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1 METHOD FOR PRODUCI NG CATALYST FOR PREPARATI ON OF
METHACRYLI C ACI D AND METHOD FOR PREPARI NG METHACRYLI C
ACI D 5FI LED OF THE | NVENTI ON [ 0001] The present
invention relates to a nethog for producing a catal yst
for the preparation of nethacrylic acid which catalyst
conpri ses a heteropol yacid conpound cont ai ni ng
phosphorus, nol ybdenum and at | east one el enent
s eMESTHOIH FOR (FRODTOOPN COCATATYST FOR HRSBARATION OF
rubi dium 10 cesiumand thallium and a nethod for
MEEHACRYLIE ACGID WND METHOD FORPEBRARBY GAMETHACRYLIC
by such a production method. BACKGROUND ART [ 0002]
Hi therto, methacrylic aci dAGED ndustrially produced by
a method 15 conprising subjecting a raw material, for
exanpl e, nethacrolein to a vapor phase catal ytic

oxi dation reacti ' _ n. This method
uses a catal yst mﬁﬁﬁﬁﬁﬁ@}}%@gm d compound
W0i N hosphor.us and. nol ybden The vield of

(0§71 PresRnf vt st felasdS el BREUHEY foy BrayRinls R catalyst for

[ : used
b T R G e S e
héteﬁomﬂ%atcbmg)mwi*ﬁaﬁ{mg%ogﬁhws% mAGHREA R S d at least

het er opol yaci d conpound are variously studied in order
orfecelement \seldchbed fioni ohegpeas colsibting odpatassium| BObidium,

For exanple, JP-A-05-177141 discloses 1) a nethod for
cesiuodl woidhth adlihiet, emsha nyethiod forpatyating omethianiylie acid using a

phosphorus, nol ybdenum and cesi um 25 conpri sing the
casplygt obtaineg by fuch aptedietion methodont ai ni ng

phosphorus, nol ybdenum and cesiumto forma solid

het er opol yaci d conmpound, suspending the resulting

sol i d heteropol yacid ' r to forma

suspensi on, and thentgjﬁﬁ%N;a&%ﬁs sol uti on of

e . .

(0801 1 63TRAMALEn 1ok L AT SRR By imethod
coRi{ARSing WbjedtRid QWad Matewixl, Ter éfﬁinﬁ?é, Ghéthaerolafifito a vapor

JP- A- 2002 233758 di scloses 2) a nethod for producing a
plesealay alyticoxid idos yohdtben asofg meldvaday bxygemci dhis method

conprising a heteropol yacid conpound cont ai ni ng
uses a catalyst comprising a heteropolyacid compound containing

phosphorus and molybdenum. The yield of methacrylic acid in such a
method is largely influenced by the performances of the catalyst used (e.g., a
conversion and a selectivity). Therefore, the production methods of the
catalyst comprising a heteropolyacid compound are variously studied in
order to improve the performances of the catalyst.

(0003} For example, JP-A-05-177141 discloses 1) a method for producing a
heteropolyacid catalyst containing phosphorus, molybdenum and cesium
comprising the steps of drying an aqueous slurry containing phosphorus,
molybdenum and cesium to form a solid heteropolyacid compound,
suspending the resulting solid heteropolyacid compound in water to form a

suspension, and then adding an aqueous solution of starting compounds for
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5 phosphorus, nolybdenum and at | east one el enent X

sel ected fromthe group consisting of potassium

rubi dium cesiumand thallium which nethod conprises

the steps of drying an aqueozs slurry contai ni ng

nol ybdenum phosphorus and thie element X to forma

sol i d heteropol yacid conpound having an atom c ratio

of the elenent X to nol ybdenumof 2.5 12 to 12 12, 10
thenchtalidt eontdiRideh RO SIHUrHaGind] SRIERIEN A But hAGARANS o the

slurry which is separately prepared so as to have an
swpenson, lloved by iyl geandicakkihimgiandoiRNi2002 2863058 12

to 0.4:12, followed by drying and cal ci ning. [0004]
disclneee?) a mhethodtfar psoduding a trtalysé for the syntiiesis of

met hacrylic acid produced by the nethod 1) or 2)

be ackbewmprstng atheterapolyadid gompoynd;consaining i n

mg
Pl RIST A EBder gt PRSI AARe SIANSRE S peleetetrom the group
o PRy R Sl el S Frethod

| | .
coBERASE M1 S1oBS of RGBS RORERIS Rudhy S BN IR B,
pi¥spHoPls hAUGREl émbfit BOPfo?i & BoRd HltERM ofRici @ ESRPbURE

nmet hacrylic acid at a high yield, using the catal yst
hapringunestonyicthracicadiche eleimead Xofo nbbyltedsan of 2rven iten2 : 12,

[ 0007] According to the first aspect, the present
anhaddngthepheterdpalyacidomgdiot] toan pgodoas shhray which is

cat aéq){st for the preparation of nethacrylic acid
s ¥ Preparadetcaniiohgve pe alemiotatio ebbheplament X to

mBliHag of 1R %ﬁfﬁcg ﬁfﬂ]p:afé?? ﬁ?ﬁg"tvgg }Efo&%@ 384, calgining.
(o8] ey S The TaB7= s the Prar st ARV S6is
prodtded Bg%h'e rﬁgbhol?iai)dor'?t QbR ARV E e WG n%‘:@&%rﬁfga .

‘m X1 ng aqueous slurry contalning starting conpou

sadisfactosly hetenwaeiapehd seeraiyd i n which an atomc
ratio of the elenent X to

SUMMARY OF THE INVENTION
[0005] An object of the present invention is to provide a method for
producing a catalyst for the preparation of methacrylic acid, with which
methacrylic acid can be prepared at a high conversion and a high selectivity.
[0006] Another object of the present invention is to provide a method for
preparing methacrylic acid at a high yield, using the catalyst produced by
the above method of the present invention.
[0007] According to the first aspect, the present invention provides a
method for producing a catalyst for the preparation of methacrylic acid
comprising a heteropolyacid compound containing phosphorus, molybdenum
and at least one element X selected from the group consisting of potassium,

rubidium, cesium and thallium and having an atomic ratio of the element X
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5 nmol ybdenum (X: M) is from2 : 12 to 4 : 12, and
aqueous slurry B containing starting conpounds of said
het er opol yaci d conmpound in which an atomc ratio of
the elenment X to nol ybdenum X: Mb) is fromO :12 to
0.5 :12 to forma slurry m xture,
heat-treating the slurry m xture at a tenperature of
100C or higher, 10drying the slurry m xture, and
Rl B dMhirh TR M) 860 ¥ Xi2i£82 (1920931 MBS HIEpiRin fhe steps
second aspect, the present invention provides a ne
offor producing a catalyst for the preparation of
~met hacrylic acid conprising a heteropol yacid conmpound
cont annxing ppeopiscalusy Avbytademgsthstiagdontp dumha: ofcraed
el ement X sel ected fromthe group consisting o
hekerepelyand compenndnin sduchy anatemip aptip hthe elermenh§ tan

mgheplemira KM} 12 o & ek i&ﬂﬂ# gﬁﬂgg#%n@@m cttaining
o tigg o BRI i het SR bAsH Ao phahf B S ERERR, Rftinic
rit?taéf) }PJ%%H%& gg\%ol@&&lﬁ%l W %'P{ggl g{?)lg & 6.59M%%0 form

a SRR ALUuge, 0f 100C or higher, and aqueous slurry B
containing starting conpounds of said heteropol yacid

conpohigwt-tréatiiiccth ealuAtyofictuirdtat @ @inpdiatelest100°K éohigher,
nmol ybdenum (X: Mb) is fromO :12 to 0.5 :12 to forma
sl ur rgrydbgrthe tshoery miistuneg, ae sl urry mxture, and
calcining the dried m xture. [0009] According to the
t hi r dcaleinang the deiesk misirrei nvention provides a 4

repar ati on, of

[fphaessepite o H h%%é’ﬁﬁ%ﬂ?ﬁ%g%s Iﬁ?@%&e erHopRRISHIRS 2
mgrBAE Y SERRE At Pyal R e Rt bf piffapdE acid

cdiftp ST ThetHYpBlHAd Fampbih g UntiRiig HEL B, iiiyBllnum
afd a¢ 1(,5ast okt d18meént X delesfRidfromi {HOs1oAPionSidtthg bepotassium,

st eps of m xi ng aqueous slurry A contalnlng
nslndmmngesmnpauﬁ dhabfursaind hatieeano hy@aictr atinpdthecelement X
which an atomc ratio of the elenment X to nol ybdenum
to(neokghdensing (BiMp) of 0.5 112 to 2 : 12, saiddmathesbesmprising t: steps
containing 10 starting conpounds of said
Oif'leteropol yaci d conpound in which an atomc ratio of

N A R L MER I RCEE
hé‘&g&agraaidg&%péﬁé B Wrler laﬂrd't%n{ﬂ: ¥hHH Bf the element X to
molybdenum (X:Mo) is from 2 : 12 to 4 : 12 and which is heat-treated at a
temperature of 100°C or higher, and aqueous slurry B containing starting
compounds of said heteropolyacid compound in which an atomic ratio of the
element X to molybdenum (X:Mo) is from 0 : 12 to 0.5 : 12 to form a slurry
mixture,

drying the slurry mixture, and
calcining the dried mixture.
[0009] According to the third aspect, the present invention provides a



10

15

20

25

drying the slurry m xture, and 15cal cining the dried
m xture. [0010] The present invention can provide a
catal yst for the preparation of nethacrylic acid, with
whi ch nethacrylic acid can bﬁ prepared at a good
conversion and a good selectrvity. Therefore, when
such a catalyst is used, nethacrylic acid can be
prepared at a high yield. 20 DETAI LED DESCRI PTI ON OF
métfod PYENDRERNHLOR LalalfSeforahi ‘i)]‘}ef) QfathrPQPﬁie@Eatﬁglic acid

catal yst for the preparation of nethacrylic aci

congFaidigng hieferop 6l yRicib edihp biin @ ebh fin i phégsh @us gindlylsdenum
conprising a heteropol yaci d conpound cont ai ni ng

amphas pdest une alempehd Snhsele@eddnomathel grasp consistingnefipotdssium,
sel ected fromthe group consisting of potassiu

ruhitiuin uegsivesant thallivzh anid havingrat htorpicagénof the element X

i nventjon, e catal yst _may conprise a.free .
twp@ﬂwiﬁmiﬁd o0 55112 612 2 1R crainanerbpssampyising the steps
hese, a catal yst conprising an acidic salt (a
partially neutralized salt) of a 5 heteropolyacid is

