DESCRI PTI ON PROCESS FOR PRODUCI NG CATALYST FOR METHACRYLI C ACI D PRODUCTI ON
TECHNI CAL FI ELD The present invention relates to a nethod for preparing
catal yst for producing nethacrylic acid by subjecting methacrolein,

i sobutyl al dehyde or isobutyric acid to gas phase catalytic oxidation,
having a long -life, a high activitPERSRIFEBON as hi gh selectivity.
BACKGROUND ART A | arge nunber of catalysts for producing nethacrylic acid

through a g d%%%?% i i i b 1 ASIEPME de or
i sobutyric g%?d, aJgggggﬁﬁggﬁggggg%tﬁigﬁﬁﬁgﬁﬁﬁﬁgﬁgg%%%§§ts t%%?gg are

mai nl y conposed of nol ybdenum and phosphorus, and have structures of

het er opol yaci ds and/or salts thereof. The catalysts used in the reaction,
however, have low reaction activities, |low selectivity for the desired
substance, and short lifetinme, as conpared to nol ybdenum vanadi um based
catal ysts proposed for producing acrylic acid through a gas phase

catal ytic @g&ﬂﬁ %g@ gi gérolein, whi ch are known as reactions simlar to a
gas phase % Fgtion of met hacrol ein, isobutyl al dehyde or

i sobutyri id. dinaly, the . i f tal ytl f f

pobuLyry e oot d RSO AL Y BS MU ol eatoly U BeLLgranee, of
tilized. i r s fi [ t he i t

activi t1 st T 5 351 BoFi bE Py sk o P A T EonvanerGiarY gas phase

catal ytic gxidati-gncat aﬂyo%&gloala%pgrag&i QisRp@ld i 1a b o4nd, oyt Jfhate gas

phase catal ytic oxidation catalysts
catalytic oxidation, having a long -life, a high activity as

well as high selectivity.
BACKGROUND ART

A large number of catalysts forproducingmethacrylicacid
through a gas phase catalytic oxidation methacrolein,
isobutylaldehyde or isobutyric acid, have been proposed. Most
of the catalysts thereof are mainly composed of molybdenum and
phosphorus, and have structures of heteropolyacids and/or salts
thereof. The gcatalysts used in the reaction, however, have low
reaction activities, low selectivity for the desired substance,
and short lifetime, as compared to molybdenum-vanadium based
catalystsproposed forproducing acrylicacidthrougha gas phase
catalytic oxidation of acrolein, which are known as reactions
similar to a gas phase catalytic oxidation of methacrolein,
isobutylaldehyde or isobutyric acid. Accordingly, the
improvement of catalyticperformanceof thecatalystsisrequired
although some of the catalysts are industrially utilized.

The present inventors first tried the improvement of low
activities; low selectivity and short lifetime of conventional

gas phase catalytic oxidation catalysts for methacrolein, and



met hacrol ein prepared by the addition of a variety of elenents to M, V
and P, have heteropolyacid (salt) structures and have high activities,

hi gh selectivity and are particularly stable in the lifetinme. The

i nventors propose the catal ysts described in Japanese Patent Publication
No. 58-11416, Japanese Patent Publication No. 59-24140, Japanese Patent
Publ i cati on No. 62-14535 and Japanese Patent Publication No. 62-30177.
Recently, because of high concentrations of raw material gases and of
envi ronments under whi ch oxidation reactions are conducted at el evated

t enper at urgun€abat yshsr that sxhsdi tatbuytheropightachi vataegsthi ghr
selectivity and long lifetine, are needed. Various preparation nethods are
proposed hotlpsevd tein gateal yrstd biyhat e sadd sif ot lndfse wdeneeits .o Fed eaganpl e,
Japanese Patent Laid-Open No. 5-31368 and Japanese Patent Lai d- Open No.

8- 196908 ps ofios¥ aet odhafver hpkepapibhganolidi agl thtal st surdatand Aegkve
using NH4 in addition to the conponents of M, V and P, and utilizing
aqueous aninia: @7 itthe amimnihumes egté e L tiynandduli ¢ e, - LFapatesk spabdft
Lai d- Open No. 11-226411 describes a nethod for preparing a noldi

catal yst thahecbhpettes. usiliiylnpanitPired st th tiieih Ehl wetd \?@S@aﬁrg%ﬁient of

the catalyst is granulated, and inproving the pore valune of %hg cg:alyst
by bur ni by THeARe R GRS H3 el @ 4y Nt ep® Burtifer nGPE1 Siifen 24 %04t al yst

'3 | oot o LTSO- e heagion a5.en. Ladustrlal sabaluat cihgcaralys
oo GOrPRRRL 08 SEEMLTE RERRE St R0t leaysnogho i e caral et
t Recently, because of high concentrations of raw material
gases and of environments under which oxidation reactions are
conducted at elevated temperature, catalysts that exhibit
further high activities, high selectivity and long lifetime,
areneeded. Variouspreparationmethods areproposedtoprovide
catalysts that satisfy these demands. For example, Japanese
Patent Laid-Cpen No. 5-31368 and Japanese Patent Laid-Open No.
8-196908 propose metheds for preparing melding catalysts that
involve using NH, in addition to the components of Mo, V and
(”? P, and utilizing aqueous ammonia as the ammonium scurce. In
addition, Japanese Patent Laid-Open No. 11-226411 describes a
method for preparing a molding catalyst that comprises using
purified starch when an active component of the catalyst is
granulated, and improving the pore volume of the catalyst by
burning the starch in the calcining step.
rurthermore, when a catalyst is loaded in a fixed-bed
reactor as an industrial catalyst, the catalyst is required to

be molded to a constant size in order to reduce the pressure

drop of the reaction gas prior to and subsequent to the catalyst



a catal yst powder to a cylindrical material, a pellet, a ring-shaped
material, a sphere-shaped material, or the like, and inpregnating or
coating an inert carrier with an active catalyst material al so. Advantages
of a coated catalyst having the inert carrier as the core include (i)
bei ng capable of inproving the effective wutilization factor of active
conponents of the catalyst, (ii) being expected to inprove the selectivity
due to the honogeneous distribution of the residence tine of reaction
materials within the catalyst, and (iii) facilitating the renoval of the
reaction jgeat onr@cenunty B ddie kABLveRRLOfhddevEabalkyst vinlardmly
conductivity or the dilution effect of the inert carrier. As a result,
there areznepyaeyafpbesdappkied @ 1seldeatizve i@xiedatilgn a efeia darge heat

rel ease. On the other hand, technical disadvantages in preparing a coated
catal yst knghudeabke)l hbheecpeeling sphéhe-enabéagnt ayetfal ansk tites diififd,cul ty
of obtaining a nechanically strong catal yst because the catalyst is

subj ect teandrackiragnatiih) the cdiaftfingulahy inefr tc aatirmg ra widntr izer amittitvea | ar ge
amount of active catalytic material, and (iii) the difficulty of obtaining
a highly aetilgstcabskyseldeésto inclusion of inert materials. Methods for
overcom ng the di sadvantages are related to the properties of active

cat al yst subst ahéeanhpdeshet pr esafied i fahy$omavs i theutlye EatGl Lt

i ndi vi dual |y because of no general techniques. 3 DI SCLOSURE OF THE

| NVENTI ONaSHE @ BPEetigtl e (r davhibd icaveRtlicont ile e vy Fie of fistthoth

utilization factor of active components of the catalyst, {ii)
being expected to improve the selectivity due to the homogeneous
distribution of the residence time of reactionmaterials within
the catalyst, and {iii) facilitating the removal of the reaction
heat on account of the improvement of the catalyst thermal
conductivity or the dilution effect of the inert carrier. As
aresult, there aremany examples applied to selective oxidation
of a large heat release.

On the other hand, technical disadvantages in preparing
a coated catalyst include (i) the peeling of the coating layer

Y and the difficulty of obtaining a mechanically strong catalyst

.

because the catalyst is subject to cracking, (ii) thedifficulty
of coating a carrier with a large amount of active catalytic
material, and (iii) the difficulty of obtaining a highly active
catalyst due to inclusion of inert materials.

Methods for overcoming the disadvantages are related to
the properties of active catalyst substances and the present
situation is to study catalysts individually because of no

general techniques.



for preparing a catalyst for producing nethacrylic acid in high yield and
hi ghly sel ectively by subjecting nethacrolein, isobutyl aldehyde or

i sobutyric acid to gas phase catalytic oxidation. The present inventors
have tried to inprove the low activities, |ow selectivity and short
lifetime of conventional gas phase catalytic oxidation catalysts for

nmet hacrolein as a nethod for solving the above-nenti oned probl ens, and
found out that when preparing a catal yst containing the essenti al
components of Mo, V, P, Cu, Cs and NH4, an industrial catalyst offering a

hi gh actiyidyodtigh sel egti vicbynanduparticularly high stability in the
lifetime can be obtained in the case of a particular filtration step being

taken. On this hasepijthe o preseptcbaventivemdaneitacpaplbetieanneThatl is to
say, the present invention relates to: f (1) a nethod for preparing a

catal yst f®f pplegdudiniga detdiagstylfioe peddubyng ukjtectdmg ineehadriot éilngh

i sobutyl al dehyde or isobutyric acid to gas phase catal ytic oxidation, the
met hod cpierd simdg:hia)la stepcotvblendynguboapbindsmesthceodtaibni ng any
one of M, V, P, Cu, Cs or NH4 and, as needed, a conpound containing a
netal el enevituioyhexlddande herabsveutiyt hcwatés £6 prREpRRESE&n Caguesus

sol ution or dispersion of the conpounds (hereinafter referred to, both

i ncl uded,oxsdatsdurry); (b) a step of drying the slurry obtained in the

step (a) 4 to obtain a dried slurry; (c) a step of_calcinin% the dried
slurry obt ai nedie BResent inventors have tried to improve the low

activities, low selectivity and short lifetime of conventional

gas phase catalytic oxidation catalysts for methacrolein as a

method for solving the above-mentioned problems, and found out

that when preparing a catalyst containing the essential
components of Mo, V, P, Cu, Cs and NH,;, an industrial catalyst
offeringahighactivity, highselectivityandparticularlyhigh

stability in the lifetime can be obtained in the case of a

particular filtraticn step being taken. On this base, the

present invention came to completion.
That is to say, the present invention relates to:

(”f (1} a method for preparing a catalyst for producing
methacrylic acid by subjecting methacrolein, isobutyl aldehyde
or isobutyric acid to gas phase catalytic oxidation, the method
comprising:

(a)} a step of blending compounds each containing any one
of Mo, V, P, Cu, Cs or NH; and, as needed, a compound containing
a metal element other than the above with water Lo prepare an
aqueous solution or dispersion of the compounds (hereinafter
referred to, both included, as a slurry):

{h) a step of drying the slurry obtained in the step (a)



step (b) to obtain a calcined body; (d) a step of filtering a m xture
obt ai ned by blending the calcined body obtained in the step (c) with water
to separate an aqueous solution and water-insoluble matter; and (e) a step
of drying the water-insoluble mitter obtained in the step (d) to obtain a
dried water-insoluble body, (2) a nethod for preparing a catal yst for
produci ng nethacrylic acid by subjecting nethacrolein, isobutyl al dehyde
or isobutyric acid to gas phase catal ytic oxidation, the nethod

conprising: (a) a step of blending conpounds each containing any one of

M, V, P, t&soptaNdzandicassnaeeded, a conpound containing a netal elenment
ot her than the above, provided that Cu is excluded, wth water to prepare
an aqueous sol uttpm @t specsioinbfigtitee dadrpbsids rifhep es add eim téfeer r ed
to, both included, as a slurry); (b ) a step of drying the slurry obtained
in the stepepa)b)tooobbaehnaadrieédiskdr bpdyfiol | owed by bl ending therewith a
conmpound contai ning Cu, as needed, in the presence of a solvent, further
fol |l owed, as neédeda dyerryf ngl tther oby & medk td se wie alad Hhérle®@ okt ai ni ng
a dried body; (c) a step of calcining the dried body obtained in the step
(b') to obhaidelgig@dbads Bodingd)}nadhs 8pebf (F)i Wﬁ@%i‘ﬂf?d:%lf BP &S ioe adbt ai ned
by bl ending the calcined body obtained in the step (c) with water to
separ at e 2Ana@gaeBEsS8elGLPaN 2BAd REEET LNESNEBI%e Medteer; 280 5 (e) a step
ar drying the vater g%%g;g?'&y@éé PheoBLBLDed LD NS RIEP (Do d g Rpain a

in the step (d) to obtain a dried water-insoluble body,

{2) a method for preparing a catalyst for producing
methacrylic acid by subjecting methacrolein, iscbutyl aldehyde
or isobutyric acid to gas phase catalytic oxidation, the method
comprising:

{a) a step of blending compounds each containing any one
of Mo, V, P, Cs or NHs, and, as needed, a compound containing
ametal element other than the above, providedthatCuisexcluded,
with water to prepare an aqueous solution or dispersion of the
compounds {(hereinafter referredto, both included, asa slurry);

(“j ('} a step of drying the slurry obtained in the step (a)

) to obtain a dried slurry, followed by blending therewith a
compound containing Cu, as needed, in the presence of a solvent,
further followed, as needed, by drying the chtained mixture,
and thereby obtaining a dried body;

(c) a step of calcining the dried body obtained in the
step (b’) to obtain a calcined body;

{d}) a step of filtering a mixture obtained by blending
the calcined body obtained in the step (c¢) withwater to separate

an aqueous solution and water-insoluble matter; and

i



(3) a nethod for preparing a coated catal yst for producing nethacrylic
acid by subjecting nethacrolein, isobutyl aldehyde or isobutyric acid to
gas phase catalytic oxidation, the nmethod conprising: (a) a step of

bl endi ng conpounds each contai ning any one of M, V, P, Cu, CS or NH4 and,
as needed, a conpound containing a netal elenent other than the above with
water to prepare an aqueous solution or dispersion of the conpounds
(hereinafter referred to, both included, as a slurry); (b) a step of
drying the slurry obtained in the step (a) to obtain a dried slurry; (c) a

step of cal cining)tdetdd ed stwiy okt abned-iAsthablstept (&) dboobtsal n a
cal ci ned body; (d) a step of filtering a m xture obtained by blending the
cal ci ned badyhebtaipedd)n tbhebstep @EC)Xndistth waateer- itng csepdreaatedyan aqueous
solution and water-insoluble matter; (e) a step of drying the

wat er - i nsol ubl e {fatd metbbtaicnedreparthg steptéd)catm lobtaifnr @ mrdued ng

wat er -i nsol ubl e body; and (f) a step of coating a carrier with the dried
wat er - i nsokbbkergddy abidbyesubiethensrefee)raisiing aspbntet altdehostai n a
coat ed nol ded product, (4) a nethod for preparing a coated catal yst for
produci ngor etttk yrie agdiddteylasubhasei eyt et ke ealisiat 1 ansobiie e diqfkhy de
or isobutyric acid to gas phase catal ytic oxidation, the nethod

conpri si ng®Br L&y @ step of bl endi ng conmpounds each contai ning any one of

VvV, P r NH4 an n n ntai ni.ng_
M, V, P G0 (a) aastde’p 32 bfgggghgacgn?p Srlildg eca%ht %ontaqnlng any one

of Mo, V, P, Cu, CS or NH, and, as needed, a compound containing
a metal element cther than the akove with water to prepare an
agqueous solution or dispersion of the compounds (hereinafter
referred to, both included, as a slurry):

{b} a step of drying the slurry obtained in the step (a)
to obtain a dried slurry;

(c) a step of calcining the dried slurry cbtained in the
step (b} to cbtain a calcined body;

(d) a step of filtering a mixture obtained by blending
the calcinedbody obtained in the step (¢) withwater to separate
( an aqueous solution and water—-inscluble matter;

(e) a step of drying the water~insoluble matter obtained
in the step (d) to obtain a dried water-insoluble body; and
(f) a step of coating a carrier with the dried
water—-insoluble body obtained in the step (e) using a binder

to obtain a coated molded product,

(4) amethod for preparing a coated catalyst for producing
methacrylic acid by subjecting methacrolein, isobutyl aldehyde
or iscbutyric acid to gas phase catalytic oxidation, the method

comprising:



a netal elenment other than the above, provided that Cu is excluded, wth
wat er to prepare an aqueous sol ution or dispersion of the conpounds
(hereinafter referred to, both included, as a slurry); (b" ) a step of
drying the slurry obtained in the step (a) to obtain a dried slurry,

foll owed by blending therewith a conpound containing Cu, as needed, in the
presence of a solvent, further followed, as needed, by drying the obtained
m xture, and thereby obtaining a dried body; (c) a step of calcining the
dried body obtained in the step (b') to obtain a calcined body; (d) a step

of filtering a dxtuseephsaimiethdinplengiongdst becaatsineh hogymbbakned in
the step (c) with water to separate an aqueous sol ution and

wat er - i nsof ubd £ At ergs (@) M.skaf, obsdnyengd, he watpouhdsobubkénmatt er
obtained in the step (d) to obtain a dried water-insoluble body; and (f)
a step ofapeatilrgeaectdrgtiterr thth theedricede nwat edednbaltubl s badyudbtiai ned in
the step (e) using a binder to obtain a coated nol ded product, (5) the

met hod acebtldiweg <o tE3Yprepatd)an comsoivsi ngluttiee srepliyraooy fOF 4hd (g) a
step of calcinigg@the coated nol ded product obtained in the step éf) under
an inert gasparndspherelnadder i i redt rosphier nconded, Bife® plesénde of a
reduci ng agent, (6) the nethod according to (5), wherein the step (q) is a
step of cal ci ni iy t FestBRted GrlidedtpEoTeE T Bt eES At Hee A&t dF (1)

under an [nerl gas atgosphere, (7) the, methog agqerding Lo any,ote of (1)
compound containing Cu, as needed, in the presence of a solvent,
further feclilowed, as needed, by drying the obtained mixture,
and thereby cobtaining a dried body:

{c) a step of calcining the dried body obtained in the
step (b’) to obtain a calcined body:;

(d) a step of filtering a mixture obtained by blending
the calcined body obtained in the step (¢} withwater to separate
an agueous sclution and water-inscluble matter;

(e) a step of drying the water-insoluble matter obtained
in the Step'(d) to obtain a dried water-insoluble body; and
(“F (f) a step of ceoating a carrier with the dried

water-insoluble body chtained in the step (e) using a binder
to obtain a coated molded product,

(5) the method according to (3) or (4}, comprising:
the step (a) teo {f} and
(g) a step of calcining the coated molded product obtained in
thestep (f) under an inert gas atmosphere, under analr atmosphere
or in the presence 0f a reducing agent,

{6) the method according to (5), wherein the step (g) is

a step of calcining the coated molded product obtained in the



t he conpound containing Cu is cupper acetate or cupper oxide, (8) the

nmet hod according to any one of (1) to (7) , wherein the conpound containi ng
Cs is a weak acid salt of cesiumor cesium hydroxide, a conpound
containing NH4 is ammoni um acetate or ammoni um hydroxi de, (9) the nethod
according to any one of (1) to (8) , wherein, the conmpound used as an

opti onal conponent in the step (a) is a conpound containing one or nore

ki nds of elenments selected fromthe group consisting of Sh, As, Ag, M,

Zn, Al, B, G, Sn, Pb, Ti, Zr, C, Re, Bi, W Fe, Co, N, Ce, Th, K and

Rb, (10) dthe methogh@scosdi NGt qayonemofphdyefo (9), wherein the slurry
does not contain an arsenic conpound, and (11) the nethod according to any
one o f (3) to (LOxhe mbrered mcddrellinderan g cachbhdén tont@inivhgrethanol .
BEST MODE FOR CARRYI NG QUT THE I NVENTION A preparation nmethod according to
t he i nventiordmeluwdesorgtaaps nof Cdr ysnguandr catet alf aig arVapeso 0% 186l ut i on
contai ning conpounds including active ingredients of a catalyst or a water
di spersi on t her eébf thkenetnad taercaatiery &d awy obet ®if i ddl bded)) ayhegedfurry) |
foll owed by bl ending an obtained cal cined body with water, further

fol | owed Bye EpmpeninAg; il B yd A§ b5 Ried'abFoh SaldsPHGES IATF ¥ §E5518f er abl e
enbodi ment in a preparation nmethod according to the inventioQ i ncl udes

di ssol vi iy &R eie di 3 perBragid scar pf uPanft YHofl T oiitiinds® eAch %%ﬁt%Fning
one or a plurality of M, V, P, Cu, Cs and NH4, and if necessary, elenents
ot her t haM Y mE BpRYRE ¢HerY®i naf ter, in sone cases, these compounds

containing (9) the method according to any one of (1) to (8), wherein,

/
i&

the compound used as an optional component in the step (a) is
a compound containing one or more kinds of elements selected
from the group consisting of Sb, As, Ag, Mg, Zn, Al, B, Ge, Sn,
Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th, K and Rb,
{10) the method according to anyone of (1) to (9), wherein
the slurry does not contain an arsenic compound, and
{11) themethod according to anyone of (3) to (10}, wherein

the binder is a binder containing ethanol.

( BEST MODE FOR CARRYING OQUT THE INVENTION
B A preparation method according to the invention includes
steps of drying and calcining an aqueous solution containing
compounds including active ingredients of a catalyst or a water
dispersion thereof (hereinafter referred to, both included, as
a siurry), fellowed by blending an obtained calcined body with
water, further followed by filtering, and drying a filtration
residue.
A first preferable embodiment in a preparation method

according to the invention includesdissolvingand/or dispersing



t hese active conponents are referred to as "active conponent-cont ai ni ng
conpound”) into water to prepare a slurry (step (a) ) , drying (step (b) )
and calcining (step (c) ) the slurry, blending an obtai ned cal ci ned body
with water and filtering the same(step (d) drying afiltration residue
(step (e) and using the sane as a catal yst active conponent. In the

i nvention, an active conponent-containing conpound used for preparing a
slurry is preferably a conpound that fornms a heteropoly acid or a salt
thereof owing to a drying (step (b) or calcining (step (c)). As these

conpoundsa ghheiideg.of suhbatiesis shthat®sta Dxiglesneobragat nhesl ofy tife
active conponent elenents can be included. Mre specific exanpl es of

pr ef er abl Bo, compounds ¢addudem| tdaed et swchksasrpot assnant i drlate tuadh cobal t
nitrate; oxides such as nol ybdenum oxi de, vanadi um pent oxi de, anti nony

tri oxi de, theribomeoitiales 1 r7d Moe oxi. decore geramntlues oxbdppundadadiadsisych as
ort hoposphoric acid, phosphoric acid, boric acid, alum num phosphate or
12-t ungst phesphacitvacicdmponessbt areheedef)redFiict her tecd,iwshen, as the
copper conpound, copper acetate (cuprous acetate, cupric acetate, basic
copper acép@penepf-eaptpéndrudernprei@f hintccuptpE Wb aPe) cor SgPer oxi de
(cuprous oxide, cupric oxide) is used, in_sone cases, a favorahle effect
can be obt&fARd2)$tidTy ¥ AEFRYIE, 3 ERECEBSPEMS teehpouhdlecddi®dM acet at e

or cesiun1gédroxide and cesium weak _acid sal anmpni_um

compound, ? PﬂlﬁgEﬁhﬁﬁﬁﬁﬁﬁﬁék%?%f%ngdéﬁﬁhéﬂﬁﬁﬁi Q%§8%§x%3gt§Fénﬁr_E%rably
or in  CoRBRRACTBAS B "tk 61 R i Hek 1 Fer eare At Ente bsr e o
i the same as a catalyst active component.

Inthe invention, anactive component-containing compound
used for preparing a slurry is preferably a compound that forms
a heteropoly acid or a salt thereof owing to a drying (step (b))
or calcining (step (c)). As these compounds, chlorides,
sulfates, nitrates, oxides, or acetates of the active component
elements can be included. More specific examples of preferable
compounds include nitrates such as potassiumnitrate and cobalt
nitrate; oxides such as molybdenum oxide, vanadium pentoxide,
Cf antimony trioxide, cerium oxide, zinc oxide or germanium oxide;

and acids such as orthopospheric acid, phosphoric acid, boric
acid, aluminum phosphate or 12-tungstpheosphoric acid (or salt
thereof). Furthermore, when, as the copper compound, copper
acetate (cuprous acetate, cupric acetate, basic copper acetate
or cupric oxide, preferably cupric acetate) or cupper oxide
(cuprous oxide, cupricoxide) isused, in some cases, a favorable
effect can be obtained. Stiil furthermore, as the cesium

compound, cesium acetate or cesium hydroxide and cesium weak

acidsalt, and, as the ammonium compound, bothof ammoniumacetate



acid salt, as far as it is a salt of cesiumand a generally known weak
acid, there is no particular restriction on. For instance, cesium hydrogen
carbonat e, cesium carbonate, and cesium acetate can be included, and anong
them cesiumacetate is preferable. Anmong them as to cesium acetate,
commercially avail able one can be used as it is; however, by adding acetic
acid nore than an equivalent weight to an aqueous sol ution of

wat er-sol ubl e salts such as cesi um hydroxi de and cesi um carbonate, it can
be added as an aqueous solution of cesiumacetate. Alternatively, an

aqueous sghat hencef ueesiupbhydeoxirdepeaticbabagdededs iThéscompotihés

i nvention, as the active conmponents other than Mb, V, P, Cu, Cs and NH4,
one or nofeckindsgseheciedi §&omitnbengnosipcac ansistddg iofguAsr1ShoAgh M,
Zn, Al, B, G, Sn, Pb, Ti, Zr, C, Re, Bi, W Fe, Co, N, Ce, Th, Kand Rb
can be i ncbudedatidnmengt tthm otheoekeniends tdtcherc f.haAsAshares piref ercaldl e. 1 n
the invention, ratios of active conponent-containing conpounds used are,
in at oni cacatiisosl thesebir wist htriespestlt of 40sdhmreglid/Bdesienanoy o 0. 1
or nore and 6 or less for vanadium preferably 0.3 or nore and 2.0 or

| ess; norviedkypcGdb bherpre napdrd ion llagsee §or i phogpRor usFobrlél’rS&aél@ey 0.7 or
nore and 2.0 or less; nornmally nore than O and 3 or less for cop

pr ef er abl 9eseuloily§rrquecaﬁeoma5? | s Urh R FRPT§ £ 0 R bFSRbYB a&ﬁ&%eo or

| ess for cesium, preferably 0.1 or nore and. 2.0 o ; and . normally 0.1
or nore ard@R4£Dige! P@§§-f6% a%%%%gdﬁﬁﬂﬁréﬁéﬁé%ﬂ§C656g6‘§3§Fe§§F§b d 3.0 or

| ess. The_ki nds, . and t he r tios. of ot active co nent.s .t-hat used as
needed ar%m% % %lf)?lf"at%? FO det et r?e%ﬁr‘%%t‘et’haciommerccoln glrm Valﬂtﬁl coné3 tions

used a Ca&?n%?é used as it is; however, by adding acetic acid more than
an equivalent weight to an agueous solution of water~-scluble
salts such as cesium hydroxide and cesium carbonate, it can be
added as an agqueous solution of cesium acetate. Alternatively,
an aqueous solution of cesium hydroxide can be added as it is.
In the invention, as the active components other than Mo,
vV, P, Cu, Cs and NH,, one or more kinds selected from the group
consisting of As, Sb, Ag, Mg, %n, Al, B, Ge, Sn, Pb, Ti, Zr,
Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th, X and Rb can be included.

(m} Among thm, the elements other than As are preferable.
) In the invention, ratios of active component-containing
compounds used are, in atomic ratios thereof with respect to
10 of molybdenum, normally 0.1 or more and é or less for vanadium,
preferably 0.3 or more and 2.0 or less; normally C.5 or more
and 6 or less for phosphorus, preferably 0.7 or more and 2.0
or less; normallymore than 0 and 3 or less for copper, preferably
0.01 or more and 1 or less; normally 0.01 or more and 4.0 or
less for cesium, preferably 0.1 or more and 2.0 or less; and

normally 0.1 or more and 4.0 or less for ammonium, preferably
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that shows the opti num performance may be obtained. The preparation nethod
according to the invention is performed according to a process nentioned
below. Firstly, a slurry of active conponent-containing conpounds is
prepared (step (a)). The slurry can be obtained by uniformly blending the
respective active conponent-containing conpounds and water. The slurry
preferably contains all of the active conponent-containing conpounds in
their necessary anounts as a catalyst. There is no particular restriction
on an order of addition of the compounds containing active conponents when

the slurry. psoprepar gdd 3 Howeveessi.t ThekEi®y abldethe fatssd v Ppotheonpounds
containing M, V, P and other netal elenents, if necessary, into a slurry,
fol | owed hytaddi ngnaotsestygnthant akai ngedoapounddednaramappiropréentaini ng
conpound and a copper-containing conpound in the slurry. There is no

parti cul adeteshihetisantbat at eopéo atut g witidncondet sbus msddsa peépavyed as far
as it is in the range that does not disturb the preparation. However, when
a tenperatbat whews the cesiumucpardbniragceompouhd, oblieiasnoni um cont ai ni ng
conmpound and the copper-containing conpound are added is nornmally in the
range of 0 to 3B apdeprefbianl pefhodhacrangensf teoths 1BUentifnséfe cases,
an obt ai ned catal yst may have higher activity. As this tendency becones
nor e obV|Bﬁ§fﬁﬁ@ﬁdcéﬁﬁ@Fdé8§t5Peal§r9§eﬁ§e@e§§lPﬁéd0866€W conpound, a

met hod for preparing. a slurry X bec%nes nore efficient mh%n t he preferable
addi ng met hod Iglr g%ﬁte@.Sl rr active component-containin

compounds is prepared (step (a)). The slurry can be obtained
by uniformly blending the respective active
component-containing compounds and water., The slurry
preferably ceontains all of the active component-containing
compounds in their necessary amounts as a catalyst. There is
noparticularrestrictiononanorder of additionof the compounds
containing active components when the slurry is prepared.
However, it is preferable to firstly put compounds containing
Mo, V, P and other metal elements, if necessary, into a slurry,
followed by adding a cesium-containing compound, an

(”? ammonium—-containing compound and a copper-containing compound
in the slurry.

There is no particular restriction on a temperature when
the slurry is prepared as far as it is in the range that does
not disturb the preparation. However, when a temperature when
the cesium-containing compound, the ammonium-containing
compound and the copper~containing compoundare addedisnormally
in the range of 0 to 35°C and preferably in the range of 10 to
30°C, in some cases, anobtained catalystmay have higher activity.

As this tendency becomes more obvious when copper acetate i1s

11



In the invention, it is preferable that the slurry is an aqueous sol ution.
There is no particular restriction on an anount of water used in the
slurry insofar as it is an amount that can conpletely dissolve a total
anount of conpounds used or can uniformy mx them However, it is
appropriately determned in consideration of a drying nethod and a drying
condi tion nentioned below. Usually, an anount of water used 1is
substantially 200 to 2000 parts by nmass relative to 100 parts by mass of a
total mass of the conpounds for slurry preparation. An anmount of water nmay

be nore thasd nesessardsp oMy o WeN a infe HHH EXEAS Preda rdinsady gntiages such
as that energy cost during the drying step becones higher and in sone
cases i ncoapbete dsyengrrieyehe eausedrhar prg€neadtedadlihay ngthsidnae
advantage is less in conparison with disadvantage, an appropriate anount
is prefenddpesdNext, the slurry obtained in the above is dried, and
thereby a dried slurry is obtained (step (b) ) . There is no particular
restriction on & dty ngveetthod i nsof auprast e Isd what itsecohptet elsy andri ed.
Exanpl es of the drying nethod include a drumdrying, a freeze dry, a spray
dryi ng anadéesapdraelenien. driiness. iAnphgoat hesel aet hedsri¢hieoheoingent i on
it is preferable to use the spray drying that can dry froma slurry state
to powder@BRUngranuadissd Wamdn CACshORELYi RRSO8RTt e Bvaford PeR UG
dryness that can directly dry the slurry and is sinple, the evaporation
12" to drynéds B8 TG &SP prer ér hBral ARERYF gt tEHRTHt T &56€ t he
spray drying differf dePendLngthon aigoncentratéon of the SIU£r¥ and the
speed of %{lp(bﬁllglllﬁrél fpmiy mix em. cwever, 1T 1s appropriately

determined in consideration of a drying method and a drying
condition mentioned below. Usually, an amount of water used
is substantially 200 to 2000 parts by mass relative to 100 parts
by mass of a total mass of the compounds for slurry preparation.
An amount of water may be more than necessary, however, when
it is excessive, disadvantages such as that energy cost during
thedrying stepbecomeshigher andin some cases incompletedrying
may be caused are generated. That is, since advantage is less
in comparison with disadvantage, an appropriate amount is
{ preferable.

Next, theslurryobtained inthe above isdried, and thereby
a dried slurry is obtained (step (b)). There is no particular
restrictiononadryingmethodinsofarastheslurryiscomplietely
dried. Examples of the drying method include a drum drying,
a freeze dry, a spray drying and evaporation to dryness. Among
these methods, in the invention, it is preferable tc use the
spray drying that can dry from a slurry state to powder or
granulated powder in short time, or the evaporation to dryness

that can directly dry the slurry and is simple, the evaporation

12



slurry. However, generally, the tenperature at the exit of the drying
machine is wthin the range of 70 to 150C. Furthernore, it is preferable
to dry so that an average particle diameter of an obtained dried slurry
may be in the range of 30 to 700 m In the case of the evaporation to
dryness, in particularly, the dried slurry can be obtained in the shape of
a lunp or a large particle. Accordingly, it is preferable to pul verize
appropriately, preferably so as to be 700 mor |ess to use. Thus,
according to the invention, pulverized one is also contained in the dried

sl urry-_Th@ndryﬁ@sgrb@@nglﬁawi@mam dpi-B flehizg1way is calcined preferably
in an air atnosphere and thereby a calcined body is obtained (step (c)).

