DESCRI PTI ON METHOD FOR PRODUCI NG CATALYST FOR USE I N
SYNTHESI ZI NG METHACRYLIC ACID 5 TECHNI CAL FI ELD The
present invention relates to a nethod for producing a
catalyst for wuse in synthesizing nethacrylic acid, a
catal yst for use in synthesizing nethacrylic acid and
a nethod for producing nethacrylic acid through 10
gas- phase catal ytic oxidation of nmethacrolein with

nol ecul ar oxygen. BAGCK RBABSN It is publicly known
that a heteropol yacid catal yst contai ning nolybdenum
and phosphorus is effective as a catalyst for use in
synthesi zing 15 nethacrylic acid through gas-phase

GAEFHODF ORI PRODIC NG TATRYST FOR UBSH INSYNTHESEZING
nmet hod for producing a catalyst for use in

synt hesi zi ng nmet hacMETEHAGRYUIG ACHDoposed i n Pat ent
Docunment 1 wherein water content of a concentrated or
dried material of a slurry obtained by m xing
conmpounds contai ning catal yst-conponent elenments is
adjusted to 5 to 20%IECHMESAEbilELAed by heat 20
treatment at 100 to 250C. A nethod for produci 8@61
cat al je prasent inientian relates s methoddehrISAYEing aeqtglystfor
proposed in Patent Docunent 2 ein water content
ushin BHbRuERe Re TRCaIHG Feb T e B UntheAng
bt ai ned .y mi xin osphanol yhdi ¢ _aci.d _an unds
medharuirsiy 2 meaed FgmoaipY taphaCEE AR LR
adj ust ed .5 1. 0% I
0af PhEh et dic cpufato bbkelRokRL M TSk AL Blvgen.
Japanese Patent Application Laid-Open No. Sho58-51, 943
Pat ent Docunent 2: Japanese Patent Application

Lai d- Open No. Sho58- BAZKISROUNDAREE OSURE GF | NVENTI ON -

It is publicly known that a heteropolyacid catalyst containing
molybdenum and phosphorus is effective as a catalyst for use in synthesizing_
methacrylic acid through gas-phase catalytic oxidation of methacrolein. For
example, a method for producing a catalyst for use in synthesizing methacrytic
acid is proposed in Patent Document 1 wherein water content of a concentrated
or dried material of a slurry obtained by mixing compounds containing
catalyst-component elements is adjusted to 5 to 20% by mass followed by heat
treatment at 100 to 250°C. A method for producing a catalyst for use in
synthesizing methacrylic acid is proposed in Patent Document 2 wherein water
content of a concentrated or dried material of a slurry obtained by mixing
phosphomolybdic acid and compounds containing other catalyst-corponent
elements is adjusted to 5 to 20% by mass followed by heat treatment at 100 to
300°C.

Patent Document 1: Japanese Patent Application Laid-Open No. Sho58-51,943
Patent Document 2; Japanese Patent Application Laid-Open No. Sho58-112,050
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PROBLEM TO BE SOLVED BY THE | NVENTI ON However, the
catal ysts produced by the nethods descri bed in Patent
5 Docunents 1 and 2 are industrially insufficient in
poi nt of yield of nethacrylic acid, and hence further
i mprovenent in yield has been desired. It is an object
of the present invention to provide a nethod for
producing a catalyst for use in synthesizing

nmet hacrylic acid which can produce nethacrylic acid
in high yield, the catalyst for use in synthesizing

met hacrylic 10 agjgdcWHSUIRE3DF PRNOERcRONREt hacrylic acid
in high yield, and a nmethod for producing nmethacrylic

acid i n hirgoBLEMITOMBE &L \IRE- BV ITHE INVENTION
oxi dation of methacrolein with nolecul ar oxygen.

MEANSoeRe SThey LAGIIROBEd cEd thhihel metHodsrdeseribed in Patent
invention is a nmethod for producing a catal yst
Docomisaits il rmdrd hyditensimatin thifficiehtinymirftof viedd of methacrylic
synt hesi zing nethacrylic acid, conprising the steps
acidf ang dienpe épdnenimpacwernentinaieiddias brerdes et
nmol ybdenum and phosphorus. and havi ng specific ,
vi sclbds ey abject 1eé theapigsent invention 1 priovide 2 oethogdderproducing
o oo A GBeH e R Bl S SRl
mefAerv{e aton biatt Bl e fatanRE S Pl e g Elyebivic
at.eri al t . .af. - i
aclgifeh TpnHrmdos bbAdsie 4FE TR Vi BrooEmishiot it
PR RN, 400 i AT ARARY I gl BRast bitalodxiddion of
meRPAGBIRN AitRMbRcLIRS oRO4Ek. Where the target specific

viscosity 1's obtained.™2 The second present invention
is a catal yst containing nol ybdenum and phosphorus
for use in synthesizing nethacrylic acid, produced by
the method of MEANS FOR SOLVING PROBLEM

The first present invention is a method for producing a catalyst
containing molybdenum and phosphorus for use in synthesizing methacrylic acid,
comprising the steps of:

(a) preparing a slurry containing at least molybdenum and phosphorus
and having specific viscosity in the range of 2.5 x 10™* to 7.0 x 10 m?/s, the
specific viscosity being a value obtained by dividing viscosity (unit: kg/(m-s)) by
specific gravity (unit: kg/m®);

(b) obtaining a dried material by drying the slurry; and

(c) calcining the dried material at 300 to 500°C.

Preferably, in the foregoing step (a), the slurry containing at least
molybdenum and phosphorus and having specific viscosity which is lower than a
target specific viscosity is concentrated to the point where the target specific

viscosity is obtained.
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the first invention. The third present invention is a
met hod for producing nethacrylic acid 5 through

gas- phase catal ytic oxidation of nmethacrolein with
nol ecul ar oxygen by wusing the catalyst containing
nol ybdenum and phosphorus for use in synthesizing

nmet hacrylic acid of the second invention. EFFECT OF
THE | NVENTI ON 10 According to the first present

i nverrhsQBcoAd ‘b@éﬁrﬁ%vérﬁbn%% dé't‘al%ﬁéé?ﬁﬁinmgrﬂwlybdenum and
met hacrylic acid which can producé nethacrylic acid in

phBsSthork ebdugein é}ﬁ\th@élﬂﬁﬁ“rﬁ&ha&yhd%d& [:Irbéué‘e’rﬂ BY Yisd rrfe@lﬁod of
use in synthesizing nethacrylic acid of the second

thepfies @ivientiowent i on, nethacrylic acid can be produced in
high yield. 15 According to the nethod for producing
nmet hiibe yhird pessett agfventien idamdethodfenpraduceng methacrylic acid
nmet hacrylic acid can be produced in high yield through
thrgugh ghagihasetcatsglyiic osidiatian iod methacreldinsvith miclecmarioxygen by
nol ecul ar oxygen. BEST MODE FOR CARRYI NG QUT THE
usmmmmta{vﬁ@om@n@gﬂapkv@ﬂeﬂ@m anrbphesRiaHe &3 Uiy
t hacr |c aci d which is produced . by the nmethod of
SV'?EE rthacalicagid @f fr?e?%@cm in¥entie-so nerel y
expressed as catalyst) IS a conposite oxide
containing at |east nolybdenum and phosphorus. The

ot br opol yac Sea ﬁé?%ﬁﬁﬁ%mﬁ TR ' The fact
cont AT FRLRL ?Lfg%ﬁp”egg?ﬁﬁ”?er e ‘3%%3’3 s in synthesizing
me@ﬁé&kﬁ@%M%@h%@ tprS&ﬂ‘cep?net lid 581 iMiHidh %BB gan be

