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t he PREPARATION METHCD OF CATALYST FOR PRODUCING METHACRYLIC ACID

TECHNICAL FIELD
| The present invention relates_to a method for preparing
catalyst for producing methacrylic acid by subjecting
methacrolein, iscbhutyl aldehyde ox isobutyric acid to gas phase
catalytic oxidation, having a long -life, a high activity as
well as high selectivity. |
BACKGROUND ART
Alargenumberofcataiystsforproducingn@thacrylicacid
through a gas phase catalytid 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 catalysts used in the reaction, however, have low
reactionactivities, low selectivity for the desired substance,
and short lifetime, as compared to molybdenum-vanadium based
catalystsproposed for producingacrylicacid through a gas phase
catalytic oxidation of acroclein, 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 industrieslly uvtilized.
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
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copy by the International Bureau DESCRI PTI ON PREPARATI ON METHOD OF
CATALYST f6GRAPBORUELAIS YEFHARRYEI €aACh Dt TECHR §AL L &h EE - dhes ps esent

invention relates to a nethod for preparing catalyst for producing
met hacr y et hacird 1y nspib¢est ed@dy meehadd of 2dm ofi s ot dd talbdebyereent s
i sobutyric acid to gas phase catalytic oxidation, having a long -life, a
hi gh act itei My, a5 anweP} lasvdihgh eselpedtviadity (s BACKGRAUND VRIS Anldangeée nunber
of catalysts for producing nmethacrylic acid through a gas phase catalytic
oxi dat i omigit hativieias, hidbeelestdatiydeand amppatdics lacily, shabhee been
proposed. Most _ _ ,
in the lifetime. The inventors propose the catalysts described
in Japanese Patent Publicaticn No. 58-11416, Japanese Patent
Publication No. 59~24140, Japanese Patent Publication No.
62-14535 and Japanese Patent Publication No. 62-30177.
Recently, because of high concentrations of raw material
gases and of environments under which oxidation reactions ares
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-Open No. 5-31368 and Japanese Patent Laid-Open No.
.8—196908 propose methods for preparing molding catalysts that
involve using NHs in addition to the components of Mo, V and
P, and utilizing aqueous ammonia as the ammonium source. In
addition, Japanese Patent TLaid-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 poré volume of the catalyst by
burning the starch in the calcining step.
Furthermore, when a catalyst is loaded in a fixed-bed
reactor as an industrial catalyst, the catalyst is required to

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

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




of the catalysts thereof are mainly conposed of nolybdenum and phosphorus,
and have structures of heteropol yacids and/or salts thereof. The catal ysts
used in the reaction, however, have low reaction activities, |ow
selectivity for the desired substance, and short lifetime, as conpared to
nol ybdenum vanadi um based catal ysts proposed for producing acrylic acid

t hrough a gas phase catalytic oxidation of acrolein, which are known as
reactions simlar to a gas phase catal ytic oxidation of nethacrolein,

i sobut yl al dehyde or isobutyric acid. Accordingly, the inprovenent of

catal yti clpesf or mancieh 0f ptihpo €8f anyshsud thdRquhtetve abrheugh reame nef t he
catalysts are industrially utilized. The present inventors first tried the
i mprovenmemtcatfal povr motdedt tiesy dwMirsetiectl vdterand shorde Ulidftet iame  of
conventional gas phase catalytic oxidation catalysts for nethacrolein, and
1 found ouinghzshapes mphHasel dat al ppherexistarednmebdtal gt sof drhe netkdeacr ol ei n
prepared by the addition of a variety of elements to My, V and P, have
het er opol 2@ dpsedrdtsng uor upest @l dravie grecidw ivités arhisgghive
selectivity and are particularly stable in the lifetinme. The inventors
propose tFReCEhYSF 81 seBbakrab¥?l in Japanese Patent Publication No.
58-11416, Japanese Patent Publicatjon No. 59-24140, Japanese Patent

Publ i cati on No.AdEHF odnd PRIGTeSetPay eRt P C&S oheNo . CHFIEF177.
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Japanese
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
a result, there aremany examples applied to selective cxidation
of a large heat release.

On the other hand, technical disadvantages in preparing
a coated catalyst include (1) the peeling of the ccating layer
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.




Pat ent Lai d- Open No. 5-31368 and Japanese Patent Laid-Open No. 8-196908
propose nethods for preparing nolding catalysts that involve using NH4 in
addition to the conponents of Mb, V and P, and utilizing agqueous anmoni a
as the ammonium source. In addition, Japanese Patent Lai d-Open No.

11- 226411 describes a nethod for preparing a nolding catal yst that
conprises using purified starch when an active conponent of the catal yst
is granulated, and inproving the pore volunme of the catalyst by burning
the starch in the calcining step. Furthernore, when a catalyst is |loaded in

a fixed- hagdcroesarmnnrasan invaugtronal catal yst, the catalyst is required to
be nolded to a constant size in order to reduce the pressure drop of the
reacti on gas pimherobPea@nd fstibhs equanrh tt tntdet tat dlsyisd p2olvayera meahothi s
pur pose, known nethods involve normally nolding a catal yst powder to a
cyl i ndri calr patparahg acpékl.est for pirngushagede tetarylalc aaidptrehégbhaped
material, or the like, and inpregnating or coating an inert carrier with
an acti veriedat aingsthiredtler isdlegltsioie JAtvmhtsadas cdfing seathedreatahyst havi ng
the inert carrier as the core include (i) being capable of inproving the
ef fect i ve: SARITYIz alidsh vicdke tdt IgfolaitiRie Eshigoriéentg sofPhelse €atalystc (ii)
bei ng expected to inprove the selectivity due to the honbgeneous
“di stri butd%rfadflde residence time of reaction materials within the
catalyst, and (Jii) facilitating the renoval, of .the reactigg@ heat on

i

account of the TMpRSVERETt OF THE *Cat AN - 6T 8l 106RdGc £§"or the
gi ! Ft' gn aeJ’Ji itt 'Oefs t ngi sne{écé:%ir%}?%nldp‘ssho:?‘ rle_L%Léltt.LimetQgrc%n%re%tq%%%lexanpl €s
ppl 1 ed to Selec iVe oxidation off a arge heat release.

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 NH4, an industrial catalyst
offeringahighactivity, highselectivityandparticularlyhigh
stability in the lifetime-can be c¢btained in the case of a
particular filtration step being taken. On this base, the
present invention came to completion.

That is To say, the present invention relates to:

(1) a method for preparing a catalyst for producing
methacrylic acid by subjecting methacrolein, isobutyl aldehyde
or isobutyric acid to gas phase catalytic oxidaticn, 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 to prepare an
aqueous scolution cr dispersion of the compounds {(hereinafter

referred to, both included, as a slurry):;

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




On the other hand, technical disadvantages in preparing a coated catal yst
include (i) the peeling of the coating layer and the difficulty of
obtaining a nechanically strong catal yst because the catalyst is subject
to cracking, (ii) the difficulty of coating a carrier with a | arge anount
of active catalytic material, and (iii) the difficulty of obtaining a

hi ghly active catalyst due to inclusion of inert materials. Methods for
overcom ng the di sadvantages are related to the properties of active
catal yst substances and the present situation is to study catal ysts

i ndi vi duald yrhecause gofi o s1gener;al techni ques. 3 DI SCLOSURE OF THE

| NVENTI ON The obj ect of the present invention is to provide a nethod for
preparing a catia)yststfey of edlucingngneidanriyd elackd omcdirgdd iyi €hd and

hi ghly selectively by subjecting nethacrolein, isobutyl aldehyde or

i sobut yristeracid te gédaihase cedtcdngtd dodoxi dation. The present inventors
have tried to inprove the low activities, |low selectivity and short
lifetime of convéneti ehap O@a@lbh@sen@a@aM%ﬁhuIanqhﬂﬂhﬁﬁd bat alysdsngor

met hacrolein as a method for solving the above-nmentioned probl ens, and

f ound outthe fatciped b@défp%m@mgn%d datalg stepoitavhthyatiee e sereirate
conponents of Mo, V, P, Cu, Cs and NH4, an_industrial catalyst of fering
a high acth \Flct%ﬁoqﬁ g‘%?léJé‘Pé’@t A% Waéﬁd?‘&élrstoilél@l & Py thegR 28flability in the
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say, thejg{qﬁgnt eﬂye&}l % %légfﬁsé(érled water—inscluble body,

(2) 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, Cs or NH; and, as needed, & compound containing
ametal element other than the above, provided that Cuisexcluded,
with water to prepare an aqueous sclution or dispersion of the
compounds (hereinafter referredto, both included, as a slurry);

{b") a step of drying the slurry cbtained 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 obtained mixture,
and thereby obtaining a dried body;

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

(d) a step of filtering a mixture cbtained by blending
the calcined body obtained in the step (¢) withwater Lo separate

an adqueous sclution and water-insoluble matter; and




(1) a nmethod for preparing a catalyst for producing nethacrylic acid by
subj ecting nethacrolein, isobutyl aldehyde or isobutyric acid to gas
phase catal ytic oxidation, the nethod conprising: (a) a step of blending
conpounds each contai ning any one of M, V, P, Cu, Cs or N4 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) 4 to obtain a dried slurry; (c)
a step of cal ci(aing sttlee dfiddyisiqthy wbtarAadse hulb he nadtteyr ¢byatwedbtain a
cal ci ned body; (d) a step of filtering a m xture obtained by blending the
cal ci ned ibodyreobtaipndd )i ot bbtstiep a( driwidt Wahaereinsolskeparaedy, an aqueous
sol ution and water-insoluble matter; and (e) a step of drying the

wat er - i nsol ubl é3firet nerhoBt@impderfninge seeped dptesd Yobt B nPraCdRr ey

wat er -i nsol ubl e body, (2) a nethod for preparing a catalyst for producing
net hacr yFiethageivd Usya simbicacs Wote Get M Beshack o L el 8o kAU A dahy8BY ey

i sobutyri c,acid to,%as_phase catal ytic oxji dation, the nethod %g rising:
(a) a sté&F bFOBFERB hGCShpBUHTdsPBAER <t al ning=angtone: Ot REEOV, P, GCs
or -NH4 and, as .needed, a conpound containing a netal element other than
the abov& "BFGFiddd that Cu is excluded, with water to prepare an aqueous
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step (a) of Mo, V, P, Cu, CS or NH: and, as needed, a compound ccntaining
a metal element other than the above with water To prepare an
aﬁueous solution or dispersion of the compounds (hereinafter
referred to, both irncluded, as a slurry);

(b) a step of drying the slurry obtained in the step (a)
to cbktain 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 {c} with water to separate
an agqueous solution and water—-insoluble matter;

(e) a step of dryving the water-inscluble matter obtained
in the step (d) to cobtain 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 isobutyric acid to gas phase catalytic oxidation, the method

comprising:




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 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 obtai ned by

bl ending the cal cined body obtained in the step (¢c) with water to separate
an aqueous solution and water-insoluble matter; and 5 (e) a step of drying
the water-insoluble matter obtained in the step (d) to obtain a dried

wat er - i nsol ubl ¢zaboalyst B fab hetdoty faanganepsr Eaghaccoed adi reatalyyste f or
producing nethacrylic acid by subjecting nethacrolein, isobutyl

al dehyde ofoMoi, s#buPyr s ornciH; tamdgassphaseleciat al ybinpooxiddavndainthe met hod
conprising: (a) a step of blending conpounds each contai ning any one of

Mo, V, PamaizlGslenemNHathandhaas-hreddede, rrovigedidacsin bs akagudadmet al

el enent other than the above with water to prepare an aqueous sol ution or
di sper si & t&f e her copEERes o heragurAe s o leran ed dsPyotirn r%f| EH@d as a
slurry); (b) a steF of drying the slurry obtained_in the steE g

obtain aQQWH9§@QﬁJR%Fe Qﬁf%ﬁ%F%Beﬁ¥e€§Fbl%@H@lPﬁéuﬁ?ﬂe@5§¥ﬁ BT Btalned in

obtained by bl RaY ﬁé,as'weo PEVHe auy LBbEN TREF 1R fe SEep () @ th vat or
0 eI PO g PR TR 8 51
compound containing Cu, as needed, in the presence of a solvent,
further followed, as needed, by drying the cobtained mixture,
and thereby oktaining a dried boedy;

(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 aqueous soluticon and water-insoluble matter;

(e} a étep 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,

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




in the step (d) to obtain a dried water-insoluble body; and (f) a step of
coating a carrier with the dried water-insol uble body obtained in the step
(e) using a binder to obtain a coated nolded product, (4) a nmethod f or
preparing a coated catalyst f or producing nethacrylic acid by subjecting
met hacrol ein, isobutyl aldehyde or isobutyric acid to gas phase

catal ytic oxidation, the method conprising: 6 (a) a step of bl ending
conpounds each contai ning any one of M, V, P, Cs or NH4 and, as needed, a
conpound containing a netal elenent other than the above, provided that Cu
i s excludedp (&)t hhneatreant anpirepgae anmegpaews,sol uti on or di spersion of
the conmpounds (hereinafter referred to, both included, as a slurry) ; (b")
a step of drying)ttiee slehoy abtardeds ite &he steept (@) tool @bt eharaidri ed
slurry, followed by blending therewith a conpound containing Cu, as
needed, ithet hemppresdncenbéining|Gedts cupperhaceiate oedur@smmesddd,; by
drying the obtained m xture, and thereby obtaining a dried body; (c) a
step of cal cini(fg Elve mpthed poayr dbraitredny prchel (gk)eEO(W ) ¥BeEBtRIi n a

cal cined body; (d) a step . of filtering a m xture obtained by blending the
cal ci ned tHEdy-HER AR EANER IPRBISIR S ECY eI ER et £56 C«@é&élﬁh%’feceah%queous
solution_and water-insoluble matter; (e) a step of drying the

wat er - i nSFIFERE Yat e e THOE e § O HHE I ED {'g) SHBOLHIRT AR U o

wat er - i nsql ublie bcoggydfr aq% (f) a step of coating a carrier with the dried
wat er - i n$oF b e body ‘GBtr'aiSied in the step (e) using a binder to obtain a

coated nol ded H@QdHﬁénmthodaccordingtx)anyonech(1)to {8), wherein,
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, 5Sn,
Pb, Ti, Zr, Cr, Re, Bi, W, Fe, Co, Ni, Ce, Th, K and Rb,
(10} the method according to any one of (1) to (2), wherein
the slurry deoes not contain an arsenic compound, and
(11) themethod according to anyone of (3) to (1L0), wherein

the binder is a binder containing ethanol.