In this case itaidsyyandi hafiyecat €tded @ie saraeneriatgiaefirort hiepeangef 100
to 420C, and preferably in the range of 250 to 400C. The preferable

cal ci ni ngotiarecnsenk rtat 1200 b . cHSuch wealy)cknadtibody desl predwraby ynolite ned as
powder. Next the cal cined body is blended with appropriate anmount of

wat er, preferably Rowever t igees rby iyasshas dnipee b wised bodyxitamd titver eby
wat er - sol ubl e conponents are eluted. The water-soluble conponents are
assumed t@rpéng arpdungs Lhavi Hyln tee hetee ool § tacil 898¢ r udturtéergiaice t he
heteropoly acid salts ainmed in the invention exists w thout dissolving
into wat ekt iftpyefebpatatied By f39 tErd il SUEF (3D Pardnd Ff e etEp (e)
). Thus obtained dried body is preferably powder, and can_be used 13 as it
is as a cafafysePEaineAedfhad phhidr ¥afay yof cldxi it Tomde Next® @ sétbnd

pref er abl ¢, emtodi rent according Lo the ; dnvention 1L be oplgi g,

It
i

the dried slurry can be obtained in the shape of a lump or a
large particle. Accordingly, it is preferable to pulverize
appropriately, preferably so as to be 700 um or less to use.
Thus, according to the invention, pulverized one 1is also
contained in the dried slurry.

Then, the dried slurry obtained in this way is calcined
preferably in an air atmosphere and thereby a calcined body is
obtained {step (¢)). 1In this case it is ordinary calcined at
a temperature in the range of 100 to 420°C, and preferably in
( ‘ the range of 250 to 400°C. The preferable calcining time is
1to20hr. Suchcalcinedbody ispreferably obtained as powder.

Next the calcined body is blended with apprepriate amount
of water, preferably 2 to 5 tines by mass as the calcined body,
and thereby water-scluble components are eluted. The
water-soluble components are assumed to be compounds having the
heteropoly acid structure. Since the heteropoly acid salts
aimed in the invention exists without dissclving into water,
it is separated by filtering (step (d)}, and dried (step {(e)).

Thus obtained dried body is preferably powder, and can be used

i3



The second preferable enbodi nent according to the invention includes

bl ending a plurality of conpounds each containing one or a plurality of

M, V, P, Cs and NH4, and if necessary, elenents other than the above,
provided that Cu is excluded, with water to prepare a slurry (step (a) ,
drying the sane, blending an obtained dried slurry with a Cu-containing
conpound in the presence of a solvent if necessary, drying it if necessary
to obtain a dried body (step (b')), followed by calcining (step (c)),

bl endi ng an obt ai ned cal cined body with water and filtering the sanme (step

(d)), dryhpoie fildd aticamairesi ¢de _éﬁéecgaée@hase AN US NG ddi B s@reat al yst
active conponent. Thus obtained dried body can be used as it is as a

catalyst for thexgasapbasengapakykirep0si dabbenmeht tiiecseaond terhed ment
according to the invention, a step of obtaining a catal yst active

conponent inexaepbnt hat labeceoppes-igendt.ai ni ng conpound i s bl ended separately
froma dried slurry of other active conponents-containing conpounds, can
be carried outTseéenstaohy pscfheabilestmepbadiementicicpridginds tof thike active
conponent - cont ai ni ng conpounds and rati os used and other conditions. The
dried sl utryeahdonhencCiudent ilphnadngorpeund alddy be Ibloewdeddsn qgavder ,
alternatively the Cu-containing conpound nmay be bl ended with a sol vent,

pr ef er abl gomg@hnmge@net@rf@mﬁ@@lWY yvof Mpt M:s FeaSe, aad Hioumndfliat er
used may be conparable as that used in the first enbodinment. A mxture 14
of the driedesfaFyy ahRfMeRES CRtkdhtEIF A cohpendPrPiifdRe Eadk Cofiswat er

peing used, dYrung RrgRaration, Ls approoriplely frisd 49 oBtaln A ed

i same, blending an obtained dried slurry with a Cu-containing
compound in the presence of a solvent if necessary, drying it
if necessary to obtain a dried body (step {(b’})), followed by
calcining (step (c)), blending an obtained calcined body with
water and filtering the same {step (d)), drying a filtration
residue (step (e)), and using it as a catalyst active component.
Thus obtained dried body can be used as it is as a catalyst for
the gas phase catalytic oxidaticn.

In the second embodiment according to the invention, a

(”f step of obtaining a catalyst active component, except that a
copper-containing compound is blended separately from a dried
slurry of other active components-centaining compounds, can be
carried out similarly as the first embodiment in kinds of the
active component-containing compounds and ratios used and other
conditions. The dried slurry and the Cu-containing compound
can be blended in powder, alternatively the Cu-containing
compcund may be blended with a solvent, preferably with water

to form a slurry. In this case, an amount of water used may

be comparable as that used in the first embodiment. A mixture

14



simlarly to the first enbodi ment, followed by blending with water and
drying a filtration residue, and thereby a target catalyst can be
obtained. In the second enbodi ment, the |ater-added copper conpound, after
the step of drying (and calcining), does not exist as a free conmpound. In
the next place, a third preferable enbodi nent according to the invention

w Il be explained. Thus obtained dried water-insoluble body, that is, the
catal yst active conponent, in order to make a pressure |loss of a reaction
gas snmaller, is preferably used after formng into a cylindrical matter, a

pel l et, aofittigs dofical SPhere.arABRG thesfvntasnafgi dARGEMEENtnl fhéheise
selectivity and the elimnation of reaction heat can be expected, it is
nmost pref efaid et bedoat usad dunattd e agardd@iiony th & eopedaval eradinsdl ubl e
body to form a nolded body coated with the catalyst. In the coating step
(step (f)¥e abtelhi ngdgranubativon Thethodhdedel ededobat €5 canchespref erably
applied. According to the nethod, in apparatus having a flat or irregular
disc at, sivilbnsvahceiha Hortommpordinenol Bollxeed vesdelgndivey diisth i s
rotated at a high-speed, and thereby carriers in the vessel are violently
agi t at ed BW§trepeati Agvanvorotatiton tane rerdidus.onnd \her e bianderrgaid t he
dried water-insoluble body as well as, if necessary, other additives such
as a m xtGpe2o¥5a ABNAPRgOPARATERD allt FeAgERCPTEr epepdareniddElein t he
vessel in.r tatiaa#d 15 the m xture is coated on the carrjers. As a nethod

of addi ng**5Shi A EPPPEENEPRBEAYEL bR NG PEn & UsPn@dr AR S N O xt ur e

bef or ehand [ a, net,hod of addin% the binder into the fixed
o Calcining), does not eXist as a freé compound.

( In thenextplace, a thirdpreferable embodiment according
to the invention will be explained.

Thus cbtained dried water-insoluble body, that is, the
catalyst active component, in order to make a pressure loss of
a reaction gas smaller, is preferably used after forming into
acylindrical matter, apellet, aring, or a sphere. Among them,
as an improvement in the selectivity and the elimination of
reaction heat can be expected, it is most preferable to ceat
an inactive carrier with an dried water-insoluble body to form

(”; a molded body coated with the catalyst.

In the coating step (step (f)), a rolling granulation
method described later can be preferably applied. According
to the method, in apparatus having a flat or irregular disc at,
for instance, a bottom portion of a fixed vessel, the disc is
rotated at a high-speed, and thereby carriers in the vessel are
vioclently agitated by repeating autorotation and revolution.
When a binder and the dried water-insoluble body as well as,

if necessary, other additives such as a mixture of a molding

aid and a strength improver are added in the vessel in rotation,



vessel simultaneously with the mxture, (iii) a nmethod of adding the

bi nder after the mxture is added into the fixed vessel, (iv) a nethod of
addi ng the binder before the mxture is added into the fixed vessel, and
(v) a nmethod of dividing the m xture and the binder separately and by
appropriately conbining the nethods (ii) to (iv) to add a total amount can
be arbitrarily adopted. Anong these, in the case of nmethod (v) , it is
preferable to control an addition speed by use of an auto feeder and so

on so that a predeterm ned amount nay be carried on carriers wthout, for

instance, t8ki gkkfgrofis heodied Wi the awelikref. thE , fixed yvesselsand
coagul ati on between the m xtures. There is no particular restriction on the

bi nder insofafideds i) iaSmathbeast wnenddd sl Behed fnonhtihe: gricuRire
consisting of water and organi c conpounds having a boiling point of 150C
or |less abefneechhnosphet g.a Hoswever o wherihhetdeybngdaft et hthe qdatddng i s
taken into consideration, ones having a boiling point of 100C or |less are
pr ef er abl eesSpéciimc exanplesy of thhehdinhdense, otihegr) thartiwat ef ddichude

al cohol s such as nethanol, ethanol, propanols, and butanols preferably

al cohol s hhwi hgnderoadtenrbon mbtomse ot hetded uch:@shet Hyilxeat herssddut yl
ether or dioxane; esters such as ethyl acetate or butyl acetate; ketones
such as aééVbme negharkepehypdet Ryl thetoiedemie faqeedbs sokbvrenss tavelesbf |
Anong the ethanol is particularly preferable. In the case of ethanol
bei ng used™58 H'DifAdES VeERdhol IWAtEY RIe R ehe T dagedénIlore NS 1/ 9

(by mass, Lobi o and, prefercbly n, the range of, 100 Lo, J15 (s, roti o
t her eof SﬂgHﬁgdge(fPP%&geﬁ%% Lo add a total amount can be arbitrarily
adopted. Among these, inthe caseofmethod {(v), it ispreferable
to control an addition speed by use of an auto feeder and so
on so that a predetermined amount may be carried on carriers
without, for instance, sticking of the mixture to a wall of the
fixed vessel and coagulation between the mixtures.

There is no particular restricticn on the binder insofar
as it is at least one kind selected from the group consisting
of water and organic compounds having a boiling peint of 150°C

(i: or less at one atmosphere. Howeyer, when the drying after the
coating is taken into consideration, ones having a boiling point
0f 100°Cor less arepreferable. Specificexamplesof thebinders
other than water include alcohols such as methanol, ethanol,
propancls, andbutanols, preferably alccholshaving 1l to 4 carbon
atoms; ethers such as ethyl ether, butyl ether or dioxane; esters
such as ethyl acetate or butyl acetate; ketones such as acetone
or methyl ethyl ketone; and agqueous solutions thereof. Among
them, ethanol isparticularlypreferable. Inthecaseofethanol

being used as a binder, ethanol/water is in the range of 10/0
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depending on the drying conditions. in such a case, ethanol concentration
is preferably in the range of 15 to 40% by nmass. An anount of these binder
used is normally in the range of 2 to 60 parts by nass relative to 100
parts by nmass of the dried water-insoluble body, and preferably in the
range of 5 to 25 parts by nmass. Specific exanples of the carrier used in
the invention include spherical carriers made of silicon carbide, alumna,
silica alumna, nmullite and al undum and having a dianeter in the range of
1to 15 mm and preferably in the range of 2.5 to 10 mm As the carrier,
in ordinacy casesyy anesNAEh A PRI @red@rhenty of et PaK0%0 48 Usad.tA ratio
of the carrier to the dried water-insoluble body used for coating is
normal |y ipsthey nhaprgerefidf .t oiSY D iBSErd Mt i f]l dii®edater is

wat er -i nsol ubl e body /(dried water-insoluble body + carrier), and
preferabl ysetn tie riatigeoaf iA56] 4:amH026 byy Massed M shbhealdase ohgrieiaxrgdati o of
the dried water-insoluble body used for coating is large, the reactivity
of the codtpdndcatiabyisthbedopesgl avgettbdonthe Dhesnandy «aed hetdtarerl hand,
the mechanical strength tends to become snmaller (wearing ratio tends to
beconme | acgerentrénivheieantedeygbothem the ratge of tthéodéPédoy mass.

wat er - i nsol ubl e body being coated is small, the nechanical strength
becones |&Rgerotpeapingheaei bibéevnesednds |erdnahly hen Yre Tk ©h 2 he
ot her hand, the reactivity tends to become 1'7 smaller. 1In the invention,

in the cake ®f RHE T MeeshERAgeBat B M PatHe avi BaSRaterthiastiimsl e

body, as needed, a in i d
- y wa ermlnsoggg?e gogy, and preferably in the range of 5 to 25

{ parts by mass.

Specific examples of the carrier used in the invention
include spherical carriers made of silicon carbide, alumina,
silica alumina, mullite and alundum and having a diameter in
the range of 1 to 15 mm, and preferably in the range of 2.5 to
10 mm. As the carrier, in ordinary cases, one having a pore
content of 10 to 70% is used. A ratio of the carrier to the
dried water-insoluble body used for coating is normally in the
range of 10 to 75% by mass in terms of dried water—-inscluble

(”j body /(dried water-inscluble body + carrier), and preferably
in the range of 15 tc 60% by mass.

In the case where a ratic of the dried water-inscluble
body used for coating is large, the reactivity of the coated
catalyst becomes larger on the one hand, on the other hand, the
mechanical strength tends to become smaller (wearingratio tends
to become larger). On the contrary, when the ratio of the dried
water—-insoluble body being coated is small, the mechanical

strength becomes larger (wearing ratio becones smaller) on the

one hand, on the cther hand, the reactivity tends to become
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such as silica gel, diatomearth and al um na powder can be added to the
dried water-insoluble body. An anpbunt of the nolding aid added is
ordinarily 5 to 60 parts by mass relative to 100 parts by mass of the
dried water-insoluble body. Furthernmore, it is useful in inproving the
mechani cal strength of the catalyst to add to the catal yst conponent
inorganic fiber such as ceram cs fiber and whi sker inactive to the

catal yst conmponent as the strength inprover. However, such fibers as

pot assium titanate whi sker and basi c magnesi um carbonate whi sker that can
react wth.i1hg-.£atal yst conponent are not suitable. An anmount of these
fibers added is ordinarily in the range of 1 to 30 parts by nmass rel ative

to 100 parts byry magsiflchReodli8d vt BhsEnsok-ubl 82 body Jde,pdditive
agents such as the nolding aid and the strength inprover are added,

ordi nary it nghd ke icaatiaR@ rstieRo 1ub o dgr anyl @t 8fedl ongondithd hed
carrier, the dried water-insoluble body and the binder and used for

coating theclcarr sekicknydhl siwaym ¢hetkamd eluinsnegaieieMickh deddeided
wat er -i nsol ubl e body, and a dianeter of the coated material obtai ned by
this processthia drdkdardtyr+imiédibuisaagecod . afoutamc@irtto 5 thm mbRelicgat ed
catalyst obtained in this way can be used in the gas phase catalytic
oxi dati oread alded al y strddinahyodty Smbdi P0cast ba. bHoweverseligt jwe greefl@Pabl y
calcined (step (g)) 18 because in sone cases the catalytic activity is
i nproved BTt dPRimeag. of nthhi dreadevabicsalecplvgieehpéivature is ordinarily
in the range of_100 to 450C, and preferably 250 to 420C. A i
_‘ Furthermore, 1t is useful ih improving tThe mechanical
(
‘ strength of the catalyst to add to the catalyst component
inorganic fiber such as ceramics fiber and whisker inactive to
the catalyst component as the strength improver. However, such
fibers as potassium titanate whisker and basic magnesium
carbonate whisker that can react with the catalyst component
are not suitable. An amount of these fibers added is ordinarily
in the range of 1 to 30 parts by mass relative to 100 parts by
mass of the dried water-inscoluble body.

The additive agents such as themoldingaidandthe strength
(“j improver are added, ordinary during the coating step, in the

granulator aleng with the carrier, the dried water-inscoluble
body and the binder and used for coating the carrier.

In this way, the carrier is coated with the dried
water-insoluble body, and a diameter of the coated material
obtained by this process is ordinarily in the range of about
3 to 15 mm.