Fur the catalyst prefera contai ns an al kal 1 ne
prdRiced, besi des 3 nol ybdenum and phosphorus, and may -
contain, in addition to these el enents, copper,

vanaBi uging therzatglgdefor usaiic kehthegizirg nﬁg{tﬂ?ﬂimmid of the
calcium strontium barium titan, chrom um
setantptesent imepghoresaethaichilieracid oanibe Erodiice jn higbnjieldm
According to the method for producing methacrylic acid of the third
present invention, methacrylic acid can be produced in high yield through

gas-phase catalytic oxidation of methacrolein with molecular oxygen.

BEST MODE FOR CARRYING OUT THE INVENTION

The catalyst for use in synthesizing methacrylic acid which is produced
by the method of the present invention (hereinafter, also merely expressed as
catalyst) is a composite oxide containing at least molybdenum and phosphorus.
The composite cxide preferably contains a structure of heteropolyacid and/or
heteropolyacid salt. The fact that the catalyst is the composite oxide and
contains the structure of heteropolyacid and/or heteropolyacid salt can be
confirmed with XRD.

Further, the catalyst preferably contains an alkaline metal besides



gallium germanium tin, |ead, arsenic, antinony,
bi smuth, niobium tantalum 5 zirconium indium
sul fur, selenium tellurium |anthanum cerium or the
like. The catalyst is preferably the conposite oxide
represented by the followng conpositional fornula
(1). MaPbCucVdXeYfOg (1) In the fornmula (1), M, P,
Cu, V and O represent nol ybdenum 10 phosphorus,

mdl um‘é%ﬂi%cfé@hoﬁﬁq a‘??ﬁyrﬂ?g’coh%?ﬁ’ﬁﬁtdd\ﬂﬁl  to'these elements,
represents at ast e

one elenment selected fromt

CO?E@H Raf88ihS tildhd) cBbalbANidksl Hift, idBhELMM, caRMUMMstroRtem,
allium Y'repfesent’s at | east one el enent sel ected

bafin@ntitdie BiFGMim CtaRgsein, Atardfanes@Nsilves®rbn, licdelaluminum,
zinc, magnesium calcium strontium barium titan,
gatiohggermaniumgtit, dead s gaiee artimshly Mesmutiqmichiuai, tamtalum,
alum num gallium 15 germanium tin, |ead, arsenic,
ziraonilmg fydiutn, soifth selenabh ptgllutiamt Enihanurhy cenironer the like.
indium sulfur, selenium tellurium |anthanum and
Thesatalyst ia preferably the epmposie@xisle regpesanted byttbaiellowing
rati os of respective elenents; when ais 12, b is in
coppesitighgbfasmula fbm 0.1 to 3, ¢ is in the range of from

e

o oltreonnull () B pLERE iRl Oukbe it Midividid e
ehdh a8k pdh bhdliy e Bla SBIRE0REpBENKY. X edrdBents at least
ok IR0 000 BP0 f L Y contn

anf ARIRURE Yarepresekls 4t fe@st oRe EIHént&dIScteWidPh the goup

val ue obtai ned by dividing 25 viscosity (unit:

coNSIENiG bY irbd, Saet, hickel rzd, radnddidim, EIERI, strontium, barium,
(herernafter, also nmerely expressed as slurry), is

titapr, eheoreiding, tLirgsten) inangbeaesé usilvier, itsordn i |ibors Eéymipio)),;gallium,
and the dried material thus obtained is calcined at

gegoanium, 300 &4ds taeger(ic,) Intirdomh disrhuithy, piabiur atamtalgmazirconium,

_ least nol ybdenum and phosphorus and having the

indéyscstfudseleaiim. tellwiigpokinthansm: argheerivpogeb card. ige f, and g
prepared, using raw ) , o

represent atomic ratios of respective elements; when a is 12, b is in the range of

from 0.1 to 3, ¢ is in the range of from 0.01 to 3, d is in the range of from 0.01 to 3,

e is in the range of from 0.01 to 3, fis in the range of from 0 to 3, and g

represents the atomic ratio of oxygen necessary for fulfilling the requirement of

the atomic ratio of each component above.

In the method for producing the catalyst of the present invention, a slurry
containing at least molybdenum and phosphorus and having specific viscosity in
the range of 2.5 x 10 to 7.0 x 10™* m%s, which is a value obtained by dividing
viscosity (unit: kg/(m-s)) by specific gravity (unit: kg/m®) (hereinafter, also merely
expressed as slurry), is prepared (step (a)); the slurry is dried (step (b)); and the

dried material thus obtained is calcined at 300 to 500°C (step (c)).
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materi al s of respective conponent elenments of the

catal yst (hereinafter, expressed as catalyst raw

mat eri al s), with conventional coprecipitation nethod,

5 oxide mxing nethod, or the Iike. The catalyst raw

materials to be used in the preparation of the slurry

are not particularly limted and nitrates, carbonates,

acetates, anmonium salts, oxides, halides, oxoacids,

and Ayoap iRirff at |ESSRAGHOUBNGRRRNBRbsHIRE BN Hvin

the cat gﬁ)r/%tcct.@?nl g@%seg in %)nblnnatl on;S A_ngche raw g
thelHeRified spiciffliyEskaRUibniicieCXBOR! 8an BBTHREpAYE, using raw

par anol ybdate, 10 nol ybdenum tri oxi de, nol ybdi c acid,

matsthldTef pgestive ebmpoheat slamdits bb e catllyst (hereimafter,

mat eri al of phosphorus, for exanple, phosphoric acid,
expbesqrhas ¢atalyst mhwrh dieriaie) dwithwonivemtiqiz sppedcipitadionbeethod,
used. As the solvent, for exanple, water, ethyl
oxidé cuikiolg, metihtda oe thenkkes anl Heecétialyst tavambterdalsrto ibe used in the
pref_erabIK used. 15 As the preferable procedure for
prepaeaiian efghe isdursy are pot pasticdreyimitedand gitratas, garbonates,
suspending in water the raw material of nol ybdenu
acefales, agONiHE) $Hise RYiIFESKhalides: Oéﬁﬁ%lﬁﬁuﬂﬁ‘q)ﬁ?‘%%ﬁ ?BH]%PE
raw.material.s

L N X R e
A R A
o015 5 B A U RS RTT S.
o B i i g s R B e 2 s

per8RidBeaRd efvaBHILRY pRESIRNE IcahiHduddte SAYIfHe/sd1aemt) Eor
specific viscosity which is 25 [ower than the target

examgiel iagery EBEPSIchYiol, GaACRRESR tam batiRis] e wateriatpreferably
of heating the slurry and vaporizing the solvent in
usddie slurry. The concentration, for exanple, can be
carried out by heating a vessel such as a reaction
ves shs thebprefenabienprogetibee &irpregaring the sledy, fobaxampiuéeh
as electric heater or steam The
method of suspending in water the raw material of molybdenum such as a
molybdenum oxide or ammonium paramolybdate followed by mixing the other
catalyst raw materials with the suspension thus obtained is listed. The other
catalyst raw materials can be used as they are or by properly dissolving or
suspending them in liquid media such as water. Further, aqueous ammonia
may be added in the course of mixing the catalyst raw materials or after the
mixing.