BEST MCDE FOR CARRYING OUT THE INVENTION

A preparation method according te the invention includes
steps of drying and calcining an aqueous solution containing
compounds including active ingredients of a catalyst or a water
dispersicn thereof (hereinafter referred to, both included, as
a slurry), followed 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




(5) the nethod according to (3) or (4), conprising: the step (a) to (f)
and (g) a step of calcining the coated nol ded product obtained in the step
(f) under an inert gas atnosphere, under an air atnosphere or in the
presence of a reducing agent, (6) the nethod according to (5), wherein the
step (g) is a step of calcining the coated nol ded product obtained in the
7 step (f) under an inert gas atnosphere, (7) the nmethod according to any
one of (1) to (6) , wherein the conmpound containing Cu is cupper acetate
or cupper oxide, (8) the nethod according to any one of (1) to (7) ,

wher ei n tehplupabotnd € aotgionindg €schscen tveiakiracicdesar ta pflucediitich @ cesi um
hydr oxi de, a conpound containing NH4 is amobni um acetate or ammoni um

hydr oxi défo,(9) ®hé&uethoth@dtr dimg itfonanysenevefeldjentes Cgher Wharein,

the conpound used as an optional component in the step (a) is a corrpound
cont ai ni AgeERoEr (¥ elkd Hest of nElbawen e Sel ket eaonpe vt ReN§rbDHNI
consisting of ‘Sh, As, Ag, My, Zn, A, B, G, Sn, Pb, Ti, Zr, C, Re, Bi,

W Fe, CdPeNie ackiven CORPERGNRS, 2E L0y offfe rRsl I’%@daécc@FHFﬁa to any one of
(1) to (9) , wherein the slurry doe th contain an arsenic ¢ ound, and
(1)t he SRBARE e i1 SR el (B0 B FL8)-0 PERRFEF * SLHESK! nder | 's

b cpar at i Gt SFel Nl a%%?ﬁ%qﬁgepﬁ*% RS T RGERCAOR PrcOee ) ot 3pS f%ﬂ“né and

I cini t
Icﬁg(r::ES: 2%%1;%@1@%%9 ta}?ﬁ% Lh :)C?B%Egg{lghrg W_CL95| on t er ng# l—!|((:¥Iher el na ter
referred 4.0, QAL (AF) ug?gine%filtratlonre51due(step ), andusing

the same as a catalyst active component.

In the 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 (¢)). As these compounds, chlorides,
sulfates, nitrates, oxides, or acetates of the active component
elements can be included. Mcre specific examples of preferable
compounds include nitrates such as potassiumnitrate and cobalt
nitrate; oxides such as molybdenum oxide, vanadium pentoxide,
antimony trioxide, ceriumoxide, zinc oxide or germanium oxide;
and acids such as orthopesphoric acid, phosphoric acid, boric
acid, aluminum phosphate or l2-tungstphosphoric 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, cupric oxide) isused, in some cases, a favorable
effect can be obtained. S5Still furthermore, as the cesium
corpound, cesium acetate or cesium hydroxide and cesium weak

acidsalt, and, as the ammoniumccmpound, bothof ammoniumacetate




a slurry) , followed by blending an obtai ned cal ci ned body with water,
further followed by filtering, and drying a filtration residue. A first
pref erabl e enbodi ment in a preparation method according to the invention
i ncl udes dissol ving and/or dispersing 8 a plurality of conmpounds each
containing one or a plurality of M, V, P, Cu, Cs and NH4 , and if
necessary, elenents other than the above (hereinafter, in sone cases,

t hese conpounds containing these active conponents are referred to as
"active conponent-containing conmpound”) into water to prepare a slurry
(step (akrngd amtoying hstiepx(hb)y) cardpecalferabhg (stdp (e )canwidary,

bl endi ng an obtai ned cal ci ned body with water and filtering the

same( st egfa))ididoyichg attliveatooponeetsduen (¢ eped eingaidysiyngr the sane
as a catalyst active conponent. In the invention, an active
conponentcoddrirgitiiong edrpourd masedkiods phegadihg Assthe Opsigmpresbrably a
compound that forms a heteropoly acid or a salt thereof owng to a drying
(step (bR9id srltalad ArAGY dtebs Ec§3lt AL ERBLENEYHBHRIET I KREEE,

sul fates, nitrates, oxides, or acetates of the active conponent elenents

can be i MEAKdRE IMPETSpetPPIRATex TSt of “pt e E1aBle b _BEFSEC?nCIude
Bt e SR, RO ST ALt < SO, a0RL oL CRL R SRR SUED, 20
2inc 0Xi 46, P ISI IR Wl {18han BN 8 92340, 88, oL LhPASRRALLEBC! d,
phosphoriT aC|d% Bori ¢ acid, alaninum phosp at e or -1 ngstpﬁosphorlc

acid (or ry thiagr eat) + o FULL her MDL &y o When, a5, L e, CAPRES: 1G3MeuURde Copper
acetate (cuprous acetate, cupric acetate, asl c copper acetate or cupric
oxi de, prefiehabli¥-qupsiiG aget ALRL VAL, CHPRRIGIMY Heetic acid more than
an equivalent weight to an agueous solution of water-soluble
salts such as cesium hydroxide and cesium carbonate, it can be
added as an aqueous sclution 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,
V, P, Cu, Cs and NH,, one or more kinds selected from the group
consisting of As, Sb, Ag, Mg, Zn, Al, B, Ge, Sn, Pb, Ti, Zr,
Cr, Re, Bi, W, ¥e, Co, Ni, Ce, Th, X and Rb can be included.
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 6 or less for vanadium,
preferably 0.3 or more and 2.0 or less; normally 0.5 or more
and 6 or less for phosphorus, preferably C.7 or mere 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 cr 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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(cuprous oxide, cupric oxide) is used, in sone cases, a favorable effect
can be obtained. Still furthernore, as the cesium conpound, cesium acetate
or cesium hydroxi de and cesiumweak acid salt, and, as the ammoni um
conpound, bot hof ammoni umacet ate 9 and ammoni um hydr oxi de are preferably
used. The conpounds including the active conponents can be used singularly
or in conbinations of two or nore kinds thereof. As the cesiumweak 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

car bonat @, sScesimmt <€ ankdonad eyr drdscesTha lanetiated tha detioxbddedieiand anong
them cesiumacetate is preferable. Anbng them as to cesium acetate,
conmer ci aldty vav @brgblhendse theédnzabe used as heeiigfd howmesppropyladeing acetic
acid nore than an equival ent weight to an aqueous sol ution of

wat er - soldgitlegmisgict so $hel Escorspumihydvict dendihdl cesigrdcarbbraret it can
be added as an aqueous solution of cesiumacetate. Alternatively, an
aqueous it iseRVSt thesoRmiREr BRIFde regnCEenadded 9§tﬁﬁnP§ In the

invention, as the active conponents other than M, , Cs, and NHO
one or nDre k|ﬁ8§ ?éﬁ@é?é@lPPoW?FHngﬁﬁﬁﬁrd&BﬁsF%tFﬁ@ b?vﬁ&tl%% 199, My,
Zn , A, i Ce, Th, K

and Rb @ﬁfﬁérﬁer‘?clal?&f?&dln&nﬁﬁgat ﬁﬁoceﬁﬁemépéﬁﬁﬁ?g g?ﬂi8W'than As are

preferable. In_the. inventi ratlos actiy on ai ni ng
conpounds usedE;retlyh at urryaglo gFeSPmﬁnﬁgn?esggﬁ ﬁgﬂglo of

mol ybdenym, og ’E%' 6%%}F%9£e50 (& aqdor &'ﬁéssigfrga%?fg'ﬂ(ﬁrbptgﬁﬁgﬁrabl y

0.3 or nore an nor 5 or nore ess for

phosphor ys, dﬂfﬁﬁ&@@)iﬂ%ﬁéﬂ% @%@er%%%e%tQVeo%cE@%% normal Iy nore than O
an 3 or |ess for copper, preferably

component-containing compounds and water. The slurry
preferably contains all of the active component-containing
compounds in theilr necessary amounts as a catalyst. There is
noparticularrestrictiononanorderofadditionof the compounds
containing active components when the siurry is prepared.
Hdwever, 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 compound are addedisnormally
in the range of 0 to 35°C and preferably in the range of 10 to
30°C, in some cases, anobtainedcatalystmayhave higher activity.

As this tendency becomes more obvious when copper acetate is

11




0.01 or nore and 1 or less; normally 0.01 or nore and 4.0 or |less for
cesium preferably 0.1 or nore and 2.0 or less; and normally 0.1 or nore
and 4.0 or less for ammonium preferably 10 0. 5 or nore and 3. O or |ess.
The kinds and the ratios of other active conponents that are used as
needed are appropriately determned so that in conformty with conditions
used a catalyst that shows the optinmum perfornmance nay be obtained. The
preparation nmethod according to the invention is performed according to a
process nentioned below. Firstly, a slurry of active conponent-cont ai ning

conpoundsisies) BEECPRE efbiSé EPcdiound, HeedHId ¥ osaprieaehbhai aediubyy
uni formy blending the respective active conponent- containing conpounds

and wat ebecthesshutreyerphefienabliiegonhai pse@kblkablet hedassimethod is
conmponent - contai ning conpounds in their necessary ampunts as a catal yst.
There isadoptpdrticular restriction on an order of addition of the
conpounds containing active conponents when the slurry is prepared.
However, it isIpreferablentiod, istly pueafcomipoundstcohe aiininyy ikbanV, P and
other netal elenents, if necessary, into a slurry, followed by adding a
ce5|un}c@ﬁpﬁpﬁﬁngoééﬁﬁénnd T%ﬁr@nh@nm®n@at%#@@d¢ﬁrﬁﬁ%ﬁﬁﬁﬁﬁﬂﬂﬁeﬂﬂi%ﬂcopper-
containing conpound in the slurry. There is no particular restriction on a
t enper at @& WfreAt W%Eegl%ﬁ?@lmht%@éﬁéﬁéayaénﬁafaﬁsa$ths%ﬁ ATt ABOFBRge t hat

does not _disturb the aration. However, when a te erature whe t he
cesi um conedi RrRgS %%% ﬁwf %ﬁ] GREEONEEP IR h T ér%ﬁwm aRdethe

ggpgsr- O%o%talnlg O ouqd %éem qwlsegprfgllg apﬁ%éﬁ?ﬁé@hﬁf of 0to
and preFErggl h@'ﬁa &Mof 107t 0

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 stepbecomes higher and in some cases incomplete drying
may ke caused are generated. That is, since advantage is less
in comparison with disadvantage, an appropriate amount is
preferable.

Next, the slurryobtained in the above isdried, and thereby
a dried slurry is obtained (step (b)). There is no particular
restrictiononadryingmethod insofar as theslurryiscompletely
dried. Examples of the drying method include a drum drying,
a freeze dry, a spray drying and evaporation to dryness. Among
th_ese methods, in the invention, it is preferable to 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
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30" C, insonecases an obtained catal yst may have higher activity. As this
t endency becones nore obvi ous when copper acetate is 11 used as the copper
conpound, a nethod for preparing a slurry becones nore efficient when the
preferable adding nethod is adopted. In the invention, it is preferable
that the slurry is an aqueous solution. There is no particular restriction
on an anount of water used in the slurry insofar as it is an anount that
can conpl etely dissolve a total anmount of conpounds used or can uniformy
m x them However, it is appropriately determned in consideration of a

drying methegdyare sa pdriyighgareardilbhay merifeasdebel ow. Usual Iy, an anmount
of water used 1is substantially 200 to 2000 parts by mass relative to 100

parts by nmasspoir@idotahpsrssuot diheheeppayrilsyifrer A5t fiery depepdiayi on.  An
anount of water may be nore than necessary, however, when it is excessive,
di sadvantcagescausimasatiat ognengys loosty dodi tige streddo §iupsiteplyecbaes

hi gher and in sone cases inconplete drying may be caused are generated.
That is, ssivroe .addanedge, igerassl 1y ntbenpmpsoriwia htdilkadyantagehean
appropriate anount is preferable. Next, the slurr obt ai ned in the above
is driedfhaﬁdmlﬁéﬁbbyeJéSU#Fhén§ﬂUﬁ¥?ng§(H%Fﬁﬁﬂba5¥%$epFP@FhﬁrmO¥ﬁere is no
particular restriction on a drying nethod insofar alLs the s lurryis

conpl et elyf idr PagTeErEts &8 SFVife ERYF P MANGES MATIdE '® drahraryi ng, a
et hods, In PhEBIRIERE GLrt G gReF e aBFeLt oLt Tprd Wryilg ¢ hat
can, dry TEom 3SLUL LY SLAE L0 POIET £ cTAMMYLT: RIS d o091t e
the dried slurry can be obtained in the shape of a lump or a
large particle. Accordingly, it is preferable to pulverize
éppropriately, preferably so as to be 700 um or less to use.
Thus, according to the invention, pulverized one is also
contained in the dried slurry.

