;yz{|}~e3e46T4¥NI! 1 TITLE OF THE | NVENTI ON Oxi de catal yst co [
BACKGRAUND OF THE | NVENTION 5 Field of the Invention The preggmm’mh@@ﬂmul||m
relates to an oxide catal yst conposition. Mre particularly, th

invention is concerned with an oxide catal yst composition for use i*f0002
produci ng nethacrolein or a mxture of nethacrolein 10 and nethacrylic acid

by reacting at |east one nember selected f¥omthe group consis
i sobutyl ene and t-butanol with a nol ecul ar oxygen-cont ai ni ng gM%MﬂMﬁ@wmmmw
t he oxi de catal yst conposition ¢Qupkl =N Qﬁﬁ&f' ratios, r
a mxture of nolybdenum 15 and E'Tgékéﬁfngaﬁﬁtu, FP@H; ant i nony; *a®isp*east
one nenber selected fromthe grqup %%le En@o%%ﬁggkﬁhmn1and the el enents
of the I anthanoid series exclusSive of pronethiu and at | east one nenber
selected fromthe group consisting of potassium rubidiumand cesiunm and
20 cobalt solely, or a mxture of cobalt and at | east one nenber selected

fromthe group consisting of ﬁﬁ@ﬁéﬁbﬁﬁbaaﬁ g KeveENREoRXi de cat al yst
b1 on

conposition of the present in—ventromexhrbrts not y_a prol onged

catalystslife dFEef& 59 {he fﬁggh{fgﬁ properties with respect to therna
2 stabil 'ty and—reductromresrstance, but al so excellent selectivity for

the desired product.mBy bhEsese PhvéReioxi #614864l ¥6tak0oPOSE tataDfst he
present invention for producing nmethacrolein or a m xture of methacrolein
and 5 met hacryl EBmﬁSEﬂtibh.bW?m\ﬂl&Iﬁ sttted | prep e cinvtdret ihesi r ed
product for a long tinme while holding down the anmount of by-produced
inmpurities, e.gisdbaseb¥hedThethr afduertddeetasalpkei nomposikionefof use

met hacrol ein and nmethacrylic acid has | ow contents of the 10 by-produced
impurities, e.gindpaeabglingamdthackolrelh erral mirtorendftmethafrolein

met hacrol ein and nmethacrylic acid is very advantageous as a raw nateri al

for prodwci ng mahlyhmetRabaglybaneillabyngeertéhpbeat feantpanenwgmbarnet hyl
nmet hacryl ate pol ynmer havi ng excellent trans 15 parency, which can be
obt ai ned by pol getectedgfsonhthegblcpupr gapgassananethyEoREtiaeryl and
nononer, can be advant ageously used as a substitute for glass and quartz in
appl i cation fiekdbuteqaﬂrWhghhﬁgmoﬂﬁéﬁésﬁréﬁ&??nsﬁeﬁtééngﬁﬂiSéﬁ'fibers,

| i ght guide plates and 20 the like; thus, such hL%hI¥ transgarent,nethyl

net hacryl at e poWpeseinagheepxifegsatdhimsitc CAMPPERAEd ORDPPBPTFSLSA A8l yrer
produced from nmethyl nethacrylate is 25 characterized in that it is %Iassy,
hard and trans SPegificek@tiffd TILHPHSIYHerPT & FP@%HEﬁtPf U
substitute for glass. In recent years, .in the fields related to optical
fibers,]éinethyﬁnﬁeFH§GF$P§ﬁebB§%Vﬁ€ﬁ F§°§ﬁt?§5?ﬂﬁ@yét9§nafgﬁ a§%%n optica

terial which 5 bsti t ut t d f et I
Tot hacr yl at e poRYHEET SSURCHE g o Hire0sodE Cob Shatnie o6 Aasharar e
pol ymer used as S YRal LME A o 383 Yar@ibidid SAU Ladiie havei oh

transparency and ering resistance. For obtaining such an 10

excel lent net hyl, MELNIGIM ALG P UY Tlast ordeS nMRL H¥1lected £rom 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



that, in a nethyl nethacryl ate nononer used as the raw material therefor,
the amounts of trace inpurities be very small which | ower the transparency
and weat hering resistance of the nmethyl nethacrylate polynmer. 15 As net hods
for producing nmethyl nethacrylate, which is a conpound highly useful in tl
there are known two nethods: a "direct ess" conprising two reaction steps
and acrylic acid process" conprising three220 The direct M-to-MVA process
conprises ze industry, M-to-MVA proca "via methreaction steps. two
catalytic reactio eps, erein the fj [ t &P & WL d SESh+
subj ect i ng isobﬁ?%?%%ﬁg%ﬁﬁ%@rr?é%ﬁ#%ﬁﬁﬂ*%égigéﬁéét?ﬁ%énateriaI t0 a gaseous
phase catal ytic_oxidation r ty | r 8y G JigHg gas
in 25 the_preseﬁ%ge%elghg%xﬁgg %%?d%%%?r%%ggéﬁna ?er?ﬁ¥his ,. o, 4
catalyst is frequenl!¥alLel SLf oo 88t fon bf Stns! piescat alusdidide 2bereby
a r

obtai n met hacrol€in, an e secC eaction step conprises subjecting the

obtal ned met hacy.glghhihg feORIERHEe PRASE SINBKVEEE SLARLIRACHIOLS dRdhanol

and a nol ecul ar*oxygen- aining gas In the presence of a

carri er - Support gy £2bAbysl £oDhal 1 NG BBhA 20pYEL{BEE CLOAELAbLy Bt Sassk al vt

is frequéntly referred to as a "second stage catalyst"), to thereby produce

met hyl met hacrylateq L ML DY r-086c8t 88 dir 86h4Ytife  WRILEEChDBE1I NG edOwh M) .
In the recent studies by the present inventors on the direct M-to- MVA

process, it hasihgeambaHRdokhey-prbatiaagesmphirebisbpneay. absacetydn in the
visible light range of 400 nmto 780 nm are causative of dis 15 coloration
of methyl methagpyl pteaudbe mubRhapeReifhowi mgxanrabesrpetbacrolehr visible
|l i ght range inelude not only diacetyl, which is conventionally known as
bei ng causativeaafi fleghateyatitoaciiuhaal sowpyontental déhybe, 2-acetyl furan
and the like. Thus, pyruvic 20 al dehyde, 2-acetylfuran and the |ike have
been found to beyspketanedsimpusaties,ot.gheddasetiydr arh8nsvthngeh

met hacryl ate. The first stage catalyst used in the direct M-to - MVA
process (wherei acrbaefinr st stiayjereabsl pethasrodedn28nflopehaguylng

met hacrol ein by subjecting at | east one 5 menber selected fromthe group
consi sting of i schdt ysenvergnddvabtiegronst 8sadgzswonateragd EqrapypAsc-

oxi dation reaction with a nol ecul ar oxygen-contai ni_ng gas) was groposed by
the present invémgomethydemettbacsydmseehaying: exgelilend tBAPERATABS i cati on
Publ i cati on No. WD 95/35273 and Unexam ned Japanese Pat%ah ﬁ&plication
Lai d- Open Speci i &&thyd Nethasryigtspgismer o9, eXCelent fEaBF 7t he
devel opnent of the catalyst, it was not well recogni.zed t.hat the

i mpuritilds, e.gPadeacEyWhich W%P%Pbtﬂﬁpﬁpog’ycgd’wefﬁéqggt P78 are

ti f the di | ti f t hyl t . Pat .
S50, 016) ExamPGIITfaARes e, Fergyy FEEat iR, méndmegs! San He
57-35859, U S P t. No. 4,518, 796 i i t f

%ﬁ%%@eggg&ﬁd tiged a%ngc\[ Eﬁlﬁ%ss![‘ﬂifi%%t@ HIS G144 @hd Lypes O

15 pal | adi um cort stage ¢ or use In the second

reaction step of_ th diirnecatap%-ctn%ihy fg_reqh(a%sg_.e@mgiqjdﬁ Hith s8GeRPpast-age

catal yst is used@¥or Zpr oducrng net hacrylate by subjecting

methacrol ein to g QASCONS, RAGHGUA! %}ﬂﬂéf@acﬂﬂﬁﬁ Wditadgiiane sl 20 a
é%ﬁtalnlng gas). 1nt 1

nmol ecul ar oxygen- e studies of the present inventors,

it has bgen foung,d hatke Sivifgs | NP GRS Ag@uriiadtetid eaaal instHf or

produci ng net hyl nethacrylate by reacting nethacrolein, nethanol and a

nol ecul ar oxygen; GontAldi gt Sy Heas Gttt aiath WomlertelaTodensg .e reaction
condi ti ons wherein the reaction 6 tenperature is in the range of from
roomtenperature to 100 C, the inpurities, e.g. diacetyl, which wuld be
causative of the discoloration of the resultant nethyl methacrylate remain
al nost unreact edbiyk Uskkeconposed 5 during the second stage catal ytic
reaction, and thé Tmpurities as such are carried over into a subsequent
purification step. Wrernpdhgndmiroduesi chusatnetchyf nbidootrylatticonisre
carried over into the purification step, it is necessary to perform

repeat edpy the petiafacedroredOimpetat i oo forglassyi ngprdeandpiranses from
the nethyl nethacrylate. As a result, great comrercial disadvantages are
posed in that the repeated purification operation causes a | oss of nethyl
nmet hacryl ate, leading to an increase in the production cost. 15 The via

met hacrylic acid process is also a nethod for produci ng nmethyl methacryl ate
by using isobutyl ene and/or t-butanol as a starting material. The via _
met hacrylic acid process is described at pages 172 to 176 of "Sekiyu Kagaku
Pur osesu (Petrochem cal Process)", 20 published by Kodansha Scientific,
Tnc., Japan. The docunent states that the via nethacrylic acid process
conprises three reaction steps, that is) a first oxidation step, a second
oxi dation step, and an esterification step. The first oxidation step is a

. N -, = o, o o, 4= e L T



7 the group consisting of isobutylene and t-butanol to a gaseous phase
catal ytic oxidation reaction with nol ecul ar oxygen in the presence of a
catal yst, to thereby obtain nmethacrol ein. The second oxidation step is a 5
step of subjecting the nethacrolein obtained in the first oxidation step to
a gaseous phase catal ytic oxidation reaction with nol ecul ar oxygen in the
presence of a catalyst, to thereby obtain ¥rethacrylic acid. The
esterification step is a step of subjecting the nmeth 10 acrylic acid
obtained in the second oxjdati,on sie 0, €S {.f ' 0,4 her _obtain
met hyl met hacr yREeRt VARG UG} o%%]ts"gﬁes} hjas\?eérgée%élé&rrgio%qg%eé he cat a: yst used
inthe first oxidation step of the.vi AC W | LY QGesSgs et s,

t he catal yst us%ﬁl¥%ﬁep %ﬂu%ﬁ%%315]%%?ﬁg%%gl@%%IE§ gﬁLjecting at | east one

starting mate rjal selected.f ro { St d i and
t-butanol to a %%ﬁ%%uéopﬁégﬁcégP%#€€f%'d%ﬁﬁ%tl %Sﬁ%g%??%%%éﬁgs U% such

proposal s are cpcerped AR APEeRELEE!A0aR! obbcdyRRgL BRdar Abhoon o [ o

conmponents 20 o e ca or exanple, there can be nentioned Exam ned

Japanese_Pat ent ' ' ublj.cati NOap &h 2 E8rhesReDdi ng to
Caﬁadian5Patentc€EP£g§€?%€g§§ %ﬁg.e%%fgﬁf %%f.gﬁég%%?Bﬁg gnd 4,52?,874? and

Unexami ned Jap BLifali 08 bpiea&DRg. 25rrenesiofd catheon Nos. Sho
60- 163830, Shoaﬁgfﬁag%%%QEﬁSQ ¥ﬁ8 Hei 2§22%140§ The catal ysts disclosed in

these patent dO@HEE?lSmé&ﬁaék?ﬁétaabahymaf asbiexisng subsoptavedfyrel d of
the desired product; and, in these patent docunents, the experinental data
concerning the gehgs Her ganeez0khst beqaatallysbshave hagy thandptzentyt he
conversion of iSobutylene and t-butanol and the data of the yield of and
sel ectivity foragat RaghokehRnerifgt basiytancaci droiVobtabspegt such t e

by- produced inpurities formed 10 in the via methacrylic acid process (that
is, thejproduct sxeklheenthmethgiihaetnheryland poffmeryl it dsi dmphiréAnsr e,
respectively) the desired products of the first and second oxi dation steps
of the via met hanayl,i dnaai cephydemerhachyldsscmoprmens usedppiSoithgr £aw
docunents are 15 as follows. For exanple, Exam ned Japanese Patent Ap
plication Publi atieghaliothSrefs3- 23860 ameyaitishef tHacee LBPUTIitiess Peor
acetic acid, C02 and CO; Exam ned Japanese Patent Applicatjion Publication
No. Sho 57- 6101 Yedwyssmalds whiehs diogeri Ehei & angPazeaCyn&ngh ¥e30 "ecdii%
aci d; and Exam ned Japanese Patent Application Publicati.on Nos. Sho

51- 13125 and Shae5istzeg® edchhgedetingd Mmedhasrydats B rr C02 and CO,

In addition, U S. Patent No. 3,928,462 (carrespondi.ng to Examined Japanese
Patent Agplication Paisl Medtiogs 5%, DIRgusang meserd Mt hassY E§?044)
descri bes that the selectiv 4 , 9 ity for_ a lgin s 9 &i é}~a All of
. L. . he indus

the inmpurities S g&d 3 I‘?W%%—%ﬁt |u§ﬁgdﬂpglnen documeﬁ:t ‘ar e
different fromthe substances which ar Usaf iw; iMrC ol kA @ In
gddi ti gn, tE>r<]atrri Tfafhte ﬂyaﬁvte]c_r‘l"fo K’geﬁ |°%'i gan Igabﬁjcctgffl'pgﬁl\lp. éﬁ}%_ 839g9
escri bes at a gaseg QX %gﬁ?l é¥g1 a Wi Ghi d smei-ai ned by
sub~ecting at | & 6ﬁ§%ﬁ§ﬁ§é%?§gﬁgé%% ﬁéﬁ%%ﬂe gréhp consi sting of

i sobutyl ene and t - hut t Calrd e/ thSaddglatd tapd or

pr oduci ng nethaé%% eﬁﬁ?q%ﬁﬁféﬁﬁs not only nethacrolein and nethacrylic

aci d, buf,also |y ba,ld 09 W0l ¢8 - M SRS dohsit s a0 aed tietylec

acetone,” acrolei'n, acetic acid and acrylic acid), high boiling point

by- products (such, ast 1B & Ced®, A&l BHOMBL £t CodDopddn Cs Bep dsdm-

pol ymeric sub stances and tarry substances. For obtaining a gaseous,

oxi dati on reactiﬁfhgggxgﬁﬁjé@w&ﬁ@r&g&bﬁmgmﬁﬁﬁn&ﬁd}gmrm»mmtqmeli@ssabstances
and the |ike, the above-nentioned patent docunent proposes a nethod in

whi ch the gaseous)arPiyiflatéplal ebsta ogapsodsicphase contalybtic wxhda- sol i d
al kaline earth nmetal conpound to thereby suppress the formation of the

pol ymeri ¢ subst ances pesctben|wkeh andobhtswlar opepgsn acomtabuing 9aschnt he
pol ymeri c substances and the |ike contained in the gaseous, oxida 25 tion
react i onagr oduct tigs eppesenpesesl andoxedeveatakest (hereinagherThiBipat ent
docunent describes the anmounts of the by-produced malefic acid and the

by- produced pol yneric substances, in addition to the anmounts of the
produced net hacrol ein and the produced nethacrylic acid. 5 However) this
pat ent docunment has no description about the trace inpurities which are
causative of the discoloration of nethyl nethacrylate. In addition, it is
considered that, since a high reaction tenperature, nanely 300 C to 400 C
is used 10 in the second oxidation step of the via nethacrylic acid
process, nost of the substances (such as diacetyl) causative of

di scol orati on which are by-produced in the first oxidation step are
deconposed during the second oxidation step of the via nethacrylic acid

o A= o~ - o, s . e, .



