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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

nmol ecul ar oxygen. BACKERERIPHARN It is publicly known
that a heteropol yacid catal yst contai ning nolybdenum
and phosphorus is effective as a catalyst for use in

AL R Rt G RAHALTS St R Dy PR me
Synt hesi 21 ng. et hao YFTEAGRYEG 68IPoposed i n Patent

Document 1 wherein water content of a concentrated or
dried material of a slurry obtained by m xing

conmpounds cont ai ni ng - nent elenments is
adjusted to 5 to ZO%Bgétr#nglgi\&'oﬁEo%d by heat 20

tr eafﬁ@[btre?%ntlr%ﬁt%nzr%%%fo B8hE0Rd feF pRIRIH AGatlyst for

catal ys use I1n synthesizing nethacrylic acid 1s

us@irPBRRALsizgRABRHCrRCHEBNA cataMra el sait §fnthesiaihgnt
of a concentrated or dried material of a slurry

mediddty e dcillyard A infgthogfos piagimeirgodiethaurylit acid tormegbunds
cont ai ni ng ot her catal yst-conponent elenents is
gasgihast edtdlgticotidao¥ob ynethssroleh Motherolgrularaixygen.
treatnment at 100 to 25 300C. Patent Docunent 1:
Japanese Patent Application Laid-Open No. Sho58-51, 943
Pat ent Docunent 2: Japanese Patent Application
Lai d- Open No. Sho58- BAEHGROUNBAIM OSURE OF | 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 methacrylic
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-component
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. $ho58-51,943
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

met hacrylic acid which can produce nmethacrylic acid
in high yield, the catalyst for use in synthesizing

TNt iyt (et

T oM i
om@ptes@zmcaéqw@@[%m BY, 16 frediodi dessped in Patent

Dogg\ﬂlfeg] H@%&l%&d”ﬁfﬁggﬁtpﬁ%&f‘ ?Fﬂépéjsclsfnmethacryhc

acy an ?if'r%?ﬁﬁ H?%W%‘%P@ﬁc cld farBeLa Bfnede ot b

ol yﬁ%?b'ﬂbﬂ&? cﬁ'?ic?é r&@?ﬁoﬁ%'dﬂ@wﬁ@%cmfetﬁbd for producing

Vi ScOSI x 10-4to 7.0 x 10-

nghigh cahygodbtai ned
@'Z?Wﬂ?ﬁé%?g@@%@g{ﬁ@i@ (Qﬁ'}ds))[ oot o

medha¥itiy atlninthigh $eid)the (atalpétifai Do dn sycthesidingatethadrylic
by drying the slurry; and (c) calcining the dried

ackii/Richadanaprod0ge tnoeth@0@lic Bicef er kibhwield nanda rethegdiong
step (a), the slurry containing at |east 25 nol ybdenum
pradutipgosthacybc anid ihaigmyickpdudtigh grissrnsie satalytie wxjdation of
| ower than a et specific viscosity is
m&tbacmﬂmw&dﬁmc‘tﬁw @OgeN. where the target specific
viscosity is obtained. 2 The second present invention
is a catal yst containing nol ybdenum and phosphorus

[or use, 1 Y 5k FORTRING Bt Pr oduced by

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 107 m%s, the
specific viscosity being a value obtained by dividing viscosity (unit: kg/(m-s)) by
specific gravity (unit: ka/m?);

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

(¢) 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

nmet 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 nvenhp@ecord paesentdpveionisea ¢afalyshepaiainipg golybdenum and

nmet hacrylic acid which can rodqce t hacr Ii§ ﬁide%B d of
phrspRcRiRdPHUsRR B thesigingdBathag)ylicsiHe, Rieduest V3 £ Mpgipod o

use in synthesizing nmethacrylic acid of the second
th%aﬁ§éﬁﬁnﬁﬁvention, met hacrylic acid can be produced in

S0t b 5% R g BT B P B
RIS BB A Sy i oxtn o
o PR S o S SASB A ol

sy BB Y hicth A& fc WhidCHT the sBEeRdaR@ntiby. t he met hod of

the present invention (hereinafter, also nerely
expressed as catalyst) is a conposite oxide
containing at |east nolybdenum and phosphorus. The
conposi te oxi de pEEFECAbOY TOBUEMMENBON ruct ure of
het er opol yaci d and/ or heteropol yacid salt. The fact N
t hat Acherdiag &b thet fiist ptérent omeotion ea ertalgstdagues in synthesizing
contains the structure of heteropol yacid and/ or
metbaentip cithwhighsean pesticeanethaaryliemsdd i highyigid can be
Further, the catalyst preferably contains an al kaline_
Pregicad- besi des 3 nol ybdenum and” phosphorus, and may
cont dn addition.to these %I] enent s (of0)

vanagymﬁ'”g fhcalabsafer ush BMnthesizpg %@ﬁ&gﬁg[ﬂdd of the
| Ci t ti ' tit Lum. . -
oo o e e B ek o SPRATAH vl
According to the method for producing methacrylic acid of the third

present invention, methacrylic acid can be producéd in high yieid 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 oxide 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
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gallium germanium tin, |ead, arsenic, antinony,

bi smuth, niobium tantalum 5 zirconium i ndium

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 nolybdenum 10 phosphorus,
matyiptsym aadguiasphoarsd aodymer contaip.aotddddioy toxhese elements,

represents at |east one elenment selected fromthe .
coppeiugaramisins tifang cebalbdligkeli aift, MEsNgsiim. G TInStroghiy™,