Then, the dried slurry obtained in this way is calcined
preferably in an air atmbsphere and thereby a calcined body is
obtained (step (c)). In 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 1is
lto20hr. Suchcalcinedbody ispreferably obtained as powder.,

Nextthecalcinedbodyiskﬂendedwithappropriateamount
of water, preferably 2 to 5 times by mass as the calcined body,
and.thereby water—-soluble components are eluted. The
water-soluble compcnents are assumed to be compounds having the
heteropoly acid structure. Since the hetercpoly acid salts
aimed in the invention exists without dissolving into water,
it is separated by filtering (step (d}), and dried (step (e)).

Thus cbtained dried body is preferably powder, and can be used
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that can directly dry the slurry and is sinple, the evaporation 12 to
dryness being particularly preferable. A drying tenperature of the spray
drying differs depending on a concentration of the slurry and the speed of
supplying the slurry. However, generally, the tenperature at the exit of

the drying machine is within the range of 70 to 150'C. Furthernore, it is
preferable to dry so that an average particle dianmeter of an obtained
dried slurry may be in the range of 30 to 700 p-m In the case of the

evaporation to dryness, in particularly, the dried slurry can be obtained
in the shapetofsad Wpaeh1dst apgetpardd €hgasAceardilnghy, okidasipnef erabl e
to pulverize appropriately, preferably so as to be 700 ~ tmor less to
use. Thus, acmekding tecbhe paeéntibbe pubyeiinzet anectrsimdysoo Thomt ai ned
in the dried slurry. Then, the dried slurry obtained in this way is

cal ci ned inpeeftepably linban eaipl. azathedspher e and t hereby a cal ci ned body is
obtained (step (c) ) . Inthis case it is ordinary calcined at a

t enper at ure i nThheseangd ptefedabdedgobolinagtpreterdbhy ta thde range of
250 to 400'C. The preferable calcining tinme_is 1to20hr. Such cal ci ned
body is piefatabry Lobtlaicesd basnpgdnder. PNEXEL1ERY €4l ePRBEUBEaySPSbl ended
wi th appropriate anount of water, preferably 2 to 5 tines_ by n% s_as the
cal ci ned BER N IBAIORRePEDLY MbtEed Lol (M éﬁ%o}r((poﬁen% apd Mlut 849 Fhe

rater SOLUbLe COPOTSILa. RLe, PRRUIRLL 0,08 FoTBOUDS havh 1 L, et eropol
55U b SSRLNN AR MEURLg o B PR SR, BY SHLAR g (5tep
powder, %Qﬂmﬁaﬁlgﬁdﬁﬁ%dan obtained dried slurry with a Cu-containing
compound in the presence of a sclvent 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 oxidation.
In the second embodiment according to the invention, a
step of obtaining a catalyst active component, except that a
copper-containing compound is blended separately from a dried
gslurry of other active components—containing 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
Compound may be blended with a2 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
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13 as it is as a catalyst for the gas phase catalytic oxidation. Next, a
second preferabl e enbodi nent according to the invention will be expl ai ned.
The second preferabl e enbodi nent according to the invention includes

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

M, V, P, Cs and N4 , and if necessary, elenments 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
conmpound in the presence of a solvent if necessary, drying it 1f necessary

t o obt ai piatiel @i dodN rstepnlthe Lur-chbalkbawed gbyomEahed hiiRgKStepe(C)
bl endi ng an obtai ned cal cined body with water and filtering the sane (step

(d) ) , driywagea Héitgatdcahdutesipdoeckste£pide) i)s apandpusa gl ¥ tdrdsda
catal yst active conponent. Thus obtained dried body can be used as it is
as a cat dlysibtfaim a hirigas phdise Jakal, ytthe oxiidat body s théc$eednd
embodi ment according to the invention, a step of obtaining a catalyst
active congonently excdpre fhastaenbepparntental hpwgdconpolardling biidiaded
separately froma dried slurrf of other active conponent s-containing
conmpound¥a®h P Fariied ot lisiat e | 5eakdide §1¢ sthesmudiamg@rdat ki nds
of the active conponent-containing_conpounds and rati Qs used and ot her
condi ti orfEtahE tgriay B¢ RRYAIRRA t hdPoFhCofEsRch §besHPEhhd tBEn be
bl ended in powde |ternatively the Cu-containin c ound ma Cﬁe
bl ended WIS SIS P of ST YRS (HE Wl €1 - Tor 3 Ao Rt y =X ¢ i s
case, an 120 \/va&c%[S L{%ag p;@.ystbaes anpraé@béoempaguﬁé].at used in the first
enbodi nent". m xt'ure
In the next place, a thirdpreferable embodiment according
to the invention will be explained.
Thus obtained 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
acylindricalmatter,a;ellet,aring,cnrasphere. Among them,
as an improvement in the selectivity and the elimination. of
reaction heat can be expected, it is most preferable to coat
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
violently 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,
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of the dried slurry and the Cu-containin conmpound, in the case of water
bei ng used during preparation, is appropriately dried to obtain a dried
body. Then, the dried body is calcined simlarly to the first enbodi nent,
foll owed by blending with water and drying a filtration residue, and
thereby a target catalyst can be obtained. In the second enbodi nent, the
| at er - added copper conpound, after the step of drying (and cal cining),
does not exist as a free conpound. |Inthenextplace, a third preferable
enbodi nent according to the invention will be explained. Thus obtai ned
dri ed watédre mgdlurdsl ésbodgtedhan thsy dahve ieoat.al fsta astived edhmpddént, in
order to nake a pressure loss of a reaction gas snaller, is preferably
used aft & PROA{ICAg (i htd meghod phAdel eadinmtitter biadpel veth tHhe imigtuse a
sphere. Anong the as an inProvenent inthe selectivity and the

el i m nat i Greharghet(iidn ReBetleth de asdiaxt déde Pingsrmgsto prref diabre to
coat an inactive ca&rier wth an dried water-insol uble body to form a

mol ded boRF Edat LB W ERePHEL ¥ atidbyshe i tuge  cblatdng ma e d f @égldirp) , a

i l.at i t hod descri bed. | at b ferab Li ed.
hocor dong B O PE At T SoBa AR nauney WS Ao e Jaear d: ¢ at
for inst , i fixed | .. the. disc i tated at
i ghe peed U aAane hapdn P Eadith Bheto | HAEE HESRE web"§i £H ke {7 2GRt ed by

repeat i ng Ay erat ﬂdﬁ';&g gﬁév%ﬁrle,\ég%ﬁt [PN5 m%ﬁgdgopgggggigggtlzxﬁ@?ni%iu%%

wat er -i nsol ubl e bo i " necéssary, i vés such as a

mxture qind M diiRgerakdpandtal §t LA é%@ﬁ/}?fa@éfy %ﬂi@li}&%e\/essel
inrotation, 15 the m xture is coated on the carriers. As a nethod of
adding methods (ii) to (iv) to add a total amount can be arbitrarily
adopted. Amongthese, inthecaseofmethod {(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 tc a wall of the
fixed vessel and cocagulation between the mixtures.

There is no particular restriction on the binder insofar
as it is at least one kind selected from the group consisting
of water and organic compounds having a boiling point of 150°C
or less at one atmosphere. Howe_ver, when the drying after the
cocating is taken into consideration, ones having aboiling point
0f£100°Cor lessarepreferable. Specificexamplesofthebinders
other than water include aicohols such as methanol, ethanol,
propanols, andbutanols, preferably alcoholshavingl 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 agueous solutions thereof. Among

them, ethancl isparticularlypreferable. Inthecaseofethanol

being used as a binder, ethanol/water is in the range of 10/0
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a binder, (i) a nmethod of blending the binder with the m xture beforehand,
(ii1) a nmethod of adding the binder into the fixed vessel simultaneously
with the mxture, (iii) a nethod of adding the binder after the m xture is
added into the fixed vessel, (iv) a nethod of adding the binder before the
m xture is added into the fixed vessel, and (v) a nethod of dividing the
m xture and the binder separately and by appropriately conbining the

met hods (ii) to (iv) to add a total anmount can be arbitrarily adopted.
Anong these, in the case of nethod (v) , it is preferable to control an

addi tiontgpeed byyusesHfran Auted gedecrandyson @i saridabralpyedes er m ned
anount nmay be carried on carriers wthout, for instance, sticking of the

m xture t7g3a (Wl haek theiofl X@d}é&ﬁ&ﬁ&llx&mﬁ@@@g@t@hh@m hetiweetethes

m xtures. There is no particular restriction on the binder insofar as it

i s at | eastdoneh&ilndiitebécirefil dnosb 1 hiet grroepcodnshehlddgpe obnwaterednd
organi ¢ conpounds having a boiling point of 150'C or |less at one

at nosphercepdaHoiimgern whendthéndrgongibioms. t He sc@at engaiss .t akeanpht o
consi deration, ones having a boiling point of 1000C or less are

pr ef er ablcencepdgieftiionexanpt etepfb hd rbithaer angotdfed S5t hart Gater mpREF ude

al cohol s such as net hanol, ethanol, propanols, = andbutanols |, preferably
al cohol sﬂﬁla@imﬁgmi Pé ﬁhééﬁbéhnd%o‘ﬁﬁe‘je%fhé"r%ﬂ%%lkydél ety Ire@grert butyl

et her or xane; %ﬁéers Eh as ethyl acetate or butyl tgﬁtgte ket ones

such as &@e?gnﬁa%? Ry &F 9F1P{§t‘6‘he1 OarP&raYcTuEéfd‘ga%%lctﬁ thefeof .

A th t.h t I bl In th f I
bei ng uséd & srea}n%”ﬁa@  BBfnorraarbr PP RI HE VARG 1076 1868 119 (by
mass ratl %%t%rably in the range of 10/0 to 7/3 (by mass ratio)
When a nitx ure &thanol “and water is

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-insoluble
body /(dried water-insoluble body + carrier), and preferably
in the range of 15 to 60% by mass.

In the case where a ratio of the dried water-insoluble
body used for coating is large, the reactivity of the cocated
catalyst becomes larger on the one hand, cn 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 becomes smaller) on the

one hand, on the other hand, the reactivity tends to become
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used, the limt of inflammuability thereof should be considered depending
on the drying conditions. In such a case, ethanol concentration is
preferably in the range of 15 to 40% by nass. An anount of these binder
used is normally in the range of 2 to 60 parts by nass relative to 100
parts by mass 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, mullite and alundum and having a dianmeter in the range
of 1 to Lpzmrand preferably in the range of 2.5 to 10 nm As the
carrier, in ordinary cases, one having a pore content of 10 to 70%i s

used. A ratio of {he ieaehiebntoid hee dibed Mahercdnsodtiblee nogyatsed for
coating is normally in the range of 10 to 75% by mass in terns of dried

wat er - i nsalkbubtee dOUYA /W=idred neatlei-lindekyb| &s hoshted car moen) ngaamid
preferably in the range of 15 to 60% by mass. In the case where a ratio of
t he dri eduwates sidsdaubte, dedyrusedth@ndaatmigs pewdanrgean theeadaadti vity
of the coated catalyst becones |arger on the one hand, on the other hand,
the nechanicbel dstieengehetrehdsolvbbechbody smdin emotwaritngheandddiefids to
becone larger) . On the contrary, when the ratio of the dried

wat er - i ngddubfldeBodly dedFepcoll &d tios 69mak T ts tihe Mreschasiledivestpehl? h
becones Iar%er (wearing ratio becones snaLIeri on the one hand, on the

ot her ha®@Ttehé&¥r B&SEI ¢itt F fefdd efoWBeesmenE? 1 8RAFI 8P2Y 1 n the inventi on,

in the case of _th hcarrier b%ing coa%e wth the drieghmaterﬁinsolfble
body, as needegPr ﬁﬁpﬂ?ﬁg iitgis useful 1in improving e mechanica

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 crdinarily
in the range of 1 to 30 parts by mass relative to 100 parts by
mass of the dried water-insoluble body.

The additive agents suchas themolding aidand the strength
improver are added, ordinary during the coating step, in the
granulator along with the carrier, the dried water-inscluble
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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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

" potassiumtitanate whisker and basic magnesi um carbonate whi sker that can

react w thdhgLakalysle CORRANeGRL aka 198l Suikabley Ag @HEHB{rlebE/hese_
fibers added is ordinarily in the rangé of 1 to 30 parts by nmass rel ative

to 100 padisibyngrassnafhideadei ede-nat enihhseipla thedyis theiadditive
agents such as the nolding aid and the strength inprover are added,

or di nary iduriveg rtheecodt i 0g 86 eP5090) thel pgedpuhater 2abong 4@ ddr.t he
carrier, the dried water-insoluble body and the binder and used for
coat i ng tded cclarimigertimen itshivs efi@yrabillye icarthieerrangiec odt édtwi 2 hhe dri ed
wat er -i nsol ubl e body, and a dianmeter of the coated nmaterial obtained by
thi.s process i dnordiinlarony the adleirdngeliobradioatrily dayris:dont Thdecoat ed
‘catal yst obtained in this way can be used in the gas phase catalytic
oxi dat i orfTagig EdigIsEstentit hBavevabddi fcBevohe Foweied, ovt WRAPF eder abl y
calcined (step (g) 18 because in sone cases the catalytic activity is
i mproved C‘@fﬂec‘?%ﬁ ARGTOFRNERESUSASES NatEapernicng & et at GPé Sil8286di nari | y
in the ran of .10Q to 450'C, an r ef er abl 5Q to 420'C. A calcinin
e | s BPBRE 4B FRAHT T g BFOCHG 90 freleinipg tnder dn 837 M N0

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 scme cases. There

is no particular restriction on the reducing agent insofar as

itpreferablybecomesagasatacalcining temperature. Examples

of the reducing agent include CO, alcohols, aldehydes, ketones

and organic acids having 2 to 5 carbon atoms, and ethanol is

particularly preferable.

