrolein or a mixture of methacrolein and



antinmony (Sb) and oxygen (0), relative to twelve atons of the total of
nol ybdenum (M) and tungsten (W, wherein 0 < a s 8, 17 February 2006 23
0O0<bs8 0<c<3 0.2<d<b5 1sesll12 501<f <3 andgis
t he nunber of oxygen atons required to satisfy the valence requirenents of
the other el ements present; and wherein a, b, c, d and f 1€dwEbsyasy 2peb
requirenents 10 of the follow ng fornulagy 0.02 < b/(atb+c) < 0.6, 0 <
c/(a+tb+c) s 0.9, 0.01 < d/(a+b+d) s 0.9, and 0.1 < d-f < 2.5. 15 In the
present invention, nolybdenum (M) is an indispensable conponent for the
oxi de cat al yst metipastylic ciciduby ttwgst By (Y s theries etbriberpaet-i al
substitu- tion for nolybdenum The nunber of nolybdenumatons is in the
range of from nbeetédatrdntithd 2grouefasadist ifmpom 20 sanegytlezare @nd to 12,
and the nunber of tungsten atons is in the range of fromO to |ess than 3,
preferably fromButandessithan o becwbuh eaigen-vwentainisigygast.ovtie of t he
total of nol ybdenum and tungsten. In the present invention, bismuth (Bi) is
i ndi s- 25 pensatkidd oratdieysly ntdrmssi ofondteiag gleginesepdredy theFebr uary
2006
5 following formula (I):
(Mo + W), Biy A B, Feg X, Sbfog (I)
wherein:
A is at least one member selected from the group
consisting of lanthanum, cerium, praseodymium,

10 neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium,
lutetium and yttrium:

B is at least one member selected from the group
consisting of potassium, rubidium and cesium;

15 ¥ is cobalt solely, or a mixture of cobalt and at
least one member selected from the group consist-
ing of magnesium and nickel;
wherein the number of molybdenum {Mo) atoms is in
the range of from more than 9 to 12, and the num-

20 ber of tungsten (W) atoms is in the range of from
0 to less than 3, each relative to twelve atoms of
the total of molybdenum (Mo} and tungsten (W); and
a, b, ¢, d4d, e, £ and g are, respectively, the

atomic ratios of bismuth (Bi), A, B, iron (Fe), X,

25 antimony (Sb) and oxygen (0}, relative to twelve



24 viding an oxi de catal yst conposition capable of achiev- ing the
catalytic performances ained at in the present invention, it is necessary
that the atomc ratio (a) of bismuth, relative to twelve atons of the
total of no 5 | ybdenum and tungsten, satisfy the relationship 0 < a s 8.
informula (1) is at |east one nenber selected fromthe ldrfibuaBsR8P&:ting
of yttriumand the elenents of the | anthgpoid series exclusive of

pronet hium that 10 is, at |east one nmenbér selected fromthe group con-
sisting of |anthanum (La), cerium (Ce), praseodym um (Pr), neodym um (Nd),
samari um (Sm), europtumy B , thegadaladiniofmmoGgodenambi Mo ( Zh), tdygetes um
(Dy), holmum (Ho), erbium(Er), thulium (Tm, ytterbium (Yb), lute 15
tium (Lu) and yttriumM).Y). Elenent A is indispensable for inparting
excellent thermal stability and reduction resistance to the oxide catal yst
conposition. For at wheaiedimng this purpose, it is necessary that the atomc
ratio (b) of A relative to twelve atons of the total 20 of nol ybdenum and
tungsten, satisfy the reltatd@shi8p 0 < b s 8 Bin formula (I) is at |east
one nenber selected fromthe group consisting of potassium (K), rubidium
(Rb) and5cesium (Cs). El énentt B iBs i ndi spensable for 25 not only further
enhancing the effect of addition of 17 February 2006 25 elenent A, but also
for inmproving the selectiQi% ¥ Ko« nethacrol ein. For attaining these
purposes, it is nec- essary that the atomc ratio (c) of B, relative to
twel ve atoms of the total®df <md yodenum and tungsten, 5 satisfy the

relationship 0 < c < 3. \Wen the atomc
l e s 12,

0.1 < £ < 3, and
10 g is the number of coxygen atoms regquired
to satisfy the valence requirements of
the other elements present; and
wherein a, b, ¢, d and f satisfy the requirements
of the following formulae:
15 0.02 ¢ b/{a+db+c) < 0.6,
0 < c/{(a+b+c) = 0.9,
0.01 < d/{a+b+d) = 0.9, and

0.1 ¢ d-f < 2.5.

20 2. The oxide catalyst composition according to item 1
above, wherein, in the mixture X in formula (I), the
atomic ratio of cobalt to the total of cobalt, magne-
sium and nickel is 0.5 or more,

wherein, when the mixture X in formula (I} con-

25 tains magnesium, the atomic ratioc of magnesium to the



ratio (c) of B becones 3 or nore, it becones inpossible to obtain an oxide
catal yst conposition having the de- sired catalytic activity even if not
only the anount of at |east one el enent selected fromthe group consisting
10 of potassium (K), rubidium (Rb) and cesium (Cs), but .also the
calcination and firing tenperatures are appro- priately riggighitan 2086y

obtai ning an oxide catalyst conposition having the desired catalytic
activity, it is preferred that the atomc'ratio (c) of B, relative 15 to

twel ve atons of the total of nolybdenum and tungsten, is in the range of
fromnore than 6Gotall esSsctbaht 2. Bagne®im athdmiagedudsiny dtheomimdred Xan 0 to
|l ess than 1.5, still nore advantageously fromnore than O to | ess than

1.2. 20 In the pse8ehtornvesns | camdf or obtaining remarkable inprovenents in
the thermal stability and reduction re- sistance by the addition of el enent
A (i.e., at least oreemEithervissl ethednitome e igr digrmedesi (k)i mprof La, Ce,
Pr, Nd, Sm Eu, G&Gd, Th, Dy, Ho, Er, Tm Yb, Lu and Y), 25 while maintaining
the high sel ectt®iny fibrkeret hthe odedmic A tHabrafamicxEie 6 the itetiadport ant
to adjust the relationship between the anounts of elenment A bisnuth (Bi)
and el enBnt B (?fecoball. |Raghephan dndhahicksd] dat ddef mimtuFe gr dup
consisting of potassium rubidiumand cesiunm). Specifically, it 5is

i nportant that t#®S atRAR Cr3dios a, b and ¢ in for- mula (1) satisfy the
relationship 0.02 < b/(a +b+ ¢c) < 0.6, preferably 0.05 < b/ (a + b+c) <
0.5. In addition, for synergistically inproving the ef- fect of adding

elenment B, it is i rtant, 1o adjust the 10 rel ationship between th
anounts of el eni'nt , %i%ﬁﬁ% cf% SIMSAMPRS TE5Q8 ACCHMOFRS (9 §‘qzleﬁbgrtant
that the or 2 above, wherein a, b and ¢ in formula (I) satisfy

10 the requirements of the formula: 0.05 < b/{a+b+c) <
0.5.
4. The oxide catalyst composition according to any

one of items 1 to 3 above, wherein a, b and ¢ in for-~
i5 mula (I) satisfy the requirements of the formula: 0.1 <

c/(a+b+c) ¢ 0.8.

5. The oxide catalyst composition according to any
one of items 1 to 4 above, wherein a, b, d and £ in
20 formula (I) satisfy the requirements of the formulae:

0.2 < d/{(a+b+4d} < 0.9 and 0.3 = d-f < 2.3.

Hereinbelow, the present invention will be de-
scribed in detail.

25 The oxide catalyst composition of the present in-



atomc ratios a, b and c in formula (1) satisfy the re- lationship 0 < c/(a
+ b+c) s 0.9, preferably 0.1 < c/(a +b+c) < 0.8. 15 The reason why the
excel l ent performances ained at in the present invention can be achi eved
when anobunts of bisnuth, element A and elenment B satisfy the above-
nmentioned requirenents has not yet been elucidated. HoweWerebryan 2P8@son is
believed to be as follows. Wen 20 bi snut el ement A and elenent B are
used so as to sat- isfy a specific relationship, nolybdic acid conpounds
respectively of bisnmuth, elenment A and elenent B (or such nolybdic acid

conpounds as wekknaésohubgstepresansteéd vpnpRentsllesiestfamhylaf(Db) snuth,
el ement A and ele 25 nent B when tungsten is also contained in the oxide 17

February 2006 27 catal yst (Bompw3$is BOOA, BRde,on Siod g sol yi)l i zati on
t her eby exhi biting advant ageous performances desired in the present
invention. In tWwBepeésent invention, iron (Fe) is indispensa- 5 ble,
simlarly to bismuth, for commercial scale synthe- sis of nethacrolein.
However, when too | a& ges et amaalt ond menreld ssel@EntEidhddom tihiee gaeiuge
catal yst conposition, the anount of by-products, such as CO and CQ2. is
likely t8 increase, ¢nSsistomg iafy handhasiuet jagnipnf.opr as@ oy a8 ol ei n
Therefore, it is necessary that the atomc ratio (d) of iron, relative to
twel ve atons of thé&WiEiw, FARATISHUM SHEPR st B0 NIy + HeTRikyge  of
from0.2 <d < 5. Further, with respect to _the iron _conponent, it is 15
inportant to adjust $¥PLTAE .0 AT Wkt GFH Whe thddut s Yot eFPGHM bi snut h
and elenent A and it is nec- e s%ﬁy_that the atomc ratios a, b and d in
lutetium and yttrium;
formula (1)
B is at least one member selected from the group
10 consisting of potassium, rubidium and cesium;
X is cobalt solely, or a mixture of cobalt and at
least one member selected from the group consist-
ing of magnesium and nickel;
wherein the number of molybdenum (Mo) atoms is in
15 the range of from more than 9 to 12, and the num-
ber of tungsten (W) atoms 1s in the range of from
0 to less than 3, each relative to twelve atoms of
the total of molybdenum (Mo) and tungsten {(W); and
a, b, c, d, e, £f and g are, respectively, the
20 atomic ratios of bismuth (Bi), A, B, iron (Fe), X,
antimony (Sb) and oxygen (0), relative to twelve
atoms of the total of molybdenum (Mo) and tungsten
(W),

wherein

25 0 ¢ a =< 8,



satisfy the relationship 0.01 < d/(atb+d) s 0.9, preferably 0.2 < d/(atb +
d < 0.9. Fromthe viewpoint 20 of achieving high selectivity for

nmet hacrolein, it is preferred that the atomc ratios a, b and d, relative
to twelve atons of the total of nol ybdenum and tungsten, satisfy the
relationships 0.2 <d <5 and 0 < d/(a+b + d) s 0.9, norl feusizy200§ 0.2 <
ds 4 and 0.01 < d/(a + 25 b+d) s 0.9, stpLl nore preferably 0.2 <d s 4
and 0.2 17 February 2006 28 < d/(atb+d) <70.9. In the oxide catalyst
conposition of the present invention which is represented by fornmula (1),
X is co- balt solely, or g qnixtdrge of cobalt and at | east one 5 nenber

sel ected fromthe group consisting of magnesium and nickel. Cobalt (Co) X
in formula (1) is indispem-<sable for inproving the catalytic activity of

t he oxide catalyst conposition without |lowering the selectivity for

met hacrol ein. Specificall®,2i¢ d X rfecessary that 10 the atomc ratio (e) of
X, relative to twelve atons of the total of nol ybdenum and tungsten,
satisfy the relationshifm k ® e« 9212. In X of fornmula (1), magnesi um (M)
and nickel (N) are elenents which can be used in partial substi- 15
tution fbr the cobalt corfponentf MBt.-har@spect to the cost of a starting
material, a magnesiummaterial and a nickel material are | ess expensive
than a cobalt nate- rial .9 Ffertdfeomamber of CFY9ercRAPPG HREFEAF&Heous t hat
magnesi um and/ or ni ckel can be used in partial substi 20 tutign for the
cobalt conponent, from tH® AaRFEnither Valegger F6FUdFeRERaPySE producti on
cost. However, if magnesi.um nickel or m_xt ur e  of Flg%gnesi um and ni ckel

is used as X without beiAg-cSHHSTed ﬁ%@ol?ﬁets,enitt’

wherein a, b, ¢, d and £ satisfy the requirements
10 of the following formulae:
0.02 < b/la+b+c) < 0.6,
0 ¢ c/{la+b+c) = 0.9,
0.01 < d/(a+b+d) = 0.9, and
0.1 < d-f ¢ 2.5.

15 In the present invention, molybdenum (Mo) is an
indispensable component for the oxide catalyst composi-
tion, but tungsten (W) may be used in partial substitu-
tion for molybdenum. The number of molybdenum atoms is
in the range of from more than 9 to 12, preferably from

20 more than 9.5 to 12, and the number of tungsten atoms
is in the range of from 0 to less than 3, preferably
from 0 to less than 2.5, each relative to twelve atoms
of the total of molybdenum and tungsten.

In the present invention, bismuth (Bi) is indis-

25 pensable for the synthesis of methacrolein. For pro-



I npossible to satisfactorily inprove the catalytic ac 25 tivity of the

oxi de catal yst conposition. In the mx 17 February 2006 29 ture X in
formula (1), it is preferred that the atomic ratio of cobalt to the total
of cobalt, magnesiumand nickel is 0.5 or nore. Wien the nmixture X in
formula (1) contains magnesium the atomic ratio of magndsiapmay 2808 he
total of cobalt, magnesium and nickel in the mxture X is preferably 0.5
or less. Wien the mxture X in forrmula (I) contains nickel, the atomc
ratio of nickel to the total of cobalt, magnesium and nickel in the

m xture X is prefidinpl gn| exsde haatOl B8t ddnpositicopreamaile mEermdhobgv-
antinony (Sb) is indis- pensable for suppressing the selectivity for

di acetyl and bynprtdecedtalvbhydesyfauraness ationehl aeimethenprezent ei n.
Specifically, it is necessary that the atomc ratio (f) of antinony,
relative to twelpeentdaR. 15t o s thrce sty dfhai| il afimmihratimgstah, of
satisfy the relationship 0.1 <f < 3. For further inproving the catalytic
activity of thebdpgehcafalgbiveomposiadeh atqns jof g diatadd (Hatmehe
atomc ratio (f) of antinony satisfies the relationship 0.3 s f s 2.5. 20
For mai nPai ni ngi¥YPéeran caitd \iERa$tRn n@atdety dihe relptionsdd@sdary & kat t he
anopunts of antinony and iron satisfy a specific relationshinp.

Specifically, i% is necessary that d and f in fornula (1) satisfy the
rela- tionship 0.1 furt her rovin

activity of the oxi (?é%é;atféﬁz?gﬁacgﬁho%ist F&n}elfgl%FgBPug‘P%‘ %ﬁggeggtci%l? 't!sc
Fz)r gf erred that Prgmdtﬂe 'é}ct&; rggn%i(slt)insgatoifs f)%trrt}.%m 'ra%ld‘(attih%n%}liepl'le%t?’s s d-f.s
of the lanthanoid series exclusive of promethium, that
10 is, at least one member selected from the group con-
sisting of lanthanum (La}, cerium (Ce)}, praseocdymium
(Pr), neodymium (Nd), samarium (Sm), europium (Eu),
gadelinium (Gd), terbium (Tb), dysprosium (Dy), holmium
(Ho), erbium (Er), thulium {(Tm), ytterbium (¥b), lute-
15 tium (Lu) and yttrium (¥). Element A is indispensable
for imparting excellent thermal stability and reduction
resistance to the oxide catalyst composition. For at-
taining this purpose, it is necessary that the atomic
ratio (b) of A, relative to twelve atoms of the total
20 of molybdenum and tungsten, satisfy the relationship 0
< b = 8,
B in formula (I) is at least one member selected
from the group consisting of potassium {K), rubidium

(Rb) and cesium (Cs). Element B is indispensable for

25 not only further enhancing the effect of addition of



In addition, fromthe viewpoint of achieving a high selectivity for

nmet hacrolein, it is preferred that 5 the atomc ratio (d) of iron and the
atomc ratio (f) of antinony satisfy the relationships 0.3 s d-f s 2.3 and
0.2 <d/(a +b +d) < 0.9 sinultaneously. Next, nethods for producing the

oxi de catalyst 10 conposition of the present invention éﬁé:@klﬁﬁmﬁa% in
detail. Wth respect to the nethods for ppgducing the ox- ide catalyst
conposition of the present invention, there is no particular limtation,
and any conventional 15 nethod can be used as long as it enables the
production 20 2&8laferan 2oXilbet raime st ddnpgoovigrgmibhe (sle)lesdidwd tyFdiorex-

anpl e, the oxide catal yst conposition of the present invention can be
produced by a mettlabxhiein cofpri aésainhegf theewi pgrpeeps.oft (1§, ng2)y and
(3). In step (1), a slurry of starting materials as sources of elenents
used in the oxieRsary dihah tdfe tatomis aadrio i(Mle®d Bn Tel@tdygr &@. Exanpl es
of sources of nol ybdenum tungsten, bisnmuth, |anthanum cerium pra-
seodyni um neod‘Wﬁﬁm atmd iafmtheurtqialmofgaedyPArORM apdr BROAF t&8Pspr osi um
hol mum _erbium thulium ytter 17 February 2006 31 biu lutetium
yttrium3iron, SHPARY thegFediafmonshickd < Fotadsi u’t’ﬂ"eFH{épﬁi BkPBAE cesium

i ncl ude ammonium_ salts, nitrates, nitrites, chlaorides, sulfates aE& or -

gani ¢ aci d sal <20 s @TelBehafoesyd OF HicdesoftbPECE™RR WEPESSIPLfi tric
aci d. Especi al l%/%rf%t i.s preferred urce and a.tungsten

. t. hat | ybd
source are am RhAidaIs o%ae §’a§Ia§'6's%r Eng’g%lpégr%#%‘ts &80 8e LG 98-

sired catalytic activity even if not only the amount of
at least one element selected from the group consisting

10 of potassium (K), rubidium (Rb) and cesium (Cs), but
.also the calcination and firing temperatures are appro-
priately regulated. For obtaining an oxide catalyst
composition having the desired catalytic activity, it
is preferred that the atomic ratio (c) of B, relative

15 to twelve atoms of the total of molybdenum and tungsten,
is in the range of from more than 0 to less than 2.0,
more advantageously from more than 0 to less than 1.5,
still more advantagecously from more than 0 to less than
1.2.