¢ , | oo g 1.
o = TRESE DS sBERT A Sin Gy $aPnRUoRHolidsnf shid

h&b%ﬁdl?%mcohiﬁmﬁﬁi fif OB 861 HoRIETPRHE Bf E108 glenbefit R0
the ‘catal yst to be produced by the nethod of the

mplydsteniun (XVIb) @ frbnr 2 hap teant B2 nhd/ agesbhusBluantBajontaining
| east one 5 el ement selected fromthe group consisting

staftingppampovadsafisaid hetéropolyacitbecompound we whibh smuatomic
iron, cobalt, |anthanum and cerium (hereinafter

ratisnel theee emeing % to madgbdenwmdXcMy) Js froop07]127t9c0.5 : 12 and
et er gpol yaci d conpound constituting a.catalysy to b
WEF%&&?tWe?W@ Het FUPETALURE Ot rlbg e‘gt‘:’ribﬁgﬁ?ﬁ X%ﬁ’rﬁlﬁ SZH’FTY

atonic ratio of the element X 10 to nol ybdenum (X: M)

mll’ﬁtuﬁe’rage of 0.5 ; 12 to 2: 12. In other words, in the

met ho‘ﬂ@%&@%?%qﬁﬁ“i’@tﬁyﬁ according to the

prese e ratios of elenents formng the

cat al ga3éinine 8N AP miHukbes A and B, which are
described in detail later, and a mxing ratio of them

[0816] sThé pbésenrdhveheon ean tpretvidee catadystfor ahé prepaitdtion of
el enent X to nol ybdenumin the 15 heteropol yacid
metinanoyhd acohsvithuvhieh mbthaceglic acgcaaabepyepated ati a good
t he range descri bed above. '1{&1%013] The het er opol yaci d
conyepsigndantha geod salectivifye s Thigeefoze.awhen sugh igecatplystdvysed,

by, t he,.nmet hpd of the present .i.nventi.on preferabl has
mETRARTHE GHEAR b REEP Seat & HiEN gldy | d

DETAILED DESCRIPTION OF THE INVENTION

0

[0011] The method for producing a catalyst for the preparation of
methacrylic acid according to the present invention produces a catalyst
comprising a heteropolyacid compound containing phosphorus, molybdenum
and at least one element X selected from the group consisting of potassium,
rubidium, cesium and thallium. In the present invention, the catalyst may
comprise a free heteropolyacid or a salt of a heteropolyacid. Among these, a

catalyst comprising an acidic salt (a partially neutralized salt) of a
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20PaMbbVelLY. O (1) wherein P, M and V represent
phosphorus, nol ybdenum and vanadi um respectively; X
represents at |east one elenent (elenment X) sel ected
fromthe group consisting of xpotassi um rubidium
cesiumand thallium Y repreSents at |east one el enent
(elenment Y) selected fromthe group consisting of
copper, 25 arsenic, antinony, boron, silver, bismuth,
hétePbpol §884A ik preARhbR) Wi ea tady 4 tWdim Hki SiBRT 45 &6idSc salt of a
oxygen; a, b, c, d and e are nunbers satisfying 0<a3,
KegdinZtypthdibrapdlyadidris indre pieferablk. x Preferably, uhe
det erm ned dependi ng on the oxidation states of other
hetieeopolyacid @nipBad] coduntingtheocathlystrso bedrodnced by the
producing a catalyst according to the present
meflvechof the prasest igventipnfurther gentains vanpdiapn, agd g least one
m xi ng t he arti conpounds, .of the heteropal yaci.d
CIEmdrLeciof e SRE gE0Th PR AE HELEDPSh AESC Hatimony,
el ement X, t0 | ybdenu Xy Mo i s adjusted i .
oS Eiver pistp b RE SRl Codfftharg A WP AR
sojrr%eiﬁﬂleg'rEfers]tg’atswalérﬁeﬁﬂYﬁ')?us slurry B is prepared by
m X1 ng the starting conpounds of the heteropol yacid
[0022P OPRE habetopBlydicid forhPatnd koAbl tEng alda@alyst tdBe produced
el emrent X to nol'ybdenum (X: Mb) is adjusted in a rage
bpth®niethddof tRe presehd. inpertien Msyan Atcnicang® dff the eleth2nt X
to 0.3: 12. 10 10015] Exanples of the starting
toonohddetsie AXMobint airagegf Ot 1246p8ctli2ve lal henwaadsig the
the el ements constituting the heteropol yacid conpound
mietleod, frr predoginga icatalint ascordingtoshe presanbination, the

ra%iﬁ%%‘eﬁ’gm%ei% T aRdhe h?ca%%ﬁv%ﬁ ?ﬁ%ﬁégg“%pﬂ%%%” ata H) which
e gaBlcRal i 980 BB A AR B HPROSR S fbly agiusted
s ac]fagmh%%gge %abmﬁe %Péﬂi@ﬂ@ﬁ%@ﬂxﬁ%}lb;égggﬁm pilé C

ates such as amoni um te,
héfRkYHEI9 R @rtun dBdvRE@RNE ¢HY Asuliengedtdlpst 1s Within the
speci fic exanpl es of a conpound contai ni ng vanadi um
rangd deberibadatdioveaci d, vanadates (netavanadate) such as
ammoni um vanadat e (anmmoni um net avanadate), vanadi um
[0pBliThe betenopdlyan & héwppdadavhich wenptitetes the capalypt tabe
exanpl.es of a conpound containing the ele t. X )
prosicaddydheanetharbef the W%&}Wefwﬁﬂﬂ hagmthe fellowing
and Cﬁ?}i ym oXi dgl),ni trates such as potassiumnitrate,
CORBPHHAH AT Y cesiumnitrate and thalliumnitrate,

car bop%glgbsv%?ggas pot B@ZI um car bonate, rubidium
a a

car bon Siumc onat e, bicarbonates such as

wReF&HP, WIb %E.W%pg&fén% FhRePRE A2 REb1FBémTIhYiEd ggﬁadium,

carbonat e, hydroxides such ‘as potassi um hydr oxi de,

rdspbtively Ndbpeidigs atdestsondeloptndXeldenentdX) sidscteddom the

as potassium chl oride, rubidiumchloride, cesium
gifdupocandestieg sf potaskivanj cidyidivesi cemibmoand ¢halohme¥irepresents
i odide, and the |ike. Exanples of a_ 7 conpound .
atclsastipne alpmert @lement Yy selectadofromnths@roas epnsigtingof copper,
acid salt, an _oxide,_a njtrate,

a carpopaje,.a
AFEPRIGAIENERY horpny sifer, bismut%, 1ron, cogaﬂz?{anthanum and
cerium; O represents oxygen: a, b, ¢, d and e are numbers satisfying 0<a<3,
0<c<3, 0.5<d<2 and 0<e<3, when b is 12; and x is a value determined

depending on the oxidation states of other elements.
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[0016] Each of aqueous slurries A and B is prepared by
m xi ng the respective starting conpounds and water so
that the atomc ratio of the 5 elenment X to nol ybdenum
(X:Mo) in the respective slupry is within the
respective range descri bed above. [0017] In the
preparation of each of aqueous slurries A and B, at
| east a conpound conprising nol ybdenumis used as a
[09013] t AdhraBP ik flethb@ f@ﬁ%%ﬁﬁhﬂﬂ%ﬂﬁ%ﬂmgﬂwwe
a conmpound conprising the el enent is uSed 10 in such
prEsentinvdntidigthistle, agueous slaihoAds préearelddneniixdg the
nol ybdenum (X: Mb) falls in the range descri bed above.
stamingfcompoundsrofithe hxterdpoly i d codipounidsard water smthat an
aqueous, sl urry B, no_startin conpgﬁnd conprising the

atomugaatioxfithe plemeniXtoss auph X'Melisadiusted 1n a range of
oSBT 14 R S T R 08 s

0 A DRSNS
C(gl%&h?& %p%éii%é'gsﬁﬁﬂgﬁ gﬂét&%g Fatib of ?ﬁ%%’le\%&f‘{el{ X %ggﬁbdl% (Sienum

eous sl ur anoun m Xxe

CUMR b Mdfudted 30 aPaigesofy: YR t@05 PEZ, preferBBly iy rﬁ%\%@'&fO: 12
of nol ybdenumin the resulting 20 slurry. [0019] en

toamBh X& aqueous slurries A and B is prepared, it is
preferable to supply a nitrate ion and an amoni um i on

[0016h Examplesipfothet staftingeoinpoumdseach cohtaining the sespective
and a selectivity of a catal yst produced._ [0020]

elpment araong the plementscopstibating the detexspslyacid epmpopnd

.and, B, for 25 supplying the nitrgte ion, for exanple,
e i 58P G FILOH pPERIC aih 80 Chmot At pRPB Ry

: a [ $.nate J r ' t i t
bRt g ARG e BB B ek B AL Bxihptes of

| D : :

PO B U ATt nd
theslieTEpREIAD ditdrhpled of ANEHRIND MIA & 86rHANRNS malfHltnu include

hydr ogen car bonate and anmoni um acetate nmay be used as
malyhalivracid)melghdsmsrsueh dxemmdemithe naidybdatennedibdenum

containing the el ements which constitute the
oxide emopididensing chlorpde and the difke; apeaific enemyiles of 2 compgund

ammpni um salts 5 confai ning the, el enents i ch
C%ﬁg%msaﬁaaaflﬁémﬁ@@hﬁﬁp ¢ ackbvgsadates @%ﬁ@@anaéatq}éuch

nitrate ion soyrces and the a niumi sour,ces. re
aspomin Vahaate Cadmgnivin g ey ansdtaseh v AR A R pAde

. . AS, {4t ' t It L on

VSRR ACHRINE 2 d Spbabl S 88 of p chfpbut
containing the element X include oxides such as potassium oxide, rubidium
oxide and cesium oxide, nitrates such as potassium nitrate, rubidium nitrate,
cesium nitrate and thallium nitrate, carbonates such as potassium carbonate,
rubidium carbonate and cesium carbonate, bicarbonates such as potassium
hydrogen carbonate and cesium hydrogen carbonate, hydroxides such as
potassium hydroxide, rubidium hydroxide and cesium hydroxide, halides

such as potassium chloride, rubidium chloride, cesium fluoride, cesium

chloride, cesium bromide and cesium iodide, and the like. Examples of a
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10 [0021] In aqueous slurry A, the proportions of the
nitrate ion and the ammoniumion are preferably
adjusted so that 1.0 to 3.0 noles of the amoni umion
is present per one nole of the nitrate ion. Wen the
proportion of the amoniumion is outside the above
range, an effect for satisfactorily inproving the
catalytic activity (a conversion and a selectivity) 15

cdiEYolvd c@ﬁtaﬁfﬁxﬁ% ﬂgedel_eiﬂérﬁqi” BRYEAS AW g6 &id! &€ oxo acid salt, an

proportions of nitrate ion and the amobniumiron
oxXifly, Aaitrace Racdribonhads,| y/hydrotids antich hikefle may be

adequately set. [0022] en each of aqueous slurries A
[0on6] BEach pf apacads shule esiAxamd Boisderepated hy mivang thent

is not particularly limted and may be arbitrarily
respective s{aytiag] camp owedsrand soates so shatithe atpmicaratio of the

catal yst according tQ .present invention,. next,
elsqwéﬁi 3 FEﬁY§3W%06%%Z%§ﬁ§ |ra$n€5¢tlsfeasflgnm %?e‘&l.ti“i‘h the
lurries A and B are sel ected so

anmount s of aqueous
rqsng?ﬂyﬁga%g%ﬁ,g%crﬁéqqsgb%e.the el enent X to nol ybdenum

; ' er pel [ ' ' f@ nalyl
(oY e A SHEPRT kB o aERShs Byl A BRA B JR st o
cdrRfibdgd wﬁlg;r?éngmyﬁaeﬁm BTRALES £EtdRINDERRYSRR 6f the
the el ement X contained in agqueous slurries A and B.
hédeR2ddlyheid dbinpaured, iRl Aedmipoundreesiisiagithe dainehy X is used
for the preparation of methacrylic acid according to
int sechpar sendun nthexttthera toie ratia ef the elonent ¥ telmokypdenum
obt ai ned by m xi ng aqueous slurries A and B ) )
UMy daHafin dhe renge deperibed abeve. e (Therefereagihen thesatomig ratio
% I.,s _heat-treated ét a jenperature of 100C or hlqher
XiMpiisRed Dip agyeaits SR Bpstagme compaund cepuyising the