The catalyst obtained in the way as mentioned above

(hereinafter referredtoas catalyst according to the invention)

is used for preparing methacrylic acid through the gas phase

catalytic oxidation of methacrolein, iscbutyl aldehyde 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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In addition, the calcining is ordinarily carried out under an air

at nosphere. However, it may be carried out under an  inactive gas

at nosphere such as nitrogen, and after the cal cining under the inactive
gas at nosphere, calcining under an air atnosphere can be further applied
as circunstances demand. Furthernore, it is preferable to cal cine under
the inactive gas atnosphere, nore preferably in the presence of a reducing
agent, as nore active catalyst can be obtained in sonme cases. There is no
particular restriction on the reducing agent insofar as it preferably

becones ahdah B adoedlfiifiang o edpREabYL g1 tBxateScaphl fheareduaing agent
i nclude CO, al cohols, aldehydes, ketones and organic acids having 2 to 5

carbon attengherchweiharel, WS 11pa ik larinedprefiewabl e. The catal yst
obtained in the way as nentioned above (hereinafter referredto as
cat al yst accor dicngghtogthephayentaoa)yvtis wasethifiom prejacuigrmekigenylic
acid through the gas phase <catalytic oxidation of nmethacrolein, isobuty |
al dehyde carmo l sobleypkygencednt ¥henanglye sphy ased ' t Feraatab g lecededi ng to
the invention" is used without specific notice, it is used to denote both
of the drqwamtléﬁdumme{t@a@r@d@lmbﬁaﬁméaetmm@f ¢ he tst 8BsPY @P1Eo (e)
and the coated catalyst obtained further through the step (f) (preferably,
al so stef gy FetRé 1yas pResRAERt GIYETEY XI RN 1 Rat TheeS MR dcrtol ein |

19 which jis nDst sujtaple raw material to use the catalyst ordlng to
the inverfd i uh i mﬁk Cexl af HEQ" bl 071t e oy ¢

OX|dat|on | e en ecul ar xyge contal n a used. A
ratio of H qp e t'(S’xy g Wﬁ% ED ? FerHadt ég iy P8ttt lggﬁ%hég OF 0. 5to

20 by ”DH?to 20 by mole ratio relative to methacrolein.

The raw material gas may contain, other than oxygen and
asneededwater (inordinarycasesitiscontainedaswatervapor),
gases inert to the reaction such as nitrogen, carbon dioxide
gas, and saturated hydrocarbons.

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

A reaction temperature during the gas phase catalytic
oxldation 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 1s, in terms of spatial velocity (SV),

ordinarily in the range of 100 to 6000 hr™

and preferably in
the range of 400 to 3000 hr™!.

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.

Furthermcre, though it is possible toperformthe gasphase
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ratio relative, and particularly preferably in the range of I to 10. To
make the reaction. process proceed snoothly, it is preferable to add water
to araw material gas in the range of 1 to 20 by nole ratio relative to
met hacrol ein. The raw material gas nmay contain, other than oxygen and as
needed water (in ordinary cases it is contained as water vapor) , gases
inert to the reaction such as nitrogen, carbon dioxide gas, and saturated
hydr ocarbons. Furthernore, as for methacrol ein, gases obtained by
oxi di zing isobutylene, tert-buthanol and nmethyl-tert-butyl ether can be

suppl i ed caitEhett crididdtcaid 80théyr aaeti DPri SOpPes sk W -difdgréhengas phase -
catalytic oxidation is ordinarily in the range of 200 to 400'C, and

pref erabliy igenkhall angereks26@ tec36Qd &n Atsuvpphyragopptsehiret he raw
material gas is, in terns of spatial velocity (SV), ordinarily in the
range of shO@atde6000 hr-1 and preferably in the range of 400 to 3000
hr-'. In the case of the catalyst according to the invention being used,
there is (Bxagréa&tsichange in a reaction result even when the SVis
increased. Accordingly, it is possible to perform the reaction at a high
spatial vel oci . WRatt Bedrore, theughesentsipyssibpe volpePeolarehe gas
phase 20 catal ytic _oxidation either under a pre s sure or a reduced

pr essur e SPSGH Yl &XB L5lessyd tar 6838 AR/ Sat mospheric pressure is

sui tabl e. (Exanpl es I.n what, follows, the present. jnvention will be nore
specificalfy eg%%ﬁﬁ%ﬁ@%ﬂﬁ?ﬁ%&%ﬂﬁﬁgg?tiVitygn yiel {htﬂeseexamp es

are defined as follows.

e Conversion ratio = (a number of moles of reacted
methacrolein/a number of moles of supplied methacrolein) x 100

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

e Yield =(a number of generated methacrylic acid/a number
of moles of supplied methacrolein) x 100
[Example 1]
1} Preparation of catalyst

Inz2l100ml of purifiedwater, 300 g of melybdenum trioxide,
13.26 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 transparent solution was obtained. Then, 12.15 g of
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 navy blue solution in which antimony trioxide
was dissclved 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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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 nmethacrolein) x 100 Sel ectivity= (a nunber of
nol es of generated methacrylic acid/a nunber of noles of reacted

met hacrolein) x 100 Yield = (a nunber of generated nethacrylic acid/a
nunber of noles of supplied nethacrolein) x 100 [Exanple 1] 1) Preparation
of catalyst In2100m of purifiedwater, 300 g of nolybdenumtrioxide, 13.26 g
of vanadi um pent oxi de and 27.62 g of 85% by mass orthophosphori c¢ acid

wer e addedohl ek dwowet yheas t aadundars § e ffdmioniain acéeapenatubeved the
range of 90 to 100'C for 5 hr, and thereby a unbered transparent sol ution
was obt aiinets 0 ihest, pui2i dfe Pwat er aBgenhBY , tHurdtiadef vblsovesitlied rithenéhg

foll owed by further heating wunder reflux at a tenperature in the range of
90 to 10GiCaftmmped diryreand Itsheo &lfyCa aal bl sed sdlaxtsbonan mewkiod hoast i nony
trioxide was dissolved was obtai ned. Subsequently, the solution was

cool ed t ¢lanmnpenaeanengfa BegiorPeaCt ¢blal beedrbyo§iaaftiad Pyecagdrig under
agitation 20.00 g of cesium acetate dissolved in 21 150m of purified

wat er andilEl 9 aFenaniditoTd imwice i@ idgiessol ved in 150m  of purified

wat er together, further followed by ripening at_a tenperature of .15 to

20' C for 1 hr, T&fdt hér&ByI &F C%@Fh@i%ﬁ%@t%mPPPYQSﬁFﬁiﬁiﬁ‘?@oja‘_’ sfum sal t
oL 2ghel SR8 L S5LA PLECUL 301 200, 20, STIONLHD sl s ot A, Then.
wat er V\a%yadrdiepder}ionc} haet Sa{ ut:ré’lﬁijega%&rheerog cl@ Ocvé)lec§0°c for 15 min.

Next, the slurry was dried by evapcoration to dryness by
use of hot water, followed by crushing with a mortar, further
followed by classifying to 700 pmor less, still further followed

- by subjecting primary calcining at 310°C ﬁndef air flow for 5
hr, and thereby calcined granulated powder was obtained. A
composition of the calcined granulated powder was, by charge
ratio,

M0o10Ve,.7P1.15CU0.45b0. 5sCS0.5 {NHg) 1.5.

Subsequently, 300g of the cobtained 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-insoluble matter
(filtration residue) and a umber filtraté 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
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by ripening at a tenperature of 15 to 200C for 15 mn. Next, the slurry was
dried by evaporation to dryness by wuse of hot water, followed by crushing
with a nortar, further followed by classifying to 700 tmor less, still
further followed by subjecting primary calcining at 3100C under air flow
for 5 hr, and thereby cal ci ned granul ated powder was obtai ned. A
conposition of the calcined granul ated powder was, by charge ratio,

MO1OVO. 7P |I. 1,5Cu0.4Sho . 4CS0.5 (NH4 ) 1.5 Subsequently, 300g of the
obt ai ned cal ci ned granul ated powder was dispersed in 1000 m of purified
wat er, foldowRth byhwd agict gtilngatt #@sCsEoeslbhrmadbent tie: diispersiion |iquid
was filtered, and filtered greenish white water-insoluble matter
(filtratimysids dme) 18nd sabynbess fof titad e Meneateepal atwedy fevapdahatted t o
dryness with hot water, followed by pulverizing to 300 to 700 ~Lm

further fayl |lagwed dyratiassiff yigiggl anldentdrerent Greamid wrincat gingstuleA) was
obtained fromthe filtration residue, and solidified matter for conparison
(A was obtta it ffomvdre filtrate. In this case, a separation ratio
between the filtration 22 residue and the filtrate was 86. 8% by nmass of the
filtration red|dué:.aRdeiBl295By-«wass<of the filtrate. It was found that

an atomc ratio of netal elenents of the obtained granular catalyst (A
was Mb1OWY TBBPregcealct ~r 3% 9. VAL Esi B e YTV g%F%%X%Etwa)?-?aig]%nal ysi s,
eropoly aci.d hy X—{l(gyndciffraction
i

anal v 8.0 B A OFBanaC L CREAY ThRH SOUTON R WS oAt 4 Hed B OHY
anaIySiS'(i.e. NH,; and so forth) was contained by CHN analysis.
Furthermore, it was found that an atomic ratio of metal
elements of the obtailned solidified matter for comparison (&)
was
Mo16V.1.53P2.45CU1.145b0.13
- by fluorescent X-ray analysis, the solidified matter was a
precursor that did not have heteropoly acidby X-raydiffraction
analysis, and nitrogen was not contained by CHN analysis.
Then, 176.8 g of one that was obtained by pulverizing and
classifyingthecbtainedgranularcatalyst'un to 300 um or less
and 25.9 g of a strength improver (ceramic fiber) were blended
uniformly, followedbycoatingandmoldingonl73.7gof spherical
porous alumina carrier (particle diameter 3.5 mm) by use of an
agueous solution of 90% by mass of ethanol as a binder. Then
an obtained mclded body was subijected to secondary calcining
at a temperature of 310°C for 5 hr under air flow, and thereby
a coated catalyst aimed at (A) was obtained.
2) Catalytic oxidation of methacrolein

In astainiess steel reactor tube having an inner diameter

of18.4mm, 10.3ml of theobtainedcoatedcatalyst (A) was filled.
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Furthernore, it was found that an atomc ratio of nmetal elenents of the
obtained solidified matter for conparison (A) was Mo 10V _ 1 . 53P2 4
6Cul . 14 Sb0. 13 by fluorescent X-ray analysis, the solidified nmatter
was a precursor that did not have heteropoly acid by X-ray diffraction
anal ysis, and nitrogen was not contained by CHN anal ysis. Then, 176.8 g of
one that was obtained by pulverizing and classifying the obtained granul ar
catalyst (A to 300 mor less and 25.9 g of a strength inprover (ceramc
fiber) were blended wuniformy, followedby coating and nolding on 173. 7 ¢
of spherifcaktapgtagsorl dat hancaf merhiparidic] eadi askdertSd nrmayr hieuse of
an aqueous solution of 90% by nmass of ethanol as a binder. Then an

obt ai ned amwildied drady fwasrsubjenteh t awssecondasytcahci i ngplaat rattienper at ure
of 310C for 5 hr under air flow, and thereby a coated catal yst aimed at
(A) was obt aehbdcre)eCat abxyden oviadati varof : metthages! ®ily BPn & dBaitnl ess
steel reactor tube having an inner_dianeter of 18.4 nm 10.3 nl of the

obt ai ned dwatEd EatrE i ta) (SiEs 96 1128 237 A aed at yEdactoxanifden of

met hacrol ei n was conducted under the conditions of a raw material gas
conposi t i'GPRIFRF ISP PaPi0) Tor TR Rakdvler AL foxyigeirP ik 8 apapdrn
nitrogen = 1: 2: 4: 18.86, e space velocity (SV) of 1200 hr-1, and a
reactionqﬁ§H1tﬁ%ﬁﬁﬁﬁ%ﬂﬁﬁe?égg%ﬁ C.O?hg g&acﬁpén¥%ﬁsrﬁﬁc tPRtPRERt at a
reaction at h t.enper at ure .of 0C -~3_hr, an e reacti ath

t enper at ut_'regnpv\?arsatruaiesewc?st orasabsoaﬁgitnod :Iki‘gdptc £Rer ]e(epgr tc%rﬁr.%orsggsgauent ly, the

react on QAL QAN AL ULE MBS L NPE R0, 1A PLOGE 2004 [BAGELARJ £PM vias

measur ed S are
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 solidifiedmatter for comparison {(A) were
separateliy blended with 8.0 g of guartz sand of 300 to 700 um
and used in the oxidation reaction under the same reaction

conditions as the above. Theresultsare shown together in Table

1.
[Table 1]
Peak temperature | Conversion ratio | Selectivity Yield
) (o) (%) (*4)
Coated catalyst (A) 325 88.5 82.7 73.1
Granular catalyst (A) - 87.6 86.7 75.9
Solidified matter for - 40.6 83.1 337
comparison (A) |

{Comparative Example 1)
1) Preparation of Catalyst

In2100ml of purifiedwater, 300 g of molybdenum trioxide,
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Table 1. Furthernore, 4.0 g of the granul ated catalyst (A) and the sane
anmount 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 oxidation
reacti on under the sanme reaction conditions as the above. The results are
shown together in Table 1. [Table 1] Peak tenperature Conversion ratio
Selectivity Yield (C(% % % Coat ed catal yst (A) 32588.582. 773.1 G anul ar
catal yst (A)-87.686.775.9 Solidified matter for -40.683.133.7 conparison
(A) (Conparative Exanple 1) 1) Preparation of Catalyst In 2100 m of
purified Watdgr ,g 300 vprnaidimnl ydeohermumder izoxd ¢&F,. 624 g131265§ ofy wanadi um

pent oxi de and 27.62 g of 85% by mass orthophosphoric acid were added,

f ol | owedyHdattheg pirddre a¢ied vaxe adted, tlenperadireh¢at iheundageedfiugo to
100C for 5 hr, and thereby a unbered transparent sol ution was obtai ned.
Then, 12 abadgpermiiunma) the srrde aadOdudedOthépat o hrf ot h@Wd@sEbiur t her
heating under reflux at a tenperature in the range of 90 to 100C for 2
hr, and th&FEByed RedyShRrIRREAUM P nawnPere Brd mofiel i bxi e 9 Rds

di ssol ved S obt ai ned,  Subse ntly, the solution wa ,
an lmonytr§0x1dewaséﬁgé thereto, fol owegby%urtherheatlng

under reflux at a temperature in the range of 90 to 100°C for
2 hr, and thereby a navy blue solution inwhich antimony trioxide
was dissolved was obtained. Subsequently, the solution was
cooled tc a temperature of 15 to 20°C, followed by gradually
and simultaneously adding under agitation 20.00 g of cesium
acetate dissolved in 150 ml of purified water and 24.09 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 sliurry containing a cesium salt of a
heteropoly acid precursor and an ammonium salt was cbtained.