20 In the present invention, for obtaining remarkable
improvements in the thermal stability and reduction re-
sistance by the addition of element A (i.e., at least
one member selected from the group consisting of La, Ce,
Pr, N4, Sm, Eu, G4, Tb, Dy, Ho, Er, Tm, ¥b, Lu and Y},

25 while maintaining the high selectivity for methacrolein,



bi snut h, | anthanum cerium praseodym um neodym um samarium europi um
gadolinium terbium dysprosium 10 holmum erbium thulium ytterbium
lutetium yttrium iron, cobalt, magnesium nickel, potassium rubidium
and cesiumare nitrates or nitrites of these elenents. As sources of
antinony, there can be nentioned anti nony pentaoxide, art/ififbary F0¥i de
and nmetal lic antinony. 15 Fromthe viewpojat of availability, antinony
trioxide is preferred as an antinony source. Wth respect to the nethods
for preparing a slurry of starting materials as sources of elenents, there
is no particulaf id nirpridtent ter a@jaekl ehearslatignshipObstaeennghe
materials can be prepared as follows. An aqueous suspension of amoni um
nmol ybdat e, amMmmoamaimts wigstlsmenand abtismot) (Bidxanid eSempempaleld .and t he
prepared suspension is heated to 80 Cto 90 C while stirring, followed by
the addition ofathyldrecdemwnperdereet 28lectelefebyp bheagnospl genshsting

cont ai ni ng nol ybdenum 17 February 2006 32 5 10 15 20 25 tungsten and
antinony. On t e goierssiamd, mubtiddues apd casinm) es SHewificgakleneht s are

di ssolved in water or an aqueous solution of nitric acid to thereby obtain
solu- ti%n 2. T igcatesd $blak ithe 2tpaigi xa8ioktA. t ReanP@bBvEDNEATT oned
solution 1 containing nmolybdenum tung- sten and antinony, to thereby
obtain a slurrywe dfdr satisg yndber F&&é?lpﬁsg%épo(@?, <tRé&lar® MyF bt ai ned

in the step (1)
0.6, preferably 0.05 < b/{(a+b+c) < 0.5.
In addition, for synergistically improving the ef-
fect of adding element B, it is important teo adjust the

10 relationship between the amounts of element B, bismuth
and element A. Specifically, it is important that the
atomic ratios a, b and ¢ in formula (I) satisfy the re-
lationship 0 ¢ c¢/(a+b+c) < 0.9, preferably 0.1 < c¢/(a
+b+c) < 0.8.

15 The reason why the excellent performances aimed at
in the present invention can be achieved when amounts
of bismuth, element A and element B satisfy the above-
mentioned requirements has not yet been elucidated.
However, the reason is believed to be as follows. When

20 bismuth, element A and element B are used so as to sat-
isfy a specific relationship, molybdic acid compounds
respectively of bismuth, element A and element B (or
such molybdic acid compounds as well as tungstenic acid
compounds respectively of bismuth, element A and ele-

25 ment B when tungsten is also contained in the oxide



above is subjected to spray drying, to thereby obtain a spherical or

quasi spherical particul ate catal yst pre- cursor. The spray drying of the
slurry can be con- ducted by a conventional method commercially enpl oyed,
such as centrifugation, a two-phase flow nozzle nethod or a high pressure
nozzle nethod, to obtain a dried particulate catalyst préEGPEEFY 2046 thijs
instance, it 1is preferred to use air whigh has been heated by an electric
heater, steamor the like, as a heat source for drying. In this case, it
is preferred that the en- trance tenperature of the dryer section of the
spray dryer i satmimst5eobpbeit@OnC. uBdetrbe astidfsohebiliizatiparticul ate
catal yst precursor thus obtained, it becones possible to obtain the oxide
cat al yst conpogiherebynekhibhéihgr adwintiagerus upedfeanangss, desipedf érabl y
in the formof a tableted catalyst which is preferred because of
uniformty in $heppraséndensiveptinareof. 17 February 2006 33 In step (3),
the dried particulate catalyst pre- cursor obtained in step (2) above is
cal cined and fi- nafhythprpgesenthiRree)tboRai Hren deke t elis ol GLSRR P yst
conposition. The dried particulate catalyst precursor 5 is calcined at a

t enper athur e of bleonsiBdleriy ZoobEsmEbR. afBht COMereiak Honte, syhther
desired, the resul- tant cal cined product is nolded into an appropriate

shape by ext r u§i&nCfoMBERECEPLEAR! etHIEVS DI GV HRP 3588 &1 APk a
tenperature of from 350 C to 600 g 10 %or 1 t& 24 go rs, For ca{gigagion
and final f|r|H§,l£°nkFFn?°§EEﬁn3 At P%r?xk FrTe® %ﬂﬁe?oﬁ??%_ % muffle
KoL 5 S SERY, (REQTLAE HysiRabokes! pBMoN o bhasBbeetian 1y for the
likely to increase, thus lowering the selectivity for
10 methacrolein. Therefore, it is necessary that the
atomic ratio (d) of iron, relative to twelve atoms of
the total of molybdenum and tungsten, is in the range
of from 0.2 ¢ 4 < 5.
Further, with respect to the iron component, it is
15 important to adjust the relationship between the
amounts of iron, bismuth and element A, and it is nec-
essary that the atomic ratios a, b and d in formula (I)
satisfy the relationship 0.01 < d/{a+b+d) s 0.9,
preferably 0.2 < d/{a+b+d) ¢ 0.9. From the viewpocint
20 of achieving high selectivity for methacrolein, it is
preferred that the atomic ratios a, b and d, relative
to twelve atoms of the total of molybdenum and tungsten,
satisfy the relationships 0.2 ¢ d < 5 and 0 < d/(a+b+

d) = 0.9, more preferably 0.2 < 4 = 4 and 0.01 < d/(a+

25 b+d) = 0.9, still more preferably 0.2 < d = 4 and 0.2



15 is used or, if used, the ambunt of silica in the oxide catalyst
conposition is as small as possible. However, when it is desired to

i ncrease the surface area of the oxide catalyst conposition so as to

i nprove the activ- ity thereof, silica my be used in a linmted anpunt. 20
Exanmpl es of silica sources include silica sol, silica gafFehRgna2d§ i cate,
such as potassiumsilicate or so- diumsijgcate. In the oxide catalyst
conposition, it 1is preferred that the atomc ratio of silica, relative to
twel ve atons of the total of nolybdenum and tungsten, 25 is 3 or less, nore
preferably 1 or |d¢d® + dt4 ) foPe217 February 2006 34 preferably 0.1 or

l ess, in terns of silicon (Si). The oxide catal yst conposition of the
present in vention & &hearziget chtplyst rampestititphgofethacpoveepnt 5 or a
m xture of methacrolein and methacrylic acid by reacting at | east one
menber sel ect edPVedFiORe Whi6hp 1Sc5ABFSERAGedf bY sBetmylentI AndXt 1Bueanol
with a nol ecu- |ar ox gen-contain[ng gas. Wth respect to the nmethods for
produci ng net hR&r-&l 8PAEdY -aoFi 2t BisteFenpfnaebatti andoatinkieda®thaBeyl i c acid

by using%the oxi de catal yst conmpo 15 sition of the Eresent i nvention, there
is no particul BFMPEEFEIPCORT FERBVERS BEPBP nBRI IS LRI eXbI BRSPEBAUMS  nade

W th respect to referred t hod of in {%rermoxi(g[ c_ata.ll_?/d(sji':fS conposition
of the presentaPﬁvBﬁF 8%: ﬂﬁ@%ﬁkeﬁﬁ%>§§d§g M i %bﬁﬁﬁﬁ B&4ction of
at | east one ngnggé gekectedogton1£€e ?r?u$ Pnsig%%n of ifﬁbug%nge and
t-butanol with | 6861 al'PoRygen- “2%n m%ﬁ FaRCERRBE 5 PR OBy
. . S 0 0 |
i ntroducing a c£%§§§§9050%§8F£998Fr%ftﬂgué-%ﬁéé%%ﬁ@'éﬁw YO 40P; 9§+ 45020
butyl ene, t-butanol~or a nfxfure thereof an otlo

for methacrolein. Specifically, it is necessary that

io the atomic ratio (e) of X, relative to twelve atoms of
the total of molybdenum and tungsten, satisfy the
relationship 1 = e < 12.

In X of formula (I), magnesium (Mg) and nickel
(Ni) are elements which can be used in partial substi-

15 tution for the cobalt component. With respect to the
cost of a starting material, a magnesium material and a
nickel material are less expensive than a cobalt mate-
rial. Therefore, it is commercially advantageous that
magnesium and/or nickel can be used in partial substi-

20 tution for the cobalt component, from the viewpoint of
reduction of catalyst production cost. However, if
magnesium, nickel or a mixture of magnesium and nickel
is used as X without being combined with cobalt, it is

impossible to satisfactorily improve the catalytic ac-

25 tivity of the oxide catalyst compesition. In the mix-



90 % by volune of a gaseous m xture of a nol ecul ar oxy- gen-containing gas
and a diluent gas) to a fixed bed reactor having a fixed catal yst bed of a
(preferably tableted) catalyst conprised of the above-nentioned ox 25 ide
catal yst conposition, wherein the feedstock gas is 17 February 2006 35
introduced at a tenperature of from 250 C to 450 C undefl7 §epians¢ils of
from at nospheric pressure to 5 atm and a space velocity of from400 to
4,000/ hr (under normal tenperature and pfessure (NTP) conditions). 5
Exanpl es of nol ecul ar oxygen-contai ning gases i n- clude pure oxygen gas,
and an oxygen- agiteaidiing fPAFulasah ,astaiie. pexdepked ehadi thenttgases

i nclude nitro- gen, carbon di oxide, steamand a m xture thereof. In the
present inventiratio tofi *owedftetbedhehadtabeof l16oval tiremaghesiwh ahe

nol ecul ar oxygen-containing gas to the above-nentioned gaseous m xture of
t he nol ecul ar ndxkgén4icolt.& PINgogas didend hehaimigmrgad Satfefmulde

requi renents of the forrmula 0.04 < nol ecul ar oxygen- contai ni ng

gas/ (nol ecul ar (Xy gentadnisamaiongsdam, +tlel atéBienragde) of£ Vagneahdmt hat t he
concentration of nolecular oxygen in the feedstock gas is from4 %to 20 %
by vol - June. Fd&o phevdntigdg ofheobedtin r magnesiupoih@dgndekeheln ctheal yst
conposition, it is necessary that steam be 20 contained in the feedstock
gas. However, MdgfurgeX @Fe@ﬁ@ﬁﬁ?abﬁYstEr@§siﬁ§5théﬂﬁylﬂﬂﬁﬁd%¥4?R¥Qﬁ
carbox- ylic acids, such as methacrylic acid, acetic acid and  acrylic
acid, it is pré& &prE@TPHAL (R4 ESH@@hPFaPFGﬁer tEFeﬁﬁ??hctﬁ%tﬂ?I% nt gas

is reduced to a level as | ow 25 as ssrbL refer thai t he
anount of st eaft-EFerebPulPy 3668+ ok%33balt. magnes PLR' S8 AL 408 1

the mixture X is preferably less than 0.33.

10 In the present invention, antimony (Sb)} is indis-
pensable for suppressing the selectivity for diacetyl
and by-produced aldehydes, such as acetoaldehyde and
acreolein. Specifically, it is necessary that the
atomic ratio (f) of antimony, relative to twelve atoms

15 of the total of molybdenum and tungsten, satisfy the
relationship 0.1 < £ ¢ 3. For further improving the
catalytic activity of the oxide catalyst composition,
it is preferred that the atomic ratio (f) of antimony
satisfies the relationship 0.3 = £ = 2.5.

20 For maintaining the selectivity for methacrolein,
it is necessary that the amounts of antimony and iron
satisfy a specific relationship. Specifically, it is
necessary that 4 and £ in formula (I) satisfy the rela-
tionship 0.1 ¢ d-f ¢ 2.5. For further improving the

25 catalytic activity of the oxide catalyst composition,




36 in the feedstock gas is generally fromnore than 0 %to 30 % by vol une.
The oxi de catal yst conposition of the present in- vention exhibits not only
a prolonged catalyst life due 5 to its excellent properties with respect
to thermal stability and reduction resistance, but al so excellent
selectivity for the desired product. By the use of the dkFgerusati0pst
conposition of the present invention for roduci ng nethacrolein or a

m xture of nethacrolein and 10 nethacrylic acid, it becomes possible to
stably produce the desired product for a long tine while holding dowmn the
anount of the by- psodwe€edrire@uthated, andgf dhafetnyhla (VB hest £y ntipe oduced
using a conventional catalyst contains a |large anount (several thousands
ppm of di 15 ae@tyhonBuigontzastd - £ Hhas deen found that the di- acetyl
content of methacrol ein produced by the use of the oxide catal yst
conposition of the pnesddi.tinuenfron the atevpwinms GOEREpmwIng ess. |In
addition, the present inventors have analyzed 20 each of nethacrolein and
a mxture of mbibhceelerhiyady ferhmetrhocrobein. byt gos ptetamnatrbphly. The
results of the analysis are as follows. A peak ascribed to di- acetyl is
detecte® at a FBeeAtPBact ratief (Aboof 1¥oB apd nthestemdr aaiq vt )
unidentified peaks are, respec 25 tively, detected at retention tines of
about 22.0 ni nof7aptbnonyysabdefy7the esebptiandip8P B s fut & s( 2hdse
unidentified peaks are, respectively, designated "R1" and "R2"). The area
of each of the2®pgaRs?Ri gﬁ&aﬁébﬁé%)ﬂééhsh DEQUSHE - peak area of

di acetyl, and the percentages of the areas 5 of Rl and R2, each based on

t he peak area of diacetyl,

Next, methods for producing the oxide catalyst

10 composition ¢of the present invention are explained in
detail.

With respect to the methods for producing the ox-
ide catalyst ccmposition of the present invention,
there is no particular limitation, and any conventional

15 method can be used as long as it enables the production
of an oxide represented by formula (I} above. For ex-
ample, the oxide catalyst composition of the present
invention can be produced by a method which comprises
the following steps of (1), (2) and (3).

20 In step (1), a slurry of starting materials as
sources of elements used in the oxide catalyst of the
present invention is prepared. Examples of sources of
molybdenum, tungsten, bismuth, lanthanum, cerium, pra-
seodymium, neodymium, samarium, europium, gadolinium,

25 terbium, dysprosium, holmium, erbium, thulium, ytter-



are, respectively, designated "Si" and "S2". From Si and S2 values it has
been found that both of Rl and R2 are ascribed to substances causative of
di scoloration. Specifically, it has been confirmed, by the studies of 10
the present inventors, that, even in the case of nethyl nethacrylate

cont ai ni ng by-produced diacetyl in an anmount as | ow as 650F¢pHary2006

di scoloration tends to oc- cur when Si vahye is 50 %or nore and S2 val ue
is 80 % or nore, each based on the peak area of diacetyl. The 15 oxide
catal yst conposition of the present invention is capable of holding down
not only the fobiahj ohutdtthim, aget yium buiral s@dbeel f omegniemiw, t he
unidentified im purities to which RL and R2 are ascribed. The

above- nent i onedniekébcrpdeiss bem m xelhidi wi 201 reeshiagy ollrad v den dimmsirhiaoe vl i ¢
acid, which has a very low content of inpurities, is very useful as a raw
material for peattzi mitmatesd, metiekiesd atchIanides exodifates andargpar ency.
As the nmethods actually practiced for the conmmer- 25 cial scale production
of methyl nethagagiatzcid kit thersralkamertzoe Wi de arenisiodiddte "vi a
met hacrylic acid process" conpris- ing three reaction steps and a "direct
M.- t o- MA pr oc-iRseate&HRF ik it d - keacESBRCIREPE, FRelFi RTREEREEAYI i
acid process is described at 5 pages 172 to 176 of "Sekiyu Kagaku Prosesu
(Pet rocheni - cafP#r Gt HyPaen g | SHEF S P FafIRES3E fAUEE, 3% Fc.2M- Japan.
The above-nenti oned documnment at.es that th% vi? ggt hacrgl e ac'%d process
conpri ses t hr ed?EHER i -t %t eg , thitSPsPTEPEFE PYaPPBRc&FeBt a second

oxida 10 tion steg and an s3terid] cation steb Mt s¥affad on ster
is a step of su Jeclf g A TEEH one s ar’t i‘ng
samarium, europium, gadolinium, terbium, dysprosium,

10 helmium, erbium, thulium, ytterbium, lutetium, yttrium,
iron, cobalt, magnesium, nickel, potassium, rubidium
and cesium are nitrates or nitrites of these elements.
As sources of antimony, there can be mentioned antimony
pentacxide, antimony trioxide and metallic antimony.

15 From the viewpoint of availability, antimony trioxide
is preferred as an antimony source.

With respect to the methods for preparing a slurry
of starting materials as sources of elements, there is
no particular limitation. For example, a slurry of

20 starting materials can be prepared as follows. An
agueous suspension of ammonium molybdate, ammonium
tungstate and antimony trioxide is prepared, and the
prepared suspension is heated to 80 °C to 90 °C while

stirring, followed by the addition of hydrogen peroxide,

25 to thereby obtain solution 1 containing molybdenum,




material selected fromthe group consisting of iso- butylene and t-butanol
to a gaseous phase catalytic oxidation reaction with nol ecular oxygen in
the pres 15 ence of a catalyst, to thereby obtain nethacrolein. The second
oxidation step is a step of subjecting the nethacrolein obtained in the
first oxidation step to a gaseous phase catal ytic oxi dati7ometreawt2086 with
nol ecu- | ar oxygen in the presence of a cg#alyst to thereby 20 obtain

nmet hacrylic acid. The esterification step”fs a step of subjecting the

met hacrylic acid obtained in the second oxidation step to esterification,

to thereby ob- &ﬁisg‘sﬁ@{ hWHa eithaenyl.at en The Sxhée Kat@| Visit £orP9sbti on of
the present in- vention can be applied to the via nethacrylic acid 17

February 2006 3fi {3065 of bthafaRment sWarehdiBeofiivedt iaxwdakirobrshap is
performed using the oxide catalyst conmposition of the present invention to

t her eby produceadqmidiacsyivition ¥d nitkSequedd Yot haegebgndbeosidasban-st ep
and the es 5 terification step are perforned in a conventional man- ner,

t her eby obt ai nithiggrmet .hyltheebbaaiyeat eolvbheont heis fmixséd oxidatilom step is
performed using the oxide cata- |yst conposition of the present invention,
met hacrag ei n febwiveg memiti dned colenbs of conpaintingsmodmbenprodbtved- 10
Therefore, the adverse influences of such inpurities on the nethacrolein
oxi dati on cat alsjsin weed dnt itdoaysedondhegrbgarbbaist apsivuch af Féastrng of
the catalytic ac- tivity and shortening of the catalyst life) can be de-
creased. In addind ewtegi@lisol | owi ng should be noted. 15 Since the reaction

tenperature used in the second oxi- dation step of the via nethacrylic acid
process is high, tH& step 360 .cthé sdyrey PPtP§n€6n§?dEP%d5Fﬁ%t ‘host

above is subjected to spray drying, to thereby obtain a

10 spherical or quasispherical particulate catalyst pre-
cursor. The spray drying of the slurry can be con-
ducted by a conventional method commercially employed,
suph as centrifugation, a two-phase flow nozzle method
or a high pressure nozzle method, to obtain a driled

15 particulate catalyst precurscr. 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 en-
trance temperature of the dryer section of the spray

20 dryer is from 150 °C to 400 °C. By the use of the
dried particulate catalyst precursor thus obtained, it
becomes possible to obtain the oxide catalyst composi-
tion in the form of an extruded catalyst, or preferably
in the form of a tableted catalyst which is preferred

25 because of uniformity in shape and density thereof.



of the substances causative of discoloration which are contained in the
net hacrol ein are deconposed during the 20 second oxi dation step of the via
nmet hacrylic acid proc- ess. However, since not all of the substances causa-
tive of discoloration are deconposed in the via neth- acrylic acid process,
use of nethacrolein containing no substances causative of7 Rebseay@Pe®ion is
desired for 25 producing excellent methyl ;gethacrylate. 17 February 2006 40
The direct M.-to- MVA process conprises two cata- |ytic reaction steps,
wherein the first reaction step conprises subjecting isobutylene and/or
t-butanol as a starid ngremt(ex)i,altHeo dr igds part ipltdae eC abakllist pxieda 5 tion
reaction with a nol ecul ar oxygen-containing gas in the presence of an

oxi de cat al yst d¢imeser nefttaeined hirs steat dl2)stabicyvef dequedrlipedehedr €d-t o as a
"first stage catalyst”) to thereby obtain nethacrolein, and the sec- ond
reacti on step corpry seisresliljcedtiengphivhebdistia redebl.nedt kxddel eartatly sk
gaseous phase catalytic reaction with nethanol and a nol ecul ar

oxygen- cont ai niearrestiien.heThpr éséndepstrticudnteeratapyot t poecarabyst
containing palladium (hereinafter, this catalyst is frequently re- ferred
to as a 3secondst@eingmdlatsta )t,e"tp@rtaﬁélrr@b@flgrﬁﬂbéﬁée°Eettﬁyl‘wﬁef Racryl at e

(MVA) by one step directl from nmet hacrol ein (M.). The oxide catal yst
conposi tion offAheEirEshtS ity &k hewriss @oh-uifadegirpfst theagesudat al yst
in the direct M.-to- MVA process.. Specifically, roducti on of nethacrolein

or a nixture of &t IEON&h PFOORGE st MRAAFS d0al 2 eRREOPELaLRe fir st
reaction step, _.can he performnmed by.the above-pentioned ferre met hod.
B G B o Bbd e, o fapTerinn. £BAfoREaEy T

In the second
final firing at a temperature of from 350 °C to 600 °C

10 for 1 to 24 hours. For calcination and final firing, a
kiln, such as a rotary kiln, a tunnel kiln or a muffle
kiln, can be used.