R A 0By B Bl GRS g R b
oy A BB e A e AOMGPAZoRbH i s

slokrids Aekd My be m xed with aqueous slurry B, or
aqueous slurry A may be m xed with aqueous slurry B
[0ghist Ml dnaexdieaigeheatertis eauallyaised dsewntdraiodseemiked @Ath the
or higher, or aqueous slurry A which has been
sthaetingtovesgieth ds ofthedmieratoly acid fcot@@nek inhihgherepadatiay of
be m xed with agueous slurry B which has been
eardnef aquepusslarmes AamsbBat amoupbof pratex giked is usually 1
[0025] I.n the second nethad for .prqducj t he catal yst ...
i 00 Diks T 5561 P3O0 DA N BB LBP Y Mo BB s Jesulting
the present invention, a m xed aqueous slurry obtai ned
1 Xi ng aqueous slurry A which has been heat-treated

o ¢ : . .
[R10%, Sk aRE OF e shilSech AU phbishoR M Preferable to
sUpP1§ornitRatEERBSId Hh amMowsiohdFoladie Viedpolneeflthe

at a tenperature of 100C or higher may be m xed with

imapreeusers of o yorlrestionada sebetiviigadf 4 catlpst ptodaced.
tenperature of 100C or higher. [0026] In the third

[Oﬁétr(r)ﬁ oBufrorg greopkepargtivhef eachlof agutons sheriesdpand B, dor
of 20 nethacrylic acid according to the present

supplying the nitrateden, fenexamply, aitric @@daﬂmﬁa mptrage spely as

SRS o VP31 B o, e
[ [ , 027

R AER Y o ATEEL (RS g Bomponn

FOF Eg]gﬁfgﬁllﬁ% ghg%ggrflgﬁﬁ% qbﬁ],gforr %x'éﬁﬁ)l@,r £25niaWME A A @nmonium

can

s
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25 achi eving a good conversion and a good selectivity.
[0028] A tenperature and stirring conditions for

m xi ng aqueous slurries A and B are not particularly
limted and adequately selected. The m xi ng order of

t he aqueous slurries A and may be adequately set.
When either 10 one of aqueous slurries A and Bis

al ready heat-treated, preferably an aqueous slurry

sa\gf‘js&é}x Baﬁlﬂ%oﬂﬁﬁﬁ'rﬁhgag{e/,e%gh?orﬁﬂﬂfgafc}ﬁnaﬁe,aaﬂﬂﬁfb‘fﬁum hydrogen

urry chis alre at-treated. en agueous

ca¥bbh dleen d atiifloBivah fcBite mhy DadisedeR an baAhBAIium ion source,

preferably, heat-treated aqueous slurry B is added to
besidwathe amaiduan sgks soslaining the ddbarenas widol cohstititesthe

A and B are not heat-treated, preferably, aqueous
hetpromoly&idcongueoid o Bugfeably, $ﬁa mitrates 40020 mepiwnrgalts

"heat-treating" neans_that a slurry is heated and aged
copaning she glerpents whehheonstityte ﬂi\#béﬂtﬁrep elyagid ¢pmpound are

heat -treating Sstep is pre ably from 100 to 200C
uSH S HCRUF A nrapgEeerAPd Ehe BpmOATR 407 AGUTERhoMoTs

10 n particularly limted. Usually, .an.aqueous
préferpBly. B, S mmonts 58 ampnouud i AE sk so as to

. .r o

aGUsCHENRIO MOt Lhihd G ISRt i By hotBe
ddiefibeAGeldwe i N the heat-treating step is usually at

| east 0.1 hour, preferably at |least 2 hours fromthe
[002 elvIai adueviusaslaniyad yidie pipoyiibis of thdaiteatealonsind the

produced, while the 15 heating tinme is preferably 20
arhumwnguny ioneaxe Prefenably adjusipdisatthat 1tthts P.Oadobssiofithy

of the catalyst. A pressure_in_the heat-treating step
ammopiua) 10p syesentipen enomplephthppirateiony Whandhe:

PIyRPEION ghHRe ARELGHER AR LS BUtSHIE R EROTEsFajudte A Gect for
sl ot B Hl B 0% AT S "R e e Sim EHIER Raectivity)
ma} W Btk dinRY \%ﬁ ; el Sty B{&ﬁ%?&iﬁbﬁﬁ@&lg B€the nitrate ion

reaction vessel an inert’gas s as nitrogen an
aliEthdlAinrRénitint frodl fay A premiaayantited| 40d 185, May be
and B are m xed, or when or after aqueous slurry A or
adegueately seburry B or aqueous slurry Mis heat-treated
éa ed) as descri bed above, a conpound contai ni ng an
(o2 ep@achiof wouegus shireissad autl, B dSprepayed; theuimaxingorder
C ound containing the el enent Y qg¥ be m xed,

of ¢@Eb seBpnent 15 pehpariaewarly hmitedsnd apbe arbitzariln et
(0FETE e Rel e heP i SR e 3L et Bhe mresemt
m{oFAPTHE: agpandt bty phdd BalRTROLEY PLARUEAS, Srie

anzbl&‘l'it'syof“ﬂcft%oﬁg Wufhed 8 Yn/a0B bﬁlé %efb%ﬁél\ﬁlfgo kﬁat{ D afdnhi@atio of

nmet hod Tor drying aqueous slurry 'S no

thpadémetnt & {oymblyt dendim dKMa) iretHoHeterpalviaridiesibtitiiting the

this art field such as evaporation-to-dryness, spray
firchlly olgtaibed catalgstyisng thedahigeof 05 yil2go 2ay1 Dby adkipigemto
A drying tenperature is not particularly limted
accorsf the amonnts of axpdyhdamin anat theoelememtiheonkined in

content in t&e resulting dried product is
aqUepNs SIS W’ﬂe@uced. Usual |y, the drying

(00 FFF T s e B o} BFO0EERE b garaveh o heguapavation of

methacrylic acid according to the present invention, the mixed aqueous
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10 invention, the dried product obtained by drying

slurry Mis subsequently cal cined. The cal ci nati on can

be carried out by a nethod usually used in this art

field, and is not particularfy limted. For exanple,

it may be carried out in an atnosphere of oxidizing

gas such as oxygen, or in an atnosphere of

non- oxi di zi ng gas such as nitrogen at a cal cination

slﬁﬁgrp&;t%iﬁﬁc?b Enbﬁ#‘%hh&ué@lﬁ%_ & 0in 8B (ireinafter, sometimes,

Préferably, the calcination is carried out by a

refailrbd 16 a8 hgWic00s shuirg Mpishemspreateal of aguingieratiyegd00°C or
or non-oxidi zing gas fromthe viewpoint of a catalyst

highee . followed ayeding land aldwngitep Threoagssousalpriysiagd/or B
the first calcination step which is carrjied out in an

may thedptadrtzeatedond aitempgrafawe H5d 00RE oxduigher priok ite Mmixgpe the

waBoe el a2 B BTSRRI e i has

as, used i he cal ci nation R~Ccont.ains_an pxidi zhn
bekarhe e renfed Ea P ma g dUDFC R i EheF ntd; B nbinl When
[ r

AQREASTREAY B0k Ay UBF; AUEPBBbeth AINEAE8 dfiry B
whRUhasBebP heX PtibzRed 4% adtefiitratuidf of O X00P€ or Eiglﬁhr,roﬁ?]ueous

pure oxygen nmay 25 be used, and it may be diluted wt
slafry AGFiicHafas hdenBsstranted dha tevmipd2iure ofd90REYr higher

optionally contain water. However, the concentration
maf; beaéxed withhaqueous sluery Bashich haubédnyheapseated atiae

or less. The oxidizing gas is preferably an air.
teoperiabyre of B0Q°4] ox highesn carried out in the atnosphere

ol i A S g
ofgntSylinarid Mcobfinech B HEBESt frdnsols AR HT adlkpus
slglgfyd'%)t indd ggﬁ']é]gﬂgg adBBos g‘é %?vg%?‘?la#$§ﬂeéﬁ‘ hkABtreated at a

cihati on ntal ns y no oxidi zing
teRp Gatdle SHEH0TS oPKYARA withfdeotis Skt B $s Qfiellthd then
non- oxi di zing gas include inert gas such as nitrogen,
cdailedn @hakedecodd®hidithvd pa@osvusadlarrylAsvhiioh-hasilsbieni ng
gas may optionally contain water. However, the .
heairireatediat otempevatvae of 100HE ondmglen niayi begmapeerd with aqueous
usual ly 10% by volume or less. In particular, nitroge

slyney Bswhichf kasibegn heatitreated ab afemnstabig ¢glYE or higher.