Then, 16.64 g of cupric acetate mecnohydrate dissclved in
240ml cfpurifiedwater 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
comparison (B) was obtained.

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

Mc16Vo,7P1.15C00,48b0.4C80.5 (NHy) 1.5

Then, the obtained solidified matter for comparison (B)

was pulverized and classified to 300 um or less, and 365.4 g
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cooled to a tenperature of 15 to 20C, followed by gradually and
si mul t aneousl y addi ng under agitation 20.00 g of cesium acetate dissolved
in 150 mM of purified water and 24.09 g of amoni um acetate di ssolved in
150 M of purified water, further followed by ripening at a tenperature of
15 to 20C for 1 hr, and thereby a aeruginous slurry containing a cesium
salt of a heteropoly acid precursor and an ammoni um salt was obt ai 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 for 1
hr. Nextfhe¢heoSland p2wasgdsri edsbyenyaparait@ret d cdmpndsstbyer usemd hot
wat er, followed by pul verizing, further followed by classifying to 300 to
700 m ahdendtied byl Sofnily f ifed Imatacebyf opat togpard sonl diB)y was3 6Bt dihed. A
conposition of the solidified matter for conparison (B) at this tine was,
by char gefrsithiey; 1l pvronpPl UBaYS C4Sh6.c4CHRar t { fHa )diames.eTReR, Mthe
obtained solidified matter for conparison (B) was pul verized and classified
to 300 nPBrusesst aImEBER U FORtiy edf 9Andbyenass ef atBeRehgth 3 nprover
bl ended uni form f ol | owed by coating and. nol di ng on

335, 8 g DoPISpher Tl SpOFGTS DAY hAC G HORYarES BRPD PLEBdoamR ST 5
an obt af A5 Tol I A0y (s 900 detetl Kb BAIET iy |40 al FRnT LT € of
010 C 1%, Sobpelastscel bov. copgeLhetebig o gomgrenialyst for |
obtained coat egd) cat aly§t ; £ 05« COMPALL SR hB)nY@S, Heed
The obtained coated catalyst for comparison (B} was used

in a catalytic oxidation of methacrolein similarly tc example

1, and a reaction result was measured in the same way as example

1. The results are shown in Table 2. Moreover, 4.0 g of the

solidified 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.

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

[Example 2]
1) Preparation of Catalyst

In2100ml cf purifiedwater, 300 g of molybdenum trioxide,
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in a catalytic 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 matter for conparison
(B) and 8.0 g of the quartz sand of 300 to 700 Itm were bl ended and used
in the oxidation reaction under the sane reaction conditions as the above.
The results are shown together in Table 2. [Table 2] Peak

t enper at ureConversion ratioSelectivityYield (-C) NN)N Coated cat al yst

(B) 32282. 783.168. 7 Solidified matter-74.189.466.3 for conparison (B)

[ Exanpl e12] 2%) gPe€paratdoomopefabali yst zha 21002k of pug iy etasater, 300 g
of nol ybdenum tri oxide, 26 13.26 g of vanadi um pentoxi de and 27.62 g of 85%
by mass oethhpphepphoitceacdciwkmesddadded] 1okl dwec A1y eaidegreftiex refl ux
at a tenperature in the range of 90 to 100C for 5 hr, and thereby a
unber ed atrameppeesatusel it tor wasyobtfa?hdad. 1qtféEnfod 2 16, graf thaneibyony
trioxi de was added thereto, followedby further heating under reflux at a

t enper at @réperedd radyiga reningot vtiopedprobt2imed. . antdheherlebyl monaby bl ue
solution in which antinony trioxide was dissolved was obtained.
SubsequeAPIoRNE Sdxidota hasdegddied to ot erped BYUre drenBeabinac,

followed by gradually _and simultaneously addi ng under agitation_20.00 g of
cosi um  ¥BBEAt ESHTUE R ot PG tHE Sof- TPt FERTReE br oG 266 §0bi

ammoni umza}(l:re’t g%ﬁ tq{esrse(?:!flgqla{vny %?ge rgo l%fti%%qr]; i\,\i'fgl(::ﬂc\l%\ﬂ;afrlei:ri’r[wxc;crtluyr yrnlagxide
was dissolved was obtained. Subsequently, the solution was
cooled to a temperature of 15 to 20°C, followed by gradually
and simultaneously adding under agitation 20.00 g of cesium
acetate dissolved in 150 ml of purified water and 24.09 g of
ammonium acetate dissolved in 150 ml ¢of purified water, further
followed by ripening at a temperature ¢f 15 te 20°C for 1 hr,
and thereby a aeruginous slurry containing a cesium salt of a
heteropeoly acid precurscor and an ammonium salt was obtained.
Next, the slurry was dried by evaporation to drvness by
use of hot water, followed by pulverizing with a mortar, further
followedby classifying to 700 pmor less, and thereby pulverized
body was obtained. A composition of the pulverizedbody at this
Lime was, by charge ratio,
M016Vo.7P1.15CUn, 4800, 4Cs0.5 (NHy) 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 aquecus solution of 90% by mass of ethancl, further followed
by kneading, still further followed by once more evaporating
to dryness with hot water, followed by pulverizing with a mortar

to 70C pm or less, further fcllowed by subiecting to a primary
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followed by ripening at a tenperature of 15 to 20C for 1 hr, and thereby a
aerugi nous slurry containing a cesiumsalt of a heteropoly acid precursor
and an ammoni um salt was obtai ned. Next, the slurry was dried by
evaporation to dryness by use of hot water, followed by pulverizing wwth a
nortar, further followedby classifying to 700 mor |ess, and thereby

pul veri zed body was obtai ned. A conposition of the pulverized body at this
time was, by charge ratio, M10VO 7P1. 15Cuo. 4Sbo. 4Csu.s (NH4) 1.5 Then, to
t he pul verized body, 16.64 g of cupric acetate nonohydrate was added in
powder, talllcanedgbyndediang 106wag: 081 08N fagueos sod utheorebof c9D& hyd mass of
et hanol, further followed by kneading, still further followed by once nore
evapor at igmgnutle ¢Cymessobisinddt watempobsotloned blepdareriagiengbedlyh a
nortar to 700 mor less, further followed by subjecting to a primary 27
cal ci ni ngtundérs giimef Wew, aby3t@8rioer r53thr, and t hereby cal cined granule
(C was obtained. A conposition of the granulated body at this tinme was,
by charge rati ¥o1NM10V0.:¢P1.485QuE54588H40s0-s (NH4 ) 1.5 Furthernore, it

was assuned fron1b%rx-ray diffraction analysis that added cogger was not
i sol ated as copPErgEBPEFe 16r VeSppEFUBRAIEr CBuBYeGuEAYI 1 IBEBCHIGR t he
obt ai ned cal.ci ned granul C) was dispersed in 1317 m_ of purified water,
ol Loned 07 45 at T SaEeAGEOPBEE 135 POTHEROtRESH SoaisRET PEBGPE v
filtered, and filtengp greeni sh white water-insoluble matter (filtration

resi due) “and EETtb &S

iTtrate were separately evaporated to dryness with

hot water, fo'%%%%%q%%n@ﬁ&¥eﬁgéufgftPhQQQtEBJ%Qpcalcined.granule (C)

wasdispersedin1317IMLofpurifiedwater,followedbyagitating
at 40°C for 1 hr. Then the dispersion liquid was filtered, and
filtered greenish 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
pm, 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 ratio 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, followedbycoatingandmoldingon318.2gof spherical
porous alumina carrier {particle diameter 3.5 mm) by use of an
aquéous solution of 9C0% by mass of ethancl as a binder. Then

the obtained melded body was subjected to secondary calcining
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m further followed by classifying, and thereby granular catalyst (C) was
obtained fromthe filtration residue, and solidified matter for conparison
(C was obtained fromthe filtrate. At this tine, a separation ratio
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
t hat was obtai ned by pul verizing and classifying the obtained granul ar
catalyst (C) to 300 mor less and 47.4 g of a strength inprover (ceramc
fiber) were blended wuniformy, followed by coating andnol ding on 318.2 ¢
of spherigaler porofisowalaimianaepaeratnrépaf tildl°€ Goankether, 3n8 wgréyyuse of
an aqueous solution of 90% by nass of et hanol as a binder. Then the

obt ai ned anwlodée dhedy aly's ts abjrect ed  t{6) s@asndatypivatfici ning 28 under air flow
at a tenperature of 310C for 5 hr, and thereby a coated catalyst ained at
(C) was obtai néd. C@j:a@a’fﬁélcypﬁédéﬂ@at pénmefhEBEAAEED] ei n The obtai ned
coated catalyst (C) was used in a catalytic _oxidatiagn of net h? olein
sinmlarly to exafpPetairgdres rshepitenystesal twa\ﬁagsﬁréajs‘braeaai:ﬁ ﬂgécsama way
as exanple 1. The resul are shown. | i

cal ci ned GraRhLer ?gf“etﬁ‘ﬁgrﬁrlﬁﬁﬁl %mc]aﬁ%%g? CErE d l?@dsaoFﬁal 2388 mat ter
for compar n of the uartz sand, of pm
wer e bl s ot GRBEET e R DA RaATFOR Toacy SHEBRIEr ! thd sl Sact o

condi {1 ong. AS:ENE ahoum e raspLEseR] o s&%wef L0GRLNGT i Tabh&1d. [Tabl e

{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 blended 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
CO) (%) (vo) (%)
Coated catalyst (C) 328 922 82.3 75.9
Calcined granule (C) - 88.2 87.5 772
Granular catalyst (C) - 93.7 86.4 81.0
Solidified matter for - | 358 82.8 29.6
comparison {C)

(Comparative example 2)
1) Preparation cf catalyst
InZlOOImLofpurifiedwater,300qyofnmlybdenumtrioxide,
13.26 g of vanadium pentoxide and 27.€62 g of 85% by mass

orthophosphoricacidwere added, followedbyheatingunder reflux
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Conversion ratio Selectivity Yield C(% (% Coated catal yst

(C) 32892. 282.375.9 Calcined granule (C)-88.287.577.2 G anul ar catal yst
(C)-93.786.481.0 Solidified matter for -35.882.829.6 conparison (C)
(Conparative exanple 2) 1) Preparation of catalyst In 2100 m of purified
water, 300 g of nolybdenumtrioxide, 13.26 g of vanadi um pentoxi de and
27.62 g of 85% by mass orthophosphoric acid were added, followed byheating
under re flux 29 at a tenperature in the range of 90 to 100C for 5 hr, and
thereby a unbered transparent sol ution was obtained. Then, 12.15 g of

ant i nony attra denghe nags radite d hiehesxego o ff 0 [tawedC for tther, lweat hgrelunder
reflux at a tenperature in the range of 90 to 100C for 2 hr, and thereby a
navy bl ue soberedriansygdcintaspimonpntwaoxildeinggs dTssnl vied. Wag obt ai ned.
Subsequently, the solution was cooled to a tenperature of 15 to 20C

f ol | owed 2By 1gpadual i gx 1 dmda s asdletaieviust s, dddilagedhderuzEgdiaabeahing. 00 g of
cesium acet z%:te glfi ssolved in 150 m é)f- purifi %d \é/ater gnd 24, 09 % of
amoni um atéfdrgsafvedtemratoiie ot fiya Fredewafe?? FurkHefr Iesl 1 owed
RATEUTI W TR SR GO Y, T
and an aqg%nhggg% %%aW%%sO% %59%%6. Subsequently, the solution was
cooled to a temperature of 15 to 20°C, followed by gradually
and simultaneously adding under agitation 20.00 g of cesium
acetalfe dissolved in 150 ml of purified water and 24.09 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 an aeruginous slurry containing a cesium salt of
a hetercpoly acid precurscr and an ammonium salt was cbhtained.
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 tco 300 pum or less,
and thereby pulverized matter was obtained. A composition of
the pulverized matter was, by charge ratio,
Mo10Vo.7P1.15500.4CS0.5 (NHa) 1.5,
Then, 16,64 g of cupric acetate monchydrate in powder was
added to the pulverized matter, further fcllowed by mixing, and
thereby a mixture was obtained.
Thern, 381.5 g of the pulverized matter and 53.8 g of a
strength improver (ceramic fiber) were blended uniformly,
foillowed by coating and molding on 358.4 g of spherical porous

alumina carrier (particle diameter 3.5 mm) by use of an aqueous

sclution of 90% bymass of ethanol as a binder. Then an obtained
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Subsequently, the slurry was dried by evaporation to dryness by use of hot
wat er, followed by pul verizing by use of a nortar, further foll owed by
classifying to 300 mor less, and thereby pulverized matter was obt ai ned.
A conposition of the pulverized matter was, by charge ratio,