20 step of the via nethacrylic acid process, it is necessary that a

catal yst which does not by-produce the substances causative of

di scoloration 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 nethacrylic acid process, Japanese 11 Patent No. 2509049
(corresponding to U.S. Patent No. 5, 264,624) describes a neasure for
reduci ng the amounts of the inpurities which are causative of the

met hacryi i o act BEpR bRV SLF ot Rerta ol SEEPErSanES B ¥ e ERCtabet o

et hy £ but yI cORERLTSCT b Padieteey cgetRey Yo PREEoLER SrehaDitle sor
noxi do catal yERaCERAERERTrBEoh SRRt Thef  ARAGAHLAT FRETOBLARRESCE T e
Gaceous 1 eatt | RSbPeRbRESHhyEr scdehiotr, PERER CAERFYPLG Db BEEDK OBER, D ©

the methge 15 rQLeh0agPnLaknLHoJBSEOUS LE9GEHOROREREHTEg28Hs BhOsHe! ar

oxygen are intr%ﬁu 0a's nd-tube~heat exchanger type second
reactor packed wibloaReOxkds £akalyPlsGpPbALBRNEaFRAYRECAYHTaNd1AGOSPNON US,
a

and a gaseous pnase catalytic oxidation reaction is effected 20 therein to

thereby produce QﬁﬂgﬁiﬁHs(B@éﬁih&ﬂt@f?dﬁﬁisceaﬁah§§d Bi Br¥qabnERyhaery! ic
acid. In this thod, the space of the gas outlet portion of the second

reacfor is packedrwelihta sel hd~Baekhagssagascuealgdice,t 86 vhemebyof the
space (of the gas outlet portion) which 25 is present downstream of the
catal yst bed inpihausecheehyllRetBact9latehemman beonedstepodirkctiy

vol une of the space of the gas outlet portion is intended to shorten the
residengg ti ne efrohhpegtaceudieniaa¢MrLon product in the space of the gas

outl et portion, thereby suppress 5 ing the by-production of diketones. This
patent docu nent furthethet #eeenthatndibenbdi kbeopessent domeatozd on

met hacrylic acid obtained after the first and second oxidation steps, a
probl em ari ses ithet ldatreictie Mili-kcot-UM8s papeessny ditt basi beenf egndcd®ddunds in
the final nmeth 10 acrylate polynmer and the furan conpounds cause

di scol orati on ofsubls¢apgiepnehich shoWe apoaliseF PEigRids the VHiSdbd&: ent
docunent, acetonitrile acetone is nentioned as a di ketone.) Therefare, when
the catal yst usdddht weade oft 408 p® 46t dBOLIEY BF S FRUS &y &L Fi5sd
method is inproved so as to decrease the anpbunt of the bébgéoduced

di ket onds, the iapgogeddomedl yethyd aetdacryd at§- JERteSePAY2PAESanount s of
the substances causative of the discolora ion_oaéx?iﬁgg thag%yL§£§
produced by t he ShHo¥ing o absopntd o ild ﬁ:ﬁ"t?cé’s‘ss. e TEEET riom t he
descriptions of the above -nentj.one at ent. docunment it

recogni zed to s&e S Ht i dt"t‘?é’e&iyg'cmwg‘rla‘il é‘ns &on?e%%ﬁoq’ar?éllﬁﬁghﬁweﬁ e
produced by the viag nethacryli.g.aci cess | C &ﬂg: i
inpurities, e. g.asdﬁ)ae@&%/lga%ﬁtﬁﬁ’earogf %’i%fq%l'yqua'rscoic??g‘c'e | n%tllf'%) st C

oxi dation step of i aqJn ' Itk ESke NafRLY , byyRLQdeced in a
reaction in whi c%léa%}le’iaegdstzwgénée%l dé:rcdrge ecl&rel%cf rorﬁ the gr ougygonsi sting of

| sobutyl gpe a“@éré’éﬁﬁlﬁ' J S S 150t 6fhd O GRG0 UfaRhasee s AN | o
e prese

oxi dati on reaction i ce of a catalyst, thereby producing

met hacr ol ei n.  HQYEVQIhs t41edés Names oA o NBld1tiss S ot dfi a1 i 0 riditnyl

catal yst used for prod%cing met hacrolein in the first oxidation step of the
via nmethacrylic qoighdd pi@acess wherein the i nprovenent is for decreasing
the anbunts of the substances (such as diacetyl) causative of discoloration
which are by-producedrid g igtsdgexdatadiwnt sisgd ain tire \diarewt NICi o i C
acid process. Wien nethyl nethacrylate is produced by the direct 15

M.-t 0- MVA processymOxpesdeye (Midnéiesiies i ficat i oradé heatsalysid B¢ ageed
reaction) is conducted at a low tenperature (roomtenperature to 100 O

The advapsage offéhepebdeeindlméhdddosneesy ssbidatingeatyi béasvfomet hyl
nmet hacrylate is higher than in the case of the 20 via nethacrylic acid
process. However, the direct M-to-MVA process has a problemin that nost
of the substances (such as diacetyl) causative of discoloration are not
deconposed by the second stage reaction catalyst and are carried over into
t he subsequent 25 purification step. Therefore, in the direct M-to- MVA

14 process, for inproving the quality of methyl methacrylate, it is
necessary to decrease the anpbunt of the substances causative of

di scoloration, which are inpurities by-produced in the first stage
reaction. Thus, 5 there is a strong denmand for the devel opnent of a cata

| yst which is advantageous not only in that a high selectivity for

s o g, o,



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

i nt ensi Ve studies toward devel opi ng an oxi de catal yst which is advantageous
not only in that a high selectivity for nethacrolein can be achi eved) but
also in that the catal yst has high thermal stability and high reduction
resi stance, and the selectivity for 20 the inpurities causative of

di scoloration can be held down to a minimflevel. As a result) it has
unexpect edly been found that the above-nentioned object can be attai ned by

an oxi de catal yst conposjtion ich j ] e of

nol ybdenum and Tﬁ'ﬁﬁeESngf%ﬁ?e%rgﬂ%T h&%)"lg’?#\&?én%r%ﬁy agf %aﬁ?%ﬁgyﬁemer
se 15 lected fromthe I SLi tdq adea I a4s of the
| ant hanoi d seri%EeeQ%guE?égyg?gﬁrgﬁe hQ%%§$%%d§%% east %%Eiﬁeﬁﬁgr sel ected

fromthe group £on3i 5Lhpgigh PRLASS HELebubLE Uy q0A. Sostamhingdgas)y balt

solely, or a mXxture o and at | east one nenber selected fromthe

group consi sting, of HURVaPfe NhEESEnt VIRGEhBokHE( 88 PEELLYExAMDIES
ratios of the a 8ge9%§ﬁ?§%§e§&ngﬁe ts a%d the rel ati onshi p between the

amounts gf the fRQXEﬁH‘E%LQE?ﬂa@éﬁ@ﬂ{:ﬁlﬁéﬁtEBQS?ﬂbiﬂcémaﬁ 6. SHOI sfy
speci fic requirenents. at is, 1t has unexpectedly been found that such

oxide catal yst ggypashbi ola cifléRiuhind@! JapAvede PPot gRpsTLohySen! i fe due
to its excellent properties wth respect to thermal stability and reduction
resistance, butpgligoogehi 8pessiSateshi Mbt yHEAr 10e2ha6R2B) €i rHawevar| ow
selectivity for the inpurities which are causative of discoloration of

met hyl met hacr yhat eneThempr 65eRhei Geeslbpmehasolfechecoaphdyet, B&swdson
this novel finding. Accordingly, it is a primary object of the present 20
invention to pravitdgead @¥icdgntaedl yhatcohposmpuonties.usedindprsedying

met hacrol ein or a mxture of nmethacrolein and nethacrylic acid wherein the
met hacr algei n or whitxhuaeehdy -pawducpdr byyy tbencetalysd pseyepsadddst &fenus
as a raw material for producing a highly trans 25 parent nethyl

met hacryl ate. the Biscodosgding afdmethyl oetbecyylpé&gtures and ad

vant ages of the present invention will be apparent to those skilled. in the
art fromthe fol |l owi WgSdePaitead Yescrhi BtPof 1PakEFaminegnd8PERESWraT t he
acconpanyi ng 5 drawi ng and t he appended cl ai ns. BRI EF DESCRI P THE
DRAW NG Fi gur e iesta Appdvikcetdon é’rwgwiwtﬂ%l $oep Shy 5t7ﬁe'"5(§i%§ecy'%- ?c;"‘iva

process conducted in the Exanples faor 10 pr.oduci ng nethyl_.nmet hacryl at
Description of RefteMencd Nkfer’fss apd ﬁil}estli&ed@go%@g& i‘%ﬁis?tuequ-'iy:ales ot
Met hacrol ein (MAL) absorption step 15 3: cqnd st age .reactd ep 4
Met hacr ob%i n ( MRBL LA GPrdadiing AaGPTY @f%tahgeent R ‘ras-q:o'tqo(}gel%aer thnl on

step 6: High boilin oi subst.ance ,separatj.on st 7 vr QW RedA | Qi nt
subst ance separ é‘ﬂ%?ﬁ%@@ Z’i?aé&% tﬁﬁepr?eotﬁé!chreyld;fge%(tM% QESSUH fi crg'ﬁ on step
DETAI LED DESCRI PTI THE 1.NVENT] efeTeT o] i R #dvVehtd.on,
there is provi deetfsgrj“%%rcfeqnca% gcggkodrbr\posf‘fgl or}% aglr};gt}ge I n produc i ng

T i e

reacting at |ea e group consisting of

i sobutyl ene and {; but Odgtghékéﬂ&éﬁé&fﬂiénggﬁﬁkiaﬁﬂﬁﬁﬁﬂrMbtﬁﬁnolhﬁnmxide
catal yst composition belng represented by the 5 following forrmula (I):
(Mo+W | 2B) aAbBc FedueRbl(oh f | dxyWer Sbdht A nsn@tgd£pst Ianehee sedies et ed
fromthe group consisting of |anthanum cerium praseodym um 10 neodym um
samari um —eur opi 4 B Lot €508 UMt dysPresennfoled nthant , esbhaen
thulium ytterbium Tutetiumand yttrium B is at |east one nmenber selected
fromthe group censi Sééowad oftHgs acstalyticbredactiemd(Lesipnedudsingis cobal t
solely, or a mxture of cobalt and at |east one nenber selected fromthe
group consi sti ngn@fhyRgneshacrahatai ckereavhinei methacnohdbn , ohebaypdenum
(Mb) atonms is in the range of fromnore than 9 to 12, and the num 20 ber of
tungsten (W atoamdi & molébelanngeygénfcontaining gas) is conducted un-

25 der moderate reaction conditions wherein the reaction



O to less than 3, each relative to twelve atons of the total of nolybdenum
(M) and tungsten (W; and a, b, c, d, e, f and g are, respectively, the
atomc ratios of bismuth (Bi), A B, iron (Fe), X 25 antinony (Sb) and
oxygen (0), relative to twelve 18 atons of the total of nolybdenum (M)
and tungsten (W. wherein 0 <as 8 50<bs8 0<c<3 0.2<dcx<b5 1
sas 12, 0.1 <f <3, and 10 g is the nunber of oxygen atons required to
satisfy the val ence requirenents of the other el enents present; and wherein

, b, ¢, dandf tisfy th i t i +d5
503 <y cJoRBbiali e LRGP SR o2
0.1 <d-f <2.5 20 % t andi t (. t4 th
essential featut %é °a(l;'3 rvgéiis ur%%é?eésipeeh'n 'ntc;éoicﬁ %gtr#l ;'eé‘?ﬁt%ﬂeq%oﬁ%sden °
i nvention are SQUIELAlod DEI AL diedi OXfEoRalal 3l £OUPORkAL Setippruse

produci ng 25 nmethacrolern or a mxture of nethacrolein and 19 nethacrylic

acid by reacti Hastpe) t APcsRpSs&di ng of

i sobutyl ene angg??%%%gg%%tgpfﬁ a n§§%@ﬁ+g?ﬁﬁﬂiégﬁgzéﬂﬁégiing gas, the oxide
cat al yst sconmposjt - on, beh a9 S bcfpbdoviog, fandutie (1m- ( MO
+ W) 12581a Ab&EEQQ%d€§% %%8€ﬁ%g§?$$g)@%%%?§Fn: A is at |east one nenber
selected fromthe, 9rpup £ONShEh | &fe ObatPlédasvidt LEE6 UM sbSEGaEy Tl par 10
neodym um sanmarium europium gadolinium terbium dysprosium hol m um
erbium thulium;yiteebbnstbpt etWHan adk Vinpgutigidd icawdatisastodniisrenber
selected fromthe group consisting of potassium rubidiumand cesium 15 X
is cobalt sol el yo18fatibhXhdeecafrLobadtenninad tkraspunihficehben seépct ed
fromthe group consisting of magnesi um and ni ckel ; wherein the nunber of

mol ybdenum ( Mb) i@t @85nké8esBatheto apgefofmf repeabedlyhbhe Opunifcashdnt he
num 20 ber of tungsten (W atons is in the range of fromO to |ess than 3,
each relative topewatienaforsrehovhegt bhel ivpunbtyedechinem(kbe maghylngst en
(W; and a, b, ¢, d, e, f and g are, respectively, the atomc ratios of

bi snuth (Bi), AmeBhacrghatfe), A a 2eantt manediSormrreidhchigaivare| ative
to twelve 20 atons of the total of nnlgbdenun1gwb) and tungsten gvv.
wherein 0 < a st8ges @re poged ip that<tBe pepeatgd<«pyrifigajigni9b-o . 1 <
f <3, and 20 g is the nunber of oxygen atons reguired to saﬁisfx t he

val ence requi r eRERLEOBS CRHECE RelOBBeRENPE BT EsBRLPAGRELAREr e LR2G1VE, C,
and f satisfy the requirenents of the follow.ng fornulae 15 0.02 <

b/ (a+b+c) < 0.6tc0aR dPCEeHFE) 18 §P9,9596T°Elﬂg(898¥d) s 0.9, and 0.1 < d-f

< 2.5. 20 2. The oxide catal yst_ co ition_according.to_iLtem1 :
wherei n,15% n the m xt GP& XiPn%FGPﬁﬁgggiF)?cfﬂepﬁP8ﬁF8 rgt # SSfacgggﬁﬁﬁto t he
total of cobalt,f

d

oga%g%ducing methyl methacrylate by using isobutylene
and/or t-butanol as a starting material. The via meth-
acrylic acid process 1s 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 first 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



siumand nickel is 0.5 or nore, wherein, when the mxture X in formula (1)
con25 tains magnesium the atomc ratio of magnesiumto the 21 total of
cobalt, magnesium and nickel in the mxture Xis 0.5 or |ess, and wherein,
when the mxture X in forrmula (1) contains nickel, the atomc ratio of
nickel to the total 5 of cobalt, nmagnesium and nickel in the mxture Xis

| ess than 0.33. 3. The oxide catal yst conpbsition according to item1 or 2
above, wherein a, b and c in fornula (1) satisfy 10 the requirenents of the

f la: 0.05 < b/ (atb+c) _0.5. 4. Th ' it d
tgrgﬁyaone of iY}é%égaﬁo‘f%)%o%%l&%%n%ogfr g#%nookg“} %\%S%nfwa&%ﬁ]wﬁcﬂ)l "
tisfy th i t t o0 < c/ (a+th+ .

oxi do. oatal yor SeRERTE Mfbe cEARHER Drfldulof fEoEtn Wik pojeda®

wh i , b, d,and ' f i i th
ol aer 00> 387 abeddh % (SRt R LA tpIA cTE e} (e
present inventi g yih|mbgngenerddsd ihedgtiona 2xibataon didpatidl wot
conposition of € present 1In 2 vention is represented by the foll ow ng

formila ¢1): (Mu)| 6Bl sAbREFee S CndHad¥iET L) oWk dtnal 1e3eke One

menber sel ected m t he group consi sting of |anthanum cerium
praseodymi um nepelyen 4 a2EIBH | #6Rp oL 0PI iR e GRS NABat LIPE L Oxl-
dysprosium holmum erbium thulium ytterbium Tutetiumand yttrium B is
at |east one nmegheiosetestetod IeMh o D8 OuPad CokPhsn Sin NEhef ppos@sse um
rubi di umand cesium X is cobalt solely, or a m xture of cobalt and at

| east one menbegssgl €atetyét pnmd hehgEeanyp SHtsistmathadryhitestidn arthe

ni ckel ; wherein the nunber of nolybdenum (Md) atons is in 15 the range of
from nore than 8sterifjicatioihhetepinbera ostépnoft sub jedt tmenthe smetht he
range of fromO to less than 3, each relative to twelve atons of the total
of nol ybdenum (&byyand acngstebaingd bmdtle Hecenddoxibdatiamdsyenrto
respectively, the 20 atomc ratios of bismuth (Bi), A B, iron (Fe), X
antinony (Sb) aedtexyfitoatOhn, redathexeby obkiie mebhyl ghethacryptateof

nol ybdenum (Mb) and tungsten (W, wherein 25 0 < a s 8§, 23 0 <bs8,0
<c<3,0.2<d< 5, 1 s avarigusSpgopodaks fhavg beemdngde sor heheuagkalvst oxygen
atons required to satisfy the val ence requirenents of the other el enents
present; and whegefinia, the Eirgtpwidathepssyepnhefbagi véaeRethaor¥tiche
followng formul ae: 0.02 < b/§a+b+c) < 0.6, 0 < c/(a+b+c% s 0.9, 0,01 <

d/ (a+b+d) s 0. 9acafigPpogessy. thatols, iBe| GatalysFeusft FAveRFPEHCING

nol ybdenum (M) is_an indispensabl e coggoneﬂt for . the oxgde gatalx$t
conposi Pon, bulethAGEPLAIPVWPYnEYPRECEiRE *h Pp&REFaPPRuUBLEFELPEONRFEF

rolYbdenum The Juoct, 8L 0 YBSETME % ko' Seh By DSabREC  fholt AL
unasten, 0 il 9 HUSah30950h LEGRbS' BrbE shiRRutes ERbREREK (1 om0
and {unast n. | RebBesBLeocplet METLAD gl (B donduhadS,papsadle
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



vi di ng an oxide catal yst conposition capable of achiev ing the catalytic
performances ainmed at in the present invention, it is necessary that the
atomc ratio (a) of bisnmuth, relative to twelve atons of the total of no 5
| ypdenum and tungsten, satisfy the relationship 0 <a s 8 Ain formula (I)
is at | east one nenber selected fromthe group consisting of yttrium and
the el ements of the | anthanoid series excl®isive of promethium that 10 is,
at | east one nenber selected fromthe group con sisting of |anthanum (La),

| east o | ected : 1 n _
(B gadol i ry i 22 LM LimeTaR ey SRR R R e S i
Er), thuli t bi , ti i .
Hement A 151 i SHISRGE| 24 homed ety o golfleHilo BHE dpegR D
ement _ _ L 1y and
burpose, it 1 s VEREE.OF, R BEpEEe A FRGE dn DS pAARL, 09, el ve
atoms of the toagéuag?gé(pyﬁgbg§€g£1a@ﬂt59na§esncoﬁééfﬁiagtaﬁerﬁéﬁ:ionship