BB AT o 5 g ol g et B e P Aon o
meShagtLE i sttt 8t piibRRRH DS A BikiE agpeqys sturry
BN b piieills AR5k Uty Wb bs urty Kiwhich has been

héRY- freRtdd 80a ShRerafiftedfi 190°CrAAhighep B afie@dirAf thein calcined.
drying 15 is préferably heat-treated (pre-calcined) in
[002 74t Endlp hesthod ffoppredwding thasatulysiofor ake girep acatias ofit
a tenperature of about 180 to 300C. [0036] The dried
methauylicclidnoeddifg tr thir presgnbiyvérgiomtae produce acatalyst
desired shg&e such_as a_ring, a_pellet, a sphere, a
aghyipyingeq gasd comeensiqreandAggeodcseleqtiaty on or

RSB Sm d FESHEh  TRABEpa ore
oL BP0 B e e o s
o5 35 SRl SRSt bSO L, e

al so ammoniumnitrate. In particular, amoniumnitrate

Is preferably used since it functions as a
pore-form ng agent besides a
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25 nol ding aid. [0037] Preferably, the nolded product
obt ai ned by the previous nolding process is
subsequent|ly subjected to tenperature-humdity

condi tioni ng. Wen the nolde% product is subjected to
the tenperature-hunmidity 13 condi tioning before
calcination or pre-calcination, a nore stable catal yst
can be obtained. In particular, the

s
SRS s PG At el o s 1y i

is abrdidy itRge AR, baVEah hge@oas kluiris £ ¥adrB are botlralready
contal ner having controlled tenperature and humdity,

heart-tbyatedoprefgrablghedtatreatpd aqaemnis ddriyeBpsaadideddoand
hum dity to the nolded catalyst. An air is usually
heagdueatedanueoms shirnyel.g aWheneageequsslngries A and B are not

S okt ot 25803 oy Sl
o) B TP ReAE G4 BBEABE Hhein
BN, BT8R i Sh AR PESRRIPSF ot

fréff| RAHPEO, $hbre pRESIb]Y ForB00QE f50°COT ¥PREARHE method is
met hacrylic acid according to the present 15 invention

nt@mticaRE1¥ ligniséd®PsUSLaly, el abRenidsluest Bl dhsirgbdl it Aereaction
cat al yst - production nethod of the present invention,

veasel sichj &can mgteclaverpndribenaitared in fardosadstage sidple heating
consi sting of mnethacrolein, isobutyl aldehyde,

the sbwtnyaatea temiperaimwe weseribed abover o heptivg timedn thes
referred to as "raw material for nmethacry]ic acid’) to

heatgreating ster-1 wguallieat agh i Lhown Dreferpblynat [easha hours
resence of.su a catal yst . acryljc acid c e

BB IRE NPk i fp ara A T o S F ety BEpEuE ifle the

. . | - .
b P s Rably MMy P HGA Rk W oimt of the

pro8A4QlityRIFIRE 'i:&tdl?s@c | AphSssuetah iie PleGBRFQRIMY step is usually
charging the catalyst in a fixed-bed nultitubul ar

frémar t 0o 200 MPp prefergibdy Sitoad 0L Totc0@SONVPaur Sueh a pressure
cont ai ni ng oxygen and the raw material for nethacrylic

may ibe, achli¢vredUloph aawatea otapon psysstuamasudeso as, whidhuisgienedated in
bed or. a noving bed nmay al so he used. As an oxy

theslesed vesselby Wateveontaigedybthe aaupensslyxyige r\“&% thpabove
te}rﬂ%\lgga ltbt%:#&?lldé%&g a@rﬁfna& g , gtlg%u]%y%cé gdjuts?eed gytr %%s's%zqﬁé the
reaction vessel with an inert gas such as nitrogen and helium, or with air.
{0030] When aqueous slurrtes A and B are mixed, or when or after aqueous
slurry A or aqueous slurry B or aqueous slurry M is heat-treated (aged) as
described above, a compound containing an element constituting the catalyst,
in particular, a compound containing the element Y may be mixed, if
necessary. In such a case, it is preferable to add the compound containing
an element constituting the catalyst in the form of an aqueous suspension of

such a compound.
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14 carbon di oxi de, carbon nonoxi de, water vapor, etc.
[0041] The raw material for nethacrylic acid nay not
necessarily be a purified material with a high purity.
For exanple, methacrolein ma]%i be a
met hacr ol ei n-cont ai ni ng reacti on product gas obtai ned
by a gas phase 5 catalytic oxidization reaction of
i sobutyl ene or tert-butyl alcohol. The starting gas
[00BX] UnethEam 106 firprodciia CRtAAY stPhccoPdinFeio e pilesént
acid or two or nore raw nmaterials for nmethacrylic
in&ehtion| 8@dédusidlarreNL as enck ondiaviwmnbeat hehtedtthed dhed. A
preparing nmethacrylic acid may arbitrarily sel ected
metpehftryying ageedissluoty Muis natwparticatandy linvited,Gand a method
met hacrylic acid contained in the starting gas .
usyalbyinsed i this pat field mpche as gMaporasiamte-grenessi spxavedrying,

O T b kL G 24t o
o ORISR T B LI B 0ERa 4 50af cheVdf ten
RN T BT IR D YRR LIRS 46 g

te aeNistlbRefPhaRI30DPEL €), a reaction tenperature is
250 to 350C, and a reaction pressure is 0.1 to 0.3

[00B2] IMhdie metlind forerioduuiagda aatay steaccopdigigi tal thleqiresent
met hacrylic acid, the reaction is carried out usually
inyeuton cthedidried meoducthobithinedby dmyievgt slarioM i subsequently
i sobutane in the starting gas is 1 to 85% by vol une, a
ned. vipercalonatan canrha ¢amigdsowt by aznethod yyrallieused in
nol ar.ratio,of oxygen to jsobutane s 0.05 to, 4, a .
thip aglcficlds By not bavaculgrlydimited Bk axample, Hahak begarried
t.at e cti tenperature.i s 250 to 400C
ol i piBohdiel & SRR 244 $qhAs Oxlanr® o1 an Alilofohere of
. o I . v ¥
nd RS SRR, A nl R A CaRB o BPE AT of Momally

3002acé) RigheendPtéfersbla st @deina®iofBlcayadd Wae by a multi-step
net hacrolein is used as the raw material are adopt ed.

prioXédvAnEs hOR48phéiter ofl madizénig ghb er poaseditizimy gas fxwm ithe

expl ained in nore detail by
viewpoint of a catalyst life. More preferably, a two-step process comprising
the first calcination step which is carried out in an atmosphere of oxidizing
gas and the second calcination step which is carried out in an atmosphere of
non-oxidizing gas is employed.
[0033] The oxidizing gas used in the calcination step contains an oxidizing
material. A preferred example of such a gas is oxygen-containing gas. The
concentration of oxygen in the oxygen-containing gas is usually from about 1
to about 30% by volume. As a source of oxygen, an air or pure oxygen may
be used, and it may be diluted with an inert gas, if necessary. The oxidizing
gas may optionally contain water. However, the concentration of water in

the oxidizing gas is usually 10% by volume or less. The oxidizing gas is

preferably an air. Usually, the calcination carried out in the atmosphere of
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15 meking reference to the Exanples, which do not
limt the scope of the present invention in any way.
[0044] An air used in the Exanples contains 3.5% by
vol une of water (correspondi@g to the water content of
an atnosphere), and nitrogeﬁ used in 5 the Exanples is
substantially free of water. [0045] The catal ysts
obtained in the followi ng Exanpl es were anal yzed and

thg;bgéthighgé’ 2851 ElrrRiPout MR sthofill & '%“%2%’@%,%8? £h.ONA

enents constituting cataly

tefRePhtlredd the @ldhnviiondstap catbd dut Y the wRIRSpREte of the
X-ray analysis using a 10 fluorescent X-ray anal yzer,

oxZEXirRY pasiss hdualbnfifoar 860¢d 419°6] prdfordlsdy feoratidinte 400°C.
[0047] Activity Test of Catalyst [0048] N ne granms (9
[0634bThe von akidizinggas uheal gethé caloiratigrastep contains
m cro-reactor having an inner diameter of 16 mm and a
substantially gaoxidiame material suely as gxygeneSpecific examples of

TR A Y ko B o o A 4801 ot
R B R It L B ShGbfh Aer
Hg\%%{?&' t¥e Qn&ilrdtidn of ; t8r [ ird hBﬂ-d%z%?%é?ﬂé Q1% 10%

ur hace tenperature e tenperature o urnace

byeAdn{Opr a3t | W phbGcilas! Ritk 49 isGirefably Aked @s@ne

hour. Then, the starting gas having the sane
nowosidszihp @asas Tsually, tiescdlethdtion farriddcowt ietlod atmadphere of

the same space velocity as above, and the reaction was
thearat-axidizingtgas it garmed out imp thestreanodf B80oon Akidizing gas.
carrying out the reaction for 1 _hour froamthe re-start
A prmperatpge an ithe calgination stppscquzigsheutm the alapesn of the
was sanpl ed and angl yzed chr omat ogr.aphy, da._.
n OB oEgBE S8 eS geanLy Haun 4d R C. Rreler i i Aff thas0C.
yvlici.aciq (%. and a wie f t ha L [ :
lofiE5 Fid i afSllehebicl e, Mg hBed prdfhdndchny, 8ieF dryine
. ; f | e .= £ oxidizi
'8 %e?t géﬁ%l el eﬁ: trrggﬁzt egg ? (C_?rlo?gé&% net @g rglalglifen? foe)gsiﬁzn)l(g Bas ox
nolPOxidifAnk @AMt aSﬁixﬁ?_éﬂatthw oPhbo®t 186 tyB0g°@cid (9 =
[ (nol es of nethacrylic acid generated)/ (nol es of
[0686h &0l sied predatteshthinedOfef AAGHE nYagbd niéhded into a desired
shape such as a ring, a pellet, a sphere, a cylinder and the like before
calcination or pre-calcination, if necessary. The molding may be carried out
by any conventional method such as tableting or extrusion molding. For
molding, water, a molding aid or a pore-forming agent may be added to the
dried product, if necessary. Examples of the molding aid include ceramic
fiber and glass fiber, and also ammonium nitrate. In particular, ammonium
nitrate is preferably used since it functions as a pore-forming agent besides a
molding aid.
[0037] Preferably, the molded product obtained by the previous molding

process 1s subsequently subjected to temperature-humidity conditioning.