The foregoing slurry having the specified specific viscosity, for example,
can be produced by concentrating the sfurry having specific viscosity which is
lower than the target specific viscosity. Caoncentration means the operation of
heating the slurry and vaparizing the solvent in the slurry. The concentration,

for example, can be carried out by heating a vessel such as a reaction vessel
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tenperature of the slurry at the tine of the
concentration is not particularly Ilimted, however,
it is preferably 50C to 110C, nore preferably 90C to
108C, furthernore preferably 95C to 105C. The
viscosity and the specific gravity of 5 the slurry
during the concentration are properly neasured by
sanpling the slurry, and the concentration is
. i ,
cofiaPT B HORY el FEEGII IS KLEF RS e ERR] ey, The
terfSeratite’of e éllﬁﬁ/ St thBtiehe bAfleYcdritehliitioh 86t Bartidul@rh
10-4 to 6.5 x 10-4 nk/s. Specific viscosity is a val ue
limited chvdvadast Ys paifeiatiyn80th e v shéne freferablyk@l Ome) )08°C,
by the specific gravity (unit: kg/nB). 10 Viscosity is
furtheasiore grafgrabnBb O ¢o 40HUC t | Dhe afscobity ahdrthg spadifiagragty of
B type visconeter. The neasurenent of the viscosity
the slupy dlieing the coacentedionuaregiroperly meassred by sagpling the slurry,
stirred. Specific gravity is calculated by sanpling a
ang the concesttratios isfinished whemthe speeific Wsaesity rgaghes the target
vol une and dividing the mass by the vol une. )
spekiiG visepiv is toe range of 3Gosi10y ad0 #ntd spefs. prefegably in the

rar%fsﬁﬂie%fé* ta s q?é%ﬁﬁ-ﬁiﬁé% EVISCREEY fr § PiBigRiculated by

R pskouolsbnll GRS B bk SBSHe B AhRERTT

b 5 AL SRS i 8 o

visESRER € TﬁE?ﬁé’éélQeH’%ﬁ bfithe @Q&féit?ﬁ@k)ﬁefeféblﬂl/ arried out after the
pre ea at I t he

erable’to stop ting and p e l1d on

sluFr9as 51iP8d v espé&tific gidVityNs EBRURINES BY sahiplivgtd portiohltg the slurry,
pfepared slurry having the specified specific

meakafng itk YndaName ité voRene anddinddielthe ncawy ey the voloare.
al so be stored in the state of slurry before dried.
MeWdBaererhémts Sif tihe yiscesisyt aneé the speciBpgravityofithe sbeit qurafg its
the slurry is kept in the range of 2.5 x 10-4 to 7.0 .
concettrationhay becafriedolteithercoatinaeusly of ieonittenty -howeyer, it
6.5 x 10-4 n2/s. The storage tinme of the slurry is not
is prafaraklel tarqayry eutiinteamittently at infegvals of withispa minites.
viscosity of the slurry is within the foreggi nge range.
Howeémcentiatian & Bigjshed eeass hatnaropratian dhwpterds
| ess r referaply 5 da or. less, because .th .
supsiasted B fatAs pOTSia ey 2 aihon &t JREEXampiie S1oRp b Beating
Co%tcroertglg,eit is6preferable to stop heating and put the lid on the reaction vessel.
In the present invention, the prepared slurry having the specified specific
viscosity can be dried immediately, however, it can also be stored in the state of
slurry before dried. When the slurry is stored, the specific viscosity of the slurry
is kept in the range of 2.5 x 10 to 7.0 x 10 m?/s, preferably in the range of 3.0
x 10* 10 6.5 x 10* m?/s. The storage time of the slurry is not particularly limited
as long as the specific viscosity of the slurry is within the foregoing range.
However, the storage time is preferably 30 days or less, more preferably 5 days

or less, because the productivity of the catalyst becomes higher as the storage
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time becones shorter. In the present invention, the
slurry having the specific viscosity in the range of
2.5 x 10-4to 7.0 x 10-4 n2/s is dried (step (b)).
For drying, a device that can dry the slurry in a
short tinme such as spray dryer, drumdryer and slurry
dryer 5 can be used. The tenperature at the tine of
drying is not particularly limted, however, it is
el C to 500C, nore preferably 130C to 400C
hm@d%%ﬁ@?%%%giggéferably 140 Cto 350 C. The drying tine
I's nethByrEsEntliddntion, tHE ERifry HPNRY fe spdcifiGviscosity in the
preferably 0.1 second to 10 m nutes, nore preferably
rarfedof SE&OH {007 B M OthEss isrdd\@tds(1)). effesradryinge ardeives that
out to the extent that the 10 water content of the
caltdiyethersitiey ireh shorttieneobich asdphacdmes dremsdrybaand$upsy dryer
mass. Water content of the dried material can be
cambasisedd WheHekperatibe at tnectimed deyingys pahpartiaglady limited,
portion of it. Subsequently, the dried material thus
however ifésiprefetsdilyc it 0L to 5@@%/?1'@0%9(%@%&%1‘ 304bIg480°C,
300 to 450C. The calcination is ordinarily carried ?us
furihegaere pesferably 140°6rodofydn- chbng Srving§msais nqi egrilarly
. air and/or under .the flqw of inert gas. The
imfigg MRS 13 Bieferebly G-ﬁrﬁ;ﬁqqn?qe@ Rliten Mt eferably 0.3

<o Gh 5 BMaba' SR A Bt EPa B Rt S
el RS SR o B it Bl ity
ol e S a1l LG e b RS ARt

Teﬁéfw%t?ﬂingld poRibBGfgNd various nol ding nethods such

as tabl di ng, extrusion nolding and granul ation

can $ebsisRbntivhee drdddinateris tiesws dhiashealis, cakaed av 860 ¢o
filling materials such as inorganic salts which

5009 | preferablyiat B0SUtbf4G0eCait e ambomation issartinarily, carried out under

| ubricants which include graphite; organic materials
thevitive bf bxyderdeodaining as sseh astair ahd/oponger g flaw ebinsirt gas.