The coated catalyst obtained in this way can be used in

the gas phase catalytic oxidation as a catalyst without

modification. However, it is preferably calcined {step (g))
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calcining tinme is preferably in the range of 1 to 20 hr. In addition, the
calcining is ordinarily carried out under an air atnosphere. However, it
may be carried out under an inactive gas atnosphere such as nitrogen, and
after the calcining wunder the inactive gas atnosphere, cal cining under an
air atnosphere can be further applied as circunstances denmand.
Furthernore, it is preferable to calcine under the inactive gas

at nrosphere, nore preferably in the presence of a reducing agent, as nore
active catal yst can be obtained in sonme cases. There is no particular

restricti ercemstha o edue g agenthd nsafar @ 44t Rraferabliygheraes,@ gas
at a calcining tenperature. Exanples of ‘the reducing agent i nclude "CQ

al cohol s, cahdehydes, kationescaanyd Hrganieia i%ﬁ@éﬂ@ig%@ﬁ%@wawm
and ethanol is particularly preferable. C The catal yst obtained in the way

as menti onedtakovengeherei naf ter4tefer red o &5 calial Yo aecardrog to the
invention) 1is used for preparing nethacrylic acid through the gas phase
cat al yti ccexticdatingn tofremetshacredlegiaml i Sobuind wardehyde lorco ixphutyric aci d.
When the phrase "the catal yst according to the invention" is used w thout
speci fic noticelniaddis ugedthe cadeniotiendhds bv rafirtahe. 1gr ¢ &dr ived entiwsdd bl e
body obtained through the steps (a) to (e) and the coated catal yst
obt ai ned fur BRér 2Lpreebgh et-heEsvepett ) ifpretebablyprrakdoostepngy) anThe gas
phase catal ytic oxidation that uses nethacrolein, 19 which is a nost

sui t abl e FEFAIRVEMAH 2EBOERBEFREUCHt AT Pt racesr dintya L Eor the dahaimimm, will

be explainegrbel w. .In the gas phase catal ytic oxidation, nolecul ar oxygen
_ under the inactive gas atmosphere, calcining under an air

{ atmosphere can be further applied as circumstances demand.
Furthermore, it is preferable to calcine under the inactive gas
atmosphere, more preferably in the presence of a reducing agent,
as more active catalyst can be obtained in some cases. There
is no particular restriction on the reducing agent insofar as
itpreferablybecomes agasatacalcining temperature. Examples
of the reducing agent include CO, alcohols, aldehydes, ketones
and organic acids having 2 to % carbon atoms, and ethanol is
particularly preferable.

(;: The catalyst obtained in the way as mentioned above
(hereinafter referred toas catalyst according to the invention)
is used for preparing methacrylic acid through the gas phase
catalytic oxidation of methacrolein, isobutyl aldehvyde or
isobutyric acid. When the phrase “the catalyst according to
the invention” is used without specific notice, it is used to
denote both of the dried water-insoluble body obtained through
the steps (a) to (e} and the coated catalyst obtained further

through the step (f) (preferably, also step (g}).

The gas phase catalytic oxidation that uses methacrolein,
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or nol ecul ar oxygen-containing gas is used. Aratio of nolecular oxygen
used to nethacroleinis in the range of 0.5 to 20 by nole ratio relative,
and particularly preferably in the range of 1 to 10. To rmake the reaction
process proceed snoothly, it is preferable to add water to a raw materi al
gas in the range of 1 to 20 by nole ratio relative to nmethacrolein. The
raw material gas may contain, other than oxygen and asneededwater (in
ordinary cases it is contained as water vapor) , gases inert to the
reaction such as nitrogen, carbon dioxide gas, and saturated hydrocarbons.

Fur t her noyg4 c@si § 9hoBRIHAE:L0)1@ #hw 82888 1 ABLRI N BY ca@X%h $sZitg-d,500k1 Y1 ene,
tert-buthanol and nethyl-tert-butyl ether can be suppliéed w thout

nmodi fi catitenchA rieachitadnt eppenaby exurding 4 e 1gas phase catal ytic
oxidation is ordinarily in the range of 200 to 400C, and preferably in the

range of 260 to0IB6QF: 4asupipdye arpidlyoic d:heistew materlatugas d:8;gdm terns
of spatial velocity (SV), wordinarily in the range of 100 to 6000 hr-1 and
pr ef er abl primo 1 ddel arangegoh- 400t & on 300G alsrrdusda. t rer gase odfmd hecwdatal yst
according to the invention being used, there is no great change in a
reaction pasgken eyen tovhenhtheodWis increabedrarApeorfdingltyg 20t biysngplossi bl e
to perform the reaction at a high spatial velocity. Furthernore, though it
i s possibFatie perpbdifet hengas phiasel 2 by qatediguale oxindahieoraepehef lunder a
pressure or a reduced pressure, in general, a pressure around an
atnDSpherFe bpessﬁgem¢§e St @l ion process preceed smoothly, it is

preferable to add water To a raw materizl gas in the range of
1l to 20 by mole ratio relative to methacrolein.

The raw material gas may contain, other than oxygen and
asneededwater {inordinarycases it iscontainedaswatervapor),
gases inert to the reaction such as nitrogen, carbon dicxide
gas, and saturated hydrocarbons.

Furthermore, as for methacrolein, gases obtained by
oxidizing iscbutylene, tert-~buthanol and methyl-tert-butyl
ether can be supplied without modification.

A reaction temperature during the gas phase catalytic
(if oxidation is ordinarily in the range of 200 to 400°C, and

preferably in the range of 260 to 360°C. A supply amount of
the raw material gas is, in terms of spatial velocity (SV),

! and preferably in

crdinarily in the range of 100 to 6000 hr~
the range of 400 to 3000 hr't.

In the case of the catalyst according to the invention
being used, there is no great change in a reaction result even
when the SVis increased. Accordingly, it ispossible toperform

the reaction at a high spatial velocity.

Furthermore, though it is possible toperform the gas phase
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(Exanples) 1In what follows, the present invention will be nore
specifically explained with exanples. A conversion ratio, selectivity and
yield in these exanples are defined as follows. Conversion ratio = (a
nunber of noles of reacted nethacrolein/a nunber of noles of supplied

met hacrol ein) x 100 Selectivity = (a nunber of noles of generated

nmet hacrylic acid/a nunber of noles of reacted nethacrolein) x 100 Yield =
(a nunber of generated nethacrylic acid/a nunber of noles of supplied

met hacrol ein) x 100 [ Exanple 1] 1) Preparation of catalyst In 2100 m of

purified w@k@&thQQXIdﬁtﬂHﬂ¥@@§@H@ﬂd@ﬁ%hg%ssu%%<%§aQeﬁhc%@%¥gégﬂre
pentoxi de and 27.62 g of 85% by mass orthophosphoric acid were added, f ol

| onedby heat igagewader ar gk clswhar et rd rRIpeY atilos dHx dihe grangs.@f 20 to 100C
for 5 hr, and thereby a unbered transparent solution was obtai ned. Then,
12.15 g okuiantiieony trioxi de was added thereto, followed by further
heating wunder reflux at a tenperature in the range of 90 to 100C for 2
hr, and tHhBrebyplashavy blue solution in which antinony trioxide was

di ssol ved was obt ai ned. Subsequently, the solution was cooled to a
tenperature of 18 wbaR0Cplfoksowstebyrgsadualingeeraddinng iuidére agitsat i on
20.00 g of cesiumacetate dissolved in 21 150 ml of purified water and 24.
09 go f afRBAiLGATadéyarErdipdssidved th wxBE0iesof purified water together,

further followed by ripening at a tenperature of 15 to 20C for 1 hr, and
t hereby an aeru@pﬁgg§x510nratlo,selec ivityandyieldinthese examples

are defined as follows.

¢ Conversion ratio = (a number of mocles of reacted
methacrolein/a number of moles of supplied methacrelein) x 160

* Selectivity = (anumber of moles of generatedmethacrylic
acid/a number of moles of reacted methacrolein) x 100

* Yield = (a number of generated methacrylic acid/a number
of moles ¢f supplied methacroclein} x 100
[Example 1]
1) Preparation of catalyst

In2100ml of purifiedwater, 300 g of molybdenum trioxide,

< 5 13.26 g of vanadium pentoxide and 27.62 g of 85% by mass

orthophosphoricacidwere added, followedbyheatingunder reflux
at a temperature in the range of 20 to 100°C for 5 hr, and thereby
a umbered transparent solution was obtained. Then, 12.15 g of
antimony tricxide was added thereto, followedby further heating
under reflux at a temperature in the range of 90 to 100°C for
2 hr, and thereby a navy blue solution in which antimony trioxide
was dissolved was obtained. Subsequently, the solution was
cooled to a temperature of 15 to 20°C, followed by gradually

adding under agitation 20.00 g of cesium acetate dissolved in
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slurry containing a cesiumsalt of a heteropoly acid precursor and an
ammoni um salt was obtai ned. Then, 16.64 g of cupric acetate nonohydrate
dissolved in 240 m of purified water was added to the slurry, further
followed by ripening at a tenperature of 15 to 20C for 15 m n. Next, the
slurry was dried by evaporation to dryness by use of hot water, followed
by crushing with a nortar, further followed by classifying to 700 m or

| ess, still further followed by subjecting primary calcining at 310C under
air flowfor 5 hr, and thereby cal ci ned granul ated powder was obtained. A

conposi ti 0B06fl & heuealrai-aesk G apubat £ PyWEeui@si uPYcehargeli adivisd
Mo10Vo. 7P. 1. 15Cuo0. 4Sbo. 4Cso. 5 (NH4) 1.5. Subsequently, 300g of the obtained

cal ci ned gnaridm=al ed pupovderd wase ficspersed, ian 00 ab 1 Dbwpd byl gt ater ,
followed by agitating at 40C for 1 hr. Then the dispersion |iquid was
filtered, aandtenbtenedrgreenissto ot & vl érn=,i asaltitlebmbhererfdiddusat i on
residue) and a unber filtrate were separately evaporated to dryness with
hot wat er glfioklyowent by pud \seciesilmg s&bdt300 at beT60opp liyunt heérmpfatdiowed by
classifying, and thereby granular catalyst (A was obtained fromthe
filtratioAnflesndarmonang selitdwkisedbiatitexd .f or conparison (A) was obt ai ned
fromthe filtrate. In this case, a separation ratio between the filtration
22 residue and Thenfil¢ret & Aas-86r BUoasE tdesmenohe rRitiet ¢ FBRVER €St due

and 13.2@%@ mass of the filtrate. It was found that _an atom c ratio of
motal el cRBAES. Of PURd FABCHIHERE gramidgd to the slurry, further followed

by ripening at a temperature of 15 to 20°C for 15 min.

Next, the slurry was dried by evaporation to dryness by
use of hot water, followed by crushing with a mortar, further
followedbyclassifying to 700 umor less, still further followed
by subjecting primary calcining at 310°C under air flow for 5
hr, and thereby calcined granulated powder was obtained. A
composition of the calcined granulated powder was, by charge
ratio,

Mo15Vo,7P1.15C00.4500.4CS0. 5 (NHy) 2. 5.

Subsequently, 300g of the obtained calcined granulated
powder was dispersed in 1000 ml of purified water, followed by
agitating at 40°C for 1 hr. Then the dispersion liquid was
filtered, and filtered greenish white water-inscluble matter
(filtration residue) and a umber filtrate were separately
evaporated to dryness with hot water, followed by pulverizing
to 300 to 700 um, further followed by classifying, and thereby
granular catalyst (A} was obtained from the filtration residue,
and solidified matter for comparison (A) was obtained from the
filtrate.

In this case, a separation ratio between the filtration

22



catal yst (A) was M1uVO0. 5P1. 8. CU0. 32Sb0. 41CS0. 46 by fl uorescent X-ray

anal ysis, the granular catalyst was a salt of heteropoly acid by X-ray

diffraction analysis, and nitrogen (i.e. NH4; and so forth) was contained

by CHN analysis. Furthernore, it was found that an atomc ratio of netal

el ements of the obtained solidified matter for conparison (A was M10V. 1
53P2. 46CUL . 14 Sb0.13 by fluorescent X-ray analysis, the solidified

matter was a precursor that did not have heteropoly acid by X-ray

diffraction analysis, and nitrogen was not contai ned by CHN anal ysis.

Then, 176:8s040t 9A& tRatryas-9bkajRgdsbyspubyerd zi ngr angk mlassididmg the
obt ai ned granul ar catalyst (A) to 300 mor less and 25.9 g of a strength

i nprover f(eefafkCahiibes )2 vese i ended trunishiorMate .f okt ongd Byucoatiarg and
nmol ding on 173. 7 g of spherical porous alumna carrier (particle dianeter
3.5 M bynusecalcapatagueduscsallutdlemeeft O0% b dmass 0fnet hanolulas a

bi nder. Then an obtai ned nol ded body was subjected to secondary cal cining
at a tenpenatuyetoffA31@E€sfor 5 hr under air flow, and thereby a coated
catal yst ainmed at (A) was obtained. 2) Catal ytic oxidation of methacrolein
I n a stainl ess ¥tedl sfeacCor. st8ibe i ng an inner dianeter of 18 A mm nmm
10. 3 mM of the obtained coated catalyst (A was filled. 23 A catalytic

oxi dat i onPBff iR vt e¥m neasatahdatsed indernuier cahdl Yiongoh wktaw

material gas conposition (in nolar ratio) of nethacraolein: oxygen: water
vapor: ni @ﬁ&&éq,er-_oggl}gza%zd bg ¥ ray diffraction analysis, and nitrogen

{i1.e. NH4; and so forth) was contained by CHN analysis.

.

Furthermore, it was found that an atomic ratio of metal
elements of the obtained solidified matter for comparison (A)
was

Mo10V.1.53P2 46C U1 145b0 13
by fluorescent X-ray analysis, the solidified matter was a
precursor that did not have heteropoly acid by X-ray diffraction
analysis, and nitrogen was not contained by CHN analysis.

Then, 176.8 g of one that was obtained by pulverizing and
classifying the obtained granular catalyst (A} to 300 um or less
and 25.%2 g of a strength improver {(ceramic fiber) were blended
unifermly, followedbycoatingandmoldingon173.7gof spherical
porous alumina carrier (particle diameter 3.5 mm) by use of an
aqueous solution of 90% by mass of ethanol as a binder. Then
an obtained molded body was subjected to secondary calcining
at a temperature of 310°C for & hr under air flow, and thereby
a coated catalyst aimed at (A) was obtained.

2) Catalytic oxidation of methacrolein

In a stainless steel reactor tube having an inner diameter

0f18.4mm, 10.3mlof theobtainedcoatedcatalyst {A) was filled.
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the space velocity (SV) of 1200 hr-', and a reaction bath tenperature of
310C . The reaction was at first kept at a reaction bath tenperature of
310C for 3 hr, and the reaction bath tenperature was raised to 350C and
kept there for 15 hr. Subsequently, the reaction bath tenperature was

| owered to 310C and a reaction result was neasured. The results are shown
in Table I. Furthernore, 4.0 g of the granul ated catalyst (A) and the
sanme amount of the solidified matter for conparison (A) were separately
bl ended with 8.0 g of quartz sand of 300 to 700 m and used in the

oxi dati onar gagki B: UNGLTad AEoRATE ARALILON  GPUL! LORS.BE clienabEvE,e The

results are shown together in Table [ Tabl e 1 Peak tenperature

Conver si orchatitd oBel 8¢t i vitdy mﬂ@iﬂang%sCe@h%s(i%tléhﬁan(rﬁélé%ﬁ&e&&c5 82.7
73.1 Ganular catalyst (A - 87.6 86.7 75.9 Solidified matter for - 40.6

83.1 33. 7ofonepasdsole (WY (CRmar akirve xEd;acsria! &1l)r JerPEeparat b on of ¢,
Catalyst In 2100 m of purified water, 300 g of nolybdenumtrioxide, 24

13. 26 g othwanmadicenmvpéptdxivde sand o27.1620g raf ! 859 bya nBssct dst hephiesphori c
acid were added, followed by heating under reflux at a tenperature in the
range of 98mperz00Cefaor3bCHT., &he tdwerelmn was anlidred te@nsparsrdctsiobut i on
was obtained. Then, 12.15 g of antinony trioxide was added t hereto,
fol | oned bythuteneerséatiengf 310°C for 3 hr, and the reaction bath
temperature was raised to 350°C and kept there for 15 hr.
Subsequently, the reactionbath temperature was lowered to 310°C
and a reaction result was measured. The results are shown in
Table 1. Furthermore, 4.0 g of the granulated catalyst (A) and
the same amount of the sclidified matter for comparison (A) were
separately blended with 8.0 g of quartz sand of 300 to 700 um
and used in the oxidation reaction under the same reaction

conditions as the above. The results are shown together in Table

1.