MOLnVn. 7P1. 15Sbo. 4Cso . s (NH4) 1.5 . Then, 16.64 g of cupric acetate
nonohydrate in powder was added to the pulverized matter, further followed
by m xing, and thereby a m xture was obtained. Then, 381.5 g of the

pul verized matter and 53.8 g of a strength inprover (ceramc fiber) were
bl ended woilledibyqy whal ¢oveth &y uadat- aigr &hdwred] ditTegnpen 2358 40 360°Epheri cal
"porous alumna carrier (particle dianeter 3.5 mm by use of an aqueous

sol uti on fofr 8084 byarh$beokbet harwd tad ca thilydér foTherear oinmai(Redwd® nol ded
body was cal ci ned under air flow at a tenperature of 310C for 5 hr, and

t her eby @bdedired .catal yst for conparison (D) was obtained. A conposi ti on
of a catalyst active conponent after the calcining (the puI ver| zed matt er)
was, by char ge®r &PFBOSKE100VEL7P1CAETLDS UL S EBFPONHY PIT he
Further nore, it was assuned from X—ra diffracti nal ysi s that added
copper mé?lr?dtn%%l §th§d pé@"@&d‘&&d &Xdr w@éppbﬁ’ GREJES T3f1€atal ytic

oxi dati on of ted talyst (D) was used in a catalytic
oxi dat i on lhet’c? Ié"’l H°S4l Fﬁ”i‘@tsl” &g g%(érrpl e 1, and a reaction result

yfs[ggf;ﬁ%dctte%o*tee,Smawssa%ne%%m% Loy The £88UI 1, 808, showey in Table

added copper was not isolated as copper oxide or copper oxide.
2) Catalytic oxidation of methacrolein
Thé coated catalyst (D) was used in a catalytic oxidation
of methacrolein similarly to example 1, and a reaction result

was measured in the same way as exanmple 1. The resulis are shown

in Table 4.
[Table 4]
Peak temperature | Conversion ratio | Selectivity ' Yield
CO (o) (%0) (%)
Coated catalyst (C) 326 88.5 82.5 73.0
[Example 3]

1) Preparation of catalyst

In2100ml of purifiedwater, 300 g of 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
aumbered transparent solutionwas cbtained. Subsequently, the

solution was cooled to a temperature of 15 to 20°C, followed
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Peak tenperature Conversion ratio Selectivity Yield C(% (% (% Coat ed

catal yst (C)32688.582.573.0 [Exanple 3] 1) Preparation of catalyst In 2100
m of purified water, 300 g of nol ybdenumtrioxide, 15.16 g of vanadi um
pent oxi de and 27.62 g of 85% by mass orthophosphoric acid were added,

foll owed byheating under reflux at a tenperature in the range of 90 to
100C for 5 hr, and thereby a unbered transparent solution was obtai ned.
Subsequently, the solution was cooled to a tenperature of 15 to 20C,

foll owed 31 by gradually and sinultaneously addi ng under agitation 17.49 ¢
of cesi umyhydrnaoxiadé ymanahydnal eafdessol yedddind Othddr efyipatiiloned7 . wat er and
20.88 g of ammoni um acetate dissolved in 100 mM of purified water, further
f ol | owed dyf cepeninigydtorxal dempeshydr et e ofi sk itve d20CL DOm11SE pi:nifaad t her eby
a yellowi sh-white slurry containing a cesiumsalt of a heteropoly acid
precur sovaded and 2EnBRi dnrfakrnensunbiaéhete diwsn s 64 d 06f mdupki c
acetate nonohydrate dissolved in 200 ml of purified water was added to the
slurry, WG S Ulart@w@df%ph?rp@ﬂr@v%d Ly rérpeiasure ofterpergt2oe for 1
hr. In the next ace, the slurry was dried by evaporation to_dryness by
use of h&t dat kP, 29 & E8vwed® By hulanst tReagLwi & el Grbriiarwh s SREETVol | owed

by cl assi f t.o 700 . tmor J|es still further, foll owed by cf hectlng
to prinaf§%g§| JﬁF%G GRILpm salt ot a heteropcly acid precursor an

ammonium salt was obtained.

Then, 16.64 g of cupric acetate monohydrate dissolved in
200ml of purifiedwater was added to the slurry, further followed
by ripening at a temperature of 15 to 20°C for 1 hr.

In the next place, the slurry was dried by evaporation
to dryness by use of hot water, followed by pulverizing with
a mortar, further followed by classifying to 700 um 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,

Mo1oVe.gP1.15C00.4CS0.5 (NHg} 1 5.

Subsequently, 351.5 g of the obtained calcined granule
was dispersed in 1300ml of purifiedwater, followed by 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 tec 300 to 700
pum, further followed by classifying, and thereby granular
catalyst (E) was obtained from the filtration residue, and

solidified matter for comparison (E) was obtained from the
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air flowat 310C for 5 hr, and thereby cal cined granul e was obtained. A
conposition of the calcined granule (E) was, by charge ratio,
Mo10VO. 9P1. 15Cu044Cso.5 (NH4 1.3. Subsequently, 351.5 g of the obtained
calcined granule was dispersed in 1300 m of purified water, followed by
agitating at 40C for 1 hr. Then the dispersion liquid was filtered, and
filtered yell owi sh-white water-insoluble matter (filtration residue) and a
unber filtrate were separately evaporated to dryness with hot water,

foll owed by pulverizing to 300 to 700 m further foll owed by classifying,
and t her €y tgmarul ar catalyst (E) was obtained fromthe filtration
residue, and solidified matter for conparison (E) was obtained fromthe 32
filtrate. In fhishtasmse sepapatrhdnonatabibdteneeren def fElrabtdonr esi due
and the filtrate was 78.9% by mass of the filtration residue and 21.1% by
mass of lkeifilet padethsubsefbent! yas 224%. & pwmasre athahewdslbbeaiaed by

pul veri zing and classifying the obtained granular catalyst (E) to 300 mor
| ess and I3612U§ 61:da 2dt-Aeén&ivh Magsr Oferhecdiariraétefr.i ber) were bl ended
uniformy, followed by coating and nolding on 243. 4 g of spherical porous
al umi na carri eP PFEAYRE e Ydi after &r 9 8 STANnFRBY WaE ePTamnagduRBus sol ution

f 90% b .0f, _eth | . a _bi . .Then t bt ai ned | ded d

o SOPPY e o el hanel . 28 & Mot o e A1 o0t ned ) dod pody vas
b t h i | ¢ini f it A 5 L/m . in th
0% LIPSl B8 SO o hsgse; e alonen Lo Lima el Lhe

thereby &;targef,ede.aoaled £aLaleYsth1GE 21 88ed by coating and molding

on243.4 gof spherical porous alumina carrier {particlediameter
3.5 mm) by use of an aqueous solution of 90% by mass of ethanol
as a binder. Then the obtained molded body was divided egually
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 ethancl (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 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 (E-2) was
obtained.

2) Catalytic oxidation of methacrolein

Obtained coated catalysts (E-1) and (E-2) were used in
the catalytic coxidation of methacrolein similarly to example
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 quartz sand of 300 to

700 pm, the mixtures each were used in the oxidation reaction
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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 (E-2) was obtained. 2) Catalytic

oxi dation of nethacrol ein Cbtained coated catalysts (E-1) and (E-2) were
used in the catalytic oxidation of nethacrolein simlarly to exanple 1,
and reaction results were neasured simlarly to exanple 1. Results thereof
are shown in Table 5. Furthernore, 4.0 g of each of the granul ar catal yst
(E) and the solidified matter for conparison (E) was mxed with 8.0 g of
quart z sandeofth30famere?@0iomm ddrelimiixte s thath wexanmpbed -i nRediel ki dat i on
reaction 33 under the sane reaction conditions as that of exanple 1.

Resul ts are shown together in Table 5. [Table 5] Peak tenperature
Conversion ratio Selectivity Yield (OC N(% % Coated catal yst
(E-1)32178.087.768,4 Coated catal yst (E-2)32076.987.4_ 67.2 G anul ar

cat al yst (Tg -78.289.970.3 Solidified matter for 46.284.839.2 conparison (E)

( Conpar atlf¢@1Exadmpl e 3)
Peak temperature -| Conversion ratio | Selectivity | Yield
CO (o) (o) (%)
Coated catalyst (E-1) 321 78.0 87.7 68,4
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 84.8 392
comparison (E)

(Comparative Example 3)

1} Preparation of catalyst

In2100ml of purifiedwater, 300 g of meclybdenum 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 90 to 100°C for 5 hr, and thereby
a umbered clear sclution was obtained. Subsequently, the
solution was ccoled to a temperature of 15 to 20°C, followed
by gradually and simultaneously adding under agitation 17.49

| gof cesiumhydroxide monohydrate dissolved in 100ml 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 yellowish-white slurry
containing a cesium salt of a heteropoly acid precursor and an

ammonium salt was obtained.
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1) Preparation of catalyst 1n2100m o fpurified water, 300 g of

nol ybdenum trioxi de, 15.16 g of vanadi um pentoxide and 2V.62 g of 85% by
mass orthophosphoric acid were added, foll owed by heating under ref |ux_
at a tenperature in the range of 90 to 100'C for 5 hr, and thereby a
unbered clear solution was obtained. Subsequently, the solution was
cooled to a tenperature of 15 to 20'C, followed by gradually and

si mul t aneousl y addi ng under agitation 17.49 g of cesium hydroxide
nonohydrate dissolved in 100m of purified water and 20.88 g of anmonium
acet at e di ssol Vbdni nt 409! i obfcumird ticedahatmonoiydtdies disksbdwed by
ripening at a tenperature of 15 to 20'C for 15 mn, and thereby a

yel | owi sHORHE e fsturirfiedwatarniargiar et asfded o éflea‘Sle@hoﬁ@lfgh%ﬁzi d
precursor. and an _ammoni um salt was_obtai ned. 34 Then, 16.64 g of cupric
acet at e FORSRYEFaby disBiegdrs 1206-m of purified water was further

added to the slurry, furthe followed by ripening for 1 hr. In_the next
pl ace, the slukpy£583n%¥Féﬂi%?eev ratiidyY o éF@ﬁ@%@Yb@VaE%rﬁFl%%t wat er ,

foll owed b | verizin it nor.t ar, rther. foll owed by.classifying to
500 Lo 950 ARYRESS' Bk odatl S B he e it b R s ki fu Ry

iti t | i t E)._. j t h ti o,
v010v0.  Alo Pl AL RE IR P16 Mg Dot ST Ol ML IEREF b sed
matt er I i : ofl - i f4 er eof
and 48.g%geg%%gyg?;iﬁg%E89§%$%§§$ ?@e%%%i?B??E%?§§;é$ggﬁFgﬁgggogu%?forn1y,
f ol | onedhyCoatiivRgizrd mRkdiRg @ %%@-,619 %%rglﬁh%&i eahrgBorQHscal um na

carrier (particle dianeter 3.5 M) by use o

Mo16Vo.8P1.15C 00, 4C80,5 (NHy) 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, followedbycoatingandmoldingon 326.6 gof spherical
porous alumina carrier (particle diameter 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 (secondarycalcining) inabox typehotaircalcining
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 coatedcatalyst {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 ccated catalyst (F-2) was obtained.

2) Catalytic oxidation of methacrolein

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

the catalytic oxidation of methacrolein similarly to example

1, and reactiocn results were measured similarly to example 1.
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aqueous sol ution of 90% by mass of ethanol as a binder. Then the obtained
nol ded body was divided equally into two, (i) one was cal cined (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 catal yst (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 catal yst (F-2) was obtained. 2) Catal ytic oxidation of methacrolein
Obt ai nedReosal ed thtakyst sré FsH)wanich (Tek)e vier eFusetermorehedcatalyfi c

oxi dation of nethacrolein simlarly to exanple 1, and reaction results
wer e neasbeepusyailaedynabotexalfpl eas. n38eReguth 8 ther edf quretshoswdi n Tabl e
6. Furthernore, 4.0 g of the pulverized matter (F) was m xed with 8 0 g of
quartz s8AE0GEC3080 ten, 7bbe M itE anRE R IAE Hie @Xislathernoxe dat i o
reaction wunder the sane reaction conditions as that of exanple 1. Results
are shomﬁnﬂﬁﬁéﬁﬁ%$am%r?éSFéOGCqﬁﬁ%ﬂ%PWﬂa?%@%tﬂé%%é?%ﬁh?é 59N ratio
Select|V|t eId g%%A% Coat ed CﬁL st F-131753.985.646.1 Coated cat al yst
(F- 2)3188£ 855682 LEIPLRGEr 1 Dedofatt Br (F)-69.288.561. 3 [Exanpl e 4]

[Takble 6]
Peak temperature | Conversion ratio | Selectivity | Yield
(°C) (%) (%) (%)
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 88.5 613
[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 20 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 ccoled to a
temperature of 15 to 20°C, followed by gradually and
simultanecuslyaddingunderagitationl7.49gofcesiumhydroxide

monohydrate disscolved in 100 ml of purified water and 20.88 g
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1) Preparation of catalyst In 2100 M of purifiedwater , 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 ref |ux
at a tenperature of 90 to 100C for 5 hr, and thereby a unber clear

sol ution was obtained. Then, 1.52 g of antinony trioxide was added
thereto, followed by further heating under reflux 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 ammoa i unenpeTatades b 1 18d to 120001 bélcduovigd eblyvagreaduih t yhand

si mul t aneousl y addi ng under agitation 17.49g of cesi unhydroxi de nonohydrate
di ssol vedolpaowed Y bippuindiad avarapreasd 26 88 §5360 of 0°&mroni Unacet at e
di ssolved in 100m of purified water, further followed by ripening at a

t enper at 8R8 BREISPY B XOOWHrsH YR lowaRdur KEr @byt 3l byeivd SRSyEI 83§l urry
containing a cesiumsalt , of a heteropqgly acid precursor and an ammoni um
salt was® 51%?F%H?p%%Béﬁﬁﬁ%%E¢%9rﬁ%@a§ﬁd¥}9m%%§lﬁ$ﬁé&tBV“%Q%E%%%?@on to
dryness by use_of hot er, followed b ul,verizing with a portar,

futher fo1l ondtbsguplELT yERS POUSES ToBr of 654 DR e THOF SHyoH phf ver i zed
mat t er bt ai.ned. A-.caonpositio th ulverized matter wa interns
of char gavARrS S 0s e Aofe Pl gl bty St Tk e e

pul veri zggfﬁg&ef%lyﬂg‘&% i %ggggeg}ﬁngcew@o ueahydrat %n}ﬁegggggggi I n

powder , | owed ~an aqueous solution o mass of
et hanol , phqkrteae;rzeaqda!t%@dwa%bhsa@ﬁ@ung,Agg}n}pgagg&%ﬂ%rf 104 bayedrbye.gnce nore

evaporating to dryness with hot water, y pul veri zi ng mntﬂca
nortar matter was, in terms of charge ratio,

Mo10Vo.eP1.15500.05CS0.5 {NH4_) 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 a mortar
to 700 um or less, further followed by subjecting tec a primary
calcining under air flow at 310°C for 5 hr, and thereby calcined
granule (G) was cbtained. Acompositionof the calcined granule
(G) at this time was, in terms of charge ratio,

Mo16Vy.8P1.15CU0. 4500, 05CS0.5 (NHy) 1. 3.