thallium Y represents at | east one el enent s?lectqd .
bafig@itare CHFINBM HREPSN APRGANESENSINGHHRATPN: AicRiy 2Uminum,
i nc, magnesium calcium.strontium. bariu bt
0a i e o ti-JRad tghice SBUMOT by Hsmuife, GRbiul) | fglm.
.alum num. gal | jum_15.qger . ' | ead,. -arseni ;
zirGoriin R o sermut L RICHUR, ety Sefh BF e ke

art _ . ol Lk _
TR § Prféabif §hE BoitBosiE Id ePros HIEIHYARE OMhing

co foisﬂﬁmgﬁfgfﬁﬁﬂl?%)i ve elements; when ais 12, bis in

the range o mO0.1to 3, cis in the range of from

0.01 to 3, MbPsclvpg.mange @h from0.01 to 3, e is
in the range of from0.01 to 3, f is in the range of

f r omMtHeofoPmuin 01 IM0 P, €y, 85and © tepgesdrimolybdenomof
oxygen necessary for fulfilling the requirenent of

phbsghatuentoppert vanadiuracndomygene respeistivaly; Kreprasents at least
met hod for producing the catal yst of the present .
onemlemenbacleates! flomythe @rnvpiconaigting of patassHnydgium, cesium,
and _hosggorus and having specific viscosity in the
angdhgluot, Y2represarea at ipast ong alemenipelectaghirem the group
val ue obt ai ned b{ di viding 25 viscosity. unit: . bari
CORYELIAG Yf Ire. cpfealf, migkeh ZDE 1 Pagigsm. 168 q,t%)'l strontium, barium,
. (hereinafter, al so nerel expressed as..slurr %F [ .
ttagh GHEPBIIY <LBFSIER) TrangRIeseuRINFT, GO SCed: iy, gatium.
and the .dried material, thus obtain I.: j -
ot it TR i) SOl Ser iy e el Afconum,
indig®e ' ifRP a i € d, e, f, and
ind§RE Sy TR SRR, R EREIREHERT PRI TRYLRS 2, 18, dpg F ond o
refYeSBAf S&mid$hfids bi¥spective 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 107 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 catal yst raw

materials to be used in the preparation of the slurry

are not particularly limted and nitrates, carbonates,

acetates, ammoni um salts, oxides, halides, oxoacids, .

and Theoslarmy aomtaisingr at leasiyaelybdentbhiph BResRIUHE /g RAving

the catal yst can be used  in conbi nati on. As Epe r aw
therrpesiiies spscififoyigeraluRentiegnedt RBAYE gaN g’ﬁrﬁfﬁpﬁ?ﬁ , using raw

T
exhssher saapteR Al e e oR SRR, ft ethod.
oxiff EfiigR etBABLHEN ke o SRR S MRS EREIAEIE used in the
pre@<L:1thf;(‘3rn.at5’tJ tﬁ{aﬁwaﬁé?tﬁﬁaﬁieglaﬂg‘g]{r@fégéﬁd Hft%@%&;&%‘a@b&%tes,

reparing tl or exa . met ho
acctdfRe A MsniL ¥\%§s‘? loxidi®, hawiéRtdxoaaldsohnieikpadenidis of
such as a nol ybdenum oxi de or anmoni um par anol ybdat e

resbeblivesmbynahidiBendrie obitiecatahat shiy de Usad inaoenbinbton.  As
Wi th the suspension thus obtained is listed. The ot her

theqabhaysdrid ainisyisdéralrs, forexhmplsexmamnilrepaaamotibdaye,
properly dissolving or 20 suspending themin liquid
molgtdicausutrivxite, waslgbdicrnid laed madybslensmaaitonte camdie Beed.
added in the course of mxing the catal yst raw
As tise eaw amatedal off phasphiesus, FoxexMplen @hpépé@fdﬁ Agids phpsRhorus
havi ng the specified specific viscosity, Lor %a | e,
pertanidse ape eauiven Uy PhereRalercan be uped: sPsrhg SA ”530"

specific viscosit ichis 25 |l qwer ,than the target
exapaie Waiey PUS gl @siask s can Halsied che Wiist & Pliferably
of heating the slurry and vaporizing the solvent in
S&he slurry. The concentration, for exanple, can be

ves skt hebteiRtaie Phoctide ST EpaTtE e Ry B pieihle,
medofbESHEdh MR Irflvallr tRt $AW mafdfial of molybdenum such as a

molybdenum oxide or ammonium paramolybdate foliowed by mixing the other

u

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 slurry having specific viscosity which is
lower than the target specific viscosity. Concentration means the operation of
heating the slurry and vaporizing 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
sanmpling the slurr and the concentration is

copfainisadoe ahery wsieg iu@@t: pRUIEE\EUSHRS elpclrisdigrier Ph%team The

target specific viscosity _in the range of 2.5 >|_<t 1uga
terpgeratarecofithe slupy 3t ther wne g cPRCIHERtIGRINGIO! RTIEWRTY

imigtic 1PHEHEY §5 PERIGTATH GO Ao bc STSE ik aﬁ'i&ﬁ(ﬁﬁgu‘%c’ca

fuiReri e e RO ] dhefe iRy 4’94 W gRaidaayity of
thgsﬁﬁ‘rg/equgwggtﬁg%h ntr%p Eﬁ??l‘gg%'?ﬁ%eé’é yred ))Néa?ﬁﬁlﬁigt t3ﬁe slurry,
anﬂtth%rc%ﬂceﬁ?ﬁﬁdr{ fscflrﬁéﬁ’é/d {MehinE? EHﬂfl@%&%}’ty $é‘£%ésrl&e6target

nmeasurl its mass and its

sp¥@||f|ls' 'V?sc%@ﬂ}{ tH fHedﬂarr‘@etéTez 78S bio ?'(Dex vol*uf®s, preferably in the
Measur enen of th& viscosity and the specific gravity

raifde bN8.0sk 40™yto @Us k1 /515 SpeseNiseddign's mayalbe calculated by
carried out either continuously or intermttently,

dividing \tee viscbsity surit: &bénab)) e)ytthecmrecmocgr‘awtw(mﬁnkgfmﬂt ly
at intervals of wwthin 5 mnutes. "Concentration is