[Table 1]
( Peak temperature | Conversion ratio | Selectivity Yield
) (o) (o) ()
Coated catalyst (A) 325 88.5 82.7 73.1
Granular catalyst (A) - 87.6 86,7 75.9
Solidified matter for - 40,6 83.1 33.7
comparison (A)

(Comparative Example 1)
1} Preparation of Catalyst

In2l100ml of purifiedwater, 300 g of molybdenumtrioxide,
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under reflux at a tenperature in the range of 90 to 100C for 2 hr, and
thereby a navy blue solution in which antinony trioxide was dissolved was
obt ai ned. Subsequently, the solution was cooled to a tenperature of 15 to
20C, followed by gradually and sinmultaneously addi ng under agitation 20.00
g of cesium acetate dissolved in 150 M of purified water and 24.09 g of
ammoni um acetate dissolved in 150 m of purified water, further foll owed
by ripening at a tenperature of 15 to 20C for 1 hr, and thereby a
aeruginous slurry containing a cesiumsalt of a heteropoly acid precursor

and an amonpymgsalt wwas dabkdiRedoxthen.ankb 264 @ of FUNTL AC e Ale
nonohydrate dissolved in 240 ml of purified water was added to the slurry,

further fekkawpdosbyiokiipen NOwéeE adaBr, MNEXwdd®y BEHEE Y qWas e e by
evaporation to dryness by use of hot water, followed by pul verizing,
further faklowedpkystel-asshftyiangatge3N0o0x/Q00AT fands tther ehy 3oddadinfi ed
matter for conparison (B) was obtained. A conposition of the solidified
matt er for worpaed Sorer(B)aratt thilsttiomewaasobbyieddar geirat,i a2 . MBIHOWE ' 7P1
.15Cu0. 4Sho. 4Cso.s (NH4) | .s Then, the obtained solidified matter for
conpar i soAn{BRonwes: jnH My Wzed daed! chassidi ddltlows@l pmothkessatdndy 365. 4
g 25 thereof and 52.1 g of a strength inprover (ceramc fiber) were

bl ended uBRfeFmr9Liesl povedt PP oot irg dnd ldinigg of 949t8 §008F Epheri cal
porous alumina carrier (particle diameter 3.5 mm) by use of an aqueous
sol ution 6fQ0IHY-HfAP BE R HARSHE &0 I8 T isiThdBrh TTHeARBATOBY di ek H/f ded

body was subjected.to cal cining.
. y wasjggssolved was ohtglnedJ Subsequently, the sclution was

{ cooled to a temperature of 15 to 20°C, followed by gradually
and simultaneocusly adding under agitation 20.00 g of cesium
acetate dissolved in 150 ml of purified water and 24.08 g of
ammonium acetate dissolved in 150 ml of purified water, further
followed by ripening at a temperature of 15 to 20°C for 1 hr,
and thereby a aeruginous slurry containing a cesium salt of a
heteropoly acid precursor and an ammonium salt was obtained.

Then, 16.64 g of cupric acetate monohydrate dissolved in
240ml of purifiedwater was added to the slurry, further followed

("; by ripening for 1 hr.

Next, the slurry was dried by evaporation to dryness by
use of hot water, followed by pulverizing, further followed by
classifying to 300 to 700 um, and thereby solidified matter for
compariscen {(B) was obtained.

A composition of the solidified matter for comparison (B)
at this time was, by charge ratio,

Me16Vo.7P1. 15000, 4800 4Cso s (NHy ) 5 5.

Then, the obtained solidified matter for comparison (B}

was pulverized and classified to 300 wm or less, and 365.4 g
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at a tenperature of 310C for S hr under air flow, and thereby a coated
catal yst for conparison (B) was obtained. 2) Catal ytic oxidation of

nmet hacrol ein The obtai ned coated catal yst for conparison (B) was used in a
catal ytic oxidation of nethacrolein simlarly to exanple 1, and a reaction
result was neasured in the sane way as exanple 1. The results are shown in
Table 2. Moreover, 4.0 g of the solidified nmatter for conparison (B) and
8.0 g of the quartz sand of 300 to 700 m were bl ended and used in the

oxi dation reaction under the sane reaction conditions as the above. The

resul ts afie shomndoget heg dﬁ"aTélc?k@n%th[TﬁQf@v@} Reaks it fMRELALYr Rere
Conversion ratio Selectivity Yiel % Coated catal yst (B) 322

82.7 83. b Bdhdeq Sl didded ratitiefved %ﬂ; éogglﬂ 68nd md Ddi £OMAIISOR B
[ Exanpl e 2] 1) Preparation of Catalyst In 180 m of purified water, 300 g

of nol ybdehumhieriiexeiideorods dBumtn4 c@frr\&%ﬁ:adpblmt@@mteodiéi@e@@ﬂ 2% 6R)g of
85% by mass orthophosphoric acid were added, f ol l owedby heating under ref
lux at &y enperat wre dquddes raange iafn AF 9w 1 @QCHfaers b thiethand 1t her eby  a
unbered transparent solution was obtained. Then, 12.15 g of antinony
trioxi de wasieadded Hehrer etod,t afloledowetiddy todytdes shedeicongd unded ciefihgx at a
tenperature in the range of 90 to 100C for 2 hr, and thereby a navy bl ue
sol uti on dh aMieekegativeng £t 10X der 5 hr under air flow, and thereby

a coated catalyst for comparison (B) was obtained.

2) Catalytic oxidation of methacrolein

The obtained coated catalyst for comparison (B) was used
in a catalytic oxidation of methacrolein similarly to example
1, and a reaction result was measured in the same way as exanple
1. The results are shown in Table 2. Moreover, 4.0 g of the
sclidified matter for comparison (B) and 8.0 g of the quartz
sand of 300 to 700 um were blended and used in the oxidation
reaction under the same reaction conditions as the above. The

results are shown together in Table 2,

(N? [Table 2]
Peak temperature | Conversion ratio | Selectivity Yield
e (o) (o) (%)
Coated catalyst (B) 322 82.7 83.1 68.7
Solidified matter - 74.1 89.4 66.3
for comparigon (B)

[Example 2]
1) Preparation of Catalyst

In21C00mlof purifiedwater, 300 gofmolybdenun trioxide,

26



was di ssol ved was obt ai ned. Subsequently, the solution was cooled to a
tenperature of 15 to 20C, followed by gradually and simultaneously adding
under agitation 20.00 g of cesium acetate dissolved in 150 m of purified
wat er and 24.09 g of ammonium acetate dissolved in 150 m of purified
water, further followed by ripening at a tenperature of 15 to 20C for 1
hr, and thereby a aerugi nous slurry containing a cesiumsalt of a

het eropoly acid precursor and an amoni um salt was obtai ned. Next, the
slurry was dried by evaporation to dryness by use of hot water, followed

oy pulverizing wi bR GaflRAE Ak, pEHELDER. LAl aWeq-LY 6lagshlying Lo 700 pm or

| ess, and there%@ pul veri zed y was obtai ne conposi tion of the

pul veri zeg-bRENH8ELhBE S alditBy WaSa g Q¥ C AN I8 Wl P atin?underr flux
Mo10Vo. 7P1. 15Cu0. 4Sbh0. 4Csn. 5 (NH4 ) 1.5. "Then, to the pul veri zed body,

16. 64 g oftcuUpthpeacetakbein MBRORYEEALE Yo Adde irhrpowder and olHowed, by
addi ng 100 g of an aqueous solution of 90% by nmass of ethanol, further

foll owed abyudaneadlitignsptaiddntf vot hen chold owest byhance toene evaper@idmg to
dryness with hot water, followed by pulverizing with a nortar to 700 )tm
or | ess, &uwtihenyfraliloovied tys sdbjpactticgetio, doplbmaypby 27r cakeihriang nunder
air flow at 310C for 5 hr, and thereby calcined granule (C) was obtained.
A conposithéar of e f hex grtarultamed teddyre dtn tdhies rainme wdés Cbyo chadYe fieat i o,
Mot V Pi.isCuo.4Sbo.4Csn.5 (NH1l) 1.s. Furthernore, it was assuned from by
X-ray di f$ RF&ctanm themgbysa & avivale L aelded usoppetn wid aoan | sobay éd lasickspper

acetate or copper_oxide. ,
was dissolved was obtained. Subsequently, the solution was

{
\

cooled to a temperature of 15 to 20°C, followed by gradually
and simultanecusly adding under agitaticon 20.00 g of cesium
acetate dissolved in 150 ml of purified water and 24.09 g of
ammonium acetate dissclved in 150 ml of purified water, further
followed by ripening at a temperature of 15 te 20°C for 1 hr,
and thereby a aeruginous slurry containing a cesium salt of a
heteropoly acid precursor and an ammconium salt was obtained.

Next, the slurry was dried by evaporation to dryness by
use of hot water, followed by pulverizingwith a mortar, further
( ; followedbyclassifying to 700 pm or less, and thereby pulverized
body was obtained. A composition of the pulverizedbody at this
time was, by charge ratio,

M0o16Vo, 7Py 15C00. 4 Sbo, 4Cs0. 5 (NHg) 1 5.

Then, to the pulverized body, 16.64 g of cupric acetate
monohydrate was added in powder, followed by adding 100 g of
an aqueous solution of 90% by mass of ethanol, further followed
by kneading, still further followed by once more evaporating
to dryness with het water, followed by pulverizing with a mortar

to 700 pum or less, further followed by subjecting to a primary
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Subsequently, 356 g of the obtained calcined granule (C) was dispersed in
1317 m of purified water, followed by agitating at 40C for 1 hr. Then the
di spersion liquid was filtered, and filtered greenish white

wat er-insoluble matter (filtration residue) and a unber filtrate were
separately evaporated to dryness with hot water, followed by pulverizing
to 300 to 700 m further followed by classifying, and thereby granul ar
catalyst (C) was obtained fromthe filtration residue, and solidified
matter for conparison (C) was obtained fromthe filtrate. At this tine, a

separat i oaaezﬁ&?%w&@d&tartaéhgﬂ:l iflbgs's%% and dihe-did hateneas 88. 4%

by mass of the filtration residue an .6% by mass of the filtrate. Then,

324.4 g ofrene1thal) was abtained by pukMEEL 2k BE ANdneCdasail ot &g vbbe
obtai ned granul ar catalyst (C) to 300 mor less and 47.4 g of a strength

i nprover {eefpnkccinbernisyere bhardedrawnbformy, followedby coating
andnol di ngon 318.2 gof spherical porous alumna carrier (particle dianeter
3.5 nm by use 10,89 . Paqueausssol.otl annef) .90% by mass of et hanol as a

bi nder. Then the obtained nol ded body was subjected to secondary cal cining
28 under air flbuwateanteapeiatuae 86s816€ foonbSbhr X-and théfebytiancoat ed
catalyst ained at (C) was obtained. 2) Catalytic oxidation of nethacrolein
The obt ai#iedll ¢oas ethzatzaldst (COramsagsedti hsalahtdlas i@proxd datsten cof

met hacrolein simlarly to exanple 1, and a reaction result was neasured in
the same MaycagPexappiéel1. The results are shown in Table 3. Mreover, 4.0

g of the calcined granule , ,
Subseguently, 356 g of the obtained calcined granule (C)

i was dispersed in 1317 ml of purifiedwater, followedbyagitating
at 40°C for 1 hr. Then the dispersion liquid was filtered, and
filtered greenish white water-inscluble matter (filtration
residue) and a umber filtrate were separately evaporated to
dryness with hot water, followed by pulverizing to 300 to 700
um, further followed by classifying, and thereby granular
catalyst (C) was obtained from the filtration residue, and
solidified matter for comparison (C) was obtained from the
filtrate.

(“; At this time, a separation ratioc between the filtration
residue and the filtrate was 88.4% by mass of the filtration
residue and 11.6% by mass of the filtrate.

Then, 324.4 g of one that was obtained by pulverizing and
classifying the obtained granular catalyst (C) to 300 umor less
and 47.4 g of a strength improver (ceramic fiber) were blended
uniformly, followedbycoating andmoldingon318.2gof spherical
porous alumina carrier (particle diameter 3.5 mm) by use of an

aquecus solution of 90% by mass of ethanocl as a binder. Then

the obtained molded body was subjected to secondary calcining
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(©, the granular catalyst (C) and the solidified matter for conparison
(C each and 8.0 g of the quartz sand of 300 to 700 m were bl ended and
used in the oxidation reaction under the sane reaction conditions as the
above. The results are shown together in Table 3. (Table 3) Peak
tenperature Conversion ratio Selectivity Yield C (% Coated catalyst (O
328 92.2 82.3 75.9 Calcined granule (C) - 88.2 87.5 77.2 G anul ar
catalyst (C) - 93.7 86.4 81.0 Solidified matter for - 35.8 82.8 29.6
-conparison (C) (Conparative exanple 2) 1) Preparation of catalyst In 2100

n of purijhhed yetef,o3Q3 g ebnprlybdenunrtsi®xi der 513 26 ehevanradi um
pent oxi de and 27.62 g of 85% by mass orthophosphoric acid were added, f

ol | onedbyzheaki:rg uRden yeef akuxd29+atica tesperatyned.n the range of 90 to
100C for 5 hr, and thereby a unbered transparent solution was obtai ned.

Then, 12.15 g of) asatkbpbyctokodkdeonasragdedatheneta, foll owed by further
heating wunder reflux at a tenperature in the range of 90 to 100C for 2
hr, and therebyThaenavya hle ceeltuid ontian ywhi ¢h) andd nery inioxizadel was:

di ssol ved was obtained. Subsequently, the solution was cooled to a

t enper at upgidétisntaf ReChatobleheds i lgraduablexamanid: 3i mild anesusiypraddi ng
under agitation 20.00 g of cesium acetate dissolved in 150 m of purified
wat er andr23u9 wpefmeasured in the same way as example 1. The results

are shown in Table 3. Moreover, 4.0 g of the calcined granule

(C), the granular catalyst (C) and the solidified matter for
comparison (C) each and 8.0 g of the quartz sand of 300 to 700

um were klended and used in the oxidation reaction under the

same reaction conditions as the above. The results are shown

together in Table 3.

{Table 3]

Peak temperature | Conversion ratio | Selectivity | Yield
o) (o) (vo) (¥0)
Coated catalyst (C) 328 92.2 82.3 75.9
( Calcined granule (C) - 88.2 87.5 77.2
Granular catalyst (C) - 03.7 86.4 81.0
Solidifted matter for - 35.8 82.8 29.6

comparison {(C)

{(Comparative example 2)

1) Preparation cof catalyst

In2100ml of purifiedwater, 300 gof molybdenum trioxide,
13.26 g of vanadium pentoxide and 27.62 g of 85% by mass

orthophosphoricacidwere added, focllowedbyheatingunderreflux
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ammoni um acetate dissolved in 150 m of purified water, further followed
by ripening at a tenperature of 15 to 20C for 1 hr, and thereby an

aerugi nous slurry containing a cesiumsalt of a heteropoly acid precursor
and an ammoni um salt was obtai ned. Subsequently, the slurry was dried by
evaporation to dryness by use of hot water, followed by pulverizing by use
of a nortar, further followed by classifying to 300 mor less, and

t hereby pul verized natter was obtained. A conposition of the pulverized
matter was, by charge ratio, MiOVo.7P,.,sSbo.4Cso. s (NH4) 1. s . Then,
16.64 g of Caueémﬁeége&%elm%@hlyﬂﬁ@é & £i O ROWIES? MRS ¢ @@l@edaﬁ@ e eby

pul verized matter, further followed by mxing, and t ereby a mxture was

obt ai ned. am@hr_éﬁ%_-rén& fr drhtespuliverhzeds mdamand 988,019 18 ¢ sterength
i nprover (ceramc fiber) were blended uniformy, fol I owed by coating and

ol di ng 0snB58edy @ rabxsphesi €abicparaus: o @ Upbacwakliefuf past hele idigamet er
3.5 mm) by use of an aqueous solution of 90% by mass of ethanol as a

bi nder. Thedean oblak ned B0 ampadedhody mwaseCcakeaigred fundetoal 00fd awrat a
tenperature of 310C for 5 hr, and thereby a coated catal yst for conparison
(D) was Dbirai aed thAretnyposiaviyonloé sa leatiahyst wadichvaen conpopnenti cafiter t he
calcining (the pulverized matter) was, by charge ratio, MrOVo.7P1. r
sCuo. 4Sbeas 4€sasobvediHgys1obbainEdrt harlnpeeuent lwastagssokdticonvXsr ay
diffraction analysis that added copper was not isolated as copper OXIde or
copper oxfe@eled? OC%I%@W@¢€ab&¥@a@foﬁﬁ ofo me Wacfelldiowed by graduall

and simultaneocusly adding under agitation 20.00 g of cesium

.

acetate disscived in 150 ml of purified water and 24.09 g of
ammonium acetate disscolved in 150 ml of purified water, further
fcllowed by ripening at a temperature of 15 to 20°C for 1 hr,
and thereby an aeruginous slurry containing a cesium salt of
a heteropoly acid precursor and an ammonium salt was obtained.

Subsequently, the slurry was dried by evaporation to
dryness by use of hot water, followed by pulverizing by use of
a mortar, further followed by classifying to 300 um or less,
and thereby pulverized matter was obtained. A composition of
(‘ the pulverized matter was, by charge ratio,

MO1aVa.7P1. 15800 4Cs0 5 (NHe ) 1 5.

Then, 16.64 g of cupric acetate monohydrate in powder was
added to the pulverized matter, further followed by mixing, and
thereby a mixture was obtained.