0O<bs8 Binfornu s at | east one nenber selected fromthe group

consi stigg of p95@§§£ea1&£0Fhéu@é@&yys{@bar@n@npystuaw&55a.o£|enenaoﬁLis

i ndi spensabl e for not only further enhancing the effect of addition of

25 element A, byL-aise 68r1b8PheYiEHet BRASELBEANSL Yah@r tHEt 8aEa0bei n. For
attaining these purposes, it Is necessary that the atomc ratio (c) of B,

relative to twelyg 94018 9¢ Lhe Leiabtobisp! ybeensthastolengsbemmesdhsati sty
the relationship O < c¢c < 3. Wen the atomc ratio (c) of B becones 3 or
nore, it becomegcikypesshbha.to obtain an oxide catalyst conposition having
the desired catalytic activity even if not only the anount of at |east one
el ement sel ected frowiLthergspeptcoastsei bg-fhodficedt spunit &y, foubedi um
(Rb) and cesium (Cs), but also the calcination and firing tenperatures are
approprilat el y reagutheediaFmetbbtaiibingaghdorideesat dthat &8mp&Bet PEAdhavi ng
the desired catalytic activity, it is preferred that the atomc ratio_(c)
of B, relative b&tsoothelvéhanometbhcrhdedst andonekbrypididnpehd WBAGEt en,
is in the range of fromnore than O to | ess than 2.0, nore advantageously
fromnore than @reo kespectianmelys, thei Apsised 359§H9§§e8§sF93fF8ﬁﬁ%nre t han
Otoless than 1.2. 20 In the present invention, for obtaining, renmarkable

i mprovenent s i nande serondaloxddanion: gtarg PEJLELI Yidr B‘§F§P&ﬁé’giﬁy ALH
addition of elenent A (i.e., at |east one nenber selected fromthe_group
consi sting of L®rocesspr, the, dsgcriptieds o5 PBH}OTHAF ' PG?WFn$ﬁ,af% and
Y), 25 while maintaining the_high selectiyity fo t hacr ol gi it is
i mport ad® to adP@s?°@H€%FelaFPBn@ﬁ?ﬂpg%tm%ﬁﬁmfﬂﬁéaﬁﬁﬁﬁ?%s%fs% %ﬁ%ngsA,

bi snmuth (Bi) and _el enent I,..e., .at as ne .el t m t he
group consi sti né’lg‘f"agg‘[oé’s%"\%ﬂ‘;icﬁ}&ioé’i llﬂq?%'atr?cril%cg’s?’i &%%@sgégécfe'ﬁ%gﬁ %ng t 5is

i mportant that the ataqni.c.rati , in r 1) ' t he
relationship O. ﬁfﬁfcﬁﬁvéct}e% fg’?: %c(?q.i%g%,cqgr'efcg)?a%a%éf %:E&&i%d( a+b+
c) <0. 5.1 i tjon,_ Jfar r;:Q Stilgal 1R §id.h fect of

addi ng el enent g,a%%ql%ése irijr%}(?(r&ttan tq'olg:'a jfgf%uﬁéi?gt?\gnaﬁogngrﬁ bet ween the
amount s of el emgnf_ o4y %@étcl}ig@tj; ehRITRR Rt 15888k ¢al ¥iceltbnleS an@por t ant
that the atomic ratios a, b and c in fornmula (1) satisfy the relationship O
< c/(a + (f)+c) S i Praf A aking Gxanindd Fathtese< Ritbntl ApPladataisan why

t he excéi ent performances ained at in the present invention can be

achi eved when amiyitic0f1dH N84 h. sl eent3 12 e delseee st -B 2605 shyht lde -
abovenenti oned requirenments has not yet been el ucidated. However) the
reason i s beli evgskine bthassd1ald omei t Werf ) do,sanéhcoel elrenaddithen el enent
B are used so as to sat isfy a specific relationship, nolybdic acid
conpounds respealjyelpatdntbingrutd, o2 shent( cbhraes peinddey t® (Examsinsd

nol ybdi ¢ aci d conpounds as well as tungstenic acid conpounds respectively
of bisnuth, el eneaparfesndd eten 2R pEht cdt idrePubinigstteion Neg sShont ai ned in
t he oxi de 27 catal yst conposition) undergo solid solubilization, thereby
exhi bi tipg advant bgenoss3 perd Shantes3 2es4 ¥ etbsoribes praterthe sekge®H - I n
the present invention, iron (Fe) is indispensa5 ble, simlarly to bisnuth,
for comercial scale synthe sis of nethacrolein. However, when too |arge an
anount of iron is contained in the oxide catal yst conposition, the anount
of by-products, such as COlikely to increase, thus |lowering the 10

nmet hacrol ein. Therefore, it is neces: atomc ratio (d) of iron, relative to
the total of nolybdenum and tungsten, of from0.2 <d < 5. and COz , is
selectivity for nary that the twelve atons of is in the range Further, with
respect to the iron conponent, it is



15 inmportant to adjust the relationship between the anmounts of iron,

bi smuth' and el ement A, and it is necessary that the atomc ratios a, b and
din formula (1) satisfy the relationship 0.01 <d/(a + b + d) s 0.9,
preferably 0.2 < d/(a + b + d) <0.9. Fromthe viewoint 20 of achieving
hi gh selectivity for nethacrolein, it is preferred that the atomc ratios
a, b and d, relative to twelve atoms of th® total of nolybdenum and

t ungst en, satlsfy t he relatlonshlps 0.2 <d<5and 0 <d/(a+th + d) s 0.9,

referably 0.2 555 e Sod £ g4 k22,88 pd tedkirae®™©
P e (Y P adses }g)%qtma ﬂ{esﬁgVé- nelq{]%ic’%m rla tc{oe dx?esrfﬂf eas yone 5

formula (1), XT5S co sol or a ure oft co

menber sel ected _ﬁhg g Cobal t
(Co) Xin for w‘?lf‘%}%é%@sﬁ%%%rgé;@a e or i rrpr OVI ng t céa]tll[ alytic
activity of thegpx 5%6 f%fg st conposition w thout Iomerlng the selectivity
for nethacroleln peC| ically, it is necessary that 10 the atomic ratio

(e) Of ¥ relative i, ke gH OMBidie dichledd VIRl HbCORy AOck ddsnast en,

satisfy the relationship 1 s a's . In X of formula (1), magnesium (M)

and ni ckel (N )pgh£i&heidiiNe vvm@:h 5>ae\sé)§9 Wt dibeRArdnal & \YasldoukS tution
for the cobalt conponent. Wth respect to the cost of a starting materi al,

a magnesi um nat&kidht fol Pedd€iSh pRd@IcE] WHECH 55 eNsdd by Nauba cobal t
material. Therefore, it is comercially advantageous that magnesi um and/ or

ni ckel can be usegting pat tiedssUbisd imetfbdtitéemedtdd tiicom ofed tgEauponent ,
fromthe viewdoi nt of reduction of catal yst production cost. However, if
magnesi um ni ckedbno1seing xé£ir tsshutpnes i amd atcbutankel ts asgalsesuX Wit hout
bei ng conbined wth cobalt, it is inpossible to satisfactorily inprove the
catal ytie ac 25phasetgatélyticc coxiidathtml ot momnposing arethacxdkeim x 29
ture Xin formula (1), it is preferred that the atomc ratio of cobalt to
the total of cobehtaimsgmesiemdynrebhakedlesn CarEl gretireryhenach@, m xture
Xin formula (1) contains nmagnesium the atomc ratio of magnesium5 to the
total of cobal tPutraghesi Lew apeil hlekepoint the-produsts X suchrag eaqafig- 0.5 or
| ess. When the mxture X in fornmula (1) contains nickel, the atomc ratio
of nickel to thaldehydeof2eeteRe, Fom afREHF x@id i #nd rRcFY ki®re X is
preferably less than 0.33. 10 In the present invention, antinony (Sb) is
indi s pensabl e #6+95upRigRsPelling ReiREPYTRTOARFtH | RUFY 125 MREWRLDr oduced
al dehydes, such as_acetoal dehyde an acr lel £e0|f| al | i S

necessaty that 2HtdafBfi oM bc(?? %?dﬁﬁy§ }eI%Q ¥%°tﬂ%?ve at ons

15 of the total bd d. t t | at hip 0.1
(<3, For furtt ?n%“’ﬁi?ae? P TRE %a?” §oF8 ncith o SRS BB s "

cotTeties the rakBeREERR £ERoLIGh bR6OREC L EntAlithg dubtr AMELRETY no
sel ecti vity forggfweﬂe' Eiflsthhiols BESCEREIYIkDA! L DCaBIPUNSNELoROAI O

and iron satisfy a specific relations peC| I ca IS necessary

that d and f ing E‘Eém:"&oénln}\eéé‘tft)ﬁwow@ a%@ﬁheasmpwﬂiéhﬂﬂe g&séoBs, FOr
further inproving the 25 catalytic activity of the oxide catalyst

conposi ppon, §Qiaat1§npfeaefisﬂ phsbudtang Eohbadoedulathla seligfy the
relationship 0.3 s d-f s 2.3. In addition, fromthe viewoint of achieving

a high selectivalkalohenBaheRrabean, cbmpbﬁn@reéefm@ﬂebﬁaﬁuﬁpféesatna1c
ratio (d) of iron and the atomc ratio (f) of antinony satisfy the

rel ati onshi ps OfdrmadibnSof. Bhanfolymerid/ favbtdhces OaRdsthul Larepusahy.
Next, nethods for producing the oxide catal yst 10 conposition of the
present inventiahsar proypsesnadmethdat ahl wh¥¢hhthespetymeépithesubet hods for
produci ng the oxi de catal yst conposition of the present invention, there is
no particul ar | spahatsoandabdeahykeonvehainadl id5thet badecas, bexiided as
long as it enables the production of an oxide represented by formula (1)
above. Ebr ex ahpbe, rehetdmndproduatysrecdeposposed andt hempvedehhere-

i nvention can be produced by a nethod which conprises the foll ow ng steps
of (1)) (2) and (3). 20 In step (1), a slurry of starting materials as
sources of elenents used in the oxide catalyst of the present invention is
prepared. Exanpl es of sources of nolybdenun) tungsten, bisnuth, |anthanum
cerium praseodym um neodym um sanarium europium gadolinium 25
terbium dysprosium holmum erbium thulium ytter



31,bium lutetium yttrium iron, cobalt, magnesium nickel, potassium

rubi di um and cesium i nclude amonium salts, nitrates, nitrites, chlorides,
sul fates and organic acid salts of these elenents, which are soluble in
water or nitric acid. Especially, it is preferred that a nol ybdenum source
and a tungsten source are ammoniumsalts. It is also preferred that sources
of bisnuth, |anthanum cerium praseodym 4% neodym um samarium europi um
gadol i nium terbium dysprosium 10 holmum erbium thulium ytterbium
lutetium yttrigme, | ”i%ﬂiscgg%'ekt fBgNmaL Y oBLEKELs PREASALUAY S ¥Rl di um and
cesiumare nitrates of nitfrtes o ese element's.” As Sources "of "anti nony,
t here can be ' ' t 1,3, ' i oxi retallic
antinmony. 15 E?gg{%t é‘i’\ﬁ%‘{ﬁ%‘“aﬁﬁfﬁqiﬁﬁ“ﬁﬁh@n i#éjr?y c%l%oiil%g' is

preferred as ananld MNG SHULE W HAdASREC T d QHENGmBRIIQSE PhPr epari ng

c
a slurry of starting materlaté{s as sources g‘f el enents, there is no

particul ar i md.ald kg MYt P Ein and WHeY fHodtited %{éﬂﬂ%ﬁﬁ{ﬁ:’ ia}%fd Lan
be prepared as follows. An aqueous suspension of ammoni um nol'ybdate
ammoni urg t ungstptyee e it dritt Rddimdnt P HF de s gt P dtRA
suspension is heated to 80 Cto 90 C while stirring, followed by the
addi tion of hydHoei-R& Pnigithi tAd QHAY eBe Rt vl We dhel HGYHAINI NG

nol ybdenum 32 tungsten and antinony. On the other hand, nitrates or
nitrites of ot hgratelAIMIH medtfy1dinfesxaeadyidtavat er or an aqueous sol ution of
nitric acid to thereby obtain solution 2. The obtained solution 2 is m xed
with the 5 above- memn @@dl t3@nt iian ik coNsAidered hathdeinse taumgsihen and
antinony, to thereby obtain a slurry of starting materials. In step (2),
the slurry obt atesattiion ttemperetyre), atamedy SS00UbjCedioed 000 °Sr dys drsddg, to
t hereby obtain a 10 spherical or quasispherical particul ate catalyst
precursbl. The igprhe dredang afxitdes ignurabercaf bdec oriduateddhaprydic
conventional nmethod commercially enployed) such as centrifugation, a

t wo- phase f| owamizk Inraagssod masta dfi gheradxianaesz Alssaretdsofliaaetatit)ai n a
dried 15 particulate catalyst precursor. In this instance, it is preferred
to use air whi cRusatine phdhisaplpraiiian shiidhe areatbar-prodamadrin de | ke,
as a heat source for drying. In this case, it is preferred that the
entrance tenperfdififite WL Y e &g AeMRGHe S iupinm the &eqapd r om 150
Cto 400 C By the use of the dried particulate catalyst precursor thus

obtai ned, it betHRALIA IR 2o Wit AP MRERBGTY i i PRAGRTSi tion in
the formof an extruded catalyst, qr preferably in the form of a tableted
catal ysto whi ch GRNSHEER S uinitied dadnanie o SiRseLahr AL ¢y

t her eof . 33 I.n st the drd riiculate cafalyst .precursor

obt ai ned in st ehpa (ezspoaég%eeer} sp%rgiiccﬁ‘lgle%alé}ncf%r}sﬁiﬁe rye%% iar%} io 9 haerpernoyb_obt ain
a desired oxid tal v C osidi he i rat | : st
precursor 5 iselceg'?cjiarlne eaté)aiag)ef edr#bet?g% J%L} gféﬂfhfa(;dcn%% %H{lg& i:lfgjaé(?a%%'r about
0.5 to 24 hour g,k ifq_Eéd'r ' %; IS nol ded
into an appropr%}oate sz’h'apsel y erﬁdtjcr uéslihlgngﬁo cﬁra]ég}}bos(r:@tn;abﬁ%ag{g, oﬁ o?s/\f/ed by
final firing atqfsdRBIAidH G ddRpita G AP edontd d:0laak idh 24
hours. For calcination and final firing, a kiln, such as a rotary kiln, a
tunnel ko1 n or adpifdd and lvha GREtiReMpett QMg ad £WRG Nis HeddBr OVi Ng
the selectivity for the desired product, it is desired that no silica 15 is
used or, if useashry hhatirdatd1ywdd iviaidh ddes ad e rgrddiide cigaaigd on is
as small as possible. However, when it is desired to increase the surface
area of the oxigieamsdalgmisaoipOOf discal@Sat o My ased him ate viiinyst
thereof, silica may be used in a limted anmount. 20 Exanples of silica
sources i ncl udexsidattioms@tersidd ctheyelia amgtleacatyliicatasid pro@ss Pot assi um
silicate or sodiumsilicate. In the oxide catal yst conposition, it is
preferred that the dalmmanmeadtiimrofwisit itdes friatslt iamsl tsedoms] \oexiatedniomof t he
total of nol ybdenum and tungsten, 25 is 3 or less, nore preferably 1 or

| ess, s25|| norsteps8dhhHrigieragdd wméetHaarylsssgcid pyossf Fapgarese (Si). The
oxi de catal yst conposition of the present invention is a catalyst for use
in producing nethacrolein 5 or a m xture of nethacrolein and nmethacrylic
acid by reacting at |east one nenber selected fromthe group consisting of
i sobutyl ene and t-butanol with a nol ecul ar oxygen-contai ning gas. Wth
respect to the methods for producing nmethacrolein or a m xture of

met hacrol ein 10 and nethacrylic acid by using the oxide catal yst conpo
sition of the present invention, there is no particular limtation.

However, hereinbel ow, an explanation is made with respect to a preferred
met hod of using the oxide catal yst conposition of the present invention. 15
The gaseous phase catal ytic oxidation reaction of at |east one nenber

. - - B - o o o



25,ide catal yst conposition, wherein the feedstock gas is 35 introduced
at a tenperature of from250 Cto 450 C under a pressure of from

at nospheric pressure to 5 atmand at a space velocity of from400 to
4,000/ hr (under normal tenperature and pressure (NTP) conditions). 5
Exanpl es of nol ecul ar oxygen-contai ni ng gases i nclude pure oxygen gas, and
an oxygen-containing gas, such as air. Exahples of diluent gases include
nitrogen, carbon di oxide, steamand a m xture thereof. In the present

invention, it i e V. . ratd o .of,t cul ar

0X Iy ge nl- cont ai ni frl‘—’lgjﬂo‘{:;n:{s %{% %1%62%404\/ gt-ecrf.ér%ef :%r:e%gr{g eﬂoou slp'r% X dtl??%?% t he

nol ecul ar oxygep- c i and, ildent .

requi renents of hg?‘f%érir:‘u%% ga%e < n%‘%gcul ar oxrytggfzoclts)%{éal nc%/lr{1 ‘the

gas/ (ol ecul ar - contal ni + di LU Sa8) that the
OGRS T OIS Dbt fed iy B SANacidk e

concentration of nol ecu gas 1S from4 %to 20 %

by vol une. For ﬂ@gﬁﬁf&@igm%ﬁwﬂﬁnmﬂ{a&ﬁﬁm onrhhengat ilaxggéstock

conposition, it Is necessary that st'eam be 20 ‘contained in the f

gas. However, fdoumdier VieWWa i EtrahRfessidwhd BBrdbedy ol Gld Fhifed
carboxylic acids, such as nethacrylic acid, acetic acid and acrylic acid,

it is preferredad hed1idies congenieaatd @neOtompdama Belldetdd ¥edm ¢a% i S
reduced to a level as |low 25 as possible. It is preferred that the anount

of steam 36 igrcs? dorsind oig Gis iSoienflend y fmmdiye dritidihyto 30 ~
by vol une. The oxide catal yst conposition of the present invention exhibits
not only a prolepngetyradtthestid i fretbBuded 0 tddetheelvietl nylaildes wth
respect to thermal stability and reduction resistance, but al so excellent
selectivity forotygenlesintes rsncl-ariy- tulse Useatofestdarmyere:yasd aff Misdt
conposition of the present invention for producing nmethacrolein or a

m xt ur el®f net hacidateion ansbdormpadoerd/ |wittla@and, oxidéerrelsy spossand e t o
stably produce the desired product for a long tinme while holding down the
anount of the bSyajrbuudetsnypur indlgbdenum andiciergn. and mgagedus produced
usi ng a conventional catalyst contains a |arge anount (several thousands
ppm) of dl 15 ehase cHalkvkie exidatlomsrenehiqnuirl eftacted Hhersiy|
content of methacrolein produced by the use of the oxide catalyst

conmposi tion of {hethprakniobirdntd FRFEOUS TRAF RO MFYPHIForcorEised
addition, the present inventors have anal yzed 20 each of nethacrolein and a
m xture of net HERRIDHIE 9 PREPRSFRLSIN i ¢ SYDSEWENGAY -c FPenBeSgRShy. The
results_of the analysis are as follows. A peak ascribed to dj acetéll is
detectel®at a rE?EHR PRI BRI SIRARROUT LT AR PTAUMFTIRY (iRl ecu-
unidentified pepks are, respec, 25 tively,. detected retention times of
about 22.0 ni nefla%?c”fﬁ%%na ajb%ﬁoéf'b‘??iln%rhm s ¥ %]Zis'earhéﬁ%%‘? ir}??aé% peaks
are, respective i "Rl "R2U) LT r f t he peaks
R1 and R2 has bée%%h%g%lg%%‘? %os‘%:%)en%ea acg?%% %?%%cﬁv?,argﬁz%tﬁfcﬁée

per cent ages of S f@“ &gﬁp e rea of

di acetyl, are, %%gape %?v%%?élem%%ig?q S1” a%g&?%i%bl}:é%ug'siﬁ%dgsz

val ues it has bgeged Qdnghd @t cDEd Ny ofc Fx B8k f6n 3 SadLdn PEY d Pesiisg ances

causative of discoloration. Specifically, it has been confirned, by the

studi es;@f 10 tHGePELSERd tAVEMP Srodldd ; a QyLdebils LF€a&EEGh Fhrodi by !