Subsequently, 366.4 g of the obtained calcined granule
(G} was dispersed in 1360 ml of purified water, followed by
agitating at 40°C for 1 hr. Then, the dispersion ligquid 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

37




to 700 mor less, further followed by subjecting to a primary cal cining
under air flow at 310C for 5 hr, and thereby calcined granule (G was
obt ai ned. A conposition of the calcined granule (G at this tinme was, in
terns of charge ratio, MiOVo.8Pi.i5Cuo_ 4Sbo.05Cso.s (NH4) 1.3
Subsequently, 366.4 g of the obtained calcined granule (G was dispersed
in 1360 mM of purified water, followed by agitating at 40C for 1 hr. Then,
the dispersion liquid was filtered, and filtered pale yell ow

wat er-insoluble matter (filtration residue) and a unber filtrate were
separ at elgyanevaporat 2bvso (6) yreessbaktihedatromatee, £ flgidacvied bys pdliweri zi ng
to 300 to 700 m further followed by classifying, and thereby 37 granul ar
cat al yst afi@) sohsdbbi afl nedt farofprheoib4 ¥ 201 ol )r @s b dekel 2 ingrdl T Eiei ed
matter for conparison (G was obtained fromthe filtrate. At this tine, a
separ at | ¢/ Lt&EEE -bet ween the filtration residue and the filtrate was 81.8%
by mass of the f||trat|on resi due and 18.2% by nass of the filtrate.

Subsequent | y, 359thig pimgne fsﬁQtarﬁééLOB&%Th%cPWeeﬁhlt@@r?i?ﬁﬁaﬁhﬂn

cla fying.the obta ar cat 0 .and 38.4

o oot ) wRdiie SRUCLRET BT AR & SR VL W rsried oh Si it SRS cund b
t d | di 3 2 f h l. |

Coo o) 2 hlane 49T 2mr?wb91a%§e3§f B 2B e Ut T on of aééi%e[)y mass of

ethanol —as a Bi,pder ueﬁ@%é}l ne§909t ned,pol ‘éfigtb%% &B%a?h%hdﬁQ equal | y

into two, (i) one cal (Secondary calcining) In a type hot air

cal ci ni ng hnace Jundes dl'atsrsQQ%}ln‘;ql oMe (obtd MY grhAulBe fesensce (@f et hanol
(20 g/ hr) as a reduci ng agent at 380C

to 300 pm or less and 38.4 g of a strength improver (ceramic
fiber) were blended uniformly, followed by coating and molding
cn318.2gof spherical porous aluminacarrier {particlediameter
3.5 mm) by use of an aguecus solution of 20% by mass of ethanol
as a pinder. Theﬁ the cbhtained 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 other was subjected to secondarycalcining
in a box type hot air calcining furnace under air flow at 380°C
for 10 hr, and thereby a térgeted coated catalyst (G-2) was
obtained.

2) Catalytic oxidation of methacroclein

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 gof the calcined granule {G) and the solidified matter for
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for 10 hr, and thereby a targeted coated catalyst (G 1) was obtained, and
(ii1) the other was subjected to secondary calcining in a box type hot air
cal ci ning 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 obtai ned coated catalysts (G 1) and (G 2) each were wused in a
catalytic oxidation of nethacrolein simlarly to exanple 1, and reaction
results were neasured in the sane way as exanple |I. The results are shown
in Table 7. Furthernore, 4.0 g of the calcined granule (G and the -
sol i di fi egmpattieprnf 6¢) 38 compar BsOng (@ ackuangz8sand of 00t he (R@&rtz sand
of 300 to 700 ~Lm were blended and used in the oxidation reaction under
the samill BgEEi bherdndi anédrssed thdheborddatienr gsalctsdoar endaBWAe t oget her
in Table 7. [Table 7] Peak tenperature Conversion ratiqQSelectivity Yield
(OC ) NN E88CedcBataPYstorE 1T 76 686, 7567VE - Cotted esatldisygFe shown
(G 2)32171. 4%%1 062.1 Ggﬁnu ar catalyst (G -68.589.661A Solidified matter
§89¢ npari-§o

for 42.1 e§ {5 ‘(G (Conparative exanple 4) 1) Preparation of
cat al yst
[Table 7]
Peak temperature | Conversion ratio Selectivity | Yield
cO (o) (o) (%)
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 - 42.1 85.1 35.9
comparison (G)

(Comparative example 4)

1)} Preparation of catalyst

InZz:00ml of purifiedwater, 300 gof molybdenum trioxide,
15.16 g of vanadium pentoxide and 27.62 g of 85% by mass
orthophosphoricacidwereédded,followedbyheatingunderreflux
at a temperature of 90 to 100°C for 5 hr, and thereby a umber
clear sclution was obtained. Then, 1.52 gof 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
sclution in which antimony trioxide was dissclved was obtained.
Subsequently, thé solution was cooled to a temperature of 15
to 20°C, followed by gradually and simultaneously adding under

agitation 17.49 g of cesium hydroxide monohydrate dissolved in
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I n2100M of purifiedwater , 300 g of nol ybdenumtrioxide, 15.16 g of
vanadi um pentoxi de and 27.62 g of 85% by mass orthophosphoric acid were
added, followed by heating under ref lux at a tenperature of 90 to 100'C
for 5 hr, and thereby a unber clear solution was obtained. Then, 1. 52 ¢
of antinmony trioxide was added thereto, followed by further heating under
reflux at a tenperature of 90 to 1000C 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 20" C,

f ol | owed 18 rgk ad palriiyf igndvast e bndrido B g o dddimeg iumdere C g dassohvad. 49 g of
cesi um hydroxi de nonohydrate dissolved in 39 100 M of purified water and
20. 88 go ift ARRonlupf deer b tedi sl vediuythepdonloped by Fieanhafert furt her.
followed by ripening at_ a tenperature of 15 to 20C for 1 hr, and thereby
an aerug@ngﬁﬁpe§PEPF?‘HB&@aFﬁi ¢ Cafeest drrsart Hrereheder apslyLacrd
precursor _ ‘and an anmoni um salt, was gghg%ned. Subsequently, the slurry was
dried by SevEpdr SETbALEORY ¢t yRESIBYSH Ao TR LY A 1 DREGCBY ST

pul veri zi_ngw_t hanort ar rggrqutther f%JIome%_by classifying to 300 mor |ess,
and t her WBuATEPTIER Fa el WS sBraf ed. A conposition of the

pul verized m I ho t a ratLQq, .

Mbl 0Vo. aP1l. | ss%ﬁ%%%@%?&l%%%??;ihr%&erw,g%t HRLRS Bl GEFP2EaTHatt 67, 16.64 g
of cupri Gacelals,  JOBRIKI AL fo a0 8060 LY RS, 300, Hiies RBY cgranul e for

nol ded catal yst ‘contai ning copper element "was obtained. A conposition
thereof was;tHdt FEILNMBWEH KWhange JiatyiGg MB1OMe 3P 1bLue, 43hpraskepys (NH)

1.3 Subsequently, 361.0 g of the pulverized nmatter and 51.2
pulverizedmatterwas obtained. Acompositionof thepulverized
matter was, in terms of charge ratio,

Mo10Ve.aP1.155b0.0sCS0.5 (NHg}1.3) -
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,

M0o16Vo.8P1.15C 0. 4800, 05C80. 5 (NHg ) 1.3

Subsequently, 361.0 g of the pulverized matter and 51.2
g of a strength improver (ceramic fiber) were blended uniformly,
followed by coating and molding on 344.0 g of spherical porous
alumina carrier (particle diameter 3.5 mm) by use of an aqueous
soluticonof 90% bymass of ethanol as abinder. Then the obtained
molded body was divided equally into two, (1) one was calcined
(secondary calcining)} in a box type hot air calcining furnace
under nitrogen flow_(5 I,/min}) in the presence of ethanol (20
g/hr) as areducing agent at 380°C fecr 10 hr, and therebya targeted

coated catalyst (H-1) was obtained, and (ii) the other was

Subjectaitosecondarycalciningjjlaboxtypekmﬁ:aircalcining
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g of a strength inprover (ceramc fiber) were blended uniformy, followed
by coating and nol ding on 344.0 g of spherical porous alumna carrier
(particle diameter 3.5 mm) by use of an aqueous solution of 90% bymass of
et hanol as a binder. Then the obtained nolded 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 (H 1) was obtained, and (ii) the other was subjected to
secondar yugcakcenimder mix Hbow taypeshitt fakrl Cakeiarichghd@eburanaeegander air
flow at 380C for 10 hr, and thereby a targeted coated catalyst (H 2) was
obt ai ned.co2feCGataltytlive toxifldat i oasofbiretihacr.ol ei n The obt ai ned coat ed

catal ysts (H1) and (H2) each were wused in a catalytic oxidation of

met hacr ol ei n sém Fatpyytdc exappltéocn, cidndetdacrPofifesults were neasured in
the same way as exanple 1. The results are shown in Table 8. [Table 8]
Peak tenperat uFr&eCBRverBr8FPaEed Bt A tF ¥ ep I (94 e CBAEed

catal yst -131859. 785. 150. 8 Coat.ed ,cat al yst -2)31756. 983.547. 5, [ Exanpl e
5] 1) Pré&F&Catford &P SCatvdilys O¥nad4sE [t g FFPi@Einvvﬁtlglrl,la§é§ 5[’ f

nDlybden%&h%&h%fﬁqeand reaction results were measured in the same way

as example 1. The results are shown in Table 8.

[Table 8]
Peak temperature | Conversionratio | Selectivity | Yield
5 (%) (%) (o)
Coated catalyst (H-1) 318 59.7 85.1 50.8
Coated catalyst (H -2) 317 56.9 83.5 47.5
[Example 5]

1) Preparation of catalyst

In2450ml of purifiedwater, 350 gof molybdenum trioxide,
17.69% g of vanadium pentoxide and 32.23 g of 85% by mass
orthophosphoricacidwere added, followedbyheatingunder reflux
at a temperature of 20 to 100°C for 5 hr, and thereby a umbered
clear solution was obtained. Subsequenitly, the solution was
cooled to a temperature of 15 to 20°C, followed by gradually
and simultaneouslily adding under agitation 20.41 g cf cesium
hydroxiden@nohydratedissolvedin]&Brﬂ.ofpurifiedwaterand
39.35gof ammoniumacetatedissolvedinl75ml 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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17.69 g of vanadi um pent oxi de and 32.23 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 unbered clear solution was obtai ned.
Subsequently, the solution was cooled to a tenperature of 15 to 20C

foll owed by gradually and sinultaneously addi ng under agitation 20.41 g of
cesi um hydroxi de nonohydrate dissolved in 115 m of purified water and

39. 35 g of anmonium acetate dissolved in 175 m of purified water, further
foll owed by ripening at a tenperature of 15 to 20C for 1 hr, and thereby a
yel | owi shawi b€ sl hetyraont aiaxid @reasiaom 4hdsahnt anficaibhet eadbpokas aci d
precursor and an ammoni um salt was obtained. Then, 19.41 g of cupric

acet ate mbhehpddate dissolved in 240 m of purified water was further
added to the slurry, further followed by ripening at a tenperature of 15
to 20C for 15 ARAD/ P t4e dnektcyitice acehe tsInpnyh véea e iddd sy vedapor at i on
to dryness by use of hot water, followed by pulverizing with_ a nortar,
further £4°IWed wﬂcﬁleﬁs%wwieﬁg\fat%f%‘eh% @ﬁidﬁé?s%o thet§ JUrmir ERBELEBI | owed
by subj egtl rig to the pri rrar% calcining under air flow at 310 for 5 hr,

and t her é6y 1O¥EG; ]ﬂgdﬂé’re&}ﬂd} atvv?ts FHRE HeH® REcHAPds Y orf F 1PHB R al ci ned

granul e was,

Subsequent | y, ! 25‘1 Srgn%zf tIﬁ a %‘?a‘flﬁélds I\%l?%‘% giféﬁaS% ﬁgg}ggfgﬁéﬁ"%ed in
2220 m qf, B?%h}:e!sgdb erce%ﬁd tere%y Ehlzfggﬁ%ghg 3,y Then,

the dispersio i-qui

wat er - | n%ohk!?ltﬁrmi%ﬁffhéf:' k&i%‘m@& b§e<§1£§e%)fﬁ% %&%%r ubd biratgsere

separately evaporated
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 granuie was, in
terms of charge ratio,

M016Vo,.5P1.15CU0.4CS0,5 {(NHs) 2.1

Subsequently, 421.9 g of the obtained calcined granule
was dispersedin2220ml cf purifiedwater, followedbyagitating
at 70°C for 3 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
pum, further followed by classifying, and thereby granular

.catalyst {I) Was obtained from the filtration residue, and

solidified 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 filtration residue
and 17.4% by mass for the filtrate.