Vigdasity i teaseises by lsampliagar pedionaf tbe siermeand slsmg B type
suppressed as far as possible by a nethod of, fo

visepamgiee, TSreomeaayraieant efghe eiscorty & grefeprﬁbiyscarrled out after the
preferable to stop heating and put the |id onr%

slurapisstigiedy e Specific %VIlthIStcwéCLﬂ@t@@ew S@W@éﬂ@ Agprtiemef the slurry,

mepieg e?syr%'aé%r Tvaldme rﬁwﬁﬁ Y eC'f't‘fﬂﬁvo&Lgne'

M%@ﬁe%&%@ uﬁ?]ffyw%os@y tsrpeec k?le‘ﬁ’ I;,ge[ §|gg§,i fing s
coﬁasqt?%@ns%aefr 5 558k A SRR DR B & i s Buever i
g F‘J’T@f But MEnTBRAPS; itdRaRl of WAl dffites. not

ong as the speci
vi SC@ébﬁé’elﬂfaﬂd?\els?ﬂnltgHéﬁ Ifedhd tHa Vbﬁﬁrlfé}i&géﬂ Wéter ahge.

However, the storage tinme is preferably 30 days or
subB ﬁésseﬁcﬁsefap%gf[ﬁfs@tﬂléf b? HResho®bf, |f@ﬁ§xarhﬁléal3ﬁﬁ)pﬁrﬁgéheatlng.

pr oduct ivity of the cafalyst becomes hi gher as the

CaicpeRYe it i6 preferable 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™ t0 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 10-4 to 7.0 x 10-4 n2/s is dried (step (b)). For
drying, a device that can dry the slurry in a short
time 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

timsr keannags §ha®C t o 500C, nore preferably 130C to 400C

furthernore preferably 140 C to 350 ,C. The_drying.ti
i s nbtthearrepent areRtion.ithe sbHTY Raveg dhe specifig Wiscodity in the

et é%ﬁ%‘%@? efngﬁﬂ{'tﬁi AR et EPE)@@?@ Fhtdge that
ca el 0ty il Portsi e sheft ab et Bt ulboRE s iy cver
U MR Y o g B e
hoRBUEE fs %}ei’e?atf[g‘% bBegys '5%)'8356 f l;rﬂﬁe rbfRfahiplienrel toldnesC,

obtained”i s calcined at 500C, preferably at

furtfifimicPe rabip@462CCig@d on. | Therdhimgrtirhy i€aot paticokily
under 5 the tlow of oxygen-containing gas such as

limite, ROREGET, tnglBrefbibly Doms@tond i’y 10 gasuteEhmore preferably 0.3
calcination tine is ordinarily 0.5 hour or nore,

sepoed &y Abhiviutest o Dinaos rsefersblgrcarted put theithecatantythat the
produced, the calcined material obtained by cal cining

watérecantésicofithe elriedl matariad to benmtitdined hesamesyless thas akdby
however, it is preferable to previously nold the )

masi edValer epntent ahthe Aked paaterALCAMbe mFaRos okl Kel Moisture
t hus obtai ned. The nethod of nolding is not

Teplgr by samping 2 paiticddefdhd  vari ous nol di ng net hods such

o2 BB Lol 1% SHL IR BB SeRnaRt oS5 9L
S0Pt R B B LIty 200 s BEdey Bl 'cBfred out under
ind B0 o L QIR SIS B 8 B gas
Th@'l%laﬁgt%r? ﬁn%%%?rdiﬂ&ﬂr ¥lhafct n‘i\@r'ec_tﬂ;kgéf@%tﬂ q tod h6drs.

sol” and al umna sol; dnd inorganic fibers which

rep U e aecaanl Labaucantngashard titeramotined o
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 inarganic fibers which include whisker, glass fiber,

and carbon fiber may be properly added with the view of producing molded

~X
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b2
1]

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 catalyst t hat can
artiglesdo@dnget unitar seecific guifaceatgs. Pprevalusas and pore

produced by carrying oqut the above-penti oned h dure
distibiiisy inga0s reprehesaiity. lr‘ﬂproyiq& WEGHR a*oﬁh engfh of the molded

aﬂkﬂ%ﬁghrmﬁéﬁb% O é@fﬁiﬁ b fcﬁ%ﬁc §§{C‘§e B diharuper 'Sff?"ﬁted
A o T T P B e s
Spe"z&ﬁ? 9% Hg)ga’tal ethg%%?grcfcﬂfce%ﬁfi%rﬂ&acid in high

met h rou cata

yieht bgﬁ'b'e o@fjcé‘?bg ff?,)r‘?g{ ﬁuWhE%H&’tb%éhﬁéné’d%&%bd@Ye is not

usi ng e cat e present 1 nvention t hus

cléé?trﬂivV@\%rV\i't d R,%uﬁ%éﬂ Mt e mﬂerﬂmbh%té@fﬁtfﬁ‘@%tﬂ%&r@bﬂlremhich
oxi dat i on’ (herelnafter al so nerely expressed 15 as

furic@ieft iRhntddR UEBWNARS-Siedeat dthYtic *ixid iwsit reaction of
nmet hacr ol ein and nol ecul ar oxygen 1is contacted with

mdthecroddialbesbormed ditmar tHeyspexifiaatesityr efdbeslury I indhe
with the catalyst is used for the reaction.