From the viewpoint of improving the selectivity
for the desired product, it is desired that no silica

15 is used or, if used, the amount of silica in the oxide
catalyst composition is as small as possible. However,
when it is desired to increase the surface area of the
oxide catalyst composition so as to improve the activ-
ity thereof, silica may be used in a limited amount.

20 Examples of silica sources include silica sol, silica
gel, and a silicate, such as potassium silicate or so-
dium silicate. In the oxide catalyst composition, it
is preferred that the atomic ratio of silica, relative
to twelve atoms of the total of molybdenum and tungsten,

25 is 3 or less, more preferably 1 or less, still more



-MVA process, the nethacrolein obtained in the first 25 reaction step is
reacted with nethanol, wherein the 41 17 February 2006 nethacrol ein used
contains only small anounts of inpu- rities, nanely nethacrol ein produced
using the oxide catalyst conposition of the present invention, to thereby
produce nmethyl methacrylate. As the second 5 stage cat al ydtFabseary2R08 he
second reaction step, there can be usedhgglIadiun}containing catal ysts

disclosed in, for exanple, U S. Patent 4,249,019 , Exam ned Japa- nese
Pat ent Application Publication No. Sho 57-35859, U.S. Patent No. 4,518, 796

and | nternationgtefdt TAte ON chd ks WD HeFflel ofl Riaddohi @34 )t.he second
reaction step can be conducted in accordance with the reaction nodes

di sclosed in these patent docunents. Specifically, nethyl nethacrylate can
be produced by reacting nol ecu- |ar oxygen, nethacrolein and nethanol in

t he presence 15 of ariseconidies tcada lgattalopaipogidebnnodetake pregenitoincon-
ditions wherein the reaction tenperature is in the range of fromroom
tenperature to ¥étion s ddmlysdcded nsactinopretepiol meehdcredein
M.-to- MVA process is conducted at a | ow tenperature at which nost of the
im20 puPities,or.g.migitavst Wdf médhectroleder godamegherirgdicAscidxplyai ned
above in detail, when a conventional first stage catalyst is used in the
first reaction ztaqrigfg athdediste onevmemberniegesteds frehe theparpvbes, e. g.
di - acetyl, are by-produced in a |arge anmount. Production 25 of methyl

met hacryl at e cSREEIFHP DAY isehtvdesenesdot -Pritpapluyifh26080iecne

I mpurities causative of discoloration has for the first tinme becone
possi bl e by usi%ﬁftQﬁ¥95ﬂiﬁ?qﬁiﬁﬁl?§tgas' With respect to the methods

for producing methacrolein or a mixture of methacroiein

10 and methacrylic acid by using the oxide catalyst compo-
sition of the present invention, there is no particular
limitation. However, hereinbelow, an explanaticn is
made with respect to a preferred method of using the
oxide catalyst composition of the present invention.

15 The gaseous phase catalytic oxidation reaction of
at least one member selected from the group consisting
of isobutylene and t-butanol with a molecular oxygen-
containing gas can be carried out by introducing a
feedstock gas (comprising 1 % to 10 % by volume of iso-

20 butylene, t-butancl or a mixture thereof and 99 % to
30 % by volume of a gaseous mixture of a molecular oxy-
gen-containing gas and a diluent gas) to a fixed bed
reactor having a fixed catalyst bed of a {preferably
tableted) catalyst comprised of the above-mentioned ox-

25 ide catalyst composition, wherein the feedstock gas is



conposition of the present invention as a first stage catalyst in the
first reaction step. Wien the oxide 5 catal yst conposition of the present
invention is used in the first reaction step, the nethyl nethacryl ate ob-
tained in the second reaction step has an extrenely low inpurity content
and, thus, there is no need to repeat- edly conduct the sisbguasy006
purification operation. As 10 a result, the loss of nethyl nmethacrylate
beconmes de- creased, leading to a cost reduction. Accordingly, the oxide
catal yst conposition of the present invention is very advantageous for the
commer ci al prodicitc@uceid arethtlempetrhaargl afefrdm IThe fCrsb g6agéCand
second stage reactions of the direct M--to-MVA process and the operation
for purify- i nmodEtrhy pressacey loft € roay abhmosphdudtepdreasareohti huatmus
manner. As an exanple of a continuous reaction node, there can be
ment i oned the raetatom mpaee wedlocedy20£fi Arome4@Pr et 4MROPShRMAUPASEESS
conducted in the Exam ples of the present application for producing nethyl
met hacryl at e, tieamals temperptoses sndhpwessurehéNTPowcorRaEdLoBs ) the Figure.
Met hyl net hacryl ate having excel l ent transparency 25 can be produced by
the direZt M-t o- MVExpgmpdessofsitadecrlEehplEagn200B8taining gaF6e &Bral yst
conposition of the present invention as a first stage catalyst. As

appar ent from tH&dee DU OXYIENt HESEX BRI BR 8KHIEBNPEARrAEiDenExdASles of the
present application, nethyl nmethacryl ate_nononer pro 5 duced usjng the
oxi de catal yst S¥6BpGSi Aildn of*@MRl§F 2f sEhtusny ?%ﬁ\@ﬁéﬁﬁieA&*EQQélue
(determ ned in accor- of not_ nore,ihan ?, and net hyl

W th JIS;K6716)
net haci yl at e p@F?neFaﬁgggfﬁégkﬁgepoﬁ§ﬁéwiQ%ﬂgasﬂgﬁtggg thi28o

In the present invention, it is preferred that the
10 volume ratio of the molecular oxygen-containing gas to
the above-mentioned gaseous mixture of the molecular
oxygen-containing gas and the diluent gas satisfy the
requirements of the formula 0.04 < molecular oxygen-
containing gas/(molecular oxygen-containing gas + dilu-
15 ent gas) < 0.3, and that the concentration of molecular
oxygen in the feedstock gas is from 4 % to 20 % by vol-
ume .
For preventing the occurrence of coking on the
catalyst composition, it is necessary that steam be
20 contained in the feedstock gas. However, from the
viewpoint of suppressing the by-production of carbox-
yvlic acids, such as methacrylic acid, acetic acid and
acrylic acid, it is preferred that the concentration of
steam in the diluent gas is reduced to a level as low

25 as possible. It is preferred that the amount of steam



met hyl nethacryl ate nononer has a Yl value (determ ned 10 in accordance
with JIS-K7103) of not nore than 10. Such nethyl nethacryl ate pol yner
havi ng excel l ent transparency can be used as a substitute for glass and
quartz in application fields requiring high transpar- enc such as opti cal
fibers, light guide plates and 15 the |ike; thus, such H%@ﬁﬂyuwvgﬁgﬁarent
nmet hyl net hacryl ate pol yner has very hlgh onnerC|aI val ue. 17 February
2006 44 BEST MODE FOR CARRYI NG QUT THE INV NTI ON Herei nbel ow, the present
invention will be de scribed in nore detail with reference to the follow ng

Exanpl es and Cofmpathé i feedxbodk esas bid ddimyrS10ul fdidtimore I atonsty uad as
limting the scope of the present in- vention. The nunber of oxygen atons

in the oxide caB@al yshy walqmosi tion i s determ ned dependi ng on the val ence
re- quirenents of the other elenents present. Therefore, 10 in Exanpl es and
Conpar at i ve Exanpl esTha hexideli aetd kys tofcomposgari oat @f ithet pereaeinde itat al yst
conposition is omt- ted fromthe fornula representing the oxide catal yst
conposi tion. 15véemtidre éxiilmilisqdExanlrs ano lCoyesd atahad yiBtalblfes due
various properties of the oxide catalyst conposition were evaluated as
fol | ows. 920 <Cokwekst grragidl erdll autdpantie sThd tdomespsicdn tandbseimadt i vity
used for evaluating the results of the reaction are defined as follows: 17
February 2006 4Stapmidisiang @mgduction resistance, but also excellent

selectivity for the desired product. By the use of the
- oxide catalyst composition of the present invention for
producing methacrolein or a mixture of methacrolein and
10 methacrylic acid, it becomes possible to stably produce
the desired product for a long time while holding down
the amount of the by-produced impurities, e.g. diacetyl.
Methacrolein produced using a conventional catalyst
contains a large amount (several thousands ppm) of di-
15 acetyl. By contrast, it has been found that the di-
acetyl content of methacrolein produced by the use of
the oxide catalyst composition of the present invention
is as low as 900 ppm or less.
In addition, the present inventors have analyzed
20 each of methacrolein and a mixture of methacrolein and
methacrylic acid by gas chromatography. The results of
the analysis are as follows. A peak ascribed to di-
acetyl is detected at a retention time of about 17.3
minutes, and also two unidentified peaks are, respec-

25 tively, detected at retention times of about 22.0 min-



nol e of isobutylene or t-butanol reacted 5 = 10 nol e of isobutylene or
t - butanol charged x 100 Selectivity (% nole of nethacrolein or
met hacrylic acid fornmed = x 100 nole of isobutylene or t-butanol reacted
Data used to cal culate the conversion and selectivity were obtai ned by gas
chr omat ogr aphy. 20 <Deternination of the inpurities causat/iRRTeAYdPeol -
oration> The anmpunts of the inpurities caysative of discol- oration, which
are contained in nmethacrolein or a mx- ture of nethacrolein and
met hacrylic acid, were deter 25 mned by gas chromatography as follows. As
an appara- tus Jdigrs gasi a@voutatiegrapiiputelserl ehens uadédegasfebdopearkogr aph
GC-17A (manufactured and sold by Shimadzu Corporation, Japan) which was
equi pped w t h amapiddspegticellynm defsigb@tedi NRLEnghl. "KRE )caplhé aayeaol umm
was 30 obtained by connecting in series the following three capillary
col ums each hafi regcin cifnridwe @ieairst 81 ehd B22Basmbedd- coppengtihto60hs) ,
DB-1 (length: 30 m and 17 February 2006 46 TG WAX (length: 20 m). The gas
chr omat ogr aphy Rk éasa @dctddacenydr epAdthpoperakpragnast hEé thet pakas
tenmperature of the colum was 45 C, and, after maintaining the
5 of R1 and R2, each based on the peak area of diacetyl,
are, respectively, designated "S1" and "S2". From S1
and 52 values it has been found that both of R1 and R2
are ascribed to substances causative of discoloration:
Specifically, it has been confirmed, by the studies of
10 the present inventors, that, even in the case of methyl
methacrylate containing by-produced diacetyl in an
amount as low as 650 ppm, a discoloration tends to oc-
cur when 81 value is 50 % or more and S2 value is 80 %
or more, each based on the peak area of diacetyl. The
15 oxide catalyst composition of the present invention is
capable of holding down not only the formation of di-
acetyl, but also the formation of the unidentified im-
purities to which R1 and R2 are ascribed.
The above-mentioned methacrolein or mixture of
20 methacrolein and methacrylic acid, which has a very low
content of impurities, i1s wvery useful as a raw material
for producing methyl methacrylate having excellent
transparency,

As the methods actually practiced for the commer-

25 cial scale production of methyl methacrylate, there can



colum at 45 C for 30 mnutes, the colum tenperature 5 was el evated to 220
C at a tenperature elevation rate of 5 Cmn, and maintained at 220 C for
25 mnutes. A sanple for gas chromatography was prepared by con- densing
all of the gaseous product containing nmethac- rolein or a_mxture of

met hacrol ein and methacrylic 10 acid, to thereby obtain a7dcied¥2Pe6 and
addi ng 1, 2-di met hoxyet hane as an internakgstandard to the ob- tained
condensate. \Wen the gas chromat ography was perfornmed under the
above-nentioned conditions, a peak ascribed to di- 15 acetyl was detected
at a retention #é memnfiabalta I'Vik methisesyllic adddt popcesad gampgaas-fi ed
peaks were, re- spectively, detected at retention tines of about 22.0

m nut es and aboing 3hZarimeddsionandt episesaduni ddiretteML -peakMAnprec-
respectively, naned "R1" and "R2". The 20 area of each of the peaks R and
R2 i s conpared ¢s5 hompaixkiragr davocofregicddonylsteasd t he percentages of the
areas of Rl and R2, each based on the peak area of diacetyl, are,
respectively, desigriteediasmetimegrydic artad Brogrgs L Jepgeivdgfeat
respectively, used as indices for the 25 ny(- production of Rl and R2.
(Hereina¥ter, fRAged M4 doLZ elpfuabpkiote KagakpyProsgre, (PRETOAPEMgy | s
omtted fromthe Si_and S2 val ues.) For producing nethyl thagir | ate
havi ng excel | erfial tAZae§fslenc PAR 15 ddibﬁ!’et‘i‘f’dﬁ’ﬁ-spg- ﬁ/ﬂ’/ﬂeé?:égggs, P%'i's 5
preferred that the anmoupt of di acet%l cogt%i ned i{l rre% haC{oI ei,c | S not
more than 900 pltR3fror &PEIERAVE-"GRELRRSI nBRCHEFRT  HER-B00 P *¥Eval uat i on

of the diSCO|cwé¥£(%ééﬁ;é%y'Jkp%ki%?%g%%%%é %gmhgggegngﬂggé>reaction
steps, that is, a first oxidation step, a second oxida-
1o tion step and an esterification step. The first oxida-
tion step is a step of subjecting at least one starting
material selected from the group consisting of iso-
butylene and t-butanol to a gaseous phase catalytic
oxidation reaction with molecular oxygen in the pres-
15 ence of a catalyst, to thereby obtain methacrolein.
The second oxidation step is a step of subjecting the
methacrolein obtained in the first oxidation step to a
gaseous phase catalytic oxidation reaction with molecu-
lar oxygen in the presence of a catalyst, to thereby
20 obtain methacrylic acid. The esterification step is a
step of subjecting the methacrylic acid obtained in the
second oxidation step to esterification, to thereby ob-
tain methyl methacrylate.
The oxide catalyst composition of the present in-

25 vention can be applied to the via methacrylic acid



The | evel of discoloration of a nethyl nethacry- |ate nonomer was eval uated
I n accordance with JIS-K6716. Several dilutions of a concentrated

hydrochl oric acid solution containing potassium hexachloroplatinate (1V)
15 and cobalt chloride were prepared to obtain a set of standard
solutions. The APHA val ue of a sanple solu- tion was det érTn'f‘?%Hla"BfOB@i ng
the set of the standard solutions as a c§+teri on, wherein the standard
solu- tions had specific different APHA val ues respectively 20
corresponding to the degrees of dilution of the hydro- chloric acid

sol ution. Specifidlds/ ifliStriddred wat @hichaghesédras axstiandandsselpution
for an APHA value of 0, and standard solutions for APHA values of 5, 10,
15 and 20 wer e Prrpaathdly ubint e beidendangleistf epmppsdition2®£ti ons of
the hydrochloric acid solution, wherein the 17 February 2006 48 snaller the
degree of dil utiren,prdiert gharentionARHA theaeby. pTodusPHNethRrgs0dR iR net hyl
nmet hacryl ate nononer was eval uated by conparing the color of the nethyl
met hacryl at e namhubsddudntise tife tseeosdapsiddtdonussepi ang, tAfd &Ste APHA
val ue was used as an index for dis- coloration. The degree of discoloration
of a nethyl nettradfijicdtEblon mteyomare perfoahedaphy a5cgpveagdongh Féfrs of
the APHA value. A nethyl nethacrylate pol yner havi ng ex 10 cell ent
transparency careibe tWistmghe dHhaizEngmEetIYAgmesbeE T LAE Ly | VR hERPyI at e
mononer having an APHA value of 5 or |ess. <Evaluation of th

di scol orati on dfizstmeddatiammatep 185 PEAEQTRSOy NEA-3ITHE®S 8?féﬁeo1cata'

di scoloration of a nmethyl nethacry- |ate polyner, which |rsne%g%%E%§%il%y

pol yneri zi ng a lyst composition of the presen invention,

having only low contents of impurities can be produced.

10 Therefore, the adverse influences of such impurities on
the methacrolein oxidation catalyst used in the second
oxidation step (such as lowering of the catalytic ac-
tivity and shortening of the catalyst life) can be de-
creased. In addition, the following should be noted.

15 Since the reaction temperature used in the second oxi-
dation step of the via methacrylic acid process is high,
that is, 300 °C to 400 °C, it is considered that most
of the substances causative of discoloration which are
contained in the methacrolein are decomposed during the

20 second oxidation step of the via methacrylic acid proc-
egss. However, since not all of the substances causa-
tive of discoloration are decomposed in the via meth-
acrylic acid process, use of methacrolein containing no

substances causative of discoloration is desired for

25 producing excellent methyl methacrylate.



met hyl nethacryl ate nononer, was evaluated in accor- dance with the tests
described in JI S-K7103, nanely the 20 tests for determning the yell owness
i ndex and yellow ing factor of plastics. A test specinmen which was a

met hyl nethacrylate polynmer plate having a length of 55 ¢ a w g&g of 10
cm and a thickness of 5 nmwas prepared as follows. 25 K gef?é%aé'i’ 33
sandwi ched between two gl ass plates, and 14 February 2006 49 the gl ass

pl ates were clanped together with the gasket held therebetween, thereby
formng a uniformthi ckness space between the two gl ass plates, wherein
the space functionsTles dimsnt ML -t VB P onesisa COPPELS efo fyfe Faka-

contai ning added thereto 0.05 % by wei ght of 2,2'-azo- bisisobutyronitrile
as a pol yneri zalybic i réadtien skeps poemeimitde fdrefadeasddRBes 4% t wo
glass plates by wusing a funnel. The glass plates were clanped_further so
as to renmove ai¢ompwksed repEeGiaT tiso Ry e ANSY oF0 tabitanrdn 25 7

met hyl net hacryl ate sandw ched between the glass plates was herngtically
seal ed. The resstarting materialk &q GoEFSEAYY) BRARS KAT ttﬁﬁcPfﬁlgteae_ | ayer

sandw ched between the gl ass plates) was placed in _a rmwater_ hat.h at 50
1 Cfor 8 hoursth?m,r%#f’é‘?ﬂorlé"pqrh@ed‘qlr?céﬁtafercfﬁ?sqeélt",m\é\%r?étn\é%tg lgea%pét:}lature

bath nmain- tained at 115 1 C for 2 hours,, to effec ri tion of
the methyl net hERe BERIENTHSRARP S5t %iqﬁa&ysﬁettﬁlﬁtreﬁ'er%%a@cégl é‘?‘é%m ymer .