Subsequently, 345.0 g of one obtained by pulverizing and
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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 cl assifying the obtained granul ar catal yst
(I') to 300 mor less and 48.8 g of a strength inprover (ceramc fiber)
wer e bl emded s idfyiihar tihy obitali hedegthbyn chat icagaand tnot )Jdi-BB B4 1e8sg of
spherical porous alumna carrier (particle dianeter 3.5 mm) by use of an
aqueous soldu#Bof ofo08% hyemapiss iofpretieandkbecasnachf Hder) wErenbléhéedbt ai ned
nol ded body was divided equally into two, (i) one was pre-cal ci ned under
air fl owuat f278¢ vf, ofo Bldvwed pvrbenedglmnd md d byeanGalici8rd mfsaberheasecondary
cal cining under nitrogen flow at 410C for 7 hr, further followed by

cal ci ni n@OFRYSr 2ANRINE| GRF B B7PRHGC1® Hizmakdrthet &by hytwFgededncoat ed
cat al yst |-1) was obtained, and (ii) the other was subjected to secondary
cal ci ni ng‘lqglﬁ@élrs sPAUERLEW af 3B8EY M2 KL, chhanphereby Rindalget 8% coat ed

catal yst (1-2) was qbtajne 2) Catal yt] xi dat.i.on, of methacrqlein
Cht ai ot SEAPRHELRE A YL PRy HAS PIvHSe St bisat o THo CataPyfi ¢

i dati f th | ei Lmlarl]y..t 1 d t | t
vor e meadirel B LRI Shrol e TV ARSI TS (HEr ST ard BT PR Tabl e

gbl IFglr]E Ihg{ '%ﬁegfcgégiﬁfingeéghtﬂé Loe, ghapyl an Cataly shdey ndtdobhs
flow at 410°C for 7 hr, further followed by calcining under air
flow at 370°C for 3 hr, and thereby a targeted coated catalyst
{I-1) was obtained, and {ii) the other was subjected to secondary
calcining under air flow at 383°C for 5hr, and thereby a targeted
coated catalyst (I-2) was cbtained.
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 to
700 pm, each of the mixture was used in the oxidation reaction
under the same reaction conditions as that of examplel. Results

are shown together in Table 9.

ITable 9]

Peak temperature | Conversion ratio | Selectivity | Yield

¢C) (o) (o) (%)
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conparison (I) was mxed with 8.0 g of quartz sand of 300 to 700 m each
of the m xture was used in the oxidation reaction under the sane reaction
conditions as that of exanple 1. Results are shown together in Table 9.

[ Tabl e 9] Peak tenperatureConversion ratioSelectivityYield (C(%% (% 43
Coat ed catal yst (1-1)32283.986.872.8 Coated catal yst (1-2)32380.186.769.4
Granul ar catalyst (1)-70.087.761.4 Solidified matter for 12.273.79.0
conparison (1) ADVANTAGES OF THE | NVENTI ON A cat al yst obtai ned by the
preparat|on nethod according to the invention enables to prolducing
met hacr y| Coatat cadalast (Rilgh | yi el d2and hi gh seld@ivity fr&n8 net hdtgollein

i sobutyl | al dehyde or isdgbutyric acid.| Furthernore| it can be usedijin a
react i on| Cogcdratilysf{I-2bad condid2Bons and t hi.lhas a|ver86.Targe 6hdustri al
val ue. 44 CLAIMS 1. A netlhod for prepaning a catalyst for producing
met hacr y| Geanabar datblystsilibj ecti ng et hacr gl ei n,70Gobut yI a8dWéhyde 6b#
i sobutyr{c acid to gas phlase catal ytic |oxidation, the nmethod | conpri|sing:
(a) a st epolatifigs] madénfgr conpounds each contail?ihg any on®.7of M, 9.0/, |P, Cu,

Cs or NH4 and, as needed,| a conpound cant ai ni ng
comparison (1)

ADVANTAGES OF THE INVENTION

A catalyst obtained by the preparation method according
te the invention enables to producing methacrylic acid at high
yvield and high selectivity frommethacrolein, isobutyl aldehyde
or isobutyric acid. Furthermore, it can be used in a reaction
under high locad conditions and thus has a very large industrial

value.
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a netal elenment other than the above with water to prepare an aqueous

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

i ncluded, 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 obtained in the step (b) to obtain a calcined body; (d) a step of
filtering a mxture obtained by blending the calcined body obtained in the
step (c) with water to separate an aqueous sol ution and water-insol uble
matter; and (e) a step of drying the water-insoluble matter obtained in
the step (d) to obtain a dried wateCLingsl ubl e body. 2. A nethod for
preparing a catal yst for producing nethacrylic acid by subjecting
nethacrolein, i sobutyl al dehyde or isobutyric acid to gas phase catal ytic
oxi dation, the nmethod conprising: (a) a step of blending conpounds each
contai ni ng any lone® B¢thed (orpPoregapingHa emtslust néedee;oduicompound
containing a netal elenent other than the above, provided that Cu is
echudede@?Q&Qﬂiw%@%%dﬁb’ﬁﬁ%bﬁﬁelﬁﬁHﬁﬁﬁ@@ﬁ@hﬁﬂﬁﬂ1%@b%ﬁYhﬁé§§P§ﬁ6n of t he
conpounds (herelnafter referred to, both included, as a slurry

step of @yiAGPERETSFHETH 5Bt hed sk thea5Yler Pé)ldattéoabt%ﬁ%m&t&f’ﬁed
slurry, followed by blending therewith a conpound containing Cu, as
needed, Y E%?egence of a solvent, further followed, as needed by

01 Ying, e OB o0 B0y B0 EOELRBNLO0L A0 B SL Lo DAy ) 2
cal cined o)y, v, P, Ccu, Cs or 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) & 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 obtain a calcined body;

(d) a step of filtering a mixture obtained by blending
thecalcinedbodyobtainedjj1thestep (c} with water to separate
an agueous solution and water-insoluble matter; and

{e) a step of drying the water-insoluble matter obtained
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, 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, Cs or NH; and, as needed, a compound containing

ametal element other than the above, providedthat Cuisexcluded,
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(d) a step of filtering a m xture obtained by blending the calcined body
obtained in the step (c) with water to separate an aqueous sol ution and
wat er-insoluble matter; and (e) a step of drying the water-insoluble matter
obtained in the step (d) to obtain a dried water-insoluble body. 3.

Amet hod for preparing a coated catalyst for producing nethacrylic acid by
subj ecting nethacrol ein, isobutyl aldehyde or isobutyric acid to gas phase
catal ytic oxidation, the nethod conprising: (a) a step of blending
conpounds each contai ning any one of M, V, P, Cu, CS or NMF4 and, as
needed, #&itonpound toptrapairegan aqeals sbémEntnos heti gdwars itdreodibdve wi t h
water to prepare an aqueous solution or dispersion of the conpounds

( her ei nafPapcuRdpeliyad ira fisot refoctedéd, lagai st lndgy; ably) shusrep/ of
~drying the slurry obtained in the step &a) to obtain a dried slurry; (c) a
step of calcinithg’ the i 88 STy toet aineayidbti@esisptiortes obtain a
cal ci ned bod 46 d). a step of filtering a m xture, obtajined by bl ending

t he caIC|ﬁe8%56&? 8b§§ﬂﬁ§d5#HrFHe $peporEy Rt RiGREERTt BhekpHtake? an
| ut d_ wat er - | ubl tt st f d th
32?3?9?é%rn&gb%%cﬁce”re@a“%%kﬁiﬁas“pﬁ%fﬂ R
ter- I f f t with the dried
\ator -1 NS UBFE BNyC8BEal AEG TR Tho o B (D) U2 a6 alel (B bt ai n &
coat ed ”%h@?@h@ Ebt%lni %hgg far ,Ry parlng a coated catal yst for
produci ng nethacrgC ﬁjectln met hacrol ein, isobutyl

al dehyde (c) a step of ca101n1ng 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 cbtained in the step (¢) with water to separate
an aqueous soluticn and water—-insoluble matter; and

(e} a step of drying the water-inscluble matter obtained
in the step (d) to cbtain a dried water-insoluble body.

3. Amethod for preparing a coated catalyst for producing
methacrylic acid by subjecting methacrolein, iscbutyl aldehyde
or ischbutyric 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 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;

(¢c) a step of calcining the dried slurry obtained in the

step (b) to obtain a calcined body;
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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, Cs or NH4 and, as needed, a compound containing a netal elenent
ot her than the above, provided that Cu is excluded, wth water to prepare
an aqueous sol.ution or dispersion of the conmpounds (hereinafter referred
to, both included, as a slurry) ; ~b |l ) a step of drying the slurry
obtained in the step (a) to obtain a dried slurry, followed by bl endi ng
therewith a conpound containing Cu, as needed, in the presence of a
solvent, furtheér &cdtawed, Ed raddeda by xdoyiengbthénebtlay netemixtaire, and
t hereby obtaining a dried body; (c) a step of calcining the dried body
obt ai nedthe adleirstdepod i 'obtted nelst an iha shdri(nedvidddyatéd)tcasspapaiod
filtering a m xture obtained by blending the calcined body obtained in the
step (c) 2 BAURAREr spouSepar and waheaguesasubbeuniohernd wat er-i nsol ubl e
matter; 47 (e) a step of drying the water-insoluble matter obtained in the
step (d) to obt@&l i &t&Pi @b dfatieys Chgoraibte botRt akpinattpraokRtenef coating
a carrier with the dried water-insoluble bodg obt ai ned Ln ths §t%§ (e)
using a BFndef StPoBtai h°aCEbatBdantrded PrbatCtPS8I rhe MRthod adcor di ng
to claim3 or i co I sing: tge st eps %a to f% nd % step of '
ol Ci i g the (5t BCHERARE FPOHRES BoraFhbari b rher8ted) “under an
inert gas ggigg 4 nder. a I ¥ ere ro h resgnce of a
reduci ng gg%nt. S ﬁﬁégnggﬁgdggg%%?%§2§§3% %ﬂ%ﬁe é?qwhggggngt e § ep (9)
' to obtain a coated molded product.
4., Amethod for preparing a coated catalyst for preducing
methacrylic acid by subjecting methacrolein, isobutyl aldehyde
or isobutyric acid to gas phase catalytic oxidation, the methed
comprising:
{a) a step of blending compounds each containing any one
of Mo, V, P, Cs or NH; and, as needed, a compound containing
ametal element other thanthe above, provided that Cuisexcluded,
wWith water to prepare an aqueous solution or dispersion of the
compounds (hereinafter referredto, both included, as a slurxry)
{(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 drying the obtained mixture,
and thereby obtaining a dried body;
{c) a step of calcining the dried body cbtained in the
step (b") to obtain a calcined body;
(d) a step of filtering a mixture obtained by klending

thecalcinedbodyobtainedjjlthéstep {c}) with water to separate

an adqueous solution and water-insoluble matter;
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is a step of calcining the coated nolded product obtained in the step (f)
under an inert gas atnosphere. 7. The nethod according to any one of clains
1 to 6, wherein the conpound containing Cu is cupper acetate or cupper
oxide. 8. The nethod according to any one of clainms 1 to 7, wherein the
conpound containing Cs is a weak acid salt of cesiumor cesium hydroxide,
a conpound containing NH is ammnium acetate or ammoni um hydroxi de. 9.
The net hod according to any one of clains 1 to 8, wherein, the conpound
used as an optional conponent in the step (a) is a conpound containing one
or nore kinds df)ekaran oisdtei@dhef voherhéngebubleorsitsti agtetnsd, As,
Ag, My, . Zn, A, B, G, Sn, Pb, Ti, Zr , O Re, Bi, W Fe, Co, N
Ce , T . 1R &h& REeP 16D The oRbeHSd 2asEdrdi g tes-anyodnelef bersingnd to 9,
wherein the slurry does not contain an arseni c conpound. 11. The net hod
accordi ng to any’ofle SoFPcP4i A5G 20C248 1RFelélrh the Brh8Er is a bi nder

Contalnlm%€g¥y¥g§dlﬁ%%e body obtained in the step (e) using a binder

tc obtain a coated molded product.

5. The method according to claim 3 or 4, comprising:
the steps (a) to (f) and
(g) & step of calcining the ccated melded product obtained in
thestep (f) underaninert gas atmosphere, under anair atmosphere
or in the presence of a reducing agent.

6. The method according teo 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. Themethodaccordingtoanycneofclaimslto 6, wherein
the compound containing Cu is cupper acetate or cupper oxide.

8. Themethodaccordingtoanyoneofclaimslto7, wherein
the compound containing Cs is a weak acid salt of cesiumor cesium
hydroxide, a compound containing NH; is ammonium acetate or
ammonium hydroxide.

9. Themethcdaccordingtecanyoneofclaims ito8, wherein,
the compound used as an opticnal component in the step (a) is
a compound ccntaining one or more kinds of elements selected
from the group consisting of $b, 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 any cone 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,
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wherein the binder is a binder containing ethanol.
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