foregdungt speatfifled rasmgeul ti t ubul ar reactor is used.
Concentration of nethacrolein in the raw gas to be

usedNext, tthe methodifonprasiusingmethadryiceagifd d TQWS -phase
however, it is preferably 1 to 20% by vol une,
calalytic @xidlation, obmethacsiejn wﬂhdnql@%”a{/ OHYgEHEY U‘ﬁh’é? Tﬂﬁ&'\,&atalyst of
th | t t of
ind Figeer fwg'ngaaﬁﬂggz&ﬁwmg%ﬁgmt ca” B dohyges
LS 45l HE o A TR STl orcee
o L B B B A AP o

is E@qtécte%@vﬁﬁ fFFéScé}}é l eO?(fanHISIh? gfbé{ﬁrairegﬁfor ftlled W|th_ the catalyst

acrol ein, par icul ar

is g%esmurztpﬁgégﬂoﬂmrIﬁ@thfrlaﬁPlaeﬁiﬂllitﬂﬁb@éyg@ébtbﬂlstdb%dr aw

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 methacrolein.

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-efiriched air can
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i ndustrially advant ageous, however if necessary, pure
oxygen-enriched air can 8 be used. Further, the raw
gas is preferably diluted with an inert gas such as
ni trogen or carbon di oxide, 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
bepussickr drhezothet awiGaxCs preferaplvedibites wWjthzspinest garpetich as
_The contact time of the raw gas with the catalyst is
nitpegdrepapapon dioxige 18tegBt GMdRe likgre preferably 2 to 7

\?ff:fmT%%' r@ﬁE)ﬁ(ﬁ(g/q? qufe%ﬁ@eﬁge};” %}@ﬁ%ggggatﬁ{pe%gghﬁipgég%éqg 5 atm,
MRl 8bl o SR LEN B SSHB 158 SHBand TSdePLLgn fgperature
s RIS e 2o, BRR ARl g8 el dr o g et tme of
nERMEEEL, O ABVERL ARIFPL 8.8, LR o fethdby 2
tofeddedisas follows: 15 Conversion of nethacrolein (%

= (BI'A) x 100; Selectivity to methacrylic acid (% =

(G B) x 100; and Per pasgamiel@sof nethacrylic acid
(%9 = (CA x 100. In these fornulae, A represents

ol e HaraheiftepftheRrbeataheritichwill beeexplaBedapitie sefatence to
nol e nunber of methacrolein reacted and C represents
Exaphsie2 Gnaubbep acdtivedE xeaapidsi ¢ Taei teérprpddtin the Examples and
Exanpl es and Conparati ve Exanples, viscosity (kg/(mns)
Carhpatadivedxamplesaseanmpansd byynass.y pauanidative eaglysis efrthe
sampling a portion of the slurry, and sufficiently
rawtgas am@ thenprashists werR eatrigdseifriégngas chomaiagrPhy.
constituent. Specific gravity '('kyF/ nﬁ%q of the sl ﬁ{lre/
Comersiancalithe saviyetsarineing Salestivity wrans Pereassyerq,pt{he
: . i . K
prgg@étg{;]lﬁg’l e ?cn%VOg %gd%ﬂ&d %g(i{olllgv?s:nass (kg) and

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

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

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

In these formulae, A represents mole number of methacrolein supplied,
B represents mole number of methacrolein reacted and C represents mole
number 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 (m?) 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




10

15

20

25

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
dividingithauviscosity (kat(er-spdintheispesifig/asavity §admry Wilater content of

confirmed with XRD. 5 Exanple 1 To 400 parts of pure
theygried matenalysas Megsurgsd yibdRIhMoistasg iesterz. 3 parts  of

O TR SN, A

of Rl P Rt RH TR 6 RGP AL WESKRBant 11 cui d vas

Led to 50C and 37.4 10 parts of 29% by nmass aqueous
Ex§m%?a was dropped to it and stirred for 15 m nutes.

Subs¢g H@Bye&&s & mpL %étgg 1?1? @d&ggfrr{ﬂgwgfd%ﬁehwrf&%o%, Q\‘/\% parts

parts o esium nitra pure water

of g]swﬁqafsg eiqgjle@ue pmsghﬁﬁc faegj, t:hgz %ngtoe%aﬁgdauﬁbb@m@xwe, 0.9

urry. The urry was heate 1 C and the

pafANeBPhERLLIAE, 1S 03t patted irohi dxéde Weré tadwed =sid stiredl uder
t he begi nning of the concentration, the viscosity of

reftuxecdiiditianyfor &asodts 03 Thig/résuitant ligbkl wae cobled r&6AC gnd 37 .4
was 1.25 x 103 kg/ nB, and the specific viscosity was
pafls 4f 28%0bp nmessaquEte st ampemid wae drappee pe itandlgirc for 15
during the concentration, and heating was _stopped and
minktesc o Subaeqaentlyn avedutiomoblaied bindissohving Pdbpants 9f egsium
the slurry was 0.70 kg/(nms), the specific gravity was
nitate & 10 partsed g wEteawas Wheprgsb g f pad\stiskeskior y Saigiutes to
4.5 x 10-4 n2/s. The tine spent for the concentration
obla=lWRirs. The slurry right after the concentration