nmet hacryl ate contai ni ng by-produced diacetyl in an anmpbunt as 1ow as 650
ppm a di scol or @i s&dthalflPCof Uhe thdryili yadeed | S 130 tHi® ngtR@Nd S2
value is 80 %or nore, each based on the peak area of diacetyl. The 15

oxi de catal yst twaposadeé obif ofthé hgaPresendt | puerdownof stitapsdtendf réadt di ng
down not only the formation of di acetyl, but also the formation of the
unidentified i meurisipsckedwitlh Risehid RRack Enqsses i dedto Theduce the
above-nenti oned net hacrolein or m xture of 20 nethacrol ein and nmethacrylic
aci d, whi ch hasvalwmee yof ovtheospace OFf | tipeirgas esytlst veoyticej wwhisha raw
mat eri al for producing nethyl nethacryl ate having excel |l ent transparency.
As t he 2Bt hods Bstpoésenpréovisedednrof heheorakalyst bed in the second



25 ci al scale production of nethyl thacrylate t here can 38 be
nentloned a "via nethacrylic aC|d process” conprising three reaction steps
and a "direct M-to-MVA process" conprising two reaction steps. The via

nmet hacrylic acid process is described at 5 pages 172 to 176 of "Sekiyu
Kagaku Prosesu (Petrochem cal Process) ubl i shed by Kodansha Scientific,
Inc., Japan. The above-nenti oned docunentlgtates that the via nethacrylic
acid process conprises three reactlon steps, that is, a first oxidation

step, a second _oxi da 10 I‘%f%lgtb] 2 ,?8’ tti%%me“ff t(h%t iR The first

oxi da tion stef9% east one startlng mat eri al

sel ected fromthe (%/to%o t(i,lon5| sst |G 1Qfy | %3?1‘%“[ q_%e td'el?tht%n%ﬁqotﬂe%

gaseous phase (’Sﬁ OXI |on reac W ecu ar oxydgen 1 n

pres 15 ence of,d A detlce 'Odd Y Phed HaAdbdIP agond

oxi dati on stepﬁqf ep ot jecting t acro e|n o) talneé§|n t he

first oxidation,ste ahé) %ﬁ%%ogb%s?%%ﬁle%a&%%io‘h O?’Lereby SRR, Rldsyl Wi th

nol ecul ar oxygen |n € presenc a catalyst ain

met hacr ygr i c aci 131 de\%g.lldw ot Pt ched! eP TRl sSPRAKBGEI BBchbe

met hacrylic aci Obtai ned in 1 second oxidation step to esterification,

to thereby obt gidy et fiindetdacied aliat TR idi oy dre yaas e of
the present in 25 vention can be applied to the via nethacrylic acid 39

process in a NMB{{GfetHh MY Cit td0Ld idtaiddalftdr siep firperdmd baisd ng
the oxide catal yst conposition of the present invention to thereby produce

net hacrol ei n, adieh EbsSEUSdpy, td el L iin tHep targ dike temes
terification step are perforned in a conventional man ner, thereby

obt ai ni ng met hyreeddiassyted ein Mhefutdre donpdumié dit i tre stiaml snedgrf or ned
usi ng the oxi de catal yst conposition of the present invention, nethacrolein
havi ng ol y | ovaeoyl£td Spalymemp uand i t8se cRBurdre qgomplioels ddaskhetisfarie; the
adverse influences of such inpurities on the nethacrol ein oxidation

cat al yst used ieratiboseschHnthexpakynan. st(dm (tdec Woxkingnwdxiangplefs oife
catalytic activity and shortening of the catalyst Iife) can be decreased.

In addition, thehislpavemy dhouhente aettenitsils meetere reqdiennioned
tenperature used in the second oxidation step of the via nmethacrylic acid
process i s highastdadiketom®0) C to 400 C, it is considered that nost of the
subst ances causative of discoloration which are contained in the

met hacrol ei n are decBMpEERrelurfhRp tHhe 2Pty ‘Eﬁ@%a&? oP&terHt e via
met hacrylic acid proc ess. However, since not a éhﬂ@e substancqi

causati ¥8 of di3eBPHraseSninr EhecRbrposdes Fhl b W? th%c+@@¥%v% ot

process, use of nethacrolein contalnln no sggstances auggta

di scol oration i25dEQj {8G-¢FaFe Bhﬁr%ﬂﬂﬂ hg®Ex ?I%%tpﬁ% v %acry?ate
he di
aherein the fir ot MRFPRRACEaRLORD, 1 S ES0r 0L THdE ) GebfREL LA SREPT,

wherein the fir rrses-su ing iso and/ or

t-butanol as a stanlind FRLELi 8linkPaflc@8560USaPIFS o ﬁafcﬁeyaigcmpaﬁ tion

reaction with a nolecul ar oxygen-contarning gas in the presence of an oxide

catalyst (herel pathete hil @yf%@izﬂé&r{(ﬁa{:ée BiBBbbYa’ BYCLREIVLR dgeR- " Ii st

stage catal yst” obtain nmethacrolein he secand reaction
step coyggrises ggp&ggglggighgrgggggned 10 methacrolein to a gaseous phase
catalytic reaction"wth nethanol and a nol ecul ar oxygen-containing gas in
the presence of a cagsi 8anSHEP9ELRIfEahatNet A698LapBlogs pat| 8Ne uabove
(hereinafter, this catalyst is frequently referred to as a "second stage
catalyst"), to thenebyndéd phedueeaseufightspt hachybabeefiMyBobuicad sbep
directly fromnethacrolein (M.). The oxi de catal yst conposition of the
present inventi gBmeSesteht! taatather dissbageatadal p&t menhyyhemdihectry-
M.-t o- MVA process. Specifically, production of nmethacrolein or a m xture of
met hacrol ei n 201ard pebAaeeyl b anedvichaethacryhécf becdtl peacesenistep, can
be performed by the above-nentioned preferred nethod. In the second

reacti onrsst ep otaubBeddbyetheMimpariiBspr ecgssdibketydt hwbdoherameobt ai ned
inthe first 25 reaction step is reacted with nethanol, wherein the 41
met hacrol ein used contains only small amounts of inpu rities, namely

nmet hacrol ein produced using the oxide catal yst conposition of the present
invention, to thereby produce nethyl nethacrylate. As the second 5 stage
catal yst used in the second reaction step, there can be used

pal | adi um contai ni ng catal ysts disclosed in, for exanple, U S. Patent No.
4,349, 019, Exam ned Japanese Patent Application Publication No. Sho
57-35859, U.S. Patent No. 4,518,796 and International Publication



10 No. WD 97/3751. In addition, the second reaction step can be conducted
in"accordance with the reaction nodes disclosed in these patent docunents.
Specifically, nethyl nmethacrylate can be produced by reacting nol ecul ar
oxygen, nethacrolein and nethanol in the presence 15 of a second stage
catal yst under noderate reaction con ditions wherein the reaction
tenperature is in the range of fromroom tlénperature to 100 C. Thus, the
second reaction step of the direct M-to-MVA process is conducted at a | ow
tenperature at which st .of t im20, puriti e diac | ... do not
undergo a react PHRPT u%?glépngﬁeag%5%ti%xﬁé?§??? ﬁﬁ% ggcg%%e%%?onal first
stage catalyst is,used in th ir ct] en.. o Lrect -1 0- MVA
piefeut e 481y bRbebFe” pRely Bylbrbdfioda Fia edd

process, the Ln%ﬁ C are 'na | arge anount.

Product i 25 et byl i Qi I f 42

the i mpur ¢ es. ciPEathveREPRGREYABaBLrORLpERBEEPRR LoBERY £P0R BAS 2 e

possible by usi ngohle 0xLagtALAbYST s6RTPOREREORNAI tLBELRRGECRE Lyenti on
catalyst In the

as a first stage irst reaction step. Wen the oxide 5
catal yst scomosibipBa0to! DeqBLERER! phRENEALR1YELHSEY1hAELDR EbREE pRACL I ON

step, the nethy acryla tai In the Second reaction step has an

extrenely |ow i RRUEHEY d 1ykferenkseB¢ pe6AutOngeRedhedl y
conduct the subggqggﬁtpggg%ﬁ?%a??oﬁ %Egéa ion. As %09aﬁresﬂlt?§the | oss of

met hyl net hacryhaig10€R0NMEBSowWey EF Capksre | 10884 NBed® 1Ho GASENSE@SIUES T Ofin-
Accordi ngly, the oxide catal yst conposition of the present invention is
very advant ageoggo{,@hgt BReCerRN Rl uBeadesti phodhcihyhybtrethateyhatia. 15
The first stage and second stage reactions of the direct M-to-MVA process
and the operati @Ref eirptr bkyidagioat Bybpnohaneyvanemerpabeytandactiad in a
continuous manner. As an exanple of a continuous reaction node, there can
be mentiloned t hproeaeki ahefreda itheoimpdo28mentt he doredeckkeasdniyMBhpr ocess
conducted in the Exanpl es of the present application for producing nethyl
met hacryl ate, thmbungs blie theosebstahoes i(gsucheakl diackiyi )otausetivegur e.
Met hyl net hacryl ate having excel l ent transparency 25 can be produced by the
direct M.-to- MMafpddsesdomsitign whdchherexbiepradacedt isokpesiEtirs® of the
present invention as a first stage catalyst. As apparent fromthe results
of the Exanpl esoxddatdppasiepy efEthgpvda BrthRETyAdSeACigpPrPEEEEen, net hyl
nmet hacryl ate nDnonerURro s duced using the oxide catal yst congosition of
the pre sent inventi BheRadethyAppathacy¥leget denPredursdal¥otPgadd&etitt h

JI S-K6716) of not nore than 5, and nethyl methacryl ate pol ynmer obtgi ned by
pol ynerilA ng subk-er A ﬁ%PW&@FyIgFédﬁéﬁURePeﬁ§§&ae?Feg&Fé€aF&8Pe? fffed 10
in accordance with JI.S-K7103) of not mgre than 10.. Such nethyl nethacrylate
pol ymer havi ng &£E8PLeft-a8LaREFT R &§n°88%3§é3da§%aasg%¥t%FEPS?F6r gl ass

and quartz in application fields requirin i gh.\transpa cheas
optical 11 bers) TSt TgoM & eMPE AL uEe el ﬁ)k-e; 1hR adVaRtaddl §ﬁ| y
transparent nethyl ryl.ate | r 1.0 0 MG val ue.

44 BEST MODE FCE%EAEE%F%% %ET%$HEB#K§EhfF%% E%rgﬁhteﬁgﬁ,qgﬁgg%?ggent
invention wlll SCL i il W fenenc f@l | owi ng
Exanpl es and Co%%éc(rﬁgt]i %@%ﬁﬁ%{s@ g’tﬁj%t efr\gﬁg‘&n&qﬁotﬁ% %gts%otrégtertt%d as
limtingghe scone ofe it RaseHcid piotldsQ. HBRedBEDEEnEl a@¥xgen atoms in

the oxi de catal yst conposition is determ ned depending on the val ence re

qui rements of t e, QM IHTRIEsT MRS W protNnei1er &hakO nds tEeEmies and
Conpar ati ve Exanpl es, the’indication of oxygen atomin the oxide catalyst

conposi tion i s @Hdstarddd QBddie drandce tyapr espidatiyd b @dsdo leatal yst

conposition. 15 In the follow ng Exanpl es and Conparative Exanpl es, various

properties of thaowiai®e ¢ritaldesdowiEds ity Whe second stage reaction
catalyst and are carried over into the subsequent

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



were eval uated as follows. <Conversion and selectivity> 20 The conversi on
and selectivity used for evaluating the results of the reaction are defined
as follows: 45 5 Conversion (% nole of isobutylene or t-butanol reacted
x 100 nol e of isobutylene or t-butanol charged Selectivity (%9 10 nole of
met hacrol ein or nethacrylic acid formed 15 nol e of isobutylene or t-butanol
reacted x 100 Data used to cal cul ate the ddnversion and selectivity were
obt ai ned by gas chronmat ography. 20 <Determi nation of the inpurities

Grocol orati on BERFERS ar EOB oMISF ARYY e RaeE b1 oF ghEipf SRSy '

Chr omat oot aphy 8ol TS Becereanhors: fetTiede AL Pt bfe e (nere
Corporati on. JaBarREaNFeR sALeahhYRoRh GrTeelSafiPraruh ey SR TRARY, |
length. The Capirigg{eglgg'.ggmg@g@éd?’QnOﬁﬁgi PE0. VS £Q00CELLR0. R, SaalRS, the

foll owi ng three y NS €ac aving an inner draneter of 0.25 nm

po b (lepath: SPnlle PB4 LLEBALNacR0nE) £8P dtne ‘BedC1dpiont €812 c&fal)

The gas Chromat 6graphy was con under condit1ons erein the initial

tenperature of {hg, Cop f@saééaﬁiagagusaﬂ$€roﬂf&n1ﬁiBﬁag éhﬁigﬁlun“ at 45

C for 30 mnutes; the colum tenperafure 5 was elevated to 220 at a

tenperature el e¥@§.%891{r§{:§ 8bromethitPo180H 8BhNbAEI B8H1aVedZ0but 405025
m nutes. A sanple tor gas” chromat ography was . prepared by condensi ng all of

the gaseous prog@HCcthg@ntRLNEAYaTPLEBaRES! B GhOtharmhXt HEgb L1 Rt AAgr ol ein
and nmethacrylic 10 acid, to thereby obtain a condensate, and adding
1, 2-di met hoxyet Hage asaabtiBherBalisthABEar dnboth8esabkatnedtgondensnee.
When t he gas chromat ography was perfornmed under the above-nenti oned
condi ti @os, a peapuaseibbedatsadiivéSoacaiytorasattbrctad e heldt dowhon
time of about 17.3 minutes. In addition) two unidentified peaks were,
respectively, debeatadnamumelentiion tinmes of about 22.0 m nutes and about
39.2 mnutes, and these unidentified peaks were, respectively, naned "Rl"
and "R2". The 20 area of each of the peaks Rl and R2 is conpared to the
peak area of diacetyl, and the percentages of the areas of RlL and R2, each
based on the peak area of di ace3UNMARY OF /BifHcfYENTION desi gnated "S1" and
"S2". The Sl and S2 values are, respectively, used as indices for the 25
by- production of Rl andtRes gihEnetaant efhef Brespnpl ipventorg hayesmpde t he
unit "~" is omtted fromthe S1 and S2 val ues.) For producing nethyl
net hacr WBat e haekignsivel padt intensgiecfEpapest kevarfe SEVRLOPIPIMR pr ocess,
it is 5 preferred that the anount of diacetxl contained in ne&haﬁﬁoLein IS
not more than 96FEEnF3NBLESEIYRACE §EoBEVHRBECRBF P af"&¥oiPphfat @
<Bval uation of Lg%hdgiigbgﬁ%ﬁkgnf%E %qugg¥%lg§%h%%5yb%OaL%E%V@ﬁQO%EQ>
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-



The level of discoloration of a nethyl nethacry |ate nononer was eval uated
in accordance with JI S-K6716. Several dilutions of a concentrated
hydrochl ori ¢ acid sol ution containing potassi um hexachl oroplatinate (I1V) 15
and cobalt chloride were prepared to obtain a set of standard sol utions.
The APHA val ue of a sanple solution was determ ned by using the set of the
standard solutions as a criterion, whereid5the standard sol utions had
specific different APHA val ues respectively 20 corresponding to the degrees

f diluti f the hyd h i id | i ifi | i illed

a/at elr \l/Jva!sOtrJ]sgd %gﬁeétéﬁ%‘gr Oéz)gﬁ?‘ig%nc?%?ﬁé%fﬁ%ﬁ%#%%ﬁg# %I,ld g#\%é!staﬁdard
| uti f AP 5, d . i

oo o T S AT e i

wherein the o BpilRl ghatUp fEstecont AhtLEofeyibeed phon tip GRRpval ue

The APHA val ue acry e nononer was eval uated by conpari ng

the color of the. et byl el bagiyl ol FufONABI athh ek §0SEs D! Nénd! dadar d

. n .
solu 5 tions, aRg"t atué was used as an index for dis coloration.

The degrge of dpgeal gpaLion gf 2 ARkbkeBENGGEY1L ahRaMRAOMASt SRk el e ably

5 o0r les§, in terns 0 A met hyl nethacryl ate pol yner havi ng

ex 10 cellent t r EombtRENGHoRY BOhYIBEIRENGE SHEln8s TRy |
nmet hacryl ate mﬁgﬁlﬁer&ghge?%gggﬁ gPOHA val ug 8f¥5 or | ess.g<EvaI ugti on of the

di scol oration ofna getRyh,"phbaciN 4Rel 2bsppetyver atdhiec! euelosf of the
di scoloration of a nethyl nethacry |late polyner, which is obtained by

pol ymeri zing a gBbYulmerthased! alemenosmand vhs egdhtvadrship betweedance
with the tests described in JI S K7103, nanely the 20 tests for determ ning
the yel | owness itRdexmaadtyebkovhengbbaetnentfiiopkdselemenfst ase shesenen

whi ch was a nethyl nethacrylate polynmer plate having a length of 55 cm a
wi dt h ofipl0 cm sandsatbhsaknesy epebifnrwasgpiepacetisas Thwat obs. £ A
gasket was sandw ched between two gl ass pl ates, and 49 the gl ass pl ates
wer e cl anped t opeshenewbebteldygbeket foahd ttheteborheeonidenhersByyYSsrni ng a
uni form thi ckness space between the two gl ass pl ates, wherein the space
functions as a cawpbgitAomeekplibitshaotyoaly sopsedpngedoreipAvhy ddded
thereto 0.05 % by weight of 2,2 -azo bisisobutyronitrile as a

pol ymeri zat i on it it@t dtswezceddens ProperkdespHdsbpEeiRert: ke thE HRass
plates by using a funnel. The gl ass plates were cl an‘%%d érurtheéi?hgJI as to
renove air renaistiahdlidrnead rreugtion mesistaicean§uti REFC £n Ry

met hacryl at e sandwi ched bet ween t he gl ass pl ates was hngr’ﬂett.i 3I | ¥ §_,eal ed.
The resti® ant stheGEdyAdy( Eo%pPESPAGTR 1 th A& HR¥: FLALE Ilyc} s8ndwi ched
bet ween the gl ass pl.ates) was ced in a_warm.wat er t t f.1 for 6
hours and, thenthfs5 1;51?;!1’6)&&"1% %lh?ﬁ’z’r A&t SRUSESYCaRE t%gr?%é)ﬁé) %&éogatog mai n
tained at 115t 1 f.or hours, ,to effec y i o] f met hyl
net hacryl at e, tﬂ@rtg‘é@‘ (rﬂft%é’iarﬁrﬁ atCtet AYF hﬁ%ﬁggky?ﬁ{’éngg{)gé?g ?&gﬁt hus
obt ai ned nmet hyl nethacryd a I 4RO R iHfngvas allowed to 20 cool
to roomterrperatct?f"@, eg:r%{'t tr?t;%s%gl &grth&%gte (tlh{yclk nesg\éy?l 5 mm was rel eased

fromthe glass plat eﬁcgigﬁﬁiwe]‘w{%pli%t @ WASInfetly idy&gc% Yrzenef preseEnt n

length and 10 cmin w e two opposite 10 cm| ength edge

surfaces, pf the ;polaBEoP Y SR 1AL U ehd!ddithlyst composition for
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-

geous as a raw material for producing a highly trans-

25 parent methyl methacrylate.