and stearic agid;_hydrgé¥l sols which include silica
The ealcipationl time imokstinariyfcd haof gamiose fpre&arablynl th40 hours.

i ncl ude whi sker, glass fiber and carbon fi ber, be

pr opfey thadeeldad Catalyst iy P&d%ﬂedpmﬁj@ﬁ!?'ﬂﬁdr%?@é'érggta'ned by
calcining the dried material without modification may be molded, however, it is
preferable to previously mold the dried material and then calcine the molded
article thus obtained. The method of molding is not particularly limited and
various molding methods such as tablet molding, extrusion molding and
granulation can be used. When molding is carried out, additives or filling
materials such as inorganic salts which include barium sulfate and ammonium
sulfate; lubricants which include graphite; organic materials which include
cellulose, starch, polyvinyl alcohol, and stearic acid; hydroxyl sols which include
silica sol and alumina sol; and inorganic fibers which include whisker, glass fiber,

and carbon fiber may be properly added with the view of producing molded
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7 articles having a uniform specific surface area,
pore volune, and pore distribution in good

reproduci bility, inproving nechanical strength of the
nol ded articles, or the |like. The shape of the nol ded
article is not particularly Iimted and spherical
shape, cylindrical shape, ring shape or plate shape
can be listed. 5 The reason why the catal yst that can

art%iéé%’%\gr&é“étd?ﬁﬂr%l dfedid QJHE%&:J%@B ¥iebSuf) 2@ pore

y carrying out the abov - ment | onéd procedure
distrfbuiigh in ‘t};'o%arrePFHH’iﬁ:Ytﬁrty |h‘iprb$|n@rrﬁéét@ﬁcélfé@ﬁen@ﬂ1 of the molded

internedi"fate of the crystal structure which functions

artidtbsa bl BEekE | YThé sbBage pharemerical article ugxmlﬁ Hivularly limited
reaction of nethacrolein be formed when the specific

and isphescdlshapet bdireirical shape, inmgtshapklorfpdategshiapg can be listed.
speci fied range. Next, the method for producing
et hake ye¢asorawhy thé catayst daet- -gangreducamethacrylic acid in high
oxi dation of methacrolein with nol ecul ar oxygen by
yielgseanybe peodueed by caoyingtad the abeve- meﬂ;ttgmd(mopﬁ@,@re is not
obtained will be explained. In the gas-phase cat al
clegkihgaaven i lﬁé?réﬁwé'ﬁﬂéhat aln igerpednle @&tbeééx@a' Sti'eptége which
reacti the raw

f“ﬂ?ﬁ‘f;’ﬂ%éag%@?ﬁe%ﬂgﬁ% a3 i are Sre Sxigafdhtenstion 9 « 1
SEEIC A h%%rthaégacﬁ%%’%%ﬁv R Gy is Pthe
foregHa xbealeYiraB9% et hacr ol o n 1 the raw gas to be
EsedNéQt RS ¥ rrggﬁ& ?‘T’\Q%tﬁ%@/g]g%cm ouéﬁ‘gﬁs -phase

owever It 1s pre y VO

cata%b'&iaa%hyoﬂ?ﬁéﬂw%ﬂhém v'ﬁtﬁ moléb%a%mbnm ush H?tﬁé‘@étalyst of

net hacrol ein sonetines contains a snal anoun

thel pregEnt ihesntidit thudSoained, will @essxpiaihed at ed al dehydes,
and the like which do not substantially affect the

r eaclni the gagrphddeecatalytig@axidatipn (hésonaftert alsb mérdeexpressed
inpurities originating from nethacrol ein. The anount

as tdagtiongdhe aawcgq;ngntaimingwat least r@eﬁwacsolp'rreared arlgcuanoxygen
to 4 25 tines nol e as nmuch as th

is qpstaried @wt@. the qa&alvastcmcadlrgarbr aftabulgr peapt%r fillpdawith thepeatalyst

by npl e. source of nol ecul ar oxy gen in the raw
is Lbsgg fougheh@aé:ppn, s Industrially, a muititubularréactor is used.

Concentration of methacrolein in the raw gas to be used in the reaction
can be set in a wide range, however, it is preferably 1 to 20% by volume,
particularly preferably 3 to 10% by volume. The raw methacrolein sometimes
contains a small amount of impurities such as water, lower saturated aldehydes,
and the like which do not substantially affect the reaction, and the raw gas may
also contain those impurities originating from methacroiein.

The amount of molecular oxygen in the raw gas is preferably 0.4 to 4
times by mole as much as that of methacrolein, particularly preferably 0.5 to 3
times by mole. As a source of molecular oxygen in the raw gas, using air is

industrially advantageous, however if necessary, pure oxygen-enriched air can
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industrially advantageous, however if necessary, pure
oxygen-enriched air can 8 be used. Further, the raw
gas is preferably diluted with an inert gas such as
nitrogen or carbon dioxide, steam or the |like. The
reaction pressure is preferably from at nospheric
pressure to 5 atm nore preferably from at nospheric
pressure to 3 atm The reaction tenperature 5 is

eﬂ%s%‘c?r wdhe%%et@mﬂg‘i&oﬁ prE?HerlgrcﬁﬁJ?écﬁMtM atiifeftQaA08feh as

e contact tinme of the raw ga the catalyst is

nittsSrebebArboh-dokide @eﬁﬁ@ﬁ%hl@re preferably 2 to 7
seconds. EXAMPLES Hereinafter, the present invention

wi |l Tihe resplich passsutd I3 prefaearwcfﬁommtmsﬁnembe@ssam to 5 atm,
Conpar ative Exanples. The term"part(s)" in the

mdbegprpferablyftom @tmpsplaric preBsargpted atreanshpaea¢tin teynperature
mass. Quantitative analysis of the raw gas and the

is prefeiably 20@ te 4687C i redreoprefarably 356 te ﬁﬂa?ﬁat ofhagaptact tlme of
Conversion of the raw nmethacrolein, selectivity to an

the kaw gasavilh thercatalyshis prefesablyt &be AE&egPnds dBPEe afeéerabiy 2
defined as follows: 15 Conversion of methacrolein (%

to £ §88PAPSx 100; Selectivity to nethacrylic acid (% =

(931180 1o, 2 gt i
nunb sfergafiet 3 b eRBbh i pg SRinFE BineMgfige to
E)%&adlgﬁﬁﬁ C%dngltatﬂ@é | \r/wgp %}%dTﬁé PG et éls]‘ it e Examples and

es an nmpar a VI'SC

C&Kﬁééﬁbékkaﬂiqlégﬁsegﬂhs%drg we%n{a%%sucﬁﬂarﬁwatﬁetémyms of the

vi sconet er ortion of the slurry,

ra\argéssaﬁd‘ fhel prodltsShdrel ddttled Reit SRR dbmiztbogedhggat e
the solids constituent. Specific gravity (kg/ nB) of

Cdnversibnof therasy adticadralett dulectbitpltd agdapap aks afeldiof tine
25 slurry, measuring its volune (nm8) and its mass (kg)
praeaicct cnethdcmnjc e aresdefinedt deefollows:

Conversion of methacrolein (%) = (B/A) x 100;

Selectivity to methacrylic acid (%) = (C/B) x 100; and

Per pass yvield of methacrylic acid (%) = (C/A) x 100.