1 S vl Pl 0155k BB RS A e
it \@%%n%ﬁgéc{ ofr%tt t?w%cpde;ggqe r@q QHH (ﬂti thé %(lnnéeg]nl{?at%w, ! 9%{:}5\@1@ O t%%’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 viscaosity 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
artivizis2PiusioBimin2¥oveBEsa)d@ied ab 375 (@ fyrgéhhaurs under &gk and a
rati o were abbreviated, and the sane hereinafter) and
compnsité pkidg tatalyst haingthe @0Mﬁ@§él%p1fM@an1%H®zVom§so gF€0.05
salt was obtained. 5 The catal yst was fllleqﬁﬁ
(oxygaeEnd imnatonis safigwere ahﬁt%'é%tesf andghyg sa Einaiter Jand
10% of oxygen, 30% of water g qd 55% gﬁ ni,t rogen
contaiingrihn S%@“ﬁa@%@%tef‘?ﬁ%m Adifs 61t Was cbRip e

Peac ol Y R LA bt a8 ey o o
e B 1R A7 o Py B BB gt et Bt bfidarl
(vo%.i}ﬁw ) s %&&&tﬁr@é@%’g lﬁt@th@“r%a% i PPé%?ﬁQwr 4045 HFA

S carri except t

(pr@ﬁé‘&r%”étftﬁé 'e8<ﬂ53 kg;éé&téﬁefﬁ\e“ﬁé%ﬂtléﬁﬁerﬁbéﬁéw#é of Zd5°Cheind the

urry was (ms), the specific gravity was

coﬂ-ta@?tlﬁﬁe]&% & GbB8nd afRfcdrig oaPeR feaetivh Serasjntiyesiging 3ndthacrylic
-4 15 nR2/s, to produce the catalyst of the sane

acﬂonﬂw el |§BId0W@|r$STablbe'S| ze nethacrylic acid. The
result is shown in Table 1. Exanple 3 The sane

Expmudedure as in Exanple 1 was carried out except that
the concentration was finished when the viscosity of
t he $hasanapm@dsse Ryl pMAled wapcariss ¢ wt@@ea{tha} the
was 1.60 x 103 kg/nB, and the specific viscosity
coBcatiaticn- waspnished whsrbheodseansly CAthe S4Tyovas hoakalins), the
SpeQRBREAYI WhBdr5A 1 TELBONT S e BRRGTYiESontH Wag 3 5 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 Exampie 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 107
m?/s, to produce the catalyst of the same composition and to synthesize
methacrylic acid. The resuli 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 107

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

11



10

i5

20

25

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 nmethacrylic acid. The result is shown in Table 1.
methagrgiascide Fharpralt 5 shawrihdaledcedure as in Exanpl e
1 was carried out except that the concentration was
ComparafeyExAew'a Be viscosity of the slurry was 1.50
kg/ (ms), the 5

kgl nth Y HoCS f%fpi Er%%%l% b YEade ot 83t ppt e
coé%;ﬁ{?glgﬁgfgast ﬁzgl?ﬁ%tal i I%f:thg e/:ist&_o%if;i g?ﬁggﬁp‘ﬁgﬁéi ﬁg\?ﬁ{g‘?gﬁ Q), the
sogdfiediay aP i 18; RERTE e dpeS iR RS o ¥ 10

R PR B2 T By SR oS Ree heiee

methadyic 468, KTheBesaR®h shews ReTablect Vi scosity was 2.0 X
10-4° nR/s, to produce the catalyst of the sane

Coffimasid EQanpmidt o synthesize methacrylic acid. The
result is shown in Table 1. Conparative Exanple 4 15

The $hewapiopededaraas imEExami ¢ waswasrriedrautezkcopt that the
except that the concentration was finished when the
condesdationywad finisbed minanytheads @sity ok Hig alugy was .27 kg/(m-s), the
specific gravity was,1.25 x 103 kg/nB, and the 9
spegitic gradtywas 4535 y 18a&adnd anditbespesificsviseasity g dd x 10
Lhe catalyst of the same conposition and Ctl'g?os‘é‘qt hesi ze
m*/ee o REPYUGcthegalalyshel thesame FRMpRSeN 3NcripFitiesisg
anpl.e 4 In_200 parts of pur ter, 100 parts of
méﬁ%&%'ﬁﬁf’ﬁaréﬁﬁ%bf&ﬂ%sm‘gﬁ '@ﬁ@@% ﬁed, and to the
c resul bangésol ti40n, 3.4 parts of anmoni um
ORRHFY R SR 'C

The same procedure as in Example 1 was carried out except that the
concentration was finished when the viscosity of the siurry was 0.10 kg/{m-s), the
specific gravity was 1.25 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
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
copper 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
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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
fombinbersst i Tor the, reanitarkdiguicata S0@iathdbtaingd by digsolving 82 marts of

hours. To the resultant liquid, a solution obtained b
cedluss oittatagn 900 peatstaf polre wede \Was At ed@ad; stirmegofopd prginutes to

of pure water was added and stirred for 15 mnutes to
obddinad $lUYsl urry. The slurry was heated to 101 C and

e Per s oLt b arbeblall sBbegegte e
t s SHed Al the RESnndaiHeiBnbaatfor G idchst BY idstury

. ; . The. .
ol TR g sl U Bk 225 P b o
ARSIGRRET T 2A0SEIES FLSEE e eRab o o e
co)bc%ﬁtrétiér@ B &M TPwa Std i SRRE tHd SorvderfRfiohwABfinidhad