The t hus obtai ned t hyl, t hacryl.ate I I ~ fal.ate al | oned
to 20 cool to r%%ﬁ?’éﬁ*%e’r%{%%?“ Rt ﬁe&geo%{/%dert(og%as%/ (raée (tfﬁLlI%f(t- )sr’fg%?: 5 mm

of 55 omin | et HLIRG H0r T o T e e e enot

ond reaction step comprises subjecting the obtained

10 methacrolein to a gaseous phase catalytic reaction with
methanol and a molecular oxygen-containing gas in the
presence of a carrier-supported catalyst containing
palladium (hereinafter, this catalyst is frequently re-
ferred to as a "second stage catalyst”), to thereby

15 produce methyl methacrylate {MMA) by one step directly
from methacrolein (ML). The oxide catalyst composition
of the present invention is useful as a first stage
catalyst in the direct ML-to-MMA process. Specifically,
production of methacrolein or a mixture of methacrolein

20 and methacrylic acid, that is, the first reaction step,
can be performed by the above-mentioned preferred
method.

In the second reaction step of the direct ML-to

-MMA process, the methacrolein obtained in the first

25 reaction step is reacted with methanol, wherein the

e two opposite 10 cmlength



edge surfaces of the polyner plate were polished using 25 a file and a
buff, to thereby obtain a test specinen. 17 February 2006 50 The obt ai ned
test specinen was visually examined wth respect to the 10 cm | ength edge
surfaces thereof. Further, the test speci men was anal yzed by a | ong opti -
cal path type spectrotransm ssion col ori neger (ASA-2 5 MdéFebmanu?Gist ur ed
and sold by N ppon Denshoku Indus- tries, Co., Ltd., Japan). Fromthe data
obtained using the long optical path type spectrotransm ssion col or-

i meter, the yel MEMRESTolgddx uord avas addi rske Enal hdmewrtianes whph-

JI S-K7103 (describing the tests for de 10 term ning the yell owness i ndex
and yel | owi ng f &t 5of NaPedst Mehhacued efin \RAQAVGRE WS BRI akhanckhdex for
the discoloration of a nethyl methacrylate polynmer. A nethyl nethacrylate
pol yner havi ng S381F&nESTPasideen v tde utesrie imeentons peeferred
because 15 such a polynmer has excellent transparency. Exanple 1 An oxide
catal yst conpostRESRPNaPTRGuUSes ety @ethartekake of As diiec seftdand of
constituent netallic ele 20 nents, relative to twelve atons of the total of
mol yb derum and StaA§sCeA RIS ssat da tyra IReqadnAeachvban SBtaps thers Ko. |
CsO 4 Fel.5 Co8.0 Sbo.7 was prepared as fol |l ows. Ammoni um hept anol ybdate in
an anount of 35638 §e2bsREs PHldAA Y Gantating ertadyetshdvsagoged in,

tenperature 17 Februargrx;l 2006 51 of_ about 50 C, to thereby obtain an aqueous
solution. To tHhBYoF¥AMRES -afudoudadsmdt N wds24bddd 168vamined Japa-

nese Patent Application Publication No. Sho 57-35859,
U.S. Patent No. 4,518,796 and International Publication
10 No. WO 97/3751. In addition, the second reaction step
can be conducted in accordance with the reaction modes
disclosed in these patent documents. Specifically,
methyl methacrylate can be produced by reacting molecu-
lar oxygen, methacrolein and methanol in the presence
15 of a second stage catalyst under moderate reaction con-
ditions wherein the reaction temperature is in the
range of from room temperature to 100 °C. Thus, the
second reaction step of the direct ML-to-MMA process is
conducted at a low temperature at which most of the im-
20 purities, e.g. diacetyl, do not undergo a reaction. As
explained above in detail, when a conventional first
stage catalyst is used in the first reaction step of
the direct ML-to-MMA process, the impurities, e.g. di-
acetyl, are by-produced in a large amount. Production

25 of methyl methacrylate containing only small amounts of




antinony trioxide, thereby obtaining an aqueous suspen- sion containing

nol ybdenum and anti nony. The obtai ned 5 agueous suspensi on was heated to 90
Cwhile stirring, and then 65.0 g of a 30 % by wei ght aqueous hydrogen

per oxi de solution was slowy added thereto while stir- ring. The resultant
m xture turned to assune bright yellow while foamn ng, ahﬁgfﬂﬁu@Vé@QSOf t he
m xture be 10 cane a solution. The stirrigg of the thus obtained aqueous
solution was further continued for about m nutes at 90 C. Then, the
solution was cooled to 50 C and the solution was maintained at 50 C (the

t hus obtai ned sthetimputrstied efdethiioreaof Slsdol@raAion HasOforthechat her
hand, 128.7 g of bismuth nitrate, 29.1 g of ceriumnitrate, 1.66 g of

pot assi um ni t r afersfiOfide ghe@dma rpps giiklreatty;, U389 threofoxddlealca tailtyrsdtt e and
12.9 g of cesiumnitrate were dissolved in 350 g of a 15 % by weight
aqueous nitric eengosotinn af the trherssent dnvainti2® @ssel dtirenk Gtefgerred to
as "solution B"). Solutions A and B were m xed together while stirring for
about 2 hours,cateledly obtEheifigst slaaobiosf sttle@.st Whennghenoxideials. The
obtained slurry was subjected to spray dry- ing, to thereby obtain a dried,
particul &ite catedi@lyos cumpuosittian ofr dher Paesenie ioheaitdion dsi 8ged
particul ate 17 Februaﬂg_ZOOG 52 catal yst conposition precursor was cal ci ned
at 200 C for 3imhoths finst maadhiabisdion .a gl seddylc aedhpseyddte §&sition
precursor in the formof a quasispherical par- ticle. The obtained_cal ci ned
cat al yst conpostainsf pie e Hasamddeardii®dd SithPo PEsSc 8PuRKEFelg et Wavi ng

a di 10 15 20
impurity content and, thus, there iz no need to repeat-

edly conduct the subsequent purification operation. As

10 a result, the loss of methyl methacrylate becomes de-
creased, leading to a cost reduction. Accordingly, the
oxide catalyst composition of the present invention is
very advantageous for the commercial production of
methyl methacrylate.

15 The first stage and second stage reactions of the
direct ML-to-MMA process and the operation for purify-
ing methyl methacrylate may be conducted in a continu-
ous manner. As an example of a continuous reaction
mode, there can be mentioned the reaction mode involved

20 in the direct ML-to-MMA process conducted in the Exam-
ples of the present application for producing methyl
methacrylate, that is, the process shown in the flow
chart of the Figure.

Methyl methacrylate having excellent transparency

25 can be produced by the direct ML-to-MMA process using



25 anmeter of 5.0 mMm and a height of 4 nm and the tablet was subjected to
final firing at 520 C for 3 hours, thereby obtaining a final tableted

oxi de catal yst com position. Mthacrolein was produced in order to
evaluate the initial performances of the oxide catal yst conposition. 4.0
g of the tableted oxide catal yst conposition was charged!d Resuarys08bn| ess
steel (SUS304) reaction tube which has a,djianeter of 10 mmand is provided
with a jacket. A gaseous mixture of 6 % by volune of iso- butylene, 10.8 %
by vol une of oxygen, 10.0 % by volume of steam and 73.2 % by vol une of

ni trogen was fl ahedokadet betakast otompositiaw sfit ehefpddemt /imver Nl
while maintaining the internal tenperature of the reactor at 350 C
thereby effecti rg a fiethhcsbage ncayalhesi ziAsy appaaenitod ramd thlet e ng a
gaseous product containing nethacrolein. The results of the reaction were
eval u- ated, anduiltswag tbheéntxamples handfonpaianivd Bxauipled -oferithewas 97. 8
% the selectivity for nethacrolein was 88.3 % and the selectivity for

met hacryl i ¢ aci greaent 7apebicatioR006e 83y D, e thactpl atita | Mesiamest RYe-
condensed gaseous product showed that the production of diacetyl was 500
ppm theS Si vafueedadsing thel e¥bdecakales hwaempsidiiye et PEet est
under stringent conditions 5 was perforned as fol|l ows. The reaction

t enper at ure wasS30t1Envenbiey Ry 1B AR Yalie (e raRined dHa9IRF above-

menti oned gaseoys m xture was changed to 220 m/ni.n
dance with JIS-K6716) of not more than 5, and methyl

methaciylate polymer obiained by polymerizing such

methyl methacrylate monomer has a YI value (determined
10 in accordance with JIS-K7103) of not more than 10.

Such methyl methacrylate polymer having excellent

transparency can be used as a substitute for glass and

quartz in application fields reguiring high transpar-

ency, such as coptical fibers, light guide plates and
15 the like; thus, such highly transparent methyl

methacrylate polymer has very high commercial value.



(NTP), and a continuous operation for synthesizing nethacrolein was
conducted for 48 hours. Subsequently, the reaction conditions were changed
back to the sanme conditions as in the reaction for the evaluation of the
initial performances of the catal yst conposition (reac- tion tenperature:
350 C; flow rate of gaseous nmixture: 100 ni/nmin), and th¥ reXuaryL086 the
reaction are shown below It was found tggt t he performances of the cata-
| yst conposition under the stringent conditions were substantially the
sane as the initial performances. Specifically, the conversion of

i sobutyl ene was 97.8 %pedtheiopsl eoki vinkryi8G ovtrhageoirVENTMASNSS. 3 % and
the selectivity for mefhacrylTitc acid was 2.4 % The analysis of the
condensed gaseous preéteinisdioned tHatprddmn tprioducition ofild aeetde- was 490
ppm the Si value was 10, and the S2 value was 51. 25 In addition, using

t he above- nenti soetlhedi e mata detdebruictly FGehvke tot thenEesiliowdimg et hyl
nmet hacryl ate was produced by the direct M.-to- MVA process in accordance
with the stepsEasmpheswnand Cdrepd:tativohdixtamgfles, gl thely sfioudid stodge
reaction step: The first stage reaction was conducted in a nmanner as shown
bel ow, n&ki ng re¢ecenserued tde kigeictinmn tist rewpeofofEtaepiparebegit Wmexam ned
Japanese Patent Application Laid-Open Specification No. He! 9-323950. 10
The sane tabl ete®nEd®®RI yst conposition as prepared above was charged into
a stainless steel (SUS304) reac-_tion tube which has an outer dianmeter of
50.7 nmand an i nnefh&liramkes off FYIPIMAtARE A8 SP6vPH#édewcehadYSicket .
Specifically, the reaction tube was packed with the ta 15 bl eted catal yst
conposition so CRMRPOE FHON thf dteteymined depending on the valence re-. °

guirements of the other elements present. Therefore,

i0 in Examples and Comparative Examples, the indication of
oxygen atom in the oxide catalyst composition is omit-
ted from the formula representing the oxide catalyst

composition.

15 In the following Examples and Comparative Examples,
various properties of the oxide catalyst composition

were evaluated as follows.

<Conversion and selectivity>
20 The conversion and selectivity used for evaluating

the results of the reaction are defined as follows:



| yst layers therein, nanely catalyst layers 1, 2 and 3 disposed in this
order fromthe gas inlet to the gas outlet of the reaction tube, thereby
providing reaction zones 1, 2 and 3 corresponding to catal yst layers 1, 2
20 and 3, respectively. The packing of the catal yst com position was
performed so that the catal yst packing densities (O, CA7arebr@dy 2006
respectively) of the catalyst |layers 1, g and 3 becane as follows: O =
800 kg/ m8, C2 = 400 kg/nm8 and C3 = 1, 000 Rg/nﬁ, and the heights 25 (Li, L2
and L3 respecti vele/% of the catalyst layers 1, 17 February 2006 55 2 and 3
became as fol | oWaE¥§ESom Gy 2= 1.5 mand L3 = 2.5 m The adj ust nent
of the catal yst packing ensities . of the catalyst layers 1, 2 and 3 was
made by mxing a cylin i«;_\?gio Sc;ega i3 gﬁfscoﬁig ring (dianeter: 5 5 nm

hei ght : mm through-hot e dianet er-. MM _with the,pgbleted catalyst. The
tenperatlUre of the heati 'Li]rgo%fu %ne"b%‘iket was set at 320 C, and a
gaseous m xture of 5. 71\‘% A iR Yed - butanol (TBA), 8.37 % by vol une
10 of oxygen, 4.17 % by volunme of steamand 81.7 % by vol - unme of nitrogen
(wherein the tenperature of the gaseous mxture was 290 C) was flowed to
the reaction tuhgelectaiRd 1§ MBtHhacrol ei n synt hesi zi ng reacti on was conducted
at a sppge velocity (SV) of 630 hr-1, thereby preparing 15 a gas contai ni ng
met hacrol ein and steam mthe wEXmathacreledanabur es of the reaction zones 1,
2 and 3 were 383 C, 384elhandyl84 Gcidegpenidvel y. The conver- sion of
t-butanol was 100 % =t he—seteect+vity—fFor—meth-—acr el 800 was 86.4 % and the

production of diacetyl wase 20 360bwimnleRe Wt hacrolein (MAL) absorption
step: 15 t-butanol reacted ' : : 2

Data used to calculate the conversion and selectivity

were obtained by gas chromatography.

20 <Determination of the impurities causative of discol-

oration>
The amounts of the impurities causative of discol-

oration, which are contained in methacrolein or a mix-
ture of methacrolein and methacrylic acid, were deter-

25 mined by gas chromatography as follows. As an appara-
tus for gas chromatography, there was used gas chro-
matograph GC-17A (manufactured and sold by Shimadzu
Corporation, Japan) which was equipped with a capillary
column of 110 m in length. The capillary column was

30 obtained by connecting in series the following three
capillary columns each having an inner diameter of

0.25 mm: TC-1 (length: 60 m), DB-1 (length: 30 m) and



Next, a methacrol ein absorption step was conducted in a manner as shown
bel ow, wherein a quenching tower, 25 a dehydration tower and an absorption
tower were used, 17 February 2006 56 nmaking reference to the disclosure of
Unexam ned Japa- nese Patent Application Laid-Open Specification No. Hei

11- 80077 (corresponding to U.S. Patent No. 5,969, 178). The retruay28P&i n-
and steamcontaining gas pre- 5 pared in st6ep 1 above was introduced into a
guenching tower. In the quenching tower, 4the gas was cooled to a
tenperature of 44 C by nmeans of water, so that a large portion of the
steam and by- proguwa® highgbRi| bOgmpoi Mhe s ichiteaS taddagbiydsascdremoved
fromthe gas, to 10 thereby partially dehydrate the gas. The resultant
partially dehydaatedd artibaceoheinicodtdhed&ton Otse hiadi t ide fapanttgre
conposition: 4.9 nmol % of nethacrolein, 2.7 nol %of water, 0.2 nol % of

| i qui d by-producfsthesuchums waetohe,C angh®2. & et waiintdiotialg ofhei t r ogen,
15 oxygen, carbon di oxi de and carbon nonoxi de gases and unreacted

i sobutyl ene. Theopamthiat | §5detyfioat 2el, mivet ey odihe reocdamirai rtemperaasrevas f ed
into the bottom portion of a 30-stage plate dehydration tower (inner

di anmeter® 10 cnyahegefbivat&dnfo 2B2priovialece Wianpesiature redyesragtion fraobe rat e
of 3.6 NnB/hr, whereas a solution prepared by adding 100 ppm by wei ght of
hydr oqui none t o°fi 3ui @/ iR hawod @it fakhedtar t49%0 d& Aoy imgmutawer at the
top plate thereof at a flowrate of 200 g/hr. The dehydration tower was
oper at ed under 255 t§ ORI 5 30 tRITRe MRSy BT eglangte Wyas$Ah the 17

February 2006 57 bottomforti on of the dehydration tower was 44 C, the
densing all of the gaseous product containing methac-

rolein or a mixture of methacrolein and methacrylic

10 acid, to thereby obtain a condensate, and adding
1,2-dimethoxyethane as an internal standard to the ob-
tained condensate.