In these formulae, A represenfs mole number of methacrolein supplied,
B represents mole number of methacrolein reacted and C represents mole
humber of methacrylic acid produced.

In the Examples and Comparative Examples, viscosity (kg/(m-s)) of the
slurry was measured by B type viscometer after sampling a portion of the slurry,
and sufficiently stirring the sample not to segregate the solids constituent.
Specific gravity (kg/m®) of the slurry was calculated by sampling a portion of the
slurry, measuring its volume (m3) and its mass (kg) and dividing the mass by the

volume. During concentration of the slurry, these measurement were carried

out at intervals of 5 minutes. Specific viscosity (m?/s) was calculated by
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vol unme. During concentration of the slurry, these
measurenent were carried out at intervals of 5

m nutes. Specific viscosity (n2/s) was cal cul ated by 9
di viding the viscosity (kg/(ms)) by the specific
gravity (kg/n8). Water content of the dried nmateri al
was neasured with Kett Moisture Tester. The fact that
the catalyst is a conposite oxide and contains the

divﬂiﬁ#ﬂﬁé‘ﬂlgcoﬁfy (ﬁ;gﬁ{ %@gﬁé'sﬁeﬁﬁi@/ Bvity GkagFAPX  WESter content of

confirne 0 400 part's of pure

the'\@di&d mat&ftalRidd Sedku ey wnﬁwﬂmbist@ﬁé Tsster/. 3 parts  of

85% by nmass aqueous phosphoric acid, 4.2 parts of

vanatthg fagiendiakedatalPstds apeorhpoditecoxigeandxdateainaiice Strdcture
part of iron oxide were added and stirred under

of hefieropolgaid iandr ifsagalbwae coafirnfddwithsXRPant | qui d was
cooled to 50C and 37.4 10 parts of 29% by mass aqueous
Exampbniia was dropped to it and stirred for 15 mi nut es.
Subsequently, a solution obtained by dissolving 9
par t 0 400 pestsuahpune waiee 108 mwrmglybﬂeﬁwméﬂmﬁ@r 7\R’aaBartS
pped to it and stirred for, 15 m nut ob

§ s to g
of §5@rbwma$ﬁ@%rﬁeuﬁphﬂﬁehﬂ%@@é f Reytokenadiwh pentoxide, 0.9

oncentrat i
pafcf

CB@B?%??F'&% S0 DRt SRR xS padey ol shfrgd yyidler

g EH R PR A om.
paﬁs %f ég‘%ol?]yg s u-g%%sta‘?ﬂp]%ﬁ%t \&5% d‘f‘?ﬁpé@fbt it 8hd L@k for 15

COnCENtr 3t on, ng was stoppe

mi %scogﬁﬁgé%?éﬁtgn?%tfdp%ﬁt %dhby"@ 8sb0figVd BGuHs of défsmm

e slurr speC|f|c grawty was

nltrjatéfh 50 QrtéQﬁ ki Witerads HRshpaRe®l if hAd stifeaJort ¥5 wihutes to

s. The tinme spent for the concentration

obmq;a%imﬁ,ur S. The slurry right after the concentration

was dried with a spray dryer at the inlet tenperature

of 3TREshmd whs heatdceto t@hTeand theecofica@G@ionThas skarted while

content of the dried material thus obtained was 0.9%
it was st At thedeginming of the concentration, the viscosity of the slurry
was 0.03 kg/(m-s), the specific gravity was 1.25 x 10° kg/m®, and the specific
viscosity was 2.4 x 10° m?/s. The temperature was kept at 101°C during the
concentration, and heating was stopped and the concentration was finished
when the viscosity of the slurry was 0.70 kg/(m-s), the specific gravity was 1.56 x
10° kg/m?®, and the specific viscosity was 4.5 x 10 m%s. The time spent for the
concentration was 2 hours.

The slurry right after the concentration was dried with a spray dryer at
the inlet temperature of 300°C and the outlet temperature of 120°C. The water
content of the dried material thus obtained was 0.9% by mass. To 100 parts of
the dried material, 2 parts of graphite was added and the mixture thus obtained

was molded to ring shape having an outer diameter of 5 mm, an inner diameter

of 2 mm, and a length of 5 mm with a tablet molding machine. The molded

10
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25 the dried material, 2 parts of graphite was added
and the m xture thus obtained was nolded to ring
shape having an outer dianeter of 5 nm an inner
dianeter of 2 mm and a length of 5 Mm with a tabl et
nmol di ng machi ne. The nol ded 10 articles thus obtained
were cal cined at 375C for 10 hours under air flow and
a conposite oxide catal yst having the conposition of

artitfet3Ris Hbtin W@%Qcﬁ‘ze%oapﬁ %"@fb‘a‘ AOMAN under alr9Bweand a
e and

rati o were abbreviated, and the sane ‘hereinafter)

corfipbéifd Bking da't‘éiyﬁtﬁémgl{ﬂ% &SmpssitseBe M@ 4, RdVh ESse sFeo.os

salt was obtained. 5 The catalyst was filled In a

(oxy%@ﬁfaﬂd igstomix eficoRsrec aipresdedfarftPthel same heesinafte) and
10% of oxygen, 30% of water vapor, and 55% of nitrogen

cortaimingrfd) stnasuneasidede tdpotwagid and s tshlttves oletadtedon
pressure of 1013 hPa (pressure at the exit of the
r eacthe patalyst wasdiliedon at reaptar androixed gegs@mposed ag5% of
contact tinme of 3.6 seconds to carry out the reaction
methgcraigitt, HO86 of ayyaen. FAG ¢f waten \@pasi and THe efytipgen s
shov%n in Table 1. Exanple 2 The sane |procedutjre %s lgn
(volupaeis) avas RRsseddhrqual bwthdhe spactignapresgire of 1013 hPa
concentration was finjs when. t he viscosit oL he
(s gt ik o5t sbegeanict] Hhe Festtigpdemnsiaia ol 285:gind the
. 52.x 1 [ n8 nd. _t he ifig. vi ' ) .
corfgetiinte b & S sty QA BRE keaftiptl BF Shs i methabri
GO iLlan. o size nethacrylic acid. The
acu?.egﬁﬁg rlééslﬂgﬁggv\h%v%nnm%%qq%ql. Exanple 3 ¥he sane