When the molded product is subjected to the temperature-humidity
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[ (Conversion of nethacrolein) x (Selectivity of

nmet hacrylic acid)1/100 5 EXAMPLE 1 [ 0052] Preparation

of Aqueous Slurry Al [0053] In 105 g of ion-exchange

wat er heated to 40C, 38.2 g ? cesiumnitrate [ CsNO3],

12.8 g of 75 wt % ort hophosphoric acid, and 12.2 g of

67.5 10 wt%nnitric acid were dissolved to formLiquid

a. Separately, 138 g of ammoni um nol ybdat e

cbRlitadiflp Heforde(HFENAHOR A IPrédal¥idatidinS aQh ¥R si!af[‘JléL edtdyst can
of ion-exchange water heated to 40C, f ol | owed by
bewdganttidng Ia. @ tiguddr, shutamper ariradanaititye cdiBiadhg is
therein to formLiquid B. Liquid a was dropw se added
cavrigd quit HyRxpliosing e moldes profiuchitonai atmesphieze havmg a
tenperatures 15 of Liquids a and B at, 40C to obta
tempesature|of r410>ﬁ0,01|00°ﬁ5r@1(bﬁ6ﬂ19@1‘f%h11@3d167 ofdPdp 80% for about 0.5

léﬁ tgon%erffé’a sghoruagkgqﬂ\i‘bdwm vanadlu gg%
CQ??%QEF hiavittg GG, %%igga@%ta‘%ﬁ B % b é\%mﬁ gas

b et e e M
19uEHANY ¥SBA Akl dh Qﬁhé‘sﬁiﬁejg?as%vﬁeﬁﬁaﬁ'ﬁg Wt the bbﬁdﬁmnmg,

acid were dissolved to formLiquid Separately,

wifife angneft gawemimhuas nitkydenteayt led ﬁséd/dr ate was
dISSO|Ved in 176 g of ion-exchange water heated to

[0038] el catelysbpredisgeshbly tlye mesliod of the presentrimvention
tavag&ua e therein to formLiquid b. 25 Liguid a was
ag VEEsion (A Bigih pelecEvityy When ahus used in the

pt[r%') nt n| n gg%ér?gﬁer a@g%%ﬁe%}‘qéb uhggteﬁgﬁg Qrﬁggfor
Tl I P R S L 1

r'um-con queous ry Bl were 1.5, 12

Or
e a e ST e arinpdne g P ah e Pl Gt prosent
inVerfiioie 018 pHises te MepnsWIpibdhbe el @tﬁl&%ﬁ'lﬂytt‘heOf
Aqueous Slurry Bl was m xed with the who

catalyst-production method of the present invention, and subjecting a

compound selected from the group consisting of methacrolein, isobutyl
aldehyde, isobutane and isobutyric acid ¢hereinafter sometimes referred to
as "raw material for methacrylic acid") to a gas phase catalytic oxidation
reaction in the presence of such a catalyst. Methacrylic acid can be
prepared in a high conversion and a high selectivity using the catalyst which
1s produced by the catalyst-production method of the present invention.
[0040] Methacrylic acid is usually prepared by charging the catalyst in a
fixed-bed multitubular reactor and supplying a starting gas mixture
containing oxygen and the raw material for methacrylic acid, although a
reaction system such as a fluidized bed or a moving bed may also be used.
As an oxygen source, an air is usually used. Besides oxygen and the raw

material for methacrylic acid, the starting gas mixture may contain nitrogen,
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quantity of Aqueous Slurry A, and then the m xture

was stirred in a closed 5 vessel at 120C for 5 hours.
Then, to the m xture, the suspension of 10.2 g of
antinony trioxide [ Sb203] anfl410. 1 g of copper nitrate
trihydrate [Cu(NGB3)2- 3H20] in 23.4 g of ion-exchange

wat er was added, and the m xture was further stirred

in the closed vessel at 120C for 5 hours to obtain
cA¥boROdivxitled) chybdd mokdxid)PtePubbs eapd Cal ci nation of
Aqueous Slurry ML [0059] Aqueous Slurry ML obtained in
(a0 ] pTheiraws netteyialvier wetlestrilic beft muy nét heveasardly bah
135C to evaporate water therefrom To 100 parts by
pweifidt mateniakbwithi 2bigh puuity, Fopeaxamplbs, methgvrolein may be a
ceram ¢ fiber, 17 parts by weight of ammoniumnitrate
nbﬁthavréelﬁaw@awn%egﬁtlo@mrpéﬁctes@&@tgm%bﬁra 295 please

cafavag p%?ﬁa%&%nﬁ?é%iﬁ*%f sﬁhﬁ&ﬁé‘ﬁége E‘?njéhm el

i .6 T i .
RrpneFRLRts@rd suil kaRleif SRnal BdTRral o e A Big acig or
S T St R BB A NG Lhem i1 an ai

stream at rs and then in a nitrogen

[G0423 aThatre4e@én tohdididdRWTIThen ool for %&bﬁhﬁﬁg mefhkerylic acid
[ 0060] Catalyst (1) conprised a heteropol yacid

neayndoitichrilssdlddoed dependingadn tise Rind bthweiay nedtenii for
ot her than oxygen, i.e., phosphorus, nolybdenum

meghaciylie acad contained éo ghe stanth g gas mixtwre; atme dFdrrexamaple,
het er opol yaci.d .conpound were 1.5, 12, 0.5, 0.5, 0.3

when rilﬁghaqre@e@ a$ noed s aaw matepiad, thecresctignds caryied gnt

cesj,um t.o nol ybdenum .4 12, The.results of _ . .

u§ERhY Py E8nditiores el et engoricenteationof melhagralein in the
[ QO I ati r n ue

st oel P mitERE e L Bt bR IRR P iR ditn QP HARS vavor
. Bl % ; .
TE SR AP SHRLES 4 dIatsSATGT BRPRE fo A ihAp IRl s, o
spaneerdlscity W 500 £b 5008 bst (Bdsed ontle £69H80st4ee)sS @l redktion

120C for 5 hours. Then, the suspension of 4.8 g of
temperainye is 26X ita 856M0, and agreattion pressuretis &t Eto 0.3 MPa.

trihydrate in 11.0 g of ion-exchange water was added

Bobutaneiscusadeas atrhw matexiabfovanethdorylbd acid, the reaction

.closed vessel at 120C for. 5 hours to obtain Agueous
Lsqarried out usyallynpdercongitigns gnch fhahacapcentaaiapof

isiobﬁtane in the starting gas is 1 to 85% by volume, a water vapor
concentration is 3 to 30% by volume, a molar ratio of oxygen to isobutane is
0.05 to 4, a space velocity is 400 to 5000 h-! (based on the normal state), a
reaction temperature is 250 to 400°C, and a reaction pressure is 0.1 to 1 MPa.
When isobﬁtylaldehyde or isobutyric acid is used as a raw material for
methacrylic acid, substantially the same reaction conditions as those

employed when methacrolein is used as the raw material are adopted.

EXAMPLES
[0043] Hereinafter, the present invention is explained in more detail by
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10 phosphorus, nol ybdenum vanadi um antinony, copper

and cesium contai ned in Aqueous Slurry A2 were 1.5,

12, 0.5, 0.5, 0.3 and 3.0, respectively, and thus the
atomc ratio of cesiumto noégbdenun1mas 3.0 12.

[ 0065] Preparation of Aqueous“Slurry M2 [0066] The

whol e quantity of Aqueous Slurry Bl was m xed with the
whol e 15 quantity of Aqueous Slurry A2, and then the
AR RINRRCE th thE Exlaiiles! RBED 46 29€Yindt theREofbf the
hours. Then, to the mXture, the suspension of 5.4 g
pRéseiittinientioh th @tyowagnd 5.4 g of copper nitrate
trihydrate in 12.5 g of ion-exchange water was added,
[@vit] Hen airatsedanvie Exampbes afritaieo3 50 bjeobime ef water
vessel at 120C for 5 hours to obtain Aqueous Slurry _
(omresy@nding 19 the ywater centesiof anaatinuysphier gl aadusitaigenrysed in

0068] A S M2 _obtained in th [
(e Egamileais aubHFTALN Hee of WAIPhn ai 1 at 135C Lo
{ t .ef T 00. ts b i ght
(BN BlrallRhe o R4 B e Sl B fmplod it hn lyzed and
e%gllpﬁga%fs%fm@gght of ammoniumnnitrate and 7.5 parts
Yy Wel g 0

I'On- exchange water 25 were added, and the

[0026]U A WA By < RE ARG tRdH (x?’ﬂd MSd18Re RS g&%tﬁ‘ﬁﬁ‘g at_alshst) was

cylinders each having a dianeter of 5 mm a hel ght

detertniiied bihan ARLifHa @utAlNeEh S MRirescdnt OUraf afAlystdsing a
relative humdity of 30%for 3 hours and then cal cine

flmpresdient X-ray gnalyeer,i Z8X Pranusdi meammisictia@ddy Rigaku 19
hours and then in a nitrogen streamat 435C for 4
Gegpexatian.obt ai n Catal yst (2). [0069] Catal yst (2)

AT deGivicnteshot atalidtent o ofher than oxygen. I e..
(GRTC N8 radin B ol a0 3 Ghthlvst Rite ABas RO NG 2 eia5S Hiaro-reactor
. , 4.,. '

h}%ﬁfdgg %Ren%{]:% d1aQni§tetrQ>f516 Bnp :ﬂﬂfiajstamrﬁgggg %I:%\{’%%d ?LP%% by

mc¢ rati o of CEsiumto no

veRimd RE i&hdbicled 1205 b%vbhrh@%tf nPle&dlladlok§hed 2179 volume
shown in TABLE 1. 10EXAMPLE 3 [0070] Prepafation of

of\guaersahuand 64% By &ohnde of fitrogen Yypidbakred h¥imAGHgous
Slurry Al and Aqueous Slurry Bl were prepared in the

nyathacrodenms asr, aseam aEdREézen, wa0fed] toRhepaaatorat aépace
Aqueous, Slurry B2 15 [0073] Aqueous Slurry Bl was

velockyef 679 k' cand adrepstion wag caxted owk aba dvrmace tpmperature

he suspension, of 5.4 g of antinmpny frioxide and.5. o

G eamAtyre oLa é‘“i"r%cﬁg’&Pﬁtf‘ér heatng @ﬁa “HF“?'S‘?#%Q’E)W;;}*&% C for
er _wasy.addgd ther.eto. Thereafier, the mxt.ure wa

o tBhug " THE B 1 gEUR e ns TR thEsame forkb gl 4bove was

féﬂ’f@fﬂb ﬁﬂ&%ofbsac%fjﬂ thfP%amd %ﬁ afd QQToﬁitE'aaIs' aﬂﬁ)v%f ah#%he reaction

nmetal elenents, 1.e.,

was re-started at a furnace temperature of 280°C. After carrying out the

reaction for 1 hour from the re-start of the reaction, an exit gas (a gas after

reaction) was sampled and analyzed by gas chromatography, and a

conversion of methacrolein (%), a selectivity of methacrylic acid (%) and a

vield of methacrylic acid were calculated by the following equations,

[0049] Conversion of methacrolein (%) =

[(moles of methacrolein reacted)/(moles of methacrolein fed)] x 100
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20 phosphorus, nol ybdenum vanadi um antinony and
copper contained in Agueous Slurry B2 were 1.5, 12,
0.5, 0.5 and 0.3, respectively, and thus the atomc
ratio of cesiumto nol ybdenum,was 0 12. [0074]
Preparation of Aqueous Slurry"M3 [0075] The whol e
guantity of Aqueous Slurry Al was m xed with the whol e
25 quantity of Aqueous Slurry B2, and then the m xture

Sty - : 0 120C for 5 hours.
[UT?ﬁ}er]] | S%-Iert %ﬂy’bf@n&}f’&%ghé’ QEREloPL

e m xture, e suspension of 4.8 g of

[@dlegonindth hexilideacdd gefleratedy (meRBRAmM EfHacRS1RIn reacted)] x 100
trihydrate in 11.0 g of ion-exchange water was added,