25.a file and a buff, to thereby obtain a test specinen. 50 The obt ai ned
test specinen was visually examned with respect to the 10 cm| ength edge
surfaces thereof. Further, the test specinmen was anal yzed by a | ong opti
cal path type spectrotransm ssion colorineter (ASA-2 5 Mddel, nmanufactured
and sold by N ppon Denshoku Indus tries, Co., Ltd., Japan). Fromthe data
obt ai ned using the |ong optical path typel&pectrotransmi ssion colorineter,
the yell owness index (Yl) was calculated in accordance with JI S-K7103
(describing the tes f de 10 term ni th Lo i.ndex _and

yel |l owi ng factor of peag"urc?%?lnﬁh&“@ O\Fgﬁ%tfeO\%Hé%t}g‘é\ém%%%%gﬁeisngg% A8 the
i scol orat! on Vet JR e B IR BRI, HUT Y ARG AL ©

pol ymer havi ng a yeld1 owness | hdéx of not noré an I'S preferred

because 15 such 01350 dias 450l LA AIANSHY Pai oY Re ol 1a OXi de

catal yst conposition ng a structure (in terns of atomc ratios of

! on , . o
constituent Melalddio AP G S 't drd b Yhet LBonlarkfifd 0! &1 ©

nol yb denum and tungsten) represent mul a: Mole Bi'l. s Ceo.a Ko.l
~s0.a Fed.s ~085,Quafy GntPtHY YEHRP d1diiws. Amoni um hept anol ybdate in
an anount of 350.0 g 25 was dissolved in 1,700 g of water having a

t enperat ure 51 of about 50 C, to thereby obtain an aqueous solution. To

t he obt ai ned aqueous solution was added 16.8 g of antinony trioxide,

t her eby obtai ni ng an aqueogaIBHSPEHBROPTEORN! 6F NrRE PRAWEPHAEeNum and anti nony.
The obtai ned 5 agqueous suspension was heated to 90 CwhilTe stirring, and
then 65.0 g of a 30 Fiduremlisgld faguweahdrity dhogdmngoaheXist@psolofl ithie was
slowy added thereto while stirring. The resultant m xture turned to assune
bright yell ow whirdextf 0fIm togMMA briduesH atondafctieie im Xthier Examplle s v a
solution. The stirring of the thus obtai ned aqueous solution was further
continued for ghmdud@Gihgrnmaithgsl atetdaa@ylRten, the sol ution 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 bisnmuth
nitrate, 29.1 g of ceriumnitrate, 1.66 g of potassiumnitrate, 100.4 g of
iron nitrate, 3IBTBEripigion ¢ify|Refig e MIeredsy) g of cesiumnitrate were
di ssolved in 350 g of a 15 ~ by wei ght aqueous nitric acid solution, to

t hereby obtain 20 a lsol Fiit&t GEteCer RT3 o%s 6@ ution B"). Sol utions A and
B were m xed together while stirring for about 2 hours, thereby obtaining a
slurry of the startidig hatdachodeind Midtaiahs@ratdiony sSk&P subj ected to
spray dyying, to thereby obtajn.a dried, .particulate catal yst 25
corrposiﬁ/on precur sot. ﬁ%%ﬁ StRge Feast, OIS‘arSt%le(?ul ate 52 catalyst

conposi tion precursof, al ci ned at C for 3 hayrs, to thereby obtain
a cal ci ned catal yst %‘o%ﬁq}alcgﬁ ﬁé‘c&?@g‘s irﬁc‘t%’grfyors%eé){‘ a quasi spheri cal
particle. The obtained G Ly, i tJ I or was

nol ded into a colunggr ?g%%%?ﬁﬁﬁﬁﬁ%%ﬁf%§é%£2§¥; %ﬁg%ﬁ%ﬁ¥%%gﬁ%§% hei ght of
4 mm and the tabl et Wasy}PHeGE i-3al s i+ f urs,

t hereby obtaining a 6f'i n2-1l%ﬁ%gtlg&%%J&ﬁgthSyéa{}]%c?gtr?ggjs%%ﬁggr??{ ﬁ’;téip

Met hacrol ei n was progducegy BhAndelg el dais ddie iddidd At iRel fsidpnces of

t he oxi de catal yst conposition. 4.0°g of the tabl eted oxide catalyst
conposi3hon was charged Mty 12 mdtHdd88% td qMMA)SPeRAdP)i dRAGH Hrdgibe whi ch
has a dianeter of 10 nmand is provided with a 15 jacket. A gaseous m xture
of 6 % by vol une of iso

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



butyl ene, 10.8 % by vol une of oxygen, 10.0 % by volune of steamand 73.2 %
by vol ume of nitrogen was flowed to the reactor at a flow rate of 100
mM/mn (NTP) while maintaining the internal tenperature of the reactor at
20 350 C, thereby effecting a nethacrol ein synthesizing reaction and
obt ai ni ng a gaseous product containing nethacrolein. The results of the
reacti on were eval uaced, and it was foundl’hat the conversion of
i sobutyl ene was 97.8 ~, the selectivity for nethacrolein was 25 88.3 % and
the selectivity for nethacrylj¢ acid .53 2 4 % The analysis of the
condensed gasedle TBPERIAEC HHELY HERATHNG BhtESh S dIERTYISSas 500
ppm the S1 val ye 0, and the S2 value was 52_ Subseguent|y t est
under stringentyﬁgﬁgﬁtﬁﬁ% gb%w@??ﬁ?f%ﬁ?&%%%é??o??oﬁ%gb%ﬂ%f %%c??%n
tenperature was_e 48 a . aboye i oned
t {)Silgﬁgi’ ‘ggtrt\ Oé’jg%f%im&ﬁ %%ﬁ &?n%lm??. QY eNpiL

gaseous m xture was ang , and a continuols Operation

for synthesizin h i e ntly, 10
t he reaction co%ﬁ??%o§§£§£f%9Gﬁgﬁaggpgggie?%Iﬁééés %%géﬁ%%é?ﬁghg%gs in the
reactiongfor th i her{nitial performances of the catal yst

conposit?on (reggg¥§%ygén%§$@éh%eeig50 C, flow rate of gaseous m xture: 100

m/mn), and the results t r tho e ¥hoyno 15 bel It was found
that the performnces of ?&8'€g259$§%tb%8%%3é?%|d% Under Gﬁ% stringent
condi ti ons wereygdpsiantially the same as the initial performances.
Specifically, the conversion of isobutylene was 97.8 % the selectivity for
net hacrol ein was 88.2 £4 afd 1 2brie Imibent tee Tt BRI WHE qiedup Was 2. 4
% The analysis of the condensed gaseous product showed that the production
of diacetyl was 490 @pieidtien Pl alattrhtund 0, carchnt heprseacdyeivms 51. 25
In addition, using the above-nentioned oxide cata 54 |yst conposition,

met hyl met hacryl at e nesdyiinmiceshnyride, detieshibh; t gaddPipigeesserbium,
accordance with the steps as shown in the flow chart of Figure. 5 1. First
stage reaction step:dyderdsist, Halgpel uneacdrmimasthoohiduet et texrt@iumnner as
shown bel ow, making reference to the reaction nethod of Exanple 1 of

Unexam ned Japanese Ratetriumi\ppid cetiwiunai d- Open Specification No. Hei
9-323950. 10 The sane tableted catal yst conmposition as prepared above was
charged into a stain®eks at ctagisusBdMenkertsoleetigd FHetRs9zeR Ut er

di ameter of 50.7 nmand an inner diameter of 46.7 mmand is provided with a
jacket. Specificall ycorutstingi9hrPatarsiim, ety t3nd HeegHmM5 bl et ed
catal yst conposition so as to formthree cata |yst |layers therein, nanely
catal ystBl ayers 1, Xahtl @RALHERLIN 197 2 JRHEFUTS RF (FRPYLE a8 At to t he
gas outlet of the reaction tube, thereb rovi ding reaction zones, 1, 2 and
3 corresponding to cHE3FYy<eng d%?‘%eﬁ,se?%/ Fedhdt =M R FETIR | SRS packi ng
of the catal yst com osit%on maszﬁgﬁfor d.%g %hat t he catal yst packing
densities (Cl) C2 ant"EPT LPRGS NG 1HE®tat al yst layers 1, 2 and 3

becane as foll ows: = 80 = d = 0, , and
the heights 25 (L1, elén:b‘pfé%r gg‘%)"é% v%ﬁ%%?@?ﬁ%‘?’@a?gbs#?’%&%gff?ﬁ 55
2 and 3 became as foly, V\Pén%el 7t U foMmdLe “trap §N 88433 snd: thd ndihe

adj ust ment of the catalyst aéilng_ ensities of the catalyst layers 1, 2
and 3 wgg made by MyiRG,A QRdSEED COE) POEGRS A& FRsehe drdndd &£l fpgher: S
5 mm height: 4 mm through-hole dianeter: 3 mm wth the tableted

catal yst. The tenpergtysel1dds tifadCR! | dUCHEL LiR Dfe LS 1WEIPE dESmSES£ at
320 C, and a gaseous m xture of 5.75 ~ by volune of t-butanol (TBA), 8.37 ~

by volune 10. of oxyges tdedV oF o Mpbaemumf (196 PashdNeuSdster PW) ¥Ohnane of
nitrogen (wherein the tenperature of the gaseous m xture was 290 C) was
flowed to the reactig@n pube, @ndea MAKACHChELd N SyHdHEEiveg, re@et i on was
conducted at a space velocity (SV) of 630 hr-1, thereby preparing 15 a gas
cont ai ni ng net hacr ol &£t tmad dr &t 26N o el St IWB 1 2)1jrer & uriasof (Rde, reacti on
zones 1, 2 and 3 were 383 C, 384 C and 384 C, respectively. The

conver skén of t- but amotimesy 108b )-, andieoxedent () t yrdlat ind hae riotesive was
86.4 ~ and the production of diacetyl was 20 500 ppm 2. Methacrol ein (NAL)
absorption step: Next, a nethacrol 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, 56 making reference to the disclosure
of Unexam ned Japanese Patent Application Laid-Open Specification No. He
11-80077 {corresponding to U S. Patent No. 5,969,178). The nethacrol ein-
and steamcontaining gas prey pared in step 1 above was introduced into a
guenching tower. In the quenching tower, the gas was cooled to a
tenperature of 44 C by neans of water,~so that a |l arge portion of the steam
and by-produced high boiling point substances and aci ds was renoved from

o . AN 2 1 o o - . " o N 5 . a .



15 oxygen) carbon di oxi de and carbon nonoxi de gases and unreacted

i sobutyl ene. The partially dehydrated, nethacrol ein-containing gas was fed
into the bottom portion of a 30-stage plate dehydration tower (inner
dianeter: 10 cm height: 5 n) 20 provided with sieve trays at a flowrate
of 3.6 NnB/hr) whereas a solution prepared by adding 100 ppm by wei ght of
hydr oqui none to |iquid methanol was fed i #8o the dehydration tower at the
top plate thereof at a flow rate of 200 g/ hr. The dehydration tower was

operated under 25 conditio erein.th r e t g [ e 57
bott om portion of tﬁﬁxﬂﬁh§ﬁ$&&gbﬁQFgﬁePEMggﬂgﬁd%%%@héﬁ@gn%%?é?ﬁ?%ﬂg%ﬁﬁhe
gas in the uppernost,_portion of the dehydration tower was 18 C the
tenperature of the ﬂﬁ@uid nmet hanol solution was 18 C, and the pressure in 5
t he upper nost portio%égemeedehydration tower was 1.5 kg/cnR. Thus, the
partially dehydratedvgas was dehydrated further under the above-nenti oned
conditions, and a dehydrq#qg&gas us m xture containing nethacrol ein gas
and net hanol gas was obtal n fTomthe up 10 pernost portion of the
dehydrat [ on tower. Subseqfegtly éhe dehydr at ed gaseous m xture obtai ned
above wa2 fed into the bott &?gas ‘phase portion of a 30-stage plate
absorption tower (inner qsngge{:3}0 cm height: 5 m) provided with sieve
trays, whereas 15 a solution prepared by adding 100 ppm by wei ght of hy
droqui none to |iquid nethanpl¢wasc¢fed into the absorption tower at the top
plate thereof at a flowrate of 900 g/hr. The absorption tower was operated
under conditions wherein {he degpeyature of the liquid in the 20 bottom
portion of the absorption tower was -6 C, the tenperature of the liquid on
the top plate was -3 C, theltempeta urandf the li-quid nethanol solution was
-3 C, and the pressure in the uppernost portion of the absorption tower was
1.4 kg/ eoz. Substantial | ygald 2he ofiutber nef hexyetmiataes weabiradhanol gas
whi ch were 58 contained in the dehydrated gaseous m xture was absorbed by
| i qui d conmpounds under t htoasattsfipnthencalenceli réguntremerteh9f obt ai ning a
liquid m xture (A) containing liquid nethacrolein and Iiquid nethanol from
5 the bottom portion of thkeabtbeptébementerprasenbb @adned |iquid mxture
had the follow ng conposition: 31.7 % by wei ght of nethacrolein, 66.8 % by
wei ght of methanol, wherednyavebghe. of aRdcf  sakbsHY stbe pyeqirpments
by-products, such as acetone. 10 3. Second stage reaction step: The second
stage catal yst was ppEpthedfphlavénd d5PEBUIReh Ref erence Exanple 1 and
Exanple 1 of International Patent Application(gu l'i cati on No. W97/3751, 15
as fol | dfis. A catalyst inPePRedi BY &R *Fbpar®®in substantially the sane
manner as in Reference Exanple 1 of International Patent Application

Publ i cation No. W97/37519 Al GA{AMPHi%} &t € ohd magnesiumnitrate were 20
di ssol ved in an aqueous silica sql %Snomﬂgéﬁ%ﬁ?q;(810 content: 30 % by

wei ght), manufactured and%s8fd<b$/(Rs" B cal $HWUustries) Ltd., Japan)
so that the Al/(Si +Al) prgpgr&igq_?egage 10 mol % and the My/ (Si +My)
proportion becane 10 nol % “The resultah?'25 sol ution was subjected to
spray drying at 130 C using 59 a spray dryer, thereby obtaining spherical
particles having an average particle dianeter of 60 dun. The obtained

particl ey were cal ci ped il o Linder3?@nd@ihe o2 haW preséniubseguenthny at 600
C for 3 hours, thereby 5 obfaining a carrier for a catalyst. To the

obt ai ned carri er el A6t 12 HIUAYL 5@ Wardlbud pielfleadiadmenitodii-de (15 %
by wei ght) and sodium chloride (10 % by wei ght) and an aqueous sol uti on of

lead nitrate (1%t ofeity Jprkdiati ivieh U kire @nunteraiald adilow.chl o 10
ride and lead nitrate contained in the resultant m xture becane 5 parts by
weight in terns of Pd atomand 6.5 parts by weight in terns of Pb atom
respectively. The resultant m xture was stirred at roomtenperature for 1
hour, thereby obtai nialg kiR rdearalyast rpnipo sddsi@mbefbrt heeedm @negirciald
anounts of the palladiumchloride and lead nitrate. Thereafter, to the

obt ai nedxgarri emdiddig slisordeda titertaore tdfe nptilatialmiohland de and | ead
nitrate was dropw se added, while stirring, an aqueous sol ution containing
hydrazine in a nolar amount 20 which is 3 tines the total nolar anmount of
the palladiumchloride and |lead nitrate adsorbed on the carrier, thereby
reduci ng the palladiumchloride and | ead nitrace adsorbed on the carrier.
Thus, a conposition PdS. oPbs. s~Si O2- A12G3- MJO, wherein the superscri pt
nunmer 25 als at the right hand of Pd and Pb, respectively, rep 60 resent
parts by weight of Pd and Pb, relative to 100 parts by wei ght of the
carrier, was obtained (hereinafter, the obtained conposition is frequently
referred to sinply as "catalyst internediate"”). The analysis of 5 the
catal yst internedi ate revealed that the atomc ra



do of palladiumto lead (Pd/Pb atomc ratio) was 3/1.95, and a maxi num
intensity peak at a diffraction angle (28) was 38.745 in the powder X-ray
diffraction pattern thereof, and the ratio of the total intensity 10 of two
peaks ascribed to netallic palladium3d electrons to the intensity of a
peak ascribed to netallic |ead 4f electrons in the X-ray photoel ectron
spectrumwas 1/1.24. Next, the catalyst int%®rmedi ate was activated by 15
the nethod as described in Exanple 1 of International Patent Application
Publ i cati on No. 713751, as.f.ollows. An_external circulation type bubble
col um reacf or F¥§§805¥§§FaFﬁngbYsFSEFflRﬂiEﬁ 3ﬁgsgqﬁpﬁp@8m§FFh¥§'
separator for a Ly nd, had_a_ _volune.of.5.0 Liter O.for a lLiquid
phase) was charéggk%Ft%EfﬁzgaegggPuphgogg 3??2? ?#té?ﬂéﬂ%g}gpeAﬁg .7 % by
wei ght sol utiongo c iQ | 0 a 4.% b [