Exé}ﬁg@i@lure as in Exanple 1 was carried out except that
t concentration was finished when the viscosity of

the PhaIEEMeRSCEdFR dOin(FRamplehtwadGasies blit ExcpR hatithe
was 1.60 x 103 kg/nB, and the specific viscosity was

corfeeptratidf whshiHished when itk gie cbsiey sfthalsyaty whs 0083 kgi(®-s), the
conposition and to synthesize nethacrylic acid. The

spaoifiugtavity wesove2 i-n1 O%ltg/malan@cﬂmaapmiﬁ@ wisEasitypwas B.5 x 10™
m?/s, to produce the catalyst of the same composition and to synthesize
methacrylic acid. The result is shown in Table 1.
Example 3

The same procedure as in Example 1 was carried out except that the
concentration was finished when the viscosity of the slurry was 0.88 kg/(m-s), the
specific gravity was 1.60 x 10° kg/m?, and the specific viscosity was 5.5 x 10
m%/s, to produce the catalyst of the same composition and to synthesize
methacrylic acid. The result is shown in Table 1.
Comparative Example 1

The same procedure as in Example 1 was carried out except that the
concentration was finished when the viscosity of the slurry was 1.30 kg/(m-s), the

specific gravity was 1.63 x 10° kg/m?®, and the specific viscosity was 8.0 x 10

m%s, to produce the catalyst of the same composition and to synthesize

11
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The sane procedure as in Exanple 1 was carried out
except that the 25 concentration was finished when the
viscosity of the slurry was 1.30 kg/(ns), the

specific gravity was 1.63 x 103 kg/nB, and the
specific viscosity was 8.0 x 10-4 nR/s, to produce
the catal yst of the sanme conposition and to synthesize
11 nethacrylic acid. The result is shown in Table 1.

mefiPPAlcadiNe TFramesat i sHvPmRLk @cedure as in Exanple
1 was carried out except that the concentration was

CofriparsthedExdreplehe viscosity of the slurry was 1.50
kg/ (nms), the 5 specific gravity was 1.67 x 103 kg/ nB,
and Theesamegirbtedwieseoipi Example Pwas>catiddionPéscept dhat the
produce the catal yst of the same conposition and to
corpentration nas finristracbwhen dhevisdosifihef theslunty was dhhvkigi(m-s), the
Table 1. Conparative Exanple 3 The sanme procedure as
speaificeyavily wap Wasg ¥ Tkem oand the specifie viscosity wes 9.0 x 10
concentration was finished when the viscosity of the

mPls) i prpdugs the satalyst ofihe saime cospresitionagd &9 syythraze
- 1.35 103 kg{ nB, d th ) ifi ' it 2.0
meligtndd, “Thefeodleatene BG . Vor “the are - O

conpgsition apnd,to synthesize nethacrylic acid. The
COW@%B?C}[V% X%B&i‘ai n Table 1. Conparative Exanple 4 15

h j | - i
I SRR G5 RAER fude Bart bt v
' ' fe t .

corbEAAROR USRI Ry b 27 ko) e

SpeXRCA vty WaaCP 35ty 10%gy/M°Oard 1Kl Spedfié Sischb&ityPwasd 2e@ x 10

the catalyst of the same conposition and to ‘synthesize
m2Reid eyt h@ehthlyst e tHeesame dotnsduiigh and Tablethésiz20

Exanple 4 In 200 parts of pure water, 100 parts of
metravoyliclanighar The rydudbisshoas indiabdolived, and to the
resultant solution, 3.4 parts of amoni um
Compartativerkxinple 4
The same procedure as in Example 1 was carried out except that the
concentration was finished when the viscosity of the slurry was 0.10 kg/(m-s), the
specific gravity was 1.25 x 10° kg/m®, and the specific viscosity was 8.0 x 107
m?s, to produce the catalyst of the same composition and to synthesize
methacrylic acid. The result is shown in Table 1.
Example 4
In 200 parts of pure water, 100 parts of ammonium paramolybdate was
dissolved, and to the resultant solution, 3.4 parts of ammonium methavanadate,
a solution obtained by dissolving 8.2 parts of 85% by mass aqueous phosphoric
acid in 30 parts of pure water, a solution obtained by dissolving 1.1 parts of
capper nitrate in 30 parts of pure water, and a solution obtained by dissolving 3.8

parts of iron nitrate in 10 parts of pure water were added in this order, and the

resultant liquid was heated to 90°C while stirred, and kept at 90°C while stirred

12
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a solution obtained by dissolving 8. 2 parts of 85% by
mass aqueous phosphoric acid in 30 parts of pure

wat er, a solution obtained by dissolving 1.1 parts of
25 copper nitrate in 30 parts of pure water, and a
sol ution obtained by dissolving 3.8 parts of iron
nitrate in 10 parts of pure water were added in this
order, and the resultant liquid was heated to 90C

ford! hbﬁrsSt 'T'brt g, reétﬁlfi] ﬁ&id""I qu?glo‘{’f'"ﬁﬂt&n%'tfyr @Qsol@%gf@ﬂ p'érts of

hours. To t e res a sol uti on obtai ned

cegiu%;ﬁltﬁété‘% 902 pBﬂé"cﬂS pQfe waesIWdE addédhAd istirrd@Ton s hﬁnutes to
of pure water was added and stirred for 15 mnutes to

obehih & glugysl urry. The slurry was heated to 1010C and
the concentration was started while 5 it was stirred.
At t Neelshginnniastezted e 10 07T entdthe concenthation was staried while
of the slurry was 0.02 kg/(nms), the specific gravity

it was stired. xAL0®@ heginsingaidhe henserdestionc they viscosityt gf thg§lurry
1.6 x 10-5 n2/s. The tenperature was kept at 101C

wasil. Dag@(ms) donspacifiagravity wasl 1HZax i1y kads ﬁf‘SbtbécﬁP@ﬁti'C
t he concentratlg)n was finjshed when the viscos

viscRgity Wasr B wat0 DMEE. k gy heiemPSrRRIrg Was kRt ajﬂ {J;ﬂv the

b D S VB e
oSy B SO0 R e SRR s 150

1035%86“ néﬂ&tﬂ@&ﬁ%&ﬁ@ %@Blﬁs}g\gag?}o 106??)@?7%;‘92[' tt}ﬁ’l@%?)entforthe
Coﬁeéﬂéﬂqwéggaihgu&f graphite was 15 added and the

m xture tarned was nolded to ring shape having

an 0%@rs|ur@&t]ﬁgmt &fterhe 2o0ABRNtAAtIdT\WES delbamaites dim Arpen at the
and a len 5 mwth a tablet nolding nachine.

terh @ramlled@mtswo. ClHfe Watls cobtentnd thevdried cadteriakttiuatobtained
380C for 6 hours under air flow and a conposite oxide

wasat. 8Py by nieas. ndlot 130 panpobihe dnied ofaterial, 2 parts of graphite was
Mb12P1. 5Cu01V0. 6Cs1Fe0. 2 and containing the structure
added femdethepoibxiureittiusnbitained was reeided dasingtsheipediavingan outer
catalyst was filled in a reactor and m xed %
diayoeies 96§ rom, smioner diameter of 2 mm, and a length of 5 mm with a tablet
molding machine. The molded articles thus obtained were calcined at 380°C
for 6 hours under air flow and a composite oxide catalyst having the compaosition
of Mo12P4.5Cu0.1VosCs1Fep2 and containing the structure of heteropolyacid and
its salt was obtained.