When the gas chromatography was performed under

the above-mentioned conditions, a peak ascribed to di-

15 acetyl was detected at a retention time of about 17.3
minutes. In addition, two unidentified peaks were, re-
spectively, detected at retention times of about 22.0
minutes and about 39.2 minutes, and these unidentified
peaks were, respectively, named "R1" and "R2". The

20 area of each of the peaks Rl and R2 is compared to the
peak area of diacetyl, and the percentages of the areas
of Rl and R2, each based on the peak area of diacetyl,
are, respectively, designated "S1" and "S2". The S1 and
52 values are, respectively, used as indices for the

25 by-production of Rl and R2. (Hereinafter, for simplic-



tenperature of the gas in the uppernost portion of the dehydration tower
was 18 C, the tenperature of the 1liquid nmethanol solution was 18 C, and
the pressure in 5 the uppernost portion of the dehydration tower was 1.5
kg/ cnR2. Thus, the partially dehydrated gas was dehy- drated further under
t he above-mentioned conditions, and a dehydrated gaseoust’ February 2006

m xture-containing methac- rolein gas and,gethanol gas was obtained from
the up- 10 pernost portion of the dehydration tower. Subsequently, the
dehydr at ed gaseous m xture ob- tained above was fed into the bottom gas
phase portion Dfyas 3hxld agechehatier diasorist oo tit@de if flomnde @GlamstderS2 10
cm height: 5 n) provided with sieve trays, whereas 15 a sol ution prepared
by addi ng 100 ppaiudms wei ght of hy- droquinone to |iquid nethanol was fed
into the absorp- tion tower at the top plate thereof at a flowrate of 900
g/ hr. The absor pti orfdiperodavesingparedthad meddeceydate haydsgwexeceild erite
tenperature of the liquid in the 20 bottom portion of the absorption tower
was -6 C, the txanspanency dfy tihe |Gigeal & -thiee MMBp PFIOSESSwadt- 35C, the
tenperature of the |iquid nethanol solution was -3 C, and the pressure in

t he uppe®nost perefesrast thate s amungh ofoRdRckdy 11 conEgAsgd in
Substantially all 25 of the nethacrol ein gas and net hanol gas which were
17 February 2008 HWBREsHdhdd NPt MOTePdnarfdd R%eolfSTH REVPERas ab-
sorbed by |iquid conpounds under .the above-nentioned conditions, thereby
obtai ning a |i AFWHKOARE RKe IBRP 2% PRY 1 i qui d methacrol ein and |i quid
nmet hanol from5 the bottom portion of the absorption tower. The ob-. tained
liquid m xture had the followi ng conposition: 31.7 % by weight of

nEthacrO|ein’(¥%J%féégﬁéﬁﬂé¥“tﬂg discoloration of a methyl methacry-

i0 late monomer)
The level of discoloration of a methyl methacry-

late monomer was evaluated in accordance with JIS5-K6716.
Several dilutions of a concentrated hydrochloric acid
solution containing potassium hexachloroplatinate (1V)

15 and cobalt chloride were prepared to obtain a set of
standard solutions. The APHA value of a sample solu-
tion was determined by using the set of the standard
solutions as a criterion, wherein the standard solu-
tions had specific different APHA values réspectively

20 corresponding to the degrees of dilution of the hydro-
chloric acid solution. Specifically, distilled water
was used as a standard solution for an APHA value of 0,
and standard solutions for APHA values of 5, 10, 15 and

20 were prepared by using ceorresponding different dilu-

25 tions of the hydrochloric acid solution, wherein the




met hanol, 0.7 % by wei ght-of water, and 0.8 % by weight of by-products,
such as acetone. 10 3. Second stage reaction step: The second stage

catal yst was prepared in accor- dance with Reference Exanple 1 and Exanple
1 of Inter- national Patent Application Publication No. W97/3751, 15 as
follows. A catalyst internediate was pr epar ed in substan-17tﬁ@|flll%fyt2ﬂ’é6 same
manner as in Reference Exanple 1 of In- énatl onal Patent Application
Publication No. WW97/3751. Alum numnitrate and magnesiumnitrate were 20
di ssolved in an aqueous silica sol (Snowtex N-30 (SiO 2 content: 30 % by
wei ght), manuf aoddlrled: ante sidgtdey di $4l1saionherheahibheusthieeAPHAL d.
Japan) so that the Al/(Si+Al) proportion becane 10 nol % and the

My/ (Si +My) propalieon heaAPHAOvaADhe Yof TAemé syl taeth2&rghitd | noon aumesT

subj ected to spray drying at 130 C using 17 February 2006 59 a spray dryer,
t her eby obt ai niwegp sptadniadald [rar tdovipes inlgathegcadoavefagbepaethgle di aneter
of 60 Fun. The ob- tained particles were calcined in air at 300 C for 2
hours and subsamidadny late60@nCmear wad thodtheset hér €by Stebtflardi sgla-carri er
for a catalyst. To the obtained carrier were added an aqueous sol ution of
pal | adi Um chl ddicdé .( B8 Dotie REHGhVRlasdwesdPamrfchForndénded Sopydisei ght)
and an aqueous solution of lead nitrate (13 % by weight) so that the
anounts of the GHFEFL@M-chlo 10 ride and lead nitrate contained in the
resultant mxture becane 5 parts by weight in terns of Pd atom and 6.5

parts by weignt in EBPMESEFePnOs: GAFCPegRREion of a methyl methacry-

laie nicouomer is preferably 5 or less, in terms of the-

APHA value. A methyl methacrylate polymer having ex-
10 cellent transparency can be obtained by polymerizing

such a methyl methacrylate monomer having an APHA value

of 5 or less.

<Evaluation of the discoloration of a methyl methacry-
15 late polymer)
The level of discoloration of a methyl methacry-
late polymer, which is obtained by polymerizing a
methyl methacrylate monomer, was evaluated in accor-
dance with the tests described in JIS-K7103, namely the
20 tests for determining the yellowness index and yellow-
ing factor of plastics.
A test specimen which was a methyl methacrylate
polymer plate having a length of 55 cm, a width of
10 cm, and a thickness of 5 mm was prepared as follows.

25 A gasket was sandwiched between two glass plates, and



tively. The resultant m xture was stirred at roomtem perature for 1 hour,
t hereby obtaining a carrier having 15 adsorbed thereon al nost all anounts
of the palladium chloride and lead nitrate. Thereafter, to the obtai ned
carrier having adsorbed thereon the palladiumchloride and lead nitrate
was dropwi se added, while stirring, an aqueous sol uti on lddrabaiary 2906
hydrazine in a nolar anmount 20 which is 3 tinmes the total nolar anmount of
the palla- diumchloride and | ead ni trat éadsorbed on the carrier, t her eby
reduci ng the palladiumchloride and | ead ni- trate adsorbed on the carrier.

Thus, a conposithie0y184308Da L85 SIkEEAL 268pdBQ oy ek &F N fie ﬁuspe%é&}&épt numer
25 als at the right hand of Pd and Pb, respectively, rep 17 February 2006

60 resent part fehyt WBe@Bbe@bebH, aBHeFoby M £bAhiYE 4 Wl Pl Scilves®i ght of
the carrier, was obtained (hereinaf- ter, the obtained conposition is

frequently refepaed betwébAPtleadwoCal @abysplavdLS atimd i Jthel paral ysi s of
5 the catalyst internediate revealed that the atomc ra- tio of palladium
to | ead (Pd/ Pbfahemionsahsoy wasitd! 1.29metdnd setRéchylaitat @Baicinerpeak at a
diffraction angle (2b) was 38.745 in the powder X-ray diffraction pattern
t hereof 5 and t hentainbngf afiiedt bhatetmt@n®s ty tho wdidhio qieak s ‘ascadbed to
nmetallic palladium3d elec- trons to the intensity of a peak ascribed to
netallic | eadbdfiebbetynositniléeax-a gyoymwicd sdctaronrsipeictraamwasa s

1/1.24. Next, the catalyst internediate was activated by 15 the nethod as
descri bed i n EReWPEd indd the cspace dreffwedmttdre tAppldlass ed auds itgati on No.
W97/ 3751, as fol- lows. An external circulation type bubble colum reac-
tor (nade of sP&iRgedsfunrrel) AheclWlfgs edaitgpeWeRt klagmped further

so as to remove air remaining between the glass plates

10 and, then, the methyl methacrylate sandwiched between
the glass plates was hermetically sealed. The resul-
tant structure (comprising a methyl methacrylate layer
sandwiched between the glass plates) was placed in a
warm water bath at 50 + 1 °C for 6 hours and, then,

15 pPlaced in a thermostat, constant temperature bath main-
tained at 115 £ 1 °C for 2 hours, to effect a polymeri-
zation of the methyl methacrylate, thereby obtaining a
methyl methacrylate polymer. The thus obtained methyl
methacrylate polymer (polymer plate) was allowed to

20 cool to room temperature, and the polymer plate (thick-
ness: 5 mm} was released from the glass plates. The
polymer plate was cut into a size of 55 cm in length
and 10 cm in width. Then, the two opposite 10 cm-length
edge surfaces of the polymer plate were polished using

25 a file and a buff, to thereby obtain a test specimen.



separator for a catalyst and had a volunme of 5.0 liters 20 for a liquid
phase, was charged with 1,200 g of the <catalyst internmediate. A 36.7 % by
wei ght solution of nethacrolein in nmethanol and a 2 to 4 % by wei ght sol u-
tion of NaOH in nmethanol were continuously fed to the reactor at flow
rates of 2.16 liters/hr and 0.24 |i 25 ter/hr, respectively Febhary 2006

nmet hacrol ein concentration of 17 February 2006 61 the reaction system
conprised of the above-nentioned two di f P& ent sol utions was about 33 % by
weight), while introducing air into the reactor so that the oxy- gen

concentration at thernytbBtahed Neod€afsEliREEANES @i%lﬁfi}}bﬁaé%’a?rliq{@d (whi ch
cnd),

is equivalent to the oxygen par- tial pressure of 0.15 kg to effect

an activation withheespéetyssd ind eldreshaldhgthedfd IMAl L IVah &Y duct ed
at a tenperature of 80 "C under a pressure of 5 Kg/cnR. The concentration

of NaOH in the Bbovked) thentdoneathd@ineolas AndieRMAS PN Idst S0 that
the reaction systemhad a pH of 7.1. The reaction mxture (activated

catal yst) was coalipabustype dpelrtavet farmini ddien Wdiel itfe tiie (agactor at a
rate of 2.4 liters/hr. The activation of the catalyst internedi ate was com
15 pl et ed aft erMedehounanifamurtesl strat tsodfd thye Nigpohi OenshBkii e dde.
reaction, the reaction mxture fractions continuously withdrawn fromthe
outl et of the rigaks®sr Caontldiched Japaut) .27Prppntbé deta obtaiiseavesagg. |t

is assuned that the reasons for this is that the lead con 20 tained in the
catal yst is di sS4t Vierro P tileadn naghi tave Speetridrestminsdonheoleact i on

system by the action of the nmethacrylic acid produced during the above
reaction (the TEIES ofbf edlevress: igfecdidinHogsFalabiptedwan Beom the -

outlet of the reacior contained 1.1 %Db
coréance J1f% f%S-K7103 {%escribing the tests for de-

10 termining the yellowness index and yellowing factor of
plastics). The YI value was used as an index for the
discoloration of a methyl methacrylate polymer.

A methyl methacrylate polymer having a yellowness
index (YI) of not more than 10 is preferred because

15 such a polymer has excellent transparency.

Examgle 1

An oxide catalyst composition having a structure
(in terms of atomic ratios of constituent metallic ele-
20 ments, relative to twelve atoms of the total of molyb-
denum and tungsten) represented by the formula:
Moy Bis ¢ Cep, 4 Ko, 1 CSg.4 Fea,5Cog. o Sbg 7
was prepared as follows.
Ammonium heptamolybdate in an amount of 350.0 g

25 was dissolved in 1,700 g of water having a temperature



25 wei ght of methacrylic acid on the average), and the 17 February 2006 62
formed | ead ions are reduced with active hydrogen which is generated in
the reaction between nethacrolein and nethanol. The analysis of the
activated catalyst re- vealed that the Pd/Pb atomic ratio was 3/1.24, and a
5 maxi numintensity peak at a diffraction angle (28) was 173eeheBayi2R06 he
powder X-ray diffraction pattern thereof The second stage reaction was
conducted using the liquid mxture (A obT4i ned in step 2 above (neth-

acrol ein absorption step) and the above-prepared second 10 stage catal yst,
naki ng referencsr tabdute soxanpl ey ehebebyevdraiadadapgiesasPabeition.
Application Laid-Qpen Specification No. Hei 11-80077 (corresponding to U.S.
Patent No. 5, 9G% &2 obbadned ekglebus solhatibanwhypediubblie . gobusd reac- 15

tors (reactor | and reactor Il which were made of stainless steel) each
havi ng a vol umarndfinong [tirtiexd deqr therkbguicthtphaiagweneagqasbaet edspenseri es
(i.e., reactor Il was connected to reactor |). Each of reactors | and |

was i ndi vi dual Isjonh@ogedining 800ypdehumhandcahvaneny20 Bes osiot &1 mgd
catalyst. The liquid mxture (A) obtained in step 2 above was fed into
reactor 3 at aaduewusassespensiocB80@ag/ heated thi 80i h€twhide atsorangon of
sodi um hydroxide in nethanol and a solution of |ead acetate in nethanol
were al so fed @ndo tbgah68f. Or gaefors3P &nbyl wekghtoagnepushbyfirgged in each
reactor had a pH value of 17 February 2006 63 6.1 and a | ead concentration
of 20 % by wei §REOXARe SRALHAEPTeVESt BLPVLFarf8Rdr ERR¥EDA WRiket AkéFol ein

was conduct ed at a tquerature of 80 C under {fressure of ,
. resultant mixture turned to assume bright

yellow while foaming, and the state of the mixture be-
10 came a solution. The stirring of the thus obtained
agueous solution was further continued for about 30
minutes at 90 °C. Then, the solution was cooled to
50 °C and the solution was maintained at 50 °C (the
thus obtained solution is referred to as "solution A").
15 On the other hand, 128.7 g of bismuth nitrate, 29.1 g
of cerium nitrate, 1.66 g of potassium nitrate, 100.4 g
of iron nitrate, 389.0 g of cobalt nitrate and 12.9 g
of cesium nitrate were dissolved in 350 g of a 15 % by
weight aqueous nitric acid solution, to thereby obtain
20 a solution (referred to as "solution B”"). Solutions A
and B were mixed together while stirring for about 2
hours, thereby obtaining a slurry of the starting mate-
rials. The obtained slurry was subjected to spray dry-
ing, to thereby obtain a dried, particulate catalyst

25 composition precursor. The obtained dried, particulate



3.0 kg/cn2, wherein the oxygen partial pressures of the 5 exhausted gases
flowng out fromthe outlets of reac- tors | and Il were 0.095 kg/cnR2 and
0.03 kg/cn2, respec- tively. As a result, a reaction m xture (B) containing
met hyl nethacrylate, water, nethacrolein and nethanol was obtained from
the outlet of reactor Il, and it was 10 found that the coheetwhan 2606

nmet hacrolein was 80.3 % and the selectivity for nethyl nethacryl ate was
90.7 % 4. Methacrolein (MAL) recovery st Met hacrol ei n recovery step was
conducted as fol- 15 I ows, naking reference to Exanple 1 of Unexam ned
Japa- nese Pat enaft=2ARRIY eaimpeBiltabd- Ppepudpeei WhsathopiNed &ei204 1> 246453.
The reaction m xture (B) containing nethyl nethacrylate, water,

met hacrol ei n afdrrst hanels, Wi ¢eherwBy obtained thAl6ifed3cdterpetl sbmge
reaction step) 20 above, was fed into a 45-stage plate distillation tower
(i nner di amet eposifiom phlecgltor6in) theofodmdo®i ahqusseyphérbysl pae-
reaction mxture (B) was fed at the 30th plate as counted fromthe top of
the distillati @aincleoweThatoltdlmed redlciofed , &0 fdtr .cdipdrsdciiononereas a 25
pol yneri zation inhibitor was fed into the distillation 17 February 2006 64
tower atd the toprsherwes mpldedaintsushcohannahetabhet deaniag i@onddf t he
pol yneri zation inhibitor in the lig- uid falling inside the distillation
tower becane afmefreasef1800ppm am@eadnetiyght aof oh moweandathepeatatet un 5

der conditions wherein the tenperature at the uggernnst portion of the
distillation tHﬂérSHBQeSIeQ t?hﬁi@@h}fbé%%ﬂu¢E 0tHe FTomed T portion of

t he dIStI||atIOB t ower he tenperature at the 6th plate as
counted fromth eBﬁPYoﬁPB?iPﬁ%gd?sf+??%t?%hl?5%%r°%%gﬁ]Rﬁ?ﬁ.ﬂﬁ?Sc%ﬁnlthe

pressure at the ugggrnnst portion of

10 Methacrolein was produced in order to evaluate the
initial performances of the oxide catalyst composition.
4.0 g of the tableted oxide catalyst composition was
charged into a stainless steel (SUS304) reaction tube
which has a diameter of 10 mm and is provided with a

15 jacket. A gaseous mixture of 6 % by volume of iso-
butylene, 10.8 % by volume of oxygen, 10.0 % by volume
of steam and 73.2 % 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

20 350 °C, thereby effecting a methacrolein synthesizing
reaction and obtaining a gaseous product containing
methacrolein. The results of the reaction were evalu-
ated, and it was found that the conversion of isocbutyl-
ene was 97.8 %, the selectivity for methacrolein was

25 88.3 % and the selectivity for methacrylic acid was



the distillation tower was atnospheric pressure. As a result, a bottom
liquid (C containing nethyl nmeth- acrylate was obtained fromthe bottom of
the distilla- tion tower. 15 5. Acid treatnment/water-oil separation step
The bottomliquid (C) obtained in step 4 above was fed into an oil-water
phase separation vessel at a flow rate of 800 g/hr. AquebluBemubafyl20i06 acid
was fed into 20 the conduit for feeding bg tomllqwd (C to the oil-water
phase separation vessel so that the resultan aqueous phase in the

oi | -water phase separation vessel had a pH of 2.0. The m xture of bottom
liquid (C) and 2sulfurTheaahndliygichefsepnar abhaen¥easghsvotssppasatced 25
into an oil phase and an aqueous phase by centrifuga 17 February 2006 65
tion, and the oshowdmsthatasthee pavelird iz ofuldieckeedlt wast Beosppacquert hi gh
boi l i ng point substance separation step. In this step 5 two separation
vessel s were us®d vajhieclwaserld disspbsde ¢ aale eraablse.alternate use 5

t hereof for conducting the phase separation of the bot- tomliquid (C. 6.
Hi gh boiling point Substaveatdgparatiest snéprAshirghgboitl cogdpbdinnssubst ance
separation step was 10 conducted as follows, nmaking reference to Exanple 1
of  Unexami ned WRfpaesdormedems Agglliowat.i ohe areiaCpeon Speraperdtiere i was No.

Hei 11-302224. The oil_ phase separ at ed in step 5 above was fed into a
30-stage pl at e ietFtEdatticod 80 Skean@ ther fdpruneese: ofothm ahevght: 5
provided 15 with sieve trays at the 20th plate as counted fromthe top
thereof at a fI"lﬁﬁtFé’P@doﬂa@G@uﬁ/ H‘IiXtRﬁeaﬁﬁﬁr shaggefofpr 2P nYLAmBRI ne

refrigerator f m)V| aliquid
9 %Jfb ga con 1nuoua operation for synthesizing -

methacrolein was conducted for 48 hours. Subsequently,

10 the reaction conditions were changed back to the same
conditions as in the reaction for the evaluation of the
initial performances of the catalyst composition (reac-
tion temperature: 350 °C; flow rate of gaseous mixture:
100 ml/min), and the results of the reaction are shown

15 below. It was found that the performances of the cata-
lyst composition under the stringent conditions were
substantially the same as the initial performances.
Specifically, the conversion of isobutylene was 97.8 %,
the selectivity for methacrolein was 88.3 % and the

20 selectivity for methacrylic acid was 2.4 %. The
analysis of the condensed gaseous product showed that
the production of diacetyl was 490 ppm, the S1 value

was 10, and the S2 value was 51.

25 In addition, using the above-mentioned oxide cata-



under reduced pressure was provided at the top of the distillation tower,
and an apparatus which was con 20 trolled by neans of a | evel gauge and

whi ch conprised a refrigerator for w thdrawi ng steam under reduced pres-
sure and cooling the withdrawn steamto thereby obtain a condensate, was
provi ded at the bottomof the distil- lation tower. The di&FebPruari 296t oner
was continuously 25 operated under conditipns wherein the reflux rate was
17 February 2006 66 1,000 g/hr and the pressure at the uppernost portion of
the distillation tower was 150 mmHg, while feeding a nethyl nethacrylate
sol uti on cont ai¥ysiy compdsyi timinghime thify Lhydthaerpoaeef wam phedthepdobyt he
distillation tower 5 at a flowrate of 40 g/hr. The tenperatures at the up-
per nost porti orthendlitteet diertmedMApproicessofint Becodidahckl atthnthewer were
45 C and 70 'C, respectively. A steam containing nethyl nethacryl ate was
recovered frorftdrs tasp sbownhdnditdei Elewi chartweE Eihdureol ed by 10 neans of
a refrigerator to thereby obtain a condensate. The condensate was

wi thdrawn at a rate of 500 g/hr. 7. Low boiling point substance separation
step A | ow boiling point substance separation step was 15 conducted as
foIIoms,snakind~ref%ﬂéﬁée5¢é§ExEﬁBF§iQno$temnexanined Japanese Pat ent
Application Laid-Open Speci- fication No. Hei 11-35523. The condensate
obtained in step 6T@BoféTrRasstadei Aeachion-waggeonfuactedikn |2 |BRRBAT t ower
(i nner dianeter.: 1g cm hﬁ%ght: 5.mM Erovided 20 with sieve trays at the
10th plate as ESufit@d™f PEPPnemakopyt Aefebenge Bof ey Faretbensoethrdr. An

appar at us con%%iikgg ? bﬁing geLri grator for égnnyiqg a liguid  under
reduced pressure Was Brovi-d8d aPetAl-Psp ofPERese TRtTTE APRHEB3WEP™ and an
apparatus whi Ch M3SoE8A specification No. Hei 9-323950.