sol ution of Nacﬁ %Hqﬁégﬁan% ﬁwgrggéggégggohgﬁgg?eﬁg?gg%ﬁéﬁ%eég%grgg% flow
rates of 2.16 | bkghs/ Baraigsl ednpbstRibh! bBing" BEBPELLUELY biNEne

nmet hacrol ein concentration o 61 the reactionh syStem conprised of the
above- ne@t i onedshWg oghs hEeESBRLER! YEhONS was about 33 % by weight), while
introducing air into thé reactor so that the oxygen concentration at the
outl et of the reactor bec . 0 hch is ivalent to the
oxygen partial pressure o?m(??g?’l%g}%ﬁﬂ% I%écﬁt%ér%ﬁ‘%%?gan ac ?gati on of the
cat al yst internmpdeaken;The activati on was conducted at a tenperature of 80
C under a pressure of 5 kg/cnR. The concentration of NaOH in the above 10
-ment i oned net hanol goigta@nlgggtcgﬁér@@hg@&sgbiéaieah@réﬁa@ﬁéO@r§u§ten1had
a pHof 7.1. The reaction mxture (activated catal yst) was conti nuously

wi t hdrawn fromthe otbheisbinghefrEantisanah, acérdiem pfpPadedbdymtiwihr. The
activation of the catalyst internediate was com 15 pleted after 50 hours
fromthdoOstart of theeoédwciumn. sBuarigmt heurepttimpngatib2indamt, i derbixmyr e
fractions continuously withdrawn fromthe outlet of the reactor contained
about 270 ppm of | eadyspro$itumyechateiumt ésbihgsuneaulian, t hWetesabans f or
this is that the lead con 20 tained in the catalyst is dissolved out in an
i oni zed formthereoflubebluneandayttovhumyst em by the action of the

met hacrylic acid produced during the above reaction (the reaction m xture
fracti ons continuousByisi @hdteant f een Pembent$eleoted hEremakthergeear ai ned
1.1 % by 25 weight of nmethacrylic acid on the average), and the 62 forned
| ead ions are reducefCRFiHtiRgi 0f POEHRSTEAM WhTFePLALuR caRd ERSLWR: t he
reaction _between nethacrol ei n. and nmet hanol. The anal ysis of the activated

cat al yst-or eveal ed t hAt 1% neo®a} PoSatehy ¢ Pht? JiikkuBe 195 4c0babt 284 ki num

i nt it k at i ff ti I 8 38.652 in_th wder X-
Gi11ract] on pat Corn PREPEGP S THEMERE oL ST EHe FRab Fon FRLBORRNELRY usi ng

the liquid mxture ( o] i i t 2 ove (met hacrol ei n absorption
step) and the above-€$%p§%ghggg%%%%algg%tgggk%gtaIyst, maki ng reference to

t he Exanpl f U J t ept i ' i de
Lhe EXa es of ISPl Peh So0a s afo ER" SR nAUPAGTi Oluk HLERE e 10
5,969,178). Two extefpal rghgeu gtfpgmtmgfeb?pgﬁegc€$Uﬂ@’rggﬁ gﬁetﬁﬁﬂ_ _

I eel) eac aving a

(reactor | and reactor Il Ich were nmade of stainless st _ _
volune of 5.0 literspéprof kﬁﬂgbgeﬂhﬁﬁ? YebRs COENELT e | PaR§E 68 flof-
reactor Il was connected to reactor |). Each of reactors | and Il was

i ndividual l'y chargedowtbh1888 eheh shecashi ¥aifei v £8CORELSEFEomAtFYSt .
The liquid mxture (A) obtained in step 2 above was fed into reactor | at a
flow rate of I,600 gthé.tdtalhos mosyBAEEUma(BE) Uah@Nt@hgsOeh Uy dagai de
in nmethanol and a solution of |ead acetate in nmethanol were also fed into
each of reactors | aad b] 25 &p éhat &he §igvéd raspecbivengl othdad a pH
val ue of 63 6.1 and a | ead concentration of 20 % by wei ght. An oxidative
esterification reactavombé nathasrofebismashc@iuctzed B Bréenfispt e of
80 C under a pressure of 3.0 kg/cnR, wherein the oxygen partial pressures
of the B5exhaust ed gastiméhypw 8h) candfoxpyehe(@ui |eekanive ebw twekvd and |
were 0.095 kg/cnz and 0.03 kg/cnR, respectively. As a result, a reaction

m xture (B) containing nethyl nethacrylate, water, nethacrolein and

met hanol was obtained fromthe outlet of reactor Il, and it was 10 found
that the conversion of nethacrolein was 80.3 % and the selectivity for

met hyl nethacrylate was 90.7 % 4. Methacrolein (MAL) recovery step

Met hacrol ein recovery step was conducted as fol 15 | ows, making reference to
Exanpl e 1 of Unexam ned Japanese Patent Application Laid-Open Specification
No. Hei 11-246453. The reaction mxture (B) containing nethyl nethacrylate,
wat er, nethacrol ein and nethanol, which was obtained in step 3 (second
stage reaction step) 20 above, was fed into a 45-stage plate distillation
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portion of the distillation tower was 31 C, the tenperature at the

| ower nost portion of the distillation tower was 84 C, the tenperature at
the 6th plate as counted fromthe bottomof the distillation tower was 10
81.4 C, and the pressure at the uppernost portion of the distillation tower
was at nospheric pressure. As a result, a bottomliquid (C) containing

met hyl nethacryl ate was obtained fromthe29ttom of the distillation tower.
15 5. Acid treatnment/water-oil separation step The bottomliquid (C

obtained in step 4 above fed . inta a | 1. I r.afd ssel
at a flow rate of 8@@%?€€A%oi%r%%ulqnfug+oc1%e u\/\“/gst iédsaﬁﬁo%ﬁe\ée
conduit for feeding tomliquid (C) to the oil-water phase separation

t
vessel so that the r M t ant aqueous phase in the oil-water phase
separation vessel km%héké&+of 2.0. The m xture of bottomliquid (C) and

Il

sulfuric acid in the 'séparati on vessel was separated 25 into an oil phase
and an aqueous phase by c n%rifg 65 tion, and the oil phase was
recovered and subjected t h2 3u Sequent hi gh boiling point substance

separatiqQn step. In this ét?pr g wo separation vessels were used which

wer e disgosed so as to enable a%tefnate use 5 thereof for conducting the
phase separation of the bgtfomltiguid (C). 6. H gh boiling point substance
separation step A high bolling point substance separation step was 10
conducted as follows, nmakpng refegegce to Exanple 1 of Unexam ned Japanese
Pat ent Application Laid-Open Specification No. Hei 11-302224. The oil phase
separated in step 5 abovejwasefgdipnto a 30-stage plate distillation tower
(i nner dianmeter: 10 cm height: 5 nm) provided 15 with sieve trays at the
20th plate as counted frogiihe fop shesaedf at a flow rate of 600 g/hr. An
apparatus conprising a brine refrigerator for renoving a liquid under
reduced ygr essure was provgded ahethambep of okepgensatdmatrequived®r, and an
apparatus which was con 20 trolled by neans of a | evel gauge and which
conprised a refrigerator torsatihfiyathagvsienneundevniredentd pfessure and
cooling the withdrawn steamto thereby obtain a condensate, was provi ded at
the bottom of the distillaheoptheneelempatdi Bresenti oAndower was
continuously 25 operated under conditions wherein the reflux rate was 66
1,000 g/ hr and the prvkeseir at bheCupferRisf pBELFEN bBhretReawisenerhsion
tower was 150 mmHg, while feeding a nmethyl nethacrylate solution containing
5 % by weight of hydp&qthRofeliPBiPgnEorBPLBe:the distillation tower 5 at a
flowrate of 40 g/ hr. The tenperat?res at &he up,_ pernost portion and the

| ower mosk5 portion of the 8i-82i KI B/{(8rF Pdwet ®we?eb45 C and 70 C
respectively. A steam containing nethyl nethacrylate was recovered fromthe
top of the distillation t8mér°é26”de1%b Py 1Y means of a refrigerator to

t hereby obtain a condensate. The cgnde sa&g wﬁi %Athd awn at a rate of 500
g/hr. 7. Low boiling poinf-93bst S{d& £BaAtT oh St ™A | ow boi | i ng poi nt
substance separation stepoqu<1%_pgnQU ted as follows, meking reference to
Exanpl e 1 of Unexani ned Japanese Patenf "Application Lai d-Qpen Specification
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

provi ded, 20 wi th Si evg o k%Al yiH RdilRisd taont Adord inigdedt he etop

thereof at a flow rate of 500 g/ hr. "An apparatus conprising a brine

refrigerator forggfRfpViviereid quird tHgledifaduced ipr eoaia avgd Jpr ateded at
the top of the distillation tower) and an apparatus which was con 25

trolled by nmeangi@mid lreMalo FRIGHBHIE W dheC agvdlsed @obalt,r efagnger at or
for wthdraw ng steam under reduced pressure and cooling the w thdrawn
steam to therebysioi @ida aikslensat®, s vas npmy) ded at the bottom of the
distillation tower. The distillation tower was continuously 5 operated
under conditions whergigrdilte, mefdrnixtHentreixas 00 igY Morandl a Hel Jpraggsur e at
the uppernost portion of the distillation tower was 250 nmHg, whil e feeding
a net hyl 25et hacriydiai« nseninds oo corhiai atongi & Bathio wei gregnss Iyl rioydibtone
fromthe top of the distillation tower 10 at a flow rate of 40 g/hr. The
tenperatures at the up pernost portion and the | owernost portion of the
distillation tower were 50 C and 80 C, respectively. A steam containing

met hyl nethacrylate was recovered fromthe top of the distillation tower
and cool ed by 15 neans of a refrigerator to thereby obtain a condensate.
The obt ai ned condensate was wthdrawmn at a rate of 500 g/hr. 8. Methyl

nmet hacryl ate (MVA) purification step The condensate obtained in step 7
above was fed 20 into a 70-stage plate distillation tower (inner dianeter:
10 cm height: 5 m provided with sieve trays at the 35th plate as counted
fromthe top thereof at a flowrate of 500 g/hr. An apparatus conprising a
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25 sure was provided at the top of the distillation tower, 68 and an
appar at us whi ch was controlled by neans of a | evel gauge and which
conprised a refrigerator for w thdrawi ng steam under reduced pressure and
cooling the withdrawn steamto thereby obtain a condensate, was 5 provided
at the bottomof the distillation tower. The distillation tower was
continuously operated under con ditions wiadrein the reflux rate was 225
g/ hr and the pressure at the uppernost portion of the distillation tower
was 140 nmmHg, whil e_feedi met hyl net hacryl at 0 sol.utiqn igping 5
$ by wei ght of H?H?Bqﬁfn‘é&gaﬁorﬁ‘?%%e?b‘bmo?n Hélcg?es it aﬁéoﬁ{}t’g&v\g@a a
flow rate of 40_g/€r5 The tenpera%ures at the uppernost portion and the
| ower most portivh Bf2tAE 4FEF11#2%i on tower were 55 C and 80 C,
respectively. A steamcontaining 1 t V. S covered from
RELOLA! N Lon LRAIWE LRI ALK Vi Ghfty YS( £ £COYE

the top of the distif WElr and cool ed by neans a retfrigerator,

th b bt ai ni pg., (i fLed h h I 50
' nr e thus. SRLAPRHRCREET ( FER HbofE 2R 20F, Bl oRel B TR RAD e

of approxi mately_.3 a t r poLy dyusing the
met hyl néthacry%gtgoﬁgggheg§ﬁ§§gégﬁlQ@él%%8%§132%.9§%e@£?g$£€ %hibnethyl

net hacryl ate nnﬂgggrtﬁ?g gethyl methacrylate pol ymer produced using the

oxi de catal yst conposition of the 25 present invention had excell ent APHA
val ue and excel 69 lent Yl value, respectively. Conparative Exanple 1 An
oxi de catal yst conposition having a structure 5 (in terns of atomc ratios
of constituent Betalrhg gkeABNE&talfhal b¥Rp6O1tN6hVec8boaENGf tohetemt Bl of
nol ybdenum and tungsten) represented by the forrmula: M)12 811.6 Ce0.4 KO.1
CS0. 4 Fel .5 C8. @rwas apbepar RHe2sihohl, opsandOc36R Foomudamplm)usatisfy
hept anol ybdate 1, 750 g of water having a tenperature to thereby obtain an
aqueous 190l ut i orhesgkyuii@emdnts ©F the Gbhmnlhand.033X brége, b3l ¢ of
ceriumnitrate, 1.72 15 nitrate, 103.9 g of iron nitrate, 402 was di ssol ved
in of about 50 oCs5.(referred to as g of bismuth nig of potassiumg of
cobalt ni trate and 13.4 g of cesiumnitrate were dissolved in 355 g of a
15 % by wei ght aqueous 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.abofhe2okddescathdyebycompasitagnaasrarfyngs tPhen¥tarti ng
materials. The obtained slurry was subjected to spray drying, .to_thereby
obtain a dried, oper vifcditems datal Ps@bOF@poyhersAipeeckr 88 CTHB &BF;i ned
dried, particulate catal yst conposition precursor s.25 cal ci.ned a& %OO C
for 3 hddrs, tomMerdly &BitdisEYa thergegyicenedtears fof EOFPREFi On
precursor in the form of uasi spherical particle. The obtained cal ci ned
cat al yst conposFVﬂ@ﬁ*Brbegrgop'ﬁas mol ded into a colummar tablet having a
dianeter of 5.0 nmand 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
catal yst conposition.,  Methacrol ein. wa r i n s in
Exanple 1 in or Fer tgh&/% eectaﬁ:(?llyr?ﬁ:t ?‘gﬁ‘ lg%ﬁﬁ&f)n%atﬁ%gg%?g%ﬁphggl xi de

catal yst conposition.. The results ,of bth,eﬁ r eatlicdn, wer ¢ evalypf ed,sand it
i sobut y1’ 479

was found that tHE Conversion o 0 ene was 97.4 % the selectivity

for methagr ol el kg, 86, & YU die 13el elduiidandiitis B AR Ydrimadial vas

2.4 % e anal ysi's of the condensed 15 gaseous product showed that the
production of didif'{v‘t<y'd +%§9§ RP®, ot BRaSH . ¥akug Was<29,3and the S2 val ue
was 56. Subsequently, @ test under stringent conditions was perforned in
the sanme manner as in Exanple 1 to 20 evaluate the performances of the
cat al yst conposition under stringent conditions. It was found that the
conversion of isobut yena mas W, 4Hé pgresan anivatitior wilietdmateo! ein was
86.3 % and the selectivity for methacrylic acid was 2.4 % The anal ysis of
t he condensed 25@assusipraghctl showed that the production of diacetyl

71 was 3,600 ppm the S1 value was 21, and the S2 value was 56. In

addi ti omgsa nmet hyl mettmacsiad ecamaloner cumsp g iodiume dfi ntlehsasn thdmer  as
in Exanple 1 by the di5 rect M-to-MVA process by using the above-nenti oned
ox ide catalyst conmposition. The thus obtai ned nethyl nethacrylate nononer
had an APHA val ue of 8, and a nethyl nethacrylate pol yner produced using
the net hyl nethacryl ate nmononer had a Yl value of 12.5. Therefore,



10 the APHA val ue and Yl value of the produced nethyl nethacryl ate nononer
and net hyl nethacryl ate pol yner were poor, as conpared to those in the case
of the use of the oxide catal yst conposition of the present invention. 15
Exanple 2 I n Exanple 2, oxide catal yst conposition having the formulations
as shown in Table 1 was prepared in substantially the sane manner as in
Exanple 1, except 20 that the anpbunts of n22allic elenents were adjusted so
as to conply with the fornulation indicated in Table 1. In addition, the

final firing of the.catalyst was conducted.at _t tenperature indicated in
Table 1. The evFRELoln 15t TERECERRLED BYorrr Fddeuii  EResdanliis

catal yst conposition and t st r.i ngent ityo 72 tes re performnmed
in the same nmanner as in chﬁhgligl?ﬁ@ﬁﬁgg?qgfEBéPﬁornanzgieof t he

cat al yst conposu?ggg.%?e shown in Table 2 and the performances of the
catal yst conpositiron after the stringent condition test are 5 shown in

Table 3 In addition, 3sMELhiLagE! Bae! HLADE-TROSUBEOHAS BROUHE Bt he

direct M.-to- MVA process I'n e sane nanner as In nd a

th |t | . : i
net hacrylsate po ynercwgﬁégkgggcsé Eﬁhﬂgaﬁﬁﬁ: 82180 Hfggﬁg§?§¥hm'

met hacryl at e nononer. val ue o e 10 net hyl " net l'ate nononer
and the Yl value of LBgaYRifM, FBRMAPELM, 2ERrBRHIE Ad®19RAMh,!| Heldilim 4-

Exanpl e 3 An oxide catal yst composition having a structure 15 (in terns of
atom c ratios of congykpugBiumet AblhCufl CBRBLEM,  €haliug, t ptt¥BbY8mat ons of
the total of nolybdenum and tungsten) represented by the fornula: MX.S
V2.5 B11.7 Ce0.4 KO.2u€e018mFahaGyeRe18mMNi | . O Sbo. S was prepared as
follows. 20 103.6 g of ammoni um par atungstate was di ssolved in 1,900 g of
wat er having a tenpepatidratOfleab@uUbn8Ombmbepdsdtécted €fommManai Yioup
hept anol ybdat e was added thereto, thereby obtaining an aqueous solution. To
t he obt ditned aqueouscenkistbingwas pdtedsitmG gublidanmi andyca5itmi oxi de,

t her eby obtai ni ng an aqueous suspensi on con 73 taining nol ybdenum
tungsten and anti non¥. ifheobblai aelledguecousasniptnseonfwaebhdat sddt at90 C
while stirring, and then 50.0 g of a 30 ~ by wei ght aqueous hydrogen

per oxi de sol uti on wasegsstwbpeaddnterheedeoctsdwhirbm ther grayp Thasietdl t ant
m xture turned to assune bright yellow while foam ng, and the state of the
m xture became a sol éngoaf magnesiiym agdohickelthus obt ai ned aqueous
solution was further continued for about 30 mnutes at 90 C. Then, the

sol uti on was cool ed ¥berginothiegpumbps 96| BPlFRARBYMNEMAY apfieBsats5HNC (t he
t hus obtained solution is referred to as "sol ution A"{. On the ot her hand,
131.9 g ¥o¥ bisnuth nitPearergesof §Tem RereutPArt Pate, 13.22ng ShepBPBssi um

itrate, 64.6 fi i_trat 302. f bal i t 46. f 15
z:chlenitrategagd B_%% 8%0%3855F891ﬁﬁ9?5g8m%2Fg ngééﬁ5gaan°§88r§mof a