The catalyst was filled in a reactor and mixed gas composed of 5% of
methacrolein, 10% of oxygen, 30% of water vapor, and 55% of nitrogen
(volume%) was passed through it with the reaction pressure of 1013 hPa
(pressure at the exit of the reactor), the reaction temperature of 285°C, and the
contact time of 3.6 seconds to carry out the reaction for synthesizing methacrylic
acid. The result is shown in Table 1.

Example 5

13
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nmet hacrol ein, 10% of oxygen, 30% of water vapor, and
55% of nitrogen (volune% was passed through it with
the reaction pressure of 1013 hPa (pressure at the
exit of the reactor), the reaction tenperature of
285C, and the 25 contact tinme of 3.6 seconds to carry
out the reaction for synthesizing nethacrylic acid.
The result is shown in Table 1. Exanple 5 13 The sane

Pr OCPAYBnRSpioReBUATRY f ExAMDILAWdsechrAgd otk ER84ptithat the
the concentration was finished when the viscosity of

cohdehtdtivhiwadisisRed Whied/ thewiscobitg of teeglufry wagrash ky/(nes), the
1.60 x 103 kg/nB, and the specific viscosity was 5.3 X

spd@fidgrav@ysvad 0.60r0d0t kgiine acdtthe spbcifit vidtestamas 5.3 x 10™
conposition and to synthesize 5 nethacrylic acid. The
m?fse a1 ptodixesthe watalpstfithe same @mpesition eoadis sypiheskzeThe
same procedure as in Exanple 4 was carried out except
methearylichacidc odberresult isoshoves irf Takleled when t he
Vi scositE of the slurry was 0.26 kg/(ms), the
CospretativeEyampia § was 1.37 x 103 kg/nB, and the

Che. Eae SRTA PIGPoRE ShirbERRIRd aseated Pyt SyfletTote
s By P LD T o o
sedse S e TSEa SR8 ho ReeCRERTORRL PR 95 1o
ooy T R 06 Sl ot oo Syhbhets
métﬁ’a&gﬁﬁjﬂéi& t iReGabat Sdhkin Iieai@e conposition and to

synthesi ze nethacrylic acid. The result is shown in

Cofffirativie El¥pRd € 6 To 800 parts of pure water, 100
parts of nolybdenumtrioxide, 3.1 parts 20 of

vanathe gappracedare anth Bxamphy 4 svasf cdihéd byt ersept that the

aqueous phosphoric acid
concentration was finished when the viscosity of the slurry was 1.30 kg/(m-s), the
specific gravity was 1.65 x 10° kg/m®, and the specific viscosity was 7.9 x 107
m?/s, to produce the catalyst of the same composition and to synthesize
methacrylic acid. The result is shown in Table 1.
Example 6

To 800 parts of pure water, 100 parts of molybdenum trioxide, 3.1 parts

of vanadium pentoxide, and 6.7 parts of 85% by mass aqueous phosphoric acid
were added and stirred under reflux condition for 6 hours. To the liquid thus
obtained, 2.4 parts of copper acetate was added and further stirred under reflux
condition for 3 hours. The resultant liquid was cooled to 40°C and a solution
obtained by dissolving 11.2 parts of cesium bicarbonate in 100 parts of pure
water was dropped to it and a solution obtained by dissolving 5.6 parts of

ammonium carbonate in 100 parts of pure water was further dropped to it at

40°C and stirred for 15 minutes to obtain a slurry.
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were added and stirred under reflux condition for 6
hours. To the liquid thus obtained, 2.4 parts of
copper acetate was added and further stirred under
reflux condition for 3 hours. The resultant |iquid
was cooled to 40C and a solution obtained by

di ssolving 11.2 parts of cesium bicarbonate in 100
parts of pure 25 water was dropped to it and a

sol uirheR PR} Rhl¢idalyd $§1340/5H@1 the BoRcertfatdh wadsRRedWhile

carbonate 1’'n 100 parts of pure water was further

it WHORRRMA . t At theMegiftfify dthestdidedttration, fhe \FT'Sébﬁilgsofttl@e slurry
obtain a slurry. 14 e slurry was heated to 1010C and

wakITE0Z REGATEY, Bid SPedifc grdvitytvess Wi 1e107 kgmels andl ithe epecific
At the beginning of the concentration, the viscosity

visobsityhwas 18 xy10-was/s0. hekgh(pesature nasdgepd iat 110190 auiing the
was 1.11 x 103 kg/nB, and the specific viscosity was

concedtrativd; sndiheating heas stoppedboddheasnkepration wes ficished
during the 5 concentration, and heating was stopped

whgndhe niscesit ehthesluwy was0 .59 kogdRes). thi epetifie gtavilyyas .31 x
ft slurry was 0,59 kg/ (s the, specifjc gravit
10pkg/m’, and fhe §9@cnﬂgwwpsﬁﬁw%§ﬁ)e5 $7eE oG VHQ@&EF? ffpﬁﬁfsfm the

X . 10-4 The tinme spent for the concentration

4.5 /s,
Cowt@t@nm 3 stl ugry. right after the

o1 o1t Sser det e thE Gt RertiohBh aY el iuhp sp e =
thedbiet feperlireBE 00, AR B o yBfralthaihl BRASHICT, Tt ater

colBhebt ﬁ'e{%r?eooﬁ‘%ie?jé?fth@é 8pf2irt \§§§ castad, madst o 100 parts of

m xt ure us obtained was nolded to ri'ng shape having

theadried hftite G| 2P DaftE d¥igrapliite was adaBarand eehRtureahu? obtained
and a length of 5 nmwith a tablet mol ding machine.

washgoldet de dingshapk ldviisg B Whit@diametst ofed mns,adrcinmed dimeter
380C for 5 hours under air flow and a conposite oxide

of 2atral yad aHengihgofthmne evithos tabletmoldingp dzehited. Ve Bckied
and containing the structure of heteropolyacid and
articles thab tobiained e madtingthet 3804 fastd hawsfurides@irifiowaand a
reactor and m xed gas conposed of 5% of _nethacrol ein,
composite oxidegatalysihg\ing g sempapitien oiMpsB o it MeisbFogad
containing the structure of heteropolyacid and its salt was obtained.

The catalyst was filled in a reactor and mixed gas composed of 5% of
methacrolein, 10% of oxygen, 30% of water vapor, and 55% of nitrogen
(volume%) was passed through it with the reaction pressure of 1013 hPa
(pressure at the exit of the reactor), the reaction temperature of 285°C, and the
contact time of 3.6 seconds to carry out the reaction for synthesizing methacrylic
acid. The result is shown in Table 1.