10 The same tableted catalyst composition as prepared
above was charged into a stainless steel (SUS304) reac-
tion tube which has an outer diameter of 50.7 mm and an
inner diameter of 46.7 mm and is provided with a jacket.
Specifically, the reaction tube was packed with the ta-

15 bleted catalyst composition so as to form three cata-
lyst layers therein, namely catalyst layers 1, 2 and 3
disposed in this order from the gas inlet to the gas
outlet of the reaction tube, thereby providing reaction
zones 1, 2 and 3 corresponding to catalyst layers 1, 2

- 20 and 3, respectively. The packing of the catalyst com-
position was performed so that the catalyst packing
densities (Cl, C2 and C3 respectively) of the catalyst
layers 1, 2 and 3 became as follows: Cl = 800 kg/m®,
C2 = 400 kg/m’ and C3 = 1,000 kg/m®, and the heights

25 (L1, L2 and L3 respectively) of the catalyst layers 1,




25 trolled by neans of a | evel gauge and which conprised a 17 February 2006
67 refrigerator for w thdrawi ng steam under reduced pres- sure and cooling
the withdrawn steamto thereby obtain a condensate, was provided at the
bottom of the distil- lation tower. The distillation tower was continuously
5 operated under conditions wherein the reflux rate was HOBelyuary 2098 t he
pressure at the uppernmpst portion of theggistillation tower was 250 mmHg,
while feeding a nethyl nethacrylate solu?lon containing 5 % by wei ght - of
hydr oqui none fromthe top of the distillation tower 10 at a flow rate of 40
g/ hr. The tenper ang es batcaniee asp £ olamsst LAokt 0oB andLihe lLoBGemmastl portion
of the distillation tower were 50 C and 80 C, respectively. A steam
cont ai ni ng net Bd =met.haor.yl Bhe adjustwentrefl tle opatabysbppatkime
distillation tower and cooled by 15 neans of a refrigerator to thereby
obt ai n a conderdsatsd.tiefh@folitei wedadysdeAgyesswas Wi ahdr dwwasgt madeaby of
500 g/hr. 8 Methyl nethacrylate (MVA) purification step The condensate
obt ai ned in st dxXAngbevevidadrdgal2porgedain7Baschye pilage (dismeEpAti on
tower (inner dianme- ter: 10 cm height: 5 m provided with sieve trays at

t he 35t pl at e Sagoo g8y tf:r 4nMthe thepushehede Giageterowdrame BLtB0O g/ hr.
An apparatus conprising a brine_ refrigerator for renoving a |iquid under
reduced pres 25N&,t@blgsedr 6#it@ddS&+ the top of the distillation tower, 17

February 2006 68 angd an ap aratus _which control | ed by ns of a |evel
gauge and which conpPfs&d EGFEFPFGePﬁtBPg?ﬁ?atgfghﬂ? &Pﬁgogf T under
reduced.prgssuggcﬁgq %gglgg at 320 °C, and a gaseous mixture of
5.75 % by volume of t-butancol (TBA), 8.37 % by volume
10 . of oxygen, 4.17 % by volume of steam and 81.7 % by vol-
ume of nitrogen (wherein the temperature of the gaseous
mixture was 290 -°C) was flowed to the reaction tube,
and a methacroleiﬁ synthesizing reaction was conducted
at a spéce velocity (SV) of 630 hr'', thereby preparing
15 a gas containing methacrolein and steam. The maximum
temperatures of the reaction zones 1, 2 and 3 were
383 °C, 384 °C and 384 °C, respectively. The conver-
sion of t-butanol was 100 %, the selectivity for meth-

acrolein was 86.4 % and the production of diacetyl was

20 500 ppm.

2. Methacrolein (MAL) absorption step:
Next, a methacrolein absorption step was conducted
in a manner as shown below, wherein a guenching tower,

25 a dehydration tower and an absorption tower were used,




the withdrawn steamto thereby obtain a condensate, was 5 provided at the
bottom of the distillation tower. The distillation tower was continuously
oper at ed under con- ditions wherein the ref lux rate was 225 g/ hr and the
pressure at the uppernost portion of the distillation tower was 140

while feeding a nethyl nethacrylate 10 sol uti on contai ni nty BelSruay 2086 ght of
hydr oqui none from- the top of the distillation tower at a flowrate of 40
g/ hr. The tenperatures at the uppernost tion and the | owernost portion
of the distillation tower were 55 C and 80 C, respectively. A steam

contai ning 15 makiny reEBaenybate VYAE A€60YE5€Le f6ONIA drear O ©f Jdhe-
distillation tower and cool ed by neans of a refrigera- tor, thereby

obtai ning a puniekecdaiehByhppRibaciyhaleidabpén fépyecind Cafort2b 9/Hei The
t hus obtained purified nmethyl nethacrylate had 20 an APHA val ue of
approxi mately 31-apd7a (ebbykspehdinactyl at®. prdyeretr Ng odIceEsb USigg. t he
nmet hyl nmethacrylate nononer had a Yl value of 3.5. Therefore, the nethyl

met hacryl at e nononeThande tleatyd 1 ek haan | st eanpotomminiprodiseednesi ng t he
oxi de catal yst conposition of the 25 present invention had excell ent APHA
val ue afAd excebatZdFéhr shey 208Bo6€ vantinMrodibaom] Irdspecrtquesighing
Conparative Exanple 1 An oxide catal yst conposition having a structure 5
(in terns of atewer.r atn csheofqusmedtinadrewerst dlhlej gasl wasnenprdedr gkagi ve to
twel ve atons of the total of nolyb- denum and tungsten) represented by the
fornul a: Mp12 bBepaperaeerd ®H.44 CsO. by Fesans Gds. vakerd & Pradpar d@rnge

fol | ows. :
portion of the steam and by-produced high boiling point

substances and acids was removed from the gas, to

10 thereby partially dehydrate the gas. The resultant
partialily dehydrated, methacrolein-containing gas had
the following composition: 4.9 mol % of methacrolein,
2.7 mol % ofrwater, 0.2 mol % of liquid by-products,
such as acétone, and 92.2 mol % in total of nitrogen,

15 oxygen, carbon dioxide and carbon monoxide gases and
unreacted isobutylene.

The partially dehydrated, methacrolein-containing
gas was fed into the bottom portion of a 30-stage plate
dehydration tower (inner diameter: 10 cm, height: 5 m)

20 provided with sieve trays at a flow rate of 3.6 Nm’/hr,
whereas a solution prepared by adding 100 ppm by weight
of hydroguinone to liguid methanol was fed into the de-
hydration tower at the top plate thereof at a flow rate
of 200 g/hr. The dehydration tower was operated under

25 conditions wherein the temperature of the gas in the



362 g of ammoni um hept anol ybdate was dissolved in 1,750 g of water having
a tenperature of about 50 C, to thereby obtain an aqueous sol ution
(referred to as "solution A"). On the other hand, 133 g of bismuth ni-
trate, 30.1 g of ceriumnitrate, 1.72 g of potassium 15 nitrate, 103.9 g of
iron nitrate, 402 g of cobalt ni- trate and 13.4 g of cesilUfebiverd®@bner e
dissolved in 355 g of a 15 1 by wei ght agueous nitric acid solution, to
thereby obtain a solution (referred to as "solution B"). Solutions A and B
were m xed together while stir 20 ring for about 2 hours, thereby obtaining
a slurry of thetioar botiont 6Fi 8hs. ddhedpht sbmetbwdtirvys Was *Sup-thected to
spray drying, to thereby obtain a dried, par- ticulate catal yst conposition
precursor. The tehipairaedredoitedhepgaki thl the eppetysst cpoposet i @f phecur sor
was 25 calcined at 200 C for 3 hours, to thereby obtain a 17 February 2006
70 cal ci ned cagehydtratapposbiveonwpset8r'shr the ttemgearanwfe of quasi spheri cal
particle. The obtained cal cined cata- |yst conposition precursor was nol ded
into a col umadigudll eethavbhgsaldiaoeteas 0i8 5.0 mndrkhe praggurefin nm 5
and the tablet was subjected to final firing at 500 C for 3 hours, thereby
obtai ni g a fi hhe vabkzmedtorpdtionachl Ve Genpioation. tokenaézsl kidh was
produced in the sa manner as in Exanple 1 in order to evaluate the
initial perforkadess. Mhust, tthe Prrddaddyvalgbydearp8sPifonNasTAE Yesults of
the reaction were evaluated, and it was found that the con- version of

i sobutyl ene wadrohed sprthersengeri the yabeye-mRANRIA ST EBS5 % and

the selectivit meth- acrylic acid was. 2.4 % The anal ysi.s of the

for : 7o I o
condensed 15 géggoﬁsdﬁﬂﬁﬂﬁf}?e h8ARECY R AP E HE $ r AT HP DT 4R%Lt v |

rolein gas and methancl gas was obtained from the up-
10 permost portion of the dehydration tower.

Subsequently, the dehydrated gaseous mixture ob-
tained above was fed into the bottom gas phase portion
of a 30-stage plate absorption tower (inner diameter:
10 cm, height: 5 m) provided with sieve trays, whereas

15 a solution prepared by adding 100 ppm by weight of hy-
droguinone to liguid methanol was fed into the absor?-
- tion towef at the top plate thereof at a flow rate of
300 g/hr. The absorption tower was operated under con-
- ditions wherein the temperature of the ligquid in the
20 - bottom portion of the absorption tower was -6 °C, the
temperature of the liquid on the top plate was -3 °C,
the temperature of the liquid methanol solution
was -3 °C, and the pressure in the uppermost portion of
the absorption tower was 1.4 kg/cm®’. Substantially all

25 of the methacrolein gas and methanol gas which were



was 3,500 ppm the Si value was 20, and the 52 value was 56. Subsequently,
a test under stringent conditions was perfornmed in the sanme manner as in
Exanple 1 to 20 evaluate the performances of the catal yst conposition
under stringent conditions. It was found that the con- version of

i sobutyl ene was 97.4 % the selectivity for methacrol ei nliisbrgary206and
the selectivity for neth- acrylic acid mas 2.4 % The analysis of the
condensed 25 gaseous product showed t hat %e production of diacetyl 17
February 2006 71 was 3,600 ppm the Si value was 21, and the S2 value was
56. | n additiongortd@idy|inreiheGeplydira tedn iR owds miptaddacedsi abthe same
manner as in Exanple 1 by the di- 5 rect M.-to-MVA process by using the
above- ment i onedavdd o diiaiunisl comppanidsi andethehehadoobtaenedonethy|

met hacryl ate nononmer had an APHA value of 8, and a nethyl nethacrylate

pol ymer producetbndiitnigprishe thefrieply obtblhadng at digoadmeixhadea(X) wvahnute of
12.5. Therefore, 10 the APHA value and Yl val ue of the produced nethyl

met hacryl at e noredimemaarid qudidhpie timechred ey naaadpdligoéd meghenpdofroms
conpared to those in the case of the use of the oxide catal yst conposition
of the p¥esent thevédethdmportyoEx afpithe? absoEpsphetovesxi dhe Rt yst
conposition having the formul ations as shown in Table 1 was prepared in
substanti al | y tifdneshd igigemizdurg Brénphe foléewdpg 2o0mpaRiti@AB:anmpunts

of netallic elenents were ad%ysted so. as to comply with the fornmul ation
indicated in Tadi-d £ by weight of methacrolein, 66.8 % by weight of

methanol, 0.7 % by weighi- of water, and 0.8 % by weight
of by-products, such as acetone.

10
3. Second stage reaction step:

The second stage catalyst was prepared in accor-
dance with Reference Example 1 and Example 1 of Inter-~
national Patent Application Publication No. W0OS$7/3751,

15 as follows.

A catalyst intermediate was prepared in substan-
tially the same manner as iﬂ Reference Example 1 of In-
ternational Patent Application Publication No.
W097/3751. Aluminum nitrate and magnesium nitrate were

20 dissolved in an aqueous silica sol (Snowtex N-30 (SiO,
content: 30 % by weight), manufactured and sold by Nis-
san Chemical Industries, Ltd., Japan) so that the
Al/(5i+2l) proportion became 10 mol % and the
Mg/{(Si+Mg) proportion became 10 mcl %. The resultant

25 solution was subjected to spray drying at 130 °C using



In addition, the final firing of the catalyst was con- ducted at the
tenperature indicated in Table 1. The evaluation of the initial
performances of the 25 oxide catalyst conposition and the stringent
condition 17 February 2006 72 test were perforned in the same manner as in
Exanple 1. The initial performances of the catalyst conpbsFeprgary 2108 shown
in Table 2 and the performances of the cagg- | yst conposition after the
stringent condition test are 5 shown in Table 3. In addition, a nethyl

nmet hacryl ate nononer was produced by the direct M.-to-MVA process in the

sane manner as i NsfXx@fdeydr, afibifeyietiditaimBiniipepteriatad RPRAINLIR SRS
produced using tha thus produced nethyl nethacrylate nononer. The APHA

value of the IQavBidVdn NBidYatde & iMmOMamidrt bg ¥ val.uereé bhe
met hyl nethacryl ate polynmer are shown in Table 4. Exanple 3 An oxide

cat al yst conpostdimsd has g laess twaitd Wal cibed( ih GarMatofR 0@t O Eotat2l os of
constituent netallic ele- nents, relative to twelve atons of the total of

nol yb- denum aritbumsgstde rgulysspnesgritye dtbys oohe ¢f dorulBahoknd., 5 tNRrebsi i . 7
Ce0.4 Ko.2 Cso.2 Fei.0 Co6.5 Nil.0 Sbho.5 was prepared as follows. 20 103.6
g of amm®ni um partinmiget & carasiedi 30l wedataly:t900Ty the walbbaimedi ng a
tenperature of about 60 C, and 267.1 g of anmoni um hept anol ybdat e was
added t her et o,catrireghyweaist &iddady aan aaeevss sodhtiironcfTpaihedism ai ned
aqueous sol ution was added 11.6 g of antinony 25 trioxide, thereby

obt ai ni ng an adqieqridauddéndi &y #6d 90t IFapduseginnoeherideni(A§ fobybdenum

tungsten and anti npny. The ob- ]
weight'} and an aqueous solution of lead nit:.ate (13 %

by weight) so that the amounts of the palladium chlo-
10 ride and lead nitrate contained in the resultant
mixture became 5 parts by weight in terms of Pd atom
and 6.5 parts by weight in terms of Pb atom, respec-
tively. The resultant mixture was stirred at room tem-
" perature for 1 hour, thereby obtaining a carrier having
15 adsorbed thereon almost all amounts of the palladium
chloride and lead nitrate. Thereafter, to the obtained
carrier having adsorbed thereon the palladium chloride
and lead nitrate was dropwise added, while stirring, an
aqueous soclution containing hydrazine in a molar amocunt
20 which is 3 tiﬁes the total moclar amount of the palla-
dium chloride and lead nitrate adsorbed on the carrier,
thereby reducing the palladium chloride and lead ni-
trate adsorbed on the carrier. Thus, a composition
Pdionﬁj/Sioz—Alﬂh—Mgo, wherein the superscript numer-

25 als at the right hand of Pd and Pb, respectively, rep-




tai ned aqueous suspension was heated to 90 C while stirring, and then 50.0
g of a 30 % by wei ght aqueous hydrogen peroxi de solution was slow y added
thereto 5 while stirring. The resultant m xture turned to assune bright

yel l ow whil e foam ng, and the state of the m x- ture becanme a solution. The
stirring of the thus ob- tained aqueous sol ution was furtheFelioryi08d for
about 30 mnutes at 90 C. Then, the soluééon was cooled to 10 50 C and the
solution was rmaintained at 50 C (the thus obtained solution is referred to
as "solution A"). On the other hand, 131.9 g of bisnuth nitrate, 28.0 g

of cerium nitraeent phrasObyPakaghicuBENPEr ah@, PB4. BePatobei tonlootrate,
302.2 g of cobalt nitrate, 4g.3 g of 15 nickel nitrate and 6.23 g of cesium
nitrate were digartsolyetreligh280fgtak aatwi¥rbywaei ghtaaneeo(senéinat-acid
solution, to thereby obtain a solution (referred to as "solution B").

Sol utions A andel wehe sibxednedgebvhebswhibe ssi fréagefiviyabefierlediotios,
thereby obtaining a 20 slurry of the starting materials. The obtained
slurry was subjsdmipad e Sprawplgsyi Agtetrmetiheteby. obftted reralylised £
particul ate catal yst conposition precursor. The obtained dried,
particulsat e catthleysttedypdsintenmpdéateursyeahad thati pee atomdo Rrfor 3
hours, to thereby 25 obtain a cal cined catal yst conposition precursor in
the 17 Februar fi2008 palfiediunf tquaskedpkBAi/BhI aparifcrakioh@asbt ai ned cal -
ci ned catal yst conposition precursor was nolded into a columar tabl et

havi ng a di ame3¢n 86,5204 BAYLIRUMK&NERPSSEYAPRRE ahd t AREEERFEEODas
subjected to final 5 firing at 520 C for 3 hours, thereby obtaining a final
tabl et ed oxi de 2@gilgl ¥3H) c¥APo3Bt 7HR FhetheaPPudsontofayY el firashon

per formances OLa%Q%rn thereof, and the ratio of the total intensity

10 of two peaks ascribed to metallic palladium 3d elec-
trons to the intensity of a peak ascribed to metallic
lead 4f electrons in the X-ray photoelectron spectrum
was 1/1.24.