[GO5l]t Weeldi(ur e was further stirred in a 20 closed
vessel at 120C for 5 hours to obtai n aged Aqueous
[(§lomveysing of noethabradein) ng(Selectiaty ohotstbacuylic Agidbi160
Slurry M3 [0077] Aqueous Slurry M3 obtained in the
previous step was dried by heating it in an air at

135C t t t To 100 ts by 5
wei ght Oo??/?ﬁgrgrze\é\apfgdﬁmﬁi‘%}t?oby vvefthSpIy t

s arts wei of anmmoniumnitrate
[(gﬁ‘{oﬂ g?ge]%%‘gt%sfmbéfﬂg?ég%s %?“F%§gexchange wat er were
[ dm 308 %{ﬁggléﬂcﬁﬁﬁgm PERARH ﬁﬁ%mc, 38.2 ¢ pf cesium

extrusi on- Into yI I naers eac avi'ng a“di aneter

nitrate FTENOS, 112f89%@ht75®frt9§ oﬂfﬁqpﬂb@.ﬁﬁﬁﬁ@ M EHIDERDS of 67.5

were dried at 90C and a relative humdity of 30%for 3
witlh hitvicsacid tverbelissobverd teeforhy Liguidtcai beisarabely) 138 gof
air streamat 390C for 4 hours and then in a nitrogen

ammerinn malgbdatotetratyinate { NHpsdionOcad HeQb was3lissolved in
%‘8078 . Cat a}l‘yst (3) c}oﬁenpri sed a heteropolyacid i
1 e exshange @ aten heatadita 40° G hollpwedbyAuspeading 3.82 g of
ther. th [ -y h , o 15 | y. .
amaRi e FroRgte ROePREAReRLF ey FaiAdh " ifowida wes

A AR F oy i oeraces

| - T X i rati
ofFERj AR bCarWPB AP 40P o \ib (%)qﬁgous Qﬁx()x’\%‘ﬁ?ﬂlﬂﬁ {’_IA]%{%tolniuc ratios

activity test of Catalyst are s

oPRiiAINTbn eh t§,00 Iph &¥ptivana! inelylentih SPartadRl AidAdsium
and Aqueous Slurry B2 [0080] Aqueous Slurry A2 and

corpaared irfSAgneyuB3lwery A bweparldi] 12y 0tHand 3@, respedivelgsand
t]iu?s El)éeA mﬁczra%%dofﬁéﬁiﬁ/lpnﬁ Eo ?;1’1olryie)?lIt[e)l(ililtni ;/v(;ls %3'.0 112,

[0054] Preparation of Aqueous Slurry Bl

[0055] In 120 g of ion-exchange water heated to 40°C, 14.6 gof 75 wt.%
orthophosphoric acid and 13.9 g of 67.5 wt.% nitric acid were dissolved to
form Liquid a. Separately, 158.2 g of ammonium molybdate tetrahydrate
was dissolved in 176 g of ion-exchange water heated to 40°C, followed by
suspending 4.37 g of ammonium metavanadate therein to form Liquid b.
Liquid a was dropwise added to Liquid b while stirring and maintaining the
temperatures of Liquids a and b at 40°C to obtain Aqueous Slurry B1. The

atomic ratios of the metal elements, i.e., phosphorus, molybdenum and

vanadium contained in Aqueous Slurry B1 were 1.5, 12 and 0.5, respectively,
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[0081] Preparation of Aqueous Slurry M4 25 [0082] The
whol e quantity of Aqueous Slurry B2 was m xed with the
whol e quantity of Aqueous Slurry A2, and then the

m xture was stirred in a cl oiffd vessel at 120C for 5
hours to obtain Aqueous Slurry M4. [0083] Drying and
Cal ci nation of Aqueous Slurry M4 21 [0084] Agueous
Slurry MA obtained in the previous step was dried by

an@3hiudGhielatbothi@Raib 'of Bbsihav o hﬁalfymlﬁt@ yatar.
therefrom To 100 parts by weight of the %rled

[@038]uPrepdrativi 6f AjuvigBhney Merani ¢ fiber, 17 parts
by wei ght of ammoniumnitrate and 7.5 parts by wei ght
[@57]0 Ahexwhakecp axtityr of A quercar seltiery Baretas ineixed xtith ¢he whole
was kneaded and extrusion-nolded into cylinders each
qmantity of Agugaus Sluny Al randbien the mjntunsfwas stirrethia a closed

B SIS s e ol o o 0.2
i i ni . i i 390C.for., 4 ,h
of RRBRY Rokidf Tobdrd Lo 4 SR 0pdertiiins b ALote,,”
. 0 _ : |
[GREN0D,BHAOY3h 2B ot 160 IDh il Bl whd I AR A Hfe®
niRb@te ¥hSMRALSr QtRAEd 1 Ble 16L& Resdel Gt 120°CIBP 8 Mbrs to

nol ybdenum vanadi um anti nony, copper and cesium

obtaihalqesbus'Sluley Mt er opol yaci d conmpound were 1.5, 12,
0.5, 0.5, 0.3 and 1.4, respectively, and 15 thus the

[east Drymg andiCalesiationt of AgigtceSimmrydEl 1. 4 12. The
resylts of activity test of Catalyst (4) are shown in

(009 FAguepwe BRarysVILoddein e ieptreprayiows stagueandried by
hEpinEft 5 el A JOSHG tarinpyraie wiet PSR Th 1gparts by
PO RO Potdht iiasts By NReBY obeanc fe, 1 pagis by
weight of ammonium nitrate and 7.5 parts by weight of ion-exchange water
were added, and the mixture was kneaded and extrusion-molded into
cylinders each having a diameter of 5 mm and a height of 6 mm. The
molded cylinders were dried at 90°C and a relative humidity of 30% for 3
hours and then calcined by maintaining them in an air stream at 390°C for 4
hours and then in a nitrogen stream at 435°C for 4 hours to obtain Catalyst
(V.

[0060] Catalyst (1) comprised a heteropolyacid compound, and the atomic
ratios of the metal elements other than oxygen, i.e., phosphorus,
molybdenum, vanadium, antimony, copper and cesium contained in the
heteropolyacid compound were 1.5, 12, 0.5, 0.5, 0.3 and 1.4, respectively, and

thus the atomic ratio of cesium to molybdenum was 1.4 : 12. The results of

activity test of Catalyst (1) are shown in TABLE 1.

EXAMPLE 2
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[0089] The whol e quantity of Aqueous Slurry B2 was

m xed with the whole quantity of Aqueous Slurry A2 to
obtai n Aqueous Slurry M. 25 [0090] Drying and

Cal ci nation of Aqueous SlurryghM [0091] Aqueous Slurry
Mb obtained in the previous s?ep was dried by heating
it inan air at 135C to evaporate water therefrom Ib
100 parts by weight of the dried product, 4 parts by
[008 YhPrefarcaioandfAfudiis Shifrpait sndAquidu¥Bleity Bi
amoniumnitrate and 7.5 parts by weight of

[0062] e Agnange ShatryrA vand Augiceas Slodry BA wirve prepased in the
kneaded and extrusion-nolded into cylinders each
sameimgnaece antn EXAMBPL.Enh and a height of 6 nm The

P s R o 00, & et etive
4008 SR 005 Bl T P L5 o
THERSHL Syt 601 5 ¢ BPRRtmt A A Rliat AhaT TRLGEDpRy nitrate

tlglg?%atﬁ HRMANG § 75O ext Rl OWEYE wak ddedHBRFAROT YirerdSfter,

denum vanadi um antT nony, copper and cesium

tleontigturedy i stibeed el tHeoglobabobshel QM 20T fHES Botrd to 6Btain
0.5, 0.5, 0.3 and 1.4, respectively, and thus the

Agneons Shatry A The atomicoratidsydfoheumetd 1dménis) i.eThe
results of activity test of Catalyst (5) are shown in
phrogntpres, mobdyvenmar) wan SR 0 timpopIdppen apdregiwh

I on: exgchange wat heat ed to 40C, _ 38,2 of cesium
coptaingchin Aquaows Shury AR wege A dgBpifbhi &3 dnd

O T R BB 12
B . e yhas
() 2Py Bl AR M VES 8 0 T he 856 o
[00i663"TRA WHBl S Ruak P SR AuibaS g'lgng%i QF40 ﬁﬁ:géﬁ an'ﬁl the whole
ed t d Ile

[0094] Liquid c was dropw se ad o LI qui

quantity oA qacousShirey A2)anidhtheheheanatture waf stidrddiifls flosed
and d at 40C, and then the m xture was further stirred

vegsehat 128Hd forss belirat TRAC todhetmixturs, th¥esuspeRbionhef 5.4 g of
suspensi on of 10.2 of antinmony trioxide and 10.1 g

apmogyjatoxide ﬂadeﬁ.ﬂ% ofeppere nitaratestrih ydxsite iin 12eX gtodnge

. water was added to e, mxtyre. Thereafter, the. .

iof SXHABERALAtER Mracedarh il TRSCNRIOES SEs Garthemesirisd iy the
clBQH Sedst SP tl%“b Mg %%%rss %;cl)J (r)f)i}/aucl: ‘Aqueous Slurry M2.

[0067] Drying and Calcination of Aqueous Slurry M2

[0068] Aqueous Slurry M2 obtained in the previous step was dried by
heating it in an air at 135°C to evaporate water therefrom. To 100 parts by
weight of the dried product, 4 parts by weight of ceramic fiber, 17 parts by
weight of ammonium nitrate and 7.5 parts by weight of ion-exchange water
were added, and the mixture was kneaded and extrusion-molded into
cylinders each having a diameter of 5 mm and a height of 6 mm. The
molded cylinders were dried at 90°C and a relative humidity of 30% for 3

hours and then calcined by maintaining them in an air stream at 390°C for 4




23 [0095] Aqueous Slurry C obtained in the previous
step was dried by heating it an air at 135C to
evaporate water therefrom To 100 parts by wei ght of
the dried product, 4 parts b% wei ght of ceram c fi ber,
17 parts by wei ght of ammoni %1nitrate and 7.5 parts
by wei ght of ion-exchange water were 5 added, and the
m xture was kneaded and extrusion-nolded into
h6itd R@ReR#k mifdogw FrEARTRL£35°0f for MM kDHIGIH Chatalyst
of 6 nm The nol ded cylinders were dried at 90C and a
(@el ative hunmidity of 30%for 3 hours and then cal ci ned
by maintaining themin an air streamat 390C for 4
[G06M sCataiysh@% comperised a hgteropvlyeaid eompsandf and 4he atomic
hours to obtain Catalyst (6). 10 [0096] The atomc
rataey efsthefmetal elements ptharhancexygen; han phogphorus, . e. |
n@@@g horus, nolybdenum vanadi um antipony, copper. and
B NY 2 HEY L ATHANANY GODPST ARk ¢esjum conpaingdgn the

hetedppelydediemtngingd FERE Dotz S, 435 i, Shdiighively. and
ol S5 L e R Bea 0013, s o

a%hﬁw Yo of anetaf\4 &) SreSkewy iBTABLRS] Aqueous Slurry

and Aqueous Slurry Bl were prepared in the sane
manners as in EXAMPLE 1. 20 [0099] Preparation of
Aqueous Slurry D [0100] The whole quantity of Aqueous
Slurry Bl was m xed wi t tEEXAMRBEI® quantity of Aqueous
S uEr Al , and then the suspension of 10.2 of

| Rrepar

(0970 toni fAauepus Blurry Al aashhenesis Shrey Bl
T B R AT B S
S8 PSR RERAMBIIEYT . CUI0L2 St ep was driled by

10072 Peepraliinf ool ShPly B3, BVEPO BT ed

(073l Wefueotis Blﬁizmir BY Wl Sitére@linGLEIR8RE vEidRP bt 1?6"(8 361‘ 5 hours.

by wei ght of ammoniumnitrate and 7.5 parts

The offte saispieastotxafttan geofivai timh ong rteiogttieshnd 3t gtof@opper nitrate
m xture was kneaded and extrusion-nolded into

trihyydnade in 185y of ton-pychanticawater was aldeththarkta. hFhgheafter,
of 6 mMm The nolded cylinders were dried at 90C and a

thegnpytuye wamstinreq inrtheodesesh vessabat 5207¢for 5 hours to obtain

Aqueous Slurry B2. The atomic ratios of the metal elements, i.e.,
phosphorus, molybdenum, vanadium, antimony and copper contained in
Aqueous Slurry B2 were 1.5, 12, 0.5, 0.5 and 0.3, respectively, and thus the
atomic ratio of cesium to molybdenum was 0 : 12.