15 ~ b i ght itri id | yti therehy. obt ai | ut.i

(referied 1o as ol it fontes C8ah 37 ofecR srads i B2 eRga%eoaloR8, Sini e
irri f b 2 h N 2 I [

i orials. The obtai fd PGPy OhatelfBRgRned) ol ¥hbeRen' ()7 Bhl 1O

obtain a dried, partgcukatg catagysg_gﬁgpgsggggnrg%ggg%ipgleh@hgbtained

dried, particulate catalyst “conposition precursor s cal cinéd at 200 C for

3 hours g0 thereby 25.pBtaiAt2ogabéi B@gmﬁithakuig,cgtm@?iii;eﬂ pREFuUrgor in
t he 74 form of quasispherical particles. The obtai ned cal cined catal yst

conposi tion precursoanwamod®! ¢68)i Bha 8x¢9eHM8Y ,t 2Bhet1PavtagtRedi,anet er
of 5.0 mmand a height of 4°mm and the tablet was subjected to final 5

firing at 520 C for 3tbaerss ther ebyadbb@i RodgbaechumalMbabbateduayisden
catal yst conposition. The evaluation of the initial performances of the
catal yst conposition(@angd the stringent condition test were performed in the
same manner as in Exanple 1, The 10 initial performances of the catalyst
conposition are showwhetreIabl e 2 and the performances of the catal yst
conposition after the stringent condition test are shown in Table 3. In
addi ti orgs a net hyl net hacwoykate<mgnoner was produced by the direct
M.-t 0o- MVA process in 15 the same manner as in Exanple 1, and a net hyl

met hacry | ate pol yner was produced using the thus produced nethyl

net hacryl ate nononer. The APHA val ue of the nethyl nethacryl ate nononer and
the Yl value of the nmethyl nethacrylate polynmer are shown in Table 4. 20
Exanples 4 to 20 In Exanples 4 to 20, oxide catal yst conpositions having
respective fornul ati ons as shown in Table 1 were prepared in substantially
the same manner as in Exanple 25 1 or Exanple 3, except that the sources of
metallic



75 el enments and anounts thereof were selected so as to conply with the
respective formulations indicated in Table 1. Specifically, the oxide

catal yst conmpositions not containing tungsten were prepared in
substantially 5 the sanme nmanner as in Exanple 1, and the oxi de catal yst
conpositions containing tungsten were prepared in sub stantially the sanme
manner as in Exanple 3. In addition, the £3nal firing of the catal ysts was
conducted at the respective tenperatures indicated in Table 1. 10 The

eval uation of the initial performances of the oxide catal yst conpositions
and the stringent conditi®rf tRst Smere perfornmed in the same manner as in
Exanple 1. The initial pﬁg&grnqpces of the catal yst conpositions are shown
in Table 2 and the perfor @' ot’ the cata 15 | yst conpositions after the
stringent condition test (gr ggﬁ\/\gdg n Table 3. In addition, nethyl

met hacryl ate nononers wer ‘%r ced by the direct M.-to-1~lIA process in the
sanme manner as in Exanple 1, and nethyl nethacrylate polynmers were produced
usi ng the respective 20 n%tﬁy? ﬁmﬁ%nm:rylate nmononers individually. The APHA

val ues of the nmethyl nmethacry e nc%[;pds and the Yl values of the nethyl
met hacryFate pol yners aree’s%o%#i%r?ab e 4. 25 Conparative Exanples 2 to 16

76 I n Conparative Exanpl eé éﬁt&é%u%]([ieofa&ﬂgéﬁ LOSRP S hPnsedavi ng

respective formulations a own in e 1 were prepared in substantially

the sane nmanner as in COngaréa{y@f)EX@mI@aiengéaf@aeiﬁeménﬁyaapl e3 5
except that the sources of netallic elenents and anounts thereof were

sel ected so as to conply phihother'&soRehtyeptesantatanas indicated in
Table 1. Specifically, the oxide catal yst conpositions not containing
antinony were prepargfer818URstanttal dyahder seaeisbpnthe lfe@sitaments
Conparative Exanple 1, the oxide catal yst conpo sitions containing
antinony, but not cogfathkngolusgshgnceemelaeepared in substantially the
same nmanner as in Exanple 1, and the oxide catal yst conpositions containing
antinony and tungsten were.prepabgdai+bsubstan0 l®, tially the same manner as
in Exanple 3. In addition, the final firing of the catal ysts was conducted
at the respective tenperapukeg/iadivaterd <m.Taple 1. The results of the
eval uation of the initial perfornmances of the oxide catal yst conpositions
are shown in Table 2. 20 Baoh «f d¥lfe +ori+0@) cat@l ystardnpositi ons of Com
parative Exanples 3, 6, 7 and 8, each of which exhibited a selectivity for
met hacrol ein of 86.5 ~ or Ondr &, dwaf SuBjBeted to the stringent condition
test in the same manner as in Exanple 1. The performances of the 25

cat al ystlionposi t i ongrafther presests inyent iogndmolghdenyn (M%) 48.388houn in

Table 3. In addition, nmethyl nethacrylate mononers were prodyced by t.he
direct M-t o- MADSHERENS Gt  (GOMPREN T fi9dr e i%ilg?ar?ﬁtgalfsuc I mr%%shlyl

Tot hacry] ate morhiEe DUt SRR STol (S MY PRe SFEChyT MBI FArE eshmer <
LTS Foower oot A SR PR SR e e
T\/giv\];l) nlalz ];3: ;I %%%ggr%é’"é’étf&mé 'ﬂ{g;?rg)'tdjs@, fﬂefélr%ﬂy 3f1§0n|1 ) (
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 (B1) is indis-

25 pensable for the synthesis of methacrolein. For pro-



Sbffinal firing (o

C) Ex. 1Mbl z811. 6Ceo. aKo. | Cso. aFel . sCOs. 0Sbo. 7520Ex. 2Mbl zBi | . zCeo. eKo. zCso. |
Rbo. sFez. | COs. oMJzSbo. as510Ex. 3Mb9. 5

Wz. sBl i . ~Ceo. aKo. zCso. zFel . oCOs. sNi | Sbo. s520Ex. 4Mbl t Bi 0. zaYbo. osKo. | CSo. 3Fe

z.aCCle. 0 Sbo. a 530Ex.5Ml |'s
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. 9CCs. 0Sbo. ~510Ex. 7Mbl | W Bi 0. ssLao. zKo. zCso. aFez. sCCOa. oSho. s540Ex. 8M\bl . ~

!g ggkg 3;&?0025gdh%30a%F%x1 e ca?alys com%g%g%ébgwggégbieo 0, S ge%QSO.SF

Ni | .0Sbz. s550Ex., Bi | o ako., o.aFel .sCGOs. 0 bo.7510 11Mol o
WBI | . sPro. aCso. é%N@hé cat3l§tdt pef28rAGRLe3Hindd S e present

Rbo. zFel . sCOa. o_sL;\rﬁen%a%ﬁx 12017 B850y OKRak S AR 8355lc> FRR185Yl) 23208 1

3Molls W.IBio

Pr 0. aKo. | 550, 83k H00R 951 352AEXLAND! 28620 (RO HhP8d: b3 00R. 05D

0. e520Ex. 15Mbl zBi 0. s

e oL a5 8- 05RgER 8. R0 BES: R Pt ORI 1APLEEI ©

W Bi 0. ssCeo. | sKg. | Cso. aFez. sCO-. 0Sbhl . s530Ex. 19Mol zBi o, 9Ceo. ~Rbo. s
Cso. zFes. | CO~. oSbl . s530Ex. 20Mol eBi | Ceo. 9Rbo. sFes. sCA | . oSbl . s540 (to be
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Nn ON from the group consisting of yttrium and the elements
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), praseodymium
(Pr), neodymium (Nd), samarium (Sm), europium (Eu),
gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium
(Ho), erbium (Er), thulium (Tm), ytterbium (¥b), lute-
15 tium (Lu) and yttrium (Y). Element A is indispensable
for imparting excellent thermal stability and reduction
resistance to the oxide catalyst composition. For at-
tailning 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 s 8.
B in formula (I) 1s 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
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element A, but also for improving the selectivity for
methacrolein. For attaining these purposes, it is nec-
essary that the atomic ratio (c) of B, relative to
twelve atoms of the total of molybdenum and tungsten,
satisfy the relationship 0 < c < 3. When the atomic
ratio (c) of B becomes 3 or more, it becomes impossible
to obtain an oxide catalyst composition having the de-
sired catalytic activity even if not only the amount of
at least one element selected from the group consisting
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
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 advantageously from more than 0 to less than
1.2.

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, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y),

while maintaining the high selectivity for methacrolein,
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it is lmportant to adjust the relationship between the
amounts of element A, bismuth (Bi) and element B (i.e.,
at least one element selected from the group consisting
of potassium, rubidium and cesium). Specifically, it
is important that the atomic ratios a, b and c in for-
mula (I) satisfy the relationship 0.02 < b/(a+b+c) <
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 to adjust the
relationship between the amounts of element B, bismuth
and element A. Specifically, it is important that the
atomic ratios a, b and c in formula (I) satisfy the re-
lationship 0 ¢ c/(a+b+c) = 0.9, preferably 0.1 < c/(a
+b+c) < 0.8.

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
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-

ment B when tungsten is also contained in the oxide
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catalyst composition) undergo solid solubilization,
thereby exhibiting advantageous performances desired in
the present invention.

In the present invention, iron (Fe) is indispensa-
ble, similarly to bismuth, for commercial scale synthe-
sis of methacrolein. However, when too large an amount
of iron is contained in the oxide catalyst composition,
the amount of by-products, such as CO and CO., is
likely to increase, thus lowering the selectivity for
methacrolein. Therefore, it is necessary that the
atomic ratio (d) of iron, relative to twelve atoms of
the totai of molybdenum and tungsten, is in the range
of from 0.2 < 4 < 5.

Further, with respect to the iron component, it is
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 4 in formula (I)
satisfy the relationship 0.01 < d/(a+b+d) = 0.9,
preferably 0.2 < d/(a+b+d) < 0.9. From the viewpoint
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 relatlonships 0.2 < d < 5 and 0 < d/(a+b+
d) = 0.9, more preferably 0.2 < d = 4 and 0.01 < d/(a+

b+d) = 0.9, still more preferably 0.2 < d <= 4 and 0.2
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< d/(a+b+d) < 0.9.

In the oxide catalyst composition of the present
invention which is represented by formula (I), X is co-
balt solely, or a mixture of cobalt and at least one

5 member selected from the group consisting of magnesium
and nickel. Cobalt (Co) X in formula (I) is indispen-
sable for improving the catalytic activity of the oxide
catalyst composition without lowering the selectivity
for methacrolein. Specifically, it is necessary that

10 the atomlc 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 composition. 1In the mix-
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ture X in formula (I), it is preferred that the atomic
ratio of cobalt to the total of cobalt, magnesium and
nickel is 0.5 or'more. When the mixture X in formula
(I) contains magnesium, the atomic ratio of magnesium
5 to the total of cobalt, magnesium and nickel in the

mixture X 1s preferably 0.5 or less. When the mixture
X in formula (I) contains nickel, the atomic ratio of
nickel to the total of cobalt, magnesium and nickel in
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
acrolein. 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,
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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-
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per formances, and al so the by-production of diacetyl and the inpurities to
whi ch Rl and R2 sam@raaml0etirobedmiagaldowinTbar, eterbiums dgspavedumo the
conven tional oxide catalyst conpositions, the oxide catal yst conposition
of the present hevy@ALMgNekyipmodithad ianl,y ytrerbiamuinsedfiumppytitrien,and
exhi bits excellent properties with respect to thermal stability and reduc25
tion resistanceirong5 coNBUSTRmAGnARBRLUMCABLCKEY , Tipe tasisdem; atrabyjdium
conposition of the present invention exhibits not only a prol onged catal yst
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pol ymer s very commerci al val ue. ains 1. An oxide catalyst

conposi tion for pse dul R I TS i rBivi Glo Bydiadd!r eanformRinhacr ol ei n
and 5 nethacrylic acid by reacting at | east one nenber selected fromthe
group consi sti ng ffgd akiitad €N by bidedoldev 1d grepuadll aind the
oxygen-contai ni ng gas, said oxide catal yst conposition being represented by
the followi ng fgradardd Isusgéhdid® ts Weatledl Bi 8 °Br fedboXe SlwHiXay ( | )
wherein: Ais at |east one nenber selected fromthe group consisting of

| ant hanum ceri U iPFase0dsdl Ldwed apflythelraddGhiesn Usf lepdopgenn perotaide um
terbium 15 dysprosium holmum erbium thulium ytterbium lutetium and
yttrium,oB i s attd egdsdremie oendin selweicted ¥ raom tdion g upe kg ng of

pot assi um rubi diumand cesium X is cobalt solely, or a mxture of cobalt
and at



20 | east one nenber sel ected fronfthe group consi st ing of magnesi um and

ni ckel ; ‘'wherein the nunber of nolybdenum (Mb) atons is in the range of from
nore than 9 to 12, and the nunber of tungsten (W atons is in the range of
from25 0 to less than 3, each relative to twelve atons of 87 the total

of nol ybdenum (Mp) and tungsten (W, and a, b, c, d, e, f and g are,
respectively, the atomic ratios of bismutB4Bi), A B, iron (Fe), X
antinony (Sb) and oxygen (O, relative to twelve 5 atons of the total of

nol ybdenum ( Md) _and tungsten wher e{ n < S .8, < Q.. 0 <c <
3, 0.2 <d < 5,t‘in§s£ie§ .a&j& 6’(‘¥\im%“¥'<ei%’ ,tq‘aend)a%‘elrs hta}%’éi’nur%itelrgato%]s oo%ygen
atons required 15 to, satisf he val en r i f. er.el ements
present; and mh%%gfﬁtg? B? éFB T ah eTeﬁg is?% éﬁ%EQ%zﬁﬁréﬁgﬁ?gg%fé¥h%§

foll owi ng fornu : 0 [ (A+h#C) s & 6 + iR 9019.01 <
d/ (atb+d) s 0.angﬁaga.%ozugé§g<gg.é%tﬁgcTﬂgggx?%;t%é%§?€s§%ggﬁpos?t?on
according to claipy29 1, I B TUNE Xnddbd Wil &dd ). the

88 atomic rati oﬁgg}lcgbalqt‘ﬂ%]ggﬁ%%éo@aﬁsﬁo%{po alt, nagnesi ulm and ni ckel is

0.5 or ngre, thﬁgbgkmﬁﬂﬁﬂoﬁ@?dsgié£Eﬁﬁ K EBnEQigyﬁS hbly68Bh&MNStung-

magnesi uM the atomc ratio of magnesiumto the 5 total of cobalt,

magnesi um and ”E%K?'aha §ﬂ%§m8h§§ufs thbfelySoBfal 858, s fRdryhgEesParpben
said mxture X i1n fornmula (1) contains nickel, the atomc ratio of nickel
to the total of jggbahterfB@gesi umand nickel in said mxture Xis 10 |ess
than 0.33. 3. The oxide catal yst conposition according to claim1 or 2,

wherein a, b and c imnnfetapl a2l ) trat ssay¥ryhevtegnedet®ntieostépe(Lpr mul a:
0.05 < b/(a+b +c) <0.5. 15 4. The oxide catal yst conposition according
to any one of chabfe 1st euBjecvhedets sprbyaddytngn tor theaeby) obttiinfg t he
requi renments of the formula: 0.1 <c/(a + b + c) <0.8 20 5. The oxide
cat al ystigpconposkspbheriaatobdi ngashsphgrdnelopackacniatet catalykérpra-a, b, d
and f in fornula (1) satisfy the requirenments of the fornulae: 0.2
d/ (a+b+d) < 0. 9camdo@®.3 Bhel-spray 24Byind\of thé AELUWALE caw Bbe ASOnAAY . Ah2
ATAY CARUY A& | . AhY . AhY . AA2 . AUE
ducted by a conventional method commercially employed,
such as centrifugation, a two-phase flow nozzle method
or a high pressure nozzle method, to obtain a dried
15 particulate catalyst precursor. In this instance, it
is preferred to use air which has been heated by an
electric heater, steam or the like, as a heat source
for drying. In this case, it is preferred that the 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.
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In step (3), the dried particulate catalyst pre-
cursor obtained in step (2) above is calcined and fi-
nally fired to thereby obtain a desired oxide catalyst
composition. The dried particulate catalyst precursor

5 is calcined at a temperature of from 180 °C to 400 °C
for about 0.5 to 24 hours, and, if desired, the resul-
tant calcined product is molded into an appropriate
shape by extrusion molding or tableting, followed by
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
oxlde 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
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clude pure oxygen gas, and an oxygen-containing gas,
such as air. Examples of diluent gases include nitro-
gen, carbon dioxide, steam and a mixture thereof.
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-
contalning 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-
ylic 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
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10 methacrylic acid, 1t 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-
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of each of the peaks Rl and R2 has been compared to the
peak area of diacetyl, and the percentages of the areas
5 of Rl and R2, each based on the peak area of diacetyl,
are, respectively, designated "S1"” and "S2". From Sl
and S2 values it has been found that both of Rl 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 S1 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 methaérylic acid, which has a very low
content of impurities, is very 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
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cal Process)”, published by Kodansha Scientific, Inc.,

Japan. The above-mentioned document states that the

via methacrylic acid process comprises three reaction

steps, that is, a first oxidation step, a second oxida-

10 tion step and an esterification step. The first oxilda-
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 1s 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
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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 1s 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-
ess., However, since not all of the substances causa-
tive of discoloration are decomposed in the via meth-
acrylic acld process, use of methacrolein containing no

substances causative of discoloration is desired for

25 producing excellent methyl methacrylate.
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catalyst is frequently referred to as a "first stage
catalyst”) to thereby obtain methacrolein, and the sec-
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 carrler-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

L
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for example, U.S. Patent No. 4,349,019, Examined 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 1in detall, when a conventional first
stage catalyst i1s 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
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impurity content and, thus, there is 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

F
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dance with JIS-K6716) of not more than 5, and methyl

methacrylate polymer obtained 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

gquartz in application fields requiring high transpar-

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

methacrylate polymer has very high commercial value.
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composition is determined depending on the valence re-
quirements of the other elements present. Therefore,
10 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 propertlies 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:
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Data

were

MLOMIRAS[ “Bodl8" L] $89] [ : - 410s#s{
= x 100

mole of isobutylene or
t-butanol reacted

used to calculate the conversion and selectivity

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
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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 d4di-

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 1s compared to the
peak area of diacetyl, and the percentages of the areas
of R1 and R2, each based on the peak area of diacetyl,
are, respectively, designated "S1” and "S2". The S1 and
S2 values are, respectively, used as indices for the

25 by-production of R1 and R2. (Hereinafter, for simplic-
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<Evaluation of the discoloration of a methyl methacry-

10 late monomer>

The level of discoloration of a methyl methacry-
late monomer was evaluated in accordance with JIS-K6716.
Several dilutlions of a concentrated hydrochloric acid
solution containing potassium hexachloroplatinate (IV)

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-
tlions had specific different APHA values respectively

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 corresponding different dilu-

25 tions of the hydrochloric acid solution, wherein the
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HOVEE O late monomer 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 1s 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 lindex 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
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space between the two glass plates, wherein the space
functions as a cavity. A methyl methacrylate monomer
5 containing added thereto 0.05 % by weight of 2,2'-azo-
bisisobutyronitrile as a polymerization initiator was
poured into the spdce between the two glass plates by
using a funnel. The glass plates were clamped further
so as to remove air remalning 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 placed 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.
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410%#&I() " 410f# ggr the test specimen was analyzed by a long opti-
cal path type spectrotransmission colorimeter (ASA-2
5 Model, manufactured and sold by Nippon Denshoku Indus-
tries, Co., Ltd., Japan). From the data obtained using
the long optical path type spectrotransmission color-
imeter, the yellowness index (YI) was calculated in ac-
cordance with JIS-K7103 (describing 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.