Next, the catalyst intermediate was activated by

15 the method as described in Example 1 of International
Patent Application Publication Neo. W097/3751, as fol-
lows. An external circulation type bubble column reac-
tor (made of stainless steel) which was equipped with a
separator for a catalyst and had a volume of 5.0 liters

20 for a liquid phase, was charged with 1,200 g of the
catalyst intermediate. A 36.7 % by weight solution of
methacrolein in methanol and a 2 to 4 % by weight solu-
tion of NaOH in methanol were continuously fed to the
reactor at flow rates of 2.16 liters/hr and 0.24 1li-

25 ter/hr, respectively (the methacrolein concentration of



catal yst co,.tposition and the stringent condition test were perforned in
the sanme manner as in Exanple 1. The 10 initial performances of the

catal yst conposition are shown in Table 2 and the performances of the
catal yst conposition after the stringent condition test are shown in
Table 3. In addition, a nethyl nethacrylate nononer was brioehvdan 2606t he
direct M.-to-MVA process in 15 the sane ngfner as in Exanple 1, and a

met hyl nethacry- |ate polyner was produced using the thus produced nethyl
met hacryl ate nononmer. The APHA val ue of the nethyl methacryl ate nonomner

and the Yl val usmedfredta i orelsilt et ichapirilsatie ook BERbAE -MBAWAohRATabl e 4.
20 Exanples 4 to 20 In Exanples 4 to 20, oxide catal yst conpositions

havi ng respect itw® faarFPgralntondlat isheWwaisnabablke3: wese weigipayed in
substantially the sane manner as in Exanple 25 1 or Exanple 3, except that
t he sources of wmElal lintrbiuvcdhguaiy 20680 Theekeaents andthmbumhe blkegreof
were selected so as to conply with the respective fornul ations indicated
in Table 1. Spea fdona@lentratienoritdéheabaltyst obnpbei reeansornbecewst ai ni ng
tungsten were prepared in substantially 5 the sane manner as in Exanple 1,
and the ®oxi de Gatlakyby veobupes{vhbols tone@rivalpniunystidre ex¥ygen dpaxed in
sub- stantially the sane nmanner as in Exanple 3. In addi- tion, the final
firing of the-ddedl pressnae o6nQuételig/am’t hea efifeat \an tasHsraiares

i ndicated in Table 1. 10 The evaluation of the initial perfornmances of the
oxi de cat al yst “€op8scRtaAysindntrametinkfent TRO MLt B 1A HAS (@R
performed in the sane manner as in Exanple 1. The initial performnces of
t he catal yst C§Hﬁ6§FtP6n§ temperature of 8¢ *C under a pressure of 5

kg/cm?., The concentration of NaOH in the above

10 -mentioned methanol solution was contreolled so that the
reaction system had a pH of 7.1. The reaction mixture
(activated catalyst) was continuously withdrawn from
the outlet of the reactor at a rate of 2.4 liters/hr.
The activation of the catalyst intermediate was com-

15 rleted after 50 hours from the start of the reaction.
During the reaction, the reaction mixture fractions
continuously withdrawn from the outlet of the reactor
contained about 270 ppm of lead on the average. It is
assumed that the reasons for this is that the lead con-

20 tained in the catalyst is dissolved out in an ionized
form thereof into the reaction system by the action of
the methacrylic acid produced during the above reaction
(the reaction mixture fractions continuously withdrawn
from the outlet of the reactor contained 1.1 % by

25 weight of methacrylic acid on the average)}, and the



are shown in Table 2 and the performances of the cata 15 |yst conpositions
after the stringent condition test are shown in Table 3. In addition,

met hyl nethacrylate nononmers were produced by the direct M.--to- MVA process
in the sane manner as in Exanple 1, and nethyl neth- acrylate polyners were
produced using the respective 20 nethyl nethacryl ate nonohererbani2éP8ual | y.
The APHA val ues of the nethyl nethacryl ate nononers and the Yl val ues of
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catalyst conpggirie@n3eRaviBfs’ aeReeLaNEeh ORIt 24 O0Pe ASy&ROYEN i BhidAbl e 1
were prepared in substantially the same manner as in Conparative Exanple

1, Exanple 1 ofsEyanBkatdd 2nexfePtehBliohNBe ERLES Gfe BhadBbBéih Cagliement s
and amounts thereof were selected so as to conply with the respective

fornul ations i pditeahed. i nrd@bdealysiSpast fihe it iwatidie cadade statad y st
conpositions not containing antinony were prepared in substantially the

sane manner 10vaaled Chapathei ya/BExaapbeid, ratibo owasles thi a4 ysdéndoapo-
sitions containing antinony, but not containing tung- sten were prepared in

substantsi al | y iB&im@mMeiBBAGKEt@Speal &¥Xaapdeffiraction hengxé dez@ptwdy st
conpositions con- taining antinony and tungsten were prepared in substan 15
tially the sanB8méhRer insthe BrudpreX3rayndififiracbhon pactérmathéreofig of
the catal ysts was conducted at the respective tenperatures indicated in
Table 1. The re- sulhe sécohd slVagearedetbin twis i eandudteb it of

the oxide catal yst conpositions are shown in Table 2. 20 Each of the oxide
cat al yst Conpoéﬁgpéﬁsmbgtggﬁ}(hj obtained in step 2 above (meth- - -

acrolein absorption step) and the above-prepared second
10 stage catalyst, making reference to the Examples of Un-
examined Japanese Patent Application Laid-Open
Specification No. Hei 11-80077 {corresponding to U.S.
Patent No. 5,969,178).
Two external circulation typé bubble column reac-
15 tors (reactor I and reactor II which were made of
stainless steel) each having a volume of 5.0 liters for
a liguid phase were connected in series (i.e., reactor
IT was connected to reactorlI). Each of reactors I and
IT was individually charged with 900 g of the activated
20 second stage catalyst. The liguid mixture (A) obtained
in step 2 above was fed into reactor I at a flow rate
of 1,600 g/hr. In this instance, a solution of sodium
hydroxide in methanol and a solution of lead acetate in
methanol were also fed into each of reactors I and II

25 so that the liguid in each reactor had a pH value of



parative Exanples 3, 6, 7 and 8, each of which exhib- ited a selectivity
for methacrolein of 86.5 %or nore, was subjected to the stringent
in the same nanner as in Exanple 1. The performances of the
25 catal yst conpositions after the stringent condition 17 February 2006 77

condition test

test are shown

in Table 3. In addition, nethyl neth- acryllafébig

wer e

produced by the direct M.-to-MVA process _in the sanme manner as in Exanple
nmet hacryl ate pol yners mereeﬁroduced using the respec 5 tive
met hyl nethacrylate nmononmers. The APHA val ues of the nmethyl nethacryl ate

e]b an\éf‘laue.l.%&g fotni&%n':fﬁ'ralﬂbnn%?héﬁrf%' EIE{EWBQ MﬁersA@re shown

1, and net hyl

nonomers and t
in Table 4. 17

210

15

20

25

ruary 20 8000 (BEy WUDO
oxidative esterification reaction of methacroleln was

conducted at a temperature of 80 °C under a pressure of
3.0 kg/cm?, wherein the oxygen partial pressures of the
exhausted gases flowing out from the outlets of reac-
tors I and II were 0.095 kg/cmF and 0.03 kg/cmz, respec-
tively. As a result, a reaction mixture (B) containing
methyl methacrylate, water, mefhacrolein and methanol
was obtained from the outlet of reactor II, and it was
found that the conversion of methacrolein was 80.3 %

and the selectivity for methyl methacrylate was 90.7 %.

4. Methacrolein (MAL) recovery step

Methacrolein recovery step was conducted as fol-
lows, making reference to Example 1 of Unexamined Japa-
nese Patent Application Laid-Open Specification No. Hei
11-246453. The reaction mixture (B) containing methyl
methacrylate, water, methacrolein and methanecl, which
was obtained in step 3 (second stage reaction step)
above, was fed into a 45-stage plate distillation tower
{inner diameter: 15 cm, height: 6 m) provided with
sieve trays. The reaction mixture (B) was fed at the
30th plate as counted from the top of the distillation
tower at a flow rate of 1,600 g/hr. Hydroguinone as a

polymerization inhibitor was fed into the distillation

0 00O0O0O
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tower at the top thereof at a rate such that the con-
centration of the polymerization inhibitor in the lig-
uid falling inside the distillation tower became at
least 100 ppm. The distillation tower was operated un-
5 der conditions wherein the temperature at the uppermost
portion of the distillation tower was 31 *C, the tem-
perature at the lowermost portion of the distillation
tower was 84 °C, the temperature at the €th plate as
counted from the bottom of the distillation tower was
10 8l1.4 °C, and the pressure at the uppermost portion of
the distillation tower was atmospheric pressure. As a
result, a bottom ligquid (C) containing methyl meth-
acrylate was obtained from the bottom of the distilla-

tion tower.

15
5. Acid treatment/water-oil separation step
The bottom liquid (C) obtained in step 4 above was
fed into an cil-water phase separation vessel at a flow
rate of BOO g/hr. Aquecus sulfuric acid was fed into
20 the conduit for feeding bottom liquid (C) to the

oil-water phase separation vessel so that the resultant
aquecous phase in the oil-water phase separation vessel

had a pH of 2.0. The mixture of bottom liquid (C) and

sulfuric acid in the separation vessel was separated

25 into an o0il phase and an aqueous phase by centrifuga-
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tion, and the oil phase was recovefed and subjected to
the subsequent high boiling point substance separation
step. In this step 5, two separation vessels were used
which were disposed so as to enable alternate use

5 thereof for conducting the phase separation of the bot-

tom liquid (C}.

6. High boiling point substance separation step
A high boiling point substance separation step was

10 conducted as follows, making reference to Example 1 of
Unexamined Japanese Patent Application Laid-Open Speci-
fication No. Hei 11-302224. The o0il phase separated in

| step 5 above was fed into a 30-stage plate distillation
tower (inner diameter: 10 cm, height: 5 m) provided

15 with sieve trays at the 20th plate as counted from the
top thereof at a flow rate of 600 g/hr. An apparatus
comprising a brine refrigerator for removing a liguid
under reduced pressure was provided at the top of the
distillation tower, and an apparatus which was con-

20 trolled by means of a level gauge and which comprised a
refrigerator for withdrawing steam under reduced pres-
sure and cooling the withdrawn steam to thereby obtain
a condensate, was provided at the bottom of the distil-
lation tower. The distillation tower was continuously

25 operated under conditions wherein the reflux rate was
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1,000 g/hr and the pressure at the uppermost portion of
the distillation tower was 150 mmHg, while feeding a
methyl methacrylate solution containing 5 % by weight
of hydroguinone from the top of the distillation tower
at a flow rate of 40 g/hr. The temperatures at the up-
permost portion and the lowermost portion of the
distillation tower were 45 °C and 70 °C, respectively.
A steam containing methyl methacrylate was recoveisad .
from the top of the distillation tower and cooled by
means of a refrigerator to thereby obtain a condensate.

The condensate was withdrawn at a rate of 500 g/hr.

7. Low boiling point substance separation step

A low boiling point substance separation step was
conducted as follows, making reference to Example 1 of
Unexamined Japanese Patent Application Laid-Open Speci-
fication No, Hei 11-35523. The condensate obtained in
step 6 above was fed into a 30-stage plate distillation
tower (inner diameter: 10 cm, height: 5 m) provided
with sieve trays at the 10th plate as counted from the
top thereof at a flow rate of 500 g/hr. An apparatus
comprising a brine refrigerator for removing a ligquid
under reduced pressure was provided at the top of the
distillation tower, and an apparatus which was con-

trolled by means of a level gauge and which comprised a
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refrigerator for withdrawing steam under reduced pres-
sure and cooling the withdrawn steam to thereby obtain
a condensate, was provided at the bottom of the distil-
lation tower. The distillation tower was continuously
operated under conditions wherein the reflux rate was
400 g/hr and the pressure at the uppermost portion of
the distillation tower was 250 mmHg, while feeding a
methyl methacrylate solution containing 5 % by weight. --
of hydroguinone from the top of the distillation tower
at a flow rate of 40 g/hr. The temperatures at the up-
permost portion and the lowermost portion of the
distillation tower were 50 °C and 80 °C, respectively.
A steam containing methyl methacrylate was recovered
from the top of the distillation tower and cooled by
means of a refrigerator to thereby obtain a condensate.
The obtained condensate was withdrawn at a rate of 500
g/hr.
8. Methyl methacrylate (MMA) purification step

The condensate obtained in step 7 above was fed
into a 70-stage plate distillation tower (inner diame-
ter: 10 cm, height: 5 m) provided with sieve trays at
the 35th plate as counted from the top thereof at a
flow rate of 500 g/hr. An apparatus comprising a brine
refrigerator for removing a liquid under reduced pres-

sure was provided at the top of the distillation tower,



.r.ri asP7WAD. 1WN AO7Wo | WP7a] WPaW AP] 0.1 "3c N3 3 yY333 +NNN N
é())(())(())(EOOOO(QOOOOOOOOOOO H OHNMO N~DNcoanO rori NMd' N~ONNC) H*

XOOKK K XOXXK K KK XX VIR 11 w- 17 February 2006 79 of f
p2 Wro9: 0000000O0O0O ! °

1io0

15

20

25

17 February 2006
68

and an apparatus which was controlled by means of a
level gauge and which comprised a refrigerator for
withdrawing steam under reduced pressure and cooling
the withdrawn steam to thereby obtain a condensate, was
provided at the bottom of the distillation tower. The
distillation tower was continuously operated under con-
ditions wherein the reflux rate was 225 g/hr and the
pressure at the uppermost portion of the distillation
tower was 140 mmHg, while feeding a methyl methacrylate
solution containing 5 % by weight of hydroquinone from
the top of the distillation tower at a flow rate of

40 g/hr. The temperatures at the uppermost portion and
the lowermostrportion of the distillation tower were

55 °C and 80 °C, respectively. A steam containing
methyl methacrylate was recovered from the top of the
distillation tower and cooled by means of a refrigera-
tor, thereby obtaining a purified methyl methacrylate
at a flow rate of 450 g/hr.

The thus obtained purified methyl methacrylate had
an APHA value of approximately 3, and a methyl meth-
acrylate polymer produced using the methyl methacrylate
monomer had a YI value of 3.5. Therefore, the methyl
methacrylate monomer and methyl methacrylate poelymer
produced using the oxide catalyst composition of the

present invention had excellent APHA value and excel-

rn
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lent YI value, respectively.

Comparative Example 1

An oxide catalyst composition having a structure
5 {(in terms of atomic ratios of constituent metallic ele-
ments, relative to twelve atoms of the total of molyb-
denum and tungsten) represented by the formula:
Mo,z Biy g Cep.4 Kp,1CSp,.4 Fe1.5C0g.9
was prepared as follows.

10 362 g of ammonium heptamolybdate was dissolved in
1,750 g of water haVing a temperature of about 50 °(C,
to thereby obtain an agueous solution (referred to as
“solufion'A"); On the other hand, 133 g of bismuth ni-
trate, 30;1 g of cerium nitrate, 1.72 g of potassium

15 nitrate, 103.9 g of iron nitrate, 402 g of cobalt ni-
trate and 13.4 g of cesium nitrate were dissolved in
355 g of & 15 ¥ by weight aqueous nitric acid solution,
to thereby obtain a solution (referred to as "solution
B"). Solutions'A and B were mixed together while stir-

20 ring for about 2 hours, thereby obtaining a slurry of
the starting materials. The cobtained slurry was sub-
jected to spray drying, to thereby obtain a dried, par-
ticulate catalyst compeosition precursor. The obtained
dried, particulate catalyst composition precursor was

25 calcined at 200 °C for 3 hours, to thereby obtain a
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calcined catalyst composition precursor in the form of
a quasispherical particle. The obtained calcined cata-
lyst composition precursor was molded into a columnar
tablet having a diameter of 5.0 mm and a height of 4 mm,
5 and the tablet was subjected to final firing at 500 °C
for 3 hours, thereby obtaining a final tableted oxide
catalyst composition.
Methacrolein was produced in the same manner as in
Example 1 in order to evaluate the initial performances
10 of the oxide catalyst composition. The results of the
reaction were evéluated, and it was found that the con-
version of isobutylene was 97.4 %, the selectivity for
methacrolein was 86.5 % and the selectivity for meth-
acrylic acid was 2.4 %. The analysis of the condensed
15 gaseous product showed that the production of diacetyl
was 3,500 ppm, the S1 value was 20, and the S2 wvalue
was 56.
Subseguently, a test under stringent conditions
was performed in the same manner as in Example 1 to
20 evaluate fhe performances 6f the catalyst composition
under stringent conditions. It was found that the con-
version of isobutylene was 97.4 %, the selectivity for
methacrolein was 86.3 % and the selectivity for meth-
acrylic acid was 2.4 %¥. The analysis of the condensed

25 gaseous product showed that the production of diacetyl
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was 3,600 ppm, the S1 value was 21, and the S2 value
was 56.
In addition, a methyl methacrylate monomer was
produced in the same manner as in Example 1 by the di-
5 rect ML-to-MMA process by using the above-mentioned ox-
ide catalyst composition. The thus obtained methyl
methacrylate monomer had an APHA value of 8, and a
méthyl methacrylate polymer produced using the methyl
methacryiate monomer had a YI value of 12.5. Therefore,
10 the APHA value and YI value of the produced methyl
methacrylate moﬂomer and methyl methacrylate polymer
were poor, as compared to those in the case of the use

of the oxide catalyst composition of the present inven-

tion,
15
Example 2
In Example 2, oxide catalyst composition having
the formulations as shown in Table 1 was prepared in
substantially the same manner as in Example 1, except
20 that the amounts of metallic elements were adjusted so

as to comply with the formulation indicated in Table 1.
In addition, the final firing of the catalyst was con-
ducted at the temperature indicated in Table 1.

The evaluation of the initial performances of the

25 oxide catalyst composition and the stringent condition
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test were performed in the same manner as in Example 1.
The initial performances of the catalyst composition
are shown in Table 2 and the performances of the cata-
lyst composition after the stringent condition test are

5 shown in Table 3. In addition, a methyl methacrylate
monomer was produced by the direct ML-to-MMA process in
the same manner as in Example 1, and a methyl methacry-
late polymer was precduced using tha thus produced
methyl methacrylate monomer. The APHA value of the

10 methyl methacrylate monomer and the YI value of the

methyl methacrylate polymer are shown in Table 4.

Example 3
An oxide catalyst composition having a structure
15 (in terms of atomic ratiocs of constituent metallic ele-
ments, relative to twelve atoms of the total of molyb-
denum and tungsten) represented by the formula:
Mog, 5 W2, 5 Biy 7Cep 4 Kp,2CSp. 2 Fey, o Cog.5 N1y o Sbo.s

was prepared as follows.

20 103.6 g of ammonium paratungstate was dissolved in
1,900 g of water having a temperature of about 60 °C,
and 267.1 g of ammonium heptamolybdate was added
thereto, thereby obtaining an agueous solution. To the
obtained aqueous solution was added 11.6 g of antimony

25 trioxide, thereby obtaining an aqueous suspension con-
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taining molybdenum, tungsten and antimony. The ob-
tained agueous suspension was heated to 90 °C while
stirring, and then 50.0 g of a 30 % by weight aqueous
hydrogen peroxide solution was slowly added thereto

5 while stirring. The resultant mixture turned to assume
bright yellow while foaming, and the state of the mix-
ture became a solution. The stirring of the thus ob-
tained agqueous soluiivn was further continued for about
30 minutes at 90 °C. Then, the solution was cooled to

10 50 °C and the sclution was maintained at 50 °C (the
thus obtained solution is referred to as "solution A").
On the other hand, 131.9 g of bismuth nitrate, 28.0 g
of cerium nitrate, 3.21 g of potassium nitrate, 64.6 g
of iron nitrate, 302.2 g of cobalt nitrate, 46.3 g of

15 nickel nitrate and 6.23 g of cesium nitrate were dis-
solved in 280 g of a 15 % by weight aqueous nitric acid
solution, to thereby obtain a solution (referred to as
"solution B"). Solutions A and B were mixed together
while stirring for about 2 hours, thereby obtalning a

20 slurry of the starting materials. The obtained slurry
was subjected to spray drying, to thereby obtain a
dried, particulate catalyst composition precursor. The
obtained dried, particulate catalyst composition pre-
cursor was calcined at 200 °C for 3 hours, to thereby

25 obtain a calcined catalyst composition precursor in the
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form of quasispherical particles. The obtained cal-
cined catalyst composition precursor was molded into a
columnar tablet having a diameter of 5.0 mm and a
height of 4 mm, and the tablet was subjected to final

5 firing at 520 °*C for 3 hours, thereby obtaining a final
tableted oxide catalyst composition.