0-4 n¥/s. The time spent for the concentration was

witerPtHROWE SosithNE thé Ylurly Whebteskg/ein-d) thecspasid gratvitpivas 1.58 x

was dried with a drumdryer at the tenperature of
1030QEGn" Bhe thatspeciievistisitpivashe 3dv 1 @8 nis.er Thé titdeuspent for the

obtained was 1.0% by nass. To 100 parts of the dried
cametpirahdn waspghbthouos. graphite was 15 added and the

m xture thus obtai ned was nol ded to ring shape having

an olfther sludy aight eftenthescaneentiationwas driethwitba Gurpdier at the

and a length of 5 Mfmw th a tabl et npldiE%$nachine. )
temperatbrel of3801G c| the wraler epntanheldhaadnieccmpsialdnyg obtained

3801C for 6 hours under air flow and a gfﬂgﬁsi}e hit
wasil §50 bxtrapsst  Fal PR@Parso! doreostmaleriabs parts of graphite was

12P1. 5Cup. 1Vo6Cs1Feq. 2 gnd contaipjng the_structure

adiectens e Biue wanp psdiies Sadedist s SRk av e outer

.cat al yst filled . t ' !
dl%%@ﬁ%{g@‘d'i l\gylaﬁc’@ﬁl) glpeer dllanme err Bf5 rﬁrrn %ﬂg éqe)ﬁ’f;% gf8 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 composition
of Mo12P4 sCug 1VosCs1Feo 2 and containing the structure of heteropolyacid and
its salt was obtained.

The catalyst was filled in a reactor and mixed gas compased 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 resultis shown in Table 1.

Example

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 oc #tursanss provelxisarph én Exaaple drwiedacied excpept hat the

the concentration was finished when the viscosjty ?f
conhbentsation wasisisbedsviiay therdssosityef thesleimyiwagP &7 kg/(m-s), the

was 1.60 x 103 kg/nB, and,the specific vi scosit%s\gz;)shé 4
spgcific gragtyavasd/6d x(18° kadaucend the sRaciic YsCoFLY W 10

A N T R T
BB SEREER A EARRL B S L U oo
BB IS L i 020 ko m) ne

2P PR35 S8 a8 St epive e

the catalys _ e same conp _ esi ze
cofELNR&tAH Was Eﬁlls‘ﬁed%r{ BNk coSitySiTaMe siutryhels ©.26 ka/(m-s), the
nparative anpl e 6 The sane procedure as in Exanple

sphciBG Sty Wad 1031 xerdaRfim? hand tiespaene sistosityl was wes x 107
fini shed when the viscosity of the slurry was 1. 30

mkg/ t%ﬂ?bduéé‘ the datahpeof fhecsarhe\dompositiorlatid tsitBesize

kg/ n3, and the specific viscosity was 7.9 x 10-4 n2/s,
méthapryidwedl. t HEne egsallityis shofvntihelabden®. conposition and to

synthesi ze nethacrylic acid. The result is shown in
Corapamtive Hxeanpked 6 To 800 parts of pure water, 100

parts of nolybdenumtrioxide, 3.1 parts, 6 20 of

vanadihensarea pescetiire asdn & xamplerswar cgeigdhguhexcept that the

aqueous phosphoric acid
con%entrationpwas IL%inished when the viscosity of the slurry was 1.30 kg/(m-s), the
specific gravity was 1.85 x 10> kg/m®, and the specific viscasity 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 agueous 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 soiution 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.

14
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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 uffhersiuiby aiasdtediyd dd 80P iang the Gopaenisalivn wasratantegmwvhile
carbonate in 100 parts of pure water was further
it wa® piireel.t oAl thedbeginnioganfdhe copeentratism, 1o wisgasbsot e slurry
obtain a slurry. 14 The slurry was heated {o 1Q&EC an%
wash O dvgems}. 4b¢ shenifis asawit wasnll ¢ 107 ka(@s epectic

visspsitnwasi Upry 10 a0, onedpaREi e Hes kpebet | 35T ling tne
colgfa. SR Tns Sl sACu TR epl TR T
W9 R ST A0SR ST BB AR e 1
A AP EGR o R0195 b o
Coﬁg‘g”@?%&]}‘ﬂ’ag%@ hole tine spent for the concentration

ours. The slurry right after the

conc el Mir ighBaftal fhedcoMdehtratisnals dristwithta spraytdrger at
i nl et tenpera?ure of 300C and the outlet tenperature

th@inld2@mpefaRirvaif 800°C Gitdethe mftlet tempeiaturensit 20°61.  tTheswater
obt ai necP was 0.8% by mass. To 100 parts of the dried
comtdra rif dhe dAepandteriaoth ugraipthined wass0 8361 by raass.t hp 100 parts of
m xture thus obtained was nolded to ring shape having.
thadriedtreatedinb Pepasts of gmphite veas added agd dhemixture thys ebfpined
and a length of 5 nfmw th a tablet nolding nmachine.
washeolsctited N shape bRingtanueuishdiameler v odNeh 3k iRBgr diameter

380C for 5 hours under air flow aqg_ a co%osi oXi ed
of gl yastd &y Igngity of RANELYYIB S tabIG MRICINGIPREMNS: 2vHedrete

BRI IETE Xy Kt R T
oA P T o B R B e
containing the structure of heteropolyacid and its sait 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 107

15
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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
mdgnognbdate the vatalybt of theechrd eprripositidnsarab ta gyndhesine
slurry was 0.80 kg/(nms), the specific gravity was
meith88rykic BBl . k gVheBresaitids shewspedablecl.vi scosity was 6.0 X
10-4 1.5 n2/s, to produce the catal yst of the sane
Caropaedive ibomnaple 7t o synt hesi ze nethacrylic acid. The

resul.t is shown in Table 1. Conparative Exanple 7. Th
same THecEsie PECGRSIUTe apyia FRYBEHe Ra¥as SR s @fﬁm@?&g}]ﬁ? the

coppaERIty Was THRBeEI en MAlasensil Gl Sy whs D 25 k/(ms), the
eci fi i 31.25:x 1 ka/ . 4
oS BT 18R ke S A4z 00
Ty OB R e
me&ﬁ%@nﬁigta'g}’oe ERsRitds SAowhSn SaBR: ﬁrocedure as in