Example 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:
Mo;; Bi; ¢ Ceqg.4Ko.1Csp.4Fey,5Cog,0Sbo.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
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antimony trioxide, thereby obtaining an aqueous suspen-
sion containing molybdenum and antimony. The obtained
5 aqueous suspension was heated to 90 °C while stirring,

and then 65.0 g of a 30 % by weight agqueous hydrogen
peroxide solution was slowly added thereto while stir-
ring. The resultant mixture turned to assume bright
vellow while foaming, and the state of the mixture be-

10 came a solution. The stirring of the thus obtained
aqueous 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 "solutlon 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 "solutlion 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
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position precursor in the form of a quasispherical par-
ticle. The obtained calcined catalyst composition pre-
5 cursor was molded into a columnar tablet having a di-
ameter of 5.0 mm and a height of 4 mm, and the tablet
was subjected to final firing at 520 °C for 3 hours,
thereby obtaining a final tableted oxide catalyst com-
position.
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 isobutyl-
ene was 97.8 %, the selectivity for methacrolein was

25 88.3 % and the selectivity for methacrylic acid was



41Q%:&' () -~ 410%t&' ()-~ 410%t&' ()-~ 410%t&' ()-~ 410%t&' ()-~

410%t&' ()-"zzzzzzzcCl =SSA8KO" r % 410%#&' () -~ 410%t& ()-~ 410%t& () -~
410%t&' () -~ 410%t&' () -~ 410%t& ()-"zzzzzzpPOC/ =SS 410%t&' () -~ 410%t&' () -~
410%t&' () -~ 410%t& ()-~Sd8K9"r % . 4zzzzzzz_C/ =SS 410% 410%t&' () -

410%t&' () -~ 410%t&' ()-~ 410%t& ()-~ 410%& ()-~ 410%t&' ()-~zzzzz{kQ C/ =S
4109%#&' () -~ 41008 ()-" SABkO"r94. 4 4100683()-" 410%& ()-~{ {{{{%_?/=S
410 410%&' ()-" 410%#&' ()-" 410%:& () A 410%& () -~ 410%& () -~

09%t&' - N0 SS 8k 4109# N 41098 ()-2 410%H& -N
1100612 ()- n8{ <( DI REREABI BLERaROPFoA Do ThBEnEpa Spo60ug prosiaet o |

410%#& ( g " 418%%%{% t,haj.‘%g;%egp%oq\ucﬁ:]iowgéé )dla\ge]éyc_li 'viaos{ Vg&({ -pop/m S%%Sk

4109%#& N 41
Sl value was 10, and the S2 value was 52.
Subsequently, a test under stringent conditions
5 was performed as follows. The reaction temperature was
elevated to 480 °C and the flow rate of the above-
mentioned gaseous mixture was changed to 220 ml/min
(NTP), and a continuous 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 wvalue

was 10, and the S2 value was 51.

25 In addition, using the above-mentioned oxide cata-
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5 1. First étage reaction step:

The first stage reaction was conducted in a manner
as shown below, making reference to the reaction method
of Example 1 of Unexamined Japanese Patent Application
Laid-Open 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 lavers 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,
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densities of the catalyst layers 1, 2 and 3 was made by
mixing a cylindrical porcelain Raschig ring (diameterxr:
5 5 mm, height: 4 mm, through-hole diameter: 3 mm) with
the tableted catalyst.
The temperature of the heating medium of the
jacket was set at 320 °C, and a gaseous mixture of
5.75 % by volume of t-butanol (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 methacrolein synthesizing reaction was conducted
at a space 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 quenching tower,

25 a dehydration tower and an absorption tower were used,
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The methacrolein- and steam-containing gas pre-
pared in step 1 above was introduced into a quenching
tower. In the quenching tower, the gas was cooled to a
temperature of 44 °C by means of water, -so that a large
portion of the steam and by-produced high boiling point
substances and acids was removed from the gas, to
thereby partially dehydrate the gas. The resultant
partially dehydrated, methacrolein-containing gas had
the following composition: 4.9 mol % of methacrolein,
2.7 mol ¥ of water, 0.2 mol % of liquid by-products,
such as acetone, and 92.2 mol % in total of nitrogen,
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)
provided with sieve trays at a flow rate of 3.6 Nm’/hr,
whereas a solution prepared by adding 100 ppm by weight
of hydroquinone to liquid 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

conditions wherein the temperature of the gas in the
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dehydration tower was 18 °C, the temperature of the
liquid methanol solution was 18 °C, and the pressure in
5 the uppermost portion of the dehydration tower was 1.5
kg/cmz. Thus, the partially dehydrated gas was dehy-
drated further under the above-mentioned conditions,
and a dehydrated gaseous mixture containing methac-
rolein gas and methanol 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, helght: 5 m) provided with sieve trays, whereas

15 a solution prepared by adding 100 ppm by weight of hy-
droquinone to liquid methanol was fed into the absorb-
tion tower at the top plate thereof at a flow rate of
900 g/hr. The absorption tower was operated under con-
ditions wherein the temperature of the liquid 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
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conditions, thereby obtaining a liquid mixture (A) con-
taining liquid methacrolein and liquid methanol from

5 the bottom portion of the absorption tower. The ob-
tained liquid mixture had the following composition:
31.7 % by weight of methacrolein, 66.8 % by weight of
methanol, 0.7 % by weight of water, and 0.8 % by welght
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. WO97/3751,

15 as follows.

A catalyst intermediate was prepared in substan-
tially the same manner as in 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/(Si+Al) proportion became 10 mol % and the
Mg/ (Si+Mg) proportion became 10 mol %. The resultant

25 solution was subjected to spray drying at 130 °C using
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tained particles were calcined in air at 300 °C for 2
hours and subsequently at 600 °C for 3 hours, thereby
5 obtaining a carrier for a catalyst. To the obtained
carrier were added an aqueous solution of palladium
chloride (15 % by weight) and sodium chloride (10 % by
welght) and an aqueous solution of lead nitrate (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 solution containing hydrazine in a molar amount
20 which i1s 3 times the total molar 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
Pd’ °pb®5/510,-A1,0;-Mg0, wherein the superscript numer-

25 als at the right hand of Pd and Pb, respectively, rep-~
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ter, the obtained composition is frequently referred to
simply as "catalyst intermediate”). The analysis of
the catalyst intermediate revealed that the atomlc ra-
tio of palladium to lead (P4d/Pb atomic ratio) was
3/1.95, and a maximum intensity peak at a diffraction
angle (20) was 38.745° in the powder X-ray diffraction
pattern thereof, and the ratio of the total intensity
of two peaks ascribed to metallic palladium 34 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
the method as described in Example 1 of International
Patent Application Publication No. WO97/3751, 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
for a liquid phase, was charged with 1,200 g of the
catalyst intermedlate. A 36.7 % by weight solution of
methacrolein in methanol and a 2 to 4 % by welght solu-
tion of NaOH in methanol were continuously fed to the
reactor at flow rates of 2.16 liters/hr and 0.24 1li-

ter/hr, respectively (the methacrolein concentration of
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while introducing air into the reactor so that the oxy-
gen concentration at the outlet of the reactor became

5 3.0 % by volume (which is equivalent to the oxygen par-
tial pressure of 0.15 kg/cmz), to effect an activation
of the catalyst intermediate. The activation was con-
ducted at a temperature of 80 °C under a pressure of 5
kg/cm?. The concentration of NaOH in the above

10 -mentioned methanol solution was controlled 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-

i5 pleted 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
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methanol. The analysis of the activated catalyst re-
vealed that the P4d/Pb atomic ratio was 3/1.24, and a
5 maximum intensity peak at a diffraction angle (20) was
38.652° in the powder X-ray diffraction pattern thereof.
The second stage reaction was conducted using the
liquid mixture (A) 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 type 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 liquid phase were connected in series (i.e., reactor
II was connected to reactor I). Each of reactors I and
IT was individually charged with 900 g of the activated
20 second stage catalyst. The liquid 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 liquid in each reactor had a pH value of
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oxidative esterification reaction of methacrolein was

conducted at a temperature of 80 °C under a pressure of

3.0 kg/cmz, wherein the oxygen partial pressures of the

5 exhausted gases flowling out from the outlets of reac-

tors I and II were 0.095 kg/cm? and 0.03 kg/cm?, respec-

tively. As a result, a reaction mixture (B) containing

methyl methacrylate, water, methacrolein and methanol

was obtained from the outlet of reactor II, and it was

10 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-

15 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 methanol, which

was obtained in step 3 (second stage reaction step)

20 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. Hydroquinone as a

25 polymerization inhibitor was fed into the distillation
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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 6th plate as
counted from the bottom of the distillation tower was

10 81.4 °C, and the pressure at the uppermost portion of
the distillation tower was atmospheric pressure. As a
result, a bottom liquid (C) containing methyl meth-
acrylate was obtained from the bottom of the distilla-

tion tower.

15
5. Acid treatment/water-oll separation step
The bottom liquid (C) obtained in step 4 above was
fed into an olil-water phase separation vessel at a flow
rate of 800 g/hr. Aqueous sulfuric acid was fed into
20 the conduit for feeding bottom liquid (C) to the

oil-water phase separation vessel so that the resultant
aqueous 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 oil phase and an aqueous phase by centrifuga-
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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 ligquid (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 liquid
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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e distig g% %h(lbﬁgyfwas 150 mmHg, while feeding a
methyl methacrylate solution contalning 5 % by weight
of hydroquinone 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 recovered
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 liquid
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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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

5 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 welght
of hydroquinone from the top of the distillation tower

10 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

15 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
20 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-

25 sure was provided at the top of the distillation tower,
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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 lowermost portion 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 polymer
produced using the oxide catalyst composition of the

present invention had excellent APHA value and excel-

C 24T d1T
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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;; Bij, ¢ Ceo.4Kp.1C80.4 Fe1,.5C0g.,0
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 aqueous solution (referred to as
"solution 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 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 stir-

20 ring for about 2 hours, thereby obtaining a slurry of
the starting materials. The obtained slurry was sub-
jected to spray drying, to thereby obtain a dried, par-
ticulate catalyst composition 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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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 evaluated, 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 value
was 56.
Subsequently, a test under stringent conditions
was performed in the same manner as in Example 1 to
20 evaluate the performances of 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 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
methyl methacrylate polymer produced using the methyl
methacrylate monomer had a YI value of 12.5. Therefore,
10 the APHA value and YI value of the produced methyl
methacrylate monomer 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 lndicated 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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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
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 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.

Example 3

An oxide catalyst composition having a structure
(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:

Mog,5 W2,5 Bl ,7Cep,4Kp,2CSp,2Fey,0C06,5 N1y, 9 Sbo,s
was prepared as follows.

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

trioxide, thereby obtaining an agqueous suspension con-

t X<T
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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 aqueous solution was further continued for about
30 minutes at 90 °C. Then, the solution was cooled to
10 50 °C and the solution was maintained at 50 °C (the
thus obtained solution is referred to as "solution A").
Oon 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 obtaining 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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01ne§Ig%i§§y3§T0g$8%Z%Iigﬁo%géﬁﬁ}éggTwas 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
firing at 520 °C for 3 hours, thereby obtaining a final
tableted oxide catalyst composition. |

The evaluation of the initial performances of the
catalyst composition and the stringent condition test
were performed in the same manner as 1in Example 1. The
initial performances of the catalyst composition are
shown in Table 2 and the performances of the catalyst
composition after the stringent conditlion test are
shown in Table 3. In addition, a methyl methacrylate
monomer was produced by the direct ML-to-MMA process in
the same mannér as in Example 1, and a methyl methacry-
late polymer 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.

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

1 or Example 3, except that the sources of metallic
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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 evaluation of the initial performances of the
oxlde 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 manﬁer 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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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 containing 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 1n 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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process in the same manner as in Example 1, and methyl
methacrylate polymers were produced using the respec-
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 3

0)-

S1 and S2 (which are, respectively, the percentages of the areas of Rl and R2, each based on the peak area

of diacetyl) were used as indices for the intensities of R1 and R2.
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Table 4

' 1094& ()-')?
' 109%4& ()-')?
' 1094& ()-')?

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 4 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
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4 above, in the case of the production of methacrolein
in the Examples, not only the amount of by-produced di-
acetyl, but also the amounts of the impurities to which
5 R1 and R2 are ascribed were low. Further, when methyl
methacrylate was produced by the direct ML-to-MMA proc-
ess performed using the oxide catalyst composition of
the present invention as a first stage catalyst, 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 from 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.
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The oxide catalyst composition of the present in-

vention exhibits not only a prolonged catalyst life due
to its excellent properties with respect to thermal

5 stablility and reduction 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
methacrylic acid, 1t 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.
Thé produced methacrolein or mixture of methacrolein
and methacrylic acid has low contents of the
by-produced impurities, e.g. diacetyl, and such meth-

i5 acrolein or mixture of methacrolein and methacrylic
acid 1s 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 requiring 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.
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methacrolein or a mixture of methacrolein and
5 methacrylic acid by reacting at least one member se-
lected from the group consisting of isobutylene and
t-butanol with a molecular oxygen-containing gas, said
oxide catalyst composition being represented by the
following formula (I):
10 (Mo + W) 13 Biy Ap Bg Feg Xe Sbe 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 1s at least one member selected from the group
consisting of potassium, rubidium and cesium;
X 1s cobalt solely, 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 (Mo) atoms is in
the range of from more than 9 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



" 109RH& (
"10% #' & (

). YOLOOR#& ()-|[:NA4L0 tYI10% !t& ()-° S10%& ()- 'k
)
j!"10%j&§

"109& ()- - 1098 ().  3&I0%E ()-!-@[:NAALO 1" 10%& ()-2

)-Z  1"10%& ()-7 109 ()- 10% ()- t#YI10%!t& ()- 0] zm S2
3810% %&' ( -&10#10#10#- q84" 10%:&: ()-- 088 10%#08& () -
&8 10%&' ()--1}1"10%}Y& ()-Z "<(|[: | :10% 9% () - c&s!lO%%&()- Y
@0% % () - e3$" 10% 1% & () - a"lO%,$ & ()-87Y z10% %& ()- (+||[: S2 |
. 10% &' ()-  c&s! 10% %& ()- /910%%& ()- & 10%9%& ()- | 9%10% % ()-s

#10% %& ()- Normal" "Headi n Headi n 3] ¢" "Head 33 He
43]c" "Heading 53] c' thT‘ie‘é?IF %]'8013"?-%%"&!‘11 gg%] cand Fﬁ%éﬁ%?%gfw ?@ :jlngg

93] c" A "Default Paragraph Fon d8u=BGELPUWS\ bf]j Soty~! 2] #\ <@L+
io} & .16 &@EyJ*O4T><§] aﬁr q?\sEéW :? and g are, res;léct:{ ellg,l ll @ +$

S8~ 02468 < GBOFHILNERIVXG ! IO A SR AV el ST
~HBO A B@NUIT £ PSTRIEEY (SH o B LT BER g S B e 1] K R vyt
WBWJ Whwy AMMWAX +X BX ZXZ X XXX X XY OV KN YV XYYE# 781964845 "Iid A d {{dd et Eh Ol T ]

[ITTTT})Y& )
}K}U}\}i}v}}}}}}}}}}}‘},;}}}%w! =, ~6~A-G-T~bfiry ~~—omoee | 08DPVA |
I 6FVgqy! / @hbs, 8DJ[ hnv} " #' +29>GN\R] i sDp&?VKk( @q R7Ps. Gk*K| +E] s) <Xq- DWs/ D
-=Mn} 7Ne|!9Q 1( MNQRLERIUYWKYZ[\] " _" abcdef ghi j kI mopqgr st uvwxyz{| } ~
0 < a=s38,
0 < b =38,
10 0 < c < 3,

0.2 < d <5,
1 <es 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, ¢, 4 and £ satisfy the requirements
of the following formulae:
0.02 < b/(a+b+c) < 0.6,

20 0 < c/(a+b+c) = 0.9,

o

.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 saild mixture X in formula (I), the
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tains magnesium, the atomic ratio of magnesium to the
total of cobalt, magnesium and nickel in said mixture X
is 0.5 or less, and

wherein, when said mixture X in formula (I) con-
tains nickel, the atomic ratio of nickel to the total
of cobalt, magnesium and nickel in said mixture X is

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.

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

+¢) € 0.8.

5. The oxide catalyst composition according to any
one of claims 1 to 4, wherein a, b, 4 and £ in formula
(I) satisfy the requirements of the formulae: 0.2 <

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