Then, 381.5 g of the pulverized matter and 53.8 g of a
strength improver (ceramic fiber) were blended uniformly,
followed by coating and molding on 358.4 g of spherical porous
alumina carrier {particle diameter 3.5 mm) by use of an agqueous

solution of 90% bymass of ethanol as a binder. Then an obtained
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The coated catalyst (D) was used in a catalytic oxidation of methacrolein
simlarly to exanple 1, and a reaction result was neasured in the sanme way
as exanple 1. The results are showmn in Table 4. [Table 4] Peak tenperature
Conversion ratio Selectivity Yield C (% % (% Coated catalyst (C 326
88.5 82.5 73.0 [Exanple 3] 1) Preparation of catalyst In 2100 m of
purified water, 300 g of nolybdenumtrioxide, 15.16 g of vanadi um

pent oxi de and 27.62 g of 85% by mass orthophosphoricac.idwere added,
fol |l owed byheating under reflux at a tenperature in the range of 90 to

100C for. na71Red 18l LB.r &by fe MRRIS, 1 £ 3N3RAL €0l 1 SQbUEL O MRS 9?@‘&3 ned.
Subsequently, the 'solution was cooled to a tenperature of 1.5 to 20

followed 34rby i1of adual kye2Rd\Shmbd gneeusiy aadisng aeﬁgéragbhatmpma;ls? 49
go f cesium hydrOX| de rmnohygrate dissolved in 100 m of purified water

and 20. 88cqgtafinaamoni um acetate dissolved in 100 m of purified water,
further followed by ripening at a tenperature of 15 to 20C for 15 mn, and
t hereby a yel | oni sbmpbikteishusrya €obiaystngoal cestiaumpsabit off @ehetler opol y
acid precursor and an ammonium salt was obtained. Then, 16.64 g of cupric
acet at e noabdhydiate (dhespved rire2@@ e xof wau,i fiyedhwateer nwesicadded to the
slurry, further followed by ripening at a tenperature of 15 to 20C for 1
hr. In the nextMpléceP:theuslibbnywCwas (il edsby evaporati on

Furthermore, it was assumed fromX-raydiffractionanalysis that

added copper was not isclated as copper oxide or copper oxide.
2) Catalvytic oxidation ¢of methacrolein
The'coated':atalyst (D) was used in a catalytic oxidation

cf methacrolein similarly to example 1, and a reaction result

was measured in the same way as example 1, The results are shown

in Table 4.
{Table 4]
Peak temperature | Conversion ratio | Selectivity | Yield
9, (o) (o) (%)
(""j Coated catalyst (C) 326 88.5 82.5 73.0
[Example 3]

1) Preparation of catalyst

In2100miof purifiedwater, 300 g of molybdenum trioxide,
15.16 g of vanadium pentoxide and 27.62 g of 85% by mass
orthophosphoricacidwere added, followedbyheatingunder reflux
at a temperature in the range of 20 to 100°C for 5 hr, and thereby
aumbered transparent solutionwas obtained. Subsequently, the

solution was cooled to a temperature of 15 to 20°C, followed
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to dryness by use of hot water, followed by pulverizing wwth a nortar,
further followed by classifying to 700 mor less, still further foll owed
by subjecting to primary cal cining under air flow at 310C for 5 hr, and

t her eby cal ci ned granule was obtained. A conposition of the calcined
granule (E) was, by charge ratio, Ml oVo.aPl.isCuo.4Cso.5 (NH4) 1.3.
Subsequently, 351.5 g of the obtained cal cined granule was dispersed in
1300 mM of purified water, followed by agitating at 40C for 1 hr. Then the
dispersion liquid was filtered, and filtered yellow sh-white

wat er - i nsgyuekgdﬁgngraﬁ& éiﬁ@itQHeouﬁ?%dé@an@g%ﬁ?éjﬁmﬁ%%ﬁltlbt&?t & VRS €

separ at el y~ evapor at e dryness w t y pu veri zing

to 300 t . f t
0 O?qucemuﬁwd}efmaﬁ@ﬂ\ﬁ@@ﬁ%;ﬁﬁ@i@ dﬁ@@oﬂ%@ dﬂf ar

catal yst (E) was obtained from and I ed

matter fofaeerpanison. (E) %V\@§ obkahned dcomibey; 3&1+4édrat e oo |nnL ¥ s
case, a separation ratio between the filtration residue and the filtrate

was 78. 9%hyifnead witthe fultnat i ldest dierapdn2hqglie by v@Bsse oftdhe
filtrate. Subsequently, 245.0 g of one that was obtained by pulverizing

and cl assofyl hgd k@ °obfai nefl rigranuhar taatrabysi &)1 owdsB30Mhin ®rsllessy and
36.2 g of a strength inprover (ceramc fiber) were bl ended uniformy,

fol | owed byntaating antgmlisad t on 243 % ppafl spherd pakcposousam@t wm na
carrier (particle diameter 3.5 mm) by use of an aqueous sol ution of 90% by
mass of edWapblurmagadtbivadepbtTierdthe obt ai ned nol ded body was di vi ded

equal |
g Y Then, 16.64 g of cupric acetate monchydrate dissolved in

{
3
k%

200ml of purifiedwaterwas added to the slurry, further followed
by ripening at a temperature of 15 to 20°C for 1 hr.

In the next place, the siurry was dried by evaporation
to dryness by use of hot water, followed by pulverizing with
a mortar, further followed by classifying to 700 pum or less,
still further followed by subjecting to primary calcining under
air flow at 310°C for 5 hr, and thereby calcined granule was
obtained., A composition of the calcined granule (E) was, by
charge ratio,

( MoroVo.6P1.15CU0.4C80.5 (NHg) 1.5

Subsequently, 351.5 g of the obtained calcined granule
was dispersed in 1300ml of purifiedwater, followedby agitating
at 40°C for 1 hr. Then the dispersion liquid was filtered, and
filtered yellowish-white water-insoluble matter (filtration
residue) and a umber filtrate were separately evaporated to
dryness with hot water, followed by pulverizing to 300 to 700
wm, further followed by classifying, and thereby granular
catalyst (E) was cobtained from the filtration residue, and

solidified matter for comparison (E) was obtained from the
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into two, (i) one was cal cined (secondary calcining) in a box type hot air
cal cining furnace under nitrogen flow (5 L/mn) 1in the presence of ethanol
(20 g/ hr) as a reducing agent at 380C for 10 hr, and thereby a targeted
coated catalyst (E-1) was obtained, and (ii) the other was subjected to
secondary calcining in a box type hot air calcining furnace under air flow
at 380C for 10 hr, and thereby a targeted coated catal yst (E-2) was
obtained. 2) Catal ytic oxidation of nethacrolein Obtained coated catal ysts
(E-1) and (E—2) mere used in the catalytic oxidation of nethacrolein
5|n1Iarny£9 1, and reaction results were nmeasured simlarly to
exanpl e 1. esu ts thereof are shown in Table S. Furthernore, 4.0 g of

each of ‘the gramylalicalalysh cEbaands ghe¥§§%%%éﬁ@g%,gﬁeﬁeerflfz%atq%mpar' son

(E) was mixed wth 8.0 g of qu z san he m xtures each

wer e usedrégla@@ oxidagk op: 1ALt Ofs s 38 undery the saye trh%acftﬂ%a%%%l tions
as that of exanple 1 . Results are shown together in Table 5. [Table 51

Peak tenpecaisne &eaversionplahhesSekkeehkbvictyt¥hekd C (% %% Coat ed
catalyst (E-1) 321 78.0 87.7 68,4 Coated catalyst E-2 320 76.9 87.4 67.2

G anul ar cat al ysthé&uen?8y2 8959070. 3f Seki dhkiedapabbernihen py46.2 84.8
39.2 conparison (E) (Conparative Exanple 3)
pulverizing and classifying the obtained granular catalyst (E)
to 300 pum or less and 36.2 ¢g of a strength improver {ceramic
fiber} were blended uniformly, followed by coating and molding
on243.4gof spherical porocus alumina carrier (particlediameter
3.5 mm) by use of an aqueous solution of 20% by mass of ethanol
as a binder. Then the obtained molded body was divided equally
into two, (i) one was calcined (secondary calcining) in a box
type hot air calcining furnace under nitrogen flow (5 L/min)
in the presence of ethanol (20 g/hr) as a reducing agent at 380°C
for 10 hr, and thereby a targeted coated catalyst (E~1) was
obtained, and (ii) the other was subiected to secondarycalcining
in a box type hot air calcining furnace under air flow at 380°C
(j; for 10 hr, and thereby a targeted coated catalyst (E-2) was

obtained.

2) Catalytic oxidation of methacrolein
Obtained coated catalysts (E-1) and (E-2) were used in

the catalytic oxidation of methacrolein similarly to exanple

1, and reaction results were measured similarly to example 1.

Results thereof are shown in Table 5. Furthermore, 4.0 g of

each of the granular catalyst (E)} and the solidified matter for

comparison (E) was mixed with 8.0 g of guartz sand of 300 to

700 pm, the mixtures each were used in the oxidation reaction
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1) Preparation of catalyst In 2 100 m of purified water, 300 g of

nol ybdenum trioxi de, 15.16 g of vanadi um pentoxi de and 27.62 g of 85% by
mass orthophosphoric acid were added, followed byheati ng under reflux, at
a tenperature in the range of 90 to 100C for 5 hr, and thereby a unbered
cl ear solution was obtained. Subsequently, the solution was cooled to a
tenperature of 15 to 20C, followed by gradually and simultaneously adding
under agitation 17.49 g of cesium hydroxi de nonohydrate di ssolved in 1.00
m of purified water and 20.88 g of ammoni um acetate dissolved in 100 m

of _ PUri e pRters, (ULLher ; baldowed oy, £ LDaning, AL ahemner akuce ) ¢of 15 to

20C for 15 mn, an ereby a yellow's rte sturry ontaining a cesium
salt of azheteropgl ¥ogetHepPr equignl cand an ammoni um salt was obtained. 34
Then, 16.64 g of cupric acetate nonohydrate dissolved in 200 m of
purified water was further added to the slurry, further followed by
ripening for 1 hr. In the next place, the slurry was dried by evaporation
to drynesstdyisise] of hot water, followed by pulverizing with a nortar,
further fdl'Towed by classiffying to 30016 700 m "and [t hereby pulverized
matter (F) was obtained. A eampespéne df Cohb@sipubaRy | Zerkctiity erviél) | was,
internms gf charge ratio, (MioVo. 3P1.isCuo.4Cso.s (NH4) 1.3 Subsequently,

t he obtained pulverized matter W pul vierized%)o 300| m qfs) ess éndl
classified, 334.0 g thereof and 48.6 g [of a strengthjinprover|(ceramc
fiber) werlé€datedndedyst (&ilf)orml y, 306l | owedby codBiong andnolddi’hgon &96. | 6 gof
spheri cal

- Coated catalyst (E-2) 320 76.9 87.4 67.2

{

) Granular catalyst (E) - 78.2 89.9 70.3
Solidified matter for - 46.2 84.8 39.2

comparison (E)

{Comparative Example 3)

1) Preparation of catalyst

In2100ml of purifiedwater, 300 gof molybdenum trioxide,
15.16 g of vanadium pentoxide and 27.62 g of 85% by mass
orthophosphoricacidwere added, followedbyheatingunderreflux

( at a temperature in the range of 90 to 100°C for 5 hr, and thereby

a umbered clear solution was cbtained. Subsegquently, the
soclution was cooled to a temperature of 15 te 20°C, followed
by gradually and simultaneously adding under agitation 17.49
gof cesiumhydroxide monchydratedissolved in100ml of purified
water and 20.88 g of ammonium acetate dissolved in 100 ml of
purified water, further followed by ripening at a temperature
of 15 to 20°C for 15 min, and thereby a yvellowish-white slurry
containing a cesium salt of a heteropoly acid precursor and an

ammonium salt was obtained.
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porous alumna carrier (particle dianeter 3.5 mm by use of an aqueous
solution of 90% by nmass of ethanol as a binder. Then the obtai ned nol ded
body was divided equally into two, (i) one was calcined (secondary
calcining) in a box type hot air calcining furnace under nitrogen flow (5
L/'mn) in the presence of ethanol (20 g/hr) as a reducing agent at 380C
for. 10 hr, and thereby a targeted coated catalyst (F-1) was obtained, and
(ii) the other was subjected to secondary calcining in a box type hot air
cal cining furnace under air flow at 380C for 10 hr, and thereby a targeted

coated cat al ystyfF; 2) aas; gbiained i 2) . td%leyzrnbﬁoﬁ’ hoatiop of o et dhagr ol ei n
¢ hd (B

Obt ai ned coated catalysts (F-1) wer e use In the catalytic

oxi dat i on @f ri¥es P%&Q'ﬁ%‘e'@i @émwalsyfu&%%@d%d do tARAs T ALY ] QR iy ts
were neasured simlarly to exanple 1. 35 Results thereof are shown in

Table 6. FYribeeaone, rebnongf rothe pul verized matter (F) was mixed with
8.0 g of quartz sand of 300 to 700 m the m xture was used in the

oxi dation reacti@nchaindalrt the SameHeathirglyy ¢endiddienrs 1as oiiaab reft iexanpl e
1. Results are shown together in Table 6. [Table 6] Peak tenperature

Conver si oo rét yoe Sellectiad tof Yied diatierC fedaieed CatvalpyStyek-ilz 137 w8319 85. 6
46.1 Coated catalyst (F-2) 318 61.2 85.9 52.6 Pulverized matter (F) -
69. 2 88. Za @brIayd,EXampherd4followed by classifying to 306 to 700 pm, and
thereby pulverized matter (F) was obtained. A composition of
the pulverized matter (¥) was, in terms of charge ratio,

Mo10Ve.gP1.15C00.4CSg. 5 (NE4) 1.5,

Subsequently, the obtained pulverized matter was
pulverized to 300 pm or less and classified, 334.0 g thereof
and 48.6 g of a strength improver (ceramic fiber) were blended
uniformly, followedby coatingandmoldingon326,.6gof spherical
porous alumina carrier (particle diameter 3.5 mm) by use of an
aquecus solution of 90% by mass ¢f ethanol as a binder. Then
the obtained molded body was divided equally into two, (i) one
was calcined (secondarycalcining) inaboxtypehotaircalcining
Ct furnace under nitrogen flow (5 L/min) in the presence of ethanol

(20 g/hr) as a reducing agent at 380°C for 10 hr, and thereby
a targetedcoated catalyst (F-1) was obtained, and (ii) the other
was subjected to secondary calcining in a box type hot air
calcining furnace under air flow at 380°C for 10 hr, and thereby
a targeted coated catalyst {(F~2) was obtained.

2) Catalytic oxidation of methacrolein

Obtained cocated catalysts (F-1) and (F-2) were used in

the catalytic oxidation of methacrclein similarly to example

1, and reaction results were nmeasured similarly to example 1.