Example 7

The same procedure as in Example 6 was carried out except that the

concentration was finished when the viscosity of the slurry was 0.80 kg/(m-s), the

specific gravity was 1.33 x 10° kg/m®, and the specific viscosity was 6.0 x 10
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20 (volume%) was passed through it with the reaction
pressure of 1013 hPa (pressure at the exit of the
reactor), the reaction tenperature of 285C, and the
contact tinme of 3.6 seconds to carry out the reaction
for synthesizing nethacrylic acid. The result is
shown in Table 1. Exanple 7 25 The sane procedure as
in Exanple 6 was carried out except that the

RRISSIARS 8 Ay SHpE S SipLerthsh i ilede
mekhacrylic 488 KIhetesalts shGnvS RETFABIED Vi SCOSI Ly was 6.0 X
10-4°15 n?/s, to produce the catal yst of the same

Copfpaagid ERanpii7t 0 synthesize nethacrylic acid. The
result is shown in Table 1. Conparative Exanple 7 The

saneTheeaatkipcaduidasiffERaRpl Sagscedrried dub ekceptdbat the
that the 5 concentration was fini shed when the

concatosgionywad finisbed Winenytheaiscds B ok the( stepry wdsed.25 kg/(m-s), the
specific gravity was_1.25 x 103 kg/nB, and the 2
spegitic gra\itywas 635 y 10Akg/m D and1ba spagifis ViSeospy $dscd 0tnE0
,catalyst of the same conposition and to synthesize
m*fre tte REPJUGecthecgadalystef the same sempasilipn ardtasyathesize
Conparative Exanple 8 10 The sanme procedure as in
metharrylieagidnad Nedepiib s HRwrit&R'ehat t he
conceptration s finished when the viscosity of the
ComRpra V%\%ampi%m@kg/(rrs), the specific gravity was

1o s TPt BioBRnulee I FadBRS Yo' iER LY gkt thé the
cof ORRRer s L0 B SISV E RS Bt B0 Bl ), e
spdAiRE BRAViDY KDY 1S 90° REINFC ahdithy sPBEIfEARTOSItEWhs 9.2 x 10
m?/s, to produce the catalyst of the same composition and to synthesize

methacrylic acid. The result is shown in Table 1.
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of the slurry of at the tinme of to of finishing the
concentration nethacrolein nethacrylic acid
nmet hacrylic acid (n2/s) (O (% (% Exanple 1 4.5 X
le 2 3.5 x 10-4 84.6 84.2

10- 4 84.
71.2 Exanple 3 5.5 x 10-4 84.2 84.6 71.2 Conp. EX.

8.0 x 10-4 Ex. 2 9.0 x 10"4 82.1

2 84.9 71.5 Exanp

83.5 82.4 68.8

Conp

1

83.2 68.3 Corrp Ex. 3 2.0 x 10"4 84.1 81.5 68.5

Taﬁ%np

Ex. 4 8.

x 10-5 83.9 81.2 68.1

Exanpl e

443x

4-83.2 84.3 7n.1 Exarple 553 10-4-83-383-8
69.8 Chnp. SHeeificsisposity 10-dyri ,sggorp e:gecg ass vield
Ex. 6 7|9 x Ifihe 8@mp 81.5 6°7”.V§ ]Ef 4‘;15 N éllg i
86.2 84| 8 73aflthelixemil e 7 |6.0 10 86 1 4 7 712.

Com.. Etpnifing e Yot Botrafih grefimotplgin mpethagsyis acd meﬁ@fﬂc acid

x 10-4 BB 3 % o 9 V\hat(%l')s claimg@®)is: 1. A (%)

ret-hod--f-or nroéuej. ng-a—catalyst—confai-ning—relybdendm
Eaﬁmpleﬁhosphor 45 % 89” use i1 sy&f Resi zi ng &t hacrylic71.5

Hezcon'prl s|3rgg)< bme stepQ ofg4 Eg (a) prggpza\rl ng a 712

S: 1o} o ') ontathn L) east—molybdentm—and ||u3F)||Gi’ tbS
EsaaPiady ng spééﬁ*ﬂ@ vi scodi tyaﬁ{ﬁ the rafde of 2.5 x712
Coquj @xt@ 7.0 Xs@x 404112/5 tthe gspecific \gizsposi ty begng

a Val e UUL athnet—1n (9] VI U; Ilg VI SLUS ly UTTI l
Caep Eh 32)) by é)p’é&éfl c_gravi t$-(unit: k:§/3 p) 683
Copip. &xngng a dpiedqpateriall bysdlnying the1s urr); angs.s
Comp. Ex. 4 8.0 x 10° 83.9 81.2 68.1
Example 4 4.3 x10* 83.2 84.3 70.1
Example 5 5.3 x 10™ 83.3 83.8 £69.8
Comp. Ex. 5 1.9x 10" - 826 81.2 87.1
Comp. Ex. 6 7.9 x 10 82.5 81.5 67.2
Example 6 4.5x10* 86.2 84.8 73.1
Example 7 6.0 x 107 86.1 84.7 72.9
Comp. Ex. 7 2.0x10* 85.8 83.9 72.0
Comp. Ex. 8 9.2 x 10* 85.6 83.8 71.7
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10 (c) calcining the dried material at 300 to 500C 2.
The nmethod for producing a catal yst containing

nol ybdenum and phosphorus for use in synthesizing
nmethacrylic acid of claim1, wherein, in the step
(a), the slurry containing at |east nolybdenum and
phosphorus and having 15 specific viscosity which is

| oner than a target specific viscosity is concentrated

to the point where tRoniEEYelimangsi fic viscosity is

obtai ned. 3. A catal yst contal ning nol ybdenum and
phosphorus for use in synthesizing nethacrylic acid,
produced by the nethod of claim1 or 2. 20 4. A

et had fomefticfiferiphadidtiht acdatalyet eshtdiniry @égibdenum and
gas- phase catalytic oxidation of nethacrolein with

phasplotisafor axy e syithiesigimometteacrdicadgid t carnpiigingitihg steps of:
nol ybdenum and phosphorus for use in synthesizing
met h&&) piepariag iads|ofry cloataimi®g at ld8ast molybdenum and phosphorus
and having specific viscosity in the range of 2.5 x 10 to 7.0 x 10 m?s, the
specific viscosity being a value obtained by dividing viscosity (unit: kg/(m-s)) by
specific gravity (unit: kg/m®);
(b) obtaining a dried material by drying the slurry; and

(c) calcining the dried material at 300 to 500°C.

2. The method for producing a catalyst containing molybdenum and
phosphorus for use in synthesizing methacrylic acid of claim 1, wherein, in the
step (a), the slurry containing at least molybdenum and phosphorus and having
specific viscosity which is lower than a target specific viscosity is concentrated to

the point where the target specific viscosity is obtained.

3. Acatalyst containing molybdenum and phosphorus for use in

synthesizing methacrylic acid, produced by the method of claim 1 or 2.
4. A method for producing methacrylic acid through gas-phase catalytic

oxidation of methacrolein with molecular oxygen by using the catalyst containing

molybdenum and phosphorus for use in synthesizing methacrylic acid of claim 3.
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