[0074] Preparation of Aqueous Slurry M3

[0075] The whole quantity of Aqueous Slurry Al was mixed with the whole
quantity of Aqueous Slurry B2, and then the mixture was stirred in a closed
vessel at 120°C for 5 hours. Then, to the mixture, the suspension of 4.8 g of
antimony trioxide and 4.7 g of copper nitrate trihydrate in 11.0 g of

1on-exchange water was added, and the mixture was further stirred in a
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5 then calcined by maintaining themin an air stream
at 390C for 4 hours and then in a nitrogen stream at
435C for 4 hours to obtain Catalyst (7). [0103]
Catal yst (7) conprised a het éopolyacid compound, and
the atomic ratios of the net el ements ot her than
oxygen, i.e., phosphorus, nolybdenum vanadi um
anti nony, copper and cesium contained in the 10
cIBEE B LORR] %8Q20°C TIPS HYr¥R6 Bhiait agkd AQueou’SRirr{ M3.
and 1.4, respectively, and thus the atomc ratio o
[008] UDriio gran § CRR¢inEtIvRS T Aqhiebls STaery BRI ts Of
activity test of Catalyst (7) are shown in TABLE 1.
[coavbARgTeMEs EhoaivPINE3 Dbt sinedindiheRreyiret step wds dried by
Fbterqulyac{d Cbngound S [0105] In 224 g of
hedlpng xcimman ainat d35He 40 evaperate water thexpivmceTb M0 parts by

whgs o e iet Fuatunf Dires e il o copainis Bt prtmby
O S
WA SRR a0 b Antin e RueRURR - SUPRARK sHRR 1

el chcRHaAifg ‘A@ﬁaﬁ{e@%ﬁg IO hhdisRUbEs it e

stirring and maintaining the tenperatures of Liquids e

maided aflidds ware ditied at Be° Tiandia eelwes ol ity of BOYEfr 3
in a closed vessel at 120C for 5 hours. Next, 25 the

heurspand then ohlcirt:dby) nodinsaini mgp tlyernrinoxwi dir stpebrhit1399°C for 4
of copper nitrate trihydrate in 23.4 g of ion-exchange
howtseana\sheminl edritxgenstream wted35t6doedfhars tolebtain Catalyst
(321 xture was stirred in a closed vessel at 120C for 5
ours to obtain a slurry. The resulting slurry was

(o7 5F CRIVERD SPmarisshefrhnSnei cmporg, nd the atomic
SR8 kol LR Al dyish L BBy
melyHiRMuIn OF 4104 diti iR MM BR Y, coppr anBRRSRHA C6fitained in the

nol ybdenum vanadi um antinony, copper and cesiumb5
hetenspilpad di conbiahardweky ady 1200R)WNE! B3weid1 Y, pesplétively, and

0.5, 0.5, 0.3 and 3.0, respectively, and thus the
thatsoiecatoutit gatip of essivm to nmlyyderammmwasd. 8: 12.12The results of

[01_081 Prepar at i ore of Aqueous Sl urr% E
activity test of Catalyst (3) are shown in TABLE 1.

EXAMPLE 4
[0079] Preparation of Aqueous Slurry A2 and Aqueous Slurry B2
[0080] Aqueous Slurry A2 and Aqueous Slurry B2 were prepared in the
same manners as in EXAMPLE 2 and EXAMPLE 3, respectively.
[0081] Preparation of Aqueous Slurry M4
[0082] The whole quantity of Aqueous Slurry B2 was mixed with the whole
quantity of Aqueous Slurry A2, and then the mixture was stirred in a closed
vessel at 120°C for 5 hours to obtain Aqueous Slurry M4.
[0083] Drying and Cal¢ination of Aqueous Slurry M4
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[0109] In 150 g of ion-exchange water heated to 40C,

9.48 g of 75 wt. % orthophosphoric acid, 9.03 g of 67.5

wt.%nitric acid and 20.1 g of ammonium 10 nitrate

wer e di ssolved to formLi quig g. Separately, 103 g of

amoni um nol ybdat e tetrahydr }e was dissolved in 220 g

of i on-exchange water heated to 40C, foll owed by

suspendi ng 2. 83 g of amoni um net avanadate therein to

[6qu(;14l]ﬂ éh%% i h?l rrloryét hgir?épl nesgl ni n%s t\ﬁQQ aﬂqu)y

hbetmgnain hﬁsalﬁfat Li3ged 46 egapofhte vaéte‘ﬂQﬁei‘éfr&ﬁt aI’IB 100 parts by

Aqueous Slurry E. The atomc ratios of the netal

welghteoft the dried prohuspigranss bywteiphicofcorandc fibeadl Tiparts by

contai ned in Aqueous Slurry E were 1.5, 12 and 0.5,
ammqqmmmteaterméﬁcﬁm artsduyi weightt ofionexolyange water

copp eS|umvvere all 0. Thus, the atomc_ratio

weore adde nw %@&mwaﬁd@e@dfé anzloe){t@qmp mpldedgnge

TSRS SR S b
P R A B P

hbQH Snd Re&h gaIc!i‘&e&W At hifk tRemdindaf bi b&i‘ﬁ”é(t 390°C for 4

trioxide an copper nitrate tri rate

hdufs n@the® ih grhﬁi«sgwmemtaﬂmwe mdpﬁoﬁl% ﬂ'oftfbtam Catalyst
m xture. Thereafter, the m xture was stirred in the

(8 osed vessel at 120C for 5 hours to obtain a m xed
sI urré The resultlng m xed slurry was dried at 135C.
0Cptalyst (1) oneinghseda heberopolyatid coipound apdthe abymic

of cera c fiber arts by weight of 26
Alsvront A MeLAl mends ?tlserptiwa«%smafgeﬂéigh{p phorus,
xchan ter were added, and the.m xture,
Wﬁ@ﬁfﬁ%ﬂ* nHARAEHR, %}Pmpae@nwan&ﬁqsmr@ nisined in the

hOREL8AcH A Gin@ webe TBEME P IPbI0 4ld § L Fepdfively, and
tHH ﬁﬁbnﬁfc 1%@16’ Qs I ol ?Bﬁeﬁuﬁpﬁ'ﬁs qad ¢h8ed Y results of

mai ntaining themin an air sfream at 390C for 4 hours

aetheity hedt dfiCatalydtr(apare shéwahaAABBEQ for 4 hours to
obtain Catalyst (8). [0113] Catal yst (8) conprised a
het er opol yaci d conpound, and the atom c ratios of the
metal elenents other than oxygen, i.e., phosphorus,
mol ybdenum vanadi um arEXAb%S pper and cesi um

(638 Sbgfpdaa'agwtrﬁ) b SFurreddcnd SERRSTRE? | ne
AT, RaLBbl Bl 25 BB e DAY SFonk i ennbi i T
sahBradners as in EXAMPLE 2 and EXAMPLE 3, respectively.

[0088] Preparation of Aqueous Slurry M5

[0089] The whole quantity of Aqueous Slurry B2 was mixed with the whole
quantity of Aqueous Slurry A2 to obtain Aqueous Slurry M5.

[0090] Drying and Calcination of Aqueous Slurry M5

[0091] Aqueous Slurry M5 obtained in the previous step was dried by
heating it in an air at 135°C to evaporate water therefrom. To 100 parts by
weight of the dried product, 4 parts by weight of ceramic fiber, 17 parts by
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TABLE 1 A oplication of Heat Treatnent Activit Test
Aqueous slurry A Aqueous slurry B Aqueous slurry M

Conversion (9% Selectivity (99 Yield (% Exanple 1)

Catalyst (1 No No 929

weight of ammonium nitrate and 7.5 parts by weight of ion-exchange water
were added, and the mixture was kneaded and extrusion-molded into
cylinders each having a diameter of 5 mm and a height of 6 mm. The
molded cylinders were dried at 90°C and a relative humidity of 30% for 3
hours and then calcined by maintaining them in an air stream at 390°C for 4
hours and then in a nitrogen stream at 435°C for 4 hours to obtain Catalyst

(3.

" [0092] Catalyst (5) comprised a heteropolyacid compound, and the atomic

ratios of the metal elements other than oxygen, i.e., phosphorus,
molybdenum, vanadium, antimony, copper and cesium contained in the
heteropolyacid compound were 1.5, 12, 0.5, 0.5, 0.3 and 1.4, respectively, and
thus the atomic ratio of cesium to molybdenum was 1.4 : 12. The results of

activity test of Catalyst (5) are shown in TABLE 1.