Was carried ouf except that the

CHRAPSRAVERLIpRpM@s finished when the viscosity of the
slurry was 1.30 kg/(ms), the specific gravity was

1. 41 relfink @rodbdurd dsif Exapfse b wayicanhal byt evaepltiiatithe
10-4 nR/s, to produce the catal yst of the sane
copoapwstidn wasdintkhed velyer thesvigeosityaifiibe sidriyowas i1d30 Kgrém-s), the
result is shown in Table 1. 16 Table 1 Specific “
spetiicaggatiyy whstihé! s’ kg/adraret teospsafiedstositywped.2 x 10
ass yield
m*/s, to pyroduce the catalyst of the same composition and to synthesize

methacrylic acid. The result is shown in Table 1.
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at the tinme of of to of

finishing the concentration

nmet hacrol ein nethacrylic acid nethacrylic acid 9 (%

(% (%
Exanpl e

10-4 84.2 84.6 71.2 Conp. Ex.

(m2/s) Exanple 1 4.5 x 10-4

2 3.5 x 10-4 84.6

84.2 71.2

180

84.2 84.9
Exanpl e 3
x 10-4 83.

71.5
5.5 x
5 82. 4

68.8 Conp. Ex. 2 9.0 x 10-4 82.1 83.2 68.3 Conp. Ex.
3 2.0 x 104 84.1 81.5 68.5 Conmp. Ex. 4 8. O x 10-'
TaB@. P 81. 2 68.1 Exanple 4 4.3 x 10-4 83.2 84.3 70.1
Exanpl e bs@e 83.869.8] Conp. EX. 5 1.9 x
10-4 - 82 6 5 gf pCo:E»e.rsi& 7. SSeledtBityy §2P8r pass yield
81.5 67 it)b " éyf4 5 x| 10-4f 86. 2 84 §a73.1 of
Exanpl e 7 6. 61 e 110186, 1 | idl fhedhSerfiic acid
10- 4 85|BiBBIGXNE 2ofcerDatipn %@ﬁa;%&sr%ﬂ ’ jid fndndbgic aci
71.7 1y \What igm’ghai med s f A net hod f’)or pr oduci %?
catalyst co I SkAg nol ybde angl p horus, s
_Eg:ae[ﬁﬁég r*rmmrl %nﬁb( a) pr Qhﬂrlglgg a-slur Ir:gj‘sgnmrn sj n?‘l%
Esampledst nol ylSoEendﬂ%and phospBdus |and &e¥i ng 712
fICVISC t Jmthe ran of 2.5 -4 tlo 7.
Eg%’ﬁgrlbls S5 %% c}j\or\l fiec i gr‘gglzf y bei ng_xs a val e (%1)(2
Captn- dxnég by d|8v0 dl‘lﬂg Vi scosi t§3h3aV| mg a &hft of €8.8
Cdﬁ%.@i@ﬁ by spedd fiyg+gravitly hayiing a unigs of kg/ nB; gga
Comp. Ex. 3 2.0x 10" 84.1 81.5 68.5
Comp. Ex. 4 8. Ox 10° 83.9 81.2 £68.1
Example 4 4.3 10" 83.2 84.3 70.1
Example 5 53 x10™ 83.3 83.8 69.8
Comp. Ex. 5 1.9 % 10 - B26 81.2 67.1
Comp. Ex. 6 7.9x 10" 825 81.5 67.2
Example 6 45x 10" 86.2 848 73.1
Example 7 | 6.0 x 10 86.1 84.7 72.9
Comp. Ex. 7 2.0 10" 85.8 83.9 72.0
Comp. Ex. 8 8.2 x10™ 85.6 83.8 71.7




(b) obtaining a dried material by drying the slurry
using a device selected fromspray dryer, drumdryer
and slurry dryer; and (c) calcining the dried nmateri al
at 300 to 500C;, wherein said catalyst is suitable for
synt hesi zing nethacrylic acid. 2. The nmethod of claim
1, wherein, in the step (a), the slurry having said
specific viscosity which is |lower than a target
specific viscosity is concentrated to the point where
the target specific viscosity is obtained. 3. A nethod
for producing nethacrylic acid, conprising: gas-phase
catal ytic oxidation of nethacrolein with nol ecul ar
oxygen by using the catagl f aiml1. 4. A nethod
for producing nethacryl?%¥§%f§wn%%ﬁprising: gas- phase
catal ytic oxidation of nethacrolein with nol ecul ar
oxygen by using the catalyst of claim3 18 5. The

met hod, of , Cl ai . _Wherein saj atalyst is a

conpost ¢ & et o sligficdiara Saletvel BofolShoisteedenymm an
piroepploorsy saidomefftod compridngsf C ai m 1, wherein said

cat al y j L '
and/oégﬁgtgnoé%ﬁ@iﬁ?ﬁéégpﬁgHé%t%%%iﬁgéﬁggagby%ﬁzﬁgﬁﬁphon$
3ikhaying §B?‘€Jf"é!§‘§ﬁ‘l’§)§(tm ithe E?"@Grﬁfé’sﬁ xdOoytpded x 10 m/s, the
srpuifRsast®itybeind e vhanld shhimgditgr divideng(Vigcosity having a unit of

VdXxeY>09 (1) wherei. R, Cu, Vand O
MBPRR ok Wt hev iR el RomBopper . Vanadi um
and oxppebiainieg paciedveatpriaboy @yngstoaisyirat udiegetdeyive selected
PbAEpRsy 8R/PCdrEm dRRMahaRIEHCYReF S Sting of
potassium, r ub|1$| um cesj u_nL%and thal lium Y
r epr ed6hedciging Pgregipaterighdnt0Lia RAEd from t he
gr oup warsinsddidgatdflyst is suitable for synthesizing methacrylic acid.