1) Preparation of catalyst In 2 100 m of purified water, 300 g of

nol ybdenum trioxi de, 15.16 g of vanadi um pentoxi de and 27.62 g of 85% by
mass orthophosphoric acid were added, followed by heating under reflux at
a tenperature of 90 to 100C for 5 hr, and thereby a unber clear solution
was obtai ned. Then, 1.52 g of antinony trioxide was added thereto,

foll owed by further heating under ref lux at a tenperature in the range of
90 to 100C for 2 hr, and thereby a green brown solution in which antinony
trioxide was dissolved was obtained Subsequently, the solution was cool ed

L0 P! SRELALLL & 01, . 10,206, ] ol ot b or adlablor,and. of milt aneoust y

addi ng un agitation ceS|u ydroX| nono at'e di*ssol ved in

100 m oft}pé,u 4 éj[ @rmaq.TrperIZO E%8h%oﬁsﬁ gamﬂ'émb?ﬁ%@tcﬁ;aqtszs%l Lyed in

100 M of wat er t her ri pening at-a tenperature of

15 to ZOQf@roothWoog&d Eﬁ@&ﬁ%&ﬁebc«g\yhg&w kew&im&&@%@&u% a

cesiumsalt of a het ropo acl precur sor an anmoni um sal

obt ai ned. u%%ﬁ@%ﬂé’re&@%;@hlﬁcfdﬁﬂﬁ%rﬁg b§@h@t SV aRkatkon t@\es@'l)‘.@ess by
use of hot water, followed by pulverizing with a nortar, further foll owed

by C|aSSIéb@rEhdﬁh7@@g@t@ér|@ﬁSTaBm@ ther eby pulverlzed matter was
obt ai ned. A conposition of the pulverized natter was, in terns of charge
rati o, Ml OVo.5P1 15Sbo. 05Cso.5 (NH4) 1.3. Then, to the pulverized nmatter,
16.64 g of cupric acetate nonohydrate was added in powder, followed by
addi ng 100Tagklof 6BAn aqueous sol ution of 90% by nass of ethanol, further

foll owed| by kneading, still further followed by once nore evaporati hg

Peak temperature | Conversionratio | Selectivity | Yield

{' ) (o) (%0) (%)
Coated catalyst (F-1) 317 53.9 85,6 46.1
Coated catalyst (F-2) 318 61.2 85.9 52.6
Pulverized matter (F) - 69.2 88.5 61.3

[Example 4]

1) Preparation of catalyst

In2100mlof purifiedwater, 300 gof molybdenum tricxide,
15.16¢ g of vanadium pentoxide and 27.62 g of 85% by mass

(ﬁ: orthophosphoricacidwere added, followedbyheatingunderreflux

at a temperature of %0 to 100°C for 5 hr, and thereby a umber
clear solution was obtained. Then, 1.52 gof antimony trioxide
was added thereto, followed by further heating under reflux at
a temperature in the range of 90 to 100°C for 2 hr, and thereby
a green brown solution in which antimony trioxide was dissolved
was obtained. Subsequently, the solution was cooled to a
temperature of 15 to 20°C, followed by gradually and
simultaneouslyaddingunderagitationl7.4%gofcesiumhydroxide

monohydrate dissolved in 100 ml of purified water and 20.88 ¢
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to dryness with hot water, followed by pulverizing with a nortar to 700 m
or less, further followed by subjecting to a primary cal cining under air
flow at 310C for 5 hr, and thereby calcined granule (G was obtained. A
conposition of the calcined granule (G at this tinme was, in terns of
charge rati o, MioVo.8Pl. 15Cuo. 4Sbo. 05Cso. 5 (NH4) 1.3 Subsequently, 366.4 g
of the obtained calcined granule (G was dispersed in 1360 m of purified
water, followed by agitating at 40C for 1 hr. Then, the dispersion |iquid
was filtered, and filtered pale yellow water-insoluble matter (filtration

51 0u) B0 BOHERo 1L P01 SRR, ke SuANRLA B0 Symess i

hot wat er; y pulveri zi ng I"owed by

classifyipg)apdst r@%‘?%?ﬁ% réﬁ%%&%lt% ., () ;was obtal (n§>df krom the

filtration residue, tter for conparison { was obt ai ned

fromthe »f4 il Al pthig it n?el@o§69§ﬁ§£%030ﬂ@éjf€jrl{?§té’%% e skt ration

i
residue and the filtrate was 81°8% by mass ©of the ation residue and

18. 2% by dgmsHdfetdier I} hEE Al e SURSBANEALLYanAS91i ¥n & 20f PNe cbhat nwas
obtained by pulverizing and classifying the obtained granular catalyst (G

to 300 pmor |esgauiS8:4y 0 Phe asShF LPOLAs | APLONERy (E0ERALE1bhberR) were
bl ended uniformy, followed by coating and nolding on318.2g of spherical
por ous aldmymas €ay tisero f pat tatlee , dicalmeiverd b 3 oD 1) iy nuse of a apragueous
solution of 90% by nmass of ethanol as a binder. Then the obtained nol ded
body was Hintlded fequalWed biynmtbatwdfyfny ome Masimcak ciewsl, (@secohdarpy
calcining) in a box

pulverizedmatterwasobtained. Acompositionof thepulverized

(' matter was, 1in terms of charge ratic,

Moy oVo.8P1.15500,05C80.5 (NHq) 1. 3.

Then, to the pulverized matter, 16.64 g of cupric acetate
monohydrate was added in powder, followed by adding 100 g of
an aqueous solution of 90% by mass of ethanol, further followed
by kneading, still further followed by once more evaporating
to dryness with hot water, followed by pulverizing with amortar
to 700 pm or less, further followed by subjecting to a primary
calcining under air flow at 310°C for 5 hr, and thereby calcined

( granule (G) was obtained. A compositionof the calcined granule
(G) at this time was, in terms of charge ratio,

Moi1oVo.eF1.165CU0 45005, 05CS0.5 (NH4) 1 3.

Subsequently, 366.4 g of the cbtained calcined granule
(G) was dispersed in 1360 ml of purified water, followed by
agitating at 40°C for 1 hr. Then, the dispersion liquid was
filtered, and filtered pale yellow water-insoluble matter
(filtration residue) and a umber filtrate were separately

evaporated to dryness with hot water, followed by pulverizing

to 300 to 700 um, further followed by classifying, and thereby
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type hot air calcining furnace under nitrogen flow (5 L/mn) in the
presence of ethanol (20 g/hr) as a reducing agent at 380C for 10 hr, and
thereby a targeted coated catalyst (G 1) was obtained, and(ii)the other
was subjected to secondary calcining in a box type hot air calcining
furnace under air flow at 380C for 10 hr, and thereby a targeted coated
catalyst (G 2) was obtained. 2) Catalytic oxidation of nethacrolein The
obt ai ned coated catalysts (G 1) and (G 2) each were wused in a catalytic
oxi dation of nmethacrolein simlarly to exanple 1, and reaction results

wer e ”eas(#”t 10,108 S : 0‘(‘%&’6,\;@%?%%%%5;}{?&8 flrom Iﬂgu'ﬁl{igs%@iac%{ﬁ%a%tﬂi% in

Table 7. er nor e, ci ned gran e solidified

mat t er foénd%%lcigieﬁg?iréé%@xtﬁ:g‘)b 9@%@%%9@@ @h the ayariz.sand,pEn300 to

700 m were blen and used in the ation reaction under the same
reaction gpngit+ons as the above. The results are shown together in Table
7. [Table 7] Peak tenperature Conversion ratio Selectivity Yield C (% (%

Coat ed catal ystaf Gnl)s 32ke!646586a7abb04 rL08d b Gl Yole €612 a824n71. 4
87.0 62.1 Ganular catalyst (G - 68.5 89.6 61.1 Solidified matter for -

42. 1I 85. Ir &bi Que -cofipaid SO (XAt Genparatdy & exagy e f4xht) rPrepatabion of
catalyst residue and 18.2% by mass of the filtrate.

Subsequently, 259.2 g of one that was obtained by
pulverizing and classifying the obtained granular catalyst {(G)
to 300 um or less and 38.4 g of a strength improver {ceramic
fiber) were blended uniformly, followed by coating and molding
on 318.2 gof spherical porous alumina carrier {particlilediameter
3.5 mm) by use of an aqueocus sclution of 90% by mass of ethanol
as a binder. Then the obtained molded body was divided equally
into two, (i) one was calcined {secondary calcining) in a box
type hot air calcining furnace under nitrogen flow (5 L/min)
in the presence of ethanol {20 g/hr} as a reducing agent at 380°C
for 10 hr, and thereby a targeted coated catalyst (G-~1} was
(:? obtained, and (ii) the otherwas subjected to secondarycalcining

in a box type hot air calcining furnace under air flow at 380°C
for 10 hr, and thereby a targeted coated catalyst (G~2) was
obtained.

2} Catalytic oxidation of methacrolein

The obtained coated catalysts (G-1) and {(G-2) each were
used in a catalytic oxidation of methacrolein similarly to
example 1, and reaction results were measured in The same way
as example 1. The results are shown in Table 7. Furthermore,

4.0 g of the calcined granule {G) and the sclidified matter for
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In 2 100 mM of purified water, 300 g of nolybdenumtrioxide, 15.16 g of
vanadi um pent oxi de and 27.62 g of 85% by nass orthophosphoric acid were
added, f ol |lowed by heating under ref lux at a tenperature of 90 to 100C
for 5 hr, and thereby a unmber <clear solution was obtained. Then, 1.52 g of
antinony trioxide was added thereto, followed by further heating under ref
lux at a tenperature of 90 to 100C for 2 hr, and thereby a green brown
solution in which antinony trioxide was di ssol ved was obt ai ned.
Subsequently, the solution was cooled to a tenperature of 15 to 20C

cosi um hy e 4T e RBnbRy AT b 20 ved )t 90 00 T S6pari 11 od el and

20. 88 go f apupLi I f L of urt her
fol |l oned blg/1 ri p%n%l%ﬁ%?&aéaﬁ??ﬁ%%a%%ehéo%%g%?%gé@%gﬂ drﬁdm anxg tt1'1t1efer eby

an aerugi BEMS r&A M {¥n COM @ M A1 & LeFUBLSRIt 0fna heleropal e adiddin
precursor and an anmmonium salt was obtai ned. Subsequently, the slurry was
dried by eygperati oA tapidrynessbyuse of hot water,

f ol | owedbypul veri zi ngwi t hanortar, further fol | owed by classifying to 300
.imor less, and thereby pulverized matter was obtained. A conposition
ofthe pulverized matter was, in terns of charge rati o,

Mb10Vo. sP{T455b07 9, Cso.s (NH4) 1.3) Then, to the pulverized matter, 16.64 g

of cuprig acetate nonohydrate was added in powder, and thereby|granulie for
nmol ded gat al yst cont ai ni|nBeakappperagrenefonvasonbitai nedeledtigonposieldn
t her eof s, in terns of |charge ratio, {MbloVO0. 8P1. 15Cuo0. 4Sho. o5Csa. 5 (NH4)
1. 3. CC) (o) (%) (%0)
{
) Coated catalyst (G-1) 321 76.6 86.7 66.4
Coated catalyst (G-2) 321 71.4 87.0 62.1
Granular catalyst (G) - 68.5 89.6 61.1
Solidified matter for - 421 85.1 35.9
comparison ()

(Comparative example 4)

1) Preparation of catalyst

In2100ml of purifiedwater, 300 gof molybdenum trioxide,

( 15.16 g of vanadium pentoxide and 27.62 g of 85% by mass

orthophosphoricacidwere added, followedbyheatingunder reflux
at a temperature of 90 to 100°C for 5 hr, and thereby a umber
cilear solution was obtained. Then, 1.52 g of antimony trioxide
was added thereto, followed by further heating under reflux at
a temperature of 90 to 100°C for 2 hr, and thereby a green brown
solution in which antimony trioxide was dissolved was chtained.
Subsequently, the sclution was cooled to a temperature of 15
to 20°C, followed by gradually and simultaneously adding under

agitation 17.49 g of cesium hydroxide monchydrate dissolved in
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Subsequently, 361.0 g of the pulverized matter and 51.2 g of a strength

i nprover (ceramc fiber) were blended uniformy, followed by coating and
nol di ng on 344.0 g of spherical porous alumina carrier (particle dianeter
3.5 nm by use of an aqueous solution of 90% bymass of ethanol as a

bi nder. Then the obtained nolded body was divided equally into two, (i)
one was calcined (secondary calcining) in a box type hot air calcining
furnace wunder nitrogen flow (5 L/mn) in the presence of ethanol (20

g/ hr) as a reducing agent at 380C for 10 hr, and thereby a targeted coated

catal yst ﬂ)_b ;n)l %‘%ﬁu?g%ggﬁ%teﬁngn&bid g%%oggﬁg‘ﬁr{o&%% aéé’@é@gﬁﬁgsgglv%\%cg?dar y

calcining in a ot air calci rnace under —arr

2) Cat l yL1 o 0% at T o 61 At harr o ¢ n Fhe Ght &1 noa Cosbed EATATySCe (H 1)

2) Catal ytic oxi _ acr in The obtaine ysts (H 1)
and (H2), eaghh e, r4138d15Nc @ Lakakytic h‘%f&' dati one pip geihackoleindus

simlarly to "exanple 1, and reaction results were neasured inthe sanme way

as exanpl &1drrFhedesid {5y ar ecshownsd it tabhendtefdabl ¢ HiPeaktemparature
Conversion ratio Selectivity Yield (C (% Coated catalyst H1 318 59.7

85. 1 50. 8an&oat egrugah @by Statt - 33 s338:56n9483. 5 47.5 [Exanple 5] 1)
Preparation of catalyst In 2450 ml of purified water, 350 g of nol ybdenum
trioxide, 17.6%ugsefusanad) unhpenlioxirdewandd32ea3bg efaBb¥ebyommss
drynessbyuseofhotwater, followedbypulverizingwithamortar,
further followed by classifyving to 300 um or less, and thereby
pulverizedmatterwas obtained. Acompositionof thepulverized
matter was, in terms of charge ratio,
Mo10Vo.gP1.15500. 05Cs0.5 (NHa) 150
Then, to the pulverized matter, 16.64 g of cupric acetate
monohydrate was added in powder, and thereby granule for molded
catalyst containing copper element was obtained. A composition
thereof was, in terms of charge ratio,
Mo10Vo.eP1.15C00, 4SDo, 0sCSg. 5 {NHg} 1.3
Subsequently, 361.0 g of the pulverized matter and 51.2
( g of a strength improver {(ceramic fiber) were blendeduniformly,
fcilowed by coating and molding on 344.0 g of spherical porous
alumina carrier (particle diameter 3.5 mm) by use of an aqueous
soluticnof 20% bymass of ethanol as abinder. Then the obtained
molded body was divided equally into two, {i) one was calcined
(secondary calcining} in a box type hot air calcining furnace
under nitrogen flow (5 L/min) in the presence of ethanol {20
g/hr) as a reducing agent at 380°C for 10 hr, and therebya targeted
coated catalyst (H-1) was obtained, and (ii) the other was

subjected to secondary calcining in a box type hot air calcining
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ort hophosphoric acid were added, f oll owedby heating under ref lux at a
tenperature of 90 to 100C for 5 hr, and thereby a unbered clear solution
was obt ai ned. Subsequently, the solution was cooled to a tenperature of 15
to 20C, followed by gradually and sinultaneously addi ng under agitation
20.41 g of cesium hydroxi de nonohydrate dissolved in 115 m of purified
wat er and 39.35 g of ammoni um acetate dissolved in 175 mL of puri fied
water, further followed by ripening at a tenperature of 15 to 20C for 1
hr, and thereby a yellow sh-white slurry containing a cesium41l salt of a
het er opol ' r §@FQPi pned. ~d9.41 g
of cupric¥%g§%g?ghﬁ%ﬁéﬁgérgggd%ﬁsso veggghf@%%OW%ﬁjggg%%kp??éﬁi Bé%ﬁmas

further added.fo.the skyrrny. further, fqllowed by ripening at a tenperature
of 15 to 20C ?orC15 n?n. ﬁn t%e nex?bgﬁagg%"the slurry was dried by

evaporation topdrypessybycusei@hthel wat ebrnbelbewed by pul verizing with
a nortar, further followed by classifying to 700 mor less, still further
fol l owed by subpgetdmgalQed e fddiat La)0iNimg 1)upder (@i s) fdaw ale &L0C for
5 hr, and thereby cal cined granule was obtained. A conposition of the

cal cined geanuie wasathnytter suiabtchar 9 mathecrMie@VOs8RE.135Gue.ACso. 5
(NH4) 2.1 Subsequently, 421.9 g of the obtai ned calcined granule was

di sper sedekam22201 mMawod ypurdtficed nsatdrys feldcomedshyedgitathagsaed weOC for 3
hr. Then, the dispersion liquid was filtered, and filtered pale yellow

wat er - i nsab upkenpaet ér (Thétrasubns aesi dheynand @albihbef.filtrate were
separately evaporated to

[Table 8]
Peak temperature | Conversionratio | Selectivity | Yield
¢C) (%) (o) (o)
Coated catalyst (H-1) 318 59.7 85.1 50.8
Coated catalyst (I1 -2) 317 56.9 83.5 47.5

[Example 5]

1) Preparation of catalyst

In2450ml of purifiedwater, 35C gof molybdenum trioxide,

( 17.69 g of vanadium pentoxide and 32.23 g of 85% by mass

orthophosphoricacidwereadded, followedbyheatingunderreflux
at a temperature of 20 to 100°C for 5 hr, and thereby a umbered
clear sclution was obtained. Subsequently, the solution was
cooled to a temperature of 15 to 20°C, followed by gradually
and simultaneously adding under agitation 20.41 g of cesium
hydroxide monohydrate dissolved in 115 ml of purified water and
39.35gof ammoniumacetate dissolvedinl75ml of purifiedwater,
further followed by ripening at a temperature of 15 to 20°C for

1 hr, and thereby a yellowish-white slurry containing a cesium
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dryness with hot water, followed by pulverizing to 300 to 700 m further
foll owed by classifying, and thereby granular catalyst (1) was obtained
fromthe filtration residue, and solidified matter for conparison (lI) was
obtained fromthe filtrate. At this tinme, a separation ratio of the
filtration residue and the filtrate was 82.6% by nmass for the filtration
residue and 17.4% by mass for the filtrate. Subsequently, 345.0 g of one
obt ai ned by pul verizing and 42 classifying the obtained granul ar catal yst
(I') to 300 mor less and 48.8 g of a strength inprover (ceramc fiber)

wer e bl ende upi faqrmd fol |l owed, by coating and nol di ng .on 327. 8 of
spheri cal Saggr%ﬂsa %ﬁﬁ%ﬁﬁf%}’g r3erd ( er(iq]%ﬁoe[gcﬁ%ﬂ@fbr’a@o%lm Sﬁ}}tuéjé‘%of an
aqueous sg&ygigg of 90% by nass of ethanol as a binder. Then the obtained
nol ded body was gfvided equally into two, (i) one was pre-calcined under

o7 flow at 27guler 33 of o Loed b O Cgen ol elplng gs, i secondary

cal ci ni ng under nitrogen ow-at r, by

cal el Nl NG UDHAIo R r 1lei QU 21 370 P B I o B tDeke0Y) & L oF geled (goal ed
(||§ t

catalyst (I-1) s obtali ned, an e other was subjected to secondary

cal ci ni ngrandehedidy thewnah 383G finme Muuand ot hereby @ct asgeted; ncoat ed
catal yst (1-2) was obtained.” 2) Catalytic oxidation of nethacrolein

bt ai ned coat edreatiad ¥ad:5c (Jrabe Anthd k12)r er@ sused dd byt Beagatalybine
oxi dation of nmethacrolein simlarly to exanple 1, and reaction results
wer e neasus etk wiagd a5 yudo exaqd evalber, followed by pulverizing with
a mortar, further followed by classifying to 700 um or less,
still further followed by subjecting to the primary calcining
under air flow at 310°C for 5 hr, and thereby calcined granule
was obtained. A composition of the calcined granule was, in
terms of charge ratio,

Mo1pVo.8P1.15C00.4Csa.5 (NHy) 2 1.