The evaluation of the initial performances of the
catalyst coumposition and the stringent condition test- -
were performed in the same manner as in Example 1. The

10 initial performances of the catalyst composition are
shown in Table 2 and the performances of the catalyst
composition after the stringent condition test are
shown in Table 3. In addition, a methyl methacrylate
monomer was produced by the direct ML-to-MMA process in

i85 the same manner as in Example 1, and a methyl methacry-
late peolymer was produced using the thus produced
methyl methacrylate monomer. The APHA value of the
methyl methacrylate monomer and the YI value of the
methyl methacrylate polymer are shown in Table 4.

20

Examples 4 to 20

In Examples 4 to 20, oxide catalyst compositions
having respective formulations as shown in Table 1 were
prepared in substantially the same manner as in Example

25 1 or Example 3, except that the sources of metallic



HHHHHHHHHHN Xk Xk XXk Xx Kk %Xk k 9X<< wwwawswwwwwwWwwwwwwwwwy 17 February 2006 81 ~
4 r1 N.~ NC Z NAMM DI nd" MVHOHHC\ MAN LO NNNNNNNNNLONNvNNV (D 44 JJ O H
C ONNNHNHO N 44 NNH NN NNN NNH HWH H HH NH HNHHHH O WO

17 February 2006
73

elements and amounts thereof were selected so as to
comply with the respective formulations indicated in
Table 1. Specifically, the oxide catalyst compositions
not containing tungsten were prepared in substantially
5 the same manner as in Example 1, and the oxide catalyst
compositions containing tungsten were prepared in sub-
stantially the same manner as in Example 3. In addi-
" tion, the final firing of the -catalysts was conducted
at the respective temperatures indicated in Table 1.
10 The ewvaluation of the initial performances of the
oxide catalyst compositions and the stringent condition
tests were performed in the same manner as in Example 1.
The initial performances of the catalyst compositions
are shown in Table 2 and the performances of the cata-
15 lyst compositions after the stringent condition test
are shown in Table 3. In addition, methyl methacrylate
monomers were produced by the direct ML-to-MMA process
in the same manner as in Example 1, and methyl meth-
acrylate polymers were produced using the respective
20 methyl methacrylate monomers individually. The APHA
values of the methyl methacrylate monomers and the ¥YI

values of the methyl methacrylate polymers are shown in

Table 4.

25 Comparative Examples 2 to 16
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In Comparative Examples 2 to 16, oxide catalyst
compositions having respective formulations as shown in
Table 1 were prepared in substantially the same manner
as in Comparative Example 1, Example 1 or Example 3,

5 except that the sources of metallic elements and
amounts thereof were selected so as to comply with the
respective formulations indicated in Table 1. Specifi-
cally, the oxide catalyst compositions not containing
antimony were prepared in substantially the same manner

10 as in Comparative Example 1, the oxide catalyst compo-
sitions cdntaining antimony, but not containing tung-
sten were prepared in substantially the same manner as
in Example 1, and the oxide catalyst compositions con-
taining'antimony and tungsten were prepared in substan-

15 tially the same manner as in Example 3. In addition,
the final firing of the catalysts was conducted at the
respective temperatures indicated in Table 1. The re-
sults of the evaluation of the initial performances of
the oxide catalyst compositions are shown in Table 2.

20 Each of the oxide catalyst compositions of Com-
parative Examples 3, 6, 7 and 8, each of which exhib-
ited a selectivity for methacrolein of 86.5 % or more,
was subjected to the stringent condition test in the
same manner as in Example 1. The performances of the

25 catalyst compositions after the stringent condition
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test are shown in Table 3. In addition, methyl meth-
acrylate monomers were produced by the direct ML-to-MMA
process in the same manner as in Example 1, and methyl
methacrylate polymers were produced using the respec-

5 tive methyl methacrylate monomers. The APHA values of
the methyl methacrylate monomers and the YI values of

the methyl methacrylate polymers are shown in Table 4.
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Table 4

APHA values of methyl methacrylate monomers and
YI values of methyl methacrylate polymers

APHA of YI of
methyl methacrylate | methyl methacrylate

monomer polymer
Ex. 1 3 3.5
Ex. 2 3 3.2
Ex. 3 3 3.5
Ex. 4 5 5.0
Ex. 5 T4 4.5
Ex. 6 4 4.4
Ex. 7 3 3.1
Ex. 8 2 2.7
Ex. 9 4 4.4
Ex. 10 3 3.9
Ex. 11 3 3.7
Ex. 12 3 3.5
Ex. 13 3 3.7
Ex. 14 3 3.0
Ex. 15 3 3.2
Ex. 16 2 2.9
Ex. 17 3 3.2
Ex. 18 3 3.2
Ex. 19 3 3.3
Ex. 20 3 3.3
Compara. Ex. 1 8 12.5
Compara. Ex. 2 8 12.0
Compara. Ex. 3 7 11.8
Compara. Ex. 4 7 11.5
Compara. Ex. 5 7 11.7
Compara. Ex. 6 7 11.7
Compara. Ex. 7 8 12.0
Compara. Ex. 8 8 12.2
Compara. Ex. 9 8 12.3
Compara. Ex. 10 9 13.4
Compara. Ex. 11 7 11.3
Compara. Ex. 12 6 10.5
Compara. Ex. 13 7 11.0
Compara. Ex. 14 8 12.0
Compara. Ex. 15 8 12.0
Compara. Ex. 16 8 12.2




As apparent fromthe results shown in Tables 2 to 4 above, in the case of
the production of nethacrolein in the Exanples, not only the anpbunt of
by- produced di- acetyl, but also the anpbunts of the inpurities to which 5
Rl and R2 are ascribed were | ow. Further, when nethyl nethacrylate was
produced by the direct M-to-MVA proc- ess performed usint/ Felrugs 2096
catal yst conposition of the present invegéion az a first -stage catalyst,
the produced nmethyl nethacryl ate nonomer "suffered substan 10 tially no

di scoloration. In addition, the polynmer ob- tained by polynerizing the

net hyl met hacryl at e xprapparert $rosuirher edssukst aRbival by rapdiescel arpation.
As ap- parent from Table 3 above, even in the stringent condi- tion test in

whi ch net hacr ol £iabones, prrodiieedadle afhitgle prodaerRebat vEemeedalrofi dile oxi de
catal yst conmpositions produced in the Exanpl es exhibited a high
selectivity fadin néteh&vapipdies, woitclonlgs thebamanhitably viyhpreaieeds 4it-he
initial performances, and al so the by-production of diacetyl and the
inpurities to @¥edlylRl btarid aRZcartkeasmdntsi b&dthes ipurithesetor eniam
conpared to the conven- tional oxide catal yst conpositions, the oxide

cat al yst? conpddi taingn R axiee ascadbrtd wavenfibwen Huptlosintceshanlyetsynl |
anounts of inpurities and exhibits excellent properties wth respect to

t her mal st abi | MeFPRSFYAEdgc wass5prpdrcedsbyt dheeditgcEel uhoyMEBOHIE -

| NDUSTRI AL APPLI CABI LI TY The oxi de catal yst conposition of the present in-
vention exhi bi £§n8ETERINed HedPgngea exldpysatplystdoempesitignertel | ent
properties with resgect to,thermal 5 stabllit% and reduction resistance,

but al so excel Bft PTEEPBEt LOVEYLEOP fheddesTFEF RISt hethe of the

produced methyl methacrylate monomer suffered substan-
10 tially no discoloration. In addition, the polymer ob-
tained by polymerizing the methyl methacrylate monomer
also suffered substantially no discoloration. As ap-
parent frbm Table 3 above, even in the stringent condi-
tion test in which methacrolein was produced at a high
15 temperature, each of the oxide catalyst compositions
produced in the Examples exhibited a high selectivity
for methacrolein, which was substantially the same as
the initial performances, and also the by-production of
diacetyl and the impurities to which R1 and R2 are as-
20 cribed was low. Therefore, as compared to the conven-
tional oxide catalyst compositions, the oxide catalyst
composition of the present invention by-produces only
small amounts of impurities and exhibits excellent
properties with respect to thermal stability and reduc-

25 tion resistance.



oxi de catal yst conposition of the present invention for producing

I net hacrolein or a mxture of nethacrolein and nethacrylic acid, it
beconmes possible to stably produce 10 the desired product for a long tine
whi | e hol di ng down the anount of by-produced inpurities, e.g. diacetyl.
The produced nethacrolein or mxture of nethacrolein andlhEehaeny2006 aci d
has | ow contents of the by-produced inpurjties, e.g. diacetyl, and such
meth- 15 acrolein or mixture of nethacrol®n and met hacrylic acid is very
advant ageous as a raw material for produc- ing nethyl nethacrylate having

excel l ent transparency. A nethyhysethacrypet eeapina®s having excel | ent
trans- parency, which can be obtarnmed by pofyrmerizimg such 20 highly

transparent nethyl mkhaghleatatdB)aetompdnibeonagdranhaggpysbytusad as a
substitute for glass and quartz in application fields requiring high

transpar- encyyen#GRnaex®ibi¢al nbitbenly ki ghbleHpde phehegsendifthauki ke;
t hus, such highly transparent nethyl nmeth 25 acrylate polymer has very high

commer ci al val 4o i11% ksbeudkyt2p26p8etTeai With. réBpastdeocahalyal
conposition for use in producing nethacrolein or a mxture of nethacrol ein
and 5 m# hacr ylsitabddidybyndeaetiuegiah essstaneenenberaise eecéddllehtom t he
group consisting of isobutylene and t-butanol with a nol ecul ar

oxygen- cont ai nsedegadyvitsg doroxhdedeatiakdsprodoposi tByortlxeiuse rehrgsent ed
by the following formula (I): 10 (Mo + W)12 Bia Ab Bc Fed Xe Sbf Qg (I)
wherein: A is atxideasttedystecbmposditéonedff then phesgnbupnvenhiPst FAg of

| ant hanum cerium praseodym um
producing wmethacrolein or a mixture of methacrolain and

methacrylic acid, it becomes possible to stably produce

10 the desired product for a long time while holding down
the amount of by-produced impurities, e.g. diacetyl.
The produced methacrolein or mixture of methacrolein
and methacrylic acid has low contents of the
by-produced impurities, e.g. diacetyl, and such meth-

15 acrolein or mixture of methacrolein and methacrylic
acid is very advantageous as a raw material for produc-
ing methyl methacrylate having excellent transparency.
A methyl methacrylate polymer having excellent trans-
parency, which can be obtained by polymerizing such

20 highly transparent methyl methacrylate monomer, can be
advantageously used as a substitute for glass and
quartz in application fields reguiring high transpar-
ency, such as optical fibers, light guide plates and
the like; thus, such highly transparent methyl meth-

25 acrylate polymer has very high commercial value.




neodym um samarium europium gadolinium terbium 15 dysprosium hol m um
erbium thulium ytterbium Jlutetiumand yttrium B is at |east one nenber
selected fromthe group consisting of potassium rubidiumand cesium X is
cobalt solely, or a mxture of cobalt and at 20 | east one nenber selected
fromthe group consist- ing of magnesium and nickel ; wher &7 fhebluernyni2id¥er of
nol ybdenum (Mo) atons is in the range of fromnore than 9 to 12, and the
num ber of tungsten (W atons is in the @%nge of from25 0 to | ess than 3,
each relative to twelve atons of 17 February 2006 87 5 10 15 20 the total
of nol ybdenum (Mb) and tungsten (W; andaihs b, ¢, d, e, f and g are,
respectively, the atomc ratios of bismattr(Bi), A B, iron (Fe), X
antinmony (Sb) and oxygen (0), relative to twelve atonms of the total of

nol ybdenum (Mb) and tungsten (W, wherein 0 <as8 O0<bs8 O0<cc<

3, 0.2 <d <3, 1,3 ex3dt2calalystlcompostifod £6r tiee iiherodic Dxygen
atons required to satisfy the va?’ence requi renments of
methacrolein or a mixture of methacrolein and
5 methacrylic acid by reacting at least one member se-
lected from the group consisting of iscbutylene and
t-butanol with a molecular oxygen-containing gas, said
oxide catalyst composition being rcpresented by the - -
following formula (I):
10 (Mo + W), Biy Ap Be Feq Xe Sbs Og (1)
wherein:
A is at least one member selected from the group
consisting of lanthanum, cerium, praseodymium,
neodymium, samarium, europium, gadolinium, terbium,
15 dysprosium, holmium, erbium, thulium, ytterbium,
lutetium and yttrium;
B is at least one member selected from the group
consisting of potassium, rubidium and cesium;
X is cobalt sclely, or a mixture of cobalt and at
20 least one member selected from the group consist-
ing of magnesium and nickel;
wherein the number of molybdenum (Mco) atoms is in
the range of from more than ¢ to 12, and the num-
ber of tungsten (W) atoms is in the range of from

25 0 to less than 3, each relative to twelve atoms of



the other elenments present; and wherein a, b, ¢, d and f satisfy the
requirenents of the followng fornulae: 0.02 < b/(a+b+c) < 0.6, 0 <
c/(atb+c) s 0.9, 0.01 < d/(a+tb+d) s 0.9, and 0.1 < d- f < 2.5. 2. The

oxi de catal yst conposition according to claim?25 1, wherein, in said

m xture X in formula (1), the 17 February 2006 88 atom c taferuafy 2006alt to
the total of cobalt, magne- siumand nickel is 0.5 or nore, wherein, when
said mxture Xin formula (1) con- tains #hgnesium the atomic ratio of
magnesiumto the 5 total of cobalt, magnesium and nickel in said mxture X

is 0.5 or less, andtﬂge%gkgl %@eanfég?ﬁ%étg¥§?x5%§ %ﬁﬁég%ghgga%pogﬁdtains

ni ckel, the atom c rati 6 oOf "nrcke gheesium and

nickel in said mxtyre X Ls leeIe§saéga€h9r§3.rg%p%gg%i?%yfdﬁﬁ%alyst

conposi tion according Pb cfarm ~1 or erefn a rmula (1)

satisfy the requirggBpis pheibe Lorgulaacf (5 U(® * fih Qre 06, 15 4

The oxi de catal yst conposition according to any " one of clains 1 to

wherein a, b and ¢ LiriAoRY! Psb)) anddksben (1) [ ARILATRNLS, Ahwdiif FOr Ml A
0.1 <c/(a +b +c) < 0.8. 20 5. The oxide catal yst conmposition according to

any onesof clainms AtbRsdorWpRECEHtAL Hf FoBPEnim (MM Hdngsedh sty
the requirenents of the fornulae: 0.2 <

(W),

wherein

0 ¢ a=38,

10 0 < c < 3,
0.2 < & <5,
1l <e =< 12,
0.1 < £ < 3, and
g is the number of oxygen atoms required
15 to satisfy the valence requirements of
the other elements present; and
wherein a, b, c, d and f satisfy the requirements
of the following formulae:
0.02 < b/{a+b+c) < 0.6,
20 0 < c/(a+b+c} = 0.9,
0.01 < d/(a+b+d) = 0.9, and

0.1 < d-£f < 2.5.

2. The oxide catalyst composition according to claim

25 1, wherein, in said mixture X in formula (I), the



d/ (atb+d) < 0.9 and 0.3 s d-f s 2.3. 17 February 2006 89 6. A nethod for
produci ng nethacrolein or a mxture of nethacrolein and nethacrylic acid,
whi ch conprises reacting at |east one nenber selected fromthe group 5
consi sting of isobutylene and t-butanol with a nolecu- |ar

oxygen-contai ning gas in the presence of the oxide catal yéfebwapodilti on of
any one of claims 1 to 5  thereby obtaini ng nmet hacrolein or a m xture of
met h- acrol ein and nmethacrylic acid. 10 785A et hod for produci ng mnet hyl
met hacryl ate, which conprises: (i) reacting at |east one nenber selected
from the groupatemst Stafgo Obs i SOPALY 1@NenaN4 ol =lULRN Ao pEh &N mé?n%-

mol ecul ar oxygen-containing gas in the presence of the oxidé cafalyst
conposi tion of adym odved afickal Mes 10, § @15 mdz@ ,t hereby obtai n net hacrol ein;
(ii) subjecting the obtained nethacrolein to a gaseous phase catal ytic

oxi dation reaction whdrem ecirer?Gdid maxtees, xt Ant FerplY a0htai Bon -

nmet hacrylic acid; and (iii) subjecting the obtained nethacrylic acid to an
esterification vains medrenmiym i hdtee it ophiicairaitie oFfetayhedBhaeby kdee. 25 6.
A nmet hod for produci ng nmethyl nethacrylate, which 17 February 2006 90
conprise®: (i)towEktihgactaleastagresimnaad sebrelednf kamit hexgneepx

consi sting of isobutylene and t-butanol with a nol ecul ar oxygen-contai ni ng
gas in the presiéhde ofors tdss oxinde cat al yst conposition of any one of
clainms 1

wherein, when said mixture X in formula (I) con-
tains nickel, the atoidc catio of nickel to the total -

of cobalt, magnesium and nickel in said mixture X is

10 less than 0.33.

3. The oxide catalyst composition according to claim
1 or 2, wherein a, b and ¢ in formula (I) satisfy the

requirements of the formula: 0.05 < b/(a+b+c) ¢ 0.5.

15
4. The oxide catalyst composition according to any
one of claims 1 to 3, wherein a, b and ¢ in formula {I)
satisfy the requirements of the formula: 0.1 < c¢/{a+b
+c) < 0.8.

20
5. The oxide catalyst composition according to any

one of claims 1 to 4, wherein a, b, d and f in formula
(I) satisfy the requirements of the formulae: 0.2 <

d/(a+b+d) < 0.9 and 0.3 < d-f =< 2.3.



to 5, to thereby obtain nethacrolein; and (ii) reacting the obtained
nmet hacrolein with nethanol, thereby obtaining nethyl nethacryl ate.

10

15

20

25
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6. A method for producing methacrolein or a mixture
of methacrolein and methacrylic acid, which comprises
reacting at least one member selected from the group
consisting of isobutylene and t-butanol with a molecu-
lar oxygen-containing gas in the presence of the oxide
catalyst composition of aﬁf one of claims 1 to 5,
thereby obtaining methacrolein or a mixture of meth-

acrolein and methacrylic acid.

7. A method for producing methyl methacrylate, which
comprises:

(i) reacting at least one member selected from
the group consisting of isobutylene and t-butanol with
a molecular oxygen-containing gas in the presence of
the oxide catalyst composition of any one of claims 1
to 5, to thereby obtain methacrolein;

(ii) subjecting the obtained methacrolein to a
géseous phase catalytic oxidation reaction with molecu-
lar oxygen, to thereby obtain methacrylic acid; and

(1ii) subjecting the obtained methacrylic acid to

an esterification with methanol, thereby obtaining

methyl methacrylate.

8. A method for producing methyl methacrylate, which



17 February 2006
90

comprises:

(1) reacting at least one member selected from
the group consisting of isobutylene and t-butanol with
a molecular oxygen-containing gas in the presence of
the oxide catalyst composition of any one of claims 1
to 5, to thereby obtain methacrolein; and

(ii) reacting the obtained methacrolein with

methanol, thereby obtaining methyl methacrylate.