COMPARATIVE EXAMPLE 1
[0093] In 224 g of ion-exchange water heated to 40°C, 38.2 g of cesium
nitrate, 27.4 g of 75 wt.% orthophosphoric acid and 26.1 g of 67.5 wt.% nitric
acid were dissolved to form Liquid c. Separately, 297 g of ammonium
molybdate tetrahydrate was dissolved in 330 g of ion-exchange water heated
to 40°C, followed by suspending 8.19 g of ammonium metavanadate therein
to form Liquid d.
[0094] Liquid ¢ was dropwise added to Liquid d while stirring and
maintaining the temperatures of Liquids ¢ and d at 40°C, and then the
mixture was further stirred in a closed vessel at 120°C for 5 hours. Next,
the suspension of 10.2 g of antimony trioxide and 10.1 g of copper nitrate
trihydrate in 23.4 g of ion-exchange water was added to the mixture.
Thereafter, the mixture was stirred in the closed vessel at 120°C for 5 hours

to obtain Aqueous Slurry C.
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Yes 96 78 75 Exanple 2) Catalyst (2 Yes No Yes 97 77
75 Exanple) Catalyst (3 Yes Yes 97 79

23

[0095] Aqueous Slurry C obtained in the previous step was dried by heating
it an air at 135°C to evaporate water therefrom. To 100 parts by weight of
the dried product, 4 parts by weight of ceramic fiber, 17 parts by weight of
ammonium nitrate and 7.5 parts by weight of ion-exchange water were
added, and the mixture was kneaded and extrusion-molded into cylinders
each having a diameter of 5 mm and a height of 6 mm. The molded
cylinders were dried at 90°C and a relative humidity of 30% for 3 hours and
then calcined by maintaining them in an air stream at 390°C for 4 hours and
then in a nitrogen stream at 435°C for 4 hours to obtain Catalyst (6).

[0096] The atomic ratios of the metal elements other than oxygen, i.e.,
phosphorus, molybdenum, vanadium, antimony, copper and cesium
contained in Catalyst (6) were 1.5, 12, 0.5, 0.5, 0.3 and 1.4, respectively, and
thus the atomic ratio of cesium to molybdenum was 1.4 : 12. The results of

activity test of Catalyst (6) are shown in TABLE 1.

COMPARATIVE EXAMPLE 2
[0097] Preparation of Aqueous Slurry Al and Aqueous Slurry B1
[0098] Aqueous Slurry Al and Aqueous Slurry B1 were prepared in the
same manners as in EXAMPLE 1.
[0099] Preparation of Aqueous Slurry D
[0100] The whole quantity of Aqueous Slurry B1 was mixed with the whole
quantity of Aqueous Slurry Al, and then the suspension of 10.2 g of
antimony trioxide and 10.1 g of copper nitrate trihydrate in 23.4 g of
ion-exchange water was added thereto to obtain Aqueous Slurry D.
[0101] Drying and Calcination of Aqueous Slurry D
[0102] Aqueous Slurry D obtained in the previous step was dried by heating
it in an air at 135°C to evaporate water therefrom. To 100 parts by weight
of the dried product, 4 parts by weight of ceramic fiber, 17 parts by weight of
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77 Exanple 4 Catalyst (4) Yes Yes Yes 96 80 77 Exanple
5 Catalyst (5) Yes Yes No 95 78 74 Conp. Ex. 1
Catal yst (6) *1)
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ammonium nitrate and 7.5 parts by weight of ion-exchange water were
added, and the mixture was kneaded and extrusion-molded into cylinders
each having a diameter of 5 mm and a height of 6 mm. The molded
cylinders were dried at 90°C and a relative humidity of 30% for 3 hours and
then calcined by maintaining them in an air stream at 390°C for 4 hours and
then in a nitrogen stream at 435°C for 4 hours to obtain Catalyst (7).

[0103] Catalyst (7) comprised a heteropolyacid compound, and the atomic
ratios of the metal elements other than oxygen, i.e., phosphorus,
molybdenum, vanadium, antimony, copper and cesium contained in the
heteropolyacid compound were 1.5, 12, 0.5, 0.5, 0.3 and 1.4, respectively, and
thus the atomic ratio of cesium to molybdenum was 1.4 : 12. The results of

activity test of Catalyst (7) are shown in TABLE 1.

COMPARATIVE EXAMPLE 3
[0104] Preparation of Heteropolyacid Compound S
[0105] In 224 g of ion-exchange water heated to 40°C, 81.8 g of cesium
nitrate, 27.4 g of 75 wt.% orthophosphoric acid and 38.2 g of 67.5 wt.% nitric
acid were dissolved to form Liquid e. Separately, 297 g of ammonium
molybdate tetrahydrate was dissolved in 330 g of ion-exchange water heated
to 40°C, followed by suspending 8.19 g of ammonium metavanadate therein
to form Liquid f.
[0106] Liquid e was dropwise added to Liquid f while stirring and
maintaining the temperatures of Liquids e and f at 40°C, and then the
mixture was further stirred in a closed vessel at 120°C for 5 hours. Next,
the suspension of 10.2 g of antimony trioxide and 10.1 g of copper nitrate
trihydrate in 23.4 g of ion-exchange water was added to the mixture.
Thereafter, the mixture was stirred in a closed vessel at 120°C for 5 hours to

obtain a slurry. The resulting slurry was dried by heating it in an air at
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93 79 73 Conp. Ex. 2 Catalyst (7) No No No 80 85 68
Conp. Ex. 3 Catalyst (8) (Dried product) No Yes 90 73

25

135°C for 18 hours and the dried product was heated in an air at 250°C for 1
hour to obtain solid Heteropolyacid Compound S.

[0107] The atomic ratios of the metal elements other than oxygen, i.e.,
phosphorus, molybdenum, vanadium, antimony, copper and cesium
contained in Heteropolyacid Compound S were 1.5, 12, 0.5, 0.5, 0.3 and 3.0,
respectively, and thus the atomic ratio of cesium to molybdenum was 3.0 : 12.
[0108] Preparation of Aqueous Slurry E

[0109] In 150 g of ion-exchange water heated to 40°C, 9.48 g of 75 wt.%
orthophosphoric acid, 9.03 g of 67.5 wt.% nitric acid and 20.1 g of ammonium
nitrate were dissolved to form Liquid g. Separately, 103 g of ammonium
molybdate tetrahydrate was dissolved in 220 g of ion-exchange water heated
to 40°C, followed by suspending 2.83 g of ammonium metavanadate therein
to form Liquid h.

[0110] Liquid g was dropwise added to Liquid h while stirring and
maintaining the temperatures of Liquids g and h at 40°C to obtain Aqueous
Slurry E. The atomic ratios of the metal elements, i.e., phosphorus,
molybdenum and vanadium contained in Aqueous Slurry E were 1.5, 12 and
0.5, respectively, while the atomic ratios of antimony, copper and cesium
were all 0. Thus, the atomic ratio of cesium to molybdenum was 0 : 12.
[0111] Mixing of Heteropolyacid Compound S and Aqueous Slurry E

[0112] With the whole quantity of Aqueous Slurry E, 99.2 g of
Heteropolyacid Compound S was mixed, and then the mixture was stirred in
a closed vessel at 120°C for 5 hours. Next, the suspension of 3.53 g of
antimony trioxide and 3.53 g of copper nitrate trihydrate in 7.9 g of
ion-exchange water was added to the mixture. Thereafter, the mixture was
stirred in the closed vessel at 120°C for 5 hours to obtain a mixed slurry.
The resulting mixed slurry was dried at 135°C. To 100 parts by weight of
the dried product, 4 parts by weight of ceramic fiber, 18 parts by weight of
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conpounds in Aqueous Slurries A and B, the starting
compounds were all together mxed with water so that
the atomic ratio of cesi um;‘tp nol ybdenumwas 1.4 : 12,
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Application of Heat Treatment | Activity Test

Aqueous | Aqueous | Aqueous | Conversion | Selectivity | Yield

slurry A | slurry B | slurry M | (%) (%) (%)
g:?;’gslf G| Mo No Yes 96 78 75
g:?;?;)slf (22) Yes No Yes 97 77 75
gz:;l;;f (33) No Yes Yes 97 79 77
g:ﬁgﬁ;ﬁ &) Yes Yes Yes 96 80 77
Eﬁiﬁﬁiﬁ (55) Yes Yes No 95 78 74
Comp B 0 w | m |
o | No No No 80 85 68
o T et e | w | w | w |

Note: 1) Without distributing the starting compounds in Aqueous Slurries A
and B, the starting compounds were all together mixed with water so that
the atomic ratio of cesium to molybdenum was 1.4 : 12, and then the mixture

was heated.



10

15

20

25

25 atomic ratio of the elenment X to nol ybdenum ( X: M)
of 0.5 : 12 to 2 : 12, said nethod conprising the
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heat-treaing the slurry mixture at a temperature of 100°C or higher,

drying the slurry mixture, and

calcining the dried mixture.

2. The method according to claim 1, wherein said aqueous slurry A is
heat-treated at a temperature of 100°C or higher.

3. The method according to claim 1, wherein said aqueous slurry B is
heat-treated at a temperature of 100°C or higher.

4. Amethod for producing a catalyst for the preparation of
methacrylic acid comprising a heteropolyacid compound containing
phosphorus, molybdenum and at least one element X selected from the group
consisting of potassium, rubidium, cesium and thallium and having an
atomic ratio of the element X to molybdenum (X:Mo) of 0.5 : 12 to 2 : 12, said
method comprising the steps of:

mixing aqueous slurry A containing starting compounds of said

heteropolyacid compound in which an atomic ratio of the element X to
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calcining the dried m xture. 257. The nmethod according
to any one of clains 1 to 6, wherein said

het er opol yacid consitituting the catalyst for the
preparation of methacrylic id further conprises
vanadi um and at | east one ement selected fromthe
group consi sting of copper, arsenic, antinony, boron,
silver, bismuth, iron, 29 cobalt, |anthanum and
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)él dation reaction in the presence of said catalyst.
ixture,

drying the slurry mixture, and

calcining the dried mixture.

5. The method according to claim 4, wherein said aqueous slurry B is
heat-treated at a temperature of 100°C or higher.

6. A method for producing a catalyst for the preparation of
methacrylic acid comprising a heteropolyacid compound containing
phosphorus, molybdenum and at least one element X selected from the group
consisting of potassium, rubidium, cesium and thallium and having an
atomic ratio of the element X to molybdenum (X:Mo) of 0.5 : 12 to 2 : 12, said
method comprising the steps of:

mixing aqueous slurry A containing starting compounds of said
heteropolyacid compound in which an atomic ratio of the element X to
molybdenum (X:Mo) is from 2 : 12 to 4 : 12, and aqueous slurry B containing
starting compounds of said heteropolyacid compound in which an atomic
ratio of the element X to molybdenum (X:Mo) is from 0 : 12 to 0.5 : 12 and
which is heat-treated at a temperature of 100°C or higher to form a slurry
mixture,

drying the slurry mixture, and

calcining the dried mixture.

7. The method according to any one of claims 1 to 6, wherein said
heteropolyacid consitituting the catalyst for the preparation of methacrylic
acid further comprises vanadium, and at least one element selected from the

group consisting of copper, arsenic, antimony, boron, silver, bismuth, iron,
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cobalt, lanthanum and cerium.

8. Amethod for preparing methacrylic acid comprising the steps of:

producing a catalyst for the preparation of methacrylic acid by the
methbd according to any one of claims 1 to 7 and then

subjecting at least one compound selected from the group consisting
of methacrolein, isobutylaldehyde, isobutane and isobutyric acid to a gas

phase catalytic oxidation reaction in the presence of said catalyst.