Subsequently, 421.2 g of the cbtained calcined granule
was dispersed in 2220 ml of purifiedwater, followedbyagitating
at 70°C for 3 hr. Then, the dispersion liguid was filtered,
and filtered pale yellow water-insoluble matter (filtration

(”; residue) and a umber filtrate were separately evaporated to
dryness with hot water, followed by pulverizing to 300 fo 700
um, further followed by classifving, and thereby granular
catalyst (I) was obtained from the filtration residue, and
soclidified matter for comparison (I} was obtained from the
filtrate.

At this time, a separationratioof the filtration residue
and the filtrate was 82.6% by mass for the filtraticon residue

and 17.4% by mass for the filtrate.

Subsequently, 345.0 g of one obtained by pulverizing and
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Results thereof are shown in Table 9. Furthernore, 4.0 g of each of the

granul ar catalyst (1) and the solidified matter for
mxed with 8.0 g of quartz sand of 300 to
used in the oxidation reaction

of exanple 1 . Results are shown together in Table 9. [Table 9] Peak

tenperature Conversion ratio Selectivity Yield C %43 Coated catal yst

322 83.9 86.8 72.8 Coated catalyst 1-2 323 80.1 86.7 69.4 G anular

cat al yst
--conpari seps6l
preparation net
met hacryl

i sobut yl

reaction yHREgEnhi gffglqg\a%wg%% AN £ ONS; 0333 VLT, LRTg8 dndust i al

val ue.

essenti al paebhi¥ea CONDOAGH:S: 0fr NBarYos Hie Wan8eand. s Nk 10 ugéocgf’%r{"g

) - 70.0 87.7 61.4 Solidified matter for - 12.2 73.7 9.0

alning

44 CLA reparlng a cata y'st  con

nethacryllc acid by subjecting

agueous solution of 9%0% by mass of ethancl as a binder. Then
the obtained molded body was divided equally into two, (i) cne
was pre-calcined under air flow at 273°C for 3 hr, followed by
nitrogen calcining as the secondary calcining under nitrogen
fiow at 410°C for 7 hr, further fcllowed by calcining under air
flow at 370°C for 3 hr, and thereby a targeted coated catalyst
(I-1) was obtained, and (1i1) the other was subjected to secondary
calciningunder air flow at 383°C for 5 hr, and thereby a targeted
coated catalyst {(I-2) was obtained.

2} Catalytic oxidation of methacrolein

Obtained coated catalysts (I-1) and (I-2) were used in
the catalytic oxidation of methacrolein similarly to example
1, and reaction results were measured similarly to example 1.
Results thereof are shown in Table 9. Furthermore, 4.0 g of
each of the granular catalyst (I) and the solidified matter for
comparison (I) was mixed with 8.0 g of guartz sand of 300 %o
700 um, each of the mixture was used in the oxidation reaction
under the same reaction conditions as that of example 1. Results

are shown together in Table 9.

[Table 9]

conparison (1) was
700 m each of the m xture was
under the sane reaction conditions as that

hAP N el T R BBt L g g
Sy o Poth ol DA et b R SEL Rl

Peak temperature | Conversion ratio | Selectivity | Yield

CO) (%) (%) (%)
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met hacrol ein, isobutyl al dehyde or isobutyric acid to gas phase catalytic
oxi dation, the nethod conprising: (a) a step of blending a plurality of
conpounds each containing one or a plurality of M, V, P, Cu, Cs and N4

and, as needed, a compound containing a netal

with wate
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the slurr
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sol ution an
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essenti al
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(c) a step

bot h i ncl uded,

step (a) to obtain a dried slurry;

as a slu

rry)

ad
1y _y UUL ar+fet

of f||§éyw ng a

1.
|

Ody oot darteda1

%Jq %EF%E: tlg@_§?| ubl e ma§
@Qﬂﬁargﬂa@s }h

the-step \\,)

Zfel’

O
~ ~—+
Q N

R

—Nn—a
T A

OO

r—+T O

step—(d

e

d for preparlng a Cﬂgglyst

\

PO OO

Ot —+w sF

Ny |

=T

= O

g

actTve Conpunem

i Sblﬁi%&'j Y1t &YB} €C
c acid to gas ph

reoaipabkending a p

s—of—vo—Vv—P;
ting nethacrao
ase catalytic
lurality of ca

w \Jb d.IIU

Ieln §0

oxidatron,

npounds

but y
t h
each

e

:

OT S5 Q©© M

D

hy
met hod ¢
cont ai ni n

job)
R

UuUdadTi IIL

0b o |
onpri si
g one ¢

t he
ous

er -

ng:
r a

plurality of M, V, P, CS and N4 and,  as needed, a compoundcontain

met al 45

ng a

ADVANTAGES OF THE INVENTION

A catalyst obtained by the preparation method according
to the invention enables to producing methacrylic acid at high
yield and high selectivity frommethacrolein, isobutyl aldehyde
it can be used in a reaction

or isobutyric acid. Furthermore,

under high lecad conditions and thus has a very large industrial

value.
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el ement ot her than the above, provided that Cu is excluded, with water to
prepare an aqueous solution or dispersion of the conpounds (hereinafter
referred to, both included, as a slurry); (b') a step of drying the slurry
obtained in the step (a) to obtain a dried slurry, followed by bl endi ng
therewith a compound containing Cu, as needed, in the presence of a
solvent, further foll owed, as needed, by drying the obtained m xture, and
thereby obtaining a dried body; (c) a step of calcining the dried body
obtained in the step (b') to obtain a calcined body; (d) a step of
filtering a m xture obtained by bIending t he cal ci ned body obtained in the
step (c) with water to separate an & sol ution and water- insoluble
matter; and (e) a step of drying the water-insoluble matter obtained in

t he step (d) to obtain a dried water- insoluble body. 3. A nethaod for
preparing a coated chtBeyBed Eont ALRPYLEAS assedlMSactPybaéhipenent s of

Mo, V, P, tfd, e%&%ﬂ%é@fv@regH@d}ﬂaﬂ@é haer ibl, cvacied by, sgBi ekl ng

met hacrol ei n, i sobutyl aldehyde or isobutyric acid to gas phase catal ytic
oxi dat i on, Itlhefowmdu@émgr G HpCYE) 18 S8 dIY bFeRdPR§iaDl urality of

conpounds peagh-EeNAN NG ADE:OL alméﬂﬁétdrois%utyrf &1 3CBo and NH4
and, as needed, a conpound containin
gas phase catalytic oxida 1on, the method comprising:

(a) a step of blending a plurality of compounds
each containing one or a plurality of Mo, VvV, P, Cu, Cs
and NH, and, as needed, a compound containing a metal
element other than the above with water to prepare an
aqueous solution or dispersion of the compounds
(hereinafter referred to, both included, as a slurry) ;

(b) a step of drying the slurry obtained in the
step (a) to cbtain a dried slurry;

(c) a step of calcining the dried slurry obtained
in the step (b} to obtain a calcined body:

(d) a step of filtering a mixture obtained by
blending the calcined body obtained in the step (<)
with water to separate an agueous solution and water-
insoluble matter; and

(e) a step of drying the water-ingoluble matter
obtained in the step (d) to obtain a dried water-
insoluble body.

2. A method for preparing a catalyst containing
the egsential active components of Mo, V, P, Cu, Cs and
NH, for producing methacrylic acid by subjecting
methacrolein, isobutyl aldehyde or isobutyric acid to
gas phase catalvytic oxidation, the method comprising:

(a) a step of blending a plurality of compounds
each containing one or a plurality of Mo, V, P, Cs and
NH, and, as needed, a compound containing a metal
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el ement other than the above with water to prepare an aqueous sol ution or
di spersion of the conpounds (hereinafter referred to, both included, as

slurry) 46 (b) a step of drying the slurry obtained in the

step (a) to

obtain a dried slurry; (c) a step of calcining the dried slurry obtained
in the step (b) to obtain a calcined body; (d) a step of filtering a

m xture obtai ned by blending the cal cined body obtained in the step (c)
with water to separate an aqueous sol ution and water- insoluble matter;
a step of drying the water-insoluble matter obtained in the step (d) to
obtain a dried water- insoluble body; and (f) a step of coating a carrier
Wi th the déleseniatcahignsorapl 8hBodp Bt aipedvidethehstteg" Y e} Susing a

bi nder to obtaiRed CoAlad ﬁ@é%?dtw g%;@aﬁré-aﬁ‘ gehRed Qéoﬂi@f?@fl‘\l/LBQ a

actlve “conponents o .V,

coated catalyst containing the ess

P

Cu, Cs andiNFRer6d opr srfuciivg ﬁéﬁ@@@ﬁ@ﬁ(ﬂhﬁi@ib§ft§ﬁMH§ﬁ@%ﬁﬁ@eFﬁacroIei
i sobut yl aﬁgeﬂyQQCq?§$kﬁoQ%§yélglgﬁgﬁgto gas phase catal ytic oxidation,

met hod conpri sing: a step o

[ i'ng a plurality of conmpounds each
contai ni ng one O¢' h Pl GE&b ©Of cirwbRavihe, s@aiand oneBliaRd, 1as Hekdded, a

a

(e)

n,
t he

conpound cgpLal RRNO 2 MR in theaRAd Rl PANELRE HRRY By R5O¥hAed! hat QU

therewith a compound containing Cu, as needed,

in the

presence of a solvent, further followed, as needed, by

drying the obtained mixture, and thereby ocobtaining a

dried body;

(¢) a step of calcining the dried body obtained in

the step (b’) to obtain a calcined body;

(d) a step of filtering a mixture obtained by

blending the calcined body obtained in the step

(c)

with water to separate an aqueocus solution and water-

insoluble matter; and

(e} a step of drying the water-insocluble matter

obtained in the step (d) to obtain a dried water-

insoluble body.

3. A method for preparing a coated catalyst

containing the essential active components of Mo, V, P,

Cu, Cs and NH, for producing methacrylic acid by

subjecting methacrolein, isobutyl aldehyde or

isobutyric acid to gas phase catalytic oxidation, the

method comprising:

(a) a step of blending a plurality of compounds

each containing one or a plurality of Mo, V, P, Cu, CS

and NH, and, as needed, a compound contalining a metal

element other than the above with water to prepare an

agueous solution or dispersion of the compounds

(hereinafter referred to, both included, as a slurry) ;
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excluded, with water to prepare an aqueous solution or dispersion of the
conpounds (hereinafter referred to, both included, as a slurry); (b') a
step of drying the slurry obtained in the step (a) to obtain a dried
slurry, followed by blending therewith a conpound containing Cu, as
needed, in the presence of a solvent, further foll owed, as needed, by 47
drying the obtained m xture, and thereby obtaining a dried body; (c) a
step of calcining the dried body obtained in the step (b') to obtain a
cal cined body; (d) a step of filtering a m xture obtained by blending the
cal ci ned body obtained in the step (c) wth water to separate an aqueous
sol uti on and watlel - ai a§6butsife drrted; the) sd wstep @ptdiprhg ithdhe

mater-inso%g%be(ggtq§g oﬁ%&fﬁnﬁdgEﬂéd“%fﬁf¥y§d) to obtain a dried water-
ody

i nsol ubl e , and (f) a step of coating a carrier with the drjied
wat er - i nsol ubl e(®bdy EbER mdd Gt ¢ hBiBgephEe)duistthgs AUrbyn@dtalgi@btain a

coat ed ol edeREOduSly ) Ths ABLACS spcordfgonopekglm 3 of

conpri si ng: e steps and (g) a step of calcining_the coated
nol ded product (@btai Aeg0 wh Hel steplpd) aundert e | pekelgast &hosphere,

under an ahi-AlTRSPREIL 1 dMERCHRIRS NG Ple@ in the step (c)
with water to separate an agueous solution and water-
insoluble matter;

{e) a step of drying the water-insocluble matter
obtained in the step (d) to obtain a dried water-
insoluble body; and

(f) a step of coating a carrier with the dried
water-insoluble body obtained in the step (e) using a
binder to obtain a coated molded product.

4. A method for preparing a coated catalyst
containing the essential active components of Mo, V, P,
Cu, Cs and NH, for producing methacrylic acid by
subjecting methacrolein, isobutyl aldehyde or
isobutyric acid to gas phase catalytic oxidation, the
method comprising:

(a) a step of blending a plurality of compounds
each containing one or a plurality of Mo, V, P, Cs and
NH, and, as needed, a compound containing a metal
elenent other than the above, provided that Cu is
excluded, with water to prepare an agueous solution or
dispersion of the compounds (hereinafter referred to,
both included, as a slurry);

(b’) a step of drying the slurry obtained in the
step (a) to obtain a dried slurry, followed by blending
therewith a compound containing Cu, as needed, in the
presence of a solvent, further followed, as needed, by
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reduci ng agent. 6. The nethod according to claim5, wherein the step (Qg)
is a step of calcining the coated nolded product obtained in the step (f)
under an inert gas atnosphere. 7. The nmethod according to any one of
claimse 1 to 6, wherein the conpound containing Cu is cupper acetate or
cupper oxide. 8. The nethod according to anyone of clains 1 to 7, wherein
the conpound containing Cs is a weak acid salt of cesiumor cesium

hydr oxi de, a conpound 48 contai ning NH4 i s anmoni um acetate or anmoni um
hydr oxi de. 9. The nethod according to any one of clains 1 to 8, wherein,
the conpound used as an optional component in the step (a) is a conpound
cont ai ni ngdBYiensr thgr ©PiGHasdofl&tafnt 1@l Baesgbiy &h&aﬂélﬂg%uﬁ

con5|st|ngdpjed8god§s Ag, My, Zn, A, B, G, Sn, Pb, Ti, Zr, C, Re, Bi,
IN, Fe, Co, N| Ce, "Th, K and Rb. 10. The met hod accordln%é 0 any one of
claims 1 to Qme@eﬁﬁeph@ﬁﬂQﬂ¥®&@b@§ ke chrited nbadvapbédilaetolipound.

s aTL‘.emrl‘é*%ﬁé’ﬁﬁ?%?’ﬁ{(ﬂ’g"gﬁin‘%ﬂﬁawa"fca"l@iﬁ@d?’b*’ey 1% wherein the binder
a Step of filtering a mixture obtained by
blending the calcined body obtained in the step (c)
with water to separate an agueous solution and water-
insoluble matter;

(e) a step of dryving the water-insoluble matter
obtained in the step (d) to obtain a dried watexr-
insoluble body; and

(f) a step of coating a carrier with the dried
water-inscluble body obtained in the step (e) using a
binder to obtain a coated molded product.

5. The method according to claim 3 or 4,
comprising:
the steps (a) to (f) and
(g) a step of calcining the coated molded product
obtained in the step (f) under an inert gas atmosphere,
under an air atmosphere or in the presence of a
reducing agent.

6. The method according to claim 5, wherein the
step (g) is a step of calcining the coated molded
product obtained in the step {(f) under an inert gas
atmosphere.,

7. The method according to any one of claims 1 to
6, wherein the compound containing Cu is cupper acetate
or cupper oxide.

8. The method according to anyone of claimg 1 to
7, wherein the compound containing Cs is a weak acid

salt of cegium or cesium hydroxide, a compound

48



containing NH, is ammonium acetate or ammonium
hydroxide.

9. The method according to any one of claims 1 to
8, wherein, the compound used as an optional component
in the step {a) is a compound containing cne or more
kinds of elements selected from the group consisting of
Sb, As, Ag, Mg, Zn, Al, B, Ge, Sn, Pb, Ti, Zr, Cr, Re,
Bi, W, Fe, Co, Ni, Ce, Th, XK and Rb.

10. The method according to any one of claims 1 to
9, wherein the slurry does not contain an arsenic
compound.

11. The method according to any one of claims 3 to

10,
wherein the binder is a binder containing ethanol.
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