2. The method of claim 1, wherein, in the step (a), the slurry having
said specific viscosity which is lower than a target specific viscosity is
concentrated to the point where the target specific viscosity is obtained.

3. A method for producing methacrylic acid, comprising: gas-phase
catalytic oxidation of methacrolein with molecular oxygen by using the catalyst of
claim 1.

4. A method for producing methacrylic acid, comprising: gas-phase

catalytic oxidation of methacrolein with molecular oxygen by using the catalyst of
claim 3.
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iron, cobalt, nickel, zinc, magnesium cal cium
strontium barium titan, chromum tungsten,
manganese, silver, boron, silicon, alum num gallium
germanium tin, |ead, arsenic, antinony, bisnuth,

ni obium tantalum zirconium indium sulfur,
selenium tellurium |anthanum and cerium a, b, c,
d, e, f, and g represent atom c ratios of respective

el energ s; Thé’%@[hcﬁlj GFCIAin 1bwh§ré|rﬂsélbﬁt:aﬂa711]\.ﬂ¢s 8fcohipvRite okide
e of om0.01 to 3, dis in

t
?Q{EP’P%{H%@%W# Wiﬁ%’a%%“% gn%phgsp@prpﬁ the range of from
0.01 to 3, isinthe range of fromO to 3, and ¢

repre ntWShet ﬁetrﬁ}o%? Elaliy] thgfelﬂ§¥ﬂjeéhtglggte&§ﬁﬁl¥s fsoé structure

fulf| requirenen atomc ratio o
d?ﬁi%ﬁ’é’ﬁiya&%%@/%he?ﬁ@q{ﬁ%éa%f Claim 1, wherein

said slurry is dried at a tenperature of120Ct 0500C.

9. Th hod f C erein .said slurry is

or oA suomadiod g Pt S ¥afais fbgmipshe Siide
iepsesanied by reefotiowigdoshular(it):is dried to an extent

that a waterny &apgtt;%vb(e%get he dr(i gd material is less

t han BOI%%% mass met ho of Caim1l, wherein
said 41¥Biation is carried out under the flow of
oxygenMopRt @unV mgd g sepreské m malyistEn unt) eohiosphoras, cappet,

%fa 9 .Caiml, wherein a

cal ci nrét?%t%mt( #E]?%F%%gvﬁgws or nore. 13. The nethod

of O af mrresemertienss ang alemenrlselected iwen thegewp ¢pnsisting of
§6tﬁ65|u(na)rulm11uh?&5ésﬂﬁnté}ﬂi Fh'aHfu'hY and vaporl zi ng a

|
o o sl 3 1455) and diectiid SEeateH 180 s Urplf cgpoigting of
It@mmebalt uriekebfzifkd) Gragnesiig. cal:SumThEomt&mthtdarmlfn @itan, mhigmium,
gé@hnn%ﬂggné%éjréIV?F%%H %ﬂﬁowaélﬁfn num Ggafiﬁebgﬂﬂaﬁl%‘l tin,

duci ng conprising
pﬁ SsHRRIGsantyaeQy, ,{aéqrn@@ a@kpwm,stan@fum zirconium, indium, sulfur,

selenium, tellurium, lanthanum, and cerium;

a, b, c, d, e, f, and g 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.

8. The method of Claim 1, wherein said slurry is dried at a temperature
of120°Cto500°C.

9. The method of Claim 1, wherein said slurry is dried for 0.1 seconds
to 10 minutes.

10. The method of Claim 1, wherein said slurry is dried to an extent
that a water content of the dried material is less than 3% by mass.

11.  The method of Claim 1, wherein said calcination is carried out
under the flow of oxygen-containing gas and/or under the flow of inert gas.
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(a) preparing a slurry conprising at |east nolybdenum
and phosphorus and having specific viscosity in the
range of 2.5 x 10-4 to 7.0 x 10-4 nR/s, the specific
vi scosity being a val ue obtained by dividing viscosity
having a unit of kg/(ms) by specific gravity having
a unit of kg/nB; (b) obtaining a dried material by
drying the slurry; and (c) calcining the dried

materi g afhSRR AR élo@%m Whehetdin %qga‘ijciﬁﬁtoﬁlc}}fﬁ% is 0.5 hours or

conprises a structure of heteropolyacid an
H¥¥%r opol yacid salt; and wherein said catalyst is
suitabl e for synthesizing nethacrylic acid. 20

13. The method of Claim 1, wherein said slurry is concentrated in step
(a) by heating the slurry and vaporizing a solvent in the slurry.

14. The method of Claim 1, wherein said slurry is concentrated in step
(a) at a temperature of 50°C to 110°C.

15. The method of Claim 1, wherein said slurry comprises water.

16. A method for producing a catalyst comprising molybdenum and
phosphorus, said method comprising:

(a) preparing a slurry comprising 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 having a unit of
kg/(m's) by specific gravity having a unit of kg/m?;

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

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

wherein said catalyst comprises a structure of heteropolyacid and/or
heteropolyacid salt; and

wherein said catalyst is suitable for synthesizing methacrylic acid